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I'vymunoBwie BemectBa (I'B) — coemmHenms mpu-
POIHOTO TIPOUCXOXIECHUS, SABJSIONIMECS OCHOBHBIM
KOMITOHEHTOM OpPraHMYeCKOTO BellecTBa MOYB, TOP-
¢oB, yrieii, obianaloT YHUKaJIbHBIMU OMOXUMUYE-
cknmu cBoiictBamu. ITo muenmto 1.C. Opnona|l, 2],
I'B — 3TO ciioXXHBIE CMECH YCTOWYMBBIX K OUOIe-
CTPYKLMH BbICOKOMOJIEKYJISIDHBIX TEMHOOKpAIIeH-
HBIX OPraHUYECKUX COEAUHEHUIA TIPUPOIHOTO MpPO-
WICXOXIIEHUS, 00pa3yIoIMnXcsl MpU pa3aokKeHUU pac-
TUTENBHBIX U XWBOTHBIX OCTAaTKOB MO NelficTBUEM
MUKPOOPTAaHN3MOB M aOMOTHUYECKUX (PaKTOPOB Cpe-
Ibl. Boripocsl ctpoeHust I'B Bce Gogiblire mpuBiaeKaoT
BHUMaHUE WCCeaoBaTeeil, MOCKOJbKY MpPUCYT-
CTBHE B UX cocTaBe (DYHKIMOHAJIbHBIX IPYIN pa3-
JIMYHOTO XapakTepa MO3BOJSIET IlieJeHanpaBJIeHHO
MEHSITh OMOXMMUUYECKHE CBOMCTBA 3TUX COENMHEHU
C MOMOIIbIO OKUCIUTEbHO-BOCCTAHOBUTEJILHBIX Pe-
akumii [3].

B nHacrosmee Bpemsa I'B HaxongT mmpokoe mpu-
MEHEHUE B Pa3]IMYHBIX O0JIACTSIX: CEJIbCKOM XO3sIii-
CTBE B KaUeCTBE aKTUBHBIX yIOOPEHUI, MTHITPEANEHTA
KOMOWKOPMOB JIJIST JKUBOTHBIX, aJICOPOCHTOB — sl
OYKCTKM BOJ OT MOHOB TSKEJIBIX METAJUIOB; TYMAaThl
Kalyusi 1 aMMOHUSI MMEIOT POCTOCTUMYJIMPYIOIINIA
3¢ deKT U IBIIIOTCI aHAIOoraMu (PpUTOTOPMOHA reTe-
poaykcuHa. Mcrnonb3oBaHUe MOIU(PULIMPOBAHHBIX
TUIPOIIEPUTOM U TTOJIMITUICHIJIMKOJIEM TyMaTOB Ha-
TPpUS IPUBOAUT K YBEJIIMUCHUIO UX KOMILIEKCOOOpa-
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3yIOLIEH CIIOCOOHOCTH IO OTHOIIEHWIO K COJISIM
IBYXBaJICHTHBIX MeTasioB [4]. [Tpu ncrnonp3oBaHUM
I'B B kKauecTBe ynoOpeHU HaAWIydlInii 3peKT n0-
CTUTAeTCs MpU NPUMEHEHUN BOOOPACTBOPUMBIX CO-
JIEli TYMWHOBBIX KMCJIOT (TyMaTOB), YBEJIUYEHUE yPO-
KaiHOCTH T1pu 3ToM gocturaet 30% [5].

Xopollo 3apeKOMEHI0BABIIUM ce0s1 U TPOCTHIM B
MPUMEHEHUU METOIOM MOJYUYESHUS] TYMATOB SIBJISICT-
¢4 BeigesieHre I'B 13 nckomaeMoro Chipbsl B IIPUCYT-
cTBUM 11iej104u [6]. HanbGonblilee KOaMueCcTBO aKTUB-
HOTo (CITOCOOHOr0 K XMMHYECKUM B3aMMOJEICTBU-
SIM) KUCJIOPOJIa TYMUHOBBIX KUCJIOT TIPUXOAUTCST Ha
denonbHbIe (10 38%), KapbokcuabHbIe (18—28%) u
criuptoBbie (10—15%) rpyrmbl, nopsinka 5—8% — Ha
KapOoHwmibHbIe [7]. biarogapst Haau4uio rmepevuc-
JICHHBIX PEaKLIMOHHOCIIOCOOHBIX TPYMIT U apOMaTU-
yeckuM (pparmMenTam, 'K BCTymaloT B MOHHBIE, 10-
HOPHO-AaKIIENTOPHbIe U TUAPOGOOHbIE B3aUMOIEki-
ctBus [8].

Kak uzBecTHO, IS HOpMaJbHOM KU3HEAeITeb-
HOCTHU XXUBBIX OPTaHU3MOB HEOOXOIUMbI MUHEPATTb-
HbIe BellleCTBa, MPUCYTCTBYIOIINE B MaKpo- (COThIe
IoJiv TIpotieHTa) U Mukpo- (Menee 0.01%) konmuue-
cTBax. JIJIST KMBBIX OPraHU3MOB KEJe30 SIBIISIETCS
Ba>KHBIM MUKPOBJIEMEHTOM, KOTOPBI KaTaau3nupyeT
Mpoliecchl 0OMeHa KUCI0po/a, ero HeIOCTaTOK Bbl-
3bIBaeT IMATOJOTMYECKUE COCTOSIHUSI XXKUBBIX Opra-
HU3MOB: aHEMUIO Y XKMBOTHBIX U XJIOPO3 y PACTCHUIA.
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Puc. 1. 3aBucUMOCTb SJICKTPOIAHOrO ITOTEHIMaIa OT KUCIIOTHOCTU CPEALI ITPU TEMIIEPATYPEC 25°C JJId CUCTEMBI 2KEJIE30—BOJa.

[MpuanHOIf XJT0pO3a MOXET CTaTh M HEMOCTATOK Mar-
HUSsI, KOTOPbIii, TOMHUMO TOTO, BXOAUT B COCTaB XJIO-
podmiIIa, y9acTBYeT B ITpoliecce aKKyMYJISIIIUY 1 BbI-
pabOTKM PHEPTUH, YCBOCHUS TIIIOKO3BI 1 00pa3oBa-
HUSI TOJMCAxapuloB, CHUHTE3€¢ PaCTUTEIbHBIX
GEJIKOB, CITOCOOCTBYET HAKOIIJICHUIO aCKOPOMHOBOM
KHCJIOTBI B PACTeHUSX, YCUJIMBAET MOOMJIBHOCTD
¢dochaToB MOUYBbI, CTAOMIU3UPYET KOJUIOUIHBIE CU-
cTeMbl pacTeHuii [9]. ATOMBI METaJLIOB MOT'YT BCTY-
naTh B XMMHWYECKHWE B3aUMONEHCTBUSA C (PYHKIIHO-
HAJILHBIMU TPYNIIAMU TYMUHOBBIX KHUCJIOT, 0Opasysi
CJIOXHBIE KOMIUICKCHI, TTOOOOHBIC TeMONIOOUHY M
xsopodmnry. B 3T0it CBSI3M mpencraBisieT MHTEpec
M3ydyeHUEe BO3MOXHOCTU BHEAPEHUSI KATUOHOB Ke-
JIe3a M MarHUSL B CTPYKTYPY HATUBHBIX TYMWHOBBIX
KHCJIOT TS TIOJTydeHUST MOTU(UIIMPOBAHHBIX TYMHU-
HOBBIX IIperapaToB, 00OTralleHHbIX 3TUMU 3JIEMEH-
TaMU. DKCNEPUMEHTATbHBIE PAGOTHI TT0 MOJIYISHUIO
TyMaToB XeJie3a M MarHUs IIPOBOIIIINCH, HO MHOTHE
TeOpeTUUYECKHUE BOMPOCHI, CBSI3aHHBIE ¢ MOoAU(pUKA-
IIUEH CTPYKTYPHI U CBOMCTBAMU TTOJTYICHHBIX TYMU-
HOBBIX IIpEITapaToB, OCTAIOTCST HE UCCIIeTOBAaHHBIMM.

B manHoi1 paboTe paccMOTpEH TEOPETUUECKUIT ac-
IIEKT YCJIOBUIA ITOJIyYeHMsI TyMAaTOB Xejle3a U MarHusl.
st aTOrO0 ompemensyii 006JacTA TePMOIVMHAMUYC-
CKOI1 yCTOMUYMBOCTU COENUHEHW XKeJie3a 1 MarHus B
BOIHOI1 cpede ¢ ucrojab3oBaHueM guarpammel ITyp-
0e, oToOpaxkarolleil yCTOMYUBBIE C TEPMOAMHAMMUYEC-
CKOI TOYKM 3peHUs (pOpMBbI CYILIECTBOBAHMSI MOHOB
METaJUIOB B BOOHOM pacTBOpE IIPU Pa3IMYHBIX 3HA-
YeHMSIX BOIOPOAHOTIO IToKa3aTesist pH 1 okucimrelb-
HO-BOCCTAHOBUTEIBbHOTO oTeHana Fh. Ha puc. 1
1 2 IpUBENEHBbI pe3ybTaThl pacuyeTa 3aBUCUMOCTU
BJIEKTPOIHOIO ITOTEHIIMAIa OT KMCJIOTHOCTHU Cpebl
JUIST BOOHBIX pacTBopoB MeTayuioB Fe, Mg, Na, K ¢

HMCITOIb30BaHNEM KOMITBIOTEpHOI TmporpaMMmsl [10].
JviarpaMMBbI COCTOSIT U3 TPEX TUIIOB JIMHUIA:

— TOPU30OHTAIbHbIC JUHUU, KOTOpPbIe MpeacTaB-
JISIIOT peaKkliMM, HE CBSI3aHBbI C BJIEKTPOHAMU, IPOTO-
Hamu H* 1 runpokcun-annonamu OH—;

— AMaroHajJbHbIE JIMHUU C TTOJOXUTEIbHOW WA
OTPULATEIbHON KPYTU3HOM, KOTOPbIE MPENCTABIIS-
0T peaKLMU, CBI3aHbI C 3JeKTpOHAMM, IIPOTOHAMM
H* runpokcwn-annonamu OH;

— BepTUKAJIBHBIC TUHUM, KOTOPBIC IIPEICTABISIOT
peakLuu, IMPOXOIsIliue C ydacTueM mporoHoB HY
WUIN TUApOKCIT-aHnoHoB OH ™, Ho He 3aBHCSIIME OT
BJIEKTPOMHOTO TOTeHIMana. JIpyruMH clIoBaMH, B
3TUX peaKlMsIX HE YIACTBYIOT JICKTPOHHBI.

nyHKTI/[prIMI/I JJMHUSMUM Ha auarpamMmax Iioxka-
3aHa O00JIaCTh XUMMWYECKON CTaOUIBHOCTH BOJIEBI.
Bepxuuii mipemen ctrabMiIbHOCTA BOABI OCHOBAaH Ha
2JIEKTPOIHOM MOTEHIMajle NPU TeHepaluu KUCIIO-
pola Ha aHOJE:

2H,0 =4H" + 0, +4¢.
HwxHuii ipeaen ycToiiuMBOCTHA OCHOBaH Ha hop-
MHUPOBAHWU BOJOPOA HA KATOJIE:
2H" +2¢ = H,

3HauyeHUd CBOOONHOM 3Hepruu [m66ca AG® BBI-
YUCIISIIOTCS M3 CTAHIAPTHBIX ITOTEHLIMAJIOB I10 ypaB-
HEHUIO:

0 0

AG” = —-nFE",
TIe /7 — YHUCJIO 3JICKTPOHOB, YUaCTBYIOIINX B OKUCIIV-
TeJIBLHO-BOCCTAHOBUTENBHBIX Mpolieccax, F —mocro-
suHas Papanes (1 Papaneit = Nye = 96500 Ki/Moip)

XUMUA TBEPOOTO TOIIVIMBA  Ne 4 2023
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Puc. 2. 3aBUCUMOCTbD 3JICKTPOIHOTO MTOTEHIIMAIA OT KUCIOTHOCTH Cpeibl MpU Temriepatype 25°C ist cucTeMbl MarHUH—Bo/A.

u E° — craHmapTHBIA 3JIEKTPONHBINA ITOTEHLIMA,
BoJIBT (B) mpu 25°C.
3HaYeHNST CTAHTAPTHBIX SJIEKTPOTHBIX ITOTEHIIH-

anos uoHoB Fe'? Fe™ n Mg*? B BoOHBIX pacTBOpax
OpUBEeAeHBI B Ta0I. 1.

OO6acT  TEPMOIMHAMUYECKON YCTOWUYMBOCTH
MOHOB 2K€Ji€3a 1 Mardus oIipeacIisiioTcs 1o juarpam-
mam [lyp6e, mpuBeneHHBIM Ha puc. 1 u 2. Obiaactu
CTAaOMJIbHOCTY MOHOB HAaXOMSTCS BHYTPU CILJIOIITHBIX
JuHuii. CornacHo puc. 1, B oonactu npu pH < 7 u
E=—-0.5—-0.7 B uon Fe™ TepMonrHaMuU4ecKu cra-
ouneH, a uoH Fe'? crabuien npu £ > 0.7 B B kucioit
cpene. Ilpu £ < —0.5 B noH xene3a BoccTaHaBJIMBa-
erca 1o Fel. TTpu Boicokux 3HaYeHusAX pH MoHbI Xe-
Jieda B3aMMOMACHMCTBYIOT C BOIOII ¢ 0Opa3oBaHUEM
ruapokcuna xenesa (I1):

Fe’* + 2H,0 = Fe(OH), + 2H",

Fe'* + 3H,0 = Fe(OH), + 3H".

I'mapokcun xeneza (III) ¢ Opyrro-dopmyoit
Fe(OH), npeacrasisieT coboit HeyCTOMYMBOE COENu -

HEeHUe M3-3a HaJuuus HEeCIapeHHOTro 2JIEKTpOHa U
SIBJISIETCSI paAvKaJIoOM C AyOJIETHON MYJbTUILJIETHO-
ctblo. MoH MarHusa Mg*? (puc. 2) TepMOAMHAMUYE-
CKM YCTOMUYMB B IIMPOKOI obnactu: ipu E=—1-1/9B
upH=0-8.2. [Ipu pH > 8.2 nons Mg*2 B3anmoneii-
CTBYIOT C BOIOI1, 00pa3ysi TUIAPOKCUL MarHUsI.

Ha puc. 3 u 4 npuBeneHbl 1MarpaMMbl 3aBUCUMO -
CTM D3JIEKTPOJHOTO IMOTEHIIMajla OT KHUCJIOTHOCTHU
cpenpl npu Temneparype 25°C wist cucteM HaTpuii—
Bona (puc. 3) u kanuii—Boza (puc. 4). Kak BumHo u3
PUCYHKOB, 00J1aCTU TEPMOJIUHAMUYECKOUN yCTONYN-
BOCTM MOHOB HATpUs COBIAAIOT C 00JIaCTbIO TEPMO-
JWHAMUYECKON yCTOMYMBOCTU BoAbl. IOHBI Kaus
npu pH > 9.5 o6pasytor ruapoxkcun kanus. M3 npu-
BEJEHHBIX JaHHBIX IO JMarpaMmaM 3aBUCUMOCTU
BJIEKTPOIHBIX MOTEHIIMATIOB OT KUCJIOTHOCTU CPeIbl
metamnoB Fe, Mg, K, Na ciaenyer, 4To MOHBHI Kejie3a
(IIT) m MarHus yCTOMYMBEI IIpU JTIOOBIX 3HAYSHMSIX
KHUCJIOTHOCTHU Cpebl, a UOHBI xKeye3a (11) ycToiiunBbl
B KMCJIOH Cpele.

TemniepaTypa siByisieTcsi BaXXHbIM (DAaKTOPOM, BJIU-
SIOIIUM Ha TEPMOAMHAMUYECKYIO YCTOHYMBOCTD
MOHOB B BOOTHOM pacTBope. B 1abi. 2 1 3 npuBeneHbI

Ta6auua 1. CTaHzapTHBIE 2IEKTPOIHbIC MOTeHIMATb noHOB Fet2, Fe™ u MgJr2 B BOIHBIX pacTBopax [8]

KaTuoHsl Mpouece BoccTaHOBICHMS Ha E' B AH°, xkan/mMomnb AG°, xxan/monb
Katoze
Fe*3/Fe Fe*3+3¢ =Fe —0.036 —4.28 —2.49
Fe™?/Fe Fe™? +2¢ = Fe —0.440 —21.00 —20.30
Mg™/ Mg Mg + 26 —Mg 2,370 ~110.36 ~109.32

XUMUA TBEPOAOI'O TOIUVIMBA  Ne 4

2023
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Na - H,0 - System at 25.00 C
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Puc. 3. 3aBUCUMOCTbD 3JIEKTPOIHOTO MOTEHIMAaJIa OT KUCJIOTHOCTU Cpeibl Ipu Temiepatype 25°C misi cucTeMbl HaTpUii—Boa.
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Puc. 4. 3aBUCUMOCTD 3JIEKTPOIHOIO ITOTEHIIMAIA OT KUCJIOTHOCTH CPeIbI Ipu Temiieparype 25°C miist cucTeMbl Kalnii—Bo/Ia.

TeMIlepaTypHble 3aBUCUMOCTU TEPMOANMHAMUYECKUX
¢yukumit: sHTabu AH, sHTporun AS, cBOOOI-
Hoii aHepruu [nb66ca A G, a Takxke jorapudmMbl KOH-
cTaHT paBHOBecus Ig(K) st caeayommnx peakiuii:
Fe(OH), + 2H" = Fe** + 2H,0(1),
Mg(OH), + 2H" = Mg™ + 2H,0 (1),

KOH =K' + OH™ (III),

NaOH = Na'" + OH™ (IV).

Kaxk BumHO 13 naHHBIX TA0II. 3 1 4, B KUCJIOH cpere
C POCTOM TeMIlepaTypbl cBoOogHas1 aHeprust [1bdo6ca
A G 00eunx peaxkliivii pacTer:

AG =AH —TAS.

Cynsa no BeanunHe Ig(K) mo remneparypsr 200°C
Y TIepBasi, ¥ BTopas peaklns HallpaBJIeHbl B CTOPOHY
00pa3oBaHUsI MOHU3MPOBAHHLIX (OPM XKejle3a U
MarHus. AHaJJOTUYHas KapTWHa HaOJIomacTcs MpH

XUMUA TBEPOOTO TOIIVIMBA  Ne 4 2023
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Ta6mmua 2. TeMIepaTypHast 3aBUCHMOCTb TEPMOIMHAMUYECKUX (DYHKLUIT peakiuit o6pazoBanus noHoB Fe™? 1 Mg*t?

B KMCJIOH cpene

Fe(OH),+ 2H" = Fe*?+ 2H,0 Mg(OH), + 2H" = Mg*2 + 2H,0

"7(:1 KKai/I{M’OJIb AS(’2K733JZ¥)OH]) KKaﬁ/f/IOJlb lg(K) | AH, kian ASE;?-( %Oﬂb KKaﬁ/Cl\;/;onb 1g(K)

0 24.360 23.367 —17.977 14.385 | —30.274 —25.448 —23.323 | 18.662
20 —21.513 —12.947 —17.718 13.210 | —27.304 —14.595 —23.026 17.168
40 —21.399 —12.573 —17.462 12.188 | —27.042 —13.729 —22.742 15.873
60 —21.264 —12.155 —17.215 11.294 | —26.754 —12.840 —22.477 14.746
80 —21.141 —11.794 —16.976 10.506 | —26.482 —12.045 —22.228 13.757
100| —21.054 —11.555 —16.742 9.807 | —26.252 —11.411 —21.994 | 12.883
120 —21.024 —11.475 —16.512 9.180 | —26.085 —10.976 —21.770 12.103
140 —21.072 —11.594 —16.282 8.614 | —26.007 —10.780 —21.553 11.402
160 | —21.225 —11.953 —16.047 8.097 | —26.043 —10.865 —21.337 10.767
180 —21.508 —12.593 —15.802 7.622 | —26.223 —11.270 —21.116 10.185
200 —21.953 —13.551 —15.541 7179 | —26.578 —12.034 —20.884 9.647

Tabauna 3. TemrepaTypHas 3aBUCMMOCTb TEPMOAMHAMUYECKMX (DYHKLMIA peakuuii o6pazosanus noHos K' u Na®

B BOOHOM pacCTBOpPEC

KOH =K+ OH- NaOH = Na* + OH~

T, AH, AS, xajn/Moinb AG, 12(K) AH, AS, xajn/Moinb AG, 12(K)
°C | Kkana/mMoib (273+17) KKaJl/MoJIb KKaJI/MoJIb (273+17) KKaJI/MOJIb

20 —13.526 7.508 —14.303 11.445 —10.444 —3.332 —9.467 7.059
40 —14.421 2.995 —14.404 10.740 —11.147 —5.655 -9.376 6.544
60 —15.206 0.040 —14.433 10.074 —11.731 —7.464 —9.244 6.065
80 —15.963 —2.392 —14.409 9.453 —12.281 -9.068 -9.079 5.619
100 —16.745 —4.597 —14.339 8.875 —12.855 —10.649 —8.882 5.202
120 —17.589 —6.751 —14.226 8.332 —13.493 —12.313 —8.652 4.810
140 —18.534 —8.954 —14.069 7.821 —15.529 —17.386 —8.346 4.415
160 —19.622 —11.298 —13.867 7.336 —16.425 —19.504 —7.977 4.025
180 —20.895 —13.868 —13.615 6.870 —17.522 —21.977 —7.563 3.648
200 —22.395 —16.738 —13.310 6.420 —18.869 —24.883 —7.095 3.278

o6pasosanuu noHos K+ u Na* B BonHoil cpene, Tep-
MOAMHAMMWYECKME NAaHHbIE KOTOPBIX IIPUBEICHLI B

Ttabn. 3. CiaegoBaTelbHO, MOXHO YTBEpPXIATh, UTO
€CJI B yKa3aHHOM TeMIIepaTypHOM MHTEpBaJjle ryma-

THI IIEJTOYHBIX METAJUIOB OYIyT HAaXOIMTLCA B pac-
TBOpE B MOHU3UPOBAHHON (popMme, TO 3aMeHa MOHAa

XUMUA TBEPOAOI'O TOIUVIMBA  Ne 4
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IIEJIOYHOTO MeTajljla Ha MoHHKI Kene3a (1) u maraus
SIBJISIETCSI TEPMOJIMHAMUWYECKHU pa3peIeHHOM.

I/IHTepCCHO OTMETUTDL, 4YTO CBOOOIHAs OHEPIrud

I'm66ca A Gpeakuuii oopazoBanus noHos Fet? u Mg™2,
a TakKe peakuuii oopasosaHus noHos K™ u Na' B
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Tab6muna 4. 3aBUCUMOCTb TEPMOAMHAMUYECKUX (DYHKIINI
PaBHOBECHOM CUCTEMBI, COCTOSIIIEN 13 BOOHOTO pacTBOpa
rymara Kajaus 1 MoHoB xkeje3a (II) or remmepaTtypsl

K(CH;COO0),(—a) + 2Fe(+2a) =
= 2Fe(CH,COO0)(+a) + K(+a)

T.°C KKaﬁ/I-IM’OJ'II) AS(’ZK%J:{ %OHL KKaﬁ/ﬁ;OﬂL 1&(K)
0 —2.685 6.495 —4.460 | 3.568
20 —1.603 10.331 —4.631 3.453
40 —0.809 12.951 —4.865 |3.396
60 —0.085 15.195 —5.147 3.377
80 0.636 17.296 —5.472 | 3.387
100 1.402 19.404 —5.839 |3.420
120 2.248 21.611 —6.249 | 3.474
140 3.215 24.009 —6.704 | 3.547
160 4.349 26.688 —7.211 3.639
180 5.697 29.728 —7.774 | 3.750
200 7.310 33.209 —8.403 | 3.882

Ta6mmuna 5. 3aBUCUMOCTb TEPMOAMHAMUYECKUX (DYHKIIWi
DPaBHOBECHOM CUCTEMBI, COCTOSIIIIEH U3 BOIHOTO pacTBOpa
rymarta Kajavsli U HOHOB MarHusi OT TeMIIepaTyphl

K(CH;COO),(-a) + 2Mg(+2a) =
= 2Mg(CH,CO0)(+a) + K(+a)

T.°C KKaJAI;IA;OHL Aiél;gﬂ f\gﬂb KKaﬁ/%OJIb 18(K)
0 —4.749 —3.070 —3.910 | 2.910
20 —3.356 1.867 —3.903 | 2.773
40 —2.424 4.946 —3.973 | 2.688
60 —1.633 7.397 —4.097 | 2.641
80 —0.888 9.569 —4.267 | 2.624
100 —0.126 11.668 —4.479 | 2.632
120 0.696 13.811 —4.734 | 2.663
140 1.620 16.103 —5.033 | 2.715
160 2.693 18.637 —5.380 | 2.788
180 3.960 21.496 —5.781 | 2.884

200 5.471 24.756 —6.242 | 3.129

BBICOKOI1 CTeTNEHN JIMHEHO KoppeaupyloT (R? = 1).
MOXHO IpeanooXuTh, 4YTO 00€ peaKuy UIYT MO
XMUMUYECKN aKTUBHBIM KapOOKCUJIbHBIM U TUIPO-
KCUJIbHBIM T'pyIIiaM I'YMUHOBBIX KUCJIOT.

Ha mpumepe 3TaHOBOM KHCJIOThI, MOACIMPYIO-
mei pparMeHT rymaTta Kak KapOoOKCUMIIbHON (PyHK-
LIMM, CBSA3aHHOI C YIJIeBOIOPOIHBIM (hparMeHTOM,
pPaccMOTPHUM BOIIPOC IIPUEMIIEMOTO TeMITePaTyPHOTO
peXumMa peakuii 3aMeHbl MIOHOB KaJIus W HATPUSI B
KapOOKCWIBHBIX TpyIax Ha uoHbl Fe™ m Mgt
B ta6m. 4 n 5 mpuBeneHbl 3aBUCMMOCTH TEPMOINHA-
MUYEeCKUX PYHKIIMI CIEAYIOLINX peaKIUid OT TEMITe-

paryphI:

K(CH;COO),(-a) + 2Fe(+2a) =
= 2Fe(CH,COO)(+a) + K(+a) (V),

K(CH,COO0)*(—a) + 2Mg(+2a) =
= 2Mg(CH,COO0)(+a) + K(+a) (V).

IMonoxutenbHble 3HAYEHUS Joraprudma KOH-
CcTaHThl paBHOBecHs Ig(K) mokas3bIBarOT, YTO C PO-
CTOM TeMIlepaTypbl HallpaBJIeHUE MPOILIECCOB CMe-
1IaeTCs BIIPaBO, T.€. B CTOPOHY 0Opa3oBaHUs ryma-
TOB XeJie3a U MarHus. 9ta TeHASHIUS 00eCIIeYnBaeT
BO3MOXKHOCTB IPU BLIOOPE TEMIEPATYPbl MOTYyYEHUS
ryMaTOB KeJie3a U MarHusi pyKOBOJICTBOBAThCS TOJIb-
KO TE€PMOCTAOMIBHOCTbIO TYMUHOBBIX KMCJOT. st
OOIIIMX BBIBOJOB B Clyyae xeje3a HeoOX0IMMO olle-
HUTb TEMIIEPATYPHYIO 3aBUCMMOCTb TEPMOJIUHAMMU -
YeCcKUX (MYHKLUNM peakiui BOCCTAHOBJICHUSI MOHOB
Fe*? no Fe*%:

Fe™ +e = Fe™ (VID).

Pesynbrarel pacyeToB, IpUBEAeHHBIE B Ta0l. 6,
IMOKAa3bIBAlOT, YTO B PAaCCMOTPEHHOM TeMIIepaTyp-
HOM MHTEepBaJie 1o 3HaKy 3Hepruu [1ooca A G MoxX-
HO CliejIaTh BBIBOJ, O HAIIpaBJICHUM TEYEHMUS IIPOLIeC-
ca B CTOpOHY 00pa30BaHUSI BOCCTAHOBJICHHOI MOH-
HOIT (hOpMBEI XKeJle3a.

B 3aximroueHre pacCMOTPUM PEaKIINIO OCAXKICHUS
MOJIEJIBHOM CTPYKTYPbl TYMUHOBOI KHCJOTBHI B KUC-
JIoi cpene:

(CH;C00),K™ +2H" = K" + 2CH;COOH (VII).

B tabn. 7 npuBeneHa 3aBUCUMOCTb TePMOAMHA-
mudeckux pynkumii peakiuu (VII) ot remnepatypsl.
AHa3 JaHHBIX ITOKA3bIBAET, YTO C POCTOM TEeMIIe-
patypbsl sHeprus [ub6ca peakuyyd yMeHbIIAETCH,
JIPYTMMHU CJIOBaMU, MPU MOBBIIIEHUN TEMIIEPaTypPhl
T'YMUHOBBIE KUCJIOTHI B KMCJION cpele OyayT B MoJie-
KYJISIPHOI (hOpMeE, UTO SIBIISIETCS SKCIIEPUMEHTAIBHO
noaTBepxkIeHHBIM (akToM [11]. Cnemyet ocobo oT-
METHUTh, YTO Pe3yJIbTaThl (PyHIAMEHTaIbHBIX MICCIIe-
JIOBaH1I1 TOHOOOMEHHBIX IIPOLIECCOB B 3aBUCUMOCTU
ot pH cpensr [12], tme oOCyXaaroTcs M CBOMCTBA Ty~
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Tab6muna 6. TemneparypHasi 3aBUCUMOCTb TEPMOJUHAMU -
yeCcKuX (YHKILMI peaKluyu oO0pa30oBaHUsI NOHOB Fet3 +
+e~ =Fet?

Fet? + e~ = Fe'?

T.°C KKaﬁ/]_IM,OJ'[b AS(',ZI;?T 4{ ]\;E))m) KKaﬁ/f/;OJ'II) le(K)
0 —10.440 24.538 —17.143 |0.744
20 —10.237 25.258 —17.641 |0.766
40 —10.098 25.716 —18.151 ]0.788
60 —9.961 26.140 —18.670 |0.810
80 —9.807 26.590 —19.197 ]0.833
100 —9.619 27.107 —19.734 ]0.856
120 —9.383 27.723 —20.282 |0.880
140 —9.080 28.473 —20.844 |0.904
160 —8.690 29.395 —21.422  {0.930
180 —8.188 30.527 —22.021 ]0.956
200 —7.549 31.906 —22.645 |0.983

Tab6muna 7. TemrieparypHasi 3aBUCMOCTb TEPMOJIMHAMM -
yeCKUX (PYHKLMIA peaKLIMK1 OCaXKICHUSI MOACIbHOM! CTPYK-
TYPBI TYMUHOBOI1 KMCJIOTBI B KUCJIOU cpefie

(CH;CO0),K~ + 2H* = K* + 2CH,COOH

T °C H, AS, xan/Monb AG,

’ KKaJI/MOJIb Q73+ 1) KKaJ1/MOJIb
0 25.322 100.409 —4.113
20 23.335 93.842 —6.052
40 21.750 88.930 —7.877
60 20.413 85.030 —9.616
80 19.240 81.797 —11.283
100 18.196 79.072 —12.891
120 17.263 76.755 —14.449
140 16.431 74.787 —15.963
160 15.701 73.139 —17.442
180 15.080 71.797 —18.891
XUMUA TBEPOAOI'O TOIINIMBA  Ne 4 2023

MUHOBBIX KMCJIOT, HE MOTYT OBITh YYT€HBI B KBAHTO-
BOXMMMWYECKOM pacyeTe BBUAY OTCYTCTBUS JTaHHBIX
0 TEePMOAMHAMUYECKUM (YHKIUSIM TYMUHOBBIX
KHUCIIOT B IporpaMMHoM Mmoxyne [10]. DTo obcTos-
TEJIbCTBO OTPAHMYMUBACT PACUYETHl ATKUJIIIPOU3BOJI-
HBIMU (PYHKIIMOHAIBHBIX TPYIII, IPUCYTCTBYIOIINX
BI'B.

Takum o6pa3om, IpoBeIeHHbBIE TEPMOJANHAMUYEC-
CKHE HCCJIeIOBaHUS peaklMii oOpa30BaHMs MOHOB
Kanus, HaTpus, kejie3a (111) m Maraus mokaspIBaloT,
YTO MOHBI 3TUX METAJIJIOB B BOJHOM Cpeae YCTOMUYUBBI
npu onpenenceHHbIXx 3HadeHUsIX pH cpenbl. XKeieso
(II) moxkeT 0Opa30BBEIBATHCS IYTEM BOCCTAHOBJICHUS
xkenesa (I11). PesynbraThl TEpMOAMHAMUYECKHUX pac-
YeTOB ITOKAa3bIBAIOT, YTO 3aMEHA MOHOB KaJivs W Ha-
TPpUsI Ha MOHEI KeJie3a U MarHusl SIBJISIETCSI TEPMOIM -
HaMUYECKU BO3MOXHOU 1 MOXET ObITh OCYIIECTBJIe-
Ha IIpY 100aBJIeHUU B pacTBOP, COAEPKAIN NOHBI
Fe*?, Fe™3, Mg*?, sKBUBaJICHTHOIO KOJIMYECTBA T'yMaTa
mejaoyHoro Metauia. OTpullaTedbHBIE 3HAYECHUS
sHeprum [mb06ca Takoro MIOHOOOMEHHOTO TIpoIllecca,
UMeIolIe CcJIabylo 3aBUCUMOCTh OT TeMIIepaTypHl,
MO3BOJISIOT CUMTATh TaKyIO 3aMeHY TepMOAMHAMMIYE -
CKM BO3MOKHOI. O0pa3syloniuecs ryMaThl Xeje3a u
MarHusl OKa3bIBalOTCSI TEPMOIMHAMMYECKU Ooee
YCTOMYMBBIMM, YE€M TyMAaThbl HICJTOYHBIX METaJLIOB.
CrnenoBaTeabHO, IS MPAKTUYECKOIO MCIIOJIb30Ba-
HUSI TYMaTOB 3KeJIe3a U MarHusl UX MOJIydeH1e Heo0-
XOIMMO BECTU B YCIIOBUSX, ONpEIEIseMbIX CBOM-
ctBamu I'K: mpu Temmieparype, mo3BoJisiioleii n3oe-
XKaTh MX MOECTPYKUMU U KUCJIOTHOCTU CpElBbl,
oOecrneunBamIIeii MX CYIIECTBOBAaHME B HMOHHOM
dopme. BeposiTHO, 4YTO pacTBOPMMOCTH 0Opa30BaB-
IIUXCSl TYMaTOB 3KeJie3a U MarHusl 0yaeT HECKOJIbKO
HMXE PacTBOPUMOCTU MCXOOHBIX T'YMAaTOB IIIEI0Y-
HBIX METaJLJIOB.

OTMeTuM, uTo B peakuusx tuna Fet3 + e~ = Fe™?
MOTYT MCIIOJIb30BaThCsI 3JIEKTPOHEI, 00pa3ylonInecs
B pe3ylibTaTe XMUMHYECKUX IPOILIECCOB, IMPOTEKAlO-
mux B opranndeckoii macce I'B. I[Ipumepom Takoro
MpoLecca MOXET CIIy>KUTh BOCCTAHOBJICHUE XMHOHA

B TMAPOXMHOH:
0:<:>:0 HOQOH.
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