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(54) cnocis BU3HAYEHHSI KOMMNEKCOYTBOPIOBAIIbHOI €EMHOCTI 3MIWAHONMIFAHOHUX
OPIrAHIMHUX CUCTEM BIAHOCHO IOHIB METAIIB

(57) Pedpepar:

BuHaxig Hanexutb p[o OioopraHidHOi  xiMmii, dhapmakonorii, 0340poBYOro Ta  JiKyBarbHO-
NPOiNakTUYHOrO Xap4yBaHHS, Xap4oBuX TeXHosoriin. Cnocié BU3HAa4YEHHS1 KOMMNIIEKCOYTBOPOBANbHOI
€MHOCTI 3MillaHoniraHAHMX OpraHiYHMX CUCTEM BIAHOCHO IOHIB MeTaniB nonsrae B TOMY, WO [0
anikgot ob'emom 5-100 cm® 0,1-20 %-ro po34YMHY OpraHiyHOi 3MillaHoniraHaHoi cucTemu
HEBCTAHOBIEHOI OEHTAHTHOCTI, WO MICTUTb HU3bKOMOJEKYIAPHI MPOAYyKTU rigponidy 6inkiB Ta/abo
He3aMiHHi aMiHOKMCNOTK, Ta/abo opraHivHi KMCnoTh, Ta/abo npogykTn meTaboniamy Ta nepepobku
npobioTuuHNx GakTepin, auckpetHo gogatotb 1-10 cm® 0,1-10 %-ro po3ymHy KanbLito xnopuay abo
MarHito xnopugy, abo kynpymy xnopugy, abo uuHKy xnopuay, abo maHraHy xnopuay, abo cdepymy
xnopuay, Cymiw nepemiwyoTb i BUTpUMYHOTb npotarom 35-180 xB., 3a Temnepatypu 40-95 °C. lMicnsa
LUbOro A0 anikBoT AWMCKPETHO A04aloTb PO3dMH HaTpito kapboHaTy ob'emom 1-10 cm® 0,1-10 %-ro,
AKAA NPU LUbOMY € EeKBIMONMSAPHUM A0 KiNbKOCTi BHECEHOrO XNopuay Metany, OUCKPETHO BUMIPHOOTb
KanamyTHICTb pO34vHy TypOiAMMETPUYHUM METOAOM Mpu AOBXUHI XxBUNi 450 HM. pn 36iNbLUEHHI
BEMWYMHU KanamyTHOCTi cuctemmn Ha 0,025 onT. oa. pobnsTe BUCHOBOK NPO MaKCUMarbHy BENNYUHY
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KOMMNIEKCOYTBOPIOBANIbHOT €MHOCTI 3MillaHoMiraHAHOT OpraHiYyHOl CUCTEM BIAHOCHO iOHY MeTany.
Cnoci6 go3Bonsie TOYHO BU3HAYUTN KOMMNIIEKCOYTBOPIOBASbHY EMHICTb 3MiLlAaHOMiIraHAHUX OpraHiYHuX
CUCTEM BIiHOCHO iOHIB MeTaniB 6e3 BUKOPUCTAHHS arpecuMBHUX peakTMBIB, 34aTHUX OO0 PYWHYBaHHSA
XenaTHuWX 3B'sI3KiB Ta 0e3 3any4YeHHs1 BUCOKOBAPTICHOIO piaKicHOro obnagHaHHs.
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BuHaxin cTocyeTbca  GioopraHiyHOl  Ximil, dapmakonorii, 0340poBYOro Ta MiKyBanbHO-
NPOMINakTUYHOrO  XapyyBaHHHA, XapyoBWMX TEXHOMOriM, 30Kpema, [0 Cnocoby BM3HAYEHHSA
KOMMIEKCOYTBOPHOBASIbHOT EMHOCTI 3MiLlaHoMiraHgHUX OpraHiYHUX CUCTEM BiAHOCHO iOHIB MeTaniB, Ta
YTBOPEHHS XenaTHMX KOMMmekciB OiomeTaniB, ki MOXyTb OyTWM BMKOPUCTaHi B Xapu4oBil
NPOMWCIOBOCTI 51K pyHKLiOHANbHUX iHFPEeAiEHTIB Xapy4oBMX CUCTEM Ta OIETUYHUX 400aBOK.

HenoBHouiHHe Ta He3banaHcoBaHe xap4yBaHHS NPOBOKYE BUHMKHEHHS psigy 3axBOpHOBaHb Yepes
Opak HaOXOOKEHHsI eceHLUianbHUX KOMMOHEHTIB ki. [Jo Takux BigHOCATb B TOMY YMCHi MiHOpPHi
KOMMOHEHTU - GiomeTann. biomeTanu y cknagi HeopraHidHMX Crosyk Npu NOTpansisiHHi B OpraHiam 3
Kelo MaloTb piBeHb BiogocTynHOCTi He Binbwe 2-20 % (aus. Ponb MUKPO3NEeMEHTOB B CMOPTUBHOM
nutaHum n 6esonacHocTb MeTannoxenatoB / H.H. Kapkuwenko u ap. // Buomeguumna. Ne 2. 2013. C.
12-41).

MigBueHHa GiogocTynHoCTi BioenemeHTiB O4Ha 3 akTyanbHUX 3agad Cy4yacHO! Hayku. Y AaHui
yac icHye ocobnuBun iHTepec 0O NpodinakTUKM Ta NikyBaHHSA GaraTboX FiNOMiKpOEenemMeHTo3iB 3a
AONOMOrol  BiOKOOpAMHALINHUX CMOMYK, B SKUX XUTTEBO HEOOXiAHi MiKpoenemeHTn MicTATbCHa Y
BUrNSAi XenaTHOro KoMmnsekcy 3 GioniraHgamu, NpUPoOgHMMMK HoCIAMK BioeneMeHTiB.

Ak OioniraHan pOna  xenaTtyBaHHS MeTaniB, SKK NpaBWUo, BUKOPUCTOBYIOTb aMiHOKMUCIOTH,
kapOoHOBI kncnoTn, 6inkmn Ta nentugun. Kpim Toro, GinbLUicTb NpoLEeciB, WO NpoTikaloTb B BioNorivyHMX
cucTemax, BKIYalTh B cebe B3aeMofilo ioHIB MeTany 3 AekinbkoMa niraHgamy, ToMy ocoGnmMBuUiA
iHTepec NpeAcTaBnse oAepXXaHHs | BUBYEHHSA BNacTUBOCTEN 3MilLaHOMIraHOHUX XenaTHUX KOMMMEKCIB
b6iomeTanis 3 6ionoriYyHO akTUBHMMMU firaHaamMu. BuBYeHHS 3amillaHoniraHAHWX KoMnnekcis 6iomeTtanis
Habyno 3Ha4YHOro NOLUMPEHHS, B NiTepaTypi onncaHo cnocobu oTpMMaHHS | XapakTEPUCTUKN OEAKMX i3
HUX.

Ak npaBuno, CMHTE3 XxenaTHUX KoMMnekciB GiomeTaniB npoBoAAaTb i3 3asganerigb BigoOMUM
CKragom niraHgiB BigoMoi AeHTaHTHoCTI. Lle gossBonse BBOAUTWM A0 peakuii KOMMeKCOYyTBOPEHHS
HeoOXxigHy KinbkicTb MeTany, wo 3abesnevye edeKT NOBHOI xensuii. Y pesynbTaTi peakuii Takoro
TUNY, BU3HAYEHHA KOMMMEKCOYTBOPIOBANbHOI EMHOCTI 3MillaHoniraHaAHUX OpraHivyHUX CUcTeMm
BiQHOCHO iOHIB MeTaniB € He pouinbHuMm, (ouB. Lernosa H.B. lMeyHukoBa A.C. LeB4yeHko A.W.
CwmelwaHHonuraHgHele komnnekcsl kobaneTa (lll) ¢ aTMneHanamMmHOM 1 aTUNEHANAMUHTETPAYKCYCHON
KMCNoTon B BoAHbIX pacTtBopax // BecTHuk KaszaHckoro TexHonormydeckoro yHmeepcuteta. 2014. Bbin.
Ne 17, T. 17. C. 56-59; KopHeB B.N. Kennenb H.B. CmewaHonurangHsie kommnnekcel meam (1) ¢
HUTPUINOTPUYKCYCHON M JIMMOHHOW KUcnoTamyM B BOAHOM pacTtBope // BecTHUMK yaAMypTCKOro
yHuBepcuteTa. 2009. Buin. 2. C. 25-31; Belayet M.D. Synthesis and characterization of mixed ligand
complexes of Co(ll) and Fe(lll) ions with maleic acid and heterocyclic amines // Journal of Bangladesh
Chemical Society. 2012. Vol. 25(2). P. 139-145; Rabindra P., Mohan A. Synthesis and
characterization of mixed ligand complexes of bio-metals with pyrimidine nucleoside (uridine) and
amino acids // Proc. Indian Acad. Sci. (Chem. Sci.). 2000. Vol. 112, No. 6. P. 593-600; Tripathi I.P.,
Aarti Kamal Synthesis, Characterization of Some Complexes of Copper (II) with L-Asparginine, L-
Histidine, L-Lysine // American Journal of Advanced Drug Delivery. 2015. 3(1). P. 95-103; Synthesis
and Characterization of Some Cobalt (II) Complexes with Amino Acids Having Biological Activities /
Dan Rusu et al. // Rev. Chim. (Bucure.ti). 2009. 60(9). P. 939-943).

IcCHye npobnema BM3HAYeHHs] KOMMIIEKCOYTBOPKOBAsIbHOI EMHOCTI 3MillaHOMNIraHOHMX OpraHiyHmX
CUCTEM BIOHOCHO iOHIB MeTaniB, siki MaloTb HE BM3HAYEeHWI CKMag OopraHivyHMx niraHAgis, BignoBigHO,
IXHIO OEHTaHTHICTb nepepbaynTn He MOoXnuBO. [l0 TakuMx CUCTEM MOXHA BIiOHECTU MPOAYKTU
mMeTaboniamy Ta nepepobkn MONoOYHOKMCINX BakTepin, BinKoBi, cMpoBaTKOBI rigponisaTu, renapuH Ta
iH.

KnacuuHi metoam BM3HAYEHHS KOMMIEKCOYTBOPIOBANbHOI EMHOCTI 3MiLlaHONIraHAHWX OpraHiyHmX
CUCTEM BIOHOCHO iOHIB MeTaniB € HeBuNpaBAaHWMMW, OCKIflbKW peakTMBU, L0 3aCTOCOBYKOTbCH, €
AOCTaTHbO arpecuBHUMK. Lle mMoxe oOymOBMnOBaTU PyMHYBAHHA iOHHWX, KOOPAMHAUINHMX 3B'A3KiB
KOMMIEKCiB, WO He 3abe3neqnTb OOCTOBIpPHUX pe3ynbTaTiB Ta He [acTb 3MOTrM BU3HAYUTU B SKiA
dopmMi 3HaxoaMBCS MeTan y AaHin CUCTEMI - OpraHiyHin, Yu HeopraHivHin.

IcHyloTb  gedki  cneumdpivyHi  MeToaM  BM3HAYEHHS  KOMMMEKCOYTBOPKOBANbHOI  €MHOCTI
3MilaHosniraHgHMX OpraHiYHUX CUCTEM BIQHOCHO iOHIB MeTaniB.

Komnnekcu Cr (1), Fe (1), Cu (I) i Zn (lll) 3 nonisiHinxnopugom Jocnigxysanu 3a A0NOMOror
cnekTpockoniyHux metoais (auB. Spectroscopic study of the effect of a new metal chelate on the
stability of PVC / Mahmoud N.A. et al. // Journal of the Association of Arab Universities for Basic and
Applied Sciences. 2013. 14.67-74).

Heponikom Takoro cnocoby € Te, WO pAns OTPUMAHHS  AOCNIMKYyBaHUX KOMIMIEKCIB
BMKOPWCTOBYBANW firaHAu BigOMOi AEHTaHTHOCTI, OKPiM TOro, y CnekTpax Cronyk, WO MICTATb 3HAYHY
KiNbKICTb (PYHKUIOHaNbHMX rpyn, MOXNNBE NepeKkpvBaHHA CMYr MOMMIMHAHHSA, WO 3HAYHO YCKIMaAHIoE
3agayvy iHTeprnipeTadii ctaHy meTana (opraHivyHa, 4Yn HeopraHidyHa dopma).
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MeTogamn cnekTpodoToMeTpil Ta aaepHOT MarHiTHOI penakcalii AoCniaXeHo peakLil yTBOPEeHHS
3MiwaHoniraHgHnx komnnekcis kobanety (lll) 3 eTuneHgiamiHom i eTuneHaMamiHTETPaoLTOBO
KMCNOTOK B BOAHWX po3ynHax, (amB. CwmellaHHonuraHgHole Komnnekcbl kobanbTta(lll) ¢
3TUNEHANAMMHOM W 3TUINEHANaMUHTETPAYKCYCHOWM KMCIOTOM B BOAHbIX pacTBopax / LWernosa H.B. n
ap. // BectHuk KasaHckoro TexHonormyeckoro yHuepcuteTta. 2014. T. 17, Ne 17. C. 56-59).

Heponikom Takoro cnocoby € Te, WO AN OTPUMAHHS  OOCNIMKYBaHWX  KOMMIEKCIB
BMKOPUCTOBYBanNM niraHauM (eTuneHgiamiH Ta eTunenHguamiHTeTpaouToBa KuCroTa) BigOMOI
AeHTaHTHocTi. MeTton cnekTpodoTOMeTpii AOUiNbHO BMKOPUCTOBYBATM TiNbku Ansi 3abapBneHux
cucTeM, a MeToq saepHOi MarHiTHOI penakcauil 4oCUTb CKNnagHui y peanisauii Ta He JOBOAUTb, WO
MeTan MOXe 3HaXOAUTUCb CaMe y XenaTHi opMi.

IcHye cnocib BM3HAYEeHHS KOMMMEKCOYTBOPKOBANbHOI EMHOCTI 3MillaHONIraHOHUX OpraHivYHuX
cuctem BigHOCHO ioHiB Mg, Zn, Mn, Cn i Co aTomHo-abcopbuiiHuM MeTOAOM LUMAXOM ChiNbHOI
iHKyOaLil BOAHWX PO34YMHIB conen MIKpOEneMeHTIB 3 rigponisatoM cupoBaTKoBMX OinkiB Mornoka.
IHkyBauito npoBoaaTb npu pH = 7,1-7,2 npu KiMHaATHI TemnepaTypi i NOCTINHOMY MepeMilllyBaHHi.
OTpumaHi pigki xenaTtu niodinbHO BUCYLLYOTL (AMB. Ponb MUKPO3NEeMEHTOB B CMOPTUBHOM MUTaAHUN U
©esonacHocTb meTannoxenartos / H.H. KapkuweHko v ap. // BuomegmumHa. 2013. Ne 2. - C. 12-41).

Heponikom Takoro cnocoby € Te, WO [0 CKNagy Takux CUCTEM MOXYTb BXOAMTU MeTanu B
OpraHiyHin Ta HeopraHiyHin copmi, amke NpM KOMMNEKCOYTBOPEHHI MOXNMBE HepocTaTHe abo
HagMipHe BBEOEHHA conen MeTany Ao CcKnagy 3MmiluaHoniraHgHOro  pO34YuMHy  rigponisaty
cnpoBaTKOBUX BinkiB, AEHTAHTHICTb Akoro HeeigomMa. lMpy LUbOMY BM3HAYEHHS1 CTaHy MeTany y Takii
cucTeMi aTomHo-abcopbuinHM MeToAoM € CKNagHMM Yy peanisauii Ta He 3aBXan AOCTOBIPHUM.

MMpn OTpMMaHHI XxenaTHUX CUCTEM YacTO BMKOPUCTOBYIOTb MOTEHLIOMETPUYHE TUTPYBaHHS (AMB.
Equilibrium study and Stability constants of mixed Ligand complexes of Biomolecules and Ami no
acids with Metal ions by Potentiometric method / Verma Shalini, Singh Dharmveer, Kumar Rajendra,
Shukla Brajesh Kumar and Krishna V // Journal of Chemical Sciences. 2015. Vol. 5(3), 42-48; Sidney
Siggia, Eichlin D.W., Rheinhart R.C. Potentiometric Titrations Involving Chelating Agents, Metal lons,
and Metal Chelates // Anal. Chem. 1955. 27 (11). P. 1745-1749. DOI: 10.1021 /ac60107a019).

Bigomnii Takox cnocid BM3HAYEHHSI KOMMIIEKCOYTBOPIOBASIbHOI EMHOCTI  3MillaHoniraHgHMX
OpraHidHMX CUCTEM BiOHOCHO iOHIB MeTarniB, LUMSIXOM MOTEHLIOMETPYHOro TUTPYBaHHS. Ak BiomeTanu
BMKOPUCTOBYBaNM COSMi KanbUilo Ta MarHito, 3MillaHoniraHgHUX CUCTeM - renapuH i rniuuH.
MoegHyBanu pobodi po3yMHK, WO MICTATb MeTan, renapuH i rmiuxH, goAaBanu CTaHgapTHUA PO3dnH
consHoi kncnotu i 1.50 M posumHy xnopugy Hatpito. Cymiw TepmoctaTtyBanm 30 xsunuH npu 37 °C.
KomnnekcoyTBOpEHHSI KOHTPOMBaNM 3a [JOMOMOroK MOTEHLIOMETPUYHOrO TUTPYyBaHHA (aMB.
Hukonaesa J1.C., CemeHoB A.H., byposa J1.A. CmelwwaHonuraHgHoe komnnekcoobpasoBaHMe MOHOB
Kanbuusi 1 MarHus ¢ renapvHom u rnvumHom // XKypHan HeopraHudeckon xumumn. 2011. Tom 56, Ne 4. -
C. 689-696).

Ane pgaHwui cnocib mae cyTTeBi HegonMikW: NOTEHUIOMETPUYHE TUTPYBAHHS, K METO4 BU3HAYEHHS
KOMMMNEKCOYTBOPOBaNbHOI EMHOCTI 3MillaHoNiraHAHWX OpraHiYHUX CUCTEM, € He JOCUTb e(PEKTUBHUM,
AKLLIO B 3MilLaHoriraHAHIN CUCTEMI NPUCYTHI PEYOBUHW, LLIO YTBOPIOKOTL 3 METAroM KOMMMEKCU Pi3HOT
CTiViKOCTi. Y Takomy BUMagKy Ha KpUBIi TUTPYBaHHA Gyae cnocTepiraTuch Kiflbka CTPMOKIB, WO 3HAYHO
YCKIMaQHIOE iHTepnpeTauilo xody KOMMIEKCOYTBOPEHHS. [yxe po3BedeHi po3yuHu GioniraHgis
TUTPYyBaTU HE MOXHA, TOMY LLO Ha KPUBIN TUTPyBaHHA He Byae cTpubka i, omxe, He Oyae BMABMEHA
TOYKa ekBiBaneHTHOCTI. Heponikom TakoX € HeobxigHICTb po3paxyHkiB Ha OwopeTtui i Ha
BMMIpIOBaNbHOMY MPUCTPOI; HECTINKICTb B AEeAKMX BUMNagkax noTeHuiany iHOMKATOPHOro enekTpoga
abo X gyxe NoBiflbHEe BCTAHOBIIEHHA MO0 rPaHNYHOIO 3HAYEHHS.

Okpim TOro, sik cnocib, HaBegeHun y ctatti Hukonaesa J1.C. Ta iH. (P)KypHan HeopraHuyeckon
xumun. 2011. Tom 56, Ne 4, C. 689-696), Tak i iHwWi BigOMi 3asBHMKY CMocobuM BU3HAYEHHS
KOMMIEKCOYTBOPKOBANbHOI €MHOCTI 3MillaHOMNIraHOHUX OpraHidHMX CMCTEM BIOHOCHO iOHIB MeTanis,
BMPILLYIOTE [aHy 3adady NPUVHUUMOBO iHLIMM LUMASIXOM 3 BUKOPUCTAHHSAM iHLUIMX XiMiYHUX PEYOBUH.
CninbHMM y cnocobi, Wo 3asBnseTbCA Ta BKa3aHMMM BuLle crnocobamu € TiNbku HasBa BUHAxXoAy,
TOGTO 3agava, Ky BOHM BUPILLYIOT.

Y 3B'A3Ky 3 UMM, XOOHE i3 BiAOMMX 3asiBHUKY TEXHIYHE pilleHHa He Moxe OyTu obpaHo
NpOTOTUMOM.

B ocHoBy BMHaxogy MocCTaBrneHa 3ajada po3poOMTU  YAOCKOHANEHUM CMOCi0 BM3HAYEHHS
KOMMIEKCOYTBOPHOBANbHOI EMHOCTI 3MilLAHOMiraHAHUX OpraHidHMX CUCTEM BiJHOCHO iOHIB MeTarniB, B
AKOMY, LUNAXOM 3aCTOCYBaHHA MeToAy TypoiaumeTpii Ans cuctem, WO MICTATb xnopuan GiomeTanis
(kanbuito, abo marHito, abo kynpymy, abo umHKy, abo maHraHy, abo cdepymy), 3miaHoniraHgHi
cucteMn Ta HaTpito kapboHaT, 3abe3neynMTu CrnpoleHHA cnocoby, NiABULLEHHS TOYHOCTI Mpu
BMKOPUCTAHHI CWUMbHO pPO3BEAEHUX PO34YMHIB OiomeTaniB Ta niraHAiB Ta pPO3LIMPEHHS CNEKTpy
CKNaJoBUX XenaTHUX KOMIMIIEKCIB.
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[MocTtaBneHa 3agava BUPILLYETLCA TUM, WO B CNOCOBi BM3HAYEHHS1 KOMMMEKCOYTBOPKOBANbLHOI
€MHOCTI 3MillaHoNiraHAHNX OpPraHiYHMX CUCTEM BIOHOCHO iOHIB MeTaniB, BigNoOBIAHO A0 sikOro, OO
anikeot ob6'emom 5-100 cm® 0,1-20 %-ro po34MHY OpraHiyHoi 3millaHomniraHgHOI  cucTeMM
HEBCTAHOBIIEHO|I AEHTAHTHOCTI, WO MICTUTb HM3LKOMONEKYNSAPHI NpoaykTu rigponidy GinkiB Ta/abo
He3aMiHHI amiHOKMCNoTK, Ta/abo opraHivHi kMcnoTu, Ta/abo npoaykTu MeTaboniamy Ta nepepobku
npoGioTUYHUX GakTepii, auckpeTHo goaatoTb 1-10 cm3 0,1-10 %-ro po3ynHy KanbLito xnopugy, ato
MarHito xrmopugy, abo kynpymy xnopuvay, abo umHKy xnopuay, abo maHraHy xnopugy, abo cdepymy
xropuay, Cymill nepemiwyoTb i BATpUMYOTb npoTtarom 35-180 xB., 3a Temnepatypu 40-95 °C, nicns
LbOro A0 anikBoT AMCKPETHO AoAal0Tb PO34MH HaTpito kapboHaTty 06'emom 1-10 cm® 0,1-10 %-ro, SKkui
npy UbOMY € EKBIMOMSIPHUM [0 KiNbKOCTi BHECEHOro Xnopuay MeTany, AUCKPETHO BUMIPHOIOTb
KanamyTHICTb pPO34MHy TypbiaMMeTpuyHUM MeToO4OM Mpu OOBXWHI xBuni 450 HM i npu 36inblUeHHI
BENUYMHU MYTHOCTI cuctemn Ha 0,025 onT. oa., pobnaTe BMCHOBOK NPO MakCUManbHy BeNUYMHY
KOMMMNEKCOYTBOPOBANbHOI EMHOCTI 3MilLI@aHOSiraHAHOT OpPraHiYHOI CUCTEM BiHOCHO iOHIB MeTany.

MopanbLwnii NPUPICT MYTHOCTI CUCTEMM CBIAYMTb NPO 36iNbLUEHHSA BMICTY MeTarny B HEOPraHiyHin
dopwmi, BiaNOBIAHO, KOMMMEKCOYTBOPIOBAsibHMI NOTEHLIan 3MillaHoniraH4HOI CUCTEMU - BUYEPMaHO.

HoBum y BuMHaxopdji, WO 3asBNSAETbCA € BMKOPUCTAHHS MeTody TypOigumeTpii ans BU3HAYEHHS
KOMMEKCOYTBOPHOBASIbHOT €MHOCTI 3MillaHoMiraHOHMX OpPraHiYHMX CUCTEM BIQHOCHO iOHIB MeTanis;
BUKOPUCTaAHHA HU3bKOMONEKYNSAPHUX MPOAYKTIB rigponidy 6inkiB Ta/abo He3aMiHHMX aMiHOKMCHOT,
Ta/abo opraHiuHMX KMCNOT, Ta/abo nNpoaykTiB MeTaboniamy Ta nepepobkn NpoBioTUYHUX BakTepin Ak
niraHAiB; BUKOPUCTaHHS PO34MHIB MarHito xnopuay abo kynpymy xnopuay, abo uuHky xnopugy, abo
MaHraHy xrnopugy, abo depymy xnopuay sk prepena diometany; iHkybauia npotarom 35-180 xB., 3a
Temnepatypu 40-95 °C. Takuii cnocié A03BOMNSE TOYHO BU3HAYUTU KOMMIIEKCOYTBOPIOBANbHY EMHICTb
3MillaHOMIraHOHNX OPraHiYHMX CUCTEM BIAHOCHO iOHIB MeTaniB 6e3 BWKOPWUCTaHHS arpecuBHMX
peakTVBiB, 30aTHUX A0 PYMHYBaHS XenaTtHuX 3B'A3kiB Ta 6e3 3any4yeHHs BUCOKOBAPTICHOIO PiaKiCHOro
obnagHaHHsS.

Mpuknag 1. Jo po3ymHy 3miwaHoniraHgHoi cuctemu ob'emom 50 cm® (KynbTypanbHa piavHa
Lactobacillus acidophilus K 3111 3 koHueHTpauieto cyxux pevoBuH 3 %), aopasanu 1 cm? 0,5 %-ro
po3unHy MgClz, nepemiwyBanu npoTaroMm 1 xB., Ta 3anvwany Ans NoBHOI XensAuii npu Temneparypi
40 °C npotsarom 30 xB. licna uboro 4o cyMmiwi gogaBany eKkBiMONSPHY KinbkicTb 0,5 %-ro po3ymHy
Na2COs (1 cm3), nepemiwyBanu NpoTarom 1 XB., Ta BUMIpIOBanNu kanamyTHICTb CUCTEM 3a LOBXWUHU
xBuni 450 HM. [o HacTynHoi anikBoTn o6'emom 50 cm3, wo mictuna GioniraHan, nopasanun 2 cmd
0,5 %-ro posumHy MgClz, cymiw nepemiwysanu npotarom 1 xB., Ta 3anvwany Ansg nosBHOI xensauil
npu Temnepatypi 40 °C npotarom 30 xB. llicna uboro A0 Cymiwi AoAaBanu eKBIMONAPHY KiNbKIiCTb
0,5 %-ro po3unHy Na:COsz (2 cm®), nepemiwyBanu nNpoTarom 1 xB Ta BUMIpIOBanM KanamyTHICTb
cucTem 3a goBxuHW xBuni 450 HM. [ani gocnimpkeHHs NpoBOAMMAM aHanoriyHo, ane 3i 36iNbLleHHAM
06'emy 0,5 %-ro po3umHy MgCl2 3 kpokoM 1 cm3. BumiptoBaHHsI NnpoBOAWIM A0 TUX Mip, MOKW NpupicT
BeNMYMHU MyTHOCTI cuctemun He cknas 0,025 onT. oa. (gus. rpadik).

MigBULLEHHS MYTHOCTI CUCTEMM CBIgYUTb, WO Y PO3YMHI MIiCTATbCS BiNbHI ioHM Mg?*, Wwo He
BCTYMWIM [0 peakuii XenaToyTBOPEHHS, Ta MPOBOKYIOTb MOMYTHIHHA CUCTEMW, a[Xe YTBOPHOHTb 3
Na2COs HeposuuHHi coni. OTxe, NpuM OTPMMaHHI XenaTHux komnnekcie Mg2?* 3 KynbTypanbHo
piauHoto Lactobacillus acidophilus K 3111, edekT noBHoi xensuii gocsaraetbcs npu KinbkocTi Mg2+32
mMonb/am3* 102,

Mpuknagn 2-6. 3piicHOBanM aHanorivHo TOMy, SIKk HaBeAeHO B npuknagi 1, ane sk mxepeno
biomeTtany Bukopuctosysanu CaClz, CuClz, MnClz, ZnClz, FeCls. [JaHi HaBegeHo B Tabn. 1.

Mpuknagn 7-12. 3gincHioBanyM aHanoriyHo TOMy, siKk HaBegeHo B npuknagax 1-6, ane sk
3MillaHoniraHgHy CUCTeMYy BMKOPUCTOBYBAaNW KyrnbTyparnbHy PigWHY KOMMO3uuii  NpobioTUYHMX
OakTepin Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. bulgaricus, Bifidobacterium
bifidum, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Streptococcus
thermophilus 3 koHLEeHTpaLieto cyxmx pevoBuH 4 %. [JaHi HaBeaeHo B Tabn. 2.

Mpuknagun 13-18. 3gincHioBanu aHanoriyHO TOMy, siKk HaBeZeHo B npuknagax 7-12, ane oo 50-tm
cM3 KynbTypanbHOI piguHM komno3uuii NpobioTudHux GakTepin Lactobacillus acidophilus, Lactobacillus
delbrueckii subsp. bulgaricus, Bifidobacterium bifidum, Lactococcus lactis subsp. lactis, Lactococcus
lactis subsp. cremoris, Streptococcus thermophilus gogasanu 100 mr rntotamiHoBoi kucnotu Ta 100
Ml MOJTOYHOT KMCnoTu. KoHUEeHTpaLis Cyxmx pedoBuH cyMiwi cknagana 4,2 %. [ani HaBegeHo B Tabsn.
3.

Mpuknagn 19-24. 3pincHioBanyM aHarnorivHo TOMy, SiK HaBedeHO B npuknagax 1-6, ane sk
3MilaHoniraHgHy CUCTEMY BMKOPUCTOBYBANW KyrnbTyparnbHy PigWHY KOMMAO3uuii  npob6ioTUYHMX
OakTepin Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. bulgaricus, Bifidobacterium
bifidum, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Streptococcus
thermophilus Ta npogykTn Nepepobku ixHiX KNiTMHHMX CTiHOK (amB. Kapustian A., Cherno N., Nikulina
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O. Obtaining and characteristics of calcium organic forms on the basis of metabolites and processing
products of probiotic bacteria. 2018. Food Science and Technology. 12(2). P. 3-10.) 3 KOHLEeHTpaLieto
CyXux peyoBuH 4 %. [laHi HaBegeHo B Tabn. 4.

Tabnuusa 1
TypGignmeTpnyHe BU3HAYEHHS 3aNeXHOCTI MyTHOCTI 3MilLaHOSIraHAHOT CUCTEMU, LLO MICTUTb

KynbTypaneHy pignHy Lactobacillus acidophilus K 3111 3 koHUeHTpauieto cyxmx pevoBuH 3 % Big
BMICTY KinbkocTi 6iomeTanis

BwmicT GiomeTany B peakLiiHin cymili, monb/gm3* 10-2
Nen/n |Biometan| 4 | 8 [ 12 | 16 | 20 | 24 [ 28 | 32 | 36 | 40 |44 | 48 [52] 56
KanamyTHiCTb cuctemu, ont. oA.

Zn%* 0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05| 0,05 |0,05/0,07{0,1| 0,8
Ca?* 0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05(0,05| 0,07 |0,1| 0,8
Cu?* 0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05| 0,05 |0,05/0,07{0,1| 0,8
Mn2* 0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05| 0,05 |0,07| 0,1 |0,8
Fes* 0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05| 0,07 |0,1| 0,8

OB |W[N

Tabnuuga 2

TypGignmeTpunyHe BU3HAYEHHS 3aNEXHOCTI MyTHOCTI 3MiLL@HOSIraHAHOT CUCTEMU, LLIO MICTUTb
KynbTypanbHy piguMHy KOMMNo3uuii npobioTMYHNX BakTepiii 3 KOHUEHTpaUien Cyxnx pedoBuH 4 % Bia
BMICTY KinbkocTi 6imeTanis

BwmicT GimeTany B peakLiviHii cymilli, Monb/am3*10-2

Biometan] 4 | 8 [12]16 |20 |24 [ 28 [ 32 [ 36 [40[44]48]52]56] 60
KanamyTHicTb cuctemu, ont. oA.

7 Mg 0,05/0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,07/ 0,1 |0,8]| - -
8 Zn? 0,05/0,05|0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05|0,05/0,05|0,07| 0,1 ] 0,8
9 Ca* 0,05/0,05|0,05|0,05|0,05|0,05{0,05/0,05/|0,05|0,05/0,07|/ 0,1 /0,8 | - -
10 Cu® 0,05/0,05|0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05|0,05/|0,05|0,07| 0,1 ] 0,8
11 Mn?2* 0,05/0,05|0,05]0,05|0,05|0,05|0,05|0,05]|0,05|0,05|0,05/|0,07| 0,1 | 0,8 | -
12 Fe3* 0,05/0,05|0,05|0,05|0,05|0,05|0,05/0,05|0,05|0,05/0,07|/ 0,1 /0,8 | - -

Ne n/n
npuknaay|

Tabnuusa 3

TypGignmeTpunyHe BU3HAYEHHS 3aNEXHOCTI MyTHOCTI 3MiLLAHONIraHAHOT CUCTEMU, L0 MICTUTb
KynbTypanbHy pignMHy koMnosuuii npobioTnyHMx BakTepin, rNioTaMiHOBY Ta MOMOYHY KMCNOTH 3
KOHLIEHTpAaLi€l0 Cyxux pevyoBuH 4,2 % Bifg BMICTY KinbkocTi 6imeTanis

BwmicT GiomeTany B peakuinHin cymiwi, monb/gm3* 10-2

Biometan| 4 | 8 [12[16 20|24 (28|32 [36[4044|48[52]|56]|60]64]68]72
KanamyTHicTb cuctemu, OnT. oA.

13 Mg?* 0,05/0,05/0,05/0,05/0,05|0,05|0,05|0,05|0,05/0,05/0,05/0,07/|0,1 | 0,8 | - | -
14 Zn% 0,05/0,05/|0,05/0,05/0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05/0,05|0,05/0,05/0,07|0,1|0,8
15 Ca?* 0,05|0,05/0,05/0,05/0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05/0,05/0,07/ 0,1 | 0,8 | - | -
16 Cu?* 0,05/0,05/0,05/0,05/0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05/0,05|0,05/0,05/0,07|0,1|0,8
17 Mn2* 0,05|0,05/0,05/0,05/0,05|0,05|0,05|0,05|0,05/0,05/0,05|0,05/0,05/0,05/0,07| 0,1 |0,8] -
18 Fes3* 0,05|0,05/|0,05/|0,05/0,05|0,05|0,05|0,05|0,05|0,05/0,05|0,05/0,05/0,07/ 0,1 | 0,8 | - | -

Nen/n
npuknagy|
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Tabnuuga 4

TypGignmeTpuyHe BU3HAYEHHS 3aNEXHOCTI MyTHOCTI 3MilLaHOSiraHAHOT CUCTEMU, LLO MICTUTb
KynbTypanbHy piaguHy KOMNo3uuii NpobioTMYHNX BakTepii Ta NPOAYKTM NEPEPOOKU iIXHIX KNMITUHHMX
CTIHOK 3 KOHLIEHTpaLi€lo Cyxux peyvoBuH 4 % Big BMICTY KinbKocTi bimeTanis

BmicT GiomeTany B peakuiiHii cymilli, monb/gm3 *10-2

Biometan| 4 | 8 [12 16 [ 20 [ 24 [ 28 [ 3236 |40 |44 |48 ]52]56]60] 64
KanamyTHicTb cuctemu, ont. oA.

19 Mgt 0,05/0,05|0,05|0,05|0,05|0,05|0,05/0,05|0,05|0,07/0,1 | 0,8 | - - |- -

20 Zn? 0,05/0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,07{0,1| 0,8
21 Ca* 0,05/0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05/0,07/0,1 [ 0,8 | - -

22 Cu® 0,05/0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05/0,07{0,1| 0,8
23 Mn?2* 0,05/0,05|0,05|0,05|0,05]0,05|0,05|0,05|0,05|0,05|0,05|0,05/|0,07{ 0,1 |0,8]| -

24 Fe3* 0,05/0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05|0,05/0,07/0,1 [ 0,8 | - -

Nen/n
npuknaay|

SOPMVYJIA BUHAXOLOY

Cnoci®6 BM3HAYeHHS1 KOMMIEKCOYTBOPIOBANbHOI EMHOCTI 3MillaHOMIraHAHUX OpraHiyHUX CcucTem
BiAHOCHO iOHIB MeTaniB, 3rigHo 3 sikuM A0 anikeoT 06'emom 5-100 cm® 0,1-20 %-ro po34MHYy OpraHiyHoT
3MillaHOMiraHgHOI CUCTEMW HEBCTAHOBIIEHOI [OEHTaHTHOCTI, WO MICTUTb HWU3bKOMOMEKYMSPHI
npoaykTn rigponisdy 6inkiB Ta/abo He3aMiHHi amiHOKMCIOTW, Ta/abo opraHiuHi kucrnotu, Ta/abo
npoaykTn metaboniamy Ta nepepobku npobioTuyHMx GakTepii, auckpeTHo AopatoTb 1-10 cmd 0,1-
10 %-ro po34uMHy KanbLio xnopuay abo MarHito xnopugy, abo kynpymy xnopuvay, abo LUHKy xnopuvay,
abo MaHraHy xnopwugy, abo depymy xropuay, CyMill nepemiwyoTb i BUTpUMYIOTb npotsarom 35-180
XB., 3a TemnepaTypu 40-95°C, nicnsa uboro A0 anikBoT AWCKPETHO A04aloTb PO3YMH HAaTpio
kap6oHaTy o6'emom 1-10 cm3 0,1-10 %-ro, KUl NpU LIbOMY € €KBIMONSIPHUM [0 KiNbKOCTi BHECEHOTIO
xnopvay metany, AMCKPETHO BMMIPIOIOTb KanamyTHICTb PO34YMHy TypOigumeTpuyHumM MeToaoM npwu
AOoBXUHI xBWnNi 450 HM i npu 36inbLIEHHI BeNUYMHM kanamyTHocTi cuctemmn Ha 0,025 onT. oa. pobnsaTe
BMCHOBOK MNPO MakCUmarnbHy BEeNUYMHY KOMMIEKCOYTBOPIOBANbHOI E€MHOCTI  3MillaHoniraHgHol
OpPraHiyHoi CMCTeM BiOHOCHO iOHY MeTany.
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