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AHanHsy cneaosblx KonH'!eCTB MeTannos B nocneaHee speMH yJlenHeTCH see 6onb-

wee BHHM8HHe, npHMeHeHHe KOMnneKCOHOB, o6pasy!OLUHX O'!eHb npo'!Hble KOMnneKCbi C psr 

JlOM MeTSI!IIOB, 3H8'1HTel!bHO IIOBb!WSeT 'lyBCTBHTel!bHOCTb p8J:IHOMeTpH'!eCKOrO onpeJlene­

HH!I, TSK KSK p8J:IHOI!KTHBHOCTb JlS:lKe HH'ITO:lKHb!X KOfiH'!eCTBO H30TOIIOB nerKO H3MepHM8, 

TaK, paJlHOMeTpH'!ecKoe THTposaHHe STHneHJlHSMHHTeTpayKcycaoll KHcnoToll (EDTA) npH 

-8 
IIOMOLUH 6yMa:lKHOll xpoMaTorpacpHH nosson11eT onpeJlenHTb JlO 2•10 r Ko6anhTa (I), H 

-7 
rrpH IIOMOlUH HOH006MeHHoll xpoMaTorpacpHH - JlO 10 r. HHJ:IHH (2). Cy6cTeXHOMeTpH'le-

CKHM MeTOJ;IOM B03MO:lKHO onpe)lel!HTb eme MeHbWHe KOIIH'!eCTB8 MeTBIIIIOB, npHMeH!I!I 

EDTA B KS'!eCTBe KoMnneKcoo6pasosaTeng, MO:lKHO onpeJlenHTb c BbiCoKoll ceneKTHs-

HOCTbiO JlO 10-IOr :lKenesa H JlO 10-ll r HHJlH!I (3,4), 

B HSCTO!ILUell pa6oTe 6bma CJlenaaa IIOIIbiTKa npHMeHHTb EDT A Jln!l onpeJleneHH!I 

cneJlOB pa.QH08KTHBHb!X H HeBKTHBHbiX H30TOIIOB npH IIOMOIUH sneKTpocpopeTH'IeCKOro MeTOJl8, 

TeopHH 

EDT A H .opyrHe KOMnneKCOHbi o6pasyJoT c MHorHMH HOHaMH MeTannos oTpnuaTenbHO 

38p!l:lKeHHble KOMIII!eKCbl, Vf3 KOHCT8HT ycTOii'IHBOCTH 3THX KOMIIIIeKCOB MO:lKHO Bbi'IHCIIHTb 

3H8'!eHH!I pH , rrpH KOTOpbix EDTA, npn6asneHH8!1 K aaannsnpyeMoMy pacTsopy
1 
pacxoayeT"~ 

C!l H8 o6p830B8HHe KOMIII!eKC8 0 KOTOpb!ll MO:lKHO 3I!eKTpocpope30M OCB060J;IHTb OT H36biTK8 

CB060J:IHblX· HOHOB MeT8IIII8, 

OnpeaeneHHe CI!eJ;IOBbiX KOIIH'!eCTBO MeTSI!I!OB IIpH IIOMOlUH 3I!eKTpocpopesa MO:lKHO 

B npHHUHI!e IIpOBOJ;IHTb TpeM!I CIIOC068MH, 

I. K aHMH3HpyeMoMy pacTBopy paJlHOSKTHBHoro semecTsa npH6aBIISIIOT HssecTHoe 

KOIIH'!eCTB8 EDTA. npH sneKTpocjlopese OTpHUSTel!bHO 38pSI:lKQHHblll KOMnneKc JlBH:lKeTCSI 

K 8HOJly, CB060J;~Hble HOHbl MeTanna - K K8TOJ:Iy, Vf3Mep!ISI 8KTHBHOCTb IIHKa COOTB9TCTBYIO­

IUero KOMIIneKcy (Ak) H CB060J;IHOrO HOH8 MeT anna (AM) , MO:lKHO Bbi'IHCI!HTb Y.OIIH'!eCTBO 

rrpHcyTCTByromero MeTanna Y no ypasHeHHIO: 

y = Y,( l +: AM ) , 

Ak 

{1) 

rJle Y0 - KOIIH'!eCTBO MeTanna, CTeXHOMeTpH'I9CKH COOTBeTCTBYIOLUee npH68BII9HHOMY 

KOI!H'!eCTBY EDTA. 
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3THM CDOCOOOM MO:>KHO aOCDODb30a8TbCSI TODbKO .ODH ODpe.neDeHH>I KODH'i9CTB8 HOCK­

TenS! a pa.naoxHMH<~ecxa 'IHCTbJX npenapaTax. HeaKTHaHble HOHbl MeTanDoa, o6paay10IUHX 

c E.[lTA eloDea npo<~Hble KoMnnexcht 'IBM accDe.nyeMblll MBTSDD, MewaiOT onpe.neDeHHIO, 

2. K aaanaaapyeMoMy pacTaopy pa.naoaKTKaaoro aaoTona lip~~f!BaDSIIOT aospacTaiOIUBB 

xomt<~ecTao EDTA a nocne SDBKTpo¢opeTK'Iecxoro oT.nepeHHH o6pasoaaameroc11 KOMnnex­

ca H3M9pSIIOT ero 8KTHBHOCTb Ak • nocTpoKa 38BKC~MOCTb Ak C· f[H' y I' • MO:>KHO H8IITK 

KOnH'IBCTBO EDT A, cTexaoMeTpK'Iecxa cooreeTCTBYIOIUee KonaqecTBY npacyT cTayiOIUero 

aneMeHTa. 

BhtweonacaHHbtll npHeM MO:>KHO npaMeHHTb .ODR onpe.neDeHHSI co.nep:>K8HHR pa.naoax­

THBHoro H30TOD8 0 a T8K:>K9 H9p8.[1H08KTHBH0£'0 SDBM9HT80 K KOTOpOMy eiblnO DpH68BD9HO 

H3B9CTH09 KOnH'IBCTBO ero p8.[1HOH30TOD8, llpHC)'TCTBH9 DOCTOpOHHHX p8.[1H08KTHaHbiX H 

Hepa.OH08KTHBHblX H30TODOB, oop83ylOIUHX M9Hee npO'IHbl9 KOMDn9KCbl C ElJ.TA, He anR!I9T 

H8 TO'IHOCTb onpe.neneHHSio 

3. K aHaDH3KpyeMoMy pacTaopy accDe.nyeMoro sneMBHTa npa6aan1110T HaaecTHoe KODH­

qecTao ero pa.nnoHaoTonoa v. a E!lTA a xonaqecTBe MeHb!UeM, c TexaoMeTpaqecxa 

COOTB9TCTB)'IOIU9£'0 Y 
0 

, nocne aLJI8KTpo¢op9TH'IBCK0£'0 OT.[19D9HH>I KOMDnBKC8 H3M9p>I9M 

axTHBiiOCTb naxa KOMnnexca A. TO'IIiO Taxoe :>Ke xonaqecTao E!lTA npa6aanRIOT K pacTaopy' 

p8,1:1HOH30TOD8 - 8KTIIBHOCTb DBK8 KOMDD9KC8 A
0 

H3M9p!19TCSI B T9X ycnOBHRX, 'ITO II a 

nepaoM cny<~ae, Onpe.neDeaa'e Kona'lecTaa aeaKTHaaoro y DpOBO.OHTC>I DO yp8BH9HHIO: 

y •· y (~- 1). 
• A (2) 

Ypaaaeaae (2) MO:>KHO acnonb30B8Tb a .ODS! onpe.neneaasr KODH'IecTaa. paaaoaaoTona 

y 
0 

, eCbli 113a9CTHO JtODH'I9CTBO Hea KTHBH0£'0 3D9M9HT8 Y , 3TOT M9T0.[1 0'19Hb Bbi£'0.[1H0 

DpHM9HHTb a T9X cny'I8SIX0 K0£'.[18 HCCD9.[1y9Mblll Sn9M9HT Hy:>KHO OT.[19DHTb OT M9IU8101UHX 

HOHOa, T8K K8K ero Bbi.[19D9HK9 H9 06SI38T9DbHO .[lOnlKHO eibiTb KDnH'I9CTB9HHbJM (3), 

3KCD9pHM9HT8DbH8H '18CTb 

BoaMO:>KHOCTb npaMeHeHHH E!lTA npa DOMOIUB aDeKTpo¢opeTB'Iecxoro MeTo.na 6bJD8 

npoaeaeHa npa onpe.neDeHHH cDe.l:IOBbJX xonaqecTa BTTpRH a eaponas. 06a aDeMeHT8 o6pa-

3YIOT C ElJ.TA OTpHU8TenbHO 38pSI:>K9HHbl9 KOMDD9KCbl C KOHCT8HTOII yCTOII'IHBOCTB /31 , 

paBHOII 1018
•
0 

H 10
17

•
4 

.[lDH Y H Eu COOTB9TCTB&HHO, J.1a BBDH'IHHbl STHX ltOHCT8HT 

-6 
cne.nyeT (3), 'ITO DpH pH >'.4 ElJ.TA a KOHU9HTp8UHK .[18)1(9 10 M KODB'IBCTaeHHO (6o-

nee 'IBM C 99,9%) p8CXO.[ly8TCSJ .[lD>I o6pa30B8HHSJ KOMDD&KC8, 

3xcnepBM&HTanbHaR npoaepxa BTBX TeopeTH'I&CKH npe.ncxaaauBbJX ycDoaaa 

nacb cne.nyiOIUHM cnoco6ot.e, 
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K pacTaopat.e BTTpHSJ a aueTaTHbJX 6y¢epHb1X pacTaopax c paaHbJM pH npa6aaDR-

DOCb TO'IHO 0.[1HH8KOaoe KODH'I9CTB0 ElJ.TA. nocne H8H9C8HH>I anHKBOTHOII '18CTH p8CTaopa 

H8 eiyMary, H8Cbi!UBHHOII TBM )1(8 C8MbJM oy¢epHbiM paCTaOpOM, DpOaO.OIIDH 3D8KTpo¢opea 

(na.neHIIe DOT9BnBana 100 a/eM, apeMR aneKTpo¢opeaa 5 MHH). PeaynbTSTbl noxaaaDa, 'ITO ax-

THBHOCTb DIIK8 KOMDD9JtC8 DOabJIU89TCSI DpH ya&DH'IBHHH pJI OT 1 .[10 3,5, npH oonee 

abJCOKHX pH (4-8) 8KTHaHOCTb Ak RaDR9TCSI DOCTO>IHHOII, 'ITO RBnRBTCSJ .[10K838T&nb-

CTaOM T0£'01 'ITO ElJ.TA KOnH'i9CTa9HHO K3p8CXO.l:IOB8D8Cb ,nnR o6pa3088HRR KOMDD9KC8, 

B caRaH c STHM ace nocne.nyiOIUHe ODbiTbl npoao.nHDHCb a aneTaTHOM 6y¢epe 

(0,02M) npH pH - '\,5 • 

JlDSJ ODpe.neneHH!I cne,noa HTTpHSI ·ObJna DpKM9H9H8 cne.OyiOIU8>1 M9T0.[1KK8, 

K onpe.neDeBHOMy xoDH<~ecTay paasoaxTHaHoro aaoTona HTTpHH 91 npa6aaHDH asaecT­

Hoe K01iH'19CTBO H98KTKBH0£'0 HTTpH>I ( 0,1 Mn) H ElJ.TA, 06'b9M .[lODQnHHDH 8U9T8THbJM 

6y¢epOM (pH 4,5) .[10 0,2 MD, ADIIKBOTHhl9 'ISCTH paCT80p8 (oo'b9M8 1-5 MMD) H8HOCHnH 

MaKpODHD9TKOII aa 6yM8ry a8TM8H-4, H8CbJIU9HHyiO T9M :>K9 C8Mb1M fiy¢epHhiM pacTaOpOM, 

B Te'leHHe 3 MaayT npoao.nsna anexTpo¢opea (naaeHHe noTeHnHana 200 a/eM), nocDe 

abJC)'IUHa8HH>I 6yM8£'H DpOaO.OHDH H3M&p9HH9 8KTHaHOCTa, nony'I9HHhl9 peayDbT8Tbl Dpe,n­

CT8aD9Hbl H8 pac, 1, 2, 

l!To6bl aa6e:lK8Tb aDaSJHHSJ HeTO'IHOCTa a H&HeceHHK axTaaHOCTa Ha oyMary, axTaa-

HOCTb naxa KOMDD9KC8 Ak ablpa:lKeHa a npoueHTax OT acell axTaa~ocTa aTTpaR. Tax xax 

DpaMeHeHIR>III DpenapaT pa,naORTTpaR co.nep:lKaD DpKM9Cb pa,naoaKTaaaoro CTpOHUHSI (· 20%) 

H&OeiXO.[laMO OhiDO aaeCTH DODpaaxy H8 8KTHaHOCTb ST0£'0 R30TOD8, KOTOpblll H 8 DpacyT-
1+ 

CT&aH aa6htTJt8 ElJ.TA OCTaaanCR aa CT8pTe (cop6naR aoaoa Sr Ha 6yt.eare), J.1a pe-

3yDbT8TOa, Dp9.0CT8aD&HHbJX a T86Dane 1, aa.[lHO, 'ITO STOT DpaeM MO:lKHO' acDDnb3088Tb 

-7 -8 
.[lD>I onpe . .neD&HH>I CD9.[10a 8KTIIaHoro· ana H98KTHaH0£'0 HTTpHSI DOp>I.OK8 10 -10 r a 

OO'b9M9 HeCKODbKO .[19CSJTbJX MHDDaDBTpa, 

JlDR ODpe.neDeHaH HOCaTBDSJ a p8.[1B08KTHaHbJX npenapaTax, 8KTBBHOCTb KOTOpbiX B 

60DbWBHCT89 CDy'laea .[1080DbHO 8b1COK8SJ 1 DpBM9HSJD8Cb CD9.[l)'IOIU8JJ' T9XHHK11 3KCD9pBM9HT8: 

a MBXponaneTxy naneTapoaaDB HecxoDbKO MMD aneTaTHoro 6y¢epa, pacTaopa pa.naoaxTHaHi>ro 

npenapaTa a E!lTA. npa MHoroxpaTHOM nepe.OBII:lK9HHa CTOD6na :lKa.[lKOCTa a xaniiiiDHpe 

DpOBCXO.[lHT DepeM9WH88Hae acex KOMDOH9HT, nocne H8H9CeHaH oop83ua Hd oyMary Dpo­

BO.[laTC>I 9D9KTpo¢opea BbJIU90DacaHHhiM M9TO.UOM, l1a DOD)''I9HHbJX peaynbT8TOB (eM, T86DH• 

uy 2) CDe,nyeT, 'ITO abJW90DHC8Hablll DpHeM 'MO:lKHO aCDODb3088Tb .l:IDSI onpe,n9D9Ha>l RTTplUI 

-10 
a XOI111'19CTae .no 10 r/1 Mxn. AHaDora'IHbJM cnoco6oM 6b1Do onpeaeDeHo co.nep:lK&HHe 

lU IU 
HOCHT9DH 8 DpOMbJWD9HHhiX npenapaTaX E U +: Eu a 8U9T8THOM 6y¢epHOM paCTBO"' 

pe (pH 5,7 }, BhiDO Hall.neao, 'ITO aaanaaapyeMblll pacTaop co.nep:lKaT a 1 MKD '0,04 Mxr 

eapODH>Io 3Ta a&DH'IHH8 HAXO.OBTCSJ 8 CO£'D8CHB C .08HRbiMB, DODy'leHHbiMa cy6CT9XROM9Tpa­

'19CKRM M9T0.[10Mo 
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06Cy>KJl.9HKe peaynbT8TOB 

Yfa peaynbT8~0B, nony'leHHblX B H8CTOHLUeA pa6oTe, cne.ayeT, 'ITO 'IYBCTBKT9nbHOCTb :• 

npe.ano>KeHHOrO H8MK M9TO.£l8 3H8'1KTenbHO np9Bb!W89T 'IYBCTBKTenbHOCTb XKMK'I9CKIIX Me-

TOJl.OB aaanKaa cne.aoa 11 npa6nK>KaeTCH K 'IYBCTBKTenbHOCTK 8KTKB.8UHOHHOrO aaanKaa, 

MeTOJl. 0'19Hb npocT K ero MO>KHO npKM9HHTb .anH onpe.aeneHKH cne.aoa acex MeTannoa, 

o6paayroWKX c EllTA npO'IHhre OTPKUBTenbHo aapH>KeHHble KOMnneKchr, Oco6o aa>Kaoe aaa­

qeHHe HM99T Jl.nH onpe.aeneHKH COJl.ep>K8HHH HOCHTenH B M8nh!X 06'beM8X p8Jl.H08KTHBHb!X 

npenapaTOB, r.ae npHM9H9HH9 .apyrHX M9T0Jl.OB Kp8AHe 38Tpy.aHHT9nbHO, 

Bb!BOJl.bl 

I. 06cy>K.aeabr aoaMO>KHOCTH npHMeHeHHH EllTA .anH pa.aHoMeTpK'I9CKoro onpe.aene­

HHH cne,aOB M9TMrrOB SneKTpo<IJopeTK'I9CKKM MeTOJl.OM, 

2. Paapa6oTaH MeTo.a onpe.aeneHHH KonH'IeCTB HOCHTenH (.ao 10 -!Or) a Manhrx o6'be-

M8X p8Jl.H08KTHBHhlX npenap8TOB KTTpHH K 9BpOilHH, 

Ta6nHua 

HoMep KonKqecTBO npK6asneHO Ylapacxo.aoaau~4 HaA.aeao 
OllbiT8 KTTpHH (MKr) p8Jl.KOKTTpHH EllTA (1,0•10 M) HTTpHH 

(MKn) (MKn ) (MKr) 

I. 0,000 0,004 5,0 0,044 

2. 0,089 0,004 15,0 0,134 

3. 0,188 0,008 29,5 0,272 

Ta6nHua 2 

HoMep KonH'IeCTBO Yf3p8CXOJl.OB8H2
5 

HaA.aeao KonH'IeCTBO 
0UbiT8 pa.aHOHTTpHH EllTA ( l,O·to M) HTTPHH HTTpHH B 1,0 MKn 

(MKn) (MKn) (MKr) (MKr) 

I. 8,0 5,1 0,00454 0,00057 

2. 4,0 2,6 0,00231 0,00058 

3. 2,0 1,3 0,00116 0,00058 

4. 5,0x) 3,1x) 0,00028 0,00056 

5, 2,5x) ,,r> 0,00015 0,00060 

x) 
Ylcxo.auh!A pacTaop pa.aKOHTTpHH H EllTA 6hrn a 10 paa paa6aanea. 
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PHc, I. 3aaHCHMOCTb pacrrpeaeneHHll BKTHBHOCTH pBLlHOHTTpHll Ha rronocKe 

6y••arH oT KOnHqecTaa rrpH6aan&HHOA 9THneHLlHBMHHTeTpayKcycHoA 
KHcnoTbi ( 1,0• 10-4 M) I -0,004 Mn; 2 - 0,008 Mn; 3 - 0,006 Mn; 
4 - 0,020 Mn; 5 - 0,035 Mn, 
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