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Oonum i3 3a460aHb N0 4ac CMBOPEHHs IKAPCbKO20 3acoby, wo micmumo 2iopozeiv ckionodionozo mina (CT),
HAHOPO3MIpHUIL  KpeMmHe3eM A CHOAYKY YUHKY, € OOCHIONCEHHS 3aKOHOMIpHOCMEl KOMNIEeKCOYMEOPeHHs
2lanyporoeoi kuciomu ma 6iiKka — OCHOBHUX MAKPOMONeKyAapHux komnonenmie CT — 3 tionamu Yyunxy.

Hamu euseneno, wo npu smiwyeanni posuunie CT i cynvgpamy yunky cnocmepieacmvcs picm ONMU4HOL
eycmunu 6 Y@ oOianasoni cnekmpa, UMOSIPHO 30 pAXYHOK DO3CIIO8AHMsL CEIMIA 6 pe3yibmami 30iNbUWeHHs YUCId
Makpomoaekyrapuux azpeeamis. [loeedeno, wo yeii epekm He € HACTIOKOM YIMBOPEHHS HEPOSUUHHUX CHOTVK Yepe3
sminy pH cepedosuwa i, maxum yuHom, Modce Oymu nOACHEHUL 83AEMO0I€I0 (KOMNIEKCOYMBOPEHHAM) KOMNOHEHMI8
CT 3 vionamu yuuky.

3 memoro 6cmano8ieHHA 3AKOHOMIDHOCHEN KOMNIAEKCOYMBOPEHHA NPOGOOUNU CHeKmpogdomomempuine
mumpysannsa CT i oKkpemo po3uuHié OuuwjeHo2o 2ianypoHamy HaAmpilo ma MooenbHo2o biaka — 6uuaiozo
cuposamxosozo anvoyminy (BCA) — tionamu yunxy. /fo cmanoi xinekocmi CT, pozsedenozo 6odoio 1:5, dodasanu
3pocmaiodi KitbKocmi po3uuny cyavgamy yumky, nicia uwoco peecmpysanu YD-cnekmp. AK eusasuiocs, nicia
000asanHa cyrvghamy yunky 6 oianasoui konyenmpayiv 2.5-5.0 mac. % npupicm onmuynoi cycmunu maiisxce oopasy
CMAE MAKCUMANLHUM | He 3a1eHCUmb 6i0 KiIbKOCMI MUMpanmy, wo MOJICHA NOACHUMU HACUYEHHAM YCIX aKMUGHUX
yenmpie CT, 00 akux manexcamv KapOOKCUNbHI ePynu 2ianypoH080i KUCIOMU ma el1eKmPOHOOOHOPHI epynu OiiKa:
NH,-cpynu, amionuii 36 s30x, miospynu mowo. B dianasoni 0-0.5 mac. % cynvgpamy yunxy (0—17.5 mmons/n Zn*")
cnocmepieacmovCs HOCMYnose 30iNbUWeHHs ONMUYHOT eyemurnu, ujo 00360UN0  PO3PAXYEAMU NAPAMEMPU PIBHOBAU
6 cucmemi CT + n Zn**" « CT - (Z0**),. Jnsa BCA, sxuii maxos demoncmpyeas nocmynoee 30iNbUWEHHA ONMUYHOT
eyemunu 6 Y dianazoni, 3 memoio susnavenns cmexiomempii komniexcy ECA « (Zn*"), 6ys euxopucmanuii memoo
MOJAPHUX BIOHOULEHb, NPU YbOMY BCIAHOBIEHO, W0 Ha 00ny monekyry BCA npunadac 6auzvxo 800 tionie yunky. ¥V
pasi ouuweno2o 2ianypoHamy Hampiio mMemoo CReKmpopOmomMempuiHo20 MUmpyeanHs GUAEUECS HenpuoamHum
abo KoMnliekcoymeopeHHa 63azani He iooysanocy. Omowce, 63aemolia CT i3 tloHamu YUHKY 30ilICHIOEMbCA
nepesadtcHo 3a pAaxyHoK OiIK0B020 KOMNOHeHmA, a He 2ianypoHany. Posmipni xapakmepucmuku azpezamis, ujo
ymeopriombcs eHacniook e3aemodii CT i BCA 3 tionamu yuHKY, 00CRiOHCEHO MEMOOOM OUHAMIYHO20 PO3CIO8AHHS
ceimaa ([{PC).

Knrouosi cnosa: tionu yuuxy, ckionodione mino, 2ianypoHosa KUCIoma, OUYayuii CUpOBAmMKOBUI ANbOYMIH,
Komnaekcoymeopents, YO-cnexmp, [JPC-cnexmp

BCTVII (Tupo3yp, reHrakcaH, OakTpoOaH, OaHEOLMH,
ajbTapro TOmO) e(EeKTHBHICTIO BHPI3HIIOTHCS
PaHO3aroBaJIbHI MpenapaT pernapaTuBHOL ii.
Cepen Takux 3aco0iB IIMPOKO BKUBAHUM €
«Kypiozuu®™» BHpoOHHMITBA KOMmaHii I'exeon
Pixtep (YropimmHa) y BUIJISIII Te0 1 PO3UHHY,
IO CKJIaAy SKHX BXOIATH XJIOpUA abo cynbdar
LUHKY 1 TiaJlypOHOBa KUCIIOTA, SIKY 3100yBalOTh
3 miBHsSYMX rpedeHiB [2]. BwmicT iHrpenieHris

JlikyBaHHS THIHO-3aIlaJIbHUX 3aXBOPIOBAHb
y JTHIX JIOAeH, OCOOIMBO Ha TIIi I[yKPOBOTO
niabeTy, 3aIMIIaeThCS HAaraJbHOIO MTPOOJIEMOI0 Y
xipyprii [1]. KimiHivHEM OCBiIOM JTOBENEHO, IO
Ul THIHHUX paH 3 TIOBUIBHUM Iepedirom
paHoBoro  mpomecy  (TpodiuHi  BUpa3KH,
MIPOJIEKHI, CHHIPOM Aia0eTHYHOI CTOIMHU TOIIO),
OKpIM MICIIEBOrO 3aCTOCYBaHHSI AaHTHOIOTHKIB
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migidpaHo TaKUM YHMHOM, IO B pe3yibTaTi
B3a€EMOJii MK HMMHU YTBOPIOETBCS TialTypOHAT
UWHKY — KOMIUJIGKCHA CIIONyKa, B SIKid aTom
LUUHKY nepedyBa€ y TeTpaepuyiHiil KOOpIuHAILii
[3]. TianypoHaT IIUHKY BUKOHYE pOjb JCIO, 3
SIKOTO TTOCTYIIOBO BHUBUIBHSIOTBCS HOHU LIUHKY,
MiATPUMYIOUH Horo TepaneBTHYHY
KOHIIEHTpaIlito B paHi. BigoMo, mo nuHk Oepe
y4acTh y CHHTE31 KOJlareHy — OCHOBHOTO Oilka
CHOJYYHOI TKAaHWUHHU [4], 1 TOMy PO3IJISAA€THCS
SK YHHHUK HOpPMalbHOro (yHKIIOHYBaHHS
HIKIpH, HOT0 CIOJIYKH JIaBHO BUKOPUCTOBYIOTh Y
JepMaToNoriuHiii  mpakTuii (IMMHKY — OKCHJI,
UUHKY cynbdaT, NHHKY XJIOPHJ, IUHKY
riaimypoHar tomio). KpiM TOro, Crojgykud HUHKY
BUSIBIISIIOTh TIEBHY AHTUMIKPOOHY AaKTHUBHICTb.
lNamypoHoBa kuciiora, a00 TriaJypoHaH, sKa
HaJIGKUTh J0 Kjacy IIIKO3aMIHOTIIKaHIB, TAKOXK
Mae JIiKyBaJibHI W BIiJIHOBJIFOBAJIbHI BJIIACTUBOCTI
moa0 paH 1 AedeKTiB MKipH, il IIMPOKO
3aCTOCOBYIOTh y cKJIaai JIKYBaJIbHUX
KOCMETOJIOTTYHHX  3aco0iB  [5, 6].  Ekcre-
PUMEHTAIBHO JTOBENCHO, IO IS CyOCTaHIlisI Mae
TaKO)X  IMyHOMOIYNIOIOWY,  pPEreHepaTHUBHY,
AHTUOKCHIAHTHY, MPOTUBIPYCHY, & TaKOX I1HIIII

BuaM  akTtuBHOCTI [7]. Omxe, Kypio3wH
BUPIBHAETHCS  KOMILICKCHOIO  JIi€f0  HOro
IHTPEIIEHTIB.

OmHuM 3 OCHOBHHIX JDKEpen 3700yBaHHS
TialypOHOBOI KHCIIOTH € CKJIONOAiOHE Timo 3
o4el BETMKOI poraToi XynoOH, /ie BOHA BIIEpIIe
Oyma BusiBneHa y 1934 pomi K. Meitepom i
k. Ianmepom [8]. Cxnomoni6bue tino (CT) €
O10JTOTIYHUM TimporeyieM, OCHOBHA Maca SIKOTO
npunanae Ha Boxy — 99 % i comi — 0.9 %; yacTka
MaKpOMOJIEKYJISIPHIX KOMIIOHEHTIB -
BucokoriaparoBanoro komareny (I, V/XI i IX)
THUTTY 1 T1aTypoHOBOi KHCI0TH — cTaHoBUTH 0.1 %
[9, 10] (za mammmu [11] 6mm3eko 0.15 mac. %).
3a pesymbratamun H SIMP  crieKTpOCKOMIYHIX
nociimkenpb [12] B rigporeni CT mpakTHYHO BCs
BOJIa 3B’s3aHa 3 TIOJTIMEPHOIO0 MATPHIIEIO, TO SIK
Ha YacTKy BUIbHOI BOAM JOBOAUTHCS jumie 1 %.
Ockinbku riamyponas nepedysae B CT y Burmszai
HaTpieBoi comi, pH mpemapary CTaHOBHUTH
omuzpko 8.9. Mix ¢ibpumamMu KomareHy i
BiI’€MHO 3apAPKCHUMH JaHIFOTaMU
rialypoHaHy HEMa€ MIIHOTO XiMiYHOTO 3B’s3KY,
iX MOXHA PpO3JIUIMTH LEHTPUPYTYBaHHSIM.
Bucokxonucnepcuuit kpemuesem ancopoye 3i CT
guie  OUNKOBMH  KOMIIOHEHT,  TiajlypoHaH
sanmumaersest y posumHi [13]. Ilpemapar CT
BUKOPUCTOBYIOTh y MeIUINHI K
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IMYHOCTHUMYIIOIOUMK ~ Ta  OloreHHui  3aci6
[14,15], y Tomy w4wMcnmi Ui JTIKyBaHHS paH.
3rifHO 3 aHoTali€r, Tpenapar NPUCKOPIOE
OpolecH  pereHepanii  TKaHUWH, crpusie
MOJNIMIIEHHIO  TpoleciB  OOMiHY,  BHUSBISE
CTHMYJIIOIOUMH BIUIMB Ha YTBOPEHHS KiCTKOBOI
MO30Jli, pO3M’SIKIIye pyOIeBy TKaHWHY Ta
cripusie 1 po3cMokTyBaHHIO [16]. Lle mo3Bosse
NPUIYCTUTH, 10 y Mpenaparax s MicIEeBOro
3aCTOCYBaHHS 3aMiCTh OYHIIEHOI TialypOHOBOI
KUCJIOTH MoxHa BuKopuctoByBatH CT, ske g0
TOrO  MICTHTh KOJIareH Ta iHMI OloreHHi
CHOJNIYKH. BUXOIs1UM 3 MbOTO, MU TOCTaBHIIN 32
METy CTBOPDUTH KOMIUIGKCHUH  paHO3aroro-
BAJIBHUM Mpenapar — aHaJIOr 3aKOPJOHHOrO
Kypio3uHy, — sikudi wmictuth Tigporens CT,
CTHOJIYKY IIMHKY Ta JOJaTKOBO HaHOPO3MIipHUH
KpEeMHe3eM JUIsS HaJ[aHHs TIperapary copOmiiHmx
BIIACTHBOCTEH. ®di3uK0-XIMIYHU T aCITeKT
PO3pOOIIEHHS TIpenapary MoJiArae y JIeTalbHOMY
BHUBUYCHHI B3aEMOJIIT MIX HOro IHrpeaieHTaMH.

Meroro poboTu OyJIo IOCTIAMTA METOIaAMHU
CIIEKTPO(OTOMETPUYHOIO0  THTPYBaHHSA  Ta
MUHAMIYHOTO PO3CIIOBaHHS CBITJa B3aEMOJIIO
CT Ta 1Oro OCHOBHHX MAaKpPOMOJCKYJISIPHUX
KOMITOHEHTIB — T1aJlypOHOBOI KHCIIOTH Ta OiNKa,
3 IBOBAJICHTHUMHU HOHAMH ITUHKY.

MATEPIAJIM TA METOIU JOCIIIJOKEHHA

YV pobori BHKOpHCTOBYBaidu: 1) mpemapar
«CxiommogiOHe TUIO» B aMmOyjlaXx I0 2 MI
Bupoonunrea 3AT  «biodpapma», ™. Kuis,
3m00yTHii 3 OdYed BEMWKOi poraToi XymoOu;
2) OUYMIIICHUI HATPiIO TiaTypoHAT 3 CEPeIHbOO
MOJIEKYJIIPHOIO MacOI0 1.55-10° Ja, orpumanmit
010TeXHOIOTTYHIM crocobom, BUPOOHUK
«Lifecore», CIIA; 3)Ouuauuii CHPOBATKOBHIA
anpOymia (M. CtaBpononb, Pocist); 4) nuHKY
cynbdaT renrariipaT XiMivHO YUCTHH.

OnTuyHi  JOCHIIKEHHS BHKOHYBaJd Ha
cnekrpodoromerpi UV-visible Helios Gamma
(Unicam, Benuka bBpuranis) 3 mporpamMHUM
3a0e3neueHHsM  Aurora. Ilpmmam  mo3BOJsIE
IIPOBOIUTH CKaHyBaHHS y Jiana3oHi
190-1100 M, mmpuHA JiHII MOHOXpOMAaTOpa
craHoBuTh 2 HM. lo pozuuny CT, omep:kaHoro
PO3BEIEHHSIM BUXIIHOIO Mpernapary Bomo 1:5,
a Ttakoxk po3umHiB BCA (0.05mac. %) i
riamyponary Hatpiro (0.25 mac. %) nomaBamm
pizni kinmpkocti (5; 1; 0.5 1 0.1 %) po3uuHiB
cynabdaTy IUHKY, TOTYIOUM TaKHMM YHUHOM cepil
PO3UYUHIB i3 PIBHOMIPHO 3POCTAIOUYMM BMICTOM
fioniB Zn°*. Po3unnn Butpumysami 10 XB, micis
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Yoro 3HIMamM CcHoekrpu B Y@ gianmasosi.
KoHIeHTpallil0 UHKY B pPO3YMHAX BU3HAYAIN
JUTHU30HOBUM MeTonoMm [17].

Po3mipHi  XapaKTepUCTHKH  KOMIUIEKCIB
JNOCIIKYBali 32 JOMOMOTOI0  METOAY
JUHAMIYHOrO po3citoBaHHs cBiTia [18, 19] Ha
npunaai  «ZetaSizer-3» (Malvern Instruments,
Benuka bpuranis) 3 o0uncitoBaIbHAM OJIOKOM-
kopemstopoM Multicomputing correlator type
7032 ce, remiii-ueonoBuM nazepom JITH-111 3
JIOBYKUHOIO XBUJII 633 HM 1 moTyxHicTio 25 MBT.
Peecrtpartiro aBTOKOPEIIALIHHOT hyHKIil
pO3CIIOBaHOTO  BiJi  CycleH3ii  KOMIUIEKCIB
Ja3epHOr0 OMPOMIHEHHSI MPOBOIVIU MPOTITOM
1 xB, 5-pazoBo mijg kyroM poscitoBaHHS 90 °.
ABTOKOpEIAIiHY (YHKIIIO ONpanboBYBaIH 32
JIOIIOMOI'0XO CTaH/IapTHOI KOMIT FOTEPHOL
nporpamu PCS-Size mode v.1.61. Posnoain 3a

po3MipaMHd  OTPUMYBajid 3a  QJIFOPHUTMOM
CONTIN.
lgponuuamiynuii  miaMerp  KOMILUIEKCIB

pO3paxoBYeETbCS 32  JIONMOMOror  hopMysn

Crokca-Eftnmreitna:

ks~ T

3D '’

ne d(H) — rinpoaunamiunuii giamerp; Kg — crama
bonerimana; T — abcomorHa Temmepartypa, K;
n — IOWHAMIYHA B’S3KICTh CEPEIOBHINA, B SKii

cycreHnoBaHi dwactmHKH; D — koedirmieHt
TpaHCIALIHHOI Audy3ii.

PE3VJIBTATH TA OBI'OBOPEHHA

d(H) =

Komnnexcoymeopenna iionie wunxy 3
komnonenmamu CT. llpu 3minryBaHHi po3unHIB
CT i cynpdaTy IMHKY CHOCTEpIraeTbes Jeab
MOMITHE TIOMYTHIHHS, IO CYIPOBOIKYETHCS
poctoM onTu4HOI TycTrHH B Y@ miamazoni. 3
ogHoro  OOKy, 1€  MOXHa  MOSCHHUTHU
KOMILIEKCOYTBOPEHH M HOHIB zZn** 3
komrnoneHTamu CT, a 3 IHIIOrO — YTBOPEHHSIM
HEPO3YMHHHUX CIONYK, TIAPOKCHAY LHUHKY abo
KHCIOTHOI (OpMHU  TialypoHaHy, BHACIIIOK
smMiam  pH cepemouma. Tomy meprmm
3aBIaHHAM OyJi0 3’SICYyBaHHS LIbOTO KJIIOUOBOI'O
NUTaHHS. SIK BUSIBUIIOCH, MICHS AOAABAaHHS 10
5 % po3unHy cynab(ary OUHKY piBHOTO 00’eMy
Bomu i3 pH 9.0 (take 3mauenns pH mae CT)
CIEKTp 3aJIMIIAETbCS HAa HYNbOBIM JiHii, TOOTO
pict onTh4yHOI TYyCTHHM HE MoOXe Oytu
HACITIIKOM YTBOpPEHHS HEPO3YUHHOT'O
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TIAPOKCUIY  IIMHKY. Bignosiguo, miciis
3mimyBanHss po3unHy CT 3 piBHUM 00’eMoM
Bonu i3 pH 4.5 (take 3nauenns pH mae 5 %
posunn  ZnSO, 7H,0) cmekTp Takox He
3MIHIOETBCS, TOOTO OMYTHIHHS HE MOXKE OyTH
HACIIIJKOM YTBOPEHHsS AWcIepcii riamypoHoBol
KHCJIOTH. TakuM  4YMHOM, WOHM  IMHKY
B3a€EMOJIIIOTH 3 MaKpOMOJIEKYJISIPHUMH
komrmoHeHTaMu CT 3 yTBOpPEHHSIM arperaris
BIJIOBIJTHOTO PO3Mipy, M0 MNPU3BOJUTH 0
3pOCTaHHs iHTEHCHBHOCTI PO3CISHOTO CBITIA i,
OJHOYACHO, JO0 3MEHIIEHHS IHTEHCHBHOCTI
CBiTJIa, WO MPOXOAUTH Kpi3b JHUCIEPCIto.
Ockinbku (opMma CIEKTpa HE 3MIHIOEThCH,
BUSIBJICHHI e()eKT MOXKHA 0XapaKTepU3yBaTH SIK
PO3CitOBaHHsI CBITJIa 0€3 3MIHM JIOBXKWHU XBHIII
Ha 00’eKTax, po3Mipu SKHX 3HAYHO MEHII 3a
JOBXXMHY XBWJII CBITJIa, IO PO3CIIOETHCS
(peneeBchke poscitoBanns) [20].

HactynmauuMm eramom  nociimpkeHHS Oylo
CHEKTPO(OTOMETPUYHE TUTPYBAHHS PO3UUHY
CT (1:5) ifonamu Zn** 3 MeTOR BCTAHOBIICHHS
KOHCTAHTH PpIBHOBaru IMIPOIECY KOMILIEKCO-
YTBOPEHHS.

IIpu tutpyBamai 5 1 1% po3unHamu
cynbdaTy UUHKY 3HAYEHHS ONTHUYHOI T'YCTHHU
Maike oOfpa3y CTae MaKCHMaJIbHUM 1 He
3QJIOKUTH BiJ] KUIBKOCTI TUTPAHTY, NMPH IHOMY
CIIEKTPH B ycboMYy miama3oHi, Bix 240 mo 300 HM,
HaKIQJal0TbCs OOWH Ha opHoro. lle moxHa
MOSICHUTH HACHYEHHSIM YCiX aKTHBHHX IEHTPIB
CT, no sxux, iIMOBIpHO, HAJIEKATh KapOOKCHIIbHI

Tpynu riaxypoHOBOI KUCIIOTH Ta
eIIEKTPOHONOHOPHI TPYyHNH KOJareHy: BiTbHI
NH,-rpynu, menTtugHWii 3B’S30K, TIOTPYIH
tomo. Ilpm tutpyBamni 0.5% pozunHOM

cynb(ary IUHKY BAAIOCS JOCSTTH ITOCTYIIOBOTO
30UIBIIEHHST ONTUYHOI TycTHHH (puc. 1), Imo
JTAJI0 3MOTY JTOCTIAWTH TapaMeTpu PiBHOBATd B
cucremi CT +n Zn* < CT -« (Zn*"),.

s oOuucieHHs KOHCTaHTH pPiBHOBaru
BUKOPUCTOBYBAJIM 3HAYEHHS ONTHYHOI T'yCTHHHU
(D) s3a goexuuHm xBuiai 260 aM  (Tabm. 1),
OTpPHMaHi IIiJ] YaC TUTPYBaHHA CKJIOMOJIOHOTO
tina 0.5 % 1 wactkoBo 1 % po3uuHom (NeNe 1-6
1 7-9, BiAmoBigHO) cynb(daTy NUHKY.

3a JgaHuMMH, HaBeaeHMMH B Ta0Oi. 1,
OyIyBany 3aleXHICTh YaCTKHU 3B’S3aHUX HOHIB
nuHKY (V) Bif iXHBOI KOHIIEHTpAlii B PO3YMHI
(puc. 2, kpusa 1).
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Puc. 1. Crexrpu posunsi NeNe 1-6 (ta61. 1) i3 mOCTYmOBO 3pocTarounM BMicToM Honis Zn?*

Ta6muus 1. Buxinmi gasi ams o6uncieHns koHcTaHTH piBHOBary B cuctemi CT +n Zn®* < CT - (Zn**),, A = 260 1M

HOMep PO3YHHY; SHAYCHHSA IMapaMeTpa

Mapamerp 1 2 3 4 5 6 7 8 9
C(ZnS04-7H,0), % 0 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
C(Zn*"), MMonb/n 0 1.75 35 5.25 7.0 8.75 10.5 14 17.5
D, 0.196 0.225 0.293 0.361 0.396 0.424 0.439 0.4487 0.439"
DDy 0 0.029 0.097 0.165 0.200 0.228 0.243  0.248 0.248
Diax—Do=0.444-0.196  0.248 0.248 0.248 0.248 0.248 0.248 0.248  0.248 0.248
v=(Dy—Do)/(Dax—Do) 0 0.117 0391 0665 0.806 0.919 0.980 1.00 1.00

“) cepenne sHauenms Dy, w15 po3unnis Ne 8 i Ne 9 cramosuts 0.444

1,25 4

y 075
05 t--y-—-----

0,25 1

0 5 10 15 20
2+
C(Zn""), MMOJIB/

Puc. 2. 3anekHiCTh CTYICHS 3B’ I3yBaHHs HOHIB ZN* Bl IXHBOI KOHIEHTpAIi B po3duHaX «cyabdat muaKy — CTx»
(xkpuBa 1) i «cynbdar uuaky — BCA» (kpuBa 2)

AHaNMITHYHUI BHpa3 i€l 3aJeXKHOCTI Mae 3anexxHoCcTi MOAIOHOTO THITY BiIIOBIAIOTH
BUTIISA; NpoIleCy  HACHYCHHS, PI3HOBUIOM  SIKOTO,
- 30KpeMa, € ajacopOLisi Ha TOBEpXHi, IO

_ [Zn""] OIHUCYETHCS AHAIOTIYHOIO KPUBOK — 130TEPMOIO

K +[Zn2+] . agcopbuii. 3 rpadika MoKHA TPUOIU3HO

BU3HAYUTHU KOHCTAHTY piBHOBaFI/I (KOHCTaHTy
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Hecriiikocti  xommrekcy CT-(Zn*), ) sk
KOHIIGHTpaLilo HowiB Zn**, 3a skoi cTymiub
3B’s3yBaHHA JIOopiBHIOE (0.5; BOHa CTaHOBHUTH
~4 MMOJIB/J1.

Komnnexcoymeopenns iionie yunky 3 bCA.
TurpyBanns npopoawu 0.5 i 0.1 % pozunHamu
cynb(ary UHKY, ONTHYHI T'YCTUHH CKaHYBaJlH B
miana3oHi AoBxkuH XxBWwib 230-350 uM. [lpum
upoMy, sSK 1 B pa3i turpyBanHs CT,
CIIOCTEPIraeThest MOCTYIOBE 301IBIIEHHS
ONTHYHOI TYCTHHHA B YChOMY JOCIHIIPKYBaHOMY
miarna3oHi (puc. 3). [licis qocsrHeHHs 3arajibHOL
KOHIIEHTpaIlil HWOHIB zZn* 3.5 MMmoie/n

3,5

0,5 A

3pOCTaHHS OIITUYHOT TYCTUHHU pi3ko
VIIOBUIBHIOETBCS, 1[0  MOXHA  MOSCHUTH
HAaCHYEHHSM ycix Micib 3B’s3yBanHs BCA, no
axkux Hanexath BUTbHI —COOH i —NH; rpynu,
iMila3opHI Ta TIOTPYNMHM TOWIO, a TaKOX,
IMOBipHO, menTHAHI 3B’s3ku Oinka [21]. s
JIOCITLIKEHH S piBHOBaru B cucremi
BCA + n Zn** <> BCA-(Zn*"), BUKOpUCTOBYBaIH
3Be/ICHI 3HAUCHHS ONTUYHUX TYCTHH 32 JJOBXKHHHU
xBuiai 277 HM  (Tabm. 2), sKa  BiaNoOBijgae
MakCMMyMy  TIOTJIMHaHHS  OlKa  3aBISKU
NPUCYTHOCTI B HBOMY apOMAaTUYHUX KHCIIOT:
¢eHinananiny, THPO3UHY Ta TpUNTODaHY.

230 250 270

290 310 330 350
A, HM

Puc. 3. Crextpy po3unHiB (TaGu. 2) i3 MOCTYIIOBO 3pOCTAI0YMM BMicTOM foHiB Zn*

Tabnuusa 2. Buxigni gaHi i 00YHMCIEHHS KOHCTaHTH HECTIMKOCTI Ta crexiomerpii komruiekcy BCA - (Zn2+)n,

A =277 am
Homep po3unHy; 3HAYEHHsI MapaMeTpa

Hapamerp 1 2 3 4 5 6 7 8 9
C(ZnS04-7H,0), % 0 0.0125 0.025 0.0375 0.05 0.1 0.15 0.2 0.25
C(Zn*"), Mmonb/n 0 0.4375 0875 1.3125 1.75 35 5.25 7.0 8.75
C(BCA), % 0.025 0025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
C(BCA), MMOnb/1 0.0036 0.0036 0.0036 0.0036 0.0036 0.0036 0.0036 0.0036 0.0036
n(Zn*") / n(BCA) 0 122 243 365 486 972 1458 1944 2430
D, 0.184 0201 0371 0764 0.874 1.238 1.276 1.3427 1.284"
DD, 0 0.017 0.187 0580 0.690 1.054 1.092 1.129 1.129

Dimax—Do=1.313-0.184 1.129 1.129 1.129
V:(DX_DO)/(Dmax—DO) 0 0015 0166

1129 1129 1129 1129 1129 1.129
0514 0.611 0.934 0.967 1.00 1.00

*)

IoxibHo mo Toro, sik e poounu y pasi CT,
3a JJaHMMH, HaBelAeHMMH B Tabi. 2, OynyBaiu
3aJIOKHICTh YAaCTKH 3B’S3aHUX HOHIB IUHKY (V)
BiJl iXHBOI KOHIIEHTpamii B po3umHi (pHcC. 2,
kpuBa 2). 3 Trpadika MOxHA TPUOIU3HO

cepenHe 3HaueHHS Dy, 71t po3unniB Ne 8 i Ne 9 cranoButs 1.313

BU3HAYMUTH KOHCTAHTY HECTIHKOCTI KOMILJIEKCY
BCA - (Zn®"), sx KoHIeHTpawio Houis Zn*, 3a
AKO1 CTYHiHb 3B’s3yBaHHs nopiBHIOE (.5; BOHa
CTaHOBUTh ~ 1.3 MMoIB/1. ITopiBHIOIOUH
.o . . 2+
KOHCTaHTH HecTilkocTi kKommuiekciB CT - (Zn™),
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i BCA - (Zn®"), , MOXHa NPHUITYCTHTH, 1O HOHH
UWHKY TIEPEBAKHO 3B’S3YIOTbCS 3 OLIKOBUM
kommonenTom CT.

BCA, na Bigminy Bixg CT, XapakrepusyeThcst
MEBHOIO  MOJIEKYJSIPHOIO ~ Macolo,  OJIM3BKO
69 000 Ha (607 amiHOKuCIOTHHUX 3anuiiKiB). Lle
JIaJI0 3MOT'y NMPHUOJIU3HO OIIHUTH CTEX1OMETPII0
KOMITJIEKCY, IO YTBOPIOETHCS B Ppe3yibTaTi
B3a€EMOli 3 HOHAMM IMHKY, JUIS 4Y0ro OyB

3aCTOCOBaHUN TpadiuHUi METOJ MOJISPHUX
BIJIHOIIIEHD Pon-IIKOHca [22]. 3rimHo mHBOrO
miaxomy, Oyno  MOOYJOBaHO  3aJISKHICTh
ONTUYHOI TYCTHHH BiJI KUTBKOCTI MOJIiB Zn2+, 110
npunazgae Ha 1 mons BCA. Otpumanuii rpadik
(puc. 4) 3a Qopmoro ciBHagae 3 KpPUBOIO 2,
puC. 2, OCKUIBKM BHUXIJHI JaHi Jius  Horo
noOyI0OBM  OTPUMaHi  IUIAXOM  JIHIHHOTO
MEPETBOPEHHS 1aHuX TaoJI. 2.

0.4

800

1200

1600

2000 2400

n(Zn*)/n(BCA)

Puc. 4. 3anexnicte ontu4Hoi TrycTUHU po3uuHiB NeNe 1-9 (Tabi. 2) Big KigbKocTi MOJiB Zn * mo MpUIIaIae Ha

1 mons BCA

Sk BumHO (puc.4), 3HAYCHHS MapaMmerpa
n(Zn?)In(BCA), mpH SKOMYy IEPETHHAIOTHCS
JHIAHI eKCTPAIOAIii KpyToi ¥ ITOJNIOToil TiToK
KpuBOi, 3HaxoguThcs Omm3pko 800. ILleit
[IOKa3HUK BHSBUBCS HAIMIPHO BEIHUKHUM, TOMY
JOpPEYHO TPHUIMYCTHUTH, IO B3aEMOMIA MIXK
tomamu 1wmHKY 1 T1iobymoro BCA Hocuth
Hecriennivamit xapakrep. [lpu npomy, Ha Hamry
IYMKY, ¥ pOpMyBaHHI KOOPAWHAIINHUX 3B’ SI3KIB
3 jiomamu  Zn**  pasom 3  iHmmMH
(yHKI[IOHATPHUMH TPYNaMH MOXYTh OpaTu
y9acTh HENTHIHI 3B’ SI3KK OLTKA.

Tumpyeanns DPo3uuny zianyponamy
Hampito po3uunom cyrvghamy yunky. Ha puc. 5
HaBeneHi cnekTpu BuxiaHoro 0.25 % po3uunHy
rialypoHaTy HaTpilo, PO3BENECHOr0 PIBHUM
00’eMOM BOIH, 1 TOro > PpO3YMHY ITiCTA
noAaBaHHS piBHOro o60’emy 1% po3uunHy
cynbdaTy HUHKY. SIK BUIHO, CIIEKTP MPaKTHYHO
3aIUIIA€THCSA HE3MIHHAM, TOOTO MOXHA 3pOOUTH
BHCHOBOK TIPO BIZICYTHICTH B3a€MOJIi MiXK IIHMH
KOMITOHEHTaMH. Makcumym MOTJIMHAHHS
3HaxoauThess B giamasoni 200-205 M, 110
HaOmmwkeHo 10 gaHux [23].  Pesynbratu
JNOCHIKeHb ~ B3aeMonii  HOHIB  LHUHKY 3
rialypoHaHOM, TpPO sIKi TOBIJOMIIAETHCA B
nirepatypi, cynepewinsi. Tak, y poborax [3, 23]
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MIATBEPHKEHO B3aEMOMII0 B PO3YHHI HOHIB
IIMHKY 3 TlalypoHAaTOM HaTPil0 1 OIMHCaHO
OyIIOBy KOMILIEKCY, IO YTBOPIOETHCS; B 1HIIIIH
poboti [24] MOXIHMBICTE Takoi B3aeMOMIl
BIIKAUTAETHCS.

Hocnioscennsn e3aemooii CT 3 ionamu
yunky memooom JIPC. Buximae CT (1:5)
XapaKTePU3yEThCS MOHOMOIAJIBHUM PO3IOALIIOM
YAaCTHHOK 33 pO3MIpPOM, CEpemHid IiaMerp
ctaHoBuTh 135 HM (puc. 6 a). Ilpu pos3BemeHHI
CT (1:5) piBauM 00’€MOM BOIM CcepemHii
JiaMeTp 4acTUHOK 30imbmryeTsest 10 1113 M, a

iXHS KUIBKICTP 3MEHIIyeThbcs a0 1/3  Bin
3araJIbHOTO  YHCJA, HATOMICTL 3 SABIISETHCA
¢dpakmis BETMKUX arperatiB 3  CepemHiM

nmiamerpoM Omm3pKO 24.9 MKM, KUTBKICTh SKUX
CTaHOBHUTH 2/3 Bij 3aranpHoOro 4mcia (puc. 6 0).
Ile migtBepmkye manmi [11, 12], omepxani
merogoM 'H SIMP criekTpocKorii, npo CHIbHH
CTPYKTYPYIOUHH BIUIMB TiallypOHOBOI KHCIIOTH
CT Hna Boxy.

IMicns momaBamus mo CT (1:5) 0.5ma 1 %
po3unHy cynbdary MUHKY (BiAMOBiTae po3unHy
Ne 3, Tabm. 1) KapTHHA KapAWHAJIBHO
3MIHIOETBCS: 3 SBIAETbCA  (pakuis  Manux
yacTUHOK 13 cepenHiM niamerpom 20.7 HM,
110 MOXKHa MOSICHUTH YUIITEHEHHSIM
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MaKpOMOJICKYJIIPHUX  arperaTiB  BHACIIiJOK cepenHiM jgiamerpoM 948 HM, KUIBKICTB SIKHX
KoopauHanii 3 WoHamMu IMHKY. OmHOYacHO B MOPIBHAHO HE3HAYHa — L€ BUJHO Ha Jiarpami
PO3YMHI CIIOCTEPIraloTbcsl BENUKI arperatd 3 PO3MOALTY YacTOK 3a 00’ eMoM (puc. 7).
25 -
2
2 1
15
D
1 4
05
0 : : : ‘ ‘ J
190 200 210 220 230 240 250
A, HM

Puc. 5. Cmexrp 0.25 % posuuny riamyponary Hatpito 10 (1) i micns (2) nomasanus 1 % po3uuHy cynbhary [UHKY

Size distribution(s) Size distribution(s)
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o
5 10 50 100 500 1000 5000 1 5 10 50 100 5001000 50000000

Diameter (nm) Diameter (nm) (x10°3)
a 6

Puc. 6. Posmoxin gacturok CT (1:5) 3a xinmbkictio 70 (a) i micns (6) nogaBaHHs piBHOro 06’ emy Boau. Jiarpama (6)
BiJI0Oparkae HeCTaOUIBHICTh 00’ €KTa

Size distribution(s) Size distribution(s)

%2 [
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© [0
o o
c 0 I
N /\ S
S S
20
20
10
—
&4\
5 10 50 100 500 1000 5000 5 10 50 100 500 1000 5000
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a 0

Puc. 7. Pozmomin wacturok CT (1:5) 3a kimbkictio (@) 1 00’emom (6) micnst nomaBans 0.5 mi 1 % posumny
cynb(aTy HUHKY

160 ISSN 2079-1704. X®T[12019. T. 10. Ne 2



HocnidxeHHs1 83aemodii yuHKy (1) 3 MakpomMoneKynsapHUMU KOMIOHeHmMamu CK1ornodibHo2o mifa Mmemodamu

Size distribution(s)

A

% in class

S

—

5 10 50 100
Diameter (nm)
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Size distribution(s)
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Puc. 8. Posnogin wactuaok CT (1:5) 3a kinbkictio (a) i 06’emoM (6) micns pomaBanHs 2.5 mut 1 % po3unHy

cynb(ary HUHKY

[Micns  BBenmennss 2.5mn 1% posunny
cynbdaty UMHKY (BigmoBigae pozumHy No 9,
Tabu. 1) cepenHiii giaMerp HaW4YUCEIbHIIION
¢dpakiii 3HOBY 30UIbIIyETHCA A0 124 HM,
IPUIOMY 00’€eKT BUMIPIOBaHHS JIEII0
nmectabimizyerscs.  Posmominm  gacTHHOK — 3a
00’eMOM  TIPENCTaBJICHUH  MOHOMOIAIBLHOIO
(dbyHKITIEI0, TIK SKOT BIANOBITAE CEPETHBOMY
niamerpy 5960 um (puc. 8).

Hocnioscenna e3aemooii BCA 3 iionamu
yunky memooom /J[PC. BcraHoBieHO, 10O I
BuxinHoro 0.05 % posunny BCA JPC-criektp
3HSATH BaXKO, TOOTO B HBOMY NPAKTHIHO
BIICYTHI arperatw, IO pPO3CIIOIOTH CBITIO.
[pore, micist momasanus 0.5 mu 0.5 % pozunny
cynbdaty UWHKY (BigmoBigae pozumHy No 3,
Tabi. 2) crocrepiraeTbes diTkmii J[PC-crekrp:

Size distribution(s)

9% in class

S

/ NN
5 10 50 100
Diameter (nm)

500 1000 5000

a

PO3MOILI YaCTHHOK 3a KUTBKICTIO
MPEJACTaBIICHUH MOHOMOAAJIBLHOW  (PYHKIIIEHO,
CepeHif  miaMeTp YaCTHMHOK —  IMOBIPHO

KOMIUIEKCIB OiKa 3 IOHaMU ITUHKY — CTAHOBHUTD
19 HM; OKpiM TOro, y HE3HauHIi KITBKOCTI

3’SIBIISIIOTBCS  BEJIMKI  arperatd 3 CepeAHiM
miamerpom 955 uM (puc. 9).
Ilicnss BBemennst 2.5 M 0.5 % po3umHy

cyiabdhaTy HHUHKY (BigmoBimae po3uuHy Ne 9,
Tabi. 2) KapTUHA HEM0 AecTadimi3yeThes, Xoua
BCE OJHO YITKO BHJHO, ITI0 PO3MIp arperartisB
3pOCTaE: Ha PO3MOAUTI 3a KUTBKICTIO TPHUCYTHI
JIBa ITKH, SKI BIIMOBIAAIOTE CEPEIHIM iaMeTpaM
499 oM (24.2% Bim 3aranpHOrO 4YWcia) i
1232 am  (75.8 %); posmomin 3a  00’eMoM
MIPENCTaBICHUNA OMHUM TIIIKOM, IO BiIIOBiTae
cepeanbomy giamerpy 1832 um (puc. 10).

Size distribution(s)

S

S

%,in class

10

Nj
<

500 1000 5000

5 10 50 100
Diameter (nm)

o

Puc. 9. Pozmoxin wactuaok B 0.05 % pozunni BCA 3a kinbkicTio (@) 1 06’emom (6) micast nogasansst 0.5 mur 0.5 %

pO3UHHY Cynb(haTy HUHKY
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Size distribution(s)

8
—

%.in class

| L

50 100 500 1000 5000
Diameter (nm)

a

Size distribution(s)
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Puc. 10. Po3nogin gactok B 0.05 % po3unni BCA 3a kinbkicTio (@) i 06’emom (6) micns moxasanus 2.5 mi 0.5 %

pO34MHY CyNb(haTy HUHKY

Hamu  mokazano, 1o aHi  po3uMH
rialypoHaty Harpilo, aHi #oro cymim 3
pO3uMHOM Cynb(ary WHUHKY HEYYTIUBI [0
merony JIPC — me y3romxyerbes 3 manumu Y O
BHUMIPIOBaHb TMPO  BIJCYTHICTh  KOMILIEKCO-
YTBOPEHHS B Il CHCTEMI.

BUCHOBKU

MeronoM creKTpoOTOMETPUIHOTO THTPY-
BAHHS BCTAHOBJICHO, IO ifoHM Zn°* y BogHOMY
po3unHi npu pH 8-9 yTBOpIOIOTH KOMILIEKCH 3
MaKpOMOJICKYIISIPHUMH ~ KOMITOHEHTaMH  CKJIO-
nonioHoro Tima. KoHcranTa piBHOBaru mporecy
KOMITJICKCOYTBOPCHHS, npejicTaBiIeHa K
KOHILleHTpaLis ifoniB Zn* y pO3uMHi, 3a fAKiit
CTYyIiHb 3B’s13yBaHHA nopiBHIOE 50 %, cTaHOBUTH

~ 4 mMonw/n. s moaenbHoro Oinka — BCA —
aHaJIOTTYHUN polec B110yBa€ThCS 3
KOHCTaHTOHO piBHOBaru ~ 1.3 MMoOmB/I1.
B3aemopiro rianypoHaTy HaTpilo 3 HOHAMH
OUHKY JaHUM MCETOAOM BUSABUTU HE BJAJIOCH.
Po3mipHi  XapaKTEepHCTHKH  arperatiB, IO
YTBOPIOIOTHCS BHACITIZTOK B3a€EMOJIIi
cxoroxibroro tina i BCA 3 iomamu Zn*,
BH3HAYEHO METOOM JAMHAMIYHOTO PO3CIIOBaHHS
cBiTma. Ha mimcraBi OoTpUMaHWX pe3yNbTaTiB
3po0JIeHO TIPUITYIICHHS, IO TPH B3aEMOMIii 3i
CKJIOTTOJIOHMM TUIOM WOHHW IMHKY TIEPEBaKHO
3B’SI3yIOTHCSA 3 OUTKOBUM KOMITOHEHTOM, a HE 3
riamypoHanoM. MexaHi3M BUSBIEHOI B3a€MOil
noTpedye OJATKOBOTO BUBUCHHS.

A study on interaction between zinc (11) and macromolecular components of vitreous
humor by UV/DLS methods

K.O. Stepanyuk, I.I. Gerashchenko, A.Yu. Chunikhin

Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine
17 General Naumov Str., Kyiv, 03164, Ukraine, igorgera57@ukr.net
Palladin Institute of Biochemistry of National Academy of Sciences of Ukraine
9 Leontovych Str., Kyiv, 01601, Ukraine

One of the tasks for creating of a medicinal product which contains hydrogel of vitreous humor (VH), nanosized
silica and zinc compound is studying of the regularities of complex formation of hyaluronic acid and protein, as a

main macromolecular components of VH, with zinc ions.

We have found that after mixing solutions of VH and zinc sulfate the growth of optical density in UV range of the
spectrum is observed, apparently due to light scattering as a result of increasing quantity of macromolecular
aggregates. It has been proved that this effect is not a consequence of the formation of insoluble compounds due to
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changes in pH of the medium and thus can be explained by the interaction (complexation) of VH components with
zinc ions.

In order to determine the regularities of complex formation, the spectrophotometric titration of VH and
separately solutions of purified sodium hyaluronate and model protein — bovine serum albumin (BSA) — with zinc
ions was carried out. To constant amount of VH (dilution 1:5) increasing amounts of zinc sulfate solution were
added, after that UV spectrum was recorded. As it turned out, after addition of zinc sulfate in the concentrations
range 2.5-5.0 mass. % the growth of optical density almost immediately becomes maximal and does not depend on
the amount of titrant, which can be explained by saturation of all active centers of VH, which include carboxyl
groups of hyaluronic acid and electron donor groups of protein: NH,-groups, amide bond, thiogroups, etc. In the
range 0-0.5 mass. % of zinc sulfate (0-17.5 mmol/l of Zn**) there is a gradual increase in optical density, which
makes it possible to calculate equilibrium parameters in the system VH + n Zn?* « VH - (Zn?*),. For BSA which
also demonstrated a gradual increase of optical density in UV range, in order to determine the stoichiometry of
BSA - (Zn*"), complex the method of molar ratios was used, and it was found that there were about 800 ions of Zn?*
per one BSA molecule. In the case of purified sodium hyaluronate, the method of spectrophotometric titration proved
to be unsuitable or complexation does not occur at all. Consequently, the interaction of VH with zinc ions is carried
out mainly due to the protein component rather than hyaluronan. Dimensional characteristics of aggregates formed
as a result of the interaction between VH or BSA and zinc ions were investigated by the method of dynamic light
scattering (DLS).

Keywords: zinc ions, vitreous humor, hyaluronic acid, bovine serum albumin, complex formation, UV spectrum,
DLS spectrum

HccaenoBanne B3aumoneiicteust muHka (11) ¢ MakpoMosieKyJIsipHbIMH KOMIIOHEHTAMH
CTEKJIOBHM/IHOTO TeJia MeToAaMu Y D -CIeKTPOCKONUH M THHAMHYECKOI0 paccesiHus cBeTa

E.A. Crenaniok, U.WU. I'epamenxo, A.JO. UyHuxux

Hucmumym xumuu nosepxnocmu um. A.A. Yyiiko Hayuonanvnoti akademuu nayx Yepaunsoi
ya. I'enepana Haymosa, 17, Kues, 03164, Ykpauna, igorgera57@ukr.net
Hnemumym ouoxumuu um. A.B. Hannaouna Hayuonanvhoti akademuu Hayk Ykpaursl
ya. Jleonmosuua, 9, Kues, 01601, Yxpauna

Oo0Hotl u3 3a0ay npu CO30aHUU NEKAPCINBEHHO20 CPeOCMEd, COOepiCauie20 2uopozenb CMeKI08UOH020 mead
(CT), Hanopasmepublli Kpemnesem U cOeOUHeHUe YUHKA, AGIAEmCs  UCCIe008aHue  3aKOHOMepHOCmeu
KOMNIeKCO0OpA306aHUs 2UATYPOHOBOU KUCIOMbL U OEIKA — OCHOGHLIX MAKPOMONEKYIAPHLIX Komnonenmos CT — ¢
UOHAMU YUHKA.

Hamu obnapysiceno, umo npu cmewusanuu pacmeopos CT u cyrspama yunxka Habaodaemcs pocm onmu4ecKoul
nromnocmu 6 Y@ ouanazone cnekmpa, 04e8UOHO, 3a CHem DACCEHUs C6emd 6 pe3yabmame YeiudeHus 4ucia
MAKPOMOAEKYIAPHbIX  acpecamos. [lokazano, umo smom 3pghexm He sAgidemcs creocmeuem o00pa306aHus
HEepacmeopuMbvIX CcOeOuHeHull u3-3a usmeHenus pH cpedvr u, maxum obpazom, Mmodcem Ovimb 00BACHEH
83aumooeticmsuem (Komniekcoobpasosaruem) komnonenmos CT ¢ uonamu yuHka.

C yenvio usyuenuss 3aKOHOMePHOCHEU KOMNIEKCO0OPA308aAHU NPOGOOUNU CHEKMPOdomomempuieckoe
mumpoganue CT u omoenvHo pacmeopo8 OYUWEHHO20 SUANYPOHama HAmpus U MOOeNbHo20 benka — Oblibe2o
cvigopomounoeo anvoymuna (BCA) — uonamu yuuka. K nocmosunomy xonuuecmey CT, passedennoeo eodoul 1:5,
dobaesasanu ospacmarouyue KoOIu4ecmsea pacmeopa cylv@ama yunka, nocie yezo pecucmpuposanu Y P-cnexmp. Kax
0Ka3anocy, nocie 006asneHus cymvgama yuuka @ ouanasone konyenmpayuil 2.5-5.0 macc. % npupocm onmuueckotl
NIOMHOCMU NOYMU CPA3Y CMAHOBUMCA MAKCUMATbHLIM U He 3a8UCUM OM KOIUYeCmed Mumpanma, 4mo MOMCHO
00vACHUMb Hacvlyenuem 6cex akmusHvlx yenumpos CT, K KOMOpbIM OMHOCAMCA KAPOOKCUNbHBIE 2PYNNbl
2UATTYPOHOBOU KUCTIOMbL U INEKMPOHOOOHOPHYLE epynnbl beaka: NHy-epynnol, amuonas cesa3b, muozpynnsl u m.n. B
ouanasone 0-0.5 macc. % cymwpama yunxa (0-17.5 mmonw/n Zn?*) nabmodaemes nocmenennoe yeenuuenue
ONMUYECKOLl NIOMHOCII, YMO NO360IWIO PACCYUMAMb napamempui pasiosecus 6 cucmeme CT + n Zn*" « CT - (Zn*"),.
Jna 5CA, komopbiii maxoice 0eMOHCMPUpo8al NOCMEeNneHHoe yeeaudeHue onmuyeckol nromiocmu 8 Y@ ouanasone,
¢ yemvio onpedenenus cmexuomempuu komnaekca BCA + (Zn*"), 6w ucnonvsosan memod MoispHbIX omuouienutl,
npu smom ycmanosieno, umo na 00ny monekyny BCA npuxooumes okono 800 uonos Zn**. B cayuae ounyennozo
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2UATYPOHAMA  HAMpUsi  Memoo  CHeKmMpophomomMempuueckoe0 MmMumpoSanus —OKA3AICA —HenpucoOHbIM — Uil
Komnekcoobpaszosanue 60oobwe He npoucxooum. Taxum obpaszom, ezaumooeticmeue CT ¢ uomamu yunxa
OCYIeCmesemcs NpeuMywecmeenHo 3a cuem 0enKk08020 KOMNOHeHmd, d He euanypouwana. Paswepnuvie
xapaxkmepucmuxku azpeeamos, obpasyrowuxcs 6 pesyabmame e3aumooeticmsus CT u BCA ¢ uonamu yumka,
uccie008anvl Memooom ouHamuieckozo paccesnus ceema ([PC).

Knrwouesvie cnosa: uonvl yumnka, CmeKkiogUOHOe MeN0, SUALYPOHOBASL KUCIOMA, Obl4Ull CblEOPOMOYHbLI
anvOymun, Komniekcoobpasosanue, YD-cnexkmp, J{PC-cnexmp
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