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JlabopaTopHble MOAEbHBIE SKCITEPUMEHTHI TTOKA3aJIn, YTO TOP®, OYPHIi Yroib U COCTABIISIONINE €TO Op-
raHOMUHEepaJIbHbIE KOMIIOHEHTHI, a TAKXKEe MUKPOCKOITMYECKHE TPUOBI, BbIIEIEHHBIE U3 OYPhIX yIJei, xa-
PaKTEepU3YIOTCS BEICOKMM MOTEHIIMAJIOM U3BJICUCHUS BCEX JJAHTAHOUIOB M3 BOIHBIX pacTBOpOB. [Ipoiiec-
ChI COPOLIMY PEKO3EMENIbHbBIX 3JIEMEHTOB KOMITOHEHTaMHM OPraHU4YeCKOTO BElleCTBA ITPOTEKAIOT M0 MeXa-
HU3MaM (pU3MIecKoit COpOLIMU, MOHOOOMEHHBIX PEaKINii ¢ yYacTHeM KapOOKCHIIBHBIX U TUAPOKCUITBHBIX
rpyIin, KomruiekcooopasoBaHus — ¢ BoBiaedyeHuemM —OH-, —CO- u —COOH-rpymnn. Ha rpu6Hoii 6umomac-
ce merogoM COM—3]IC-ananu3a BheIsiBIeHB P3D-conepxainye MuHepaiabHbBIe (a3bl, KOTOpBIe 00pa3y-
JOTCS 3a CYET B3aUMOJEHCTBUS C a30T- U (pocdopconepkammmMu GYHKIIMOHATbHBIMU IpyHaMu 0eJIKOB
KJIETOYHOM OOOJIOUKM. DTO CBUIETEIBCTBYET 00 yJaCTUM OMOTHMYECKOM KOMITOHEHTHI B (hOPMUPOBAHUU
penKo3eMeJIbHOM MUHEpaIM3alii B OypOYTOJbHBIX OTJIOXEHUSIX.
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ITaneoreH-HeOreHOBBIE YIVICHOCHBIC OTJIOXCHMUS
3eiicko-bypenHcKoro OacceitHa XapaKTepU3YIOTCS
3aMETHBIM MPUCYTCTBUEM PEIKO3EMETbHBIX 2JIEMEH-
TOB, UTO OOYCJIOBJIEHO reOAMHAMUYECKUMMU U Majieo-
reorpau4ecCKUMU OCOOEHHOCTSIMU YCJIOBUM yTJie-
HaKOILUIEHUSI U BBICOKUM PECYPCHBIM ITOTEHIIMAIOM
nuTaroieil nposuHuuu [1, 2]. Xapakrep cieKTpoB
pacripenejeHusl peako3eMelabHbIX 21eMeHTOB (P33)
B YIJICHOCHBIX OTJIOKEHUSX [3, 4] CBUAECTEILCTBYET O
pa3HbIX yCJIOBUSIX (hOPMUPOBAHUS PEIKO3EMEIbHOM
MUHEpaJIN3alliM, CBSI3aHHOI ¢ MPUBHOCOM TeppU-
TeHHBIX MHUHEPAaJiOB, BYJKAHUYECKON IesTEIbHO-
CTBIO C OCAXJIEHMEM MUPOKJIACTUKI, KOHLIEHTPUPO-
BaHneM P30 opranmueckum BemiectBoM (OB) Ha
craguu Top¢oHaKoIUIeHUS (M) Ha OypOyTrOJbHOM
craguu yriedukaunu [5, 6]. [Ipu dopmMupoBaHUMN
00JIOT JJAHTAHOMIBI CIIOCOOHBI ITOIIOIIATHCS U3 pac-
TBOPOB pacTeHUsIMHU [7], a Ha cTagusx TopdpOHAKOII-
JIEHUS U yrieUKalum — COpOMPOBATHCSI OPTaHOMMU -
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HepaJbHBIM BellleCTBOM TOP(OB U yrieii [8], MUKpO-
opraHm3aMaMy M IIPOAYKTaMU MX pazjoxeHus [9].
Pasnoo0pasue cocraBa OB o0ycioBIMBaeT pa3HbIe
MEXaHU3MBbI COPOLIMM 3JIEMEHTOB 1, BO3MOXHO, UX
MUHEepaJI13alnio Ha BCeX CTaaUsIX Tpoliecca yriieo0-
pa3zoBaHUs. DKCMEpUMEHTAJbHOE MOIEIUPOBaHUE
copouun P3D komnonenTamMmu OB B 1abopaToOpHBIX
YCJIOBUSIX MOXET CIIOCOOCTBOBAaTh OILIEHKE BKJaja
KaXXJI0ro U3 paccMaTprBaeMblx KoMIIoHeHTOB OB B
penKo3eMeIbHbIII MUHEpareHes3 Ipu (QOpMUPOBAHUU
OyprIx yrieii. KpomMe Toro, HoBbIE 3HAHUS TIPEAMET -
HBIX 0COOeHHOCTe copOLn P3D BaxkHBI 1JI1s1 ONITU-
MU3aLU1 TEXHOJOTUYECKUX PEIIeHUI IIpU U3BJIeYe-
HUU 3TUX 2JIEMEHTOB U3 TaKMX, MOKa eIlle HEeTpaar-
LIMOHHBIX JIJIsI HMX, CHIPbEBBIX MCTOYHUKOB, Kak
oypsie yriau [10].

Llenpio mccaemoBaHUS SIBWJIACh CpaBHUTEIIbLHAsI
OlIeHKa B MOJIEJbHBIX JJAOOPATOPHBIX 3KCIEPUMEH-
TaX COpPOILIMOHHOrO MOTEeHIUaja B OTHoLIeHU P3D
Topda, KOMIIOHEHTOB OypOI0 YIJII 1 MUKPOCKOIIH -
YeCKUX IpruOOB, BbIIEJIEHHBIX U3 OYPOYTOJILHOIO Me-
CTOPOXIEHUSI.

MATEPHAJIBI U METOIbI MCCIIEJOBAHWA

1St 5KCTIepUMEHTOB VCITOJIb30BAJIA OYPBIii Yrolb
(Y) CepreeBckoro OypoyrojbHOTO MECTOPOXICHUS



200 ITABJIOBA u np.

(ITpuamypee, danpHuit BocTokK); BBIOEIIEHHBIE U3
Hero 11o 'OCT 9517-94 (MCO 5073-85) ryMUHOBBIC
kucioTsl (I'K), GutymuHounsl — Bocku (B) 1 cMoJibl
(C), n Heopranmveckuii ocratok — HOC; 6uomaccy
mukpomutuieta Penicillium canescens (Ip) m HU3UH-
Hblii Topd (T) EropbeBCKOTo MECTOPOXKIACHUSI.

CopOunoHHOE paBHOBECHE YCTaHABIUBAIN C MC-
noJyib3oBaHueM pactBopoB La(NO;); B KOHIIEHTpa-
uusx La 0.2, 1, 3, 5, 10, 50, 100 MMosb/11 B iUariazoHe
pH ot 1.3 mo 6.3. Cop6uuio P39 opraHnmueckumu
MaTpullaMi IIPOBOAWIM CTaHAAPTHBIM METOAOM
orpaHuyeHHoro oowema. Ilpoliecc B3aumMoneicTBus
orpaHMYMBaIM 1—8 CyT Ipu IIepUOINIECKOM IIepe-
MEIIUBaHUM, IIOCe Yero COpOEHT OTAE/ISUIN (DIJIb-
TpoBaHueM. ComtacHo [11], B pedyHbIX MOTOKaX MpU
cpenHeM coaepxkaHnuu P39 mo 133 MKr/J1 cOOTHOIIIE-
HUE MX KOJIMYECTB BO B3BECH U XKMIKOI YaCTU COCTaB-
seT 99.81 1 0.19% COOTBETCTBEHHO, IIOTOMY B DKCIIE-
PUMEHTAaX UCHOJIb30BaIM PAaCTBOPHI C KOHLIEHTPAIIWSI-
MU JIAHTAHOUIOB 2, 5, 20, 50 1 500 MKT/OM3, KOTOpBIE
rOTOBWIN U3 16-311eMeHTHOTO (14 TaHTaHOUIOB + Sc
1 Y) cTaHIapTHOIO pacTBOpa ¢ KOHIIEHTpalueii aje-
MeHTOB 50 mr/am>. i 31eKTPOHHO-MUKPOCKOIH -
YeCcKOil BM3yaJlM3alluM U PEHTreHOCIIeKTPaIbHOIO
MukpoaHanuia P3D-cogepxaiux a3 Ha uccienaye-
MBIX MaTpHUIIaX B3aMMOAEHCTBUE OCYILECTBIISIIN B TE-
yeHue 30, 55 cyT npu KOHLUEHTpALUX JJAHTAHOUIOB B
pactBope 5 mr/am> u pH ot 1.27 no 5.11.

OcrtatouyHoe coaepxxaHue P3D B pacTBopax onpe-
Iensumm Macc-crekrpaibHbiM (X-7, “Thermo Ele-
mental”, CIIIA) u atomHo-3MuccuoHHbIM (ICAP-
61, “Thermo Jarrell Ash”, CI11A) ¢ ”HIYKTUBHO CBSI-
3aHHoOit miasmont Metomamu (MII MIITM PAH
(r. YepHorojioBka); La — B mabopaTopuu aHaIATU-
yeckoit xumuu (ALl IBI'1 IBO PAH, r. Bnraguso-
cToK). Benuuuny copbuuu M cTeneHb WU3BJIEUYEHUS
paccuMThIBAIM, KaK onrcaHo paHee [12].

DNEKTPOHHO-MUKPOCKOMUYECKUE U MUKPOPEHT-
TreHOCIIeKTpaibHbIE UCCIIeN0BaHMS BLITIOIHSLIU B Jla-
OopaTopuM MUKpO- U HaHoucciaegoBaHuii (ALl
JABI'M AIBO PAH, r. BrannBocTOK) Ha aBTO3MUCCH -
OHHOM CKaHUPYIOIIEeM BJeKTPOHHOM MMKPOCKOTIE
(CbM) LYRA 3 XMH c¢ sHeproaucriepCuOHHBIM
criektpomeTpoM (B C) AZtec X-Max 80 Standard u
MpOorpaMMHBIM obecrieyeHreM IJisi aBTOMaTU3UPO-
BAaHHOIO TIOMCKa M aHaim3a P3D-comepxammx u
IPYruxX MUHEpabHbIX MuUKpo3epeH; MK-crnexkrpo-
MmeTputo — Ha UK-Dypre ciekrpomeTpe Nicolet iS10
(ALl MI'1 UTull ABO PAH, r. biaroseiieHck).

PE3YJIBTATbBI U ObCYXIAEHHUE

WunuBuayaabHOE NOBEACHUE JaHTAHOUIOB IIpU
COpOLIMM TOCTATOYHO TPYOHO BBISIBUTH, TaK KaK B
IPUPOIE OHU BCTPEYAIOTCSI B CMECH OPYT C OPYIOM.
BoJIbIIMHCTBO M3 HUX SBJISIOTCS TPEeXBaJIEHTHBIMU
MeTauiaMu, 3a uckimouenueM Ce, Pr u Tb, kotoprie
MOTYT UMETh CTeIICHb OKMCIeHUs +4,a Sm, Eu, Yb —
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+2. Bce P30 mompasgenstor Ha jerkue (ot La mo
Eu + Sc) (JIP33) u 1sxenvle (or Gd go Lu + Y)
(TP39). IlepBble uMelOT OoJiee OCHOBHOI XapakTep,
BTOpbIE — O0JIee KUCITIOTHEIE CBOMCTBA.

IlepBoHavaabHO OBLIO OMpeaeIeHO, YTO COPOLIM-
OHHOE pPaBHOBECHE ITPHU B3aMMOJEICTBUU pacTBOpa
La ¢ opraHnyeckMMu MaTpMlIaMM YCTAHABIMBAJIOCh
B TeueHue 24 4, To3ToMy Iipu copormu P33 u3 mmonm-
5JIEMEHTHOTO pacTBOpa OPUEHTUPOBAIMCH HAa 3TOT
nepuon. B 1iesioM Bee MccaeayeMble BUIbI OpraHude-
CKOTO BellleCTBa XapaKTePU3YIOTCSI BBLICOKUM U3BJIC-
yeHueM Bcex P39, He3aBUCUMO OT KOHLIEHTpAallUK B
UCXOMHOM pacTBope (puc. 1 a, 6). I1pu 3TOM, YeM BbI-
1Ie coaepkanue P39 B UCXomHOM pacTBOpe, TeM Me-
HEE BBIPAXEHO UX (PpaKlIMOHUPOBAHUE OpraHUYe-
ckumu copoentramu (puc. 1 6). IIpu BappupoBaHUU
ycinoBuii akcnepuMeHTa (koHueHTpauuu P339, pH)
TeHIECHILIMS B pacIpeaeieHUH oKa3arteeil u3Bieue-
HUs coxpaHsuiack. U3Bieuenue TP3D npakTunaeckn
BCEMU HCCeAyeMbIMU MaTpUIlaMU, 32 UCKITIOUEHU -
eMm HOC, nipy HM3KMX U CPEOIHUX KOHILIEHTPALIMSIX
(2—50 mk1/711) B cmadbokmcioii cpene (pH 4.97) Bappu-
posaiio B nipeaenax 87—99%, a ussneuenue JIP3D —
B 6oJiee IIMPOKUX Tpenenax ot 52 1o 99%. CreneHb
n3pneueHuss P39 HOC pe3ko cHmXKaimach K 0ojee
KOHILIEHTPUPOBaHHBLIM pacTBopam (oT 53—97 no 28—
41% nns JIP3D u ot 79—98 mo 23—29% nnsa TP33). B
kucyoii cpeae (pH 2.20) uM3 KOHIEHTPUPOBAHHBIX
pactBopos (500 Mxr P3D/1M3) cTeneHp n3Bie4eHUA
nantaHounoB T, ¥ u I'K ocraBamach Ha BBICOKOM
yposae (JIP3D — 68—91%, TP3D — 71-89%), 3Haun-
TenbHO cHIDKaach npu m3BiedeHun HOC n rpn0-
HoI 6uomMaccoii — 1o 23—57% s JIP3D u 20—53%
st TP3D; u He nipeBbiana 4% BOCKaMU U CMOJIA-
MMU.

Pa30dpoc mokazareneil cTaTUYECKOU COpPOIIMOH-
HOM eMKOCTH (A), OIIpeAceHHOI II0 CyMME BCEX
noHoB P30, Mexny ucciaeayeMbIMU BUIAMU OpPTaH-
YeCKMX MaTpHUIl B CIIAOOKHCIIBIX HU3KOKOHIIEHTPU-
POBaHHBIX pacTBOpax He npebiian 25% (puc. 2), To-
r1a Kak B KOHIEHTPUPOBAHHBIX pACTBOPAX 3TOT MOKa-
3atenb gocturan 98% (A mia Y u I'K 11.4—11.5 mr/r;
st HOC u I'p 4.2—5.1 mr/r; mist Bu C 0.5—0.2 mr/T
COOTBETCTBEHHO).

IMoxkazarenu ynmenbHOI COPOLMOHHON E€MKOCTU
(puc. 3 a) CBUIETEIBCTBYIOT O IIpEBaJMPOBAHUU
copouuu TP3D Hang JIP3D B HM3KOKOHLIEHTPHPO-
BaHHBIX PACTBOpaX NPaKTUYSCKU JIJIST BCEX UCCIIEMye-
MBIX MaTPULL. DTO OOBSICHSIETCS TEM, UTO 3a CUET -
dekTa “IaHTaHOMIHOTO CXKATUS” TSDKEIbIe JIJAHTAHO-
WUIbl MEIOT MEHbIINe MOHHBIE PaauycChl, OOJbIlIce
OTHOIIIEHUE 3apsila K MOHHOMY paauycy, 00jiee Bbl-
COKMIi1 TTOTEHLIMAaJ MOHM3AlMU U, COOTBETCTBEHHO,
OoJiee CMJIbHbIE XUMWYECKUE CBSI3H, YeM jerkue. [
OoJiee KOHIIEHTpUPOBAHHOro pactBopa (puc. 3 0)
yAeabHAasI COpOLIMOHHAS €MKOCTh BBIIIE B OTHOIIIE-
HUUM JIETKUX JIAHTAHOMOOB, YTO MOXET OBITh OO0Y-
CJIOBJICHO 3aps1IOM ITOBEPXHOCTU COpOEHTAa, KUCIOT-
TOM 512
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Puc. 1. KpuBble u3BjieueH sl JJAHTAHOUIOB OYypPbIM YIJIEM U €0 COCTaBJISIOMIMMU (TYMHUHOBBIMU KUCJIOTAMU, BOCKAMM, CMO-
JlaMH, Hcg)pFaHI/I‘{eCKI/IM OCTaTKOM), TpMOHOM GmoMaccoii 1 TopchoM M3 BOIHBIX paCTBOPOB: a — IpU KOHIIeHTpanuu P3D
5 Mkr/am”, pH 4.26; 6 — nipu koHueHTpauuu P39 — 500 mxr/om”; pH 2.20.
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Puc. 2. IluarpamMmmbl cymMapHoii copouimonHoii emkoctu (A) Y, T, I'p, 'K, HOC.

HOCTBIO pacTBOpa, IPU KOTOPOHA B CBSI3BIBAHUU
MOHOB y4JacTtByeT Ooibias yactb COOH-rpymnn mo
CpaBHEHUIO ¢ (PeHOJIbHBIMU IPYIIIIaMU.

ITo manubpiM MK -crieKTpocKOMYecKOTro aHaan3a
B ucxogHoMm coctase ¥, I'K, I'P, HOC, T, B, C nipu-
CYTCTBYIOT XOPOIIIO BEIpaXXeHHBIE ITUKH, XapaKTepu-
3ytollue BajieHTHble KosnebaHus cBsizeit C—H, C—H;,
rpymnil B auaTudecKux coeauHeHusx (2915—2921 u
2848—2851 cM™!), medopMaLMOHHBIE KOJEOAHUS
C—H;-rpynn B o6nactu 1372—1379 cm~!. Cpennue
M0 WHTEHCUMBHOCTM IIMKM BAJICHTHBIX KoOJieOaHUA
I'MIPOKCUIBHBIX rpyrn (3696—3324 cMm~!), cBga3aH-
HBIX MEXMOJEKYISIPHBIMA M BOOOPOIHBIMU CBSI3SI-
MU, TaKXKe BBISIBJICHBI IPAKTUYECKU Y BCEX OpraHU-
YeCKUX MaTpHUll, 3a UCKIIOUYEHNEM BOCKOB. Y TpHO-
HOI1 6uoMacchl pacIIMpeHHBI MUk mmpu 3282 cm~!
XapakTepu3yeT JedopmMalmoHHbIe Kojeoanust O—H-
n N—H-rpynmn, BoBJIeUEeHHBIX B 00pa30BaHUE BOJIO-
POIHOI CBSI3M MEXIYy MOJIEKYJIaMM TMOJHucaxapuaa
KJIETOUHOIT 060oJiouku [ 13, 14].

Pa3Hast MHTEHCUBHOCTH MUKOB BaJICHTHBIX KOJIE-
OaHuii KapooHMabHOU Tpynnbl C=0 B KapOOHOBBIX
kucaorax (1698—1705 cm™!), anbaerngax v Ca0XKHbIX

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

adupax (1652 cm~ ') — B Bune cunbHoro nuka i 'K,
C, B, ruieya co CHUXKEHHOM MHTEHCUBHOCTBIO 1151 [p
(1734 cm™1), T, HOC u cnaboro nuka 1 Y — oobsc-
HsIeTCsl pa3HOl KOHIeHTpalueit KapOOKCHIbHBIX
TPYIIT B COCTaBE UCCIAEAYEeMbIX OPTaHUYECKUX MaT-
puu. ITuku BaneHTHBIX KojiebaHuii cBsizu C=C, co-
npspkeHHo ¢ C=0 uiau apoMaTuyeCKUM KOJIbIIOM,
Hanb6onee nHTeHcuBHBI B criekTpax [K, V (1600 cm—Y),
T(1621 cM™!) ¥ OTCYTCTBYIOT y OCTaJIbHBIX OpraHUye-
ckux Marpuil. ITuk nipu 1539 cM™! Hanboee cCUIBLHO
nposiBiaserca y I'p, oueHs cita6o y T M COOTBETCTBYET
oenxkam amun 11 (cBss3u C—N u N—H). ITuku nedop-
MAallMOHHBIX KOJIe0aHU I METUJIbHBIX U METUJIEHOBBIX
rpynn (~1460 u 1380 cM~! cOOTBETCTBEHHO) OCOOEH -
HO SIPKO BBIpaxk€HbI y CMOJI U BOCKOB, U cllabo y I,
VY, HOC, T. KonebaHus, CBsI3aHHBIE C TPYNIOM
C—O—H, oGHapyxeHbl B Y (1IMpoKasi mojioca mpu
1262 cm™!, cpenuuit muk npu 748 eM~) u I'K (1215 u
749 cm7Y).

Oo6nactp 1500—500 cm~! gBngercs obnacThio Ba-
JIEHTHBIX U JIe(pOpMalIMOHHBIX KOJIEOAHUI ITPOCTHIX
cBa3eit C—C, C—N, C—Oun C—H, O—H, N—H coor-
BeTcTBeHHO. [lonmoxXeHrne U MHTEHCUBHOCTD ITOJIOC
Ne 2
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Puc. 3. JluarpamMMBbl yaenbHOM COpOIIMOHHON eMKOCTH (Ay) opraHWMYecKuX MaTpuil oTHocuteabHo JIP3D u TP3D npu pasz-
HBIX KoHLIeHTpanusax P3D: a — ot 2 no 50 MKF/L[M3; 6 — 500 MKF/):[M3 .

MOIJIOLIEHUS B 9TOM IMana3oHe cyrybo MHAUBUIY-
aJIbHBI JUISI KaXXJI0T0 KOHKPETHOTO OpPraHUYecKoro
coequHeHusi. Konedbanuss C—O-rpymn B CJIOXHBIX U
MpOoCTHIX 3dupax, crimprax (1173, 1032 em™') 3adpuk-
CUPOBaHbI y BceX MccleayeMblx marpull. Hanuuue
ntosioc B auanasoHe 1150—1050 cm~! cBumeTenbCTBYET
O TNIPUCYTCTBUM Pa3IUUYHBIX KUCIOPOACOAEPXKAIINX
(YHKIIMOHANIBHBIX TPYMIT B OPraHMYeCKOM Bellle-
ctBe, B ToM uucie P—O—C u P—OH [15], koTopskie
XapakTepu3ylTcsl O4YeHb CUJIbHBIM MNUKOM y Ip
(1019 em™"); cunbabiMu — y HOC, V, T, TK (1008—
1018 cm™1).

B cocTaBe rprbHOIt KJ1€TOUHOI 000JI0UKHM, KPOME
xutHa (3—39%) n xuro3ana (5—33%), IpUCYTCTBY-
FOT TTOJINYpOHU LI, Tomudocdater (2—12%), mununb
(2—7%), 6enku (0.5—2.5%) [16], xapakTepusyolue-
Csl IUPOKUM HaO0OpOM (DYHKIIMOHATBHBIX IPYIIII, CO-
JIepxXalux aToMbl azoTa, ¢docdopa, cepbl. Bemen-
cTBUe 3TOTO Xapakrep MK-crekTpoB rpubHOI 6110-
Macchl oTiaudaerca oT WK-cmekTpoB Apyrux
oprannvyeckux mMatpuil. Y I'p oOHapykeHBbI TUKU, CO-
OTBETCTBYIOIIIME KOJIEOAHUSAM acCOLIMUPOBAHHOMN
N—H-rpynner (3282 cm™!). IMonockl momowmeHust
npu 1651, 1644 cM~! COOTBETCTBYIOT BaJIEHTHLIM KO-
ne6anusam csasu C=0 amuna I, ipu 1539 ecm~! — ge-
dopManimoHHbIM KoJiebaHusiM N—H 1 konebanusm
C—N amyuna Il B moaunenTUAHBIX KOMITIOHEHTAX
[14]. BanentHeiM kKonebaHusiM C—O-cBs3u B de-
HOJILHBIX M KapOOKCHIBHBIX TPYMITaX COOTBETCTBYIOT
nosiocsl Tipu 1234 cM~!; BasieHTHBIM 1 AedopMaLu-
OHHBIM KosiebaHusiIM OH-rpymni B ciupTax 1 Kap6o-
HOBBIX KUCJIOTax — mosiockl mpu 1145 em~'. ¥V Ip He
HabJo1aeTCsl MUKOB, COOTBETCTBYIOIIMX XapaKTePpU-
CTMYECKUM KOJIEO0aHUSIM apOMaTUYECKOTO 3aMelle-
Hus1 (aecopMaliMoHHbIe KojiebaHust cBsizu C—H B
nuariazoHe imH 900—690 cm~!), KOTOpBIE OTMEYEHBI

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

Y OCTaJIbHBIX MCCJIEAYyeMBbIX OPTaHMYECKUX MaTPUIIL.
Takum o6pa3oM, HECMOTPSI Ha BBICOKYIO CTPYKTYp-
HYIO TeTepOreHHOCTh, BCE MCCJeIyeMble OpraHude-
CKHE€ BEIIECTBA XapaKTECPU3YIOTCS HaJIMYUEM Me-
TUJIBHBIX, METHUJIEHOBBIX, THAPOKCUJIBHBIX, Kap0Oo-
HUIBHBIX, KapOOKCWJIBHBIX ¥  aJKOKCHJIbHBIX
(YHKIMOHAIBHBIX TPYII, a TpruOHasi 000JIouKa 10-
MOJHUTEIBHO — a30T- (AaMUHO- ¥ aMUIHBIMU) U (poc-
dopcoaepKalmx rpyrnupoBOK.

ITocne B3aumoneiicTBust ¢ pactBopamu P33 00-
e TeHASHIIUEH 11T BCEX MaTPUIL IBUJIOCH CHITXKE -
HYe MHTCHCUBHOCTH MTUKOB B CpeITHEM OT 7% — ISt
BOCKOB 110 59% — nnst K. Kpome Toro, 3acdukcupo-
BaHHbIE IsI Y caBurd ImkoB cBs3u C=C, comps-
xeHHoii ¢ C=0, u cBsa3u C—O—H nipu 1589 u npu
1262 cm~! Ha 12 1 24 cm™! coorBetcTBeHHO, s K —
kosiebanusa cBsa3u C=0 B COOH npu 1704 u C=C,
comnpsxeHHoit ¢ C=0, ipu 1600 cm—'Ha 10 1 7 cm™!
COOTBETCTBEHHO, 1JI T CABUT MUKa 3TO Xe CBS3U
(1621 cm!) Ha 12 cM~!' MOryT CBUIETENLCTBOBATH O
B3auMoaeicTBu P30 ¢ KapOOKCHMIBHBIMU U THI-
POKCUJIBHBIMM TpyHIIaMUA IO MEXaHU3My HOHHOTO
obMeHa. Takum oOGpa3om, Ha OCHOBAaHWUM JaHHBIX
MK-crneKTpocKoInuu U CTEIEHU U3BJICYEeHMUS NOHOB
P33, MoXXHO TIpeANnoOXUTh, UTO IJIsI BOCKOB OIIpe-
JEJISTIOIINM MEXaHU3MOM SIBIISIETCSI IIOBEPXHOCTHAs
copOLMst; IsT YIJIsl, TYMUHOBBIX KMCJIOT U Topda —
B3aMMOIEHCTBUE C KapOOKCWJIBHBIMU W THUIPOK-
CUJIBbHBIMM TpymIiaMu, KOTOpPOE, BEpOSITHEE BCEro,
MpOTEKAET 10 MEXaHN3My MOHHOTO oOMeHa. /lokasza-
TEJILCTBOM 3TOTO CIYKUT (paKT ITOSIBJICHUS B paCTBO-
pax IIocjie COpOIMM 3HAYUTEIBHBIX KOJMUYECTB (IO
n x 102—10° mxr/am3) nonos Ca, Mg, K, Na 3a cuer
peaKkiInu:

RCOONa + P33Cl, = R,P3D +3NaCl (1)
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Puc. 4. COM-uzobpaxenus u D1C-cnekrpsl coctaBa P39-conepxaiux da3 Ha rpudHoit 6uomacce: a — pH 3.53, 30 cyt; 6 —

pH 5.11 55 cyr.

rne, R — yrnmeBogopomHasi 4yacTb OpraHM4ecKoi Mar-
PHIIEL.

IMocne copb6uum, cormacHo COM-—-D/C-paH-
HbIM, Ha 1noBepxHocTtu Y, 'K, T, B u C muHepaJb-
HbIX a3 P3O He o6HapyxeHo. B ncxonHOM cocTaBe
HOC 0o copbumu 0put 00HapyKeHbI (hochaTHBIE U
CUJIMKaTHBIe (popMbl MuHepasioB P30 [17], mosTomy
MOATBEPAUTD WU OTIPOBEPTHYTH (haKT 0Opa3oBaHUs
HOBBIX MUHEpaIbHBIX (a3 He MPEACTaBISIETCS BO3-
MOXKHBIM.

Ha UK-cnekrpax I'p nocie copobuuu odbHapyxe-
Ho cMenleHue Ha 13 cm~! nuka cBaseit O—H u N—H
MOJINCAXapUIOB KJIETOYHOM o6ooukn (3282 cm™),
CHUXXEHUE WHTEHCUBHOCTEH TMOJIOC TTOMIOLIECHUS
ceaseit C=0 kap6okcwibHbIX rpynmn (1733 cm™),
6enkoB amuna I (1651, 1644 cm~!), N—H u C—N 6e-
koB amuzga II (1539 c¢cm™!), rpynn P—O—-C, P—OH
(1019 cm~") B cpennem Ha 39%. B cocraBe oGHapy-
KeHHbIXx COM -aHaIM30M MHOXECTBA MUHEPAJIbHBIX
3epeH U (a3 Ha TpubHOIT 6romacce (puc. 4) comep-
KaHUe JIAHTAHOUIOB BapbUpyeT OoT 16 mo 55 mac. %,
docdopa — ot 10 1o 17 mac. %, XOTs1 B peaKIIUOHHYIO
cMech coeqrHeHus pochaToB He nobdasisiau. [1pu-
YMHOM M3MeHeHul xapakrtepa MK-criekTpoB SBIISI-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

10Tcsa B3aumonaeiicTBuss P30 ¢ dyHKUMOHATbHBIMU
rpyniamMu rpubHoOM KJI€TOUYHON 000JOYKU MO Mexa-
HU3MaM HOHHOTO OOMeHa M KOMIUIEKCOOOpa3oBa-
HUS ¢ KapOOKCcHIaT-aHNOHAMI KapOOHOBBIX KMCJIOT,
¢dochopoM 1 a30TOM aMUHOTPYIIN OEIKOB.

s moaTBepXKIeHUsT BEPOSITHOCTU B3aMMOJIEi-
cTBUS KaTnoHOB P3D ¢ 6enkaMu rpuOHOI 000JI09KH
OBLJIO IPOBEAECHO MaTeMaTUYECKOe MOAESIUPOBaHME
cBa3bIBaHMSI La’" aMUHOKMCIOTHBIMM OCTAaTKAMU
o0enkoB Penicillium canescens MeETOINOM KECTKOTO
MEXMOJIEKYISIPHOrO JOKMHIA C HCHOJIb30BaHUEM
BeO-cepBepa MIB2 [18], KOTOphIi BKIIIOUAET pa3HO-
oOpa3HbIe CITOCOOBI BEIUMCICHUSI CPOJICTBA KATUOHA
K aMuHOKuUCa0TaM. CTPYKTYpBI O€JIKOB ObLIM B3SIThI
U3 OTKpBITOI 0a3bl maHHBIX O0enkoB UniProtKB. U3
74 06eJIKOB KJIE€TOYHOU ob6onouku Penicillium ca-
nescens 11 IMeIOT IECHTPHI CBSI3BIBAHUS, N3 KOTOPBIX 8
NPUXOIUTCI Ha KJIAacC OKCHUAA3bl, U 110 OMHOMY — Ha
CUHTAa3bI, JITa3bl, TUAposa3sl. Ha puc. 5 mokasan
caiiT TunumyHOi KoHdopManuu Oenka U6BLZ9,
MMEIOIIETO LIEHTPhI CBIA3bIBAaHUS MeTalioB. KaTuoH
JIJaHTaHa COEIMHSIETCSI KOOPAMHALIMOHHBIMU CBSI3SI-
MU C KHCJIOPOAOM KapOOKCUJIbHBIX TPYIIT TJIIOTAMMU -
HOBOW KMCJIOTHI, 3aHNMaIoIIeii B 6enke 192 1 295 mo-
JIOKEHUE.
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Puc. 5. Kommieke 6enka U6BLZ9 ¢ nanTaHonnamMu (CTereHb OKUCICHUS +3): a — TuIaH KOMIUIeKca ¢ 0603HauYeHUEM caiTa
CBSI3bIBAHUSI KATMOHA JIAHTAHOUIOB B CTPYKTYpE OGEIKOBOI MOJIEKYJIbl; 6 — M30IMPOBaHHAsI CTPYKTYPA MOH-CBSI3BIBAIOLIECTO

caritamLa ¢ YKa3aHUEM OCTaTKOB aMMWMHOKUCJIOT.

HamnbGoiee yacTo BCTpedyaromIMMUCSI aMWHOKHC-
JIoTaMM B MOJIMIETITUIHBIX caliTax Oejika, crioco0-
HBIMU OOpPa30BLIBATh KOOPAWHALIMOHHBIE CBSI3U C
KaTUOHAMU JTAaHTAHOUIOB, SIBJISIOTCS TJIyTaMHUHOBAsI
U acIiaparuHoBasi KUCJIOTHI (Tab. 1).

3AKJIIOYEHHME

ITo UK-cnekrpam B cocTaBe Topcda, Oyporo yris
U COCTaBJISIIOLIMX €r0 KOMIIOHEHTOB — T'YMUHOBBIX
KUCJIOT, HEOPraHMYeCKOro ocTaTka, BOCKOB U CMOIJI,
a Takxke B OMoMacce MUKPOCKOMUYECKUX TpubOB
YCTAHOBJIEHbl KaK OTPULIATEJIbHO 3apsiKeHHbIE
(YyHKIIMOHAJIbHBIE IPYIINbI: CIIUPTOBBIE, (PEHOTbHBIE
TUIPOKCUJIBI, aJbJIeTUIHbIE, KETOHHbIE KApOOHWIIBI,
KapOOKCUJIbI U JP., TAK U TOJOXUTEIBHO 3apsIKEH-
Hble dochop- U azoTcolepKalliue TPyINIUPOBKU
(amMuHBI, amuabl). Baaronapst HAJIMYKIO STUX IPYIII U
apomMatuyeckux (parMeHTOB OpPraHUYECKOe Bellle-
CTBO BCTYIIaeT B MOHHbBIE, TOHOPHO-AKIIETITOPHbIEC U
ruapo¢doOHbIe COPOLIMOHHBIE B3aMMOIEUCTBUS C
peako3eMeabHBIMU 371eMeHTaMu. [Ipeobiiaganme Tex

WU UHBIX (PYHKIIMOHAIBHBIX TPYIII B COCTaBe Opra-
HUYECKOro Marepuaja OyaeT onpeaessiTb OCHOBHOM
MEXaHW3M COpPOLIM 3JIEMEHTOB 13 BOOHEIX PacTBO-
poB. Tak, nst 'K crtoco6HOCTE Bogopona KapooKcH-
JIOB M, YaCTUYHO, (DEHOJIbHBIX TUIPOKCUIOB 3aMe-
IIAaThCs HAa KATUOHBI METAJIJIOB IIPU JAHHBIX YCIIOBU -
SIX COpOILIMM OTIpeaenseT 00pa3oBaHUE COCIMHEHUIA
COJIEBOTO THUMAa ¢ MOHHOI cBs3bto. Kpome toro, I'K
Kak M3 yIjeil, Tak 1 u3 TopdoB, MOTryT cOpOMpPOBaTh
pa3IUYHbIE MOHBI METAJIJIOB 3a CUET IIOBEPXHOCTHOM
aacopOIMM, a TAKXKE 3a CUET MTPOLIECCOB KOMILIEKCO-
obpaszoBaHus ¢ BopiedyeHrneM —OH-, —CO- u —CO-
OH-rpynm [19]. CornacHo nanHbIM [17], B cocTaBe
oyporo yriss CepreeBCKOro MeCTOpPOXKICHUST COlIep-
xwutcst mo 64.5% I'K, 5.59% BockoB, 8.94% cmour; He-
opraHnyeckuii ocratok coctanisieT 21.87%. I1osto-
My MexaHu3M copouuu P35 OypbIM yrjieM B OCHOB-
HOM OyIeT OIIpedcisaThCs XapaKTepoM COpOIMU
2JIEMEHTOB TYMUHOBBIMM KHCJIOTaMM Ha CTagMsIX
TOp(OHAKOTIIJICHUS U yriaehUKaLIN.

MuKpocKoImmYecKrue TpruObl BHOCST OIpeIesieH-
HBIi BKJ1aJ B TIPOLIECCHl COPOLIMY M MUHEpAJIU3aIlun

Taomuna 1. benku kiierouHoit o6osiouku Penicillium canescens, criocoOOHbBIE CBSI3bIBaTh KATUOHBI P30, BBISIBJIEHHBIE 11O

pe3yjabTaTaM MaTeMaTU4Y€CKOIo MOOCINPOBaHUA

OrneHKa AMWHOKHCIIOTHI NOH-
benok Kiacc 6enka DyHKIMM CBSI3BIBAIONIETO OeaKa N
CBSI3U CBSI3BIBAIOIIETO CaiiTa
PO9WEQ?2 |CuHTasbl buocuHTE3 BTOPUUYHBIX METAOOIUTOB; 6.825 149 — GLU, 153 — GLU
OMOCUHTE3 TEPIIEHOUIOB
U6A629  |Tuzmponasel | MeTaGonM3M DIMKaHOB; eTpagalust 7.304 320 — ASP, 321 — GLU
L-apabunana
POWEQ4 | Oxcupnassl DA/I-3aBrcuMasi MOHOOKCHUTEHA3a 5.956 136 — GLU, 138 — ASP, 139 — GLU
POWEP3 | Okcunmassl MMOKCUTEeHAa3a 4.375 30 — ASP, 31 — ASP
DOFHA?2 | Oxcnpassl OxkcureHasa, IJIMKOJIN3 4.257 9 — GLY, 34 — ASP, 79 — GLU

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE
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snemeHToB [20]. Mertomom COM-3JC-aHanmsa
MOATBEPXKACH peAKO3eMeIbHbIN KPUCTAJIOreHe3 Ha
rpudHOIT 6momacce. @opMUpoOBaHUE MUHEPAIbLHBIX
da3 P33 ocyecTBIIsIETCS 3a CYET UX OCAXKICHUS N
B3aUMOACUCTBUS ¢ (DYHKIIMOHAJIBHBIMU TPYyNIIaMu
0EJIKOB KJICTOYHOI O0O0JIOYKM, MMEIOIINX B CBOEM
cocraBe a3oT- M dochopcoaepKaliie MOJEKYIbI.
MeTonoM MaTeMaTU4EeCKOTO MOACIUPOBAHUS BEpU-
¢uLpoBaHa BO3MOXHOCTh CBSI3BIBAHUSI KAaTHUOHOB
P3D aMMHOKMCIIOTHBIMM OCTaTKaMH OEJIKOB KJIe-
TouHOI1 obonouku Penicillium canescens. Takum 006-
pa3oM, HOBOOOpa30BaHHEIE B IIPOLIECCE DKCIIEPU-
MeHTa Kpuctauamdeckue ¢daspl pocdaroB P3D Ha
MOBEPXHOCTHU TPUOHOM OMOMAacChl CBUIETEIBCTBYIOT
00 ompeaesIeHHOM poJjii OMOTUYECKOM KOMIIOHEHTHI
B (DOPMUPOBAHUM PEIKO3EMEIbHO MUHEpaAIU3aIlun
B OYpOYTOJIbHBIX OTJIOKEHUSIX.

NCTOYHUK OPMHAHCHUPOBAHUA

HccenoBaHus BBITIOIHEHBI 3a CYET cpeacts Poccwmii-
CKOro HayyHoro ¢oHga, mnpoekt Ne 22-27-00116,
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SORPTION OF RARE-EARTH ELEMENTS BY ORGANIC MATTER
FROM AQUEOUS SOLUTIONS ACCORDING TO EXPERIMENTAL DATA

L. M. Pavlova“*, L. P. Shumilova“, V. I. Radomskaya®, Corresponding Member of the RAS A. P. Sorokin®,
V. V. Ivanov®, L. P. Noskova“, and N. Yu. Leusova“

4 [nstitute of Geology & Nature Management Far Eastern Branch of the Russian Academy of Sciences,
Blagoveschensk, Russian Federation

bFar East Geological Institute Far East Branch of the Russian Academy of Sciences, Viadivostok, Russian Federation
#E-mail: pav@ascnet.ru

Laboratory model experiments have shown that peat, brown coal and its constituent organomineral compo-
nents, as well as microscopic fungi isolated from brown coal, are characterized by a high potential for the ex-
traction of all lanthanides from aqueous solutions. The processes of sorption of rare-earth elements by the
components of organic matter proceed through the mechanisms of physical sorption, ion-exchange reactions
involving carboxyl and hydroxyl groups, and complex formation involving —OH, —CO, and —COOH groups.
SEM-EDS analysis revealed REE-containing mineral phases on fungal biomass, which are formed due to in-
teraction with phosphorus- and nitrogen-containing functional groups of cell wall proteins. This indicates the
participation of the biotic component in the formation of rare earth mineralization in brown coal deposits.

Keywords: REE, brown coal, peat, fungal biomass, sorption, functional groups, mineralization
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