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P. Teepma — camplii KpynHBI ¥ IIOJHOBOJIHBIM IPUTOK [IBaHBKOBCKOTO
Bojoxpanuwiuiia (okomo 24% mnpuxogHOW dYacTH BomgHOro Oamanca) [3].
CoBpeMeHHBIM HMCTOKOM TBepIpl MPUHATO CUATATH BOJHYIO MOBEPXHOCTH Ctapo-
TBepenkoro kaHnana B T. Beimnem Bonouke (BpltHeBosI01IKOE BOJAOXPAHUIIHUIIIE).
JlmuHa pexu — 188 kwm, momanb Bogocbopa — 6510 I(MZ, CpeIHUN TOJI0BOM pacxo
— 60 M%/c, moms rpyHTOBOro mnutaHus — 38%, ycTbe peku B uepre I. TBepu
HaxoauTca B moanope KBaHbKOBCKOro BojaoxpaHunuma [6]. TBepua wurpaer
BaXHYIO pOJib B (JOPMUPOBAHMM KauyecTBa BOJIbl MIBaHBKOBCKOI'O BOJOXpaHUIINIIA,
MOCKOJIbKY TMPUBHOCHT B HEro OoraTbhle OpPraHUKOW BOJIBI HEMOCPEICTBEHHO CO
CBOETO0 BOJIOCOOpa U U3 BBINIHEBOIOLKOIO BOJOXPaHUIIUIIA.

Lenpto paboThl OBLIO KCCIENOBAHUE THAPOXUMHUUECKOTO PEKUMA U CTPYKTYPBI
¢dutomnankroHa p. TBepibl W €€ TPUTOKOB W aHAJIU3 B3aUMOCBSI3EH MEXITY
THIPOXUMUYECKUMHU  TOKa3aTeNsiIMA W XapaKTepUCTUKaMH  (PUTOIIAaHKTOHA.
HatypHbie HaOn0€HUS TPOBOAMIIUCH €XKEMECSYHO ¢ Masi o okTA0ps B 2009-2011
IT. OT UCTOKAa JI0O YCThsl PEKH HA 5 CTAHLMSX, a TAKKE€ Ha YCThEBBIX Y4YacTKax
HEKOTOpBIX €€ JNeBOoOepexHBIX MpUTOKOB (puc. 1). OTbéop mpod u X aHaNU3
IPOBOAMIICA B COOTBETCTBHH C OOILIETTPUHATBIMUA METOAUKAMHU [2, 5, 7].

Brimmeso10nKo0e P Cranuum o1dopa npod

BOJOXpaERIRIEe

1 Obpaxoso

4 Meanoe

Puc. 1. Cranuu or6opa rmpo6 Ha p. TBepiie u e€ mpurokax

[To cBoeMy TrUAPOXMMHUYECKOMY COCTaBY BOJbI TBeplbl U €€ HMCCIIeIOBAHHBIX
MPUTOKOB OTHOCATCS K THAPOKAPOOHATHOMY KJIAcCy KaJIbIIUEBOW TPYIIbI, IO
CTENEeHN MHHepaiu3aluuu — K yiabTpanpecHeiM (O0pamoBo u Bwigpomyxkck) u
MPECHBIM (OCTaJIbHBIE CTAHLIUU), 10 CTENEHU KECTKOCTU — K MSTKUM, IO BEJIMUUHE
pH — k He#tTpansHO-cnabomenoynsiM [ 1]. s pex Bogoc6opa TBepiibl XapakTepHbI
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BBICOKHME KOHIIEHTPAllMU OOIIETO Kejie3a U BBICOKME 3HAUCHHS MepMaHraHaTHOU
OKHUCJISIEMOCTH M ILIBETHOCTH BOJIbI, YTO COOTBETCTBYET ME30- U TMOJUTYMO3HBIM
BozaM [4] (tabu. 1). Cpennsisi 3a BereTallMOHHBIN MEepUOJ KOHILIEHTpALMs O0O0IIero
dbocdopa u3MeHsuTach Ha pa3audHbIXx craHmusx ot 0.020 mo 0.120 mrP/om, aro
MO3BOJISIET OTHECTH TBepIly U €€ MPUTOKU K 3BTPOGHBIM BoJaM [4].

Tabauna 1. Cpennue 3a nepuojl MCcael0BaHNUs 3HaYEHUSI HEKOTOPBIX THIAPOXUMUYECKUX
noKasaresied BoJ TBepisl U €€ IPUTOKOB

IToka3arenn Teepua IIpuToxu
pH, en. 7.49-7.78 7.65-7.78
MHuHepan3ams, Mr/am° 131 -233 346 — 379
Feosu, MI/IM° 0.28-0.39 0.25-0.33
P, MrP/mv° 0.044 -0.076 | 0.049 -0.102
NH,", mrN/am’ 025-0.34 | 0.25-0.27
NO3, mrN/am’ 024-039 | 0.23-0.85
L[BeTHOCTD, TPayChl IBETHOCTH 82 - 105 83 -93
OKuCIIIeMOCTh IEpMaHraHATHAS, mrO/nm° 15.0-17.5 14.6 - 15.3

[lo pesynabTaTam wuccnefoBaHus B ainbroduiope IjaHKTOHa TBepubl U e
NPUTOKOB ObUIO UACHTUUIIUPOBAHO 423 BHIA, PAa3HOBUAHOCTH, (DOPMBI U THIIA
Bojiopocneit uz 9 ornenoB (taba. 2). Haubonbmmm GoraTrcTBoM (UTOMIAHKTOHA
otnuyanack TBepua — 390 TakcOHOB paHroM HUKe poja. diopa NPpUTOKOB ObLIA HE
cToyib pasHooOpasnHa: JloroBexb — 153 takcona, Mamuma — 140, KaBa — 155.
OCHOBY TakCOHOMHYECKOH CTPYKTYpbl (OPMUPOBAIM JUATOMOBBIE U 3€IEHBIC
BOJIOPOCIM TMpPH HE3HAYUTENbHOM YYacTHUM 3BIJIEHOBBIX U  CHHE3EIEHBIX
BOJIOPOCIICH.

Tabaunna 2. TakcoHOMu4eckoe pazHooOpasue puromiaHkToHa TBepIbl U €€ MPUTOKOB

Orensr Biios PasnoBuaHocTEH, Beero % OT 00111eETO
dbopM u THIIOB quclia

3enénnie 157 11 168 40
JlnatoMoBbIe 93 8 101 24
OBIJICHOBBIC 38 12 50 12
Cunesenéupie 31 0 31 7
Kpunrodurossie 17 0 17 4
Crpentoduronsie (XapoBsie) 12 S) 17 4
30JI0TUCTBIC 15 1 16 4
JKénrozenéunie 13 0 13 3
JuHodutoBsie 8 2 10 2

Bcero 384 39 423 100
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AHanmu3 5KoJI0ro-reorpauyeckux XapakTepUCTHK BOJOPOCIEH BBISBHII, YTO
OCHOBY (uTOIUIaHKTOHAa TBepibl U €€ MPUTOKOB (POPMUPOBAIU KOCMOMOJIUTHBIC
BUJibI (94%), peicTaBlieHHbIE B OCHOBHOM MCTUHHO MIAHKTOHHBIMHU OpTraHU3MaMu
(48%), mnanktépamu-odpactarensmMu (19%) u nuropansHbiMu hopmamu (15%),
unauddepenramu no orHomenuo k pH (70%) u munepanuzanuu Boasl (80%), B-
Me3ocanpobdbamu (46%).

Knacrepupiii  ananu3, MNpOBEAEHHBIM MO 3HAYEHUSAM TUIPOXUMHUYECKUX
nokasaresieil, mo3BoJuI BbIAEIUTh 2 Kiactepa (puc. 2). Ilepsolit chopmupoBaiu
BCE CTaHIMU TBepubl, BTOPOM — €€ NOpUTOKU. [Ipu >TOM TepBBIA KIIacTep
paszensieTcs Ha JiBe Tpynmnbl. B mepByr0 BOLUIM CTaHIIMM BEPXHErO TEUCHUS —
O6panoBo W BpIpOMYyXCK, KOTOpBIE XapaKTepU30BAIUCh BeduMunHamMu pH,
OJMM3KUMU K HEUTPAJIbHBIM, YIBTPANPECHON BOJION M BHICOKMMH KOHIICHTPAIIUSIMU
obmrero jxene3a. Bo BTopyro Tpynmy momaiad CTaHIMH CPEIHETO W HIDKHETO
teuenus — [lanuka, Megnoe u TBepb, rae Boga Obla CpeIHEMUHEpAIM30BaHA C
BenuunHaMu pH, OMM3KUMHU K WIENOYHBIM, Oojieeé HU3KMMU KOHIICHTpPALUSIMU
o011ero xene3a 1 aMMOHHMITHOTO a30Ta, MEHEE IBETHOM BOJION U 0OoJiee BHICOKMMHU
KOHIEeHTpauusamMu obuiero ¢ocdopa. [lputoknm otnmyanuck ot TBepusl Oonee
MUHEPAIIM30BAaHHON U JKECTKOW BOJOW, B HUX OTMEYAIUCh HAWOOJBIINE
KOHLIGHTPAllUU KPEMHUSI M HUTPATHOTO a30Ta. AHAJIOTHYHBIE JI€HIPOTPAMMBbI
MOJIYYWJINCh TIPU KJIACTEpU3AlMU CTAHIMN MO 3HaYeHussM pH, cymMme TriiaBHBIX
HMOHOB, COJICPKAHUIO OMOTEHHBIX 3JIEMEHTOB, BEJIMUYMHE I[BETHOCTU U 3HAUCHUSIM
MIEpMaHTaHATHON OKUCIISIEMOCTH.
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Cramps p. TeepLibl ¥ MPHTOKH

Puc. 2. JleanporpamMmMa pa3iudust THIPOXUMHUIECKOTO COCTAaBA BOJIBI MEKIY CTAHITUSIMH
TBep1bl U €€ NIPUTOKAMHU

Hecmotrpss Ha pasnuuusi OTAENBHBIX Y4YacTKOB TBEpIbl MO XUMUYECKUM
MoKa3aTeNsiM, TMPOCICKUBAIACh KOHTHHYaJIbHOCTh HM3MEHEHUS XapaKTEPHUCTHK
THJIPOXUMUYECKOTO pPEXHUMa OT HMCTOKa K YCThIO, MOCKOJBKY pacHoJIOKEeHUE
CTaHIMI HA JEHAPOTPaMMe MOBTOPSIIO UX TOMOTpadUUYecKOe MOJIOKEHUE B PyCIIe.
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Cpenu mnpuTOKOB HAOMIOAANACh JUCKPETHOCTH: B TBepIly MOCieI0BaTEIbHO
BrnanaroT Jlorosexp, Manuna u Kaa, oqHako Ha nenaporpamme Mamnna u Kasa
NOMEHSUIUCh MecTaMu. Manuna Xapakrepu3oBaiach HauOOJIBIIMMU BEIHMYMHAMU
pH u wMuHepanuzamuu BOABI, HAUOONBIICH KOHIIEHTpalUUeld HUTPATOB U
HaUMEHBIIIEeH — O0IIIero xemne3a.

Kitacrepusanus CTaHLIUU 10 TaKCOHOMHYECKOMY pa3zHooOpazuio
(UTOMIIAHKTOHA TaKKe MO3BOJIMIA BBIAENUTH 2 Kiactepa (puc. 3). B mepsbiii
BOILIUIM BCE CTaHIMU TBepipl, BO BTOpoW — €€ mnputoku. llepBblii Kiactep
paszmenseTrcss Ha 2 Tpynmbl, TAaKKE€ KaK W IPH aHAIU3E MO THAPOXHUMHUYECKUM
nokazatessiMm. [lepsas rpynmna (O6panoBo u Beinponyskck) xapakrepusyercs 0oliee
BBICOKMM OOTaTCTBOM KT'YTHKOBBIX (POpM U cTpenTo(PUTOBBIX Bojpopocieit. Bropas
rpynna (ITanuka, Mennoe u TBeps) oTaudaeTcst 6ojiee BHICOKOM JT0JeH 3enEHBIX U
JTMAaTOMOBBIX Bojopociei. B mputokax Obl1 O€AeH COCTaB CHHE3ENEHBIX,
WKENTO3ENEHBIX U JUHOPUTOBBIX BOJTOPOCIICH.
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Puc. 3. JlengporpaMMa TaKCOHOMUYECKOTO pa3inyusl PUTOIIAHKTOHA MEXAY CTaHIIMSIMU
TBepubl 1 €€ MPUTOKAMHU

Hemapamerpuueckuii aHanu3 CBSI3M THUAPOXMMHYECKHUX TIOKa3aTelnedl U
XapaKTEepUCTUK (PUTOIUIAHKTOHA BBIABHMJ, YTO IpuU ypoBHE 3Hauumoctd p<0.05
oOmmasi YUCIEHHOCTh H Oumomacca ¢Qurorianktona B TBepre JTOCTOBEPHO
KOppeIupoBaiu ¢ KoHIeHTpalued HuTpaToB (r=0.66 u r—=0.60 cOOTBETCTBEHHO),
MHJEKC canmpoOHOCTH ObUT CBsi3aH ¢ MUHepanu3auuend Bojabl (r=0.40) u BenmuynHON
usetHoctd (r=0.45). ns p. JloroBexb BBISBICHBI B3aUMOCBSI3U MEXIY
YUCJICHHOCTBIO M OMOMAcCOM 3eJIEHBIX BOAOPOCITECH M KOHIIEHTpalued HUTPATOB
(r=—0.60), 4YKCICHHOCTHIO M OHOMAcCOMl  9BIVICHOBBIX  BOJOPOCICH W
koHIeHTpanuend kpemuaus (r =—0.76 r =—0.71 coorBercTBenHo). Jns p. Manwuima
HAOJIOIaTUCh  3aBHCHMOCTH  OOIIEH  YHCIGHHOCTH  (UTOIUIAHKTOHA  OT
KOHIIeHTpanuu oo1iero gocdopa (r =0.58), YUCIACHHOCTH 3€TIEHBIX BOAOPOCICH OT
3HAQYeHUN  TiepMaHTaHaTHOM  okuciasemoctud (r=—0.55), cBsa3p  OmOMacCh
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CHHE3eNEHBIX Bojopocie ¢ mumHepanuzanuer (r=0.52) um 1mBetHocThiO (1=0.52).
Jlnst pexu KaBa BBISIBICHBI CBSI3U MEXKIY BEJIMUYMHON IIBETHOCTU M YUCIEHHOCTHIO U
ouomaccoil 3enénpix (r=—0.54) u cunesen€nsix Bogopociel (r=0.66), Mexay
MUHEpaM3allMel M YHCIECHHOCThIO W Ouomaccoit 3010TUCTHIX (1=0.56) u
cuHe3eNnE¢HbIX Bogopoceit (r=0.52).

Jlumepamypa

1. Anexun O.A. O6wmas runpoxumus. JI.: I'mapomereonsnar, 1970. 444 c.

2.TOCT P 51592-2000. Boga. O6mue TpeboBanus k oTOOpY 1mpod. 35 c.

3. I'puropseBa WN.JI., JlannoBa U.B., TynskoBa WU.B. I'eoskonoruss MBaHbKOBCKOTrO
BOJIOXpaHWININA U ero Bojgocobopa. Teepb, Konakoso: bymar, 2000. 248 c.

4. Kwurtaes C.II. OcHOBbl JUMHOJOTMU Ui TUAPOOUOIOrOB U MXTHOJIOTOB.
[lerpo3zaBoack: Kapenbckuit Hayunsiii nentp PAH, 2007. 395 c.

5. Ky3pmun I'.B. ®uTonmanKToH: BUAOBOW cocTaB U obOmime // MeTtoanka n3ydeHus
OuoreoleH030B BHYTpeHHUX BogoémoB. M., 1975. C. 73-87.

6. IIpupozna u xo3siictBo Kanuuunckoit oonactu. Kanunun: usg-so KI'TIN, 1960. 665

7. ®omun I'.C. Bopma: KOHTpOJb XMMHUYECKOW, OaKTepUalbHOH M pajualliOHHON
0€30I1aCHOCTH MO MEXKIYHApOJHBIM CTaHJApTaM: SHIMKIONEIUYECKUN CIPaBOYHUK. M.:
[Tporekrop, 1995. 624 c.

MNPEABAPUTEJIBHBIE PE3YJIbTATHI AHAJIU3A
JIMATOMOBBIX KOMILIEKCOB U3 JIOHHBIX OTJIOKEHUI
O3EPA BOJIBIIOE JIBUTAKY (3ATTAJIHBIN KABKA3)
Paszymosckuii B.J1., Pazymosckuii JI.B.
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K uymcny ozep, npusHaHHbIX HH(DOPMATHUBHBIMHM Ui H3Y4YEHHUS HCTOPHUH
no3aHero ronoreHa Kaskasza, Opu1o oTHeceHo 03. bonbioe /[3utaky (b. J3uTaky).
O3. b. [3utaky (43°45'17" c.m., 40°23'09" B.n.) pacnoyioKeHO Ha TEPPUTOPHUU
KaBxkasckoro I'ocynapctBeHHOro 6nochepHoro 3amoBeJHHKA, B JOJMHE Jl3UTaKy.
Ozepo HaxoauTcst Ha BbicoTe 1913 M Hax Y.M. M HMMeeT BBIIYKJIO-BOTHYTYIO
dbopmy. [JnunHa ozepa — 195 m, mupura — 190 M, MmakcuManbHas Tiryonna okosno 10
M. O3epo BO3HUKIIO B pe3yJbTaTe JIABUHHOTO BbIOMBaHUs. JIOHHBIE OCAJKU OBLIU
OTOOpaHbl B IOrO-BOCTOYHOM 4YacTH oO3epa, B TOYKe, TI/Ae OBbUIM OTMEYEHBI
HanOounpmme rayouns! (11.5 m). Ha nuatomoBsIil aHanu3 Obuta oToOpaHa KOJIOHKA
noHHbIX oTinoxeHuil ([J0O), nuamerpom 4.5 cMm, mmumnoit 23 cm. OOpa3ubl Ha
JTMATOMOBBIN aHaJIW3 OTOUPATUCH MO TPAIUIIMOHHON MeTo/IMKe [2], ¢ nHTepBaioM 1
CM, 3a HCKIIOYeHHeM BepxHero uHTepBasia 0-2 cMm. OOpaboTKa, H3TOTOBJICHHE
NOCTOSIHHBIX TPENapaToB, HWACHTU(UKAUS U TOJCYET CTBOPOK JHATOMEH,
OCYUIECTBIISIIMCh 1O CTaHAApTHBIM  Metonukam [1, 5]. Bcero 6bwuio
uaeHTuupoBano 6osee 110 HU3MIMX TAKCOHOB.
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[ToMrMoO KJTacCHYECKHX METOAOB JHMATOMOBOIO aHajlu3a ObUI IPUMEHEH METOJ
rpau4ecKoro aHajan3a TaKCOHOMUYECKUX MPOMOPLMNA B TUATOMOBBIX KOMIUIEKCAX
[3, 4]. AHanu3 1O BEHIICYITOMSHYTOMY METO/Y, B JITHCHHOW CHCTEME KOOPJIWHAT,
NO3BOJIWJI CJeNIaTh BBIBOJ, O HEHApYIIEHHOM TaKCOHOMUYECKOW CTPYKType B

IUaTOMOBBIX Komiutekcax u3 JIO B 03. b. JI3utaky (puc. 1).
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Puc. 1. TakcoHOMHUUECKast CTpyKTypa JuaToMOBBIX KoMiulekcoB B /1O o3. b. J[3uTtaky
(MHEHas cucTeMa KOOpIMHAT).

PesynbTaThl, TONyYEeHHBIC TPU aHAINW3E TAKCOHOMHYECKOW CTPYKTYPBI
JTUATOMOBBIX ~ KOMIUICKCOB B JIOTapU(MHUUYECKOH  CHCTEME  KOOpJWHAT,
CBHJICTEIILCTBYIOT O BBICOKOW CTaOMILHOCTH IKOCHUCTEMEBI 03epa (puc. 2).
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AopA4CcK TaKCoHOB

Puc. 2. Tpanchopmariust TaKCOHOMUYECKON CTPYKTYPBI TUATOMOBBIX KOMITIIEKCOB B /IO
03. b. /I3urtaky (;orapudmudeckasi cucteMa KOOpAHHAT).
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Bo3pact, HakOMWBIIMXCS H TPOAHATM3UPOBAHHBIX O3EPHBIX OTIIOKEHHMH,
COOTBETCTBYET (mpenmnonoxurenbno) 150-200 ner.
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BJIMSAHUE 3APETYJIMPOBAHUSA HA BOJHBIN PEXKUM U
IMPECHOBOJIHBIE SKOCUCTEMBI B BACCEMHE CPEJHEI'O AMYPA
Huxutuna O.HU.

Bcemupmnwiii hono ouxou npupoovr (WWF Poccuu)
OI'BYH Hncmumym 6o0mnwix npoonrem Poccutickou akademuu Hayk
Mockea, Poccus
onikitina@wwf.ru

Pexxum croka (GopMupyeT MECTOOOMTaHHS BOJHBIX W OKOJOBOIHBIX
OpPraHM3MOB, T[I03TOMY €0 HW3MEHCHHEC MPHUBOJUT K TepedOopMUPOBAHUIO
MecTooOuTaHui. BapuaTMBHOCTh THAPOJIOTHYECKOTO PEKUMa HEoOXomuma JJis
HOJIICpXKaHUsT OMOJIOTHYECKOTO Pa3HOOOpa3usl PEYHOM 3KOCHCTEMBI M MIOCTOSHCTBA
ee BuaoBOro cocrtaBa [12]. T'mapoOHOHTBHI SBONIOIMOHHO IMPHUCIOCOOICHBI K
OTIPENICIICHHON TUHAMMKE CTOKa, KOTOpas ONpECNAeT BpEeMs HMX pPa3MHOXKCHUS,
HaryJjia, METPAIliY; HapyIICHUE PEKMMa CTOKA MPUBOJIUT K COOSIM MX JKM3HEHHBIX
k0B [11]. Ecnu u3MeHeHust THAPOIOTHYSCKOro peKUMa MPEBHIIIAIOT MPEICIbHO
JOMYCTUMBIC BEIUYHMHBI, TPOUCXOAT HEOOPATUMBIC MPOIECCHl B IKOJIOTHUYECKUX
cucteMax W ux jerpaganms. OmnpeneicHHe 3TUX MPEACIOB JIGKUT B OCHOBE
YCTAHOBJIGHUS ~ MapaMETPOB  JIOMYCTUMBIX  HM3MEHEHHH  E€CTECTBEHHOIO
THIPOJIOTHYECKOTO PeXKKMMa TIPU pa3paboTKe pexkrMa SKOJIOTHIECKOTo cTokKa [4].

DKkonoeuueckuii  ¢mMoK  ONPENENeT KOJMYECTBEHHBIE, KAauyeCTBEHHBIE |
BPEMCHHBIC XapPaKTEPUCTUKH PEUYHOTO CTOKA, HEOOXOMMMBIC IS TOJICpP KaHUs
(GYHKIIMOHUPOBAHHUS ~ BOJHBIX JKOCHCTEM M OOCCIEUEHHUS  YCAOBHHA IS
OJIaromMOIYyYHOTO MPOYKUBAHUS HACEIICHHUS, KOTOPOE 3aBHCHUT OT COCTOSIHHS 3THX
skocucteM [3]. Ha 3aperyaupoBaHHBIX peKax SKOJIOTMYCCKHA CTOK Ha3bIBACTCS
IKONIO2UHECKUM NONYycKom. Psij paOOT MOCBSIEH YCTAHOBICHHIO 3KOJIOTMYCCKU
JOMYCTUMBIX TPEETIOB peryinupoBanus ctoka [4; 9; 10; 13; 14].

CoopyxeHHE IUIOTHH OKa3blBa€T HETaTUBHOE BIUSHUEC HA IPECHOBOJHBIC
DKOCHUCTEMBI B BEPXHEM M B HIDKHEM Obede ruapoysna. KpymHbie THAPOY3JIbI
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MOTYT HM3MEHSTh IPECHOBOJHBIE 3KOCUCTEMBI Ha COTHU KHUJIOMETPOB HIXKE IO
TEYEHHUIO OT CTBOPA 3apETYIMPOBAHUS 32 CUET TpaHCPOpPMAIIMU BOJHOTO PEXXUMA U
TEIUIOBOI'O CTOKA, CMEHBI TUIPOXUMHUYECKUX U THAPOOHOIOTMYECKHX CBOMCTB
BOJIHOTO 00BEKTa, M3MEHEHHs PYyCcioBbIX mpoiieccoB [13]. CTeneHb HEraTUBHOIO
BO3JICUCTBUS TUAPOY3IIOB 3aBUCUT OT PEANN3allii KOMIIEHCAIIMOHHBIX MEp, OJIHA U3
KOTOPBIX — BKJIIOUEHHUE DJKOJIOTMYECKHX IIOYCKOB B PEKHUMBI pabOThI
BOJIOXPAHUJIUILI. OKoJlorTMYecKuid  Momyck  (GopMupyerci C  y4e€TOM
PBIOOXO3SIICTBEHHOTO, PYCcI0GOPMUPYIOIIETO, CAHUTAPHOTO U APYTUX BUIOB
MOMYCKOB, O0ECHeYMBAIONINX YyCTOHYMBOE U Oe3omacHoe (YHKIIMOHUPOBAHUE
BOJIHBIX M OKOJIOBOJIHBIX 3KOCHCTEM [4].

B 6Gacceiine Cpennero Amypa Ha pekax 3es u bypes, JIeBbIX TpHUTOKOB AMypa,
pacIoJIOXEHbl JBE KpYIHbIE IUIOTUHBI: 3eiickas u bypelickas; mocTpanBaercs
Huxne-bypeiickas ['9C. Tpanchopmanusi BOAHOIO pexuMa TMpUBEIa K
YMEHBIICHUIO TUIOMIAA U JUIMTEIBHOCTH 3aTOIUIEHUS MONMEHHBIX TEpPUTOPUH,
yTpaTe €CTECTBEHHBIX OMMEHHBIX IKOCUCTEM, AETpadallii MPUPYCIOBBIX UBOBBIX,
WUBOBO-TOIOJICBBIX, YPEMHBIX JIECOB W KyCcTapHUKOB [2]. BuusHue HU3KHX
TEMIEpaTyp BOAbl NPOSABISAETCS Ha ydYacTKe IJIAaBHOIO pyciaa p. 3eu
NpOTSHKEHHOCThI0O He MeHee 100 kM HMXe IUIOTHHBL. B pe3ynbrare 3TOro
CHU3MJIOCH BHJIOBOE Pa3HOOOpa3ue M OMOMPOIYKTUBHOCTh Y4acTKa, YMEHbBIIUINCH
TemIbl pocta peio [5]. B Hmxuuil Obed Bypeiickoit 'DC kpyribiii ron mocrymnaer
XOJIOJIHAs BOJIa, YTO MPHUBEJIO K U3MEHEHHUIO COCTaBa UXTUO(AaYHbI U CMEILECHUIO €€
BUJIOBOTO COOTHOIICHHSI B CTOPOHY XOJIOJIOJIOOUBBIX BHIOB PbIO [8]. [lmoTuHb
CTaJu Nperpajoi Ay MyTeid MUTpalUu: BBIIIE 1O TEUEHUIO OT IUIOTUH HCYE3IU
KeTa, MUHOTa, curu [7]. Pabora 3eiickoro u bypeickoro BoJoXpaHUIMII OKa3bIBaeT
HEraTUBHOE BO3JICHCTBHE HAa MECTOOOMTAHMS BOJOIIABAIOIINX W OKOJIOBOIHBIX
NTHUL, BKJIIOYas KPAaCHOKHW)XHBIE BHJbI: JIaJIbHEBOCTOUYHBIM aucCT, AAypCKUHl U
STIOHCKUH JKypaBlib, OpJaH-0eJI0XBOCT, ckomna [1; 7].

K nacrosmiemy BpeMEHM 3KOJIOTMYECKHE MOMYCKH M3 3eickoro u bypelickoro
BOJIOXPAaHUJIUI HE pa3pabOoTaHbl W HE OCYIEecTBIsAoTca. WX peanusanus
HaXOJUTCS B NMPOTUBOPEUYHH C TPEOOBAHUSMHU THIPOIHEPTETUKH: IKOJOTHUECKUE
MOMYCKH MPENOJIaraloT XOJOCThble COPOCHI, HEKeJIaTeNIbHbIE JI ONTHMAaJIbHOU
BBIPAOOTKHU 2HEpruu. B pesymnbrare peskumbl pabOThl BOJAOXPAHUIIUIL OKA3bIBAIOT
HETaTUBHOE BIMSHHME HAa TPECHOBOJHBIE DSKOCUCTEMBI. YUHUTHIBAsI BBICOKYIO
HKOJIOTMUYECKYI0 IIeHHOCTh OacceiiHa CpenHero Amypa, mpaBWiia MCHOJIb30BaHUs
BOJIOXPAHUJIUII HY>KHO JIOMOJIHUTH IKOJIOTHYECKH 00OCHOBAaHHBIMHU TPeOOBaHUSIMU
K BOAHOMY DPEXHMY JUIsl CHWXKEHMSI Harpy3KH 3aperyJupoBaHUsl Ha BOJHBIE U
OKOJIOBOJIHBIE DKOCHCTEMBI.

[Tocne mpoxoxaeHus karactpoduueckoro maBojaka 2013r. mo pacmopsKeHHUIO
[Ipesunenta u IlpaButenbctBa PO ObLT cOCTaBlieH CHUCOK MPOTHUBOIABOJIKOBBIX
I'9C st nononHUTENBHOTO peryiaupoBanus croka. K 2015r. B Hero Bonuin 4eTsipe
I'SC B Oacceiine Cpennero Amypa: ['mmoiickas, CenemmpxuHckas, Huxkne-
Humanckas, Hwxne-3elickas. Bomnpockl TpOeKTHpOBaHUS UM CTPOUTEILCTBA
MOTEHIMATIBHBIX HOBBIX THUJPOY3JIOB TPEOYIOT JOMOJHUTEIBHOTO U3Y4YEHUS,
CTpATErHYeCKON IKOJIOTHUECKON OIIEHKH M OI[CHKH BO3MOXKHBIX allbTepHATuB [7], a
B Cly4yae JETajJbHOW pa3pabOTKH PEXUMOB UX pabOThl — ydeTa IKOJOTUYECKUX
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MOITYCKOB, HAIIPABJICHHBIX HA pellleHrue MPOOJIeM OXpaHbl U UCIIOIb30BAHUS BOJHBIX
pecypcos.

[Tpu pa3zpaboTke HKOIOTUIECKH ONITUMAIBHOTO BOJHOTO PEKMUMA MPEKIE BCETO
ClelyeT OIpeAeNuTh CTeNeHb W3MEHEHHS] THUJPOJOTHYECKOTO pEXKHUMa MpHU
CYILIECTBYIOLIEM 3aperyJMpOBaHUM W PACCMOTPETh DJKOJOTUYECKU 3HAYUMBIC
THIPOJIOTHYECKUE XaPAKTEPUCTHKH: K MPUMEPY, MAKCHMAalbHbIe 1 MUHUMAJIbHBIC
YPOBHH/PAacXoAbl BOJBI, BpeMs WX HACTYIUICHHS, CKOPOCTh MX H3MEHeHus. B
NManbHEHIIeM HYKHO ONMUpaThcsl Ha TpeOOBaHUS BUJIOB-MHAMKATOPOB COCTOSTHUS
MPECHOBOAHBIX HKOCUCTEM (K TMpUMEpy, BHABI pPBIO, BOAOIIABAIOIIUX U
OKOJIOBOAHBIX NTHII, PACTHUTEIHHOCTH) K BOJHOMY peXHMYy. WTOTOBBIN pexum
HKOJIOTMUYECKOT0 MOMYyCKa JI0JKEH YUYUTHIBATh 3TU TPeOOBaHUS.

Jlis aHanu3a CTENeHW W3MEHEHHsS BOJHOTO pexuMa B OacceitHe p. 3es
UCTIOB30BAHbI JAaHHBIE 10 CYTOYHBIM pacxojaM BOIBI B CTBope c¢. bemoropee 3a
nepuon 1957-2013 rr. I'mapomormyeckmit moct bemoroppe pacmonokeH Ha
pacctosauu 617 km ot ctBopa 3etickoit ['DC, B 43 kM oT BhageHust 3eu B AMyp.
Jlist  cpaBHUTENBHOTO aHajdW3a XapaKTePUCTHUK MPHUMEHSUIOCh MPOrpPaMMHOE
obecrreuenne «Indicators of Hydrological Alteration». Psg naGmrogeHuii ObLI
pazJiesieH Ha JIBa BPEMEHHBIX MPOMEXKYTKA:

1) 1957—-1975 rr. — nepuon A0 3aperyIupoBaHus;
2) 19762013 rr. — mepuo mociie 3aperyIupoBaHus.

Ha rpaduxke (cM. puc.) ykazaH cpeAHEMHOTOJIETHUN ruaporpad ecTecCTBEHHOTO
U 3aperyJIUpOBaHHOTO CTOKA.
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Puc. Cpennemnoronernuit ruaporpag p. 3es, ctBop c. beroropbe npu ecTecTBEHHOM
(1957-1975 rr.) u 3aperynupoBanHoM (1976-2013 rr.) pexume cToka

B ecTecTBeHHBIX YCIOBHSX CTOK 3a TEIUIBIM mepuoa roga (Mail — OKTSOpB)
coctaBisn 95% ropoBoro o0beMa; CTOK 3a XOJIOAHBIM mepuoja roja (HOSOpb —
anpenb) cocTaBiisil B cpenHeM 5%. Ilocne 3aperyiaupoBaHMsi CyMMapHas J10Jis
CTOKa 3a XOJOIHBIM mnepuon yBenuuunach a0 28%. IloBbllieHHEe pacxoaoB B
XOJOAHBIA MEpHoj, MPUBOJUT K O0Opa3oBaHMUIO IIOJIBIHBM U HETaTUBHOMY
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BO3JICUCTBUIO Ha HepecTuauuia. Jloys cToka 3a TeIIblil epuoj TroJa CHU3UJIACh J10
72%. OcoOeHHO 3aMETHO MOHU3UIIUCH CPEIHUE PacXoibl 3a MIOIb U aBI'YCT — B
Mecslbl, BaXKHbIE i1 HEpecTa psifa BUAOB pbl0. B ecTeCTBEHHBIX YCIOBUSAX
MPOJOJKUTENHOCTh MEPHOJIa MAKCUMAJIBHBIX PAcX0/0B (00ECIeueHHOCTh CTOKa
25% u Menee) coctaBisiia 550 gHEH, mocie 3aperyIupoBaHUs YMEHBIIUIACH JI0
1-29 nueit. CHuXeHUE BEIUYMH U TPOJOJDKUTEIBHOCTA TEPHOJIa MPOXOXKIACHUS
MaKCHUMAJIbHBIX PACXOJ0B NPHUBOJUT K JAErpajallid NOWM U MECTOOOMTAaHMIA,
OCYILIEHHUIO HEPECTUJIMI] U KOPMOBBIX YYaCTKOB, U3MEHEHHIO COCTaBa BOJAHOW U
OKOJIOBOJHOM  pacTuTenbHOCTH.  CKOpOCTP ~ CHMIKEHHS  pacXxoAOB IO
3aperyJmpoBaHus coctaBisia 4-54 M/c B CYTKH, IIOCJE 3aperyJIMpOBaHUs
yBemmumnack 10 30-70 M°/c B CyTKH. BBICTpOe CHEKEHHE PACXOIOB MOXKET
HapYILIUTh X0/ HEPECTa, U3MEHUTD YCIOBUS THE3JOBAHUS.

3anonHenue bypeiickoro Bogoxpanwiuiia Havyaioch B 2003r., mo3tomy psn
(dakTHyecKkux HaOMIOIEHUI HE JOCTATOYEH ISl aHAJIN3a U3MEHEHUS XapaKTepUCTUK
BOJHOTO pekuMa. B nanpHeiimeM OyayT MCIOJIB30BaHBI pacueTHbIE TUAPOTpadbl
3aperyJIMpoOBaHHOTO CTOKAa B COOTBETCTBUU C BOJOXO3SHUCTBEHHBIM OajaHCOM
pexxnMOB paboThl bypeiickoro BogoxpaHuuiia.

Bo3zeiicTBue MIOTHH Ha CTOK PEKU MPOCIEKHUBAETCA M HA OCHOBHOM pYyCJe
Awmypa (BmuioTh 110 ycTbs). Eme no cosmanusa bypetickoit I'DC cpennsisi rogoBas
aMIUIMTyAa KojebaHWil BoJAbl Ha ydacTke biaroBemeHnck — XabapoBck
ymenpmmiace Ha 1,0-2,3 M, a TOBBINICHHE CPEIHUX MHUHUMAIBHBIX YpPOBHEH
3UMHEeH MexeHu coctaBmiio 0,3—1,2 m [6].
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3KOJOI'MYECKOE COCTOSIHUE MAJIbIX PEK UBAHOBCKOM
OBJIACTU
Mapuenko T.A., U3BekoBa T.B., I'ymuun A.A., bopososa F0.I'.
Hsarnosckuil 2ocy0apcmeeH bl XUMUKO-MEXHOI02UYeCKULl YHugepcumem
2. Usanoeo, Poccus
marchenkotany@yandex.ru

B Poccun cBeime 2,5 miH. Manbix pek. OHU (OPMUPYIOT OKOJO TOJOBUHBI
CyMMapHOTO 00beMa PEYHOro CTOKA, B UX OacceiHaxX MpOXKMUBAET OKOJIO MOJIOBUHBI
TOpPOJICKOrO HacelneHus. Maiible peKd B 3HAUUTENBHOW CTENEHU BBIOJIHAIOT
(GYHKIHU peryisiTopa BOJHOTO peKuMa JaHIIIa(ToB, MOAAEPKUBAs paBHOBECHE U
nepepacnpenenaeHie Biaard. CeTb MalbIX pPeK OIpeneseT cBoeoOpasue (HU3NKo-
XUMHYECKOTO  COCTaBa  BOJIbI, BOJHBIX  OHOIIEHO30B, TUIAPOJIOTHYECKUH,
TUIPOXUMUYECKUH M TUAPOOMOIIOTUYECKHM pPEeXHM, a TakKe KadecTBO BOJbBI B
CPEIHUX U KPYIHBIX peKax.

Ha tepputopun NBanoBckoii obnactu HacuuThiBaeTcsa okono 2000 pek, B ToM
yuciie 50 — gouHor 25 kM u Oonee, 120 — mmmHoi 10-25 kM u cBoeime, 1500 —
mmHoi MeHee 10 kM. Bce peku mpunamiexar 6acceiiHy camMoi KpyMHOH peku -
Bonru, xoTtopas mepecekaeT CeBEpO-BOCTOYHYIO 4YacTh 00JacTh U C
PacIoioKEHHBIM Ha Hel ['opbKOBCKUM BoJOXpaHmIuiem [1].

B kauecTBe 00BEKTOB HCCIIe0BaHUI ObUIH BBIOpaHbI 5 ManbIx pek MiBaHOBCKOM
obnactu: Cynxa, Mepa, Ka3oxa, Kunememka n Ennars. Kapra IBaHOBCKOI
0o0JacTH ¢ yKa3aHHeM HCCleyeMbIX peK IpejcTaBieHa Ha pucyHke. Mccnegyemblie
Manble peku VIBaHOBCKON 00JacTM B 3HAYUTENIBHOW CTENEHU 3arpsi3HEHBI
TSOKENBIMU METaJllaMU (CpelHHE 3HAu€HUs KOHIIEHTpaluil Meau, Mapra’iua |
»KeJlesa npesbimatoT nokasatens I1JIK, . Bo Bcex pekax) [2].

CoBpeMEHHBIE TEXHUYECKHAE METO/IbI ITO3BOJISIIOT ONPENEIATh PAKTUUECKH BCE
MHIPEUEHTHI, BXOJAAIIME B COCTAaB MPUPOJHBIX BOA. OQHAKO 3TH METOJbI M3-3a
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CJIO)KHOCTH ammapaTypbl, TPYJOSMKOCTH BBITIOJHCHHS aHAIM3a W 3HAYUTCIIBHBIX
MaTepUANIBHBIX 3aTpaT WCIOJB3YIOTCS IOKa BechbMa OrpaHudeHHo. OO0mum
TpeOOBaHWEM K KAa4eCTBY BOJBI BOJHBIX OOBEKTOB JFOOOW KATETOPHUH SIBJISCTCS HE
NPEBBINICHNE (AKTUUYECKA HAOIIOIaeMOTo COJCPKAHHS 3arps3HSIIONIMX BEIIESCTB
(3B) Hanm BenmuumHOHM mpenenbHO-gonmycTuMon KoHueHtpamumu (ITJIK). Tak kak
MPUPOIHBIE BOJBI XAPAKTEPU3YIOTCSI MHOTOKOMIIOHEHTHBIM COCTaBOM, TO TIPH
3arpsiI3HEHUU  BOJIBI HECKONBKUMU 3B  HCIONB3YIOTCS KOMILIEKCHBIE OIEHKU
KavecTBa Bojbl [3].

mepa

Ecunneso HoBwuHkK

Mepa

[lopososo Honmatosckuu Frenr e
yEBO

Hasonoku 3aBonxck 3apeuHbin
Kaxneao

CraHko Ka:)’oxa
KMHeu.JMa\ YepHan Bansi
Kunememka i
LWanaoso Pewma
Tezn s HoBuHkK Monokoska EJIHaTb Cronnui
Cymka ~__{

Borot
Enuate

Puc. Kapra BanoBckoit o01acTu

CocTaB MOBEPXHOCTHBIX BOJ IMHAMUYHO U3MEHSAETCS BO BPEMEHH, IPOUCXOAUT
B3aMMO/ICHCTBUE 3arpsi3HUTENICH MEXy co00i ¢ 00pa3oBaHMEM HOBBIX, 3a4aCTYIO
Oosiee TOKCHYHBIX BEILECTB, YeM aHaJM3UpyeMble Toka3aTtenu. Bce 3To nemaer
npo0JIEeMAaTUYHBIM YCTAHOBJIEHUE CTENEHW TOKCHMYHOCTH BOJ JUIsl OMOILICHO30B
BOJIHBIX 00BekTOB. Takum 00pa3oM, HacTOSIAs CUCTEMa KOHTPOJS KayecTBa BOJ
He obecreyrBaeT NPUPOIOOXPAHHBIX (PYHKIUH.

[ToBbiieHne >()(PEKTUBHOCTH KOHTPOJSI 32 COCTOSIHUEM BOAHBIX OOBEKTOB
BO3MOXXHO C TOMOIIbIO MPUMEHEHUS] Kaue€CTBEHHO HOBBIX IMOAXOJOB K OLEHKE
TOKCUYHOCTU BOJbl. KOMIUIEKCHas OIlEHKA 3arps3HEHHOCTU MOBEPXHOCTHBIX BOJ
JAaeT IpeJcTaBiIeHUEe O ee KadecTBe. OHA OJHO3HAYHO OTPAKAET YEPE3 CUCTEMY
nokasarejeil  ompelereHHbIM  00pa3oM  OTPaHHMYEHHYK)  COBOKYIHOCTb
XapaKTEpUCTUK COCTaBa M CBOMCTB BOJbl OTHOCHUTEIBHO HOPMATHUBOB JUIS
OTIPENIEJICHHOTO BHJA BOJAOMNOJB30BaHMS WM BojomnoTpebienus. KomrmuiekcHas
OLICHKa OTHOCHUTCSI K 4YHCIy HauOoyiee paJuKaIbHBIX MPHUEMOB, OTBEYAIOIIUM
BOJIOOXPAHHBIM LIETISIM.

buorectupoBaHne SBISETCS KOMIUIEKCHBIM METOJOM KOHTPOJIS KadecTBa
O00BEKTOB OKPY)KAIOIIEH MPUPOAHON Cpelbl, B TOM YHCIE M BOJHBIX OOBEKTOB.
TpaauMOHHO NpPUMEHSEMbIE AJI KOJOT0-TOKCUKOJIOTUYECKON OLICHKH XUMHKO-
AaHATUTHYECKUE METO/Abl JAIOT Kak Obl «MOMEHTAJbHBI CHUMOK» KapTHHBI
3arps3HEHHOCTH OIPE/ICICHHBIX O0BEKTOB KOHKPETHBIMH TOKCHMKaHTamMH. OHH He
MOT'YT OIICHUTh BECh CIICKTp 3arps3HUTEIICH U UX B3auMojencTeue [2].

JlJis MHTErpajbHOM OLIEHKH KadyecTBa BOJbI Oblia MpPOBEAEHA OLIEHKAa OCTPO
TOKCUYHOCTU BOJBl C HCIOJIb30BAHMEM TECT-KYJbTYpbl BOAOPOCIM XJIOpEIIa
(Chlorella vulgaris Beijer) mist pek Mepa u Cymxa. Kpome toro, Obuta npoBeieHa
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OIIEHKa OCTPOM TOKCMYHOCTH BOJbl p. KuHemeMka ¢ HUCIONB30BAHHEM TECT-
o6wekTa Daphnia magna Straus. OgHOBpeMEHHO OBLIH IPOBEACHBI SKCIICPUMEHTBI
[0 ONPEAEIEHUI0 XPOHUYECKOW TOKCUYHOCTH BOAbI Al pek Kazoxa, Kunemewmka,
Cynxa u EnnHats.

Pe3ynpTaThl TMpPOBENEHHBIX HCCIENOBAHUN TMOKAa3add, YTO MPOObI BOJBI,
OTOOpaHHbIE B palloHaX YCThEB PEK, HE 00Jalal0T OCTPOM TOKCUYHOCTBIO, OJHAKO
npoosl Boabl u3 pek Cywxka, Kazoxa, Ennate um Kunememka o0Gmagator
XPOHUYECKOW TOKCUYHOCTBIO U ABIIAIOTCS clIa00TOKCHYHBIME (Ooiee 96 u).

[Io pe3ynprarTaM XHMMHUYECKOT'O UCCIEIOBaHUSI ObUIa TPOBEJIEHA OlIEHKA
noteHuanbHoi TOokcMyHOCTH (IIT) mnpupoAHBIX BOA PaCUETHBIM METOJOM.
CpaBuenue pe3ynbraToB paccueta [IT u OuoTecTHpoBaHUs MOKA3bIBAET, YTO PEKU
Kazoxa u EnHath MMEIOT caMblii BBICOKMH NPOIEHT TUOENN TeCT-O0hEKTOB B
JKCIIEPUMEHTE  OMOTECTHUPOBAHUSA, 4YTO MOATBEPXKAAECT JAHHbIE pacyeTa
MOTEHIHAILHOW TOKCHYHOCTH [2].

Takum 06pazoM, MeToa OMOTECTOBOTO aHAIU3a MO3BOJSET JaTh OOBEKTUBHYIO
XapaKTEPUCTUKY KayecTBa BOJABI B BOJIOTOKAX, IMOCKOJbKY MO3BOJSET ONPENCIUTh
WHTETPAIbHYIO TOKCUYHOCTb, 00YyCIIOBIIEHHYIO COBOKYITHOCTBIO BCEX
MPUCYTCTBYIOIINX B MPOOE OMAacCHBIX XMMHUYECKHUX BEIIECTB U MX META0OJIUTOB.
Kpome Toro, OuoTecTHpOBaHWE BBIMOIHSIET (PYHKIIHMIO TAKTUYECKOTO KOHTPOJIIS
IPOUCXOJISAIETO 3arpsi3HEHNUs, HALEJIEHHOIO HA IMOJYy4YeHHE OBICTPOro CHUrHala o
ToKcM4YHOCTHU. [lo3TOMY HcIonb30BaHNE MeTO/1a OMOTECTUPOBAHUS HEOOXOAMMO Ha
MEPBOM JTalle MOHUTOPUHIA MPUPOAHBIX BOJ, TaK KakK, €CJIM KadeCTBO BObI
COOTBETCTBYET TPEOOBAHMSIM HOPMATHUBHOW JIOKYMEHTAIlMH, TO TMpUOErath K
XUMHUYECKUM aHaiau3aM HeT HeoOoxoaumocTu. Hamportus, ecnu OuoTtecTupoBaHUE
HE JIaJ0 TIOJOXKUTENBHBIX PE3YNbTATOB, TOT/a HEOOXOIWMBI JOTOJIHHUTEIbHBIC
HCCIIEA0BaHUs, KOTOPbIE MOKAXKYT NPUUYMHY 3TOTO SBJICHHUS.
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OCOBO OINACHBIE 3 KOTOKCHUKAHTBI B PEUHBIX 9 KOCUCTEMAX
FOT'A EBPOIIEMICKOM YACTH POCCHUH'
PemreTnsak B.H.l, Pemernsik O.C.1?
lH;chnmmym Hayk o 3emne FOdcnozo pedepanvroco ynusepcumema
2. Pocmos-na-/{ony, Poccus
vnresh3@gmail.com

I uopoxumuveckuii uncmumym Poceuopomema

2. Pocmos-na-/{ony, Poccus

olgarel@mail.ru

OKOTOKCUKAHT - YCTOWYMBOE (MEPCHUCTEHTHOE) B YCIOBHUSIX OKpYKaIOIIeH
Cpellbl TOKCHYECKOE BEIECTBO, CIIOCOOHOE HAKAIIUBATHCA B TKAHSAX JKHUBBIX
OpraHu3MoOB (B MCXOJTHOM WJIM M3MEHEHHOM B pe3ysbTaTe MeTabosM3Ma BUJE) U
MepeaBaThCsl OT HUBIIMX 3BEHbEB MUIIEBOM Lenu K BeiciMM [5]. KoHTponp 3a
r1100aTbHBIME YKOTOKCHKAHTAMU Ha (DOHOBOM YpPOBHE OCYIIECTBIISIETCS B 30HAX,
yJIaJ€HHBIX OT JIOKAIbHBIX UICTOYHUKOB, HAIpUMep B OMOC(hepHBIX 3aMOBETHUKAX, a
TaKkKe Ha YHMKAJIBHBIX MPUPOAHBIX 0oOBbekTax [4]. Cpeau MeTasuioB-TOKCHKAHTOB
BBIJICJICHA IPUOPUTETHAS TPYIINA: KaJIMHM, MElb, MBILIbBSK, HUKEIb, PTYTh, CBUHEILL,
IIUHK U XpOM Kak HanOoJiee omacHbIe JUIsl 3J0POBBS YeJIOBEKa M )KMBOTHBIX. 13 HUX
COCIMHEHUS PTYTU, CBUHIIA U KaJIMHUsI SIBJISIIOTCS HAMOO0JIee TOKCHYHBIMH.

YuuTeiBass BBICOKYI0 TOKCHMYHOCTb PTYTH, KaJMHS W CBHUHIIA, BBICOKYIO
CIIOCOOHOCTh WX COpPOMPOBATHCS HA B3BEIICHHBIX BEIIECTBaX, CIIOCOOHOCTh K
OMOAKKYMYJISIITUH IO TTUIIEBOM IETH, MPUCYTCTBUE B CIEIOBBIX KOJIMYECTBAX JaKe
B HE3arpsi3HEHHBIX ((DOHOBBIX) MPHUPOJHBIX IKOCUCTEMax [l], coemMHEHHS ATHX
METaJUIOB BKJIIOUYEHBl B CIHCOK MPUOPUTETHBIX 3arpsi3HSIOMIUX BEUIECTB,
00s13aTEeNbHBIX K OINpPEAENICHUI0 B KOMIIOHEHTaX OKPYKAoIIeH Cpeabl BO MHOTHX
CcTpaHax MHpa. OTO U OOYCIOBIMBACT BAXKHOCTh MCCJIEIOBAaHUN 1O OIICHKE
U3MEHYMBOCTH COJICPKAHUS YKOTOKCUKAHTOB B PEUHBIX BOJAX.

B panee onyOnukoBaHHBIX paboTax [2, 3] moka3aHO, YTO BBICOKAs 4YacTOTa
BCTPEYAEMOCTH BBICOKMX M aHOMaJIbHO BBICOKHUX KOHIEHTPALMN OMAaCHBIX TAXKEIBIX
METaJIOB, OOYCIOBIMBAIOIIAS BO3HWKHOBEHHUE YPE3BBIYAMHBIX IKOJIOTHYECKUX
CUTyallui, HEraTUBHO CKa3bIBA€TCSI Ha HKOJOTMYECKOM COCTOSIHUM PEUYHBIX
HKOCHCTEM, BBI3bIBAsI YCHIJIEHUE TPOIIECCOB IKOJOTHYECKOTO perpecca cooOIecTs
BOJHBIX OpPraHU3MOB. OJTO e€IIe pa3 MOATBEPKJACT aKTyallbHOCTh JaHHOTO
HCCTIeOBaHUS U 00OOCHOBBIBAET HEOOXOIMMOCTh M3YUYEHHUs pacmlpeaesieHus 0cobo
OMAaCHBIX SKOTOKCUKAHTOB B PEYHBIX SKOCUCTEMAX.

UccnenoBanue mpoBeieHO ¢ ucmosib3oBaHueM MHorosietHen (1990-2012 rr.)
THAPOXUMUYECKON HWH(POpMalMK TOCYIapCTBEHHOM CHCTEMbl HaOMIOJACHUN 3a
coctostnueM okpyxatomein cpenbl (I'CH) Pocrumpomera, B kauecTBe OOBEKTOB
WCCJICIOBAHUSI BBIOpAHBI OTJENbHBIE YYACTKH peK (PEYHbIE IKOCHCTEMBI),
pacnoJioxkeHHble Ha rore EBponenickoit yactu Poccun.

ConepkaHue OMACHBIX 3arps3HSIONIMX BEIIECTB B BOJIC BOJAOEMOB U BOJOTOKOB
JOJKHO OBITh MUHUMAJIBHBIM, a4 B HJCATHHOM CIydyae — IOJIHOE OTCYTCTBHUE
TOKCMKaHTa B BOJHOM »JKocHCTeME. B Tex ciydasx, KOrjaa omnpeaciiecHue

! Hccneoosanue svinonneno 3a cuem epanma PODU (unuyuamusnwviii npoexm Ne 14-05-00144).
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KOHIIEHTPALlUKA TSDKEIOr0 MeTajila He MOXKET OBITh BBIIIOJIHEHO C 3aJaHHOU
CTENEHBIO JIOCTOBEPHOCTH, COJEpIKaHHE BEIIECTBA BBIpAXKACTCS uepe3 Mpesel
oOHapyXeHus MeToaa (WIM MHUHUMAIbHO OIpEACISIEMYI0 KOHIIEHTPAIIHUIO).
OO6o0011IeHHbIE TaHHBIE O CO/ICPKAHUHU OMACHBIX SKOTOKCUKAHTOB (PTYTH, KaaMUs U
CBHMHIIA) B BOJIe PEYHBIX SKOCHCTeM Iora EBpomeiickoit wactu Poccum 3a
MHOTOJIETHUN mepuoj; mpeactaBieHbl B Tadmuue 1. CoaepkaHue coeaMHEHUMU
PTYTH B BOJIe¢ HCCIEAYEeMBIX PEK MEHSETCs OT 3HAUeHWW HIDKE TIpesena
obuapyxenus meroma (<0,005 MKF/I[M3) mo 1,56 MKr/zLM?’, MIpU 3TOM MEJIUaHHBIC
3HAUYCHHMS TIPaKTUYeCKH JIsI Bcex peuHslx dkocuctem  <0,005 MKr/z[M3.
KonnenTpanuu kagaMus W CBUHIIA MCHSIIOTCS B Ooyiee MIMPOKHUX Tpesenax. Tak
collep)KaHME COCIMHEHUN KaJMHUsi BapbUpyeT OT 3HAYCHUW HIDKE TIpeena
oGHapyxenust Merona (<0,10 mxr/mm°) 10 29,4 Mxr/am® (p. Cok), CBHHI@A — OT
mpezeNa YyBCTBHTENBHOCTH MeToia ompexenenms Meramia (<1,0 mkr/mm®) mo
120,0 mMkr/mm’ (p. YamaeBka).

Ta6auna 1. ComepkaHue OMacHbIX SKOTOKCUKAHTOB B BOJIE PEUYHBIX 3KOCUCTEM I0Ta
EBponeiickoit vactu Poccum (3a mepuoz 1990-2012 rr.)

Pexa [TyHKT CoJiepKaHne COeIMHEHHIT, MKT/IM"
HaOJTI0 ICHU I pTyTH KaJMUs CBHHIIA
Camana I Camana <0,005 - 1,56* <0,10-28,5 <1,0-384
P . p <0,005 (260)** | <0,10 (228) <1,0 (286)
<1,0-9,2
Causira r. YIbsHOBCK HET JTaHHBIX <0,10 (30) <10 (30)
K K . <0,10-29.4 <1,0-112,0
onaypua | c. Kpacusrii Sp HET JTaHHBIX <0.10 (95) <1.0 (119)
. o <0,10-16.4 <1,0-64,0
Cox c. Kpacusrit SIp <0,005*** (55) <0.10 (97) 1,0 (123)
Bomnbimoit et THMALLEEO <0,005-0,52 <0,10-7.8 <1,0-252
Kunenp ' <0,005 (33) <0,10 (95) <1,0 (121)
Yamaeska | T Uanaesck <0,005-0,32 <0,10-12,0 <1,0-120,0
: <0,005 (261) <0,10 (95) <1,0 (120)
Cesepckuii ) .
Jower p.1n. Ycrb-JloHenkuit <0,005 (9) <0,10 (12) HET JTaHHBIX
0,03-0,30 0,4-9,2
B c. [laran-Aman <0,005 (14) 0.14 (14) 18 (14)
0,02-11,3 0,4-20,8
r. AcTpaxaHb <0,005 (218) 0.12 (107) 1,66 (74)

Tpumeuanus: *6 yuciumene — OUanA30n KOHYESHMPAYUll, 8 3HameHamene — MeOUaHHoe 3Haverue; **
8 CKOOKax — Koauwecmeo onpedenenuti, *** 00no 3nauenue npuseoeno 8 mex Ciyyasx, Koeoa éce
3HAYeHUst KOHYeHMpayul 00UHaKosvle (Hudice npedeia 0OHAPYICEeHUs).

[IpencraBneHHble  BBINIE 3HAYCHHWS KOHIIGHTpAIMH MO MaKCUMaJIbHBIM
3HAYEHUSIM HAMHOTO TPEBBIIIAIOT MPEACIBHO JOMYyCTUMbIE M (POHOBBIC 3HAUYCHHUS
JUTSE TIOBEPXHOCTHBIX BOJ cymu (Tabi. 2), HO ATH 3Ha4YeHUs (PUKCHUPOBAIUCH
AMU30INYECKH 32 MHOTOJIETHUN TTEPUOI.

B menmoM MOXHO OTMETHUTh, YTO UCCJEAyeMble pEYHbIE HKOCHUCTEMBI
HE3HAYUTENIPHO 3arpsi3HEHBl 0CO0O OMACHBIMH  TOKCHMKAHTAMHU, IOCKOJIBKY
cTaTHCTHUYECKass o0paboTKa BPEMEHHBIX PSAJIOB JAaHHBIX IMOKa3ala, YyTo Hauboliee
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4acTO BCTpPEYAeMbl€ 3HAUYEHMS WX KOHIIEHTpAlMi, KaK MPaBWJIO, HE IPEBBIIIAIOT
[MAK wu ¢onoBeli ypoBeHb. OgHAaKO HAOMIOAECHHUS 32 UX COJCp)KAHUEM B
KOMIIOHEHTAaX OKpYXaloleld Ccpeapl MpPOBOJUTH HEOOXOIUMO C TOM Ke
PErYISIPHOCTBIO, YTO U ceifuac, a MOXKeT ObITh U yalle.

Tabauua 2. DoHOBBIE KOHIIEHTPALIUHA SKOTOKCUKAHTOB B TOBEPXHOCTHBIX BOJAX
KPYIHEHIIUX CTpaH MUpa [COCTaBIICHO 110 4]

Crpana Conepsxanune sxorokcukanTa (I1TJ1K), MKT/IM>
ptyTth (0,01) kanmuii (1,0) cBuHetl (6,0)
Poccus (CCCP) 0,02-0,40 0,07-1,90 0,20-45
CHIA (pekwu, o3epa) 0,04-1,0 0,20 <1,0-6,0
Kanana 0,01 - 25-6,2

Hpumeqaﬂue: npovepk ozHavaem omcynmcmeue docmoseprlx OAHHDIX.

B 3akimoueHue XxoTenoch Obl OTMETUTh, YTO B COBPEMEHHBIX YCIOBHSX
AQHTPOIIOTEHHOTO BO3/ICHCTBUSA Ha KOMIIOHEHTHI OKPYXKAIOIIEH Cpelbl TPUCYTCTBUE
B PCYHBIX BOJAX OMACHBIX TSDKEIBIX METAJIOB, B TOM YHCIIE PTYTH, KaaMUSI U
CBHHIIa, HeM30eKHO. MHOTHE pEUYHbIE SKOCHCTEMBI HMCIBITHIBAIOT IOBBIIICHHYIO
AQHTPOITIOTEHHYIO HArpy3Ky 3a C4YeT IMOCTYIUICHHS HEAOCTaTOYHO OYHIIEHHBIX
CTOYHBIX BOJA, MU(PGY3MOHHOTO CTOKa C BOAOCOOPHBIX IUIOMIAJECH M JPYTHUX
HMCTOYHHMKOB 3arps3HeHus. [locTymaromme B BOJHBIE SKOCHCTEMBI SKOTOKCHKAHTHI
BKJIFOYAIOTCSI B TEOXMMHUUYECKHE TMOTOKH, MUTPAIIMOHHBIE U BHYTPUBOJIOEMHBIE
MPOIIECChl, OKa3biBas MPU STOM HETATUBHOE BO3JEHCTBHE Ha OMOTHYECKYIO U
a0MOTHYECKYIO0 COCTABJISIOIINE JIKOCUCTEMBI. [IpUCyTCTBHE COEIWHEHHH PTYTH,
KaJMHUs M CBHHIIA B BOJIHBIX SKOCHUCTEMAaX HE TOJBKO YXYIIIAET KaueCTBO BOJIbI U
COCTOSIHUE  BOJHBIX OKOCHCTEM, HO U HapymaeT (yHKIMOHUPOBAHHUE
ruapoouoHToB. [losToMy pe3yiapTaThl OIEHKH MHOTOJICTHEH HW3MEHUYHMBOCTH
COJIep)KaHUsS B BOJHOM cpejie HamOoJiee OMAcCHBIX SKOTOKCHMKAHTOB MOTYT OBITh
WCIIOJIb30BaHbl TIPU pa3pabOTKe BOJOOXPAHHBIX MEPOMPHUSATHN, HANPaBIECHHBIX Ha
yIIy4IIeHUE KaueCcTBa BOJbl U BOCCTAHOBIICHUE COCTOSHUS PEYHBIX IKOCUCTEM.
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rmapoOJIOrO-ru”APOXUMHYECKHUE UCCJIEJOBAHUSA JIAXAPOBBIX
JIOJIUH MMOJIYOCTPOBA KAMYATKA?
JIbrommenc JI., E¢pumos B.A., Jlomos B.A.
Mockosckuii cocyoapcmeernnulil yHusepcumem umeru M.B. Jlomonocosa
Mockea, Poccus
Roxifixat@yandex.ru

OKcnenuuus CTYIASHTOB UM COTPYAHHUKOB Kadenpsl TUIPOJIOTHUU CYIIU
reorpaduyueckoro ¢akyiapreta MI'Y 1Mo uccineqoBaHUIO OMACHBIX THAPOIOTHIECKUX
mporeccoB Ha pekax Kamuatku mpoxommna ¢ 12 aBrycra mo 1 centsops 2016r.
OO0bexT wuccinenoBanus - peku Kabeky, Cyxas Enu3oBckas M uX JaxapoBble
nosmsbl. [lomyoctpoB Kamuartka - OOMH M3 KPYNHEMIIMX PAliOHOB COBPEMEHHOIO
ByJIKaHM3Ma. XOTS TEPPUTOPUS TMOJIYyOCTPOBA CJIa00 OCBOEHA, IMOOJIU30CTH OT
AKTUBHBIX BYJIKAHOB PacCHoOJararoTcsi 0ObEKThl TPAHCHIOPTHOW MHOPACTPYKTYpPHI U
HACENEHHbIE IMYHKTBbl. 3HAYUTEIBHYIO OIACHOCTh JUISI HUX MPEJICTaBIAIOT
JaxapoBble MOTOKM. Jlaxap 53TO rps3eBOM MOTOK Ha CKIOHAaX BYJIKaHa,
BO3HUKAIOIIMM MpU CMEUIMBAHUU BBICOKOTEMIIEPATYPHOTO BYJIKAaHMYECKOTO
Martepuaia ¢ BOJaMU U COCTOSIIINI U3 CMECH BO/JIbI, BYJIKAHUYECKOTO TIEIJIa, EM3BbI
U TOpHBIX MOpoJ. OH MMEET BBICOKYIO IUIOTHOCTh U BSI3KOCTh, UTO MO3BOJISIET EMY
pa3pyLIUTh NPAKTUUECKH JTH00YI0 KOHCTPYKLHIO HAa CBOEM MyTH. Tak ke 0macHOCTb
MPEACTABISAIOT MUPOKIACTUYECKHE TMOTOKHM - CMECh BBICOKOTEMIIEPATYPHBIX
BYJIKAHWUYECKHUX Ta3oB, MeIuia U KamHel. JlaxapoBble M MUPOKIACTUYECKUE TTOTOKU
4acTO MPOXOJAT IO JOJIMHAM PEK M PYyYbEB, CTEKAIOIIMX CO CKJIOHOB BYJIKAHOB.
OHU aKKyMyJIHMpYIOT OOJIbIIOE KOJIMYECTBO MaTepuaina B aoiuHe. [lepekpbiTie um
pyces BOJIOTOKOB MPUBOIUT K (POPMHUPOBAHUIO YHUKAJIBHOW CHCTEMBI BOJIOTOKOB U
MOJIPYCIIOBBIX MOTOKOB B 3TUX JAoiuHaxXx. CXOq W aKKyMmyJsilus HpOAYKTOB
BYJIKAHM3Ma MOKET CITIOCOOCTBOBATh U3MEHEHHUIO XUMUYECKOTO COCTaBa BO/I.

HccrnenoBannio  TUAPONOTMYECKUX OOBEKTOB B JIAXapoOBBIX JOJUHAX H
MOCBsIIIIeHa TpeacTaBieHHas paborta. P. KabGeky mmeer mmuny 38 kM u Oepér
Hayajo Ha 0KHOM ckJIoHe ByikaHa [[Iuenyd. P. Cyxas EnuzoBckas uMeeT IIMHY
20 kM u crekaer ¢ FHOro-3anmagHoro ckioHa ByiakaHa ABaueHckuil. O0e peku B
HIDKHEM TEYeHMH GQUIBTPYIOTCSA B JIaXapoBbIE OTJIOKEHUS M TOCTYNalT B
npuéMHBIE BOJOTOKM B KayeCTBE TIPYHTOBBIX BOJI. 3aMBIKAIOIIMHA CTBOP peK
MOCTOSIHHO MepeMeNIaeTcsi BBEpX U BHU3 IO JIOJIHHE.

Lenbto sxcniequiy ObIO U3yYEHHE THAPOJIOTHYECKOTO M TUAPOXUMUYECKOTO
peXHMMa PpEeK JaxapoBbIX JOJMH. B Xozxe skcneaunuu pelaguch Claeayrolue
3a/layd: PEKOrHOCHUMPOBOYHOE OOCIEAOBAHME PEUHBIX JIOJHH, PEKUMHBIE
HAOJIIO/IEHNs Ha BpEeMEHHbIX ruaponoctax Ha p. Kabeky (pycioBoi, BOJHBIM,
TUIPOXUMHUYECKUN, YPOBEHHBI pEKUM, H3MEpPEHUs MYTHOCTU BOJ), HU3y4EHHUE
BHYTPUCYTOYHOM HW3MEHUYMBOCTH CTOKA, THUAPOXMMHMUYECKHX T[OKa3aTeled W
mytHocTH p. Kabeky, Ttomorpaduueckas cbhEMKa JIOJNHMHBI, HCCIEIOBaHUE
(GUIBTPALIMOHHBIX XapaKTEPUCTUK TPYHTOB, T€OPaINOIOKAIIMOHHBIC NCCIIEIOBAHNS,
U3yYEHHUE TOJIIM PYCIOBBIX M JIAXapOBBIX OTJIOXKEHUH, JaHAmA(THOE OMUCAHHE
nonuH, coznanue ['MC-npoekrta, M3ydeHue JIUTEpaTypHbIX HUCTOYHUKOB. B xone
AKCIEAUIIMH ObUIO 0TOOpaHo: 79 nmpoO BOJbI U B3BELIEHHBIX HAHOCOB JIJISl U3YUYECHHUS

2 Paboma evinonnena npu ¢unarcosoti noddeparcke PODGU, epanm Nel6-35-0056 Mon_a.
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KOHIICHTpaui TsHkEIbIX MeTauioB merogoMm |CP-MS, 36 mpo0 Boapl 1uis aHaau3a
KOHIICHTpaIUi pa3IndHbIX ¢popM Gocdopa u kpemHaus, 34 mpoObI 115 onpeieTeHUs
konnentpamnuii SOy, Cl u Ca, Na, Mg, K, 18 mpo6 11t onpe/iesieHns: KOHIICHTpaIui
dropa, 20 mpob TOHHBIX OTI0KEHUIN U BICKOMBIX HAHOCOB.

B nonune p. Kabeky Obl10 opraHW30BaHO TSATh BPEMEHHBIX THIPOJIOTHICCKUX
noctoB. Ha Tperbem moCTe €XEJHEBHO MATh pa3 B CYTKH ONPEAEIsIUCH
AJIEKTPONPOBOAHOCTh, pH, TeMreparypa, onTUYecKass MYTHOCTb, YPOBEHb BOJIBI.
Onpenensuiuch CKOPOCTH TECUCHUSI IJIs1 BBIYUCIICHUS PACX0I0B METOIOM TMOILIABKOB.
OnuH pa3 B IeHb OTOMPAIUCH MPOOBI BOABI ISl THAPOXUMHUUSCKUX UCCICTOBAHUMN,
OmpeieNIeHusT BECOBOM MYTHOCTH U TPaHyJOMETPUYECKOIO COCTaBa B3BEIICHHBIX
HAHOCOB. MaKCHMAJIbHbIl M3MEpEHHBI pacxXox cocTaBwil 1,7M°/c. AMiumTyna
KojeOaHusl ypoBHS He mpeBbimana 1 cM. YeTBEPTHINA MOCT pacmosiarajics B 30HE
bunpTpaIuu MOTOKA B JIaXapoOBble OTJIOKEHHUS. B €ero oKpecTHOCTSX MPOUCXOAHIIO
MOCTOSIHHOE TIepedOopMUpOBaHUE PAa3BETBIEHHOTO pyciia peku. B Te ke cpoku, 4ro
W Ha TPEThEeM IIOCTY, 3/IeCh MPOUCXOamWia (PUKCAMSA TOJOXKEHUS W TIyOWHBI
PYKaBOB pPEKM W H3MEPEHHE CKOpocTeld B HamOoliee KpPYNHBIX pykaBax. B
pe3ynbpTaTe OBLIM TOJYYEHBI JlaHHbIE 00 MHTEHCHUBHOCTH TiepedOopMUpOBaHUs
pycnma. Ha ocrampHBIX TOCTax MpoBoAWIach (orodukcanvs ypoBHEH u
AMU30IMYECKUE THUAPOJOTHUECKHEe HaOmoaeHusA. JIBaxkapl OBLUIM BBITIOJIHCHBI
OTpeNeNieHuss CYTOYHOTO XOJa OJJIEKTPONpOBOAHOCTH, pH, Temmeparypsl,
ONTUYECKON MYTHOCTHM M YpOBHS BoAbl Ha ruzapomnoctax 1 u 4. [lo Bceil piunHe
JIOJIMHBI TIPOBOJIMJIACH TeopaJapHas ChbéMKa pycia U MONMBI PEKH, IO pe3yabTaTaM
KOTOPOM OIpeeNisyicsl YPOBEHb I'PYHTOBBIX BOJA. [0 3TMM MaHHBIM, a Takxke IO
JAHHBIM 00 MHTEHCHUBHOCTH (PUIIBTpAllMM BOJI CKBO3b TOJIY OTJIOKEHUU OyneT
paccuuTaH TOJPYCIOBOKM TOTOK. McciiemoBanusl KOHIIGHTpAui  OHOTEeHHBIX
AJIEMEHTOB MOKAa3aJIM MUPOKYI U3MEHYMBOCThH KOHIIEHTpalui Py, Mo pinHe pexwu.
B Bepx0BbsSIX KOHIICHTPAIIMU TI0CTaTOYHO BBICOKH (P, 10 383MKTI/1), 4TO CBSA3AHO C
MOCTYIUIGHUEM W3 MEJIKOBOJIHOTO XOpOIIO MPOrpeBaeMOro o3epa, e aKTUBHO
Pa3BUBAIOTCS THAPOOMOHTHI, OJHAKO HIIKE IT0 JOJWHE OHU ITOCTEIICHHO CHIKAFOTCS
1o 150-160Mkr/n B pe3yibTaTe pa3daBieHust BOJAOW U3 MPUTOKOB. KoHIeHTpauu
Si B BepxoBbsxX (6 Mr/i) HIKE, YeM B HWKHeM TedeHuu (8 Mkr/m). Bombl
cnabomenounbie. 3HaueHuss pH B paifone mocra 3 cocraBwm 8,5 - 9,32
DIIeKTPOITPOBOTHOCTh M3MeHsiach ¢ 450 no 750 MxkCM/m. B paiione noctoB 3 u 4
OBLIH 3aJT0KEHBI MIYpPdBI TIYOHHOHN 2,5 M II1s1 0TOOpa IIPO0 JTaXapOBBIX OTIIOKEHHI
paszHoro Bo3pacta. MakcumasabHass MyTHOCTh BOJI HaOI01aack B paiioHe mocta 4 u
coctaBuia 175 r/n. B cpennem Ha nmocte 3 MyTHOCTB BobI coctaBmiia 0,03-0,04 r/m.
KpaTtkoBpeMeHHBIE YBEIIMUEHHUS MYTHOCTH Ha TIOCTE 3, BEPOSTHO, OBLIIN CBS3aHBI C
TOPU3OHTAIBHBIMA W BEPTHUKAIBHBIMUA PYCIOBBIMHU Je(POpMAIMSIMU BBIIIE 10
TEUYEHHUIO.

Paborer Ha p. Cyxas Enm3oBckas ObUIM HampaBICHBI HA OIpEICICHUE
WHTEHCUBHOCTH TOJIPYCJIOBBIX TIOTOKOB C TIOMOIIBIO TE€OpaapHOW CHEMKU U
MOHUTOPHUHT THUIPOJIOTO-THAPOXUMUYECKUX XAPAKTEPUCTUK HA PEIPE3CHTATHBHBIX
CTaHIUAX. MakCUMaJIbHBIN U3MEPEHHBIN PacX0Jl COCTaBUII O,5M3/c. Konnenrpaunu
Py.; Bappupytores ot 1,43 MKT/JT B py4be-TIIPUTOKE, KOTOPBIM CTEKAET CO CHEXHUKA,
no 27 wMkr/m B 3aMmblkaroiieM crtBope. KonieHTtpamuu Si M3MEHSIOTCS
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HE3HAYMTENIbHO 7-8 Mr/1. MyTHOCTh BOJ B pyubsXx-mpuTokax B cpearem 0,008-0,01
/1 1 YBEITMYUBACTCS K 3aMbIKaromeMy ctBopy 1o 0,1 1/i.

Ha nansplii MOMeHT oOpaOoTaHa TOJIBKO YacTh IMOJYYEHHONW HWH(pOpMAIWH.
Pe3ynbTaThl SKCHEAWIIMH WIPAIOT BAXKHYIO POJb B HCCICIOBAHHH OIACHBIX
THAPOJIOTHYECKUX TIPOIIECCOB Ha pekax KamuaTkw, Tak Kak JarOT BO3MOXHOCTh
HU3YYUTh PEKHM pPEK M IPOBECTH MOHUTOPHHI KadecTBa BOJI, CTEKAIONIUX C
BYJIKAaHOB. M3yueHue J1axapoBbIX OJWH OYJIET MPOAO0IKEHO.

OIIPEJIEJIEHUE HAINIPABJIEHUS DBOJIIOIIMA HAPYILIEHHOM
BOJIOTHOM YKOCUCTEMBI HOCPEJICTBOM OIIEHKHA
U3MEHEHUN
B ®PUTOILEHO3E
Kpagen K.I10.

OI'BYH Hnucmumym ceoxumuu u anarumuyeckou xumuu PAH
umenu B.U. Bepnaockozo
Mockea, Poccus
Mockosckuii cocyoapcmeerntulil yHusepcumem umenu M.B. Jlomonocosa
Mockea, Poccus
Gildules@gmail.com

Bornora urparmT BaxkHyI0 poJib B THIPOJOTHYECKOM OanaHce pek u o3ep. Ha
tepputopun EBpornetickoit yactu Poccum 60510Ta SBISIOTCS MCTOKAMHU TaKUX PEK,
kak Boura, [{uenp, 3anagnas J{BuHa, a Taxke 0oyiee Menkux pek, kak byxka, 1o,
Co3p u apyrue. Ha oOmMpHBIX MIOMAASX €BPOMEUCKUX OOJOT MMEIOTCS 03epa ¢
MIPECHOW U YMCTOM BOJIOM, KOTOPBIE MOKHO pacCMaTpuBaTh KaK Pe3epB B CIIydasx
ype3BbIYaliHOM cutTyanuu [1, 4, 6, 7]. B cBs3u ¢ 3TUM, n3yueHue u oxpaHa 00J0T OT
WCTOIICHUS, 3aTPA3HEHUS U MOXKAPOB ABJISIIOTCS 1151 Poccun, HECOMHEHHO, BaXKHOU
3aavei.

UccnenoBanue pereHeparyii OOJIOT TaKXKe SIBISICTCS YPE3BBIYAMHO Ba)KHOU
3agayed. JlaHHOe WHCClIeAOBaHME HAMNPABICHHO HA M3YYEHHE SKOJOTHYECKOTO
pa3Butus ObIBIIETO TOpQsSHOTO O010Ta «l amuIKUi MOX», PAacCIOJIOKEHHOTO B
TBepckoit obnactu, B KoHakoBckoMm paiione, BOMM3HM mocenka PamdyeHko, panee
MOIBEPIKCHHOTO CHJIBHEHIIIEMY aHTPOTIOTEHHOMY BIHMSHUIO B (opMe aKTHUBHOM
Topdopa3paboTKH, a TaKKe TOMOJHUTEIBHO TPAaHCHOPMHUPOBAHHOTO TMOXKapaMU
HEU3BECTHOTO TPOUCXOXACHUs. B Xxome Topdopa3paboTOK HaHHAS TEPPUTOPHUS
OblJIa MOJHOCTBHIO OCYIIIEHA, YTO MPHUBEJIO K HAPYIICHUIO CYIIECTBOBABILICH paHee
aHa’poOHOM 00CTAaHOBKH, a, BCJIEJICTBHUE STOTO MPOU3OILIA HAPYIICHHS MPOIECCOB
TopooOpazoBaHus W CO3/IATUCh YCIOBUS, KOTOpPhIE CIIOCOOCTBOBANM MOXapy. B
CBOIO oOuepeb, MOoXKap HapyIIWI CYIIECTBYIOUIYI0 PAaCTUTEIBHOCTb, a TaKke
nepeBesl 4acTh MMMOOWMIM30BAHHBIX MUTATEIBHBIX 3JIEMEHTOB B JOCTYITHBIN IS
pacTeHHi ¥ MHUKPOOPraHM3MOB BHJ. JlaHHBIE TPOUCIIECTBUS HAPYIIUIH
CYIIECTBYIONINI HKOJIOTHYECKH OallaHC W TMOCHYXHJIA TOJTYKOM [UIS TIEpexoja
UCCIIEAYyEeMON PKOCHUCTEMBI U3 KIIMMakca B MeHee ycTtonuuBoe cocrosiHue [3]. HO.
Onym [5] oTmedaer, 4YTO JOMOJHHUTENBHOE BBICBOOOKIEHUE MHUHEPAIBHBIX
AJIEMEHTOB M3 OPraHMYEeCKOro MaTepuaia CIOCOOCTBYET KpPAaTKOBPEMEHHOMY
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YCKOPEHHUIO yBEJIWYEHUsI OMoMacchl Ha JaHHOW TeppUTOpUU. TeopeTUdYEecKd, 3TO
MOJKET MPUBECTU HE CTOJILKO K TOMY, YTO OyJeT BOCCTAaHOBJIEH CYIIECTBOBABIIUN
JI0 ATOr0 OOJIOTHBIM Te0OHMOLIEHO3, CKOJBKO K Ppa3BUTHUIO TE€OOHOIIEHO3a, HE
M0JIpPa3yMEBAIOIIET0 HEMPEPHIBHOM KOHCEPBAIMM OPraHUYECKOro BemiecTBa. B
IICJIOM, TAHHYIO CUTYaIlMI0 MOYKHO OTPa3uTh CICAYIONIMMHU CXeMaMH (CM. pHC.).

[IpencraBneHHbie cXeMbl OTOOpa)KalOT U3MEHEHHWE MOTPEOHOCTH CHUCTEMBI B
PHEPruM B TeueHWe BpeMeHW. Ha rpadukax TPHCYTCTBYIOT TPHU KIFOUEBBIX
npoMexyTtka. [IpomexxyTok 10 Touku | 0ToOpa)kaeT CyliecTBOBaHHE YCTOWYHBOM
0070THOM »5KOCUCTEMBI. JlaHHOE coOCTOssHHE He TpeOyeT OOJBIIOro MPHUTOKA
SHEPTUH, TakK Kak, M0 CYTH, MOJJEPKUBAET ceOsi camocTosATenbHO. [I[poMexyTok oT
| mo Il monpazymeBaer nmepuoa pa3zpyuieHUs: 5KOCUCTEMBI, TOCPEICTBOM OCYILIECHUS
U TIOXKapoB. B 1TaHHOM TMPOMEXKYTKE YBEIMYEHUE DHEPrHH OOecreurnBaeTCs
YEeJIOBEUYECKUM BIIUSTHUEM.

[Tpomexytok ¢ Il o Il xapakTepusyeTr nepexoa CUCTEMBI U3 HEYCTONYHBOTO
COCTOSIHUSI B yCTOMYMBOE. B 3TOT mepuon cuctema MOXKET pa3BUBATHCS IO JIBYM
BapHaHTaM: B MEPBOM Cllydae, CUCTEMa OYJET MEHSTHCS, UCXOJS U3 HATUYHs WU
OTCYTCTBHUSl NPUTOKA BellecTBa. B mepBoMm ciydyae (puc., @), IOMOJTHUTEIbHBIN
IPUTOK OTCYTCTBYET M B MOMEHT IMpPEKPAIICHHsS] YeIOBEYECKOW NeATeIbHOCTU
CHUCTEeMa HAuUWHAET JBUTATHCS B HAINpPABICHUHU, KOTOpoe TpeOyeT HauMeHbIlee
KOJIMYECTBO sHepruu. BTopoit Bapuant (puc., 6) moapazyMeBaeT HEKUW BHEUTHUUN
DHEPreTUYCCKUI MPUTOK, KOTOPBIM U TTOIICPKUBACTCS PA3BUTHE CHCTCMBI.

B ycnoBusix OTCYTCTBYIOIIETO YEJIOBEYECKOTO BIUSHUSA, cucTeMa Oyjaer
JBUTAThCS TIO TIEPBOMY TyTH, HO HaM HE W3BECTHO, COOTBETCTBYET JIH
nmpeBpalieHue B OOJOTHYIO CHUCTEMY H3y4yaeMOW HaMHU MECTHOCTU MPHUHIIUILY
HauMeHbIIeH sHeprun. Takum 00pa3oM, y HaC eCTh CIeAyIolas HyJeBas THIOTe3a:
JaHHAsi CHCTEMa JIBMXKETCS B CTOPOHY OOJIOTHOTO reobuorieHo3a. B ciydae eciu
JlaHHAas TUTIOTEe3a OTBEpraeTcs, TO MPUHUMACTCS albTepHATUBHAS: JaHHAs CUCTEMa
JBUKETCSI B CTOPOHY TeoOHolieH03a uHoro tuma. OnpeneneHue CylecTBYIOLIEro
HATPABJICHUS SBOJIIOIIMU YKOCUCTEMBI TAKXKE SIBIISICTCS IENBI0 TAHHOW paOOTHI.

Kputepuem B naHHOM ucciieloBaHUU BbIOpaHa CTpykTypa (urorenosa 3a 2011-
2015 rr. IlpuyuHOM STOMY CIYXHT TO, YTO OOJOTHasg SKOCUCTEMA HMEET
JIOCTaTOYHO YETKHUE PACTEHUS MHIIUKATOPHI, IOMUHUPOBAHHUE KOTOPBIX CTAOMIIBHO
oToOpakaeT xapakTepHble JuIs 0oyioTa yciaoBus. Ha MOMEHT Hayana HaOIrOeHUS
(mero 2010r., moskap), HMCClIenyeMbIii y4acTOK OBUT TOJHOCTBIO BBDKKEH. Ha
MPOTSHKCHUH MOCTEAYIONIUX TMATH JET YeTKO HaOJrofanach TEHJCHIIMS 3aceeHuUs
BBEDK)KEHHBIX TPOCTPAHCTB TPABSIHUCTOW PaCTUTENBHOCTHIO. CIemnyeT OTMETHTH,
4TO TIEPBBIMU JAHHYIO TEPPUTOPHUIO HAYAIIM 3aCEISATh PACTCHHS, OTOOpaKaroIIne
BBICOKOE cojepikaHue asora B mouse: Urtica dioica L. — kpanmBa aBymOMHasd,
Galium verum L. - nommapenHuk Hactosmmii, Rubus idaeus L. - manuua
oOpikHOBeHHas. [lomumo srtoro, ¢ HUMH mpopactaior Carex acuta L. — ocoka
octpass u Carex dioica L. — ocoka JBy/JIOMHas, HO TIPH 3TOM OHH HE SIBJISIOTCS
JTOMUHUPYIOIIUMH BHJaMH Jak€ B CBOeM spyce. B mociegyromiue Tojbl
YBEJIMUMBACTCS  BHUJOBOE  pa3HOoOOpa3ue,  MOJYyYalT  paclpOCTpaHEHUE
MpeACTaBUTENU acTPOBBIX (ceM. Asteraceae), a Takke HIMPOKOE pachpoCTpaHEHUE
nosiy4arot 31aku (cem. Gramineae). [ToMumMo 3TOro, BaYKHO OTMETUTh TOSBJICHHUE
poro3a mupokosimctHoro (Typha latifolia L.), kotopslii, B OOJILIIMHCTBE Cy4acs,
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TUITUYECH AJIs1 BOAOCEMOB, 6OJIOT, a TaK¥XeE 06BOI[H}IeMI:-IX CTOKOB M KaHaB. Tem He
MCHCC, C€Iro HCJIb3d YCTKO OXdapaKTCPHU30BATb, KaK PACTCHHUC, KOTOPOC CIYKHUT
WHJMKATOPOM pa3BUBarollerocst 00j0ta [2], Tak Kak €ro paclpocTpaHEHUE MOKHO
OOBSICHUTH HE MOCTOSIHHBIM YBJIA)KHCHUEM, a4 IICPHUOJUYICCKUM.

ITomumo 9TOro, CTOHUT OTMETHTL, YTO THUIIMYHBIC OJIA 0o10T paCTCHUA -
neueHounsie (Marchantia polymorpha), rununoseie (Pleurozium  Schreberi) u
coharnoBsie (Sphagnum fuscum) mxu oTCyTCTBYIOT, a ocokoBbie (Eriophorum
vaginatum) tak u He cTaau (GOHOBBIM CEMEHCTBOM.

E E

4/\_

I @ I T I @ I T
a 0

Puc. 1. Dueprus cuctems! (E) B xo1e 3Bomonronnbix nporeccos (T); @ — BapuanT ¢
BHEIIHUM IIPUTOKOM SHEPTUHU B CUCTEMY, & — BAPUAHT C OTCYTCTBUEM MPUTOKA SHEPTUH

B nutore naHHOroO MCCIEI0BaHUSA MOXKHO 3aKJIIOUYUTh CIEAYIOLIEE: UCCIEAyeMas
TEPpUTOpUS HE JBUKETCS B CTOPOHY 0OpazoBaHus O010THOTO (uTOIEHO3A.
CymectByronue B JaHHOM (UTOLIEHO3€ pacTeHMsl, MNpucylue O0o10TaM, He
SABJISIFOTCA JOMUHHUPYIOIIMMH, & UX HAJIUYUE BIIOJHE COOTBETCTBYET MEPUOIUYECKHU
YBIIQXKHIEMOU TEPPUTOPHUH.

JlaHHBIA (QUTOLIEHO3 XapaKTEpHU3yeTCs KaK pPa3sHOTPABHO-3JAKOBBIM JIYT |
nepexo]; ero B OOJOTHBIN (DUTOIIEHO3, TTPU YCIOBUH COXPAHEHHS CYIIECTBYIOIINX
(U3UKO-XMMUYECKUX YCIIOBUIA, SIBIISIETCS 100 BEPOSTHBIM.
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NPUPOJHbIN ®AKTOP B UHTEPITIPETALIUU JAHHBIX DKOJIOI' O-
TEOXUMHWYECKHNX UCCJIEJOBAHUM JOHHBIX OTJIOXKXEHUI
BOJIHBIX OBPBEKTOB KAPEJIUU
Caykosckuii 3.U.

Hncmumym 2eonocuu Kapenvcxkoeo nayunozo yeumpa PAH
2. Ilempo3zasoock, Poccus
slukovsky87@gmail.com

AHanu3 coaepKaHHUs TSOKENbIX METaUIOB U JIPYTHMX OMACHBIX JUIS JKUBBIX
OpraHW3MOB XHMMHYECKHUX DJIEMEHTOB B TEOJIOTUYECKOM Cpele  SBISIETCS
HEOTHEMJIEMOM YacThI0 COBPEMEHHBIX SKOJOTO-TEOXUMUYECKUX HCCIEAOBAHUN U
I€0IKOJIOTHYECKON OIIEHKM COCTOSIHHS TOTO WJIM HMHOTO MPHUPOJAHOTO OOBEKTa.
OcHOBHBIM (HaKTOPOM, BIUSIOIIMX Ha (OPMHUPOBAHUE BEIIECTBEHHOI'O COCTaBa
JIOHHBIX OTJIOKEHUN PA3IUYHBIX BOJHBIX OOBEKTOB, PACIOJIOKEHHBIX B IMpejenax
AHTPOTIOTEHHO  HAPYIICHHBIX  TEPPUTOPHI, 3a4acTylo  sBiseTcs  (akTop
TEXHOTEHHOTO BO3ACHCTBUS Ha BOAOEM/BOJOTOK. [Ipm »TOM, HakoIUieHUE
MOTEHIIMATFHO JKOJIOTHYECKH OMACHBIX SJIEMEHTOB B IPECHOBOJHBIX OCaIKax
MOKET MPOUCXOAUTh 00Jiee MHTEHCHUBHO, Y€M B BOJe, B IMOYBE U B JIPYrux
reojoruyeckux (ocamounbix) ¢opmanusx. Kpome Toro, BeIWK pUCK TOIMAIaHUs
YKa3aHHBIX BEIIECTB M HUX COCAUHEHUNW B OPraHU3Mbl THUIAPOOHMOHTOB, Ubs
JEATeTbHOCTh TECHO CBSI3aHA CO CPEON JOHHBIX OTJIOKEHUM, U MUTPALMH ITHX
AIIEMEHTOB TIO MUIIEBHIM CETSIM.

Ha ycnoBHO-()OHOBBIX TEPPUTOPHSIX, T/I€ TEXHOTCHHOE BO3ICHCTBHE CBEJIEHO K
MUHUMYMY, paclpelesieHue XUMUUYECKHX SJIEMEHTOB B rujpocdepe U B BEpXHEH
4acTH JTUTOC(HEPHI TIOYTH MOJHOCTHIO TTOTYMHEHO TIPUPOTHOMY, B IMIEPBYIO OUYEpElb
reosiorndeckomy, pakropy. Tsxensie metauisl (Pb, Cd, As, Ni, V u 1.1.) u npyrue
MOTEHI[MATBFHO 3KoJIoTH4YecKkru omacHbeie sneMeHThl (U, CS) BXOAST B KayecTBe
npuMeceld B pa3jM4HbIe MUHEpAJIbHBbIC 00pa30BaHMs, UMEIOIINE MarMaTH4YeCKUM,
MeTaMop(hUUECKUid, TUAPOTEPMATBLHBIN WM KaKOH-THO0 APYroi reHe3uc U TaKuM
o0pa3oM  BBICTYHNAlOT  OCHOBHBIMH  HCTOYHMKAMH  yKa3aHHBIX  BBIIIE
MHUKpPOJIJIEMEHTOB B TOBEPXHOCTHBIE BOJBI, JOHHBIC OTJIOKEHHS U TIOYBBHI.
[Tono6HbBIEe HccneoBaHUS OCOOEHHO aKTyalbHBI, KOTJAa PeYb UACT O MPOBEIACHUU
HKOJIOTO-TEOXMMHYECKHUX pPAa0OT HAa TEXHOTEHHO HAPYIIEHHBIX, B TOM YHCIIe
ypOaHU3UPOBAHHBIX TEPPUTOPUSAX M B MPOMBIIIICHHBIX 30HaX [7], Tak Kak
QHOMAJIPHO BBICOKHE KOHIICHTPAIIMM TOTO WJIM HWHOTO JJIEMEHTAa MOTYT HMETh
JIBOMCTBEHHYIO TMPHUPONY, CBS3aHHYIO KaK C TE€OJIOTMYECKUM, TaK U C
aHTporioreHHsIM  (haktropom (puc. 1). C TOYKH 3peHUS IKOJOTUUYECKOMH
WHTEpPIPETAllMU PE3yJbTaTOB OIHUCAHHBIX HCCIEIOBAHUM pPAa3HBIMH aBTOpPaAMHU
HCTIOJIL3YIOTCS TIPOIIEAYPhl OMOMHINKAIINY [4], CBS3aHHOW C BBISIBICHUEM pPEaKIuu
MOBBIIICHHBIX KOHUEHTPALUNA 3JIEMEHTOB Ha >KU3HEACSATEIbHOCTh OIpPEIACICHHBIX
OpraHU3MOB, HOPMHUPOBAHHE IO (POHOBOMY COACPKAHUIO H3Y4aeMOro 3JIeMeHTa
WM TI0 KOHIICHTPAIlMM HWHIWKAIIMOHHBIX D3JIEMEHTOB, B POJIM KOTOPBIX MOTYT
BeicTynath Fe, Al, Ca, Li, Cs [1, 2, 13, 14], a takke ompeaencaue Hopm
HaXOXJICHUSI DJIEMEHTOB, B TEPBYIO JETKO PAaCTBOPUMBIX (BOJIOPACTBOPUMBIX,
MOJIBI)KHBIX U CBSI3aHHBIX ¢ KapOOHATaMM M OOpa30BaHMSIMM jKelie3a U Maprasiia)
[15].
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Puc. 1. MUKpO3JIEMEHTHI, TOCTYHAIOIINE C TIPUMECSIMU MUHEPATIOB B IOHHBIE OCAIKU
ypOaHU3UPOBAHHKBIX akBacucTeM [10IMOCKOBBS: 1 - MapKa3uT, 2 - TOJOMHT, 3 - chayiepur,
4 - paTOBKHUT, 5 - HIIbBMEHUT, 6 - MarHeTuT, 7 - rajulyasur, 8 - ruo0cut, 9 ranenur, 10 -
mupurt, 11 - Bax, 12 - acbonan, 13 - MuHEpaJIbI ceMelicTBa KpeMHe3eMbl, 14 - Typmanus, 15
- albMaHIUH, 16 — moJieBble mmatkl, 17 - kKaonuHUT, 18 - ruapoduoTut, 19 - anruapur, 20
- KampuT, 21 — MOHAUTHI [ 7]

[TpupoaHbIe TEOXUMUYECKIE aHOMAITUH 3JIEMEHTOB, MMEIOIIIUX 0COOBIN HHTEpEC
C TOYKH 3PEHHS T'EOIKOJIOTMUYECKUX MCCIEIOBaHMM, BCTPEUYalOTCS HE YacTo U
OOBIYHO TPUYPOYECHBI K KPYMHBIM PYIHBIM OOBEKTaM WM 30HAM TOBBIIIICHHOU
TeOJOTMYECKO aKTUBHOCTH (TUAPOTEpMAbHBIE WCTOYHUKH, BYJIKAaHMYECKas
NeSITeTbHOCTh U T.JA.). B TakoMm citydae posib TEXHOTEHHOTro (hakTopa, Jaxe eciu
pedb uaeT o0 OO0BEKTax, PaCHOJOKEHHBIX BOJU3M WMCTOYHUKOB AHTPOIIOTCHHBIX
BBIOPOCOB, MOET OBbITh COBEpUICHHO HE3aMETHON TMpu  (OPMUPOBAHUU
KOHIICHTPAIlUd TOTO WM HMHOTO XMMHUYECKOTO JJIEMEHTAa WJIM BeEIecTBa. Tak,
Harpumep, 0OCTOUT JIeIo ¢ GOPMUPOBAHUEM IKCTPEMAIIBHO BhICOKMX aHoMaiwii Cd
B JIOHHBIX OTJIOXEHHSIX THXOTO OKeaHa, CBA3aHHBIX C 30HAMHM CO 3HAYUTEIHHOMN
BYJKaHUYECKOU U TUAPOTEPMAIBHON aKTHBHOCTBIO [8] M aHAIOTUYHBIM SIBJICHUEM B
noyBax mrara Kamudpopuun B CILA, rne nosbeimenssiid o Cd ompenensiercs
COJIEp’KaHUEM ITOT0 MeTajljla B CJIaHIIaX, MOJCTUJIAIONIMX TOYBEHHBIN MOKPOB [12].
HNuTtepecHo otmetuth, uto Oosnee 60% Bcero mpupoanoro Cd, moctymaromiero
©KEroJHO B arMocdepy 3emMiM OT pa3IUYHBIX KMCTOYHHUKOB, CBSI3aHO C
COBPEMEHHBIM BYJIKAHU3MOM IUIaHETHI [ 16].

Yame Bcero mnpupoxansiii Cd Bxomutr B coctaB cdanepura (puc. 1), rae
n3oMophHO 3amMemaer HUHK (ZN), OJHAKO HAIA HWCCIAEAOBaHUA [5] TOHHBIX
OTJIOKEHHM OTAEIBHBIX YYaCTKOB JUTOpai JIamoKCKOro 03. BBISIBWIIA TECHYIO
cBa3b Cd ¢ mupkonuem (Zr) (puc. 2). YuutbiBas TOT (akT, 4yTO OOJBIIUHCTBO
aHOMAaJIbHO BBICOKMX KoHIeHTparmii Cd B ocamkax JIamokCcKOro 03. OTHOCATCS K
palioHaM BBIXOJJa Ha JIHEBHYIO IOBEPXHOCTh JIEIHUKOBBIX  OTJIOKEHUH,
SBISIONINXCS ~ MPOAYKTaMH  pa3pylIeHHs  JPEBHUX  MarMaTudeckux U

209



Metamopduueckux mopoa Kapenuu, To Hanuio cBsi3b Cd-anomanuii JIagoxcKoro
03. C BYJKaHU3MOM BO3pacTtoM 1-3 MIpa. JIeT, MOCKOJIbKY OCHOBHOM MHHepan Zr
IUPKOH U3 TOopoja OeperoBod JIMHUM KpyNHEWlero Bojxoema EBpombl umeeT
MarMaTU4YeCKHil M TUIPOTepMANIbHBIA TeHe3uc. CTOUT Takke OTMETUTh, YTO Ha
tepputopun Kapenuu (B 10KHOM 4acTH pernoHa) Obul OOHApY>KEH YHUKAIbHBIM
MHHEpPAI — CAMOPOJHBIA KaJMHUM, TAKKE SABISIOIIUNACS MPOITYKTOM T'€OJIOTHYECKOMN
AKTUBHOCTH Tpouuioro [6].

[Mono6noe moBenenue Cd yCTaHOBICHO TaKKe I PEYHBIX U O3CPHBIX
OTJIOKEeHUU Teppuropuu r. [leTpozaBojicka, riae IpUpPOIHBIN (GOH 3TOTO TSKEIOTO
METaJlla TMOJIHOCTBIO «3ariIylllacT» aHTPONOTeHHBbIH BkiIaa B Hakomienue Cd B
COBpPEMEHHBIX YETBEPTHUYHBIX 00pa3oBaHUAX ypOaHm3upoBanHoi cpeasl [10]. C
NMOJIOOHBIM ~ SIBIEHUEM CTOJIKHYJIHCh B JApyroMm paitone Cesepa Poccunm -—
Pecniy6uke Komu. B oTnoxkenusix pek 6acceitHa BEpXHEro U CpeHEero TeYCHUM p.
[Tewopsr konmentparuu Cd mgocturaror 30 MI/KT, OpUTOM OOJBIIMHCTBO MPOO
OTOOpaHO HA TEPPUTOPHH 3AMOBEAHHMKA, YTO MCKIIIOYAET aHTPOIOTCHHBIA TeHE3UC
CTOJIb BBICOKMX KOHIICHTpaIMii 3TOoro Merasia [3].

PaiioHbl Hcciea0OBaHMS:
A Mmnunaxtn € Kupeasanaxtu-1 @ Kupeapanaxtu-2 X Jlexmanaxtu
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Puc. 2. bunapnas nuarpamma Cd—Zr, WITIOCTpUpYIOIIas pa3Iudns B XUMU3ME JIBYX
TPy JTOHHBIX OTJIOKEHUN JUTOpainu 03. Jlanoxkckoro (jieBast 1Ikajga KOHIIEHTpauii Zr
JUTSE TOUeK u3 obnactu 1, mpaBast — u3 obnactu 2) [5]

B 03. UeThipexBepcTHOM, pacrnoyio’KeHHOM Ha okpauHe T. IlerposaBojcka,
UCCJIEAOBAaHUE KOJOHKU JIOHHBIX OTJOXKEHMM Ha TiIyOuMHy 10 | M BBISIBWIO
aHOMaJbHO cojiepkaHue AS, KOHILEHTpaluh KOTOporo BapbupyroT oT 31 mo 40
MI/KT, TpPUYeM MaKCUMallbHOE€ 3HAYeHHE 3TOr0 dJeMEHTa OTMEYEHO B CaMOM
HIDKHEW TOouyke u3ydeHHOro paspesa (puc. 3) [11]. BepostHO, cTOIH aHOMAaIBHO
BBICOKHE KOHIEHTPALMU MBIIIbSIKA B JOHHBIX OTJIOXKEHHSIX TOPOACKOIO BOJIOEMA
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CBS3aHO € reoxumueil necuanukoB [leTpo3aBojacKoil CBUTHI, KOHIIEHTpalus As B
KOTOpbIX paBHa 10 mr/kr [11].

CkaJsibHbIE BBIXOJBI 3TUX MOPOJ UMEIOTCS Ha TeppuTopui T. IleTpo3zaBoacka B 2
KM Ha ceBep OT pailoHa wuccienoBanuii. Kpome Toro, aHoMaabHO BBICOKHE
comepkanust AS (mo 156 wmr/kr) oOHapyKeHbl B TIOYBEHHOM TIOKpPOBE T.
[lerpozaBoacka [9] ®  mpuypouyeHbl K HEHAPYIIEHHBIM  aHTPOIOTE€HHBIM
naumadTaM (Jaiie BCEro K morpaHUuYHbIM paiioHaM ropoja).

= 0 031

(5]

= 20 237

§ 40 o30

= :

260 |

= 80

< ® 40

=

0 100 .

= 20 40
AS, MI/KT

Puc. 3. BeprukansHoe pacnpeeieHie KOHIIEHTPAIMI MBIIIBAKA B JOHHBIX OTJIOKEHUSX
03. UetsipexBepctHoro (T. [lerpo3aBoack, Pecriyonuka Kapenus) [11]

JleTanpHOE M3YyYEHHE KOJIOHKH JOHHBIX OTJIOKEHHH 03. MBUIBHOE 70 TTyOHWHBI
28 cm merogom XRF (puc. 4), pacminokeHHOro B uepre T'. MelBeXberopcka
(Kapenusi), BBIIBIIIO aHOMaJIbHO BBICOKHME KOHIEHTpauuu V, mocturarommue 355
MI/KT.

Cxopee Bcero, coJiepKaHu€ ATOTO TKEJIOro MeTajlsla B U3YyYaeMbIX OCaJKax
ompesensercs OIM30CThI0 K PAMOHY HKOJIOT0-TEOXUMUYECKOTO HCCIIEIOBAHMS
HECKOJIbKUX MECTOPOXKJICHHUI M MPOSBICHUNA BaHAJAUEBBIX U BaHAIUI-COIEPKAIITIX
pyn, pa3paboTka KOTOPHIX B HACTOSIIMA MOMEHT He BeJeTcs. B aTtux ke
MECTOPOXKICHUSX OTMEUAIOTCs MOBBINIEHHBIE KOoHIIeHTparuu U, Mo u Cu.

Takum 00pa3om, TIpOBEJAEHHBIE U TPOBOJUMBIC Ha JAHHBIH MOMEHT
UCCTIEOBAHUS T€OXUMHUYECKOHN CIIeIM(PUKH JTOHHBIX OTJIOKEHUN BOJHBIX O0BEKTOB,
pacmoNoKEeHHbIX Ha Tepputopun Pecnyonmuku Kapenuu, mO3BOJSIOT CyAWTh O
3HAYUTEIBPHOM BIUSHUU TPHUPOJHOTO (hakTopa Ha (OpMUPOBAHHE KOHIIEHTPAIIHA
HEKOTOPBIX TSDKENBIX METAUIOB H JAPYTMX TMOTCHIIMAIBHO DKOJOTHYECKUX
3JIEMEHTOB.
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Puc. 4. Pacnipenenenve KOHIIEHTpAIM BaHAIUSI B IOHHBIX OTJIOXKEHUSAX 03epa MBUIbHOE
(r. Measexberopck, Pecniyonuka Kapenus)

Hanbonee w3y4eHHBIM BONPOCOM SIBIsIETCS aHanu3 mnpoucxoxaeHus Cd-
aHOMAaJIMi, KOTOPBIE MPOCIEKUBAIOTCS B HECKOJIBKUX paiioHax Kapenuu, a Takxke B
cocenHeM peruone — B Pecryonuke Komu.

[IpyunHON 5SKCTpeMallbHO BBICOKUX cojepkaHuit AS u V' B  03epHBIX
OTJIOXKEHUAX IBYX MallbIX Topoackux o3zep Kapenuu, no-suguMomy, sBisercs
NOBBIIICHHBIH (OH OSTUX TSKENBIX METaUIOB B KOPEHHBIX 00pa30BaHMUSIX,
PacoIOKEHHBIX BOJIU3U UCCIIEI0BAHHBIX BOAHBIX OOBEKTOB.
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B nammu JAHHU, aHTPOIIOICHHAA HArpy3kKa Ha HNPUPOAHBIC BOAHBIC 3KOCHCTCMBI
BHYIIUTCJIbHA U Hp06HeMI>I HN3YUCHUA KUHCTUYCCKHX OCOOCHHOCTEH M MEXaHH3MOB
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ouoTpancopmauu CTOMKHX TPHUPOAHBIX opraHmdeckux BemectB (OB) BecbMma
aktyanbHa. OJIHMM U3 SIPKUX IPUMEPOB TAKOIO poAa COCAUHEHUW SBISIOTCS
TpyJaHOpasjnaraemble TymycoBble BemiecTBa (I'B), KoTopble SIBISIFOTCS OCHOBHBIM
KOMIIOHEHTOM BOJHOTO M TIOYBEHHOTO TyMyca, BXOISAT B COCTaB JOHHBIX
OTJIOKEHUM, Topda, OypbIX YIJeH, KOMIIOCTA, KaHAJIM3alMOHHBIX CTOKOB U psiaa
JPYTMX UCTOYHUKOB.

OTnuuuTeNnbHOM OCOOEHHOCTBIO TAaKOTO poja BEIIECTB SBISIETCS HHU3KUE
CKOPOCTH OHOpa3IOKEHHUs, HE JOCTaTOYHO WM BOBCE HEU3YUCHHbBIE MEXaHH3MBI
ouogerpajganui, OTCYTCTBHE  YETKUX  MPEACTAaBICHUH O  KUHETHYECKHX
3aKOHOMEPHOCTSX 3TUX IPOLECCOB.

OO61mas xapakTepUCTUKa TYMYCOBBIX BEIIECTB U UX (hpakUuil — KaYeCTBEHHBIN U
KOJIMYECTBEHHBI  COCTaB, MOJEKYJSIDHBIII BEC, pa3Mepbl MaKpOMOJIEKYII,
ocobeHHocTr cTpoeHus u 3D-CTpyKTypBl IpoaHATM3UPOBAHEI B [1].

HaubGonee BakHble rpymibl rpuOOB-AECTPYKTOPOB, MPUHUMAIOLINE AKTUBHOE
ydacTue B mpolieccax ouopasznoxeHusi ctoikux OB, 3a cuer aeiicTBUS KOMILIEKca
JUTHOJIMTUYECKUX OKUCIUTENBbHBIX 3K30()EPMEHTOB, a TaK K€ MX KaTaIUTUYECKUE
LUKJIBI, TMpEAIojaraéMble MEXaHHW3Mbl M OCHOBHBIE MPHUHIMIBI JIEHCTBUA Ha
pa3Iu4YHbIe CyOCTpaThl MOJPOOHO MPOAHATU3UPOBAHO B [2].

Hcnonp3oBaHue B 3KCMEPUMEHTAIIbHBIX UCCIEAOBAHUSAX MPUPOJHBIX <GKUBBIX)»
I'B 3aBeomo 3akiagpIBaeT psij METOAMYECKUX ITANOB O BhIAeNeHU0 (pakiuu ['B
U3 o0Opa3la TOYBBI M UCCIENOBaHUN  (U3MKO-XUMUYECKUX  IapaMeTpoB
BBIJIEIEHHOTO 00pasma is KaXIOW Cepud HKCIEPUMEHTOB, B CHIIy TOTO, YTO
KOKJBIH KOHKPETHBIM oOpasery o0JagaeT CBOMM yHHKadbHBIM HaOOpOM
xapakrtepuctuk. Cucrtema npoOONOAroTOBKA MOYBHI U BbiAeneHus ['B u dpaxuuit
Ooree neranbpHO omnucaHa B [3].

Panee, B kauecTBe pPEKOTHOCIMPOBOYHBIX HCCIEOBAaHUM, MPOBEACHA Cepus
OTBITOB MO BBISIBICHUIO AEUCTBUS ()EPMEHTOB Ha CYOCTpaT MPHU HEMOCPEACTBEHHOM
OpSIMOM BHECEHUM C TMIOCIEAYIOUIMM aHAJIM30M IIOJYYEHHBIX PpE3yJbTaTOB.
«IIpsamoe» neiictBue (pepMEHTOB Ha CyOCTpaT OTpa)kaeT JUIIbL KOPOTKUW dTar,
KOTOPBIM COOTBETCTBYET MHUKY POCTa KYJIbTYpPBhl, KOT/Ia MPOSIBISETCS MaKCUMaJlbHas
dbepMeHTaTUBHAsT aKTUBHOCTh B ONTUMAIbHBIX (U3HKO-XUMUYECKUX YCIOBUSX.
[Tporiecc necTpyKUuu MpH HEMOCPEACTBEHHOM BIMSHUHM (PEPMEHTOB IMPOTEKAeT
OBICTPO, TaK KaK 3aJIeCTBOBAHBI TOIBKO XUMHUYECKHE MEXaHU3MbI B3aUMOJICHCTBUS
0e3 OMOJIOTMYECKOTO KOMITOHEHTA. Pe3ynbTaThl HccieI0BaHUN U3I0KEHBI B [4].

[Tpu cotpynnnyectBe ¢ buonorndeckum ¢akynpreroM MI'Y, Ha nabopaTopHoii
0a3e kadeapsl MHKOJOTH W alblOJIOTUH, B MEpHOJ C (eBpans MO aBrycr
(BxmrountenbHo) 2016 roma mpoBeAEHBI AKCIEPUMEHTANTBHBIE HCCICAOBAHUS 10
U3YYCHHIO TporieccoB TpaHchopmarmu croiikoro OB B BomHOW cpene — Ha
npumMepe mnpupoanbix ['K mox neidictBueM (EpMEHTHBIX CHCTEM KYJIbTYPHI
Pleurotus pulmonarius B  yclIOBHSX  TMOTPYXXCHHOIO  KYJbTHBHPOBAHHUS.
Hcnonb3oBanue «GKUBOM CUCTEMBI» 3aBEI0MO 3aKJ1a/IbIBAaeT psn
METOJIOJIOTMYECKUX TPYIHOCTEM IPH MOCTAaHOBKE OJKCIEPUMEHTA, 4YTO TpeOyeT
noa60pa, mpopaboTKK U KOPPEKTHUPOBKU CTAHAAPTHBIX METOAMK KYJIbTUBUPOBAHUS
C YYETOM BBIOPAHHOTO CyOCTpaTa U KyJIbTYpBHI.

Ha ocHOBe aHanm3a COBPEMEHHOM JUTEpaTypbl CEMENCTBO YCTPUYHBIX
Pleurotaceae Hambosiee 4YacTO HCIHOJB3YETCS B HCCIICIOBAHUSAX TOCBSIIECHHBIX
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U3YYCHHIO OMOAECCTPYKIMU PA3IMUHBIX KJIAcCOB MpupoaHbix OB, MpoMbIIUIEHHBIX
OTXOJIOB M TMPOYMX OINACHBIX TOKCHMKaHTOB. Kak mpaBmio, B HCCIEIOBAHUSIX
ucrnonp3yror  Bua  Pleurotus  ostreatus wmm  Pleurotus  pulmonarius.
OKCHepUMEHTaIbHOE CpaBHEHHE TEMIIOB pocTa OMOMAacC MEpPEeUUCICHHBIX BHUIOB
BBISIBWIO, YTO JUIS KyJdbTHBHpoBaHus Buzaa Pleurotus pulmonarius tpeOyrotes
MEHBIINE BpEMs 3aTparbl, KpPOME TOrO JJIsi MHHUIMALMK OOJee aKTUBHOIO poOCTa
Bujia Pleurotus ostreatus TpeOyercss «TepMHYECKHI IOK», YTO METOIUYECKU
YCIIOXKHSIET KCIIEPUMEHT.

CpaBHUTENBHBIA aHAIU3 MPU KYJIbTUBUPOBAHUU B JIAOOPATOPHBIX YCIOBUSX,
nokasay, uro Bux Pleurotus pulmonarius (BemieHka JjerodHas) OTJIMYACTCS
OPOCTOTOM  TOJY4YEHUS  WHOKYJIATa, OBICTpHIM  pocToM  (6-8  cyTok),
HEMPUXOTIMBOCTHI0O B OTHOIIEHWU MCTOYHHKOB TMHUTAHUS, BHEIIHUX YCJIOBUU
KyJabTUBHpOBaHus (PH, TemmepaTypHBIM U KHUCIOPOAHBIN PEXHUMBI), YCTOWYUB K
BO3JICHCTBUIO OO0JIE3HETBOPHBIX MHUKpPOOpraHu3MoB u Oakrtepuil. Kpome Toro,
JAHHBINA BUJ, TakK ke 00J1aaeT CoCOOHOCThIO BhIpabaThIBaTh OCHOBHBIE Hambosee
BaXHbIE (PEPMEHTHI JIMTHOJMUTUYECKOTO KOMILJIEKCa — HE TOJBKO Hambosee
JCHCTBEHHBIE JUTHUHIIEPOKCHAA3a M MapraHelrnepokcua3za, HO U MEePOKCHUIA3bI
IIMPOKOTO crieKTpa JaericTBus (versatile peroxidases — VP).

Muuennii BEHIEHKA MOJY4YalOT B HECKOJIBKO 3TaroB. MyY3eWHYIO KYJIbTYpY
NpOJyLIeHTa NepeceBaroT Ha yamiku lleTpu, cpena arap-arap ¢ 100aBKOil MUBHOTO
HE OXMEJIEHHOIO Ccycja M BBIPAIlMBAIOT B TepMoOcTare J0 OOMJIBHOIO
cniopoo6pazoBanus (ipu 25-28 C°). OTcnexxuBaroT JTUHEHHBINA poCcT KyIbTyphl. Kak
npaBwiio, yepes 21-28 auel cpena Ha vamkax [leTpu NOKpHIBAIOTCS MULIEIMEM U UX
MOKHO HCIIONBb30BaTh JJs cledyrollero sTana. IlapanienbHo s coXpaHeHUs
KYJIbTYpbl B KOJUIEKIIMH — IMPOJYLEHT MEpPeceBaloT B MPOOMPKH HA CKOLICHHYIO
arapM3oBaHHYIO cpely C J00aBKaMM Cyciia M XpaHAT B XOJIOAMJIbHHKE HE Oojee
NOJIyTOpa JIET, IO UCTEYEHUH CPOKa — JIENIal0T MOBTOPHBIN TIEpeceB.

HNanee nenator 3a6op ¢ yvamku Iletpu nyreM BbIpe3aHusi C IOMOIILBIO
npoOOHNUKA M3 30HBI POCTA JIBA IWIMHAPUIECKUX OJ0Ka MHIIeNUs quameTpom 8-10
MM M TEPEHOCIT B KOJOBI C JKHAKOM TUTaTeIbHOM cpenoil. B kaudectBe
MUTaTEILHON Cpelbl MCToJib3oBanack cpena Yameka-{okca, HO Oe3 noOaBieHuUs
arapa, B 3TOM CJIy4yae cpela ocTaercs B KMAKOM BHze. Cpena umena cleqyrolnun
cocras (1/1000mn quctrmupoBanHor H,0): caxaposza — 30,0 r/m; NaNO3z — 2,0 r/;
MgSO4*7H,0 — 0,5 r/i; KCI - 0,5 r/i; FeSO,*7H,0 — 0,01 r/i; KH,PO, - 1,0 r/m;
U3MeNbYCHHbIE MIIeHUnYHO-pkaHble oTpyou 20,0 /1 B cootHomenuu 1:1. Jlo6aBka
CMECH MIICHUYHO-PXKAHBIX OTpyOed HCHOJB30BaNIaCh KakK JAOMOJHUTEIbHBIN
UCTOYHUK a30Ta MW MUTATENbHBIX MHUKpOdJieMeHTOB. Konbbl mnomemaror B
TEPMOCTAaTUPYEMBI HIeiikep-uHKyOaTop npu temieparype 25-28 C° co cKopoCcThbio
Bpamenust 1wiargpopmel 150 o6/mun. Konbbr ¢ Takoil cpemoil HCHONB3YIOT B
KayecTBE «IOCEBHOTO» MaTepuana JUIsl OJKCIepuMeHToB ¢ cybcrparom ['K.
OTcnexxnBaOT JUHAMUKY HAKOIUIEHUs1 OMoMacchl B XKUAKOM cpene. B cpennem, Ha
7-8-oif neHb WHKyOAWH pa3Mep MHUICTHAIBHBIX MEUIET JOCTHUTaeT 3-5 MM B
aMeTpe, MOCTIe Yero KoJobl yOUparoT B XOIOAUIbHUK.

Crnenyromuii 3Tan — NEPEeHOC «IOCEBHOW» KYIbTYPhI U3 KUAKOU (azbl B KOJIOBI
¢ cyocrpatom ['K. KommyectBo BHOCHMMOro «mnoceBHoro» mmuuenus — 10% ot
obirero oobema cyOcTpata Ha KaXIyl Koja0y. BHeceHue «1oceBHOTO» MUIEIHS
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OCYIIECTBIISIETCS JTAOOPATOPHBIM J103aTOPOM TMEPEMEHHOr0 00bema, IJsi KaxKIOoTro
MEPEHOCa UCTIONB3YETCs OTACIbHBIM CTEPHIbHBIA HAaKOHEYHHK. Tak ke B KOJIOBI C
cyocrparom I'K mepen stamoMm cTepuind3alid BHOCUTHCS TOJIBKO MHUHEpaJIbHAs
cocTapJstomas cpenpl Yaneka-J[okca B COOTHOLIEHNH, KOTOPOE YKAa3aHO BBIIIIE.

Bce nuratenbHble  cpedbl, J1labopaTopHas ~— TOCYyAa, HHCTPYMEHTapHii
NPEBAPUTENBHO CTEPUIN3YIOTCS aBTOKJIABHpOBaHMEM. Bce mnepeuncieHHble
IpoUEAypbl U MaHUMYJSLKUKA COBEPIIAIOTCS B CTEPWIBHOM OOKCE HaJ IUIAMEHEM
ropenku. Tak Kak Bce MPOLECCHl JOJKHBI IPOTEKaTh B CTEPHIIBHBIX YCIOBHSX, TO
cyoctpar 'K tpebyer mpeaBaputensHO cTepuin3zanuu. B xadecTBe OCHOBHOIO
Metona crepwin3anuu ['K ucnonb3yercs METOH «XOJOJHOW CTEpUIIU3aLUN» Y-
o0JIyueHHEeM Ha CIIeIYIONIMX YCTAHOBKaX: pagrnoxumuueckas PX-j-30 ¢ MOIIHOCTBIO
ob6nyuenuss 0,5 Mpan/u unu yHuBepcasibHas kobOanbToBas ycraHoBka K-200000.
HeobOxonnmas mo3a o6mydenus — 2,5 Mpayp.

Kpome TOro skcmepuMeHTansbHO OBUIO JOKa3aHO, YTO B KayecTBE METO/a
CTEPWJIM3AaLUA MOKHO HCIIOJIb30BaTh METOJ MHOTOKPAaTHOW IacTepU3alUu.
[TpoBepka mpo6 cyOctpata 'K Ha «4yuCTOTY» HOCIE HCIOJIB30BAaHUS METO/AA
[IaCTEPU3ALMH NTOKa3aJla YIOBIETBOPUTENbHBIEC pe3yabTaThl. B 70% ciydaeB yamku
[letpu ¢ arapu3oBaHHOW CpeJOMl M HAHECEHHbIM Ha HX IOBEPXHOCTh
NPOCTEPWIIM30BAaHHBIM 10 JaHHOMY Meroxy cyOctparom [I'K ocraBanuch
«aucTteiMu» mocne 7-10 gHeBHOM BbIAEpkKHU. IlacTtepuzanms cyOctpata 'K
OCYHIECTBIISIETCST B CymMiabHOM mikady npu Temneparype 60°C B teueHun 2-44
nocJie 4ero KoJiObl ¢ CyOCTpaToM BBIJIEPKUBAIOT CYTKH M TPOBOMSIT MOBTOPHYIO
nacTepu3aluio.

Hcnonp3oBaHue CTaHAAPTHBIX METOJOB CTEPUJIM3ALMK aBTOKIABUPOBAHUEM
st 'K He momxomut, T.K. mpu Temmeparype Bbime 60-65°C mpoucxomut
TEPMOJECTPYKLIMSI MaKpOMOJIEKYJ MO mnepudepuu, a npu TemrepaType Bbiiie 75-
80°C wuuer TepMoAeCTpYKLMS M sAapa MakpomoJieKyibl. [loBblllleHHOE AaBieHUE
OKa3bIBAET aHAJIOTHYHBIE YPPEKTHI.

Kon6wr ¢ cyoctpatom 'K 1 BHECEHHBIM «ITOCEBHBIMY» MHIIEITHEM MTOMEIIAIOT B
TEPMOCTAaTUPYEMbIl  IHIelikep-uHKyOaTop, Temmeparypa 28°C, CKOpPOCTbIO
Bpamienus 1uiargopmsl 150 06/mun. [lepBriii TpoOOOTOOP OCYIIECTBISIETCS Yepe3
14 nmeit, nanee 1 pas B 7 mueii. [IpobGa orOupaercs B TpPEeXKpaTHOM IOBTOPE.
[TapanienbHO TOTOBATCA TPU KOJOBI «KOHTPOJISH) COJAEpXkallue TOJbKO cyOcTpar
'K u 6e3 «moceBHOro» MuIenus. YCIOBUS WMHKyOallMM — aHajmoruyHeie. Jlamee
npoObl OTGMIBTPOBBIBAIOT YEPE3 MPEIBAPUTEIHHO B3BEIICHHBIE (DUIBTPHI (CUHSS
JeHTa) JUIs OTACNEHUs MULENHs OT KyJIbTypallbHOM >KUIKOCTH. Dumbtp ¢
OTJICJICHHBIM MHIIETTUEM BBICYIIMBAIOT B CYIIWJIBHOM IIKa(y MpU TeMIeparype
60°C 10 HOCTOSHHOM MAacChl M B3BEIIMBAIOT. B HCXOOHBIE MOMEHT II0CEBa
AHAJIOTUYHBI O00BEM «IIOCEBHOT0» MHUIICIUS HAHOCHTCS Ha MPeIBapUTEIHHO
B3BEIICHHbIE (PUIIBTPBI, KOTOPbIE 3aTEM BBICYIIMBAIOTCS /10 MOCTOSHHON MaccChl U
B3BEIIMBAIOTCSA. TakuM 00pa3oM, OTCIEKMBAETCA JUHAMHKA HAKOIUICHHS
Oromacchl BECOBBIM METO/0OM. B Kaxayio OTGMIBTPOBaHHYIO MPOOY BHOCHUTHCS
Heooxoaumoe kommuectBo 0,1M pactBopa NaOH no noctmwxkenus pH 7-8, Tak kak
caBur pH B IIENOYHYIO CTOPOHY CTaOMJIM3UPYET OCTATOYHOE KOJUYECTBO
cyoctpata 'K m pne3akTtuBupyeT «cieoBbiey» KoimdecTBa (epmeHToB. [IpoOsn
MOMENIAIOT B T€PMETUYHBIE CTEKIISIHHbIE KOHTEHHEPHl U XPaHAT B XOJOJAWJIbHUKU,
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npy HEOOXOJUMOCTH MPOOBI MOXKHO KOHCEpPBHUPOBAThH MyTeM 3aMopo3ku. I[lepen
NPOBEJIEHUEM TNEPBUYHOTO (PU3UKO-XMMHUUYECKOTO aHajiu3a MpoObl cyliar B
skcukaTope 6e3BoaHbIM Na,SOy. s UK-, IMP- ciekrpomerpun nipoObI cymaT B
skcukarope Hag H,SO, He Menee 3-x mecsIes.

JInst penieHus TJIaBHOW 3a7a4Ml — BBISIBJICHUS KUHETUYECKUX 3aKOHOMEPHOCTEMN
M MEXaHU3MOB  JECTPYKLUHH I'B Oox  JEUCTBHEM  OKHCIHUTEIBHOTO
(epMEHTaTUBHOIO KOMIUIEKCA TIpuOOB B BOJHOM cpene MNpPOBEAEH Pl
AKCMIEPUMEHTAIIbHBIX HUCCleoBaHuM 1-ro sTama. A uMeHHO — oTpaboTaHa
METOJIMKA BbIACNICHUs, (PpaKIMOHUpOBaHUS M ouucTka I'B m ux ¢paxnuii; Ha
OCHOBE (hU3MKO-XUMHYECKUX HccienoBanuili gpakuuii 'K pazanmusbix o0pasnos
MoyB MpousBeleH Tnonbop ontumansHoro cyoctpara ['K.  IlpoBenens
AKCIIEPUMEHTAIIbHBIE UCCIICIOBAaHUS HEMOCPEJCTBEHHOTO BIMSHUS (EPMEHTOB
JUTHOJIMTUYECKOro Komruiekca Ha cyOctpar 'K mpu npsmom BHeceHHH, 4TO
IIO3BOJIMJIO TPOU3BECTU OLEHKY IMPOUCXOIAIIMX M3MeHeHuM B cTpykrype 'K m
OIICHUTh XUMHUYECKOE BIUSHUE (DEPMEHTOB B MEPUOJ MPUOIMKEHHBIA K YCIOBUSIM
MaKCUMAaJIbHOH (pepMEHTaTHBHOM aKTUBHOCTH KyiIbTypbl Pleurotus pulmonarius.

OtpaboTaHa MUKPOOHMOJIOTMYECKAs  COCTABIISIONIAS  AKCIEPUMEHTAIbHBIX
uccienoBanuit 2-ro stama. [IpousBenaeH moadop, mpopaboTka U KOPPEKTHPOBKA
CTaHJAPTHBIX METOJIUK KYJIBTUBUPOBAHMUS C YYE€TOM BBIOpaHHOTO cyOcTpaTa u
KynbTypbl. [Ipon3BeneHa MocTaHOBKAa OCHOBHOTO AKCIIEPUMEHTA MO UCCIIEI0OBAHUIO
ounonerpaganmu 'K mpu yuactum kynasTypsl Pleurotus pulmonarius B ycmoBusix
MOTPY>KEHHOTO KyJIbTHUBUpPOBaHUS. [IpousBeneH mpoO6ooTOOp M IpenBapUTEIbHAS
npobonoaroroBka. [Ipu corpyaaudectse ¢ 'EOXU PAH, npousBoautbest GU3nUKO-
XUMUYECKHUH aHau3 mpoo.

[lonyueHHble  pe3ynbTaThl  aHAIM3a  [OCHYXAT Uil  MOJEIUPOBAHUS
KUHETUYECKUX 3aKOHOMepHocTe Oumomectpykimu ['K B BomHOM cpene, yTo B
JanbHEeHIeM MOMOKET OLEHUTh MOTEHIMAl CAMOOYMILIEHUS BOJHBIX SKOCUCTEM U
ONTUMHU3UPOBATH MOHUTOPUHT BOJIHBIX OOBEKTOB.
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BJIUSTHUE 3ACTPOHUKH BOJOOXPAHHOM 30HBI UBAHBKOBCKOT' O
BOAOXPAHUJIMIIA HA KAYECTBO BO/IbI
*Kupnnues U.A., **Yexkmapena E.A., **I'puropsesa HU.JI.
*'ocyoapcmeennoe 61002cemuoe 06pazoeamenbHoe YUpeHcOeHUe 8blCULe20
obpaszosanus Mockoeckoti oonacmu Ynusepcumem «/lyonax
Mockosckas obnacme, 2. [[yona
il.kirpidiov@yandex.ru
** QI'BYH Uncmumym 600HbIx npobiem Poccuiickoli akademuu Hayk
Mockea, Poccus

Paborta mocBsimieHa WCCIEIOBAHUIO BIMSHHUA KOTTEDKHOW 3aCTPOHKM OeperoBoil 30HEI
VBaHBKOBCKOIO BOJOXPAaHWIMILA HAa KAauyeCTBO BOABI B IPEAEIax €ro akBaTOPHH.
AKTyanbHOCTh JaHHOH MPOOJIEMBI OOYCIIOBIIEHA PE3KUM YBEIWYCHHEM KOJIUYECTBA
3aCTPOCHHBIX Y4YacTKOB B IIpeZesax BOJOOXPAaHHOM 30HBI, sBisHOLICica OydepHoit
CHUCTEMOM, 3aJ1€PKUBAIOLIEHN 3arPSI3HSIIOIINE KOMIIOHEHTHI.

VBaHbKOBCKOE  BOJOXpPAaHUIIMIIE, U3BECTHOE Kak MOCKOBCKOE  MOpe,
pacnonoxeHo B 130 kM or Mocksbl, 3anuMaetr 12% mmomaan KoHakoBCKOTO
pailoHa. B HacTosmee Bpemss Ha Oeperax BOJOE€Ma CTUXMMHO pa3BEpPHYIUCH
KpyIMHOMAacHITaOHbIE MPOIECChl 3aCTPOUKH. BoJbIIOe KOJIMYECTBO 3aCTPOEHHOM
OeperoBoil TEPPUTOPUU MPUBOAUT K HAPYIICHUIO SKOJIOTHYECKOTO PaBHOBECHS U
NPUHIMIOB YyCTOoWYMBOro pas3BuTHus. CTuxuiiHas 3acTpoiika sBisieTcsl Haubosee
OMAacCHOM, eclIi BEJETCS B 30HAX CAHUTApPHOI 0XpaHbl BOA0eMOB. CTPOUTENHCTBO Ha
TaKOW TEPPUTOPHUM MOXET TPUBECTH K pa3pylieHUI0 OeperoB M CMBIBY
3arps3HAIONIMX BEIIECTB B BOJOEMBI [2], UTO HEIOMYCTUMO, OCOOCHHO B Ciydae
NBaHBKOBCKOTO  BOJOXPAHWJIMING,  SBIAIOLIETOCS  MCTOYHUKOM  MUTHEBOTO
BOJIOCHA0KEHUSI T. MOCKBBI.

Cornacao cratbe 65 Bognoro Komexca P® ot 03.06.2006r. [3] nnsa
N BaHBKOBCKOTO BOJOXPAHWIMIA YCTAHOBJIEHA BOJOOXpPAaHHAs 30HAa B pa3Mmepe
JIBYXCOT METpOB, IUIONIaJb KOTOPOW, MO HallUM mnojcyeraM, paBHa 101,7 kw2
3actpoensl — 3,436 kM2, uto cocTaBiseT 3,4 % Bcei TeppuTopun 30HBL. HambOomee
3aCTpOEH TIpaBblii Oeper BOJOXpaHWIWINA, HAa KOTOPOM B  YaCTHOCTHU
pacnognaratotes: ¢. 'oponns, komruieke otabixa «3aBugoBo» ['maBYnJIK npu MUJL
P®, c. CsepanoBo, nepeBuu TepexoBo, 'opoaume, Ilnocku, moc. DHepreTuk,
KapauapoBo, naunbie KoonepaTtuBsl, a Takxke ropoaa Konakoso u /[yona. CormacHo
nuarpamme (puc. 1), Haubosee 3acTpoeHa BOAOOXpaHHAs 30HA BOJOXPAaHUIIUINA Y C.
CeepmioBo, naepeBeHb Ilnocku u Manoe Hosocenbe, Ha Teppuropun CHT
«MormrkoBckuii 3anmuBy. [locTpoiiku 37ech HaxoaATCs Hanboee OJIM3KO K BOJIOEMY
1 PaCIOJI0KEHBI BECbMa XaOTUYHO.

OO0BeMBI CTOKOB C TEPPUTOPUU 3HAYUTENBHBI, T.K. JAJIEKO HE BCE JIBOPHI
000py/IOBaHbl KaHAJIM3AUMEM U HMEIOT KOMMYHHUKAalMu. MHorue u3 HHX
WCIIOJIB3YIOT BBITPEOHBIE SIMBI U KOJIOJIIBI, B KOTOPBIX HAKAIUIUBAIOTCS MPOIYKTHI
KU3BHENEATEIIBHOCTU 4YesoBeKka. [IpocaumBasice B TpyHTOBBIE BOJBL, a TaKXKe
CMBIBasCh C JOXJEBbIMH CTOKaMH, OHM MOTYT I[ONAJaTh B BOJOXPAHMIHILE,
3arpsi3Hsisl €ro pa3iMYHbBIMU BEIleCTBAMU U 3jeMeHTaMu. OCHOBHBIMHU CpPEAM HUX
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sisiotest pocdarsr (PO,Y), murparsr (NO3), nors! ammonust (NH,). Pacemorpum
rpaduKd M3MEHCHHS KOHIICHTPAIIMM ASTHX DJIEMEHTOB B BOJIC BOJOXPAaHMIIHINA
aetom 2006r. (puc.2) u nerom 2016r. (puc. 3).

Iromazp, ¢ 0551 528
0,6 .

0,46

0,33
0’4 0,286

0,178 0,197 02

0,2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Puc. 1. [Tnomans 3acTpoiku BOJOOXpAHHOW 30HBI B IIpeJieax HACEIEHHBIX MyHKTOB: 1 —
3aBunoBo, 2 — ['opoaume, 3 — Tepexoso, 4 — IllenkoBo, 5 — Becna, 6 — CepioBo, 7 —
[Tnocku, 8 — Konakoso, 9 - CHT «MomkoBckuii 3anuBy», 10 — 3abopse, 11 - 3abopbe
(Pusep Knab), 12 - Manoe HoBocenbe, 13 — OcunoBka, 14 — ['nunnuky, 15 — IN'opoauie
(HMDKE 110 TEYCHHIO)

B 2016r. 6p11 ipoBeneH yuanieHHbld 0TO0p mpod Boawl Ha ydactke a. Crapo-
MenkoBo — . [limocku ¢ nienpio 6oJiee moapoOHOr0 U3yUCHHS BIUSHUS KOTTEHKHON
3aCTpOMKH Ha KadyecTBO BOJAbI IBaHBKOBCKOro BojgoxpaHwiuma. Ha maHHbIN
MOMEHT, 3Ta TEppUTOpUs SBIsEeTCS Hauboyiee aHTPONOTEHHO-3arpyKEHHOM.
Paccmotpum 3HaueHuns koHueHntpauuii nona ammonust (NH,) B Bomoeme. CornacHo
rpadukam, yBeTMYEHHE KOHIEHTpAlMi HaOirogaeTrcs B CTBOpax c. lopomHs, 1.
[Tnocku u CHT «MomkoBckuii 3anuBy B 2006r. 1 cTBopax n. be3dopoioBo, ycTbe
p. TepexoBa B 2016r. Pe3skoe yBenmmuenwme 3HaueHuid B 2016r. HaOMOANIOCH B
npo6ax, oTo6paHHbIX 12 mrons. Ysenudenue koHueHtpauun NH,  ykaseiBaer Ha
«CBE¥XKEe» 3arpsi3HEHUE BOJOEMa, TaK KaK PAaCTBOPEHHBIN aMMHUaK MOJ JeHCTBUEM
HUTpUPUIHUPYIOUUX OakTepuil OBICTPO OKUCISETCS 10 HEYCTOMYMBOW HUTPUTHOM
(NO;y), a 3atem - 10 ycroiuuBoii HuTpatHoi (NO3") dopmsr [4].

B 200 6r. 3ametno nossiienue konneHTpaun NO3 Ha ydactke 1. KOppeBckoe
— 0. HuzoBka. Huxe ero no TeuyeHuto KOHUEHTPALMHU CHUKAIOTCS U U3MEHSIIOTCS B
HEOOJIBIIOM JHAIIa30HE.

Jns 2016r. xapaktepHbl Oosee BBICOKHE KOHIICHTpPAIlMM HUTpPAT - HMOHA Ha
yuactke 1. Ctapoe MenkoBo — ¢. 3aBUI0BO U CKayKOOOpa3HO MOBBILIAOIINECS B
ctBopax [Jlywpkumna IT'opa — ga. Ilnocku. bonee BbICOKME KOHUEHTpALMU
HaOmoganuce B mpobax, oroOpanubix 16 aBrycra 2016r. Hanuune B mpupoaHbIX
BOJlaX HUTpAT - MOHA YKa3blBae€T HA JaBHEE, YCTOWUYMBOE 3arpsi3HEHUE BOJIOEMA
A30TCOJIEPKALUMU COEIMHEHUSMHU.

dochar-non sgBuseTrcs WHOOPMATUBHBIM HHIUKATOPOM AHTPOIIOTCHHOTO
3arps3HEHUs, KOTOPOMY CHOCOOCTBYET IIMPOKOE MpHMEHEeHHEe (ochOopHBIX
ynoopenuit (cynepdocdar u ap.) u nonudocdaron (kak Moromux cpeacts) [1]. B
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2006 TOmy pe3KWil CKadoK KOHIEHTpalui ¢ocdaT-nuoHa OTMEYEH B YCThE
MomkoBuuckoro 3anuBa. B 2016r. Habm01amMCch CKaYKK KOHLIEHTPAIIU B CTBOpax
1. besdboponoso, ycthe p. Tepexona, c. CBepioBo, a. [Lnocku.
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Puc. 2. Jletuss cbemka 2006 r., KOHIEHTpaimy: a —noHa ammonust (NH,4"), 6 — HuTpar-
nona (NO3), B — pocdar-nona (PO,>). Creopst: 1 - 1. FOpbesckoe, 2 - ¢. [oposs, 3 - o.
HuzoBka-Bonra, 4 - 1. [Tnocku, 5 - a. 3a6opbe, 6 — MomkoBUCKHii 3a5UB, 7 — yp.
Kopuesa, 8 — IBanbkoBckas 'DC

B pesynbpraTe uccnenoBaHuil ObLIO OTMEYEHO YBEIMUYEHUE KOHIIEHTpaLUN
3arpsi3Hsomux BemectB B 2016 r. mo cpaBHenuto ¢ 2006r., yTo sBisSETCA
CIIEJICTBHEM YBEJIMYEHUS KOJHMUYECTBA 3aCTPOCHHBIX YYacCTKOB B OeperoBoi 30HE
M BaHBKOBCKOTO BOJOXPaHUIIUIIA.

Ycunenue BIMAHUS 3arpsA3HSIOIIMX BEIIECTB YacTO XAapaKTEPHO JUIA
y4acTKOB ¢ OoJiee TUIOTHOW OeperoBoil 3aCTPOMKOM, YTO MOMXKET TOBOPUTH O €&
BIIMSIHUM HA COCTOsIHME Bojoema. Kpome 3Toro, MoeT nNpoUCXOAUTh 3arpsi3HEHUE
TPYHTOBBIX BOJ], TOYBEHHOI'O TMOKPOBAa 3aCTPOECHHON TEPPUTOPUU C H3MEHEHUEM
DKOJIOTMYECKHX CUCTEM.

Takum o00pa3oMm, MOXHO cjeiaTb BBIBOJ 00 OTPHUIATEILHOM BIMSHUU
3aCTPOMKHU BOJAOOXPAHHOM 30HBI HA KAUECTBO BOJBI BOJOXPAaHUIIUIIIA.

PesynpratoM panbHENIIMX UMCCIEAOBAaHUN JOJDKHA CTAaTh KOJWYECTBEHHAS
OLICHKA BBIHOCA 3arpsA3HSIONIMX BEIIECTB C TEPPUTOPUU KOTTEIKHON 3aCTPOWKH,
OIICHKA 3arpsi3HEHUS TPYHTOBBIX BOJ M MIOYB Ha y4acTKaxX IJIOTHOM 3aCTPOMKH, YTO
MOKET CTaTh BECOMBIM AapryMEHTOM JUIsl TPUHATHS TNPUPOJOOXPAHHBIX U
aJIMUHUCTPATUBHBIX PEUICHUH MO CTAOMIM3allMU 3KOJOTHYECKOTO COCTOSHUS
M BaHBKOBCKOT'0 BOJIOXPaHUIIMILA.
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PO,  JleTHAA CbemKa, 2006 1. 3HaueHuA PO, NeTHue cbeMku, 2016 1. 3HayeHuUA

mrP/gm3 NO;-, mr/n

0,18 (s) ’ NOg;, (6)
1,4

0,16

1,2 |
1,

0,14

0,12 x s

X X \‘i ,

2 N N\ | | e A5

o :7\3// V| e AR
¥

0,4 —
0,04
0,02 0,2
0 T T T T T T T 1 0 T T T T T T T T T T T T 1
1 2 3 4 5 6 7 3 1 2 3 41424344515.26.16.26.36.4
=4 JleBblit Geper Mpaeblid 6eper  Craopoi 14.06.2016 == 12.07.2016 Crsopsi
e=de==10BEPXHOCTb i [THO —t—16.08.2016
NHy',  Nletnue cbemku, 2016 r. 3HaueHuna PO,
3-
mr/n NH,’, (a) mr/n NeTHne cbemKn, 2(3;1)6 r. 3Hauenuns PO,
B
1,2 0,2
0,18 A
1 0,16 A ,’ A
08 o2 T2 NS A
l \ 0,12 N/
06 0,1 ( =
I \ 0,08
0,4 0,06 -
0,04 | - — %
0,2 - 0,02 — E
0 T T T T T T T T T T T T 1
0 T 1 2 3 4142434451526.16.26.364
1 2 341424344515.26.16.26.36.4
14062016 ——12072016 ¢ 14.06.2016 == 12.07.2016 Creope!
—4—16.08.2016 sope! ——16.08.2016

Puc. 3. Jlernue cvemku 2016 1., KoHIEHTpanuu: a — nona ammonus (NH,"), 6 — autpat-

nona (NOs3), B — dpocdar-nona (PO43'). CrBopsr: 1 - 1. Crapoe-Mernkoso, 2 -
1. be3boponoBo, 3 - ¢. 3aBunoBo (roctununa), 4.1 — «/lyHpknHa ropay, ycTbe

p. Tepexona, 4.2 — «/lynbkuHa ropay, Hadano, 4.3 — «JlyHbKHHA Topay, KJI1aJI0uIe,
dapsarep, 4.4 — «/lyHbkuHa ropay, kinanouile, y Oepera, 5.1 - c. CBepaiioso,

CKOTOMOTHIILHUK, (apBarep, 5.2 - ¢c. CBepI0BO, CKOTOMOTHIIBHHUK, Yy Oepera, 6.1 -

1. [Tnocku, cranmus, Gapsarep, 6.2 - 1. [lnocku, crannus, y 6epera, 6.3 — 1. [lnockwu,
WK, panom ¢ «Jlomunoit UBonray, dapsarep, 6.4 - a. [lnocku, misok, psiaom ¢ «JlommHoi
WBonray, y Gepera
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