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Hpe,qcrasne/-/b/ pe3ysibTartbl NOJIEBbLIX 1 SKCMEPUMEHTAlIbHbIX WNCCIeN0BaHUN BAVSHWS pasiiBa cep/-/oir KNCJI0Tbl Ha KNCJIOTHO-OCHOBHbIE
1 KaTMOHOOOMEHHbIE CBOVICTBA MOYB. Paccrvlorpe/-/o BO37eUCTBME KUCITOTHOM Harpyskuv Ha rymycHoe COCToAHMe 11048 B MOMEHT pasfinBa
cepHoy“z KUCIIOTbI 1 B OCAEAENCTBUM. [10Ka3aHO BINSIHWE TEXHOMEeHHOIO 3arpA3HeHs rno4s Cyﬂbd)aT-MOHOM Ha KoJ/in4ecTBo d)MTOMaCCbI

bU1OreoLeHo30B.

BeepeHune

[TouBa — OTKpHITas MOACUCTEMA B TEOXMMHUIECKOM
JaHmmadTe, MOTOKM BEIIECTB M SHEPTMU B KOTOPOK
CBSI3aHBl C TPU3EMHON aTMoc(epoil, pacTUTelb-
HOCTBIO, TIOBEPXHOCTHBIMM U TOYBEHHO-TPYHTOBBIMU
BOIaMU. AHTPOIIOTeHHOE BO3IEHUCTBIE IPUBOIUT K Ha-
PYIIEHWIO €CTECTBEHHBIX MpOoIleccoB B TouBe. Cpemu
aKTyaJIbHBIX TIPOOJIEM 3arpsi3HEHUST OKPYXaIoIIei cpe-
bl OTHO M3 BAXKHEHIIIMX MECT 3aHUMaeT BbIMaicHue Ha
MOBEPXHOCTb CYLIN KUCIOTHBIX 0cafikoB. [TepBoe mecTo
110 3aTPSI3HSIONIEMY JIEHCTBUIO 3aHUMAIOT COEeTUHEHMS
CepHI, TaK KaK cepa JIETKO pacTBOPSETCS B BOJIE M TIepe-
XOIWT B BOIHYIO (pa3y, IIOCTYIast Ha TIOBEPXHOCTD TT0Y-
BbI B BUJIE CEPHUCTOM MJIM CEPHOI KMCIOTHL. MupoBas
AHTPOIIOTEHHAsA SMUCCHS OBYOKHUCH CEpbl COCTABIAET
okojio 130 maH T B rop [1]. B ueHTpanbHolt yactu Ha-
1Ieil CTpaHbl Ha CEbCKOXO3SNCTBEHHbIE YTOIbSI €Xe-
TOJIHO MOCTYyMaeT 0koJio 0,5 MJIH T cepHOM KUc0ThI. [To
JaHHBIM OTEUECTBEHHBIX 1 3apyOeKHBIX YUeHBIX [2—6] B
pesynsTaTe BHIMAACHUSI KUCTOTHBIX OCAIKOB YBETUYM-
BAIOTCS CJIy4au PECTMpPaTOPHBIX 3a00J1eBaHUM Y Yeso-
BEKa M XMBOTHBIX, TOBBIILAETCSI KOPPO3UOHHBIN U3HOC
MarepuasoB, IPOUCXOIUT 3aKUCIEHUE TOYB U 3aMKHY-
THIX BomoeMoB. [1ox Bo3meiicTBIeM KICIOTHI B TOI3EM-
HBIX BOIAX PE3KO TOBBIIACTCS COMEPKAHME TSKEBIX
METAIOB — CBUHIIA, KaJMUS, IMHKA U OCOOEHHO aJlio-
MUHHUSI, KOTOPBI MOCTYIAeT Yepe3 KOPHEBbIE CUCTEMBI
B JIpeBeCHbIE TKAaHU M 0Ka3bIBAET TOKCUUYECKOE WITH Jla-
3Ke JIeTaTbHOE JEHCTBIE HAa PACTEHMSI.

06beKTbl M METoAMKa UCcefoBaHUN

CepHast KMCJIOTa MOTanaeT B IOYBY He TOJBKO B BH-
JIe KUCJIOTHBIX OCAJKOB, HO U B pe3y/ibTaTe aBapuii Ha
npexnpusaTusx. Tak, B gekadpe 1996 roma B . Tomcke
BO3HUKJIA Upe3BbIYaiiHasi CUTYallMsl, CBSI3aHHAas C yTeu-
KOM KOHLEHTPUPOBAHHOW CEPHOI KUCIOTHI HA TEPPU-
topuu npepnpuats "POJITOM". Paznus 92 % xoH1e-
HTPUPOBAHHOM CEPHO¥ KUCIOTHI TPOU3OLIET U3 METall-
JIMYECKOM LUCTEPHBI, YCTAHOBIEHHON Ha TEPPUTOPUU
JaHHoro npeanpustus. [1nomanp 3arps3HeHus cocTa-
Buna 3350 Mm% Cpa3sy xe 1ocJie 3arpsi3HeHus ObUTH ITpo-
BEICHBI TIPUPOIOOXPAHHBIE MEPOTIPUATHS. 3arps3HeH-
HBIH KMCJIOTOM CHET OBLT BBIBE3E¢H Ha TIOJIUTOH OTXOMIOB.
OnHOBPEMEHHO TIpemycMOTpPeHa ITPUEMHAs eMKOCTb,
Ky/a 110 IpeHaKHOM CeTH CTEKaJIM 3arpsi3HEHHbIE TATbIe
Boabl. ISl mpenoTBpalleHus] yBeJIMYeHMs IUIOIAau
3arpsI3HEHUS YCTAHOBJIEH 3eMJISTHOM Bajl U3 IJIMHUCTBIX
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TPYHTOB ¢ KoadhduireHToM dunbrpain MeHee 0,0086
M/CYT., BeIcOTOIf 0,6 M. B TOUBY Ha TeppuTOpHH 3arps3-
HeHusl OblIa BHeCeHa M3BecTh. B Xxome mccnemoBaHus
TMOYB COCTaBJIeHa KapTa, OTpaXKarollasi Xapakrep U cTe-
TIeHb 3arpsI3HEHMSI TEPPUTOPULL.

J1st cBOeBpeMEHHOTO MpeoTBpallieHHs] HeraTuB-
HOTO BO3IEWCTBUSI KUCIOThl HAa OMOTe0lIeHO3bI, HEOO-
XOAMMO 3HaHME TOTEHIMAIbHBIX BO3MOXHOCTEN TI0Y-
Bbl B HEUTPAIU3ALMKA KUCIOTHI, U3y4eHUE TEHICHIUN
M3MEHEHUSI €€ CBOMCTB IO BIUSHUEM TEXHOTEHHOIO
3arpA3HuTens. MHOTKE CrieLMantncThl, 3aHUMAOLLIUECS
3TOi MpoOJIeMOii, TPOBOAMIN MCCIEA0BaHUS JUIIL B
paMKax MOJEJIbHBIX OTBITOB ¢ UCKYCCTBEHHBIM 3arpsi3-
HeHMeM 00pa3LoB IOYB KMCIOTOM. Takue 3KcrepruMeH-
ThI SIBJISIIOTCS JIMIIb OTAEIbHBIMYM aHAJIOTaMU Ipoliecca
B3aMMOJEUCTBHS KUCIOTH ¥ TOYBbl. I3MeHeHue 1moy-
BbI KaK Cpe/ibl 0OOMTaHMS B IPOLIECCE €€ aHTPOTIOTEHHO-
T'0 3aKMCJIEHUsI, IPOM3OILEAIIETO B Pe3y/ibTaTe aBapuii-
HOTO pa3jiviBa CEPHOIi KMCIOTHI B €CTECTBEHHBIX YCJIO-
BUSX, OIpPEAEIMIO HEOOXOMMMOCTb HMCCIIeIOBAHMS
TpaHcdopMaluii CBOMCTB, a TAKXKE TUHAMUKHI U3MEHE-
HUS OTAENbHBIX ITAPaMETPOB XUMUUYECKOTO COCTOSHUS
TIOYB B pe3yNkTaTe BO3ACICTBUSI TEXHOTEHHOTO 3arpsi3-
HUTEJIS He TOJIbKO B MOMEHT 3arpsi3HEHUSI, HO U B TTOC-
nefeiicTBUM (depe3 IATh JieT). MeToamka MccienoBa-
HUS BKJIIOYAJIa CONPSZKEHHBIN aHamm3 (DOHOBBIX U 3ar-
PSI3HEHHBIX CEPHOM KUCJIOTOM CephIX JieCHBIX Mmo4B. C
9TOH 1IeJIbI0 OBLIO 3aJI0KEHO YeThIpe pa3pesa. IlepBhlit
paspe3 — (OHOBBIII — 3aJI0XEH 3a TPaHMILICH pa3auBa
CEpHOM KHMCJIOTBI, BTOPOii — HA TEPPUTOPUU 3arpsi3He-
HIS B TOJ pa3iBa cepHOii KMCIoThI (1996 1), TpeTmii —
4yepe3 rof Ha TeXHOT€HHO 3arpsS3HEHHON TepPUTOPUU
(1997 1), uetBepThIit — yepe3 nTh JeT (2002 1) mocne
pa3nBa CepHOM KUCIOTHI. IJIs1 CTaTUCTUYECKOM OLIeH-
KM TOCNEAENCTBYS pa3iMBa CEPHOM KUCIOTHI 4Yepe3
TISITh JIET TIOCJIE aBapMM IPOBEIeH 0TOOP P00 Ha (DOHO-
BOM TEPPUTOPUU U Ha TEPPUTOPUH, MOABEPrIIEiics 3ar-
pS3HEHHUIO. B 1ensix n3ydeHust BIMSHUS CEPHOI KUCIIO-
Thl HA XUMUYECKOE COCTOSIHUE CEePhIX JIECHBIX MTOYB ObI-
JIM OTIpeNie/IeHbI CIeMyIoIIMe MToKa3aTeNu: CylbhaT-noH
typougumerprudeckum MetogoM (TOCT Ne 2624-96);
(bU3MKO-XMMUUYECKUE CBOWMCTBA CEPBIX JIECHBIX IOYB
(rurpockornuyeckas Biara, pa3TuyHblie (hOpMbI KUCIOT-
HOCTH, II0Ka3aTeqd KaTMOHOOOMEHHBIX CBOICTB, TY-
MYC) BBIIIOJTHEHBI C TPUMEHEHNEM CTaHAAPTHBIX METO-
vk [7]. B Xome maHHOTO MCCIeNOBaHUS MPOBOAMIOCH
U3y4YeHNEe U3MEHEHWIA BUIOBOTO COCTABA PACTEHUIA U MX
OroMacchl Moj BIMSIHAEM TeXHOTEHHOTO 3arpsI3BHUTES.



EctecTBeHHbIe Hayku

0GcyxpaeHue pe3ynbTaToB

OO611eit 0c0O0EHHOCTBIO CTPOSHUS TEXHOTEHHBIX I'e-
OXMMHUYECKHX OPEOJIOB B MOYBAX SIBJISETCS UX MPUYPO-
YEHHOCTb K CAMOMY BEPXHEMY TIOUBEHHOMY FOPU30HTY,
BBICTYTIAIOLIEMY B Ka4€CTBE MEXaHWYECKOro Oapbepa.
Jlanee TeXHOTEHHbIE 2JIEMEHTBI BKJIIOYAIOTCS B pau-
alibHble (BepPTUKAJbHBIE) M B JaTepaibHble (TOPU30H-
TaJIbHbIe) MUTPALIMOHHbIE TTOTOKHU, 3aBUCAIINE OT 00-
el JaHaahTHO-reoXMMUYECKO 00CTAHOBKM M Ha-
JIMYMS HA TIyTSIX MUTPALMM T€OXMMUYECKUX OapbepoB.
ConpseKeHHBIN aHaINM3 M0KAa3aJl, YTO B CEpOil JJeCHOM
noyse (POHOBOI TeppUTOpUM (HE3arpsA3HEHHOH cep-
HOM KUCJIOTOM) B BEPXHUX TOPU3OHTAX HE COAEPXKUTCS
cybgar-uoHa. Heboubiioe ero KoJam4ecTBo OTMevaeT-
Cs B HMWXeJEXalluX TOPU3OHTAX, UTO OOBSICHSETCS
000raIieHHOCThIO ITOYBOOOPA3YIOLIMX MOPOA MUHE-
paTbHBIMU U TIOABKHBIMU (hopMamu cephl [8]. TToc-
TYIUICHWE B TIOYBY 3arpsI3HSIOLIMX BELIECTB, CBSI3aH-
HBIX C Pa3IMBOM CEPHOM KHUCJIOTHI, CYIIECTBEHHO W3-
MEHSIeT KapTUHY paclpeneieHuss cyiabdar-noHa
(puc. 1). Bo-mepBbIX, B BepxHEil 4acTH IOYBEHHOIO
npoduas HaOII0gaeTCsl MHTEHCHMBHOE HAKOIUIEHHE
3arpsA3HUTENS], O00YCIOBJIEHHOE 3aKpEeryieHUEM €ro B
TYMYCOBOM TOPU30HTE, [JI¢ B Pa3TUUYHbIX YCIOBUSIX pa-
00Tal0T COPOIMOHHBIA M OMOTCOXMMUYECKUIA Oapbe-
pbl. OO0 3TOM CBUIETENBCTBYIOT U SKCIIEPUMEHTAIbHbBIE
JaHHBIe: MaKcUMaJIbHbIe KoHIeHTpammu (14078 mr/kr
TIOYBHI) CYIb(aT-uoOHA B MOMEHT 3arpsI3HeHMSI OTMeva-
10TCS B BEPXHEM [YMYCOBO-aKKYMYJISITUBHOM TOPU30H-
Te Al, TO eCTb TOPU3OHTE, B 3HAUMTEJBHON CTEMEHU
000raIieHHOM OpraHMYeCKMM BEIECTBOM. DTO MOAT-
BepXIaeTcsl JTaHHBIMU [9], yKa3bIBAIOIIMMU Ha TO, UTO
OCHOBHOE KOJIMYECTBO CEepbl 3aKPEILISIeTCS B OpraHu-
YecKOM BellecTBe 1MouB 3a cueT C-cBsaseil. Bo-BTophix,
KOJIMYECTBO CYIb(HATOB TEXHOTEHHOTO IMPOUCXOXKIE-
HUS B MILTIOBUATIbHOM ropu30oHTe B1 B MOMEHT 3arpsi3-
HEeHMs TIPEACTAaBICHO OTHOCUTENLHO HEOOMBIIMMU Be-
nuyrHaMu (1728 mr/kr nousbl). M3 akcnepumMeHTab-
HBIX MaTepuajoB CJEIYeT, YTO B HaYaJlbHbIK MEpUON
3arpsi3HeHMs1 HanboJjiee 3HAUUTENBHO MPOLIECC 3aKKC-
JICHUSI TIPOSIBJISIETCS B MOBEPXHOCTHBIX TOPU30HTaX
MoYB (MPUOIU3UTENTBHO 10 ITyOouHbI 40 cM).
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a) 6) B) r)
Pacnipenenenve cynbpat-moHa B npoguie cepbix sec-
HbIX 1104B: @) (pOHOBaSA, 6) 3arPa3HEHHAS CEPHOM KUCIIO-
TOV (B MOMEHT pa3nnBa), B) 3arpsi3HEHHAs CePHOM KUC-
noTou (B nocneaenictamm, Yepes rod), r) 3arpssHeHHas
CEPHOVI KNCIIOTOM (B NOCIEREVICTBAM, Yepe3 NATb fieT)

B 3aBuCHMOCTH OT MPONOKUTENTBHOCTH U UHTEH-
CMBHOCTH Pa3BUTHS 3arpsi3HEHMsI, TEXHOTEHHbIE KOM-
TIOHEHTBl B TOM WM WHOM KOJMYECTBE MPOHUKAIOT B
Hkesexane ropu3oHTel —A2B1 u B1. Yepes rog moc-
JIe pa3vBa CEpHOM KUCIOTHI B YCIOBHSIX TTEPHOTITIECKI
MIPOMBIBHOTO BOTHOTO PEXKMMa, XapaKTepHOTo IS ce-

PBIX JIECHBIX TTOYB, CYJTb(aThl BRIHOCITCS M3 BEPXHUX TO-
PU30HTOB B HUKEJEXallue. B peaynsrare amoBUaIbHO-
WITIOBUAJTbHBIX TIPOLIECCOB B Topr3oHTe Al comepxa-
HUe Cy/1b(haToB yMEHBLIMIOCH ITOYTH B 2 pa3a, B TO Bpe-
Msl KaK MaKCUMaJIbHOE KoJinuecTBO SO’ COCpenoToueHO
B ropusoHTe Bl (11328 Mr/KT 1mo4BhI). YBennueHue Ko-
JIMYECTBa Cy/bdaT-uoHa B ropuzoHTe Bl cepoii 1ecHoii
TIOYBBI CBSI3aHO C TEM, YTO WJUTIOBUAIbHBIA TOPM3OHT
SIBJISIETCSl B JAHHOM CITy4yae TeOXUMUUYECKUM 0aphepoM,
MPETISITCTBYIOLIMM TTPOHUKHOBEHUIO KHCJIOTHI BIITYOb
npoduist. MoXHO MPEANoN0XUTh, YTO MPOLIECC afIco-
pOLIMK cy/bbaT-roHa MPOTEKAET MO-Pa3HOMY Kak B pa3-
JIMYHBIX THIIAX TIOYB, TaK ¥ B PA3TMYHBIX TeHETMYESCKIX
ropusoHTax. Kak 13BectHo, Harbosee MHTEHCUBHO T10T-
JIOIIAIOT Cyab(dar-uoH coAepXalldecss B MOYBaX THUI-
POKCHIIBI XeJle3a U alllOMUHUS, KOTOPbIE B 3HAYUTENb-
HBIX KOJIMYECTBAX MPUCYTCTBYIOT B WLTIOBUATbHBIX TO-
PU30HTAX U KOTOPBIE XOPOIIO JMarHOCTHPOBAHBI HAMU
py MOPGOIOTUYECKMX CCIIETOBAHMSX.

CoBepliIeHHO MHasl KapTMHA M3MEHEHUs cofepKa-
HUsI cyabhatoB HabMoAaeTCsl B cepoil JIeCHOU MouBe,
3arpsI3HEHHON CEpHOM KMCJIOTOM, B mocjeneicTBuu. B
1LIeJIOM, KOHILIEHTpalusl CylbhaToB B mpoduie JaHHOI
TIOYBbI Yepe3 MSTh JIET MOCJIE Pa3iuBa CEPHOM KUCIOThI
CHM3WJIACH MTOYTH B TPH pa3a Mo CPABHEHUIO C TAKOBOIA B
MOMeHT aBapuu. KonuecTBo cyabhar-1uoHa B ropu30H-
Te Al TmpeacTaBieHO HEOOJAbIIMMHU BeIMYMHAMU
(5383 Mr/Kr 1OYBHI). AOCOTIOTHBIN MUHMMYM KOHLIEHTpA-
LI TEXHOTEHHOTO KOMITOHeHTa (3059 MI/KT MOYBbI) Ha0-
JIIofaeTcs B amoBUaabHOM ropu3oHTe A1A2. Heckombko
TIOBBIILIEHHBIM CONEPXaHUEM CYJIb(haT-KMOHa TIO0 CPaBHE-
HUIO C 3/IOBUAJIHBIMUA TOPU30HTAMU XapaKTepU3YIOTCsS
WITIOBHANBHBIE Topr3oHTHL B1, B2 — 7026...5900 mr/xr
nouBbl. CpeHecTaTMCTUYECKUE ToKa3aTeu CBUMIETENb-
CTBYIOT O TOM, YTO Pa3HMIIA MEXIY CONEPXKAHUEM CYJlb-
(bat-noHa B 00paszliax BEpXHUX TOPU3OHTOB CEPBIX JIECHBIX
TIOYB, 3arps3HEHHBIX CEPHOM KUCIOTOM (B IMOC/eaei-
CTBUM, Uepe3 MATh JieT) U UX (DOHOBBIMM aHAJIOTaMU BCE
ellle 3HAYUTEIbHA U TOCTOBEPHA.

ITouBbl MpeaCTaBSIOT CO00# CIOXHBIE KUCTOTHO-
OCHOBHBIE CHCTeMBI. B X cocTaB BXOIAT pa3HOOOpa3-
Hbl€ KOMITOHEHTBI, KOTOPbIE MpPU B3aMMOAEHCTBUU C
BOJIOI TIPOSIBJISIIOT CBOMCTBA KUCJIOT, OCHOBAHWM, aM-
(orepHbIX coemuHenuit (amdoanuToB). KuciaoTHOCTS,
KOTOpas CBs3aHa C aKTMBHOCTHIO MOHOB H* B Xmmkux
(bazax moyB, xapakrepu3yemasi BemurHoi pH, Ha3bIBa-
eTCs aKTyaJbHOM KUCI0THOCTHIO. Benmnuuna pH Haxo-
JITCS B OMPEAEICHHOM 3aBUCMOCTH OT MHOTHX IPYTUX
(haxTOPOB, B YACTHOCTH, OT XMMUYECKOTO COCTaBa MOY-
BEHHBIX PACTBOPOB, MPEXIE BCETO, OT KOHIEHTpALUU B
HUX IIEJTOYHBIX M IIETOYHO3EMENbHBIX XUMMYECKUX
3JIEMEHTOB ¥ KHCJIOTHBIX KOMIIOHEHTOB, B TOM YMCIIE,
YIJIEKUCIOTHI M OpraHMYeCKUX KUCIOT. MCKIIounTe b-
HOE 3HaYEHME TP 3TOM MUMEIOT IPUPOIHbIE Oy(epHbIe
CHCTeMBI, MoJepXMBatolie 3HayeHus pH B omnperne-
JIEHHOM MHTepBaJie 3Ha4eHuit. CorjacHO JaHHbIM Tao-
JIMIIBI, Cepast JIECHAsI IT04YBa (DOHOBOI TEPPUTOPUH UME-
€T peaklLuIO Cpelbl, OIaroNpUsTHYIO A IIpoM3pacTa-
HUSI pacTeHUl, XU3HEIETeIbHOCTA TOYBEHHBIX XXU-
BOTHBIX M1 MUKPOOMOJIOTMYECKON aKTUBHOCTH TTOYB.
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B pesynbrare pa3inBa cepHO KUCIOTH 3HAUMTEb-
HO M3MEHWIMCh KMCJIOTHO-OCHOBHbBIE CBOWCTBA TOYB
(Tabi1.). 3arpsi3HEeHME CEPHOIM KUCIOTOM MPUBEJIO K 3a-
KUCJICHUIO BEPXHHUX TOPU30HTOB MCCIEMYeMBIX TIOYB,
9TO OTPUIIATETFHO CKa3aJ0Cch Ha XU3HEHHOM COCTOSI-
HUU U CTPYKTYpe OMoreoneHo3a. Takoe 3aMeTHOE CHU-
JKEHME 3HAYEHUU AaKTyaJlbHOW KHUCIOTHOCTU MOXET
OBITh CBSI3aHO HE TOJBKO C MOCTYIIEHUEM KUCIIOTHI U
BBIHOCOM ILETOYHBIX KOMIIOHEHTOB, HO M C TEM, UTO Ha
MOMEHT B3SITUSI 00pa3LioB B HUX OCTaJOCh HEKOTOPOE
KOJIMYECTBO He YCIIEBIICH BCTYIUTD B Oy(epHBIe peak-
UM CepHOI KMCTOTHL. [loTeHImanbHasg KMUCIOTHOCTD
MI03BOJISIET MTOJTYYMTh TIpeicTaBIeHIe 00 00ILeM coaep-
>KaHMM KUCIOTHBIX KOMIIOHEHTOB B MOYBax. B pamkax
MOTEHIMANbHOM KUCAOTHOCTU ompenesiuch: pH co-
JieBo# cycrieH3uu u rupponutudeckas (H,) (pH-3aBu-
cumast). [To Benrurne pH coneBoii BBITSKKY (POHOBYIO
MTOYBY MOXXHO OTHECTH K TTOYBaM CO CTAOOKUCIION pe-
akuueii cpeasl. ITon Bo3aeiicTBMEM TeXHOTEHHOTO 3ar-
PABHUTEJIST KUCIOTHOCTD ITOYB OUYEHb PE3KO BO3pacTaeT
(3HaueHus pH coseBoif BBHITSIKKY B 3arpsI3HEHHBIX Ba-
puaHTax cocrtapisieT 2,6 en.). [Ipouecc MOAKUCIEHHUS
00yCITOBIEH TOTJIOMEHNEM TTOYBOM MOHOB BOIOPOIA
kucnothl. [To MHeHHMIO [9], Mpoliecchl, CIOCOOCTBYIO-
I1IMe 3anepKaHuio MIOHOB, MHOTO0OPa3HBI M BKITIOYAIOT
B ce0s1 a7copOIIMIO CYIb(aTOB, TPOTOHUPOBAHUE OPra-
HUYECKUX KUCJIOT, BEIBETPHBAHNE MUHEPAJIOB 1 alico-
poLMI0 BOAOPOAA U3 TMOYBEHHOTO IOTJIOINAIOIIETO
KoMmIiekca. [ocemHuiA mpotiece YTHIM3auy CBOOOI-
HBIX MOHOB B ITOYBe HaubOojee 3(h(PeKTUBEH U IPUBO-
JIUT K CYIIECTBEHHBIM M3MEHEHUSIM KUCJIOTHO-OCHOB-
HBIX CBOMCTB MOYBHI. [1py ycuIeHHOM KHUCJIOTHOM BO3-
JIefCTBUM Han0oJ1ee 3HAUUTEIbHBIM MPOLIECCOM CTaHO-
BUTCSI BBIBETPHMBAHNE MHWHEPANOB, CBA3aHHOE C KWC-
JIOTHBIM TUIPOIT30M TTePBUYHBIX MUHEPAJIOB.

Yepes ron mocyie pasnuBa CEpHON KHUCIOTHI BEJH-
yuHa pH coneBoii cycrieH3uu MOBbILIAETCS, HO He3HA-
4yuTesbHO (Tab.). OfHaKo yepes MsITh JIeT Mocie aBa-
PUHU CpeHecTaTUCTUYECKME MoKa3aTe/ v BeJIMUMH aK-
TyaJbHOM 1 TIOTEHIIMATBHON KMCIOTHOCTH BEPXHHMX I'0-
PU30HTOB MCCIIEAYeMBIX TTOYB YKa3bIBalOT Ha TO, 4TO
peaKLusl cpenbl CABUIAaeTCs B CTOPOHY IMOJIIEIauBa-
HUS (4eMy CrIocOOCTBOBANIO, MPEXKIE BCEro, U3BECTKO-
BaHME TMOYB), U Mo BeauuMHe pH BOIHOI M coseBoit
CYCTIEH3UM 3arpsi3HEHHbIE BapUaHThl MCCIEMyeMbIX
TOYB MPUOTIKAIOTCS K (POHOBBIM.

Kak m3BeCTHO, IMAPONUTUYECKAS KHUCIOTHOCTh
nouB (H,) obycrnoBieHa MOHAMK BOAOPOJAA, KOTOPHIE
OYEHb MPOYHO YAEPXUBAIOTCS KOJIOMAHBIM KOMII-
JIEKCOM M MOTYT OBbITb BBITECHEHBI TMAPOJUTUYECKU
menouHoit coipio (1M CH,COONa). B orcyrcTBue
0OMEHHO! KWCJIOTHOCTM OHA HE BPeIHA PACTCHUSIM,
TaK KaK MOHBI BOAOPOAA TMAPOJMTHYECKOM KHUCIOT-
HOCTH MaJio MOABMXHBI. B BepXHEM rOprU30HTE CephIX
JIECHBIX TTOYB (POHOBOM TEPPUTOPUM TUAPOIUTHYECKAS
KUCJIOTHOCTh TMpecTaBieHa HeOOIbIIMMU BeTMUMHA-
Mmu (1,4 Mr-3x8/100 I TOYBBI), YTO BIIOJIHE COTJIACYET-
CsI ¢ TaHHBIMU I aHAJIOTUYHBIX TT0YB fora 3aragHoi
Cubupu [10]. MakcuManbHbIe 3HaY€HUSI THUAPOJIUTH-
YeCcKO# KMCIOTHOCTH He3arps3HEHHBIX MOYB MPUYpPO-
yeHbl K ropu3oHTaM A1A2 u A2B1, uTo MOXHO 00bBsIC-
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HUTb CHMXEHHUEM CONEPXAHMS B 3THX TOPU3OHTAX
3HaYeHuii pH, TyMyca ¥ WIMCTBIX YaCTHII.

Tabnuua. BivsHWe pasnvBa CePHOV KUCTOTbI Ha CBOVCTBA MC-

aiegyemelx rno4s

Topw3oHT | FnybuHa, | Tymyc, | OBmeHHble H,, V, | pH pH
™ % KaTWOHbI, | Mr-3kB/ | % | BOA- |Cone-
Mr-3k8/100r | 1001 HbIn | BOW

G~ | Mg™

Cepas necHas fierpaavpoaHHasi no4sa (¢oH), paspes 1

A 0-10 3,0 15,2 | 3,6 14 93| 6,3 | 57
ATA2 20-30 1.1 8,6 | 4,6 1.9 87| 6,4 | 50
A2B1 40-50 0,6 14,0 | 2.0 1.8 89| 6,6 | 45
B1 70-80 0,6 n4 | 4,0 1.6 92| 6,4 | 42
B2 100-110 0.4 155 | 29 1.3 93| 6,2 | 48

Cepasl fiecHast AierpaavpoBaHHas NoYBa, 3arpsisHeHHas cepHom Kucnotow (8
MOMEHT pa3nunBa), paspes 2

Al 0-10 19 [16,8 16,8 37,4 471 29 | 26
Al1A2 20-30 17 12,8 15,5 41 M 27 | 24
A2B 40-50 0,7 |154 7,6 294 | 4] 29 | 25
B1 70-80 0.7 1,0 7,0 4,8 79| 4.4 | 35
B2 100-110 0,6 (11,4 3,0 2,1 87| 55 | 40
BC 120130 03 |90 5,0 1.8 90| 63 | 44

Cepas necHas aerpafnpoBaHHas rMo4Ba, 3arpsi3HeHHas CepHow kucnoTow (s
nocnefencTBUM Yepes rog), paspes 3

Al 0-10 16 (8,6 5,8 7,9 64| 3,0 | 31
Al1A2 20-30 16 (64 5,8 73 62 | 31 31
A2B 40-50 1.7 16,5 19 9,2 47 | 31 3,4
B1 70-80 05 7,2 2,8 9,5 51| 3.2 | 3,9
B2 100-110 0,6 (81 2.2 7,4 58| 35 | 35
BC 120-130 0,2 |92 0,8 7,0 59| 35 | 35

Cepasl niecHast AerpafvpoBaHHasi NoYBa, 3arpsisHeHHas CepHom Kucnotow (8
nocnefencTBum Yepes nstb Jet), paspes 4

Al 0-10 14 12,2 6,1 3,4 84| 4,2 | 40
A1A2 20-30 1,1 8,2 6,1 2,7 84| 4,0 | 39
A2B 40-50 0,6 (10,2 7.2 4,3 82| 43 | 35
B1 70-80 03 [12,2 9,3 53 78| 45 | 3,9
B2 100-110 0,3 10,2 6,1 4,5 78| 43 | 3.9
BC 120-130 0,2 |82 4,3 3,7 771 3,9 | 3.7

B MoMeHT pa3nuBa CepHOi KMCIOTH 3HaYeHusT H,
yBEJIMUMBAIOTCS Oosiee yeM B 25 pa3 Mo CPaBHEHUIO C
(oHOM, mocTuras B 2MIOBHATBHOM ropu3oHTe AlA2
41,1 mr-5k8/100 T ITOYBHI, YTO CBS3aHO C MTOBBIIIEHHBIM
MOCTYIUIEHHEM MOHOB BOJOpO/a B IIouBY. B padote [11]
MIPEIIoNaraeTCsl, YTo yBEJIMYEHUE TMAPOIUTUYECCKOMN
KMCJIOTHOCTH TIPOMCXOOUT B PE3yJIbTaTe YMEHBIICHUS
TOJ1, ISUCTBUEM CEPHOM KUCIOThI KOH(UTypaLMy MOJie-
KyJl crieupUIeCKUX OpraHMIecKuX KMCIOT, TIPU KOTO-
POI1 YaCTh TO3UIIMIA, 3aHSITHIX 0OMEHHBIMU BOIOPOIOM
U aJIOMUHMEM, OKAa3bIBalOTCS Pa30JOKMPOBAHHBIMHU.
Yepes ron mocie pasiamBa CepHOM KUCIOThI B PE3YJIbTa-
Te MPOBEICHHOTO M3BECTKOBAHMS BEIMYMHA THAPOJIU-
TUYECKOM KUCIOTHOCTM 3HAYMTENbHO MOHMXAETCS U
cocrasnser 7,9 mr-3xs/100 r moussl. B mocieneiicTBum,
4yepe3 MATh JIeT TOCIe aBapyuM, 3HAYCHWS TMAPOIUTH-
YeCKOl KUCJIOTHOCTY MPUOIM3WINCH K TTIOUBaM (POHO-
BbIX BapMAHTOB. B pe3ybTaTe CTaTUCTUYECKOTO aHaAIM-
3a BBISIBJICHO, UTO BEIMYMHA TMAPOJIUTUYECKON KUCTIOT-
HOCTH B TOBEPXHOCTHBIX 00pa31iaX CephIX IECHBIX MOYB,
3aTrpS3HEHHBIX CEPHOM KMCIOTOM (B IIOCTIENEiCTBUM,
Yepes IATh JIET), XOTS ¥ 3HAYUTETHHO YMEHBILIMIACH, HO
BCE-TaKH ellie JOCTOBEPHO OTJIMYAeTCs OT (hoHa.

KarroHooOMeHHbIe CBOMCTBA TIOYB TECHO CBSI3AHBI C
HaJMYMeM OTPULATENbHBIX 3apsIOB Ha TMOBEPXHOCTH
MMHEPATbHBIX ¥ OPraHMYECKUX KOMITIOHEHTOB MOYBEH-
Horo nornoiaromiero komrrekca (IIK). Orpunarens-
Hble 3apsabl TITTK kommeHCUpyloTcs MOI0XUTENbHO
3apsKeHHBIMM TTPOTUBOMOHAMHU — OOMEHHBIMU KaTHO-
Hamu. CyMMa 0OMEHHBIX KATUOHOB OyAeT TeM Oobllle,
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YeM BBIILE cofiepKaHhe TyMyca 1 TsoKesiee TPaHyJIoMeT-
puyecKuii coctaB. BeamyriHa 0OMEHHBIX KATUOHOB IO/~
YepKUBaeT MOATUIIOBBIC PA3IMYMS CEPhIX JECHBIX TIOUB.
Tak B moBepXHOCTHOM ropu3oHTe Al (hoHOBOI cepoii
JIECHOM TOYBBI CyMMa OOMEHHBIX KATUOHOB COCTABJISIET
18,8 Mr-sx8/100 r moYBLL. B cOOTBETCTBUY C 3TI0BUATIB-
HO-WUTIOBMANbHON nuddepeHnanueii, B pacipeesne-
HUU OOMEHHBIX KaTMOHOB MO MPOQUIIIO0 MOYB MOXHO
HaMETWUTh 1B MaKCMMyMa, COOTBETCTBYIOLIME Ieper-
HONHO-aKKyMYJISITUBHOMY U WJLTIOBUATbHOMY TOPU30H-
TaM, 00OTaleHHbIM OPraHUYECKUMU U MUHEPATbHBIMU
KOJUIOMIAMH; MEHBIINME BEIMYMHBI HAOMIOTAIOTCS B
AMIOBUATBHBIX TOPU30HTAX. B pesysbsrate pasmmsa cep-
HOI KMCIOTBI BEJMYMHA TOIJIONICHHBIX OCHOBaHWiA B
MOMEHT 3arpsi3HEHNUST CePhIX JIECHBIX MOYB TOYTH B IBA
paza MpeBbllIaeT cofepkaHue 0OMEHHBIX KaTHOHOB Ha
(hOHOBOI TEppUTOPUH, AOCTUTAST MAKCUMAJIBHOTO 3HA-
YeHHsI B [yMyCOBOM I'OpHM30HTe (TabJ1.). MOXKHO mpeamo-
JIOXXUTb, YTO YBEJMYEHHE CYMMBI OOMEHHBIX OCHOBAHMIA
B TEXHOTEHHO 3arpsi3HEHHBIX MTOYBAX CBSA3aHO C JIOMOJ-
HUTEJIbHBIM TIEPEX0J0oM KaTMOHOB B OOMEHHBIE MO3HU-
UM C TIO3UIIMH, paHee 3a0I0KUPOBAHHbIX TMIPOKCHIA-
MM 3Kee3a U aJIOMUHUS, PACTBOPSIOLIMXCS MPU TMOA-
KHCJIEHWUH TTIOYBEHHOTO PacTBOpPA. YBEIMIEHUE X BEJH-
YUHBI 1101 BO3AEHCTBUEM CEPHOM KMCIOTHI MOXET OBITh
YaCTUYHO CBSI3aHO TAKXKE U C TEM, UTO 00pa3iibl JaHHOK
MOYBLI OTOMpPANUCH TMOCIE M3BECTKOBAHUS, KOTOPOE
CMocoOCTBOBAJIO HACBIIIEHUIO TIOYBEHHOTO MOTJIONIAI0-
1Iero KOMIUIeKca KanblieM u3Bectu. O0paimaeT Ha ce0st
BHMMaHHE Pe3KOe YBEIMYEHHWE B TEXHOTCHHON MOYBE
cofiepxkaHusI OOMEHHOTO MarHusl; €ro BeIMYMHA B BEPX-
HUX TOPU3OHTaX JOCTUIAeT 3HAYMTENbHBIX BETMYUH —
16,8 Mr-3x8/100 T OYBEI, YTO, TTO-BHAUMOMY, IIPOKCXO-
JIUT BCJIECTBUE BBHITECHEHMS] MOHOM BOIOPOJA TMOTJIO-
IIEHHOTO MarHusI 1 TIEPEX0I0M €T0 13 BHYTPeHHHX (MH-
TEPMULIEIUTPHBIX) TTO3UIMI KPUCTALTMYECKUX pellle-
TOK IJIMHUCTBIX MMHEpajJoB Ha oOMeHHbIe. Yepes ron
TocJie pasinBa CepHOM KHCIOThI IPOM3OIILIO HEKOTOPOe
BbIILIETauBaHE OOMEHHBIX KATUOHOB, B pe3yJIbTaTe ue-
O MX CyMMa 3HaUMTeIbHO YMEHBIIMIAC.

B cooTBeTCcTBMM ¢ CyMMOIi OOMEHHBIX KATHOHOB U
BEJMUYMHOI TMAPOJUTUYECKOM KUCTOTHOCTU HAXOMT-
CsI ¥ CTETIeHb HACHILIIEHHOCTH 10YB OCHOBaHUSIMHU (V).
B rymycoBoM ropu3oHTe Al cepbIX JIECHBIX ITOYB, pac-
MOJIOXEHHBIX Ha (DOHOBOW TEPPUTOPUH, BeJIMYMHA
CTETICHN HACHIIIEHHOCTH mocTturaeT 93 %. B MoMeHT
paziKBa CEPHOI KMCIOThI 3TOT MOKa3aTe/lb CHUXKAETCS
MpakTUYECKH B JIBA pa3a Mo CpaBHEHUIO ¢ (DOHOBBIMU
aHaJIoraMu, COCTaBJisisi B Topu3oHTe Al Bcero Juiiib
47 %. DTO CBUIETENLCTBYET O TOM, YTO Cephie JIECHbIE
TOYBHI MTPU 3aTPSI3HEHUU WX CEPHOM KUCIIOTOM U3 pa3-
psiia HACHIILIEHHBIX OCHOBAHUSIMU MEPEXOAAT B paspsijl
CWJIbHO HeHachlIeHHbIX. CIycTs MTh JIET ¢ MOMEHTA
pasiuBa CEpHOM KMCIOTHI, BEIMUMHA CTENIEHU HAChI-
HIEHHOCTH CTa0UIM3UPYETCS, TIPUOIMKASCH IO XapaK-
TEPHBIX JJIS1 JTAHHOTO TIOATHIA TI0YB MHTEPBAJIOB.

B mouBe KOHIIEHTPHpYETCS OTPOMHOE KOJIHMYECTBO
SHEPIUU B BUIE OPTAHMYECKMX BEIIECTB Crielmduyec-
KOI Ipupojp! (ITOYBEHHOTO TyMyca), OCTaTKOB OTMHpa-
IOl PAaCTUTENBHOCTH U TIa3Mbl MMUKPOOPraHU3MOB.
WMmeHHO Giaromapst rymycy 1mo4ysa 00J1afaeT 3HauMTe b-

HBIMM 3aIlacaMu aKTUBHOM 3Hepruu. BoBnekasich B Ou-
OJIOTUYECKUI KPYTOBOPOT, aKKyMYJIMpPOBaHHAas B Opra-
HUYECKOM BEILIECTBE MTOYB SHEPTHsI OKA3bIBaeT BIAMSHUE
Ha XU3HEHHOE COCTOsSIHUE OMOTreoleHO30B B LIEJIOM, a
TaKXe XapakTep 1 MHTEHCUBHOCTb MPOTEKAIOINX B HUX
Ouonornyeckux npotieccoB. ComepxaHue rymyca B Mo-
BEPXHOCTHOM Topu3oHTe Al cepoil JiecHoi (poHOBOI
TIOYBBI B 11€JIOM HEBBICOKOE 1 COCTABJIsIET He Oonee 3%.
PacnipeneneHue rymyca B €CTECTBEHHBIX MOYBAX HOCHUT
aKKYMYJISITUBHBIH XapakTep M ero OCHOBHOE KOJUYECT-
BO MTPUYPOUYEHO K BEPXHUM CJI0SIM. XapakTep Mpoduib-
HOT'0 pacmpeeaeHus T'ymyca ()OHOBBIX IIOYB Pe3KO YObI-
Baroluii. Mi3MeHeHue KHUCIOTHO-OCHOBHBIX CBOICTB
TIOYB B pe3yJbTaTe pa3inBa CEPHOW KUCIOTHI, B IEPBYIO
ouepesib, BIUSIET Ha XU3HEAESATeIbHOCTh MUKPOOpPra-
HU3MOB, aKTUBU3UPYS ONHU TPYIMIbl M TOAABISISl ApY-
rue. OT KOHLIEHTPaLMK BOIOPOAHBIX MOHOB 3aBUCHUT
YpOBeHb (PEPMEHTATUBHOI aKTUBHOCTU I0YB, B 0OJIb-
1Ieil Mepe CBS3aHHON ¢ MUKPOOMOJOTMYECKUMM TIPO-
neccamu. PesynsTupyioliel 3TUX MpOLIECCOB SBISETCS
U3MEHEHME COOTHOIIEHHMSI CKOPOCTEl MMHEpanu3alun
U TyMU(UKALMU PACTUTEIbHOTO MaTepuaia M, Kak
CJIeICTBUE, TEMTIOB TyMycOHaKorieHus. Eciu conocra-
BUTb COIEPXKAHUE U pacripefieieHue rymyca B mpoduse
(boHOBOI1 cepoli JTeCHOM MOYBHI Y 3arpsI3HEHHON CepHOI
KHUCJIOTOH (B MOMEHT aBapuu), TO MOXHO BUJIETh, YTO B
nocjaeqHell KOoJIMYecTBO TyMyca Pe3KO YMEHbIIAeTcCs.
MoxkHO TIPeANoI0XUTh, YTO OMHON U3 MPUYMH CHIKE-
HUSI coiep>kaHus Tymyca SIBJISIETCSl paCTBOPEHUE HEKO-
TOpBIX (PpakiMii TyMYCOBBIX BEIIECTB MOM BIUSHUEM
KMCJIOTBI M MUTPALIUS UX 10 TOYBEHHOMY Tpoduiio. B
OOJIBIIMHCTBE CTyyaeB 0ojiee TyMYCMPOBAaHHBIE MOYBBI
XapaKTepU3yIOTCsl JYYIIMMUM TOKa3aTelsIMUA BOJHOTO,
BO3MYILIHOTO U TEIJIOBOTO PEXMMOB; MPY Hedmaromnpu-
SITHBIX YCJIOBMSIX B OOJIbILEN CTENEHU COCOOHBI 00ec-
MeYMBaTh PACTEHUS MUTATEIbHBIMU MaKpO- U MUKPO3-
JieMeHTaMu. [yMycoBBI€ BELLECTBA TPUIAIOT ONPEEICH-
HYIO CTa0WJIBHOCTb CTPYKTYPHOMY COCTOSTHMIO II0YB,
COpOLMOHHBIM TpolieccaM U OydepHocTu. OnHaKo pe-
3YJIBTaThl OTPeNeIeHNUs COIEPXaHusI TyMyca, TIPOBENeH-
Hble B MOC/eIeCTBUM (Uepe3 MsATh JIET MOocie pasiuBa
CEPHOM KHUCJIOThI), CBUIETENBCTBYIOT O TOM, YTO 3TOTO
NepuoIa HEIOCTaTOYHO ISl €CTECTBEHHOTO OOHOBIIE-
HUS ¥ BOCIIPOM3BOJICTBA TIOYBEHHOTO TyMyca (TaoJ. ).
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duromacca, /v’

HapsemHas MoasemHas
E doHoBas HCpepHesarpsisHeHHasA O CunbHo3arpA3HeHHasn
Puc. 2. Vi3meHeHve cpeaHevi BennymHbl GUTOMaccsl B nocse-

[evcTBum (depes 5 neT nocse pasmBa cCepHOM KUCOTbI)

Panee Hamu oTMeuanoch [12], 4To Ipu MOAKKUCIe-
HUM TIOYB CHIKAeTcsl ColepXaHWe U JOCTYIHOCTb
BaXXHBIX OMO(MUIBHBIX 2JIEMEHTOB M YMEHbIIIASTCS UH-
TEHCUBHOCTb Ipoliecca HUTpUdUKauuu. MameHeHus
MOYBEHHBIX CBOMCTB MO BO3AEUCTBUEM KMCIOTHI OT-
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Pa3UIUCh HA XXKM3HEHHOM COCTOSIHUM M CTPYKTYpe OM-
OTeOlICHO3a U TPUBEIM K HApYIIEHHWIO COCTaBa M KO-
JIMYeCTBA HAI3eMHON ¥ ITIOA3eMHOM (DUTOMACCHl Ha
Tepputopun Muxaiinosckoit poiu r. Tomcka (puc. 2).

st poHOBOrO yyacTka MuxaiiIoBCKOM POIIM Xa-
PaKkTepHO COOOINECTBO, 00pPa30BaHHOE TUIIMYHBIMU
MHOTOJIETHUMU TIPEACTaBUTENISIMU JIECOTYTOBOM U JTy-
TOBOI1 paCTUTEIBHOCTU, KOTOPbIE B OOJNBIINHCTBE CBO-
€M BBICTYMAlOT JOMUHAHTAMU U CYOJOMUHAHTaMU B
coobuiecTse. B pesynsraTe pasiuBa cepHON KUCIOTHI
HEKOTOpPbIE YYacTKM POLIM ObUTM MpPaKTUYECKH TOJ-
HOCTBIO JIMIIIEHBI pacTeHuit. Yepes MsTh JIeT Ha MecTe
pas3auBa KMCJIOThl PACTUTENBbHOCTb HapYIIEHHBIX
YYacTKOB coveTaeT B cebe KaK YepThl eCTECTBEHHOIO
YHUUTOXEHHOTO COOOIIECTBA, HA MECTE KOTOPOrO OHA
MOSIBJISIETCS, TaK U HOBBIE, XapaKTepHbIe 0COOEHHOC-
TH, CBSI3aHHBIE C M3MEHEHUEM YCIOBHI MECTOOOMTA-
HUS. Bonblnyio posb Mpu 3TOM WIrpaeT IpyIa pacre-
HUI COPHOTPABbS U MMOHEPOB 3apacTaHusl. B pesyib-
TaTe yJaydlieHUs] OMOreoLeHOTUUECKMX YCIOBUIA Uepes
MSTh JIET TOce aBapuu 3HAUUTEbHO YBEIMYMIACH
Hazm3eMHas 1 oa3eMHas puroMacca (puc. 2). 3HaHMe
3aKOHOMEPHOCTEH €CTECTBEHHOTO BOCCTAHOBICHMS
pacTUTENBLHOCTH, KaK Haubojiee MH(POPMATUBHOTO
KOMIIOHEHTa OMOTeO1IeHO30B, MTO3BOJSET MO3HATH Me-
XaHM3MBI UX (HOPMUPOBAHUS B CHIELU(BUUECKUX YCI0-
BUSIX TEXHOTEHHOTO 3arpsi3HEHMSI.
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3aknoyeHne

BaxxHeimM KOMIOHEHTOM Ha3eMHBbIX JaHAIadToB
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