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Llenv uccnedosanus. Ha ocnosanuu OAHHBIX MOOENbHLIX ONBIMOG BbIAGUMb USMEHEHUEe OKUCIUMENbHO-
B80CCMAHOBUMENLHOU  0OCMAHOBKU U  pA0d  XAPAKMEPUCUK 2yMycd 6 HYepPHO3eMax hnoo 6030elcmeuem
68000POOHO20 NOMOKA.

Mecmo u epemsn nposedenus. [Iposedenue MOOEIbHBIX ONBINOG OCYWECNENAIU 6 NAOOPAMOPHBIX VCIO0GUSIX
gaxynvmema nougogedenus MI'Y. B onvimax ucnonv3o06anu npodbl 6epXHUX NAXOMHBIX 20PUZOHMOE YEPHO3EMA
00bIKHOBEeHH020 (Boponeacckas obnacmy) u ueprnosema gviuyenodennozo (Jluneykas obnacms), 0moopanHwix Ha
VUACMKAX UCciedo8amenbCKux NOAUSOHO8 8He 0elicmsusi 6000POOH020 (ouda.

Memoodwvl. Obwee codepicanue opeanuueckozo yenepooda onpedeiunu no memooy Tiopuna, pacmeopenHbwili
OpeaHuyecKull ye2nepod 6 HNOYBEHHOM pAacmeope — MemoooM Kamaiumuyeckoeo okucienus Ha TOC-
ananuszamope ¢ UK-oemexmopom, eenuuunvl oKuciumenrbHo-eoccmanogumenvrnozo nomenwyuara (OBII) u pH
B00HOU CYCHeH3Uuu — nomeHyuomempuyecku. Bvidenenue u ouucmky npenapamog zcymunoswix kuciom (I'K)
npo8ooUNU MemOOOM, PEKOMEHO08aHHbIM Medcoynapoonvim cymunosvim obuecmeom (IHSS). Dnemenmuviii
cocmaeé npenapamos 'K onpedenunu na snemenmuom anaruszamope Vario EL IIl. Usmepenus coodepowcanus
onemMenmos 6 nougeHHoM pacmeope ocyujecmeunu memooom HCI-OOC na onmuxo-amuccuonHom
cnexkmpomempe  Agilent 5110 (M-MBH-80-2008). Onpedenenue cooepiicanus dicene3a HeCUmruKamHoblx
coedunenuti nposodunu 8 euimadxcke Mepa-/{ocekcona, dcene3a ciaboOKpPUCMANIUZOBAHHBIX COEOUHEHUU 8
cocmase necunuxammuwix — 6 evimsicke Tamma. Cnexmpor AMP'H u AMPC 2ymunoewvix xuciom noxyuenvlt na
AMP-cnexmpomempe «Bruker AMX-400».

OcHognble pesynvmamol. B cepuu MOOeNbHbIX ONBIMOE NOKA3AHO, YMO 8 YEPHOZEMHBIX NOYEAX NOO
6030elicmeueM 8000POOHO20 NOMOKA Pe3KO MEHSIOMC  OKUCTUMENbHO-80CCMAHOBUMENbHbIE  VCAO08US,
UHMEZPANbHBIM — NOKA3ameneM  CMeHbl  KOMOPbIX — AGIAEMCs  CHUJCEHUe  GeNUYUHbL  OKUCTUMENbHO-
B80CCMAHOBUMENLHO20 NOMEHYUANA NOYBbl 00 KPAliHe HUKUX 3HAYEeHUll, Npu 3mMoM HabIooaemcs HeKomopoe
CHUDICEHUE AKMYANbHOU KUciomuocmu. B makux ycnosusax npoucxooum mpancgopmayus eymyca. Ilo dannvim
cnexmpos AMP 3C mooicno xoncmamuposeams, wmo nepeyenadicHenue NnoYebl HEIHAYUMENbHO GIUAEN HA
pazmenmusvlli cOCmag 2yMUHOBLIX KUCIOM YepHO3eMd, mo20a Kax NOCMYNaowuti 6000poo obecneyusaem
decmpyKkyuio nepupepuiinoll. 4acmu 2yMUHOBLIX MONEKYN 06€3 paspyuenus apomMamudeckux Kiacmepos. B
VCI0BUAX MOOENbHO20 OnbIMA 8 NPUCYMCMBUU NOMOKA 8000p00d 8 NoYee NOBLIUAENCA COOepIHCaHUe
YUMpamopacmeopumo20 U OKCAIamopacmeopumozo xiceiesd, d Ux COOMHOUleHue ceudemenbcmeyem oo
unmencuguxayuu eneegoeo npoyecca. Kpome moeo, ycunugaromes npoyeccuvl 8bIHOCA OP2AHUYECKO20 eujecmad
U3 NOYBbl 68 NOUBEHHBIU PACMEOp, d 8O3PACMAHUE KOHYESHMPAYUU 6 HeM QIOMUHUL 2080PUM O 6ePOSINHOM
PA3pyuleHuU KPUCMALIUYeCKUX peuemox amoMOCUIUKAMO8, 8X00AUUX 8 COCMA8 MEepooll hasbl NOUBHL.

Kniwouegvie cnosa: cnyounHblll 8000p00; HepHO3EMHblE NOUGbL; 2YMYC, CYMUHOBblE KUCIOMbL, (HYIbBOKUCIOMbL,
2YMUHOGbLE Npenapamol, op2anuveckoe eeupecmeo nous, cnexkmpul AMP'H u SIM3C aymunoevix kuciom nous.

Humuposanue: Cyxanosa H.U., Kupiowun A.B., Jlapun H.B. Bausauue 6000poda HA OKUCIUMENbHO-
60CCMAHOBUMENIbHBIE CBOUCMBA U 2YMYC UEPHO3EMHbIX NOY6 (Ha npumepe MooenvbHwvix onvimos) // I[louswl u
okpyacarowas cpeoa. 2025. Tom 8. Ne 3. e310. DOI: 10.31251/pos.v8i3.310

BBEJIEHME

[IpoBeneHHble paHee WCCIEAOBaHMS IIOKA3ald, 4YTO T[IOYBBI, HCIBITHIBAIOUINE BO3JEHCTBUE
rIIyOMHHOTO BOJIOPOJIa B MECTaX €ro BbIXOJ@a M3 Heap 3eMIH, MPH MPOYHX PABHBIX YCIOBHAX PE3KO
OTJIMYAIOTCS OT MOYB OKpysKaromux teppuropuit (Cyxanosa u ap., 2013, 2020; CyxanoBa, Kupromms, 2022;
Sukhanova, Zubkova, 2018). Biusaue dakropa moToka BoIOpoAa OTpakaeTca W Ha MOP(OIOrHuecKoM
npoduie, 1 Ha XMMHYECKOM COCTOSIHUH TI0YB, a PE3yJbTaT BO3ACHCTBHS ITyOMHHOTO BOJIOPOJA HA MOYBY
3aBUCUT OT €€ THUIOBOM TNPHHAUIEKHOCTH, T'€OJIOTHYECKUX OCOOCHHOCTEH TEPPUTOPHUHU Jerasalliy,
KIMMAaTHYECKUX LUKIOB M, HAKOHEL, BPEMEHH KOHTAaKTa IOCTYMNAIOUIEro M3 HeAp 3eMiH BOAOPOAa C
MOYBEHHOW Maccoi. B Takux ycloBMSX MOUYBa WCHBITHIBAET HE TOJBKO ACHCTBHE BOAOPOIHOIO IMOTOKA
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pa3HON MHTEHCHBHOCTH, HO ¥ MHOTHX OHOCQEpHBIX (haKTOPOB, TAKHX KaK IMUKINIHOE MEPEYBIKHEHUE U
WCCYIIIEHNe, CMEHA TEIIOBOTO M MHUKPOOHOJOTHYECKOTO PEKHMOB H Ap. DTO, HECOMHEHHO, BIHSET Ha
B3aMMOJICHCTBYC TOYBEHHBIX KOMIIOHCHTOB M BOJOPOa. B Takoil HEOTHOPOIHOM U OYEHB CIIOKHOM CUCTEME
KaK ToYBa TPYJHO IMpPEICKa3aTh, KAK W C KaKOW HMHTEHCHBHOCTBHIO OYJIET MPOHCXOIUTH MPEBpAIICHUC
MOCTYNAIOMIET0 W3 HEApP MOJEKYISIPHOTO BOAOpoAa B akTWBHBIE (opmbl. [loaToMy KOJIHYECTBEHHO
BBEIWJICHUTh W3 pe3yibTara aHcamOis ()akTOpOB AEWCTBHE BOAOpPOAa — 3ajadya KpalHe CIIOXKHas, WHOT/A
MOYTH Hepeaan3yeMas, 0COOCHHO B CiIy4asx, Korja ¢akropsl ogHoHamnpasieHHble (CyxaHoBa, KupromvH,
2023). IIpnbmm3nuThCs K PEIISHHIO 3TOH 33/a4i BO3MOXHO ITyTeM MOCTAHOBKH JIA0OPATOPHBIX MOJIETHHBIX
9KCIIEPUMEHTOB, B KOTOPBIX MOYKHO OTCE€Yb BIHMSHIE MHOTHUX MEIIAIONIUX BO3JEHCTBAN.

CnemnyeT OTMETHUTh, YTO HCCIICOBAHUN BIMSHUS MOJICKYJSIPHOTO BOJIOPOJAa Ha IOYBHI paHee
MPAKTUYECKA HE OBLIO MO CICAYIOIUM MPUYUHAM. MOJCKYJISIPHBIA BOJOPOA CUHUTAICS MAaJTOAKTUBHBIM
ra3oM; JUid TPEBpalleHus ero B akTHBHBIE (QOpMBI TpedyeTcss Ooiblmoe KomndecTBO dHepruu — 436
kJx/Monb. BMmecTe ¢ TeM, HCCIeIOBaHUS TEOJIOTUYSCKOW HAyKH TOCICIHUX JIET OOHAPYKUIH BBICOKYIO
BCTPEUAEMOCTh MECT BBIJICICHMS OOJBIINX KOJMYECTB MOJCKYJSPHOTO BOAOPOAA Ha BCEX KOHTHHEHTAX
IJIAHETHI (TaK Ha3bIBaeMas XOIJIOJHAS JIera3alns), YacTo ATO SIBICHUE OXBaThIBACT 3HAUYNTENBHbIEC TUIOIIAIH.
OpmHaKo B 3THX MCCIIEIOBAaHMSX TI0YBA HE PACCMATPHUBAJIACh.

AnHanu3 0OJBIIOTO KOJIMYECTBA JTUTEPATYPHBIX UCTOUHUKOB M3 CMEKHBIX 00JIaCTel HayKH TOBOPHT O
JOBOJIPHO BBICOKOW AaKTHBHOCTH MOJIEKYJISIPHOTO BOJIOPOJa B pPA3IMYHBIX MPHPOTHBIX Cpenax |
TEXHOJIOTHSX, T/Ie OH BBICTymaeT kak BoccraHoButenb (IlmckapeB m ap., 2010; Tpasun, 2018; Ecnaes,
AnpxanoB, 2019). Cnexyer mojarath, YTO U B IOYBE, €CJAM B HEE IOCTYNAaeT MHOIO BOJAOPOAA, a
MHUKpPOOHOTa HE CIIOCOOHA €r0 BeCh YTHIM3HUPOBATh, OH MOXKET UTPaTh TY XKE POJIb ¥ MCHSITHh MOYBCHHYIO
OKHUCIIUTEIbHO-BOCCTAHOBUTENFHYIO O0OCTaHOBKY. WHTerpalbHBIM ITOKa3aTelleM, XapaKTepU3YIOIIHM ee
CMEHY, SIBJIACTCS BEJIMYHMHA OKHCIUTEIHLHO-BOCCTAHOBHUTENbHOro moteHuuaida (OBII). B moneBbix
YCIOBUSAX TIO M3BECTHBIM NpuurHaMm mposecTH u3aMepeHus OBII ¢ HeoOXoauMoil TOYHOCTHIO ObIBaeT
3aTpyaHUTENnsHO. KpoMe Toro, momydeHHbIE TIOJEeBhIE PE3YIbTAaThl TAIEKO HE BCETJa OTPAXKAIOT PEaTbHYIO
TUHAMHKY OKHCIHTEIFHO-BOCCTAHOBUTEIHHBIX TMPOIECCOB B TMOuYBe. [l0ATOMY MBI TOCTaBWIA CEPHUIO
na60paT0prlx MOJCJIBbHBIX OIBITOB, MMHUTUPYIOIIUX PA3JIMYHBIC PCKUMBI BOAOPOJHOIO IIOTOKA, ICIIb
KOTOPBIX — BBIABUTH HM3MCHCHUEC OKHCIIUTEILHO-BOCCTAHOBUTENLHONH OOCTAaHOBKH H pdaaa XapakKTEepuCTHUK
ryMyca B YepHO3eMax I0J] BO3/IEHCTBIEM BOAOPOIHOTO TIOTOKA.

MATEPHAJIbI U METOAbI UCCJIEJJOBAHU A

OOBEKTaMU UCCIIEIOBAHUS SIBIISIOTCS TAXOTHBIE TOPU30HTHI YEPHO3EMa BBIIEIIOUEHHOTO TEPPUTOPUHI
Kpusoboprckoro m CanrteikoBckoro mnporuba (Jlumemkass oOmacts) M yepHO3eMa OOBIKHOBEHHOT'O
TeppuTOpHH Xormepckoro paznoma (Boponexckast 06macts). [ MomenbHBIX ONBITOB 1 M 2 MCMONB30BAIH
¢oHOBBIE TIPOOBI YepHO3eMa BHINIEIOYEHHOTO, OTOOpPaHHBIE HA YyYacTKaxX, HE MOJBEPralOlIHXCs
BO3JIEMCTBHIO BOAOpoAaHOTO durronna. Ha Tepputopum pacrpocTpaHeHHs YepHO3eMa OOBIKHOBEHHOTO
MMOYBEHHBIE TPOOBI OTOMpaNM B 3amajHe C TOTOKOM TiyOmMHHOTO Bomopoxa (H») m Ha Tteppurtopum,
OKpy>karomel 3ananuHy 0e3 Beixojga H> (doHoBbie). [[yisi MOAEIBHOIO OMBITA 3 MCIIOJIb30BaIM (POHOBBIC
MOYBBl YepHO3eMa OOBIKHOBEHHOT'O, OTOOpaHHBbIE HAa YYacTKaxX, HE TMOABEPralolInXCs BO3JCHCTBHIO
BOJOPOIHOTO (UIFOHIA.

MojenbHble OMBITHI TOCTAaBICHBI C Y4eToM (QakTa, YTO BOJOPOJHBIH ra3 o0Jaxaer BBICOKOH
ckopocThio aud(dy3un, 0coOEHHO B BO3JyXe, M CTpeMUTCS BBepX. [lodToMy momady BoIOpoja
OCYLIECTBISUTM CHHU3Y. VICTOYHHK BOJOpOAa — 3JEKTPONM3HBINA reHeparop J162.832.01 BbicOKOuMCTOrO
Bozopoaa (99,9 06. %) mpou3BOAMTENBHOCTHIO OKONIO 60 Mi/MuUH. B KauecTBe €MKOCTEH i OIBITOB
WICTIONIb30BANH JETUTEbHBIE BOPOHKH.

Mogeabnblii onsIT 1. TlouBa — uepHo3eM BoilenodeHHbId. HaBecku moussl no 400 r momemanu B
JIUTPOBBIE CTEKIISIHHBIE EMKOCTH B TPEX IMOBTOPHOCTSIX, 3aTAaIlJIMBAIN JUCTUIIIMPOBAaHHON BOJIOW TaK, 4TOOBI
3epPKaJI0 MIOBEPXHOCTH BOJIBI OBUIO BBIIIE MOBEPXHOCTH MTOYBBI MPUMEPHO HA 2 cM (To4HO 10 200 M BOJBI B
KaXIYI0 eMKOCTh). Uepes 3aTomieHHyI0 MOYBY U3 FeHepaTopa CHU3Y MPOITyCKaJICS BOJOPOJ OJHOKPATHO B
teueHue 30 MUHYT; €MKOCTH He 3akpbiBanu. llocie mpekpamieHusi oOpaOOTKH BOJOPOAOM H3MEPEHUS
BenmurH OBII npoBoammm yepe3 kaxapie 10 MUHYT B TeUeHHE 5 4acoB U Jajiee OAHOKPATHO uepe3 72 yaca.

Mogaeabnblii onbIT 2. [louBa — yepHO3eM BhIIenodeHHBIA. HaBecku mouBsl mo 400 T momemanu B
JUTPOBBIE CTEKIISIHHBIE €MKOCTH (BCero 6 IIT.) W 3aTariuBaid Boxow (mo 200 mi Boasl B Kaxayto). Tpu u3
HUX — KOHTPOJBHBIE, B JpyrMe TpU EMKOCTH CHH3Y 4Yepe3 3aTOIUICHHYH0 MOYBY Kaxable 3—4 nHA
TporrycKaiics Bomopod B TeueHue 30 MHHYT, eMKOCTH He 3akpbiBanu. M3mepenus enmuuunH OBII u pH
MIPOBOJIMIIN B EMKOCTSIX JI0 00pabOTKH | cpasy Iocie 00padboTku BoAopo1oM. OTBIT MTPOXOAHII B TPH 3TarIa.
Kaxnprit atan qnmuncs okono 20 nueit. [locne kaxaoro sTama mouBy OCTABISIIN ISl €CTECTBEHHOM CYIIIKU B
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TedeHue Mecsna. [locire meproga Cymku B OYBy orsATh m00aBisuin 200 M1 BOIBI B 4epe3 TE K€ eMKOCTH
MIPOITyCKalll BOAOPOA (dTarr 2) B TOM ke pexknMme. llocie okoHuaHus aTama 2 KoJObl OIATh OCTaBISUIA Ha
CYIIIKY B TCUYCHHE MECHIIA, a 3aTeM BCE MOBTOPSIIOCH (3Tarm 3).

Mopenbnblii onbIT 3. [louBa — yepHO3eM OOBIKHOBEeHHBIN. HaBecku moussl o 400 T momenianu B
JUTPOBBIE CTEKISIHHBIE €MKOCTH (Bcero 6 INT.) W 3aTamiuBagd Bodod. Tpu M3 HUX — KOHTpOJsbHBIE. B
CIIEAYIOIIMX TPEX CHHU3Y 4epe3 3aTOIUICHHYIO II0YBY H3 JJIEKTPOJIM3HOIO TIEHEepaTopa eXEAHEBHO
MPOMyCKAIM MOTOK BOJOPOAAa B TEUYCHHWE § YACOB, Cpa3y IIOCJIE OKOHYAHHUS TNPOIMYCKaHHS EMKOCTH
3aKpbIBaIM. JIUTENBHOCTD SKCIIepuMenTa 4 Mecana. B xone onbita exelHEeBHO KOHTPOIUPOBAIN BETMUNHbI
OBII m pH. Ilo okOHYaHWH OITBITAa TPOCTBIM CIMBAaHHEM OTOOpaly MPOOBI IMOYBEHHOTO pacTBOpa IS
OTIpeieNieHHs COJep KaHusl MepetieIuX B Hero 3JeMeHTOB. [louBy M3BIeKanu U3 eMKOCTEH U TOTOBHIIU K
JaTbHEHIIMM aHaIH3aM.

OOmee copepkaHHE OPraHUYECKOro YyIJIEepoAa B I0YBAaX ONpeNesId 10 Merody TropuHa,
PacTBOPEHHBIM OPraHUYECKUH yriepoa B IOYBEHHOM PacTBOPE — METOJIOM KaTalUTHYECKOTO OKHCIICHHS Ha
TOC-ananmuzatope «Shimadzu» c¢ HWK-gerektopoM; BETUYMHBI OKUCIUTEIBHO-BOCCTAHOBUTEIHLHOTO
noteHuuana u pH BoaHo# cycnensuu — noteHuuomerpudecku. Jannsie OBII 115t mpocTOTH pEACTaBICHbI
B abcomotHeix 3HaueHUsX DJIC. ComepikaHne 3JEMEHTOB IMOYBEHHOTO PACTBOPA OMPEISIHIN METOIOM
HCII-O3C Ha onTHKo-3MHCCHOHHOM crektpomerpe Agilent 5110 (M-MBU-80-2008). Omnpenencuue
coJiep)KaHusl JKeJle3a HECWIMKATHBIX COeITMHEHUI NMPOBOAMIM B BHITsKKE Mepa-/lkekcoHa, jkene3a cinado
OKPHUCTAJNIN30BaHHBIX COCAMHEHUH B COCTaBE HECHMJIMKATHBIX — B BBITSDKKE TamMa. Belaenenne u ouncTky
npernapaToB ryMUHOBBIX KHCJIOT INPOBOAWIM METOAOM, PEKOMCHAOBAHHBIM MC)KIIYHapOIIHI)IM TYMHWHOBBIM
obmectBoM (IHSS). DnemeHTHBI cocTaB BbIeNeHHbIX mpernapatoB 'K ompenenunu Ha 3I€eMEHTHOM
ananmzarope Vario EL III.

Cnexktper  SIMP 'H Bcex mnpemaparos rymunoBbix kucaor (I'K) mnomyuenst na SIMP-
cnekrpoporomerpe «Bruker AMX-400» B HIACHTHUYHBIX KOJMYECTBEHHBIX YCIOBHSIX PETHCTPALIUH
(pactopsl B DO, npu pH = 12, 600 MI'y). Konuuectsennsie crektpbl AMP *C mosy4eHs! aj1s pacTBOpPOB
I'K ¢ makcuManbHO AOCTIKAMOM KoHIeHTparmei (max 10 % Bec.) B D,O ¢ mo6askoit NaOH (pH = 12).
VYcnoBus perucTpaluy CeKTpoB — KOMHaTHas TeMieparypa, 150 MI'n, umnyisc 90° 13,7 mkcek, AT = 0,7
cek, RD = 7 cek, uncio mpoxoxnaenuit 10000 npu nuametpe ammyns! g IMP 10 mm. To ects kaxasiit
CHEKTp — pe3yabTaT 20-4acoBOT0 HAKOIMJICHNSI HH)OpMAaLKH.

PC3yHBTaTI)I MOJCJIBbHBIX OIIBITOB IMPEACTABJICHbBI KaK CpPEIAHCEC apI/I(l)MeTI/I'-IeCKOC n3 Tpex
IIOBTOPHOCTEN.

PE3VYJIbTATBI UCCIIEJOBAHUA U X OBCYXIAEHUE

MoaenbHblii onbIT 1 OBIT IOCTABIICH IS TOTO, YTOOBI MTOHSTH, Kak MeHseTcs BennanHa OBIT moussr
mocie TnpekpameHus 30-MHHYTHOTO TPOMYCKaHUS dYepe3 Hee BOIopoJa B 3aJaHHBIX YCIOBHIX
mocneAyomero Jaboparoporo ombiTa. [locme  go0aBieHus BoOAbl B TOYBY  OKHCIUTEIHEHO-
BOCCTAHOBUTENbHBIA MOTEHLUMAN B Hed ycraHoBuics +220 mB. Ilocne mpomyckanusi moToka BOAOpOAa
BennunHa OBII cpa3y pe3ko m3MeHuIach 0 KpaitHe Hu3KWX 3HaueHud -570 MB. Ilocne mpekpareHus
o0pabotku BomopomoM wu3Mepenusi BenmuuuH OBII npoBoamiau uepe3 kaxuabie 10 munyT. JlaHHBIC
MIpeICTaBJICHBI Ha pUCYHKE 1.
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Pucynox 1. Xon W3MEHCHHS 3HAYCHHH OKHUCIIUTEIBHO-BOCCTAaHOBUTENHHOTO moTeHnuana (OBII)
MTOYBHI ITOCJIE TTPEKPAIIeHUs 00pabOTKH €€ MOJIEKYJISIPHBIM BOJOPOIOM (MOJIEIBHEIH OMBIT 1).
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Xon m3menenus BenuauH OBII B mepBoM OmbITE MMOKA3BIBACT, YTO B TeUeHHUE 1,5—2 4acoB 3HAYCHUS
ero pe3ko yBenuuuBaroTcs. IIpmumna Takoro noseaenus nokasatens OBII, BeposaTHO, cBsi3aHa C BBIXOIOM
OCHOBHOT'O KOJTMYECTBa ra3000pa3HOro BOJOPOa M3 MPOCTPAHCTBA TOYBHI U MOCTYIUIGHHEM aTMOC(hEpHOTOo
BO3/1yXa, oOorameHHoro kuciopopoMm. l[locnenmyromiee MeqyIeHHOE TOBBIIICHUE 3HAYCHUH, BO3MOXHO,
OIIpeneNsieTCd MEUIEHHBIM BBIXOZOM BOZOPOJA M3 MOYBEHHBIX JIOBYIIEK — MEJIKHUX MOP, HAHOTPELIUH U Ap.
Hanee B Teuenne 3 cytok BenumuumHa OBII mocrenenHo mpubamkanach K MCXOIHOMY 3HAa4YE€HHUIO, HO BCE
PaBHO OCTaBajach HIKe MepBOHAYaIbHON. OOBSCHUTE MOCHeAHNH (HaKT MoKa 3aTpyAHUTeNsHO. HesicHo, uTo
MPOUCXOOUT (WIM HE MPOMCXOAMT) C BOAOPOAOM B Te€Jl€ IOYBBI, KaK BeAyT ce€0sS OKHMCIHUTEIBHO-
BOCCTAaHOBHUTEJIbHbIE MAPHI B IIOYBE U Ip. ITO TpeOyeT NanbHEHIINX ClIeNUaIbHbIX HCCIEOBAHUM.

MopnebHBli ONBIT 2. B HEKOTOPBIX Pa3IOMHBIX 30HAX TUIAHETHI MOTOK BOJOPOAA MOXKET OBITh OYEeHb
MHTEHCUBHBIM U IPU JUIUTEIBHOM BO3AECHCTBUU CONPOBOKIATHCS HAPYIIEHUSIMHI KPUCTANTMYECKUX MOPOJ B
BEPXHHX CJIOSAX 3eMJIM U BBIHOCOM MaTepHaia B 0CaJ0YHBIX [I0POJax, IEPEKPBIBAIOIINX PA3IIOMHBIE YIACTKU
(®ununmosa, 2023; Prinzhofer et al., 2019). B pe3ynbTare co BpeMeHeM Ha TaKMX PaBHUHHBIX TEPPUTOPHIX
¢dopmupyroTcs crienuduyeckue 3anaanHbl — TOMOrpaduyecku KpyroBble HETITyOOKHE MOHMKECHUSI Pa3HOTO
pasmepa (Jlapur u ap., 2010; CyxamoBa m np., 2020; Larin et al., 2015). B otnwume ot 3amanuH,
00pa30BaHHBIX BOAOW 0e3 BBIXOAA TIIYOMHHOTO BOJOPOAA, OHH HE TOBTOPSIOT OCOOEHHOCTH penbeda u
HUMEIOT MPAaBUIIBHO KPYTIyIo (hopmy. JlaHHBIE BOJAOPOIOMETPUH HA PAa3TIMYHBIX PA3JIOMHBIX TEPPUTOPUSX U Y
Pa3HbIX aBTOPOB IOKA3bIBAIOT, YTO MMITYJILCHBIM ITOTOK BOAOPOAA HAOJOAAETCS B TEUEHHE BCETO roaa, HO
caMmble HHTCHCUBHBIC BBIOPOCHI BOJOPOIJHOTO Tra3a IPOUCXONAT B ampeje-Mae M OKTsI0pe-HosOpe
(CeBopotkuH, 2002, 2013; IlepeBozuukoB, 2012). B 310 BpeMs BOJOpOAHbIE 3alaJuHbl B YEPHO3EMHOMN
30HE, KaK MpaBwiIo, 00BOAHEHBI. [T0YBBI B TakMX 3amaJudHaX HWCHBITHIBAIOT COBOKYIHOE JCHCTBHE JIBYX
HETaTUBHBIX (PaKTOPOB — IyJbCHPYIOLIEr0 MOTOKAa BOAOPOJAa M BPEMEHHOIO nepeyBiaxHeHus. I[loatomy
Halll OMBIT OBLI TMOCTaBJIEH MO CXEeME, MMUTHPYIOUIeH, B TEPBOM MNPUOIIKEHUH, PEKHUMBI, MOJ00HbBIE
peXMMaM BOJOPOAHBIX 3alaJMH C KPAaTKOBPEMEHHBIM HMITYJBCHBIM IOTOKOM BOJOPOAHOIO rasza depes
00BOIHEHHYIO MOYBY. Bomopox mpomyckancs kaxaple 3—4 nHsS B TeueHne 30 MUHYT, 3aT€M €MKOCTH
3aKpBIBAJIMCh HA 4yac. 10 €CTh MOJHOLEHHBIH KOHTAKT IOYBBI C BOAOPOIHBIM Ia30M OCYIIECTBIISUICA B
tedyenue 1,5 yacoB. OcTanbHOE BpeMs A0 CIEeIYIOLIEro akTa 00pad0OTKH eMKOCTH OBLUTH OTKPBITHL.

PesynbTarhl MO/IeIBHOTO OMBITa | M HAYAIBHOTO 3Tana MOJEIBHOTO OIbITa 2 ObUIM OIyOJIMKOBAHbBI
Hamu panee (Cyxanosa, Kuprommun, 2024). B ganpHeiimem onsiT 2 ObUI IPOJODKEH BO BPEMEHH, AaHHBIE
CTaTUCTUYECKN 00pabOTaHbl U B JJAHHOW CTAThe IIPUBECHBI B TIOJTHOM BHUJIC.

Benuunner mokazateneit OBII u pH mpencraBmensl Ha pucyHkax 2-5. [Insg cratuctuyeckoi
00pabOTKM JaHHBIX WCIONB30BAIM TPHUKIATHOW MareMmatudeckuii makeTr Microsoft Excel 2021, rme
MIPOBEICHO CpaBHEHHE BBHIOOPOK METOIOM KOpPOOYaTOil aAuMarpaMMbl M PacCUMTaHbl JJOBEPHUTEIILHBIE
WHTEPBaJIbl CpeTHUX. Pe3ynbTaThl pecTaBiIeHsl B MpHiIokeHnu (puc. 1-6, tadm. 1-2).

B xoHTposbHBIX BapuaHTax 0e3 MOTOKa BOJOpOAa B TeueHHWe 18 aHell mepBoro stama MpOMCXOAUT
3aKOHOMepHOe yMeHblleHne 3HaueHuid OBII, cBs3aHHOE, BO3MOXHO, C HOCTENIEHHBIM PAaCXOJ0BaHHEM
KHCIIOPOJIa B YCJIOBHUSAX 3aTOIJICHHS, U3MEHEHHUEM CTPYKTYpPhl MUKPOOHOTHI U 1p. (puc. 2 A). 31ech u nanee
Ha rpaduKax JaHHBIE MPEJICTABIICHBI KaK CpeJHee U3 TPEX MOBTOPHOCTEH OMbITA.

B Teuenune BTOpOro sTama (Iocie BBICYLIMBAHUS W HOBTOPHOTO 3aroruieHusi) BennuuHel OBII
OCTalOTCS TOCTOSHHBIMHU, AHAJIOTWYHBIMH 3HAa4eHMAM OKOHYaHus mnepBoro stama (puc. 2 b). Ilocme
CJIEYTOIEr0 aKkTa BRICYIIMBAaHUS M 3aTOIICHHUS B T€UEHHE 3 3Tana OHM BO3BPAIAIOTCS K 3HAYCHHUSAM Havaja
OTIBITA M OCTAIOTCS MPAKTUYECKH TAKOBBIMH JI0 KOoHLA (puc. 2 B).

3TAN 1. USMEHEHME OBM, KOHTPON A 3TAN 2. U3MEHEHME OB, KOHTPONb B 3TAN 3. U3MEHEHME OBN, KOHTPONL B
400 400 400
200 ‘Le—rj 200 200 PY
Q ° Q [\
g ® S ® -
g 0 ® o g 0 % o g9 * : 0
Q Q E
© 200 % 200 0 -200
-400 -400 -400
-600 -600 -600
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
AHU > AHU » AHU »

Pucynox 2. Nzmenenue Bennuudbl OBII mouBbl B KOHTPOJBHOM BapuaHTe (0€3 MOTOKa BOIOPOJIA)
MozenbHoro omnbita 2 (A — 1 atan, b — 2 sram, B — 3 stamn).
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B BapmanTax ¢ BOJOpONOM cpa3y IOcie Hayalla ero MpoIyckaHus (B XoJie TEpBOrO dTara)

OKHCIIUTEIbHO-BOCCTAHOBUTENFHBIA MOTeHNHAN pe3ko cHmkaeTcs (-500 mMB, Ha pucynke 3 A mokaszaHo
KPECTHKaMH), a K CICAYIIIEMy aKTy MPOIyCKaHHus 4epe3 2—3 JHS ero BEJIMYMHA YBEIWYMBACTCS, HO HE

JIOCTUTaeT UCXOAHBIX 3HAYCHMI (HOKaSaHO TprFOHBHHKaMH) HaydaJia OIIbITa.

3TAN 1. USMEHEHME OBN, OEPABOTKA 5 3TAN 2. USMEHEHME OBI, OBPAEOTKA g 3TAN 3. U3MEHEHME OB, OGPABOTKA ¢
BOAOPOAOM BOAOPOAOM BOAOPOAOM
400 400 400
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) 200 YD . 200 : 200 LI N
2 A A, : B A A
c L) c A g
& B A A A * A A Xﬁt B
° -200 ° -200 X % X b, O 200
K X
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600 X|x £ -600 -600
(] 5 10 15 20 0 5 10 15 20 0 5 10 15 20
OHY > AHU » OHU >

Pucynoxk 3. Uzmenenne Benuunnbl OBII B BapuaHTe ¢ npormyckaHHeM BOAOPOJa B MOJIETHHOM OTIbITE
2 (A — 1 oram, b — 2 stan, B — 3 atam). Kpectukamu mokaszaHbl 3Ha4eHUS, H3MEPEHHBIC Cpa3y IOCIe
00pabOTKH BOJOPOJIOM, TPEYTrOJILHUKAMHU — 710 00pabOTKH.

Pesynprar Broporo 3tana BapuaHTa ¢ BOJOPOJOM IOCIIE BBICYLIMBAHUS U MTOCIEIYIOLIETO 3aTOIICHUS
mokasbeiBaeT uHyto kaptuny (puc. 3 b). Ilocie mpomyckanus Bomopoaa Benmmuuna OBII mo cpaBHeHHIo ¢
MIEPBBIM ITANOM CHUKAETCS, HO HE3HAUNTENIBHO U MaJlo MeHsAeTcsl BO BpeMeHH. KpoMe Toro, pa3mMax ckaukoB
3aaueHnit OBII (10 mpomyckaHus U Mociie IPOMyCKaHu!s) HEBETHK.

B teuenme Tperhero srama, Tak ke, Kak M B IepBOM, HaOmromaercss peskoe cHmwxenne OBII mpu
MPOIYCKAaHUH BOJOPOAA Yepe3 MOUBY U 3HAUMTEIBHBIN pa3Max KojeOaHui ero 3HaUeHUH «I0 MPOMYCKaHMsD»
U «I10cqie IpormycKanus» (puc. 3 B).

B wurore, ouenuas xon nzmeHenus BennuuHel OBII B BapuaHTax ¢ BOIOPOJOM B TEUEHUE BCEX TPEX
3TaroB OIbITa, MO)XHO OTMETHTH, YTO TOYBA B MOMEHT IMPOXOXACHUS BOJOPOJA MEHSET CBOM pEeXHM Ha
pe3ko BoccTaHOBHUTENbHBIN. Takue Huskume 3HaueHuss OBIT B mouBax ecTecTBeHHBIX JaHIIIA()TOB BHE
TEpPPUTOPUI BOJOPOAHOM Jerasaunuy, Kak mpaBuio, He BcTpedatorcsi (OpnoB u ap., 2005). Ilocne
MpeKpaleHns BO3ACHCTBUS BOAOPOJA BEJIMYMHA OKHCIMTEIbHO-BOCCTAHOBHTEIBHOTO IOTEHLMANA
MIOCTETIEHHO yBEJIMYMBACTCS, HO HE BCET/AA JOCTUTAET MPEABIAYIIEro 3HaueHUsI. DTO MOBTOPSAETCS MOYTH IPU
KaX/I0M aKkTe 00pabOTKU BOZOPOAOM.

[Ipu oueHKe JOCTOBEPHOCTH PE3YIHTATOB 10 KOHEUHBIM TOYKAM M3MEPEHHUI B Ka)KJOM 3Tarle OIbITa
MOXHO YBEPEHHO IOJIaraTh, 9TO BOJOPOJl OCTABIISIET HEKOTOPHIN CiIeN B MOYBE (IpUIIOKEHHE: puc. 1-3,
Tab61. 2). OcoO6eHHO 3TO MPOSABISETCA B TEUEHNUE BTOPOTO U TPETHETO ITATIOB.

B 10 %€ BpeMs1, OKHCIUTEIbHO-BOCCTAHOBUTEIbHBINA MOTEHIMAN IT0YBbI B YCIIOBHUSX IepEyBIaKHEHUS
0e3 MoToKa BOAOPOJa MEHSETCS BO BPEMEHH HE CTONIb 3HauuTedabHO, Ha 200 MB 3a 20 nHeil B TeueHune
MIEPBOTO ATama, ¥ MPaKTHYECKH HEe MEHAETCS B TeUeHHE 2 U 3 3TaroB.

3Ha4YeHUs aKTyaJbHOM KUCIOTHOCTH (YUUTHIBasi TOYHOCTh METOAA U3MEPEHUS) B KOHTPOJILHON ITOYBE
B TEUEHHE KAXKIOr0 OTAEIBHOIO 3Tana MPaKTUYECKH IOCTOSIHHBI, HO 3aMETHO MEHSIOTCA TpU CMEHE
THUAPOJIOTHIecKoro pexuma (puc. 4 A, b, B).

3TAN 1. U3MEHEHME pH, KOHTPONb A ITAN 2. UBMEHEHME pH, KOHTPONb B 3TAN 3. USMEHEHME pH, KOHTPONb B
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Pucynok 4. VIameHenne BenmuuuHbI pH TIOYBBI B KOHTPOJIEHOM BapuaHTe (0e3 MOTOKa BOJOPOJA)
MozenbpHoro onbita 2 (A — 1 atam, b — 2 atam, B — 3 atam).
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B BapuaHTax ¢ TOKOM BOJOpOJia 3HAYCHHUST BETHYUHBI PH MOYBBI OKa3bIBAIOTCS BBIIIE KOHTPOJIHHBIX.
[Tpuyem 3TO OTMeUaeTcsi Ha MPOTSDKEHUU BCEX TpeX ATamnoB onbiTa. OHaKo pa3max kojebanuii BennunH pH
10 ¥ mocie o0pabOTKM BOAOPOAOM (pUC. 5) HE3HaYMM IO CPaBHEHHUIO C Pa3MaxOM TaKOBBIX KOJIeOaHUHU
BenuunH OBII. Ecim cpaBHMBaTh ¢ KOHTPOJBHBIMH BapHaHTaMH, 00pa0OTKa BOAOPOIOM CTaOHMIIBLHO
YBENIMYMBACT BeNMUUHY pH, KOTOpass TOJNBKO WHOTA HE BO3BpAIAcTCs K MPEIbIAYIIeMY 3HAYCHUIO
(mpunoxkenwme: puc. 4, 5, 6; Tadn.1, 2).

AR “3“":"5":5 $H OEGAECIRR 3TAN 2. U3MEHEHME pH, OPAEOTKA | 3TAN 3. U3MEHEHME pH, OSPAEOTKA
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Pucynok 5. N3menenue BenuuuHbl pH B BapuaHTe ¢ NPOIyCKaHUEM BOAOPOJAa B MOJEIBHOM
ombiTe 2 (A — 1 srtam, b — 2 sran, B — 3 stam). Kpectukamu nokasansl 3Ha4eHHS, U3MEPEHHBIE CPasy MocIe
00pabOTKH BOJOPOOM, TPEYTOIEHUKAMHU — 0 00PaOOTKH.

B menom cnemyer oTMETHTh OOJBITYI0 M3MEHYHMBOCTh BENMWYHHBI mokasareneid OBII u axtyampHON
KHCJIOTHOCTH B BapHaHTax C BOAOPOIOM B XOJ€ BCEX TpeX J3TamoB. Takas AWHAMUYHAs KapTUHA €CTh
pe3ysbTaT ACHUCTBUS (haKTOPOB BPEMEHHOI'O M30BITOUHOTO IMEPEYBIaKHEHUS, IMOTOKA BOAOPOJa M CMEHBI
THJIPOJIOTHYECKOTO PEKUMA. B COOTBETCTBUY € T€ONOTMUECKUMH 0COOCHHOCTSIMHU 3€MHOM JieTa3alii MOXKHO
nojlaraTb, YTO TAKOM pE3KO MYJIbCUPYIOIIMH PEXHUM IOKa3aTeled HM3MEHEHHS OKHCIHUTENIbHO-
BOCCTAHOBUTEJIBHBIX YCJIOBUI HaOMIOAAaeTcsi M B HATYPHBIX YCIOBHSIX BOJOPOAHBIX 3amaguH. Peskoe
camkenne OBIl mpu mocrymiueHnr OONBIIMX —KOJNWYECTB Ta3000pa3HOrO BOAOpOJa B IOYBY
CBHJIETENILCTBYET O TOM, YTO B €€ Teje MOSBISIOTCA aKTUBHbIE (GOpMBI Bomopona. MexaHM3M TakKoro
MIPEBPALLEHNS] MOXHO, I0Ka TUIIOTETUYECKH, pACCMaTPUBaTh, ONUPAsCh HA MHOTOYHCIICHHBIE JINTEPaTyPHBIE
JaHHBIC CMCKHBIX HAYK.

Boaopoa mpoxoaut depe3 Bce Marepuaibl U 00JiafaeT BhICOKOHM UM Y3MOHHON CHOCOOHOCTBIO HE
TOJILKO B TOPUCTBIX WJIM aMOp(HBIX, HO U B TBEPIBIX Cpelax C BBIPAKEHHOH B TOH WM MHOM CTENeHH
KPUCTAJTMUECKON PElIeTKOW, TAKMX KaK METaJIbI, CTEKJIO, MUHEpaIlbl, TOpHBIE Topoakl 1 Ap. (Bomopon B
meramwtax, 1981; JlepmryHoBa, 1982, 1994; Komapor, 1990; Kamues, 2005; Sumnxuii, 2005). B
KPUCTANIMYECKON pEeLIeTKE TBEPIABIX TeJI OCHOBHOW MexaHu3M auddy3un Boaopoaa MeXIOy3eJbHBIN.
Mogens 3TOro mpouecca B YIPOIIEHHOM BHIE MOXKHO NPEACTaBUTH CIIEAYIOIINM oOpa3zoM. Morekyia
BOJIOPOJIa Ha MOBEPXHOCTH JTUCCOIMHUPYET, aTOMAPHBIH BOJOPOJ MPEOA0JIEBACT YHEPTEeTHUECKH Oapbep U
muddyHaupyer B o0beM MeTalula, TEpsieT €IMHCTBEHHBIH UIEKTPOH U CYIIECTBYET B BUAE HPOTOHA C
HCKJIIOUUTEIBHO BBHICOKON MOJBMKHOCTBIO B KpHCTAIUIMYECKOH pemierke. [loBeneHne Bogopona 3aBUCUT He
TOJIKO OT BHEINHUX (aKTOPOB, HO M OT COCTOSIHUS pemieTKH. B ciydae o0beMHBIX Je(EeKTOB pelieTKH,
HalpUMep HaJIMYMsl HAHOTPEIIMHBI, MPOTOH BXOJAS B €€ TNPOCTPAaHCTBO JHOO Moym3yercss (Torma B
pe3yJabTaTe B TpEIIMHE MOXKET HAKaIIMBATHCS BOAOPOAHBINA ra3), TMOO MOXKET C YeM-TO MPOpearupoBaTh.
OObeauHEeHNE NMPOTOHA B MOJIEKYJY B Je(eKTaX KPHCTAIIMYECKOH PEIISTKH MOXKET CO3/1aBaTh JaBJICHUE,
MPUBOJIS K OXPYIUMBAHHIO U PA3pYLICHUIO Marepuana. [ eo’orn HEOJHOKPATHO yKa3bIBAIM Ha M3MEHEHHE
(U3MUECKUX CBOICTB U Ja’ke HAa HEOOBIYHOE pa3pyLICHUE TOPHBIX NOPOA (TPaHUTOB, TPAHUTOTHEHCOB) TaM,
rae HaONIoJarTcsl MOTOKM BOAOpoAa. B pesynbraTe HU3KOIHEPreTHYECKOTO BO3ACHCTBHS B TBEPAOM
CKeJIeTe MUHEPAIOB 00pa3yIoTCs TOJIsI HANPSHKEHUH, CTPYKTYPHBIE MEePECTPONKH, TEKCTYphI JedopManui,
pa3BuBaeTcsl 001asi MOPUCTOCTh. B mabopaTopHbIX SKCHEPUMEHTAaX NMPH MMIUIAHTALUH BOIOpOoJa (OJIUBHH,
MUPOKCEH, KBAapLUT U JIp.) MMOKa3aHo (OpMUPOBAHUE JOMOIHUTENBHONW HOPUCTOCTH PA3IUYHOIO paanyca C
BBICOKMM BHYTPEHHHUM JaBJICHUEM Ta3a, MPUBOSIINM K 00pa3oBaHuio TpeniuH Bokpyr mop (I'ydensa u ap.,
1998; 3aBoaunckuii u 1p., 2004; 'nuaenxo, 2005; I'ybensa, 2007, 2012). B padote JleiryHoBoii (1982) Ha
MOJICJIBHBIX OIBITAaX MMOKa3aHO aKTUBHOE BXOXAEHHE BOJOPOJAa B CTPYKTYpPy KapOOHATHBIX MHUHEpAJOB, B
pe3ybTaTe Yero MeHsJINCh UX MEXaHUYECKHE CBOMCTBA, TAKKE KaK MPOYHOCTH H Jp.
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XOpoI10 M3BECTHBI MPEBpPAILEHUST MOJIEKYJISIPHOTO BOJIOPOJia MIPU BCTPEUYE C KMBOM COCTaBJISAIOIIECH
mouBbl. Bomopox — 3TO ULEHHBI CTPOWUTENBHBIM JIIEMEHT M MHKPOOHWOTHI, MO3TOMY MPHPOJa
chopmupoBana cucteMy (EepMEHTOB AJIsl TIEpeBOJa MOJEKYJISIPHOTO BOJIOPOJa B AKTUBHYIO M JIOCTYIHYIO
i motpednenus ¢popmy. HenaBHue uccieoBaHus YHOPSJIOUYHIN U KIaCCU(DUIIUPOBAIH HECKOJIBKO THICSIY
ruaporenas3 (Greening et al., 2016; Liu et al., 2023). Oun ObUIH W3BIIEYEHBI U3 BCEX THIIOB CyOCTpaTOB
OKpy)Xaromieit cpensl. HekoTopble ydeHple TOJaralOT, YTO TMPU NOTPEOJICHWH aKTUBHOTO BOJOPOJA
MUKpPOOUOTOH BO3MOXHBI TOTEPH, HE HCKIIOYas €ro KpaTKOBPEMEHHOTO TPUCYTCTBUS BOJIM3H
OakrepuanbHOit KieTkn (Kanuser, 1970).

KpoMme Toro, s3kcrnepuMEHTAIIBHO IOKA3aHO, YTO MPH HACBHILEHWW OYMILEHHOW BOIBI BOAOPOIOM
MEHSETCS €€ OKUCIINTEIIbHO-BOCCTAHOBUTEIBHBIN MOTESHIMAN JI0 KpaliHe HU3Kkux 3HaueHuit (-500 — -700 MB);
BOJa TMpPH D3TOM MNPHOOpETaeT WHBIE CBOWCTBA. OTOT THpoLecc He OBICTPBIA, TaKol NOTeHLMA
YCTaHABJIMBAETCA TOJBKO YEPE3 CYTKH IIPU HENMPEPHIBHOM KOHTAaKTE BOAOPOJA U BOABL, IPU 3TOM BEJIMYMHA
pH we wmensercs (Iluckaper um ap., 2010). Ha ocHoBaHMM KIacTEpHON MOJAEIH CTPYKTYpPBHI BOJBI,
npeminoxennoi .M. ®penkenem (1975), momararor, 4YTO B KjacTepax 3a CU€T KOOICPATHBHBIX
B3aMIMOJCHCTBUN MEXAY BOAOPOIHBIMHU CBS3SIMH MOXET MPOUCXOAUTH MHUTPAITUS TTPOTOHA 110 ACTAPETHOMY
MEXaHU3MY, MPUBOIAIIAS K JEJIOKAIM3alUU €ro B mpeaenax kiaactepa. To ecTb cucTteMa «4ucTas BoJa —
BOJIOpPOI» C TEYCHHUEM BPEMEHHU MPHOOpETaeT BOCCTAHOBUTENbHBIE cBoiicTBa. [Ipomie roBops, B Takoi
CHUCTEME BO3HUKAIOT CBOOOJHO MHUTPHUPYIOIINE MPOTOHBI U AIIEKTPoHEI. KoHewHo, 3T0 B umcToi Boze. s
PacTBOPOB, OCOOEHHO TaKWX CIIOKHBIX KaK TIOYBEHHBIE, KAPTHHA Ha TIOPSIIOK CI0XKHEE, HO BCE-TAKW U B HAX
HEJIB3S UCKITI0YATh TpaHc(HOpMAIIHIO MOJIEKYISIPHOTO BOIOPO/Ia B aKTUBHBIE (POPMBL.

Takum o00pa3oM, Ha OCHOBAaHUM OOIIMPHBIX HAYYHBIX JAHHBIX O TMOBEICHUH MOJICKYJISIPHOTO
BOJOPOAA B pa3HbIX Cpelax, MONYYEHHBIX B IOCICIHEE BPEMS, MOXKHO OTMETUTh, YTO MOJIEKYJISIPHBIN
BOJOPOJ B MHOTOKOMIIOHCHTHOW, MHOTO(a3HOW U JAMHAMUYHOW IIOYBEHHOW Cpele MOXKET IIoJ
BO3JICHCTBHEM Pa3IMYHBIX (PAKTOPOB MEHATH CBOIO aKTUBHOCTh OT MHEPTHOM MOJICKYJIBI IO OYCHb aKTHBHBIX
aToMa u mpoToHa. [IpoToH crocobeH MPOoXoauTh Yepe3 KPUCTAUINIECKIE PEHIeTKH, HapUMep, MUHEPAIOB
B IOOBIX yCIOBHSIX. BBIXONS W3 PEHmIETKH Ha MOBEPXHOCTh, Yepe3 HECKOJIBKO NECATHIX IOJEeH CEKYHIbI
MPOTOHBI OOBEIUHAIOTCA B MOJIGKYly. Eciii Ha TIyTH BOJOpOAa B MOMEHT BBIJICICHUS OKAXKETCA
MOJIXO/IAIIAsT MOJIEKYJIa IPYTOTO BEIIECTBa, TO JayKe J0JIeH CEeKYH/IbI I0CTaTOYHO, YTOOBI IPOPEarupoBaTh C
Hel. He uckItoueHo, 4TO aHAJIOrMYHBINA MPOLECC MOXKET NPOUCXOAUTh IPH MPEBPALICHUN MOJEKYJISIPHOTO
BOJIOpPOJIa B €r0 aKTUBHBIC (DOPMBI MOCPEJICTBOM BHEKOPHEBOW T'MJIPOT€HA3bl — JIMOO OH YTHIIM3MPYETCS
MUKPOOHOM KIIETKOMH, THO0 MOJIM3yeTcsl, THOO ¢ 4eM-TO BCTYNAET B XUMHUYECKYIO CBSI3b.

Kpome Toro, uzBecTHo, yTO pallOHBI J€ra3allid — 3TO PAMOHBI C MOBBILIEHHON CEHCMUYHOCTBIO U C
TEKTOHHYECKUMHU HapyIIeHHsMU. Ha 3THX TeppuTOpHSIX TOBBIINICH pPaHOaKTUBHBIA (OH, HAOIIOMAIOTCS
aHOMaJIbHBIE M3MEHEHHsI TPABUTALMOHHOTO M 3JEKTPOMAarHUTHOTO Mojiell. MHoOrosieTHee H3y4YeHHE 30H
IYOMHHBIX PAa3JIOMOB II0Ka3ajo, YTO B 3THX YCIOBHSIX HEKOTOpPHIE W3 HHUX SBIAIOTCS T€HEpPaTopaMu
BUXPEBBIX IMOTOKOB HWOHHU3UPOBAHHBIX YACTUL M HU3KOYACTOTHOIO 3JIEKTPOMATHUTHOTO W3IYUYEHUSs,
MIPOHUKAIONIMX W3 HeAp 3eMJIM BBICOKO B aTMocdepy U peructpupyembix co criyTHukoB (Cepreesa u jp.,
2004; Dkomorus yenoseka ..., 2006; JloceBa u np., 2009; Kytunos, Yuctosa, 2012). B atux ycmoBusax
HEJb3s UCKIIFOYATh TOSBICHHE aKTUBHBIX ()OpM BOJIOPOIa U B TIOUBE. TakuM 00pa3oM, MOXKHO TIOJIaraTh, 4TO
BOJIOPOJI B YCJIOBHUAX €r0 M30BITOYHOTO IMOTOKA U3 PA3JIOMHBIX 30H 3eMJIH, PEBPAIasCh B aKTHBHbBIC (POPMBI
B MHOTOKOMITOHEHTHOW IIOYBEHHOW CpeJie, BBICTyIAeT KaK CHJIBHBIH BOCCTAaHOBUTENb, B pPE3yJIbTATE
CBOMCTBa TmOuBBl MOTYT 3HauumMo MeHsaThcs. I[lo Mmuenuo W.C. KaypuueBa u J.C. Opinopa
(1982) koHTpacTHOE TPOSIBIICHUE OKUCIHTEIHHO-BOCCTAHOBUTEIBHBIX MPOIIECCOB B IIOYBAX MPUBOJIUT K
BO3HUKHOBEHHIO COBOKYITHOCTH SIBJICHUH, OTPa)KalOIIMX OCHOBY IJIEEBOTO Tporiecca. ITo GopMHUpOBaHUE
CHEeNM(UUECKOT0 COCTaBa OPraHMYECKOTO BEIIECTBA, Pa3pyIICHUE YCTOMUMBBLIX COCTUHEHUN MUHEPAITBHON
YacTH TOYBBI, 00pa30BaHHE BOJOPACTBOPHUMBIX OPraHOMHHEPAIBHBIX COCIWHEHHH M WX MUTPAIUU T10
MMOYBEeHHOMY TMpoduiro. BoccTaHOBHTENBHBIE MPOIECCH CHOCOOCTBYIOT 3aMEMJICHHOMY IIPEBPAIEHUIO
pacCTUTEIbHBIX OCTATKOB, OOpa30BaHUIO HawOoOJiee IIOABMIKHBIX M aKTHBHBIX ()OpPM OPraHH4eCcKOro
BellecTBa. B MMoYBe MOTYT HaKalUIMBAaThCS, KPOME TaK Ha3bIBAEMBIX (DYJIIEBOKHCIOT, HU3KOMOIEKYIISIPHBIC
OpPraHUYECKUE KHUCIIOTHI, MONU(EHObI U UX MPOU3BOHBIC C MOBBIIICHHON MUIPAIMOHHOM CIIOCOOHOCTHIO.
[Ipu mmMTensHOM HAKOIUICHWH TaKUX BEIIECTB B TEJIC MOYBBI BEIMUMHA MTOKa3aTelss pH modYBHI B pe3ybTaTe
pe3ko cHmxkaercs. Kpome Toro, mocTostHHOE MOCTYIUIEHUE B IMOYBY OPTaHUYECKUX BEIIECTB C KUCIOTHBIMU
CBOWCTBAMU MOXKET NPUBOOUTH K TpaHcpopmammu coenuHenudd Fe, Al, Mn wu3 ycTOHYMBBIX
TPYAHOPACTBOPUMBIX (hopM B Gosee MmoounbHbIe (Kaypuues, Opios, 1982)

MoaenabHblii onbIT 3 OBUT IOCTABJICH C IENBI0 OICHKH BIWSHUS IIUTEIHFHOTO MOTOKA BOIOpOAa Ha
OpraHUYeCcKOE BEIIECTBO MOYB. [[0YBEHHBIN r'yMyc, Kak U3BECTHO, IHEPreTUUECKH JTOCTATOYHO YCTOMYMBOE
COeIWHEHNEe, a BOJOPOAHBIN Ta3 OBICTPO MHUIPHUPYET OT MECTa CBOETO MOsBIEHUSA. KpaTkoBpeMeHHBIH
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KOHTaKkT IIOTOKa BOAOPOJA C IIOYBOM MOXKET HE IOKa3aTh BUAMMOIO HAIIMMH METOJAMM pPE3yJIbTata.
[loaToMy OmBIT TMOCTaBIEH TaK, YTOOBI TOYBAa B COCYAaX MPAKTHYECKH IMOCTOSIHHO KOHTAKTHpOBAla C
BOOPOJIOM. UTOOBI 00ECTIEUUTh TaKUE YCIOBHSI, BOAOPOI MPOIYCKAIICS Kbl ICHb B TEUCHUE 8 4acoB, a
3aTeM KOJIOBl Ha HOYb 3aKpBIBAJIHCH CTEKISIHHOW MpoOKoil. B KoHTpossHOM Bapuante 0e3 BoJOpoAa depes
CYTKH TIOCIIE Hadaja OIbITa HAOIIOJAIOCh CHIDKCHHE 3HAYEHUH OKHCIHTEIHHO-BOCCTAHOBHTEIHHOTO
notennuana Ha 100, a B BapuanTe ¢ mpomyckanueMm Bogopoxa Ha 800 mB. Koneuno, ero comepkanue B
COCyZie B TEUEHUE CYTOK COXPAaHUTHb IMOCTOSHHBIM HE MPEACTaBIAETCS BO3MOXKHBIM, Kakas-TO €ro 4acTh CO
BpemMeHeM TepsieTcs. OmHaKO TOYBAa B TEUYEHHWE BCETO OIBITa HAXOJWIACh B Cpe/le C TOBBINIEHHON
KOHIICHTpaIliel Ta3000pa3HOro BOIOpOAa, IMO3TOMY 3HadeHWe mokasarens OBII mouB ocraBammch
TaKOBBIMH C HE3HAUYUMBbIMH KoJjieOaHusaMu (+ 30 MB) B TedueHHe BCEero mepuoja OMbITa, IPH 3TOM 3HAYCHUS
pH nocTenenHo yBenuuuBamuce ot 5,64 B Havasne u 10 6,15 B KOHIIE OMBITA.

[locrme okoHUaHMS JKCIEpUMEHTa M3 MPOO MOYB MOJAETHHOTO SKCIIEPHMEHTa OBUIM BBIJIEIEHBI
npenapatsl ['K mo crangapthoit metoauke (III — o6paboTka Bomopoaom u IV konTpons) u mpenapatsl ['K
U3 MouB, cOPMHUPOBAHHBIX B BojopoxaHoii 3anaaune (II), u Ha TeppuTopHH, OKpyKarouiei 3anaguay Oe3
Bogopoza (I — don). Bo Bcex mpemaparax ryMHHOBBIX KUCIIOT OIPEIEIeHa 30JIbHOCTh U DIIEMEHTHBIN COCTaB
(Tabm. 1).

Tabauua 1
OneMeHTHBINH cocTaB MpenapaTtoB ryMUHOBBIX KucaoT (I'K) nccnenoBanHbIX OYB
CojiepxaHue Ha Cyxoe 6e330JIbHOE BEIECTBO
IIpo6a* 3oumb- MaccoBas nois, % ATOMHBIE IIPOLEHTHI Atomibie CreneHb Apomartuy-
HoCTh OTHOIICHAA OKHCJIEHUS HOCTb Cas Cap
CIH]J] O[N] CJHTJOJ[NJHC]OC] CN
HatusHble yciioBus
1I 1,35 53,0 |1 43 (396 |32 389|372 21,8 20109 | 056 | 19,5 0,17 68,2 0,82 38,1
I 1,27 | 542 1391374145 ] 4071353 ]21,1 129]087]052]| 14,0 0,17 68,1 0,73 40,0
MoyenbHbIH OnbIT 3
v 3,28 53,5 13,6 [396 | 34| 41,6[331 231221079056 189 0,32 72,4 0,72 40,9
111 1,52 | 544 | 351394 |27 | 426|325 ]231]| 18] 0,76 | 0,54 | 23,7 0,32 74,3 0,69 41,0

[Ipumeuanue.
* [louBeHHBIE TTPOOBI, 0TOOpaHHBIE B HATUBHBIX (I — 3amaamHa ¢ motokoM Bojopoxa (Hz), II — ¢pon 6e3 Beixoma
H) u momenpubx (111 — ¢ mpomryckanmem H,, IV — xoHTpoOns 6e3 motoka H») ycnoBusx.

Ha ocHoBaHMM pe3ynbTaToB 3JI€MEHTHOTO COCTaBa MOKA3aHO, YTO B YCIOBHUSIX MOJEIHHOTO OIBITA B
COCTaB€ TYMHHOBBIX KHCJIOT YEPHO3EMHBIX II0YB, TOJBEPTAIONINXCS BIHSHUIO BOJOPOJAA, MPOUCXOJAT
CIIeyIOINe U3MEHEHUs: o0yTriepokuBanue, cHmkeHrne oTHomenns H:C. DTo yka3piBaeT Ha yMEHBIICHUE
nonu anudarndeckux nenovek B ['K, u, B pe3ynprare, yBenuueHue cTeneHn ee apoMaTuyHocT (tadi. 1). To
€CTh B YCJIOBHAX BOJIOPOJHOTO (PIIFOMa B MOYBAX, BEPOSATHO, MPOUCXOAUT TpaHCHOpPMAIUI TyMyca IyTeM
ormeruieHus: anudarndeckux GparmentoB ['K. Te ke 3akOHOMEPHOCTH HAOIIOAAOTCS U B €CTECTBEHHBIX
yCIOBUSIX Mapbl «(poH — 3anaauHay. ' yMHUHOBBIE KUCIOTHI B Ipo0ax, 0TOOpaHHBIX B BOJOPOIHON 3amajyHe,
o cpaBHeHuto ¢ ['K mouB okpyxaroreit Tepputopuu, 6oiee 00yTIEpOKEHBI U CTEIIEHb apOMAaTHYHOCTH B
HUX BBINIE. B €CTECTBEHHBIX YCIOBUAX 10 CPAaBHEHUIO C MOAEIHHBIM OIBITOM 3TH PAa3IHYUs TPOSBISIOTCS
sp4e, T.e. BOJIOPOJ] YCHIIMBAET JieiicTBhe (akTopa nepeypiaxkHeHus. He BaaBasch riryOoKo B cloXHeUIme
OMOXMMHUYECKHE MEXaHM3Mbl MOYBEHHBIX TMIPOIECCOB, MOXKHO TojlaraTth, 4YTO JeiicTBHe akTopa
NepeyBIaXHEHUS PEAM3yeTCsl B pe3ysbTaTe MOCTENEHHOH yOBUTM KHCJIOpOJa W3 MOYBEHHOM Macchl, a
JieiicTBUE BOJOPOJHOTO (PakTopa 3a CUET MOCTYIJICHHS B TEJIO IMOYBBI CHIIBHOT'O BOCCTAHOBHTEIIS.

Jl1 moATBEPKACHHSI 3TOTO pe3yJibTaTa Oblla OCYIIECTBIIEHA PETUCTPANN KOIHYECTBEHHBIX CIIEKTPOB
"H IMP u 13C SIMP Tex xe uerbipex npenaparos I'K mous, oro6panHbIX B HaTMBHBIX (3anaauna I u ¢pow 1)
Y MOJIENTbHBIX (C HackimeHneM BoaopoaoM III u 6e3 Bogopona V) ycnoBusix. [lockonbky npeamnonaraercs,
yro oOpazerr ['K m3 mouBBl 3amafuHbl B HATMBHBIX ycioBuAx (I) moaeeprancss BIMAHWIO BOAOpPOAA,
BBIXOJISIIIIETO W3 HeAp 3eMild, TO ero oTinuuus oT (oHoBoro HatwBHOro odOpasma (II) momkHbBI OBITH
AHAJIOTUYHBI OTINYUAM o00pasma, odpaboranHoro Bogoponom (II), ot xorrponsHOro (IV) B MomensHOM
OTIBITE.

Ha pucynkax 6 u 7 npencrasnensl crektpel SIMP 'H Bcex mnpemapatoB I'K, monydenusie B
WUIEHTUYHBIX KOJMYECTBEHHBIX YCIOBUSIX PETUCTPALMH CIIEKTPOB.
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Pucynok 6. 'H SIMP cnektpbl TymMunOBbIX KucaoT (I'K) 4epHO3eMa OGBIKHOBEHHOTO B HATHBHBIX
ycinoBusx (A — 3amaauHa ¢ MOTOKOM BoJIopona, b — ¢on 6e3 Brixoa Bogopo/a).

W W

A /ly "V '

w \

{

W VI

[ / | ’\ v

;] W ,
we o = B m— = = S

Pucynox 7. 'H SIMP cnextpsl 'K 4epHO3eMa OOBIKHOBEHHOTO B MOJIEILHOM oOmbiTe 3 (A — ¢
MPOIyCKaHHEM BoJopoaa, b — koHTponb 0e3 moToka Bogopoaa).

KauecTBeHHBIE WX OTJIMYHUS COCTOSAT B clieayionieM. B BeicokodacToTHOM oOnactu crektpa 'K
HatuBHBIX To4B 3anmaamebl (I) m ¢ona (II) mpucyrcTByer cmalwiii curHan B oOxacth 8,36 M.1.,
WHTEHCHUBHOCTh KOTOPOTO OJMHAKOBO pe3Ko Bo3pactaeT B cuekrpax 'K mpod moaensHOro ombita (111, IV).
[MpuunHbl yBenWYEHUST WHTCHCUBHOCTH CHTHajla B OTOW 0OJACTH OTHOCATCS K CIIOPHBIM BOIpPOCaM
(CremanoB u ap., 1997). B namem ciay4ae 3TO MOXHO OTHECTH, BEPOATHO, K Pe3yibTaTy UINTEIHHOTO
HENPEPHIBHOTO NpeObIBaHUS NMPOO B YCIOBHSAX MEPEYBIAKHEHUS B MOJIEIBHOM OIBITE B OTIMYHE OT
HaTUBHBIX ycioBuid. B cnektpe I'K mouBsl 3 Bonopoanoii 3anaauus (I) curnan CHs-rpynn B y-monoxeHuu
JIMHEHHOHN IIeNM OTHOCUTENLHO Jr000oro (parmenra, nHoro yem CH,, B oOmactu crekrpa oxono 0,9 m.n.
UMeeT HanOOoJIBIIYIO MMKOBYIO MHTEHCUBHOCTb, TorAa Kak B ciekTpe 'K u3 ocranbHbeix 00pasuoB nous (II-
IV) nan6onee narencusen curHan CH,-rpynn anudarndeckux neneir. Kpome toro, B criektpe I'K moussr u3
BogopoaHo# 3ananuusl (1) B ormuaue ot I'K 3 ocranpabx 00pasnos nous (II-1V) meHee BbipakeH curHan
anmu¢arnyeckux npotoHoB CH-, CH,-, CHs-rpynn B 0-mosioskeHUH K atroMy Kuciopoia B oOmactu 3,0—4,2
Mm.A. CieayeT 3aMEeTHTh, UYTO 4 OTACJbHBIX CHTHaja B obmactu 1,2-2,5 m.a. B oOpasie (JOHOBOM HATUBHOM
nmoussl (II), a Taxke u npod mous moaenbHOro omeita (111, IV) uMeror Gosee YeTKyO CTPYKTYpY, YeM B 1.
Bce 31tu akThl CBUIETENBCTBYIOT 0 OOJbIIEM pa3HOOOpa3uu (parMEeHTHOTO COCTaBa MPOTOHCOIAECPIKAIINX
rpynn B 'K mouBsl BomoponHoii 3amaauubl (I) B HATUBHBIX YCIOBHSIX OTHOCHTEIBHO BCEX OCTAIBHBIX
00pasIoB.

Pe3ynbTaThl KOJMYECTBEHHOTO aHanu3a crektpoB SIMP 'H mpencrasnens B Tabnuie 2, B KOTOPOH
JaHbl MHTerpajbHble MHTeHcuBHOcTH (MU), XapakTepusyromue OTHOCHTEIBHOE COJEepKaHHE aTOMOB
Bojiopoja B apomaruyeckux ¢parmentax CapH (6—10 m.n.), amudarnueckux OCankHn (= 3,04,5 m.1.),
amudaruaeckux rpymn CankH (= 0,8-3 m.a.) u rpymm y-CHs mumHHBIX ankwibHBIX mened (< 1,0 m.m.).
Crenyer OTMETHTH, UTO JEIEHHUE CIIEKTPa Ha 00JACTH OCYIIECTBISUIOCH HE MO0 (PMKCHPOBAHHBIM 3HAUCHUSIM
XUMHYECKUX CIOBUTOB 'H, a MO MHHUMyMaM MEXIy OTJAEIbHBIMA CHTHANAMHM B JIOCTATOYHO IUIABHOM
orubaromeii CrexTpa.
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Tabnuua 2

CopeprkaHre pa3IUIHBIX MOJIEKYISIPHBIX (PparMEeHTOB TYMHUHOBBIX KHCIIOT U3 WHTETPAITBHBIX
MHTEHCHBHOCTEH CUTHAJIOB B MX criekTpax SIMP 'H

Copneprxanne (pparMeHToB, %

Obpasen CapH | OCamxH |  CanmkH | CH;
MoenbHbIN ONBIT 3
IV (xkoHTpOAH 623 H7) 25,7 20,2 45,4 8,7
111 (c mponyckanueMm H») 27,6 22,7 43,8 5,9
HaruBHbie ycnoBus
II (dhon 6e3 BeIxoga Ho) 21,7 22,3 48,2 7,8
I (3amamuHa ¢ motokoM Hy) 28,2 11,8 48,3 11,7

Hawnboinee spko otnmmyaetcst oobpasen 'K moussr BogopomHoit 3amaaussl (I) OT OCTAIBHBIX TEM, YTO B
HeM cymiectBeHHO (Ha 10% u 6onee) mormxkeno conepxkanue rpynn OCankH u mosimeno (Ha 3% u 6oee)

conepxanue rpymn CHs.

[TomyueHHBIC TaHHBIE TOBOPST O TOM, YTO IPH cpaBHeHUH nap oopasnoB 'K «obpaboTka BogopogoM—
KOHTPOJIb» B MOJICIBHOM OIBITE W B HATHBHBIX YCJIOBHAX HaOmIogaercs oOmas 3aKOHOMEPHOCTh —
YBEJIIMYCHHUE CTENCHH apoMaTHYHOCTUA Ha 1,9 m 6,5%, cooTBeTCTBeHHO. [IJI OTHENBHBIX anu(aTHyecKux
(parmMeHTOB 3 (EKThI pa3HOHAIIPABICHHBIC WIIM HECYIIIECTBEHHBIC.

ITocKOJIBKY TIpEACTaBIeHHas KOMMYeCTBeHHas MHpopManus u3 crektpoB SIMP 'H 3a uckmouenuem
cogepkanusi ¢parmeHtoB CapH MoxkeT uMeTh BechbMa 3Ha4YHMTENbHBIE morpemHoctd (1o 3%),
00yCJIOBJICHHBIE CHJIBHBIM IEPEKPHIBAHMEM CHTHAJIOB MPOTOHOB anupaTHYecKuX (QparMeHToB, Oblia
OCYIIECTBIIEHA PEruCcTpanus KonndecTBeHHbIXx SIMP *C cniektpos 31ux e npenaparos 'K (puc. 8-11).
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Pucynok 8. *C SIMP cnekrpbl ['K uyepHO3eMa OOBIKHOBEHHOTO B HATHBHBIX YCIOBUSIX 3aIlaJIUHBI C

IMOTOKOM BOAOpPOJA.
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Pucynok 9. "C SIMP cnektpsl 'K uepHosema KA OOBIKHOBEHHOTO B HATUBHBIX YCIOBHSX 0€3

BbIX0/a Bogopoza (¢hoH).
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Pucynox 10. C SIMP cnektper 'K 4epHO3eMa OOBIKHOBEHHOTO B MOJEIBHOM OMBITE 3 €
MPOMyCKaHKEM BOJOPO/A.
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Pucynok 11. C SIMP cnektpsl 'K yepHO3eMa 0OBIKHOBEHHOTO B MOJIEILHOM OMBITE 3 6€3 MOTOKA
BOJI0pOa (KOHTPOJH).

B ormmune or ciiekrpos IMP 'H B criektpe SIMP *C M0OHO BbIZENUTH 4 UHBIX 00JACTH CHEKTPA:
obnactp Beiie = 160 m.a. — pparmentsl C=0 c¢ paznuunbM 3amemenneM; 90—-160 m.n. — atomsl yriepona
apoMaTuydecKux/rerepoapomarndeckux 1ukioB (Cap), a Takke B MEHBIICH CTEIEHH YIIEPOJHBIE aTOMBI
¢parmenToB tuna O-CHn-O; 50-90 m.1. — aToMBbI yriiepoaa ankokcu-pparmenTos, T.e. OCank; < 50 m.ja. —
aTOMBI YIJIEpOoJia BceX MHBIX anrpaTHIecKux aToMoB yriepoza (Caik).

KauecTBeHHoe comnocraniienue crekTpoB -1V He BbISBIIAET KaKUX-TM00 3HAYUTEIBHBIX UX OTJIMYHIA.
KonM4ecTBEHHOE  COMOCTABJIEHUE WHTETPANBHBIX WHTEHCHBHOCTEH, Kak W B ciaydae SIMP  'H,
OCYILIECTBISUIOCH IyTeM pa3esieHHs] CHEKTpa Ha BbIILEIEPEUMCIICHHbIE MOJANANa30Hbl 0 MHHUMYMaM
CHEKTPaJIbHOM MJIOTHOCTH CUrHajIoB. 3HaueHus MM oTaenbHBIX TPYII CUTHAJIOB MPEICTABICHBI B TaOIuUIe
3.

O6paboTka MOYBBI BOAOPOIOM B MOAEIHHOM OIBITE IPUBOJUT K HEOOJBIIOMY YBenndeHuto (Ha 2 %)
cogepxxanusi ¢pparmentos (C=0), yBennuenunto (Ha 11 %) yriepoga apoMaTHUECKHX/T€TEPOAPOMATHIECKUX
nukinoB (Cap). [lpu aToM ymeHblaercsi cojepkanue yriiepona aikokcu-pparmeHToB (OCallk) M MHBIX
amdatuaeckux aToMoB yriepoaa (Cank) Ha 6 1 7 % COOTBETCTBEHHO.

Taonuua 3

CopepskaHue Pa3IMIHbIX MOJIEKYJISPHBIX (PPArMEHTOB I'yMHHOBBIX KUCJIOT U3 HHTErPAIbHBIX
MHTEHCUBHOCTEH CHIHAJIOB B UX crekTpax IMP 3C.

Conepxanue GpparmeHTosB, %
Obpasen c—0 | Cap | OCanx I Caix
MoenbHbIH ONBIT 3
IV (xonTpOas 6e3 Hy) 15 52 19 14
11T (c nmponyckaauem Hy) 17 63 13 7
HarusHbie ycnoBus
11 (pon 6e3 Brixoma Hy) 14 48 22 16
I (3ananuna ¢ motoxom Hy) 19 63 9 9
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[Ipu comocraBnenun map o6pasioB 'K «xoHTpons — 00paboTka BOIOPOAOM» B MOICIHHOM OIBITE
(IV—Il) n B maruBHbIX ycnoBusx (II — ) xapakTep m3MeHEHUI NEMOHCTPHPYET CHHXPOHHOCTH C TOH
pasHHIEeH, YTO B €CTECTBEHHBIX YCIOBHIX 3TH M3MEHEHHs Ooyiee 3HaYMMBbIC. DTO OOBACHIECTCSA TEM, UTO
MoYBa B BOJOPOJHOM 3alaJiiHE UCHBITHIBAET XOTh M HMMITYJIBCHBIE BO3JACHCTBUS MOTOKOB BOAOPOIA, HO
JOJITHE TOABIL, JOCTATOYHbIE I HAKOIUICHHUS B HEH COOTBETCTBYIOLIMX M3MEHEHHH, a B MOAEIBHOM OIIBITE
KOHTaKT BOJOPOAHOIO I'a3a NPaKTUUECKHU ITOCTOSIHEH, HO BPEeMsI IPOBEICHNUS OIIBITa BCETO YEThIPE MECSIIA.

Takum o6paszom, HaOmogaeMble wu3MeHenuss B cmektpax SIMP 'H wu C cormacyrorcs B
MPEIIONIOKEHMH O TOM, YTO IPU BO3JCHCTBUM BOAOPOJAa HA PAacCMaTpUBaEeMble T'yMHUHOBBIE BEIIECTBA
MIPOMCXOJUT pa3pylleHue nepudepuu UX apoMaTiIecKux KJIacTepoB, UYTO OTPAXKACTCS KaK B pOCTE 3HAYCHUI
Cap, Tak u ymenbiieHnd 3HaueHUn OCank u Cank. DT0O OTHIOIb HE 3HAYUT, YTO apOMATHUYECKHX aTOMOB
yriepoaa ctajio 6omnpire. Crano 0oJblle X OTHOCHTENLHOE COIePKaHHE.

Obpamraer Ha cebst BHUMaHne pocT Cap Ha 10 % u Oonee npu Bozpactanuu conepxkanus CapH Bcero
Ha 6 % u MeHee (Tabn. 2, Tabn. 3). Bo3moxkHO, mpHu pa3pylieHUH nepuepuitHON YacTh TYMHUHOBBIX
MoJieKya oOpasytorcst HoBble cBs3u Cap-Cap unu Cap-Caik, T.e. OTHOCHTENBHOE COAEP)KaHHe MPOTOHOB B
apoMaTHUecKuX M ann(paTHIeCKuX CTPYKTypax Oonee cOamaHCHpOBaHO. OJTOMY HE MPOTHBOpEYaT
HECYIIECTBEHHBIE WJIM PA3HOHANPABICHHBIC M3MECHEHHS COICPXKAHUS IIPOTOHOB B  MOJIEKYJISIPHBIX
¢parmenTax OCankH, CankH u CH; B mapax Il — [ u IV — 1IIL.

He kacasice THIIOB XMMHYECKUX IPEBPALICHUII U OCHOBBIBAsACh Ha KOJIMYECTBEHHON MH(opManmu u3
cnektpoB IMP  3C  MOXHO KOHCTAaTHpOBaTh, YTO IepeyBiaxHeHue Qonosoro obpasua 'K (D)
HE3HAUMTEIHHO BIMSET Ha €ro (parMeHTHBIH cocTaB (B MIpeAenax OMIMOKM HM3MEpeHWil), Torga Kak
BO3/ICHCTBHE BOJOPOAA BhI3BIBAET pocT apoMaTiuuHocTH Ha 10% u Oonee. [TocTynatomniuii BOZOPOA HE MOKET
BECTH K OOpa30BaHUIO HOBBIX apOMAaTHYECKUX CTPYKTYp, HO oOecmeuuBaeT ACCTPYKLMIO NepudepuitHOMN
YacTU TYMHUHOBBIX MOJIEKYJ 0€3 pa3pylIeHHsI apoMaTHIECKUX KIaCTepOB.

Ecmm AJId HariAAHOCTHU NMPEACTAaBUTL JAHHBIC 11O COOTHOLICHUIO aHI/I(l)aTI/I‘-IeCKI/IX U apoOMaTUYCCKUX
¢parmenToB B mpemnapatax 'K nccrienoBanHbpIx mo4s B Oojiee KPaTKOM BUAE, TO CTAHOBHUTCS OYEBHIHBIM,
yro 00a (pakropa «HepeyBIaKHEHHE» U «IIOTOK BOJAOPOAa» ICHCTBYIOT B OJHOM HalpaBJIEHMH B YacTH
YCTAHOBJICHHUA BOCCTAHOBUTCIIBHBIX YCJIOBI/Iﬁ B IMOYBE, U, KaK CJICACTBHUEC, B 4aCTH HUTOI'OBBIX PE3YyJILTATOB
ATUX JIercTBuii (Tabi. 4).

Taonuua 4
CooTHonreHue annpaTHYECKUX U ApOMaTHUECKUX (PparMeHTOB B MIperapaTax TyMUHOBBIX KUCIOT
HCCIIeIOBAHHBIX TTOYB, %

Oobpaserr I O0BekT I Can I Cap
ITo ganaeIM ditemMeHTHOrO cocTtasa I'K
I @®onoBasg mpoba uepHO3eMa OOBIKHOBEHHOro (BHe 3amaauHbl). [louBa He 0.82 381
HCTBITHIBAJIA BPEMEHHOTO H30BITOYHOTO TIepeyBIAKHEHUS ’ ’
v KontponpHass mpoda (Ta ke (QOHOBas) B XOJE MOJIEIBHOTO JKCIIEPHMEHTa 3, 0.72 40.9
HAXOJMJIACH B YCIOBHIX epEYBIOKHEHHS 0€3 MOTOKA BOAOPOIA ’ ’
I Ta xe ¢oHOBas, HO B X0JE MOJIENBHOTO SKCIIEPHMEHTA HAXOJMIIACh B yCIOBUSAX 0.69 419
MepeyBIAKHEHHUS U IO BO3JICHCTBHEM ITOTOKA BOJOPOIA
ITo manHBIM criekTpoBs SIMP 3C
I ®doHoBass mpoba YepHO3eMa OOBIKHOBEHHOrO (BHe 3amaauHbl). [louBa He 33 48
HCTBITHIBAJIA BPEMEHHOTO H30BITOYHOTO MEPeyBIAKHEHUS
v KontponpHass mpoba (Ta ke (oHOBas) B XOAE MOJCIBHOIO 3KCIICPHUMEHTa 3, 33 52
HAXOJIMJIACHh B YCIOBHSIX MEPEYBIAKHEHHS 0€3 MMOTOKA BOJIOPOIa
I Ta e ¢oHOBas, HO B X07€ MOZENBHOTO IKCTIEPUMEHTA 3 HaxoAWJIach B YCIOBHUIX 20 63
NepeyBIIaXHEHUs U IO/l BO3/ICHICTBHEM ITOTOKA BOJIOPOa

[lo naHHBIM 53JIEMEHTHOTO COCTAaBAa B YCIOBHSAX MOJICIIBHOIO OIBITA MEpEyBIKHEHHE IOYBHI
MPUBOJIUT K YBEIWYCHUIO apomMarndeckux ¢pparmentoB mnpenapatoB ['K ot 38,1 mo 40,9%, a npu neiicrBuu
nonojHuTenbHOrO (akropa Bomoponma ot 38,1 mo 41,9%. B 1O xe BpeMms conepxaHue yriepoia
anmugarnyeckoit yactu 'K B 3ToM psinmy cHimkaercs. Takue ke, HO KOJIMYECTBEHHO Oojiee IMPOSBICHHbBIE
3aKOHOMEPHOCTH HAOJIIOAIOTCS U PH aHAIN3e JaHHBIX criektpoB SIMP 3C (tabu. 4).

[Mony4yeHHbIe NaHHBIE CBUIIETEIBCTBYIOT O TOM, YTO MPHU WHTEHCHBHOM IOTOKE MOJIEKYJSPHOTO
BOIOpOJa W3 Help 3eMiId BO3MOXKHO ACCTPYKTHBHOE THIAPUPOBAHME OPraHUYECKOTO BEIIESCTBA IOYB.
MOXHO NpennoaoKUTh, YTO 3TO OCYILECTBISETCS 3a CUET PACIICIUICHHs IBOWHBIX YIJIEPOA-YTJIEPOAHBIX
CBsI3el MOJOOHO MEXaHHW3MaM TEXHOJOTHI mepepadOTKH YIS, CIAHLEB, HE(TH, IPEBECHHBI B JKUAKOE

www.soils-journal.ru 12



https://soils-journal.ru/index.php/POS/index

[TouBnl U okpy:xatowias cpena. 2025. Tom 8. Ne 3 / The Journal of Soils and Environment. 2025. Vol. 8. No. 3

TOIUIMBO B TOKE MOJEKYJSIpHOTO Bomopoma (Jlozomoit, JlpsikoBa, 1940; Mamonernes, Ilmupt, 2008;
[TonsikoB, Aumpuenckas, 2017; bapeimaukoB u ap., 2019). Koneuno, mepepaboTka OpraHAIECKOTO CHIPHS
OCYIIECTBIISIETCS. B JKECTKMX YCJIOBHSAX NPU TIOBBIIICHHOW TeMIlepaType U MAaBICHWW B MPUCYTCTBUU
KaTaln3aTopoB (METaJUIOB IEPEMEHHOW BaJIEHTHOCTH U UX OKCHJOB) OBICTPO W C IOCTATOYHOH MoMHOTOH. B
HAIIIeM XKe cllydae MOXKeT padoTaTh (GakTOp BPEMEHH, CONTHEUHAS PaJUAIVs, POJIb KOTOPOH B 3TOM acleKkTe
HEJIOOIEHEeHa, B JIp. MeXaHn3M Takoro Mmporiecca, CKopee BCero, O4eHb CIOXKEH, KPOME TOTr0, MOXKET ObITh U
HE OJIMH.

IMony4yeHHbIC TaHHBIC MOJIEIBHBIX OIBITOB M TPOBEJCHHBIC paHee HaMH UCCIICIOBAHUS YEPHO3EMHBIX
MOYB BOJIOPOJHBIX 3alajiH B HATUBHBIX YCIOBUAX MO3BOJISIIOT MOJarath, YTO B HHUX OCYIIECTBISICTCS
MpeBpalleHne CTa0MIBHBIX TYMUHOBBIX BEIIECTB B 0O0Jiee MOJBIKHBIE U arpecCUBHBIE HU3KOMOJICKYIISPHEIE
(parMeHTHl, IEHCTBHE KOTOPHIX, BEPOATHO, MOXKET MPUBOJIUTH K MOAKHCICHUIO MTOYB YEPHO3EMHOTO psla
(Cyxanosa u jp., 2020).

B ycnoBusix MOIENBHOrO OINBITA B BapUaHTax C IMepeyBIaXHEHHEM 0Oe3 BOoAoponaa Haliogaercs
HEKOTOpOE TMOBHIIICHHE COJCPKAaHUSI LUTPATOPacTBOPUMOro (BBITsDKKa 1o Mepa-/xekcony, Feyr) u
OKCaJIaTOpacTBOPUMOTo Xkeje3a (BBITsbKKa 1o Tammy, Feow) Ha 0,06-0,07 %, a npu no6aBneHnn B CUCTEMY
(akTopa BoOopoaa uxX coaepikanue ctanoBurcs euie 6onpuie Ha 0,09-0,14 %, cooTBeTcTBeHHO (Talx1. 5).

Tabnuua 5
CopeprkaHre IIUTPATO- H OKCAIIATOPACTBOPHMOTO JKeJie3a B IIOYBEHHBIX MTPO0ax MOIEIHLHOTO OMbBITa 3 U B
HAaTHUBHBIX YCIOBHSX, %0 OT MOYBHI

Hp06a Fe]_m'r Feoxe Feoxc/ Feum
®oHoBasg mpoda YepHo3eMa 0OBIKHOBEHHOTO (BHE 3amaanHel). [louBa He 0.47 0.08 0.17
HCTIBITHIBAJIA BPEMEHHOTO H30BITOYHOTO NePEYBIKHEHHS ’ ’ ’
MoeabHBIN OIBIT 3
KontponpHas mpoba (Ta e QoHOBast) B X0[1¢ MOJCIBHOTO AKCIIEPHMEHTA, 0.54 0.14 0.26
HaxOJMJIaCh B YCIOBHSX NEPEYBIKHEHHS 0€3 TOTOKa BOIOPOIa ’ ’ ’
Ta xe (oHOBas, HO B XOAE MOIEIHHOTO 3KCIICPUMEHTAa HAaXOIWIach B 0.56 0.22 0.39
YCIIOBUSIX NEPEYBIAXKHEHHS U 110]] BO3ACHCTBUEM IOTOKA BOJAOPOIA ’ ’ ’
HarusHble ycnoBus
ITouBa 3anaanHbI ¢ MOTOKOM BOAOPOJA ‘ 0,95 0,58 0,61

CooTHOIIEHNE IMTPATO- M  OKCAlIaTOPacTBOPHUMOTO  Keje3a B IPUCYTCTBUH  BOJIOpOJA
CBUETEIBCTBYET O HAapacTaHWH B MOYBAX MPOIECCOB THAPOMOpPHU3MA, T.€. MOXKHO IMOJIAraTh, 4TO MOTOK
BOJIOpPO/JIa M3 HEJJP YCUIIMBAET HE TOJIBKO BBIHOC XKeJie3a 13 TBeploi (asbl MouB, HO U, BO3MOXKHO, IPOIIECCHI
BBIHOCA JKeJie3a U3 TIOYBEHHOT'0 PO UIIst, YTO TOBOPUT 00 HHTEHCHU(HUKAIIMY TIIEEBOTO MpoIlecca.

B mpobax mo4YBeHHOTO pacTBOpa B MOJEIHHOM OMBITE 3 IMPOBENEHO ONpeAeNIiCHHEe OPraHUYeCKOTO
YIIIEpoAa U CoJIepKaHne HEKOTOPBIX AIeMeHTOB (Tad. 6).

Taonuua 6
CopeprkaHre 3IEMEHTOB B IOUBEHHOM PAacTBOPE B XOJI€ MOJIEITBHOTO OMBITA 3, MT/II

DJIeMEHT H»0 H,O+H,
Na 13,450 9,940
Mg 21,160 7,880
Al 0,0851 2,460
K 1,310 1,350

Ca 35,280 37,900
Cr 0,114 0,005
Mn 0,054 0,033
Fe 3,050 2,030
Ni 0,015 0,027
Cu 0,007 0,035
Zn 0,025 0,023
As 0,015 0,033
Sr 0,462 0,206
Ba 0,055 0,029

ITo okoH4YaHWHM ONBITA IOYBEHHBIH PACTBOP IEPEYBIAXHEHHOW IOYBHI 0€3 BOJOpOaA ComepKal
opranuyeckoro yriepoaa 0,03 Mr/i, B To BpeMst Kak BapHaHT IepPEyBIaXHEHHOMN MouBbI ¢ Bogopoaom 0,07
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Mr/1. MoOXXHO TmonaraTth, YTO B YCIOBHSX BOJOPOIHOHM Jerasaly yCHJIMBAIOTCS IIPOIECCH BBIHOCA
OpPTaHMYECKOI'O BEIIECTBA K3 Tela I[OYBBl. OTO HAXOIUT CBOE OTPAXKEHHE B OCOOCHHOCTAX
MOp(OJIOrHYECcKOT0 MpOQHisS TMOYB BOJOPOIHBIX 3amaguH, A€ (QHUKCHPYIOTCS TYMYCOBBIE KyTaHBbI,
NceBIOQHUOPHI U YaCTO MHTCHCUBHBIE HUCXOsIIKE TyMycoBble moTeku (CyxaHosa u ap., 2013).

W3 ananu3a mosydeHHBIX AAHHBIX BHJHO, YTO JIEMEHTHI B Pa3HbIX YCJIOBUSIX MOJEIBHOIO OIIBITa
BenyT cebst mo-pazHoMmy. OOpamaer Ha ceOs BHUMaHHE IMOBBINICHHBIH B YCIOBHSX BOAOPOIHOTO IMOTOKA
BBIXOJT B IOYBEHHBIM pacTtBop amromuHus (2,460 mporuB 0,085 wmr/m). BospacTanue KOHLEHTpanuu
QIIOMUHMS B OKUIKOM (a3e IPaKTHUECKH HA JBa IMOPsiAKa TOBOPUT O BEPOSTHOM pa3pylleHUH
KPUCTANIMYECKUX PEIIETOK aJIFOMOCHIMKATOB, BXOASAIIMX B COCTaB TBEPAOH (pa3bl MOYBHI. Y BEIMUMBAETCS
TaKXe PacTBOPUMOCTD cieaytomux snementos: Ca, Ni, Cu, As. B To ke Bpems B yCIOBUSAX BOIOPOTHOTO
MOTOKa B TMOYBEHHOM pPACTBOPE CHIDKAIOTCS KOHIEHTpaumu snemeHToB: Na, Mg, Cr, Mn, Fe, Sr, Ba.
Copmepxxanne B xuakoi ¢asze K m Zn mpum BO3AEWCTBUH BOJOPOJA B YCIOBHSX MOJEIBHOTO OIBITA
npakTuaecku He MeHseTcsi. OOBSICHUTH TaKOe Pa3HOE MOBEJCHHUE JIEMEHTOB B YCIOBUSX MEPEyBIKHEHHS C
BOJOPOJIHBIM TIOTOKOM M B YCIIOBHSIX TOJIBKO MEPEyBIKHEHHsI HA JAHHOM JTale HEeT BO3MOXKHOCTH, XOTS
9TO TOKa3aTenb ITyOOKMX HM3MEHEHHH B IIOYBE, €€ MHHEPaJIbHOM Marpuue. JTO BBIXOAWUT 334 PaMKH
HacToAmIel paboTel U TpebyeT OoJee OOMTMPHBIX HCCIIETOBAHMM.

3AKJIIOYEHUE

B ceprn MOENBHBIX ONBITOB O BIUSHUIO MOTOKA BOAOPOJIa HA YEPHO3EMHBIE MOYBBI TIOKA3aHO, YTO:

- KpatkoBpeMeHHOe 30-MHHYTHOE BO3CHCTBHE BOJOPOAHOTO TMOTOKA B OTKPHITOM OOBEME IOYBHI
CHIDKAET ee OKHCIUTEIbHO-BOCCTAaHOBUTEIBHBIN NoTeHIan 10 -650 MB. Ilocie npekpamieHust Bo3neHCTBUS
BOJIOPO/Ia B TCUCHHE JBYX YaCOB 3HAUEHUS MOTCHIIMAJA PE3KO MOBhImaTcs 1o -100 MB. 3aTem B TeueHue
OTIBITa HaOIMIOJaeTCs TocTeneHHoe Bo3pactanue senuanHbl OBII moussl. OqHako 3a 72 yaca BenmunHa OBIIL
HE JJOCTUTACT CBOETO MEPBOHAYAIILHOTO 3HAYCHUS,

- B YCIOBUAX TMEpPCYyBIaKHEHUS 0O€3 BO3JACHCTBHS BOAOPOAA BEIUYHMHBI  OKUCIHTEIBHO-
BOCCTAHOBUTEIBHOI'O MOTEHIMANA TOYBBI MOCTENEHHO HEMHOTO cHIbKanuch oT +200 no 0 MB, a B ycnoBusax
MEepPEeyBIAKHEHUS C KpPAaTKOBPEMEHHBIM HWMIYJIBCHBIM IIOTOKOM BOJIOpOAa HAaOIIOAANoCh WMITYIBCHOE
camxenue OBII no kpaitae Hu3kux BenuuuH (-600 MB). Ilo okoHuanuum Bo3meiicTBus Bomopoma OBII
CTPEMIIICS K MPEBITYIIUM 3HAUCHUSM, HO TaJIeKO HE BCET/Ia UX TOCTHUTaJ;

- B YCJOBHUSIX MOJENBHOIO ONBITA KPATKOBPEMEHHBI MOTOK BOAOPOJAa MPUBOAUT K YBEIUUYECHUIO
3Ha4yeHui pH;

- 6onpmmoe BnusHue Ha BenuauHBl OBII 1 pH mouBBI OKa3pIBaeT CMEHA THAPOJIOTHIECKOTO PEXUMA
KakK B YCJIOBUAX TOJIbKO NEPEYBIAXKHEHUS, TAK U B YCIOBUIX MEPEYBIAKHEHUS C TOKOM BOJOPO/A;

- Ha OCHOBaHHUU 3JIEMEHTHOT'O COCTaBa T'YMHUHOBBIX KHUCIOT IMTOKA3aHO, YTO B YCJIOBHSIX MOJEIBLHOTO
ombiTa B coctaBe ['’K mouBeHHBIX Mp00, MOABEPrarOIIUXCS JIIUTSILHOMY BIIMSHUIO BOAOPOAA, TPOUCXOIUT
oOyriepoknBanue u cHmwikeHne oTtHolmeHuss H:C, 4ro yka3piBaeT Ha yMEHbBIIIEHHE 0NN aln(haTHIeCKUX
nerouek B I'K;

- OCHOBBIBASCh HAa KOJMYECTBEHHOW MH(popManuu u3 crektpoB SIMP *C, MOXHO KOHCTaTHpOBATS,
YTO MEpeyBIaKHEHUE HE3HAYMTEIbHO BIMSET Ha (parMeHTHbIM coctaB 'K mour (B mpezaenax OIMOKH
W3MEpEeHMii), TOrJa Kak BO3JEHCTBHE BOAOPOJa BBI3BIBAET pocT apomarmyHoctd Ha 10 % wm Oonee.
[Moctynaromumii BOgOpOa oOOecreYrBaeT JACCTPYKIMIO MEPUPEPUHHON YaCTH T'YMHUHOBBIX MOJIEKYJ 0e3
pa3pyIICHHS apOMaTHIECKIX KIIaCTEPOB;

- 00a dakTopa «IepeyBIAKHEHHE» U ITOTOK BOJAOPOAa» JACHCTBYIOT B OJJHOM HAIPaBICHUH U B YaCTH
YCTAaHOBJICHUSI BOCCTAHOBUTENBHBIX YCIOBUN B IOYBE, U, KaK CIEICTBUE, B YACTH UTOTOBBIX PE3YyJbTAaTOB
3THX JICHCTBUH;

- B IPUCYTCTBUU MOTOKA BOJOPOAA YCHIUBAIOTCA MPOLIECCH BEBIHOCA OPTaHUYECKOr0 YIiiepoaa U3 Tena
MOYBBI, TMOBBIIIACTCS COJEPIKAHME IUTPATOPACTBOPUMOTO M OKCaJaTOPaCTBOPUMOIO 3Keje3a, a HuxX
COOTHOIIICHHE CBHICTEIHCTBYET 00 HHTCHCH(PUKAIINN TTIEEBOTO MIPOIIECCa;

- B MPUCYTCTBHH MOTOKA BOJOPOA HAOJIOJACTCS BO3pACTaHUE KOHIICHTPAIMU AJIIOMUHUS B JKHUIKOM
(haze, 4TO TOBOPUT O BEPOSITHOM Pa3pyMICHUN KPHCTALTUIECKUX PEIIETOK aTFOMOCHUIMKATOB, BXOSIINX B
COCTaB TBEPJIOW (a3bl MOUBHI.

OUHAHCOBAA ITOAJEPXKKA

PaGora BeImonHEeHa mpu (UHAHCOBOW MOJEPKKe MUHUCTEPCTBAa HAYKH M BBICIIETO OOpa3OBaHUS
Poccuiickoii @enepanyu B paMkax rocOromkeTHoH Tembl MI'Y umenun M.B. JlomoHnocoBa, Ne roc3amganus
121040800154-8.
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The purpose of the study was to identify changes in the redox environment and a range of chernozem humus
characteristics under the influence of hydrogen flux.

Venue and time. The model experiments were carried out in the laboratory of the Faculty of Soil Science of
Lomonosov Moscow State University. The experiments used samples of the upper arable horizons of ordinary

(Voronezh region) and leached (Lipetsk region) chernozem, selected in the background areas of research sites
located beyond the hydrogen flux.

Methods. The total organic carbon content was determined by the dichromate oxidation method, dissolved
organic carbon in soil solution was measured by catalytic oxidation with a TOC analyzer with an IR detector,

and the values of the redox potential and the pH of the aqueous suspensions were determined potentiometrically.

The isolation and purification of humic acid (HA) preparations was carried out by the method recommended by
the International Humic Substances Society. The HA elemental composition was determined using a Vario EL 111
elemental analyzer. Measurement of the element content in soil solution was carried out using the ICP-OES
method on an Agilent 5110 optical emission spectrometer. The iron content of non-silicate compounds was
measured in a Mehra—Jackson extract, and the iron of weakly crystallized compounds in the composition of non-
silicate compounds was measured in a Tamm extract. The NMR 'H and NMR 3C spectra of HA were obtained
using a Bruker AMX-400 NMR spectrometer.

Results. In a series of model experiments it was shown that under the influence of hydrogen flux in chernozem

redox conditions changed dramatically, the integral indicator of such changes being a decrease in the soil redox
potential to extremely low values, while there a slight decrease in the actual acidity was observed. In such
conditions, humus was transformed. According to the C NMR spectra, it can be concluded that soiln
waterlogging had little effect on the fragmented composition of humic acids in chernozem, whereas the incoming
hydrogen ensures the destruction of the peripheral part of humic molecules without destroying the aromatic
clusters. Under conditions of the model experiment, in the presence of a hydrogen flux in the soil the content of
citrate-soluble and oxalate-soluble iron increased, indicating the intensification of the gley process. In addition,

the processes of removing organic matter from the soil into the soil solution intensified, and the increased.
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aluminum concentration in it indicated the likely destruction of the crystalline lattices of aluminosilicates, which
are part of the solid phase of the soil.

Keywords: deep hydrogen; humus; humic acids; fulvic acids; humic preparations; soil organic matter; NMR 'H and
NMR 3C spectra of humic acids of soils.
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IMPUJIOXKEHUE

Ha xaxmom pucyHke auarpaMm mpeacTaBlIeHO 10 TPH IPYIIHPOBKHU JaHHBIX (pHUC. 1-6).
«¢oH» — 3TO 3HAYEHHS OKUCIHUTENbHO-BOCCTaHOBUTENbHOrO noTeHnmana (OBII) n pH nmouBeHHBIX
00pa3LoB B KOHTPOJIBHBIX BapHaHTax (0e3 MOToKa BOAOPO1a) MOJIEILHOIO OIbITA 2.

«10 mpomyckanusi» — 370 3HaueHuss OBII u pH B TOT *Xe meHb, mpsAMO mepes MpOIyCKaHWEM
BOJIOPO/JIa Uepe3 0By .
«mocje mpomyckanus» — 3710 3HaueHus OBII u pH B ToT ke neHp cpasy mocie mpomycKaHHs

BOJIOPOJIa YEPE3 II0YBY.
I[BeTamu 00O3HAYECHBI JTHH, B KOTOPHIE IMPOBOJUIIOCH MPOINYCKaHHE BOJOPOJA Yepe3 IOYBy U
HU3MEPEHMS I0KA3aTENECH.
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Taonuua 1

JosepurenbHble HHTEpBAILI cpeaanx 3HadeHnit OBII u pH mouBeHHBIX 00pa3IoB 110 HAYAIBEHBIM U
KOHEYHBIM TOYKAaM W3MEPEHHUI ITAIOB MOJIEIIEHOTO OMbITa 2

OBII + gos. unr., P=0,95 pH + noB. uaT., P=0,95
Ortan Bapuant JIEHb OTbITa

MIEPBBIH MOCJIEAHUM NEPBBIN TIOCJIEAHUI

1 o 211 +13 11+£29 6,25 £ 0,01 6,31 £ 0,06
nocye nporryckanus H -510+ 25 -405+92 6,33 +0,13 6,46 + 0,01

5 o 49 £ 38 -3+£36 6,66 + 0,20 6,53 £ 0,03
nocye nporryckanus H -267 £ 30 -102+£18 6,77 £ 0,05 6,78 £ 0,07

3 o 254 £ 47 231+1 6,10 £ 0,04 6,12 £ 0,08
nocye nporryckanus H -523 £ 60 -543 £ 44 6,62 +0,42 6,67 +£0,29

Tabnuua 2

JoBeputenbHbie HHTEpBabI cpeannx 3HadeHuit OBII u pH nmo4BeHHBIX 00pa3IOB 10 HAYAJIBLHBIM U
KOHEYHBIM TOYKaM U3MEPEHUH 3TalOB MOJEIBHOIO OMbITA 2

OBII + gos. unr., P=0,95 pH <+ nos. unr., P=0,95
Oran BapuanTt JIEHb OTBITA

TIepBbIN MOCJaeTHUIN MepBbII nocJieJHUH

| o 211+£13 11+29 6,25+ 0,01 6,31 +0,06
no pomyckanus H 213+12 21+9 6,30 £ 0,02 6,58 £0,01

5 o 49 +38 -3+36 6,66 + 0,20 6,53 +£0,03
no pomyckanus H 40+ 16 -69 £22 6,78+ 0,18 6,83 + 0,07

3 o 254 £ 47 231+1 6,10+ 0,04 6,12 +0,08
1o niporyckanus H, 267 £ 20 95+3 6,37 £ 0,04 6,75+ 0,29
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