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It has been defined the relation between synthesis of chelate compounds of humic acids with iron ions and duration of
the synthesis. It has been shown that humic acid extract is saturated by iron ions with following precipitation, when

the time of electrochemical synthesis is increase.

BBepeHune

OCHOBHBIMH ~ HOCHTEIIMH  OMOJOTHYECKON
AKTHBHOCTH B TOp(E SBISIOTCS TI'yMUHOBBIE KHCIIOTBI
[1]. B HacTosmiee Bpems HaOmIOgaeTCsl POCT 4YMCTIA
HCCIIeIOBAaHUNA B 00JIACTH XMMHU TYMHUHOBBIX KHCIIOT [2
- 5]. D10 00BSICHSIETCS BO3ZMOMXHOCTBIO UX IIPUMEHEHUsI
BO MHOI'uX O6ﬂaCTHX JACATCIBHOCTH YCJIOBCKA, B
YaCTHOCTH 3TO CBS3aHO CO CIIOCOOHOCTBHEO TYMHHOBBIX
KHCJIOT O0Opa30BBIBATH XEJIATHBIC COCIUHCHUS C
MetaiaMu [6]. B XenaTtHbIX COeAUHEHUSX, KOTOphIE
TaKk)Ke  HA3BIBAIOT KOMIUIEKCHBIMH COEIMHEHISIMH,
TYMHUHOBEIE KHCJIOTHI HECYT (hyHKIIHIO
KoMIUTeKcooOpa3oBarenss. OHH  HUCIONB3yeTcs IS
JIOCTaBKA MHUKPORJIEMEHTOB B OpraHM4YecKoi (opme B
KJIETKH TKaHEil pacTeHHd U  KUBOTHBIX, 4YTO
YBEJIMYMBAET MX YCBOSEMOCTH JKUBBIMH OpTraHH3MaMHU.
Ha stom ocHOBaHO MPUMCEHCHUEC XCIIaTHBIX COeJIl/IHeHI/Iﬁ
T'YMHHOBBIX B )KHBOTHOBOJCTBE [7] , pacTeHHEBOJCTBE
[8] , Kak ETOKCUIMPYIOIIETO areHTa Ha 3arps3HEHHbBIX
nouBax [9, 10]. KpoMe ryMHHOBBIX KHCIOT B KaueCTBE
KOMILTIEKCOOOpa3oBaTelisi  NPUMCHSIOT W JpYyrue
BemectBa. OnHAKO, MPH KOMIDIEKCHOH TepepaboTke
Topdha C ONHOBPEMEHHBIM IIONy4YCHHEM JAPYTHX
MOJIE3HBIX TPOAYKTOB, CHHTE3 XENaTHBIX COCIMHEHUIA
TYMHUHOBBIX KHUCJIOT HanboJiee SKOHOMHUYECKH BHITOACH.

OCHOBHBIM CITOCOOOM TIOJTYYEHHUS XEJaTHBIX
COEIMHEHNH SIBIISIETCS XMMUYECKUH CI0CO0, TaK KaK OH
HauOoJiee MPOCT B HCIOJIHCHHM M BO3MOXCH JIJIS
peanusanuu Ha HeOOobIIHNX MPEAIPUATUIX.
XUMUYECKUH CIOCO0 OCYIIECTBISACTCS, KaK IMPaBHIIO,
MEXaHUYECKUM CMEIICHHUEM COJICH MHKPOIJIEMEHTOB C
TopdhoM WM ero 3KcTpakToM. [Ipm 3TOM MOXHO
OTMETHUTh PsIT HEIOCTATKOB IOJNYYCHUS XEIaTHBIX
COEQUHEHNI ITAM CIIOCOO0M. XUMHYECKHIT CIIOCO0 HE
MO3BOJISAET MONYYaTh YHCTHIC XEJATHBIE COCTUHECHUS U3~
3a TPHUCYTCTBUsA HM30BITKA CONIEHl HE BCTYNHBIIUX B

peakmuro. IlpucyrctBue mpmmeceii, MOXeT OBITh
HeOnaronpuaTHbiIM ~ (aKTOpoM  MpH  NPUMEHEHUH
XeNaToCOAepKAIMX MPOAyKToB. Tak ke, JErKo
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OCYIIIECTBHMBIE IIPOIIECCHl XMMHYECKOrO CHHTE3a B
HEOONBINX 00BbeMax, MPH YKPYHMHEHHUH IMPOU3BOJICTBA

CTAHOBSTCS BBICOKO 9HEPro3aTpaTHBIMU u
9KoJIoTHYeckn Hebe3omacHbMH [10 - 13].
DNEeKTPOXUMHYECKIA  CIOCO0  MOJMy4YeHHUS

XCJIAaTHBIX COGZ[I/lHeHI/lﬁ T'YMHUHOBBIX KHUCJIOT UMECT PO
NPEUMYIIECTB 110 CPABHEHUIO C XUMHYECKHUM CIIOCOOOM.
Peamuzanmst  2ME€KTPOXMMHYECKOrO  crocoda  Ha
NpakTHKe He TpeOyeT BBICOKMX  KOHIEHTPALMH
mejgo4eil M KUCIOT, YTO CHIDKAeT HarpysKy Ha
oKpyxaromryio cpexy. CymHOCTE crocoba MoTydeHHs
3aKoyaercs B AupPy3uu ¢ 3JIEKTPOIOB HOHOB XKele3a
B OKCTPAaKT T'yMHHOBBHIX KHCJIOT IIOJ] BO3ZAEHCTBHEM
AJIEKTPHUYECKOTO oSt [14].

ITpy >IEKTPOXUMHYECKOM CIIOCO0E MOTyYESHUS
BEILECTB WX BBIXOJ 3aBHCHUT OT (DPU3MKO-XHUMHYECKHX
napaMeTpoOB U MPOJODKUTENBHOCTH Iporiecca [15].

Panee aBTOpamm NPOBOIMIOCH HCCIEIOBaHUE

O6paSOBaHPIH XCJIAaTHBIX COCIUHEHUMN TYMHUHOBBIX
KHCJIOT B 3aBUCHUMOCTHU oT CHJIBIL TOKa apu
QJICKTPOXUMHUYCCKOM  CHUHTE3C. YCTaHOBJ'ICHO, 4qToO

KOJIMYECTBO XEJATHBIX COCJUHEHHM YBETUYMBAETCS C
TTOBBIIIIEHUEM CHIIBI TOKA J0 ONPEACICHHOTO 3HAYCHUS,
KOTOpO€ B3aMMOCBSI3aHO C COACPKAHHMEM T'YMHHOBBIX
KHCJIOT B 9KcTpakTe [16].

B HacTosIieli paboTe Onpenessioch BIUSHHE
MIPOAOIDKUTEIHFHOCTH 3JIEKTPOXMMUYECKOTO CHHTE3a Ha
BbIXOJl X€JIaTHbIX CO@Z[I/lHeHI/lﬁ T'YMHUHOBBIX KHCJIOT C
HKEIe30M.

MeToaun4yeckas 4yacTb

B skcnepuMeHTax HCHOJIB30BAJICS BEPXOBOM
Topd ¢ tepputopun UyBamickoil pecmyOmukua. Topd
NIEPBOHAYAJIBHO U3MEIbUAIICS rpy6o, bi (o)
MaKCHMaJIBHOTO pa3Mepa dYacTHl 3 MM, 3aueM
MIPOCEUBAICS B M OYMIIAICA OT MEXaHHYECKHX
npumeced. I1orydeHHBbl IPOXoa Jajiee U3MEIbYalCs B
CTYyIIKE 0 MaKCUMaJIbHOTo pa3Mepa uactull 0,5 Mm.

W3 wu3MernpyeHHOro Topda >KCTParupoBalIv
rymuHoBble kucnotsl 1 % pactBop KOH. ITapamerpst




sKCTpakuuu: Temmepatypa 25 °C, rugpomonayins 1:100,
MIPOJIOIIKUTEITHLHOCTD 9KCTPaKIUU 60 MUHYT.
DKCTpaKIus IIPOBOAWIIACH npu IIOCTOSIHHOM
nepeMelInBaHuy. 3areM UeHTPU(PYrHpoBaHUEM OT
9KCTpakTta Topda OTIACHIM JUTHUH U JpYyrue
HEPaCTBOPCHHBIC KOMIIOHEHTHI TOP(da.

DNEKTPOXUMHYCCKHIIA CHHTE3 T'yMaTOB JKelle3a
MIPOBOIMIIA Ha 1a00paTOPHOM yCTaHOBKE.

Puc. 1 — Cxema 3JIeKTPOXHMHYECKOH sTUeHKH

YcraHOBKa ISl DJIEKTPOXUMHUYECKOTO CHHTE3a
COCTOMT U3 OJIOKa THUTaHUS U SYCHKH  JUTs
JJIEKTPOXMMHUUYECKOTO  cuHTe3a  (puc.l), Kkoropas
peJCTaBIseT cobOil eMKOCTh obbeMoM 1500 wmir,
KOTOPYIO 3aITOJHSIN SKCTPAKTOM I'YMHHOBBIX KHUCIIOT.

DIeKTPOABI W3TOTOBJICHBI u3
KOHCTPYKIMOHHOW ctany Mapku Ct 3. JIBa snexTpona,
COCIMHEHHBIE C OJOKOM IIMTaHHWSA MOTPYKAIOTCS B
OKCTPAaKT TYMHUHOBBIX KHCJIOT, IapaJUIeNIbHO JpPYT
npyry. [Inomans smekTpomos 3,5 x 5 cm.

Kak yka3pBaJioCch  BbILIE, T@pU  HOAaYe
HANpsDKEHUSI Ha OSJIEKTPOABI B DKCTPAKTE CO3/aeTCs
JIIEKTPUUECKOE TI0JIe, I0J JEeWCTBHEM KOTOPOro C
Katoga IuGQYHIUPYIOT CBOOOJHBIE HOHBI JKejle3a B
OKCTPAKT TYMHHOBBIX KHCIIOT, KOTOpble o0O0ianas
BBICOKOW DPEAaKIHOHHOW CIIOCOOHOCTBIO, 00pa3yrT C
MOHAMH JKelle3a XeJIaTHBIE COeIMHEeHHE.

3a OCHOBY MeTOJa ONpENENCHHUS COACpPIKAHUS
’Keynesa BBIOpaH METOR C MOKpBIM O30JICHHEM

UCCIIeyEMOTO obpasua u MOCIEAYIOIUM
(hoToKOTIOPUMETPUIECKUM OTIpeeTieHrueM xenesa [17].

IIpenBapurensHO YTOYHEHA METOJMKA
MOKpPOro  o30JieHHs. B peakuuoHHyr  KoJOy

BMecTUMOCThIO 50 mu1 BHocwiu 10 M mcciemryemMoro
oOpasma. 3arem B koi0Oy mobaBmsm 10 Mo 30 %
pacTBopa  MEpPEeKHCH  BOAOpPOAa | 1 MIT
KOHLICHTPUPOBAHHON CepHOM kucioThl. anee obpasen
B Koi0e HarpeBaiy 10 TeMIlepaTypsl KUMEeHus. B atux
YCIIOBHSIX O30JICHHE IIPOUCXOAWUT B TeueHWe 5 - 6
MUHYT. [IOTHOTY O30J€HMS  OLEHUBAIOT MO IIBETY
peakiuoHHOM cmecu. Ilpu KumeHWH peakMOHHOU
cMecH, HETIOJIHOE 030JICHHE MIPOSIBIISIETCS
OKpalMBaHHWEM TIeHBl. B 3ToM ciydae HE0OXOaMMO
JI00aBUTH 3 - 5 MJI IEPEKUCH BOAOPOIA.

[locnie  oxkoHYaHMS  MOKPOTO  O30JICHHUS
COIICPXKUMOE KOJIOBI OXJIAXKIAIOT W KOJHMYECTBEHHO
MEPEHOCAT B MEPHYIO KOJIOY.
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Konnenrparuio Kemeza B pacTBOpe
OIIpeNeNSIOT  (POTOKOJIOPUMETPUUYECKUM METOAOM  C
NPUMEHEHHEM CYJIb(hOocaTUIMIOBOM Kucnothl [18]. s
OIpeIeNeHNs COZlep KaHUA xKenesa
(hOTOKOJIOPUMETPHYECKUM METOJIOM MOCTPOEH
KaJIMOpOBOUHBIH rpaduk (puc.2).

KannbpoBounslii rpaduik MOCTpOeH Ha OCHOBE
JaHHBIX  KoJopuMeTpupoBanus pactBopoB FeCls
pa3nnuHOi KoHIeHTpauuu. Koadduuuent xoppensunn
cocraBuia — 0,95.
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Puc. 2 — KanubpoBouHblii rpaduk ais onpeaeaeHns
sKejie3a (poToKoJOpUMETPHYECKHM MeTogoM: 1 —
JKCIIEPHMEHTAIbHbIE JaHHbIE, 2 — IMHHUS TPEHAA

[IpuveHeHne MeTOJa OIpeIeNieHus] OO0IIero
Keleza € CyIb(POCATHIIIOBON KHCIOTOH BO3MOXKHO
MIpH HEUTPATBHOM TN crabokuciom pH uccnexyemoro
obpasma. OOpas3mpl  00JamaroMe IMOCAe MOKpPOro
030JICHUSI KHCJION peakuuedl JOBOIWIN OO TpeOyeMoro
pH pactBopom menoun KOH. Tlocne neitTpanuzanuun
0o0BeM wmccieayemMoro obpasma gosoamwtu 10 50 M B
MepHoii konoe. [lociie otoupanu mo 10 M pactBopa, K
koTopoMy jgobaBisuim 5 w10 % pactBopa
CYyIb(OCATUIIUIOBOM W 5 MIJI pacTBOpa amMMmHaKa
paszbasiensoro (2 : 3), 3aTeM pacTBOp IEepPEeMEIINBAIH U
yepe3 10 MUHYT U3MEPSIIN ONTHYECKYIO ITIOTHOCTH TPH
uHe BOIHBI 490 HM.

DIEKTPOXUMIYECKIHA CUHTE3 XeIaTHBIX
COCIMHEHUH TYMHHOBBIX KHCJIOT IIPOBOJIMIN B TCUCHHUE
10 gacoB. [IpoObl U3 stueliku OTOMPATUCH KKIBIA Yac.
[lo 3aBepmieHHMHM »SKCHEPUMEHTa, BO BCEX Mpodax

ONPEIENSIOT cofiepkaHue xKenesa
(hOTOKOJIOPUMETPHYECKUM METOI0M

[Tpu MPOBEICHUH npeIBapUTEIbHBIX
9KCIIEPHUMEHTOB, IOCJIE YEThIPEX YacOB CHHTE3a, B

o0beMe IKCTpaKTa HaOIIOAANIOCh TOsSBIEHHS ocanka. B
9TOM CBSA3M HCCIEHNOBAIOCH COJEpXKAHHE OOIIEro
JKeJie3a B 0CaJIKe U ero BIMSHUE Ha COACPIKAHUE JKele3a
B JKHJIKOH YacCTH.

ITo 3aBEPLICHUIO JKCIIePUMEHTA,
00pa3oBaBIIMICS 0CaJ0K OTHENSUIM Ha IEHTpUdyre, B
mpu 8000 o00/mMuH Teuermu 15 wmuH. ComeprkaHue
JKelle3a ONpelesUId B OCaIke M B HAJOCATOYHOMN
xuakocTH. OcafoK BBICYIIMBAIU M Pa3esuld Ha JBE
94acTH, 4YTOOBI  COZIEp)KaHUE OOIIEro JKejie3a W ero
BOJIOPACTBOPUMBIX COEIMHEHUIA.



Jnst OTIpeIeIICHUS coiep KaHmst
BOJIOPACTBOPHMBIX COCITUHEHHUH Kelle3a B 0Ca/IKe, OTHY
4acTh OCaJika MPOMBIBAIM JUCTUIUIMPOBAHHON BOJIOM,
3aTeM ONPEJENSIIN COJEpIKAHUE JKejle3a B MPOMBIBHOM
BOJIE.

O6cyxaeHue pe3ynbTaToB

Ilonydyennble  pe3ynabTaTbl  HCCIENOBAHUMI
MIpeCTaBIeHEI B Tabmume | 1 Ha pucyHKe 3.

Tabimna 1 - Hakomenmne ikejie3a B T'yMHHOBBIX
KHCJIO0TAX, B 3aBHCHMOCTH OT NPONOJIKHTEJIbHOCTH
3J1eKTPOJIN3a

[IpomoKUTEIPHOCTD ConeprxaHue xenesa,
9JIEKTPOJIN3a, MUH MKT/JT
0 0,36
45 0,95
60 1,13
120 2,43
180 6,9
240 9,2
300 15
600 18

Kak BuHOHO W3 MpPEACTaBIEHHBIX JaHHBIX
cojepxkaHue ~ OOLIEro  Jkeme3a B OKCTPAKTe
YBEJIMYMBAETCS. C YBEIMYEHHEM MPOAOJKUTENBHOCTU
NIEKTPOXMMHUYECKOTO CHHTE3a. 32 BPEMs JIEKTPOJIH3a
coJliepaHne O0IIero jene3a yBenudmioch 50 pas.

Ha rpaduke, oTpaxaromeMm H3MEHEHHUS
COJICp)KaHMsI JKelie3a B TYMHHOBBIX KHCIIOTaX, B
3aBUCHUMOCTH or MIPOIOJDKUTEBHOCTH

IEKTPOXUMUYECKOT0 CHHTe3a (pHc.3), IO JOCTIKEHHIO
5 4YacoB O3JEKTPOXUMHYECKOTO CHHTE3a MOSBIISCTCS
TOYKa Teperuda, mocjie KOTopoi rpaduk npuodperaer
HOJIOry0  (OpMy, YTO MOMKET CBHAETEIBCTBOBATH O
HACBIIIEHUH PACTBOPA T'YMHHOBBIX KHCIIOT JKEJIE30M.
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Puc. 3 — 3aBucumocTtb coepkaHus  kejie3a B
T'YMHHOBBIX KHCJI0Tax 3aBUCUMOCTH oT
NPpOAOIZKUTEC/IBHOCTH 3JIEKTPOJIN3Aa

HccrenoBanue comepikaHusi OOIIEro xeiesa B
00pa30BaBIIEMCsl OCaJKE IMOKA3aJI0 YTO, HEIPOMBITHIHN
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ocamok coaepxan 13,49 mri/r xeneza. OcraBmuics
OCJIe OTACICHHS OCaaKa 3KCTPaKT comeprkan 0,3 MKr/ia
JKeJie3a, YTO COOTBETCTBYET HAYAILHOMY COJEpPIKaHHIO
KeJiesa B IKCTpakTe Topda 10 Havana 3J1eKTPOJIU3HOM
00pabotku. OcaJoK NPOMBITBIH TUCTULTUPOBAHHOM
Bozoi coxmepxkan 13,2 Mkr/r skemesa. Copepxanue
JKele3a B MPOMBIBHOH Boze — 0,43 MK/

W3 TONy4eHHBIX JaHHBIX MOXKHO CJeJaTh

BBIBOJI, O TOM, YTO C HayaJoM OOpa3oBaHMs OCaJKa B
9KCTpPAaKTE€  CHIKAETCA  COJep)KaHWe  HKele3a B
pacTBOpEHHOM (opme.

Crenyer OTMETUTb, UTO 00pa3oBaHUE OcajKa
TYMHHOBBIX
JJIEKTPOXMUMHUYECKOH  00paboTku
OTPHILIATENIFHBIM sSBIICHHEM. V3 0CaJKOB BO3MOXKHO
MONTyYeHHE TOPOIMIKOOOPA3HBIX IIPOIYKTOB, KOTOPHIE
MOXHO HCIOJb30BaTh B KAaueCTBE CYXOH KOPMOBOM
N00aBKM Ul JKMBOTHBIX. XEJNaTHbIE COEIXUHEHUS
TYMHMHOBBIX KHCJIOT C JKele30M B JKUAKOH Qopme
menecooOpa3Hee MPHUMEHATH i OOpa0OTKH IOYB U

KHUCJIOT C JKEJIE30M B  PE3YJIbTATE

HECJIB34 Ha3BaTh

IMMOCEBHOI'0O MaTe€puaja B CCIbLCKOM XO3SIUCTBE.

BbiBoAbl
YcTaHOBIEHA ~ 3aBHCHMOCTH  OOpa3oBaHHA
XEIATHBIX COGI[I/IHGHI/Iﬁ JXeie3a C FYMI/IHOBBIMI/I
KHUCII0TaMHU oT HpOI[OJI)KI/ITeHBHOCTI/I
QJICKTPOXUMHUYCCKOI'0 CUHTE3a.
HOKa3aHO, qTo apu YBCJINYCHUU
OPOAOJDKUTCIIBHOCTU  BJICKTPOXUMUYCCKOT'O CHUHTE3a

MPpOUCXOAUT HACBIIIECHUE SKCTPAKTA T'YMHUHOBBIX KHUCJIOT
HOHAMHU KEJI€3a € MOCICAYIOUINM OGpaSOBaHI/IeM ocaaka
1 YBEJIMYEHUEM BBIXOIA.
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