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MOJEJNPOBAHUE BUOT'EOXUMHWYECKHUX ITPOIIECCOB
B JOHHBIX OTJIOXKEHUAX B BOCTOUHOM YACTHA ®UHCKOI'O 3AJTUBA
C UCHOJIb30BAHUEM JIMATEHETUYECKOI MOJIEJINA

Jis otieHKH OMOTEOXMMUYIECKIX M3MEHEHUH B BEPXHEM CJI0€ JOHHBIX OTIIOKCHHH, BRI3BAHHBIX
OMOMPPHUTAIIMOHHON aKTHBHOCTBIO OCHTOCHBIX OPTaHW3MOB, HCIOJIB3YETCS OHAareHeTHIecKas
mozaens CANDI. [Ins ycnoBuii BocToYHO# yacTH MUHCKOTO 3ajuBa MMPOBEACHA BEPHUPHUKALINS
MOJICIIN, MTOKa3aHa COMOCTaBUMOCTb MOJCJIbHBIX PACUCTOB C TaHHBIMU HATYPHBIX H&6J’I}O[[€HPII>1.
HccnenoBana 4yBCTBUTENIBHOCTb MOJIENH K TOPUCTOCTH JAOHHBIX OTJIOXKEHUH, BBISBICHA 3aBU-
CHUMOCTB INTyOMHBI IPOHUKHOBEHUS KUCIIOPO/Ia B IOHHBIE OTIIOXKEHUS OT COZlep KaHMsI OpraHuye-
CKOTO BeliecTBa B HUX. PaccunTan koauureHT 6noTypOoannuu 1 OMOUPPHUTAIUS C YISTOM YHC-
JICHHOCTH TIOMYJISANHI OCHTOCHBIX OPTaHU3MOB, OKa3hIBAIOIINX MEXaHNIECKOE BO3ICHCTBUE Ha
JIOHHBIE OTJIOKEHUS. Pe3ynbTaTbl MOAEIUPOBAHUS II0KA3bIBAOT, YTO ITOCTOSHHOE BO3JECHCTBUE
Ououppuranyy Ha OEHTOCHBIH CIIOH yKe uepe3 5 IeT MOKET IPUBECTH K YMEHBLICHHUIO 3aI1acoB
(ocdaroB 1 aMMOHUS B TOPOBOH BOJIE TI0 CPABHEHHMIO CO CIIyYaeM OTCYTCTBHSI OMOWpPPHUTaLnH.
3amachkl HUTPATOB U Cy/Ib(aToB B IOPOBOI1 Bozie, HA0OOOPOT, BO3PACTYT. 3aachl Jkeie3a TBEPAOH
(ha3pl TOHHBIX OTIOKCHHN W3MEHATCS He3HaunTeNnbHO. ChenaH BBIBOJ, YTO IIPH YCIIOBHH OT-
CYTCTBUS OHMOMppPHUTAINY, IAKIBl OMOTEHHBIX SJIEMEHTOB M CBA3aHHBIX C HUMH PaCTBOPEHHBIX
XMMHUUYECKUX COEAMHEHHUH XKelle3a uyepe3 5 JIeT U3MEHATCS CYLIECTBEHHO, YTO B UTOIE MOXKET
MPUBECTHU K 3HAUYUTENBHBIM [IEPECTPOHKaM B OCHTOCHBIX CHCTEMaX.
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MODELING OF BIOGEOCHEMICAL PROCESSES IN THE SEDIMENTS
OF THE EASTERN PART OF THE GULF OF FINLAND BY MEANS
OF DIAGENETIC MODEL

The paper discusses the diagenetic model CANDI (carbon and nutrient diagenesis) which was used for
assessment of biogeochemical changes in the upper layer of bottom sediments caused by bioirrigation
activity of benthic organisms. For the conditions of the Eastern part of the Gulf of Finland the verification
of the model is made, the comparability of the model calculations with the in situ observations is
showed. The sensitivity of the model to the sediment porosity is tested; the dependence of the oxygen
penetration depth in the sediments from organic matter content is showed. The bioturbation coefficient
is calculated taking into account the population size of benthic organisms, providing a mechanical
effect on bottom sediments. The modeling results show that constant bioirrigation influence on benthic
layer can lead to the reduction of phosphates and ammonium reserve in 5 years as compared to the
case of bioirrigation absence. The reserve of nitrates and sulfates, contrary, will increase. The reserve
of solid iron of bottom sediments will not change significantly. It is concluded that cycles of biogenic
elements and their associated dissolved compounds of iron will change significantly in 5 years in case
of bioirrigation absence, which can lead to significant changes in benthic systems.

Key words: biogeochemical processes, benthic layer, modeling, Gulf of Finland.

buoreoxnMudeckue mporecchl, IPOUCXOISIIIE B OEHTOCHOM CJI0€ MEITKOBOIHOM aKBaTOPHH, BIUSIOT
Ha U3MEHEHUS 3a11acoB OMOTEHHBIX BEIIECTB, PEXk e Bcero a3ota u hochopa, KOTOPBIE SBISIOTCS BAKHBI-
MU KOMIOHEHTaM{ ()yHKIIMOHUPOBAHMS BOAHOM crcTeMbl. OleHKa MX 3allacoB W TOHUMAaHHUE NCTOYHUKOB
MIOCTYTUIEHHUSI — aKTyaJjbHAas 33/a4a B YCIOBHAX YXYAIIAIOMIETOCS COCTOSHUS banTuiickoro Mops Bciea-
cTBHE 3BTpoduKanni. HemocratouHoe KOJIMYECTBO JAHHBIX HAOIONEHUH O pacipenaeeHn OHOTeHHBIX U
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VHBIX BEIICCTB B JIOHHBIX OTJIOKCHHSX, & TAKKE CIOKHOCTh MOTYYCHUS TAKUX JAHHBIX B MOPCKHX yCIIO-
BHSIX 3aTPYJIHSIOT UCCIICIOBAHUS OMOTCOXUMHUYECKHX MPOIECCOB, BKIIA] KOTOPHIX B 3BTPOQUKAIIUIO MEJI-
KOBOJHBIX MPHOPEKHBIX PaliOHOB MOXKET OBITh BeCcbMa cyliecTBeHeH [1—4]. B cBs3u ¢ 3TuM, 10BOJIBEHO
IIMPOKOE PACIPOCTPAHCHHE MOJIYYMIH MOJACIH OMOr€OXMMHUYECKHUX IMPOIECCOB B MPHUIOHHBIX BOAAX U
JIOHHBIX OTJIOKCHHSIX.

[Tpumenenue Mozeneil tnareHe3a OpraHn4eckoro BeIeCTBa U OMOTCHHBIX BEILIECTB HMEET JINTEIb-
HYIO UCTOPHIO, a TIOSBJICHHUE BCE HOBBIX MOJICJICH TOBOPHUT O KOMIUICKCHOCTH U CIOXHOCTH TPUPOIHBIX
MIPOIIECCOB, BCE €IlI¢ HEe 10 KOHIIa UCcCIeJOBaHHbBIX. Tak, B pabote [5] mpeuioyKeH NPOTOTHIT MOJIENH, B Ha-
CTosiIiee BpeMsl U3BECTHOM Kak (G-MOJIeNb, ¥ YCTAaHOBIICHO, YTO Pa3IoKeHHE (OKUCICHHE) OPTraHUIeCKOro
BELIECTBA MPSIMO MPOMOPIIMOHAIBHO €ro KOHLIEHTPALKU M HE 3aBUCHUT OT KOHLEHTPAIMU OKHUCIUTENEH.
[o3nuee, B paboTe [6] Mojens ObUIa paclivpeHa, U B Hee ObUI BKIIFOYEH ITUKJI OMOTCHHBIX BellecTB. B
MOCTEeAYIOIIME TOABl MOJIETh MpeTepresa psal MoAUGHUKALMi: mpruoldpena BpeMEHHYIO0 3aBUCHMOCTD [7],
paccMOTpEHHE PA3JIMYHBIX THIIOB OPraHUUECKOro BemecTra [8], 3hdhexTsl ce30HHOCTH, OMOTYpOaruu (co-
BOKYITHOCTh HAPYIICHUH B JJOHHBIX OTJIOKCHHUSAX, BRI3BAHHBIX JICATCIILHOCTHIO JKUBBIX OPTaHU3MOB) U UP-
puraiuu (MHTeHCU(UKAIUS 0OMEHA TOPOBOH BOJIBI C BBIIIEICKAIUME BOJAAMU B PE3yJIBTaTe JACSITEIBHOCTH
JKUBBIX Opranu3mMoB) [9—11], B Mozienb BKIIIOUAIACh 3aBUCSINAs OT BPEMEHH CKOPOCTh Pa3IOKEHUS Bellle-
ctBa [12], uHruOupoBanue okuciautenei [13], okuciieHue BOCCTAHOBIICHHBIX TOOOYHBIX POIYKTOB [ 14].

[[upokoe pacrnpocTpaHeHHE MONTy4YHUIa MHOTOKOMIIOHEHTHAs IHareHeTHuecKas MoJielb, IpUMeHsie-
Mas B padotax [15—18] u ap.

Ienbro HAcTOsIIEH PaOOTHI SBISETCS OLIEHKA OMOTCOXMMUYCCKUX U3MEHEHHUI B BEPXHEM CJIOE€ JIOH-
HBIX OTJIOKCHHI, BEI3BAHHBIX OMOUPPUTALIMOHHON aKTUBHOCTHIO OEHTOCHBIX OPTaHU3MOB.

Onucanue 0EHTOCHOH TUATEHETHYECKOIl MoAeau. broreoxmMuyeckrue mporiecchl B OEHTOCHOM
ciioe B BOCTOYHON 4yacTu DUHCKOTO 3ajiBa MCCIIEAYIOTCS HAa OCHOBE OSHTOCHOW JHAreHeTHYeCKOH MO-
nemn CANDI (carbon and nutrient diagenesis — nuareHe3 yriepona U OMOTEHHBIX 3IeMeHTOB) [15].
Mogens CANDI BkItOYaeT ONMMCAaHUE LIECTH PEAKLMM OKUCIECHHS] OPraHMYECKOrO BEIIECTBA COINIACHO
cxeMe MoOHO, a Takke OKHCIIUTEIbHO-BOCCTAHOBHUTENBHBIE PEAKIIMH MTOOOYHBIX MPOAYKTOB B OEHTOCHOM
cioe. Hamnydiee Boctipon3BeieHre MOICTIMPYEMOTO SIBIICHUS B IOHHBIX OTJIOXKCHHUAX JOCTHTACTCS ITy-
TEM BKITFOYCHUS B MOJIENb CIIOXKHBIX (PU3NKO-OMOXUMHUYECKHX MPOIECCOB, TAKUX KaK CEIUMEHTAIUS, aJl-
copOms, OKHCIIEHHEe W BOCCTAaHOBJICHHE, 3aXOpOHEHUE, OnotypoOanus, onouppuraius. C TOUKH 3peHUs
MOJISITUPOBAHUS TI0/T OEHTOCHBIM CJIO€M TIOHUMAETCS CIIOH, B KOTOPOM OCYIIIECTBISETCS OMONPPUTAIINOH-
Hasl aKTUBHOCTh OPT'aHHU3MOB.

Mopenb IMO3BOJISET PAcCCYUTATh BEPTHKAIBHBIE MPOQIIA KOHIICHTPAIIMH OMOTEHHBIX SJIEMEHTOB,
OKHUCITUTEINIEH, a TaK)Ke OPraHMYeCKOro BEIECTBA U Pslia APYTUX BEIISCTB B MOPOBOH BOAE W TBEPAOH
(haze TOHHBIX OTIIOKEHUH B pa3IHMYHbIE MOMEHTHI BpeMeHH. OCHOBHBIE 3aBUCHUMBbIE TIepEeMEHHbBIE MOIEITH
BKJIIOYAIOT:

C, ={G..G,.Fe*" Mn*" FeS}i=1,..5
C, ={0,.NO;, SO;, > PO}, > NH,, Y H,S, Mn*", Fe*" }"CO,, CH,, Ca™ }=1,...11,

e C u Cpl_ — cojiepKaHue BEIeCTBa B TBEPIOH (pa3e JOHHBIX OTIOKEHUU B (%) M KOHIICHTPAIIHS pac-
TBOPEHHOT'O BEIECTBA B IOPOBOW BOJIE JOHHBIX OTJIOXKEHHN (MMOJIB/IT), COOTBETCTBEHHO; G|, u G, — op-
TaHUYECKOE BEIECTBO TUIOB o (JTabuipHOE) U B (HemabmibHOE),

> PO} =H,PO;, + HPO; +PO; ,
D NH; =NH,+NH;, > HS=H,S+HS", > CO, =CO, +HCO; +CO; .
M3MeHeHus! KOHIIEHTPAaLUuH TBEP/BIX BELIECTB IPOUCXOAAT B pe3yibrare OHOTypOaluu, 3aX0pOHEHHs
U XUMUYecKux peakuuii (1); KOHIEHTpalul pacTBOPEHHBIX BELIECTB — 3a CUET MOJEKYISIpHOH auddy-

3WH, aJIBEKIIMY, OMOMPPUTAIIMHA U XUMHUECKHUX peakiuii (2). B o0iem Buie ypaBHEHUS MOZCIH [Tl TBEP-
JIbIX U PaCTBOPEHHBIX BELIECTB B JOHHBIX OTJIOXKEHUSAX MOYKHO MPEACTABUTH B BUJIE

oc, 10 oc,

= — | ®D, =D wC, |+ R,, 1

or CDSGx(Sbax o j 2R, )
oC, 10

P =——| DD .%—QuC ,

o @ ox P ox P

rae t— BpeMﬂ (FOI[), X — BepTI/IKaJlLHaﬂ KOOpI[I/IHaTa, HaHpaBJ‘leHHai[ BHU3 OT l“paHI/IIILI BOJAa-IOHHBIC OT-
noxenust (cm); Ir,, —CKOPOCTb M3MEHEHUS KOHLEHTPALIMH pi-TO BEIIECTBA 3a CYET Guonppuratuu; YR 1

+1Ir, +2R (2)
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2R ,— cymmapHast CKOPOCTb H3MEHEHNS KOHLICHTPALWH $i-TO TBEPIOTO BEILIECTBA U pi-IO PACTBOPEHHOTO
BemeCTBa COOTBETCTBEHHO; D, — K03 duument ouorypbauuu (cM>/rom); D, ' — ko3 punment > dek-
TUBHOU auddy3uun pi-oro Bemecma (k03¢ hUIHEeHT MONEKYISIPHOR zm(btbymm C y4€TOM HM3BWJINCTOCTH)
[19] (cM?/Tox); M3BHITUCTOCTD, B CBOIO OUYepe/ib, ONMpeAeseTcs o 3aaantoi nopuctoct @ (cm*/cm?) co-
mIacHo BeipakeHHto 6 = 1 — 2In(d?), w — cKOpPOCTh 3aXOpOHEHUS (CKOPOCTh IBMIKCHUSI JIOHHBIX OTIIO-
JKEHUH, 00yCIIOBJIEHHAs 3aXOPOHEHHEM) (CM/TOJ); U — CKOPOCTb aJBEKIIMHU B TIOPOBOH Boze (cm/ron);
— oObeMHas 1107151 TBEpAOH (Ppakimu TOHHBIX OTIoKeHuH, @ =1 — O

[Ipeanonaraercs, 4To OnonppHUranys pacTBOPEHHBIX BEIIECTB MPOMOPLIUOHANIBHA (€ K03(hDUIIHEHTOM
o) pasHocTH KoHIeHTpauun C | BEIEeCTBa Ha MOBEPXHOCTH Pas/iesia BOJA-AO0HHBIC OTTIOKEHHS 1 €I0 KOH-

uentpanyu C ;B IIOPOBOIL Bojle Ha TOPU30HTE X, T. €.
Ir,=a-(C, —C.). 3)

[Ipu pacuere Ouonppuranuu (1)00(1)8.TOB Y aMMOHHUSI YUYUTHIBACTCS X aACOPOLUS IMyTeM BBEICHHUS CO-
OTBETCTBYIOLINX KOHCTAHT aCOPOLIUH.

I'panuunvie ycnosus. Ha Bepxueit rpanuue (x = 0) OEHTOCHOTO €051 OJDKHBI OBITH 33aHBI KOHLICH-
TpaLit TBEPIOTO OPraHMECKOro BellecTBa (merpura), Mn** TB., Fe3+ TB., @ TAKXK€ KOHLIEHTPAL[MH PAaCTBO-
pennpix O,, NO;, Y P07, Y NH], ¥H,S, Mn*, Fe¥', YCO,, C

Ha HI/I)KHCI/I rpaHuLe 6eHT00Horo cios (x = L) nns KOHHeHTpaIII/II/I BCEX BEUICCTB 3a/1a€TCS YCIOBHE
OTCYTCTBHSA MOTOKA!

aCf"zo,ac”"zo
Ox Ox

Bxonnoit madopmanmeit ais monenn CANDI ciryxat faHHBIE O TEMIIEpaType, COIEHOCTH U TaBJICHUN
Ha IpaHHLE pa3zaeia BoAa-AHO. JJOJDKHBI ObITh Taxoke 3aJaHbl: KO3(GGHUIMEHT OMOTypOaluy; KOHCTAHTHI
CKOPOCTH Pa3JIOKEHHsI OPTaHMUECKOTO BEIIECTBA TUIA O U 3; KOHCTAHTBI CKOPOCTEH OKHUCICHUSI aMMOHUS
(NHI ), ceposozoposa (XH,S), mapranna (Mn*), xenesa (Fe*), cynbpuna xenesa (FeS), merana (CH,)
KaK MOJIEKYJISIPHBIM KHCJIOPOJIOM, TaK U Kuciopoacoaepxkamumu semectsamu ( NO;, MnO,, Fe(OH),,
SO;" ); KoHCTaHTHI ckopocTH Gopmuposanue FeS u3 Fe* u FeS, u3 FeS; ckopoctn ocaxnenus docdaros
(PO} ) u cynbuna xenesa (FeS); KOHCTaHTa CKOPOCTH PACTBOPEHHS KalbIIUTa; OTHOLIEHHE Pendunna;
KoHCTaHThl Mono st Boccranosienus O,, NO; u SO ; xonctauTs ancopormn NH; u PO; ; xodd-
(GUIHEeHT OMOMpPUTALINY, MAKCUMAIIbHAS TTyOWHA UPPUTAIMN; CKOPOCTh 3aXOPOHEHUs (W) MpH X — oo;
MTOPUCTOCTB TpU X = 0 1L X — 0.

Ipoyeccwvr buomypoayuu u buouppucayuu. B monemn CANDI npeaycMoTpeH yueT BIUsSHUS OEHTOC-
HBIX OPTaHU3MOB Ha OMOTEOXMMHUYECKUE MPOIECCH Yepe3 MEXaHN3Mbl OMOTYpOalii U OMOUPPHUTAIIHH.

[ponecc OuoTypOarmu npencTapiser coO00H COBOKYITHOCTh HAPYIIEHHUH B IOHHBIX OTIIOKCHUSX, BbI-
3BaHHBIX JIEATEIBHOCTHIO XKUBBIX OpraHn3MoB [20]. DTu mporeccr BKIIOYAIOT B ce0s BRIKAIIBIBAHUE HOP U
TYHHEJIEH, KOTOPBIE 3aTeM pa3pyIIAIOTCs HIIH 3aChIMaloTCs, MOTTIONIEHNE W SKCKPELUs OTIIOKEHUI, BCra-
XHMBaHUE TIOBEPXHOCTHBIX OTIIOKECHUH, CTPOUTEIHCTBO HACKINEH U PBIThe BOPOHOK. B mporiecce 6uotypoa-
WY TPOMCXOUT TIepeMENIMBaHIE KaK TBEPIOH, TaK U KUAKOH (ha3bl JOHHBIX OTIOKEHHH.

[Moumxkenne xodpduunenra Onorypdarmu ¢ IyOWHOH 3aaeTcs B BHJE pacipeaencHus [aycca mo

dhopmyme [21]:

X2

0 _ 207
DS=Dyxe >,

rae D, (em® ron™') — xosddurment 6uoTypOaluy Ha TpaHUIE pas/iesa Bola-JOHHbIE OTIOKEHHUS; G (CM)
— miyOuna 3¢ deKTHBHOTO nepemelnnBanus (3anaercs papHoi 10 cm). Kosduumenr D, B cBorO 04e-
penb, ONPenesaeTCs U3 SMITUPHICCKOTO BRIpaKeHHs [22]:

D, =15.7xw"’

Buouppuraimus — 3To TpoIiecc, yCKOPSIONUMA 00OMEH MOPOBOM BONBI C BBIMICIICKAIUMHU BOJAAMU
B pe3yJibTaTe AEATEeIbHOCTH KUBBIX OpraHu3MoB [23]. PasznmeneHue AByX HaHHBIX MPOIIECCOB B HEKOTO-
pOJi CTETIEHU YCJIOBHO, B IIMPOKOM CMBICJIE OMOTYpOAIus JOHHBIX OTJIOXKCHUN BKIIFOYACT BCE MPOIECCHI
MEPEeHOCca, CoBepIaeMbie OEHTOCHBIMU OpraHu3Mamu [24]. Cienys TaHHOMY ONPEICIICHUI0, UPPUTAITUIO
MOXKHO PacCMaTpHBaTh KakK BHJl OMOTYpOaIluy, KOTOPBIM CBsI3aH C OOMEHOM JKUJKON (paKIMK JTOHHBIX
OTJIOKCHUI.

Yuer ououppuraryu B Monenu CANDI ocymiecTBisieTcs myTeM BBEIICHUS HEJIOKAIBHOTO YeHa 00-
MEHA, KOTOPBIM 3aBHUCUT OT T€OMETPUYECKUX MMapamMeTpoB HOP. 1 KIr04eBOro MOHMMAaHUs BIHSHUSA
Makpo3000eHTOCa Ha XUMUYECKHUI COCTaB JOHHBIX OTJIOKECHUN U TIOPOBOM BOJBI B MOJICIH HCIIONB3yETCS
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noamonens Amsepa [25]. B Hell 30Ha OMonppUranuy TOHHBIX OTIOKEHHUH MpeicTaBlIeHa HabopOM HJICH-
THUYHBIX BEPTHKAJIBHBIX, TOCTOSHHO 3aJIMBAEMBIX BOAOH, MOJIBIX IJIMHIPOB, pABHOMEPHO paclpeeieH-
HBIX B IIOpax JIOHHBIX OTIIOXKEHHUH. DTO MO3BOJIMIIO OLIEHUTD BIUSIHKE pa3Mepa 1 KOJIM4ecTBa TaKUX Mop Ha
MPOLIECC OMOUPPUTAIUH.

Co0011ecTBO OEHTOCHBIX KMBOTHBIX MOXHO ITPEJCTaBUTh MACCUBOM TaKHX LUJIMHIPOB, TUAMETP KO-
TOPBIX 3aBHCUT OT IUIOTHOCTH MOMYISUMU. HelokanbHelld wieH oOMeHa (3), UCIONb3yeMblil B JaHHOU
MOJICTIH, MOJKET OBITh HANPsSIMYIO TIPUMEHEH K HOpaM XHBOTHBIX. Cleysl JaHHOMY TOIXOAY, HHTCHCHB-
HOCTh OOMEHa MMOPOBOH BOJBI ¢ OIHM3NIEKAIIMMHU BOJAMH OIIPEeNsieTcss HeOKaIbHBIM KO(pPHUINESHTOM
Ououppuraiyi, o (rof"'), KOTOphId paccUUThIBaETCs 10 hopmysie:

a=vD,,
rae D — koa(pduuueHT MonexkyisapHoit nuddysuu (cm’rox) (IOCKoIbKY NOPAAOK BEIUYHMH JAHHOTO KO-
s puureHTa It pa3IMYHBIX XUMHUUECKUX 3IEMEHTOB OJMHAKOB, B HACTOSIIEH padoTe MUCIONB30BaIOCh
3HaueHHue Kod(pPUIKEHTa MOJEKYIApHOH T Qy3UH KHCIOpoaa); Y — IMIUPUIECKU MOTYUSHHBIN mapa-
MeTp, Ha3bIBaeMblil pakTopom Ououppurammu (cMm 2). dakrop y — QyHKIMS YUCICHHOCTH MOMYISIuun N
(9K3./cM?) GEHTOCHBIX KMBOTHBIX M paanyca 7 (CM) BBIPBITBIX MM HOPOK [18]:

7

oo
N 2JnN 2

Tak, ans nonyinsiuu nonuxet Marenzelleria spp. (M. spp.), KOTOpble akKTUBHO 3acensitoT CeBepHYIO
Bantuky [18, 26], B 1a00paTOpHBIX SKCHEPUMEHTAX OBbLIO MOIYYECHO, YTO IPU YHUCICHHOCTH MOMYIISIIUA
N = 2550 3k3./mM* akrop oronppuranuu y = 0.53 cm? [27]. Ilpu Takux 3Ha4eHusx N U 7y, u3 Gpopmyssi (4)
cnenyert, uto r = 0.18 cm [28].

B nacrosmiee Bpemst Bug-Bcenenen B bantuiickom mope Marenzelleria spp. SBAsSETCS OMHAM U3 HaW-
0oJiee pacrpoCTpaHCHHBIX oOMTaTelieli OeHTOoca B BOCTOUHOW yacTu ®PuHckoro 3anupa. C MOMEHTa MX
KpymHOMaciTabHo# nHBa3un B GUHCKOM 3ajmBe, npeamnonoxurensHo ¢ 2008 1., HabmomaeTcst pocT ux
yucnernHoctu [29]. [IpeacraButenu JaHHOTO pofa OPraHW3MOB 3a CYET MHTEHCHUBHOTO U 00Jiee TIIyOOKOTO
NEepeKaribIBaHWUA JOHHBIX OTJIOKEHHH MOT'YT OKa3bIBaTh BIIMAHNUE HA TCOXUMHNYCCKUE NNPOILECCHI B HUX.

Yci10Bus1 BBINOJHEHUS] pacyeToB. PacueTsl 5BOMIONNN OMOT€OXMMUYECKUX XapaKTEPUCTHK B OEH-
TOCHOM CJIO€ BBIONHSINCH Ha cTaniuu 2L (59°54.394" c.u1., 28°10.692' B.11.), pacronoxXeHHOH B BOCTOY-
Hoil yactn duHCcKoro 3anuBa. HadanbHble M rpaHUYHbBIE YCIOBUSA HA TPAaHUIIE BOJA-IOHHBIE OTIOXKEHUS
3aJaBaJIiCh 10 JaHHBIM HATYPHBIX HAOIIOACHUI O colepKaHUU OMOTEHHBIX AJIEMEHTOB, KUCIOPOAE, Ke-
Jie3e, Maprasue, cyiabgarax, a Tak)Ke YACISHHOCTH MOJIUXET poAa M. spp., IONyYEHHBIX HA 3TOW CTaHIUU
B XOJI€ SKCTIeANLIUH PoccHiickoro rocyaapcTBEHHOTO THApOMeTeoposornieckoro yausepeutera (PITMY)
B ceHTs0pe 2013 . B mepuoa nposeneHnst U3MEpEeHUil KUCIOPOAHBIE YCIOBUS Ha cTaHUUM 2L B memoMm
ObUTM ONaroIpusATHBIC: B IPUIOHHOM CJIO€ KOHLIEHTpALMs KUCIopoAa cocTasisuia 2.31 mi/m, 4yTo BbIle
€ro MpelesIbHOTO 3HaYeHHUs (2 MJI/1T), AOHHBIE OTIOKEHHS IPEACTABISUIN cOO0H Oypblii OKHUCIICHHBIH HII.
OKCHeaUIMOHHBIC AaHHbIE OBLIM MCIOJIB30BaHBI Ui pacueTa kodp¢unmueHta onouppurauuu (tadm. 1).
Kosdpuumnent monexynsaproii nuddysum kucnopona D, pacCUUTHIBAICA B 3aBUCHMOCTH OT TEMIIEPATYPBI,
COJICHOCTH W JaBJICHUS Ha CTaHUuM 2L.

3Ha4eHHs APYTUX MOJEJIBHBIX KOHCTaHT 33JaBaJIUCh 0 JIUTEpaTypHbIM AaHHBIM [15, 18, 30].

PacueTsl OT Ha4aIBHOTO 0 YCTAHOBHUBILETOCS COCTOSHUS, B KOTOPOM CpEIHHUE M0 OEHTOCHOMY CIIOIO
CpEIHME TOI0BbIE 3HAYEHH NCKOMBIX KOHLIEHTPAUH B i-i TOA OTINYAINCh OT COOTBETCTBYIOIIUX 3HAYE-
Hu# B (i — 1) TOMy, BBIMOIHSIINCH IS TIEpUOA S5 JIeT.

Bepuduxamnus mogenau. Ha puc. 1 npencraBieHsl paccCauTaHHbIC HEYCTAaHOBUBITIHECS (depe3 4 JTHsI)
W YCTaHOBHBIHECS (depe3 5 JIeT cueTa) BepTUKAIBHBIC pacupeecHus KoHIeHTpanun Gocdaros, HATpa-
TOB M IPYTHX BEIIECTB B TIOPOBOM BOJIE U TBEPIOH (haze TOHHBIX OTIIOKEHUN Ha cTaHIH 2L.

K coxanenmro, He TIpeicTaBIAeTCs BOSMOKHBIM IIPOBECTH TIOJTHOIIEHHOE KOJIMIECTBEHHOE CPAaBHEHHE Pac-
CYNTAHHBIX pacrpe/eNieHNi KOHIIEHTPAIUK Pa3JIMYHBIX BEIIECTB C JAHHBIMH M3MEPEHHH, MMOIyYeHHBIMU

Tabnuya 1
ITapameTpsl OMOMPPHUTALUH, HCIIOIb3YeMble B THATEHETHYECKOI Moie/In
CraHuus N (=CKO), ung./m? 7, M Y, M2 D, cmrox ! o, rox”!
2L 2928 + 134 0.00183 0.70 360 253
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YPO;, monb/n NO3, Mmons/n B DKCIEAMIMU. MeTonuka mpo-
0.15 0.20 0.25 0.04 0.08 0.12 0.16  BeJeHUs HAaTypHBIX I/I3MepeHI/H7I
B MOpe IyTeM oTOopa mpob
JOHHBIX OTJIOKEHUI OKeaHO-
JIOTUYECKHUM KOBILIOM TO3BOJISI-
€T TIOJIyYUTh JIUIIb HEOOIBIIOE
YHUCIIO CPeAHHNX B closx 0—2
a O cM, 2—4 cM U T. A. 3HaUYCHUH
HUCKOMOM XapakTepucTuku. B
MOJIEIH K€ 3HAYMMBIA CKauOK
B U3MEHECHHMH KOHIICHTpALUU
BEIIECTB, KaK XOPOIIO BUIHO
Ha puc. 1, MPOUCXOAUT BHY-
TpH JIByXCaHTUMETPOBOIO
cnos. s mosydeHMsl Takux
TOHKUX Tpoduieid Tpedyercs
P > crienManbHoe  00OpyIOBaHHE,
MIO3BOJISIIOLIEE BBIIIOJIHSATh

Fe,% 30HJUPOBAHUE C BBICOKUM pa3-

10 20 30 petiieareM. B Takoii cutyanuu

IIPECTABISAECTCA  AleKBaTHBIM

— — — guana3oH CKO usmepeHHbIX CpaBHMBaTh MOJIENbHBIE pac-

XapaKTCPHCTHK, HpPENeNCHUsT CO  CPEAHUMHU

MOJIeTIbHBIE pacueTsl (4 IH:); [0 CIOK MapaMeTpaMu JaH-
MOJICTIbHBIC PacUeTHI (5 JIeT). o

HBIX M3MEPEHMM, TaKUMU Kak

CPEIHEKBAIpaTUYECKOE  OT-

kimoHenne (CKO). Kak Bun-

Puc. 1. Beprukanbhsie npopunn xonuenrpaunu Gocdaros (a), nurparos (6), wo (puc. 1), paccyuTaHHbIE

aMMOHUS (8) U cyab(aroB (2) B TOPOBOI1 BOIIe TOHHBIX OTIOKEHUH, comep- npouaN, Kak TPaBWIO, HE

JKaHHe jKese3a TBepAoH (a3bl B JOHHBIX OTIIOKEHUAX (0) Ha cTaHIuH 2L. BeIXOmAT m3 muanazoHa CKO

U3MEPEHHBIX XAPAaKTEPUCTHUK

(kpoMe ycTaHOBHUBIIMXCS MPOGWICH aMMOHHS M JKene3a). ITO MO3BOJISIET CUUTATh MOJEIb MIPUEMIIEMOR

JUTS TTONTYYCHUS KOJTMYECTBEHHOMN OLIEHKH BIUSHUS OHOTYpOaIiuyl 1 OMOUPPUTAIIH Ha OMOT€OXMMUYECKHE

MIpOLIEeCChl B OEHTOCHOM CJIOE.
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YyBCcTBUTENBHOCTh MOAe H. Kak mokasaiu pe3yasTraTbl pacueToB MPH Pa3IHYHBIX 3HAYEHUSIX MO-
JENbHBIX MMapaMeTpOB, KOHCTAHTBI CKOPOCTEH peaklMii OKMCICHHS BELIECTB, OMHCHIBAEMBIX MOJEINBIO,
MPAKTUYECKU HE BIMSIOT HA KOHEUHBIH PE3YyNbTaT, T. €. MOIEJIbHOE PElIeHHUEe K HUM HE YyBCTBHUTEIIBHO.
BMmecte ¢ Tem mpyrue mMonenbHbIE apaMeTpbl, Takhe Kak KOHCTaHTa MOHO Uil HUTPAaToB, KOHCTAHTHI
agcopouuu pocdaroB 1 aMMOHUSL, TOPUCTOCTh JOHHBIX OTIIOXKEHHUH, KOHCTaHTa Pa3IokKeHHUs JaOMIbHOTO
OPTaHMYECKOTO BEIIEeCTBA U KOAPPULIUEHT OMOMPPUTALIH OKa3bIBAIOT 3aMETHOE BIMSHHUE Ha Pe3ylbTa-
ThI MozenpoBanust. Hanbomnbiuas 4yBCTBUTENBLHOCTh OOHAPYKEHAa K M3MEHEHHIO MOPHCTOCTH JAOHHBIX
OTJIOKEHHUI W colepKaHUsl OPraHMYECKOro BemiecTBa. Pesynbrarel pacueToB KOHLEHTpauuu ¢Gocdaros,
HUTPATOB U CyIb(}ATOB B IIOPOBOM BOAE Ha cTaHIMHU 2L mpu pa3nuvHbIX 3HAYCHUSAX MOPUCTOCTH JOHHBIX
OTJIOXKEHUH MpeCcTaBIeHbl Ha puc. 2.

Kak BugHo (puc. 2), u3MeHeHne COOTHOLICHUSI 00beMa 0P U TBEpAOH (HpaKkuuu B JOHHBIX OTIOXKE-
HUSX, T. €. IOPUCTOCTh, IPUBOIUT K 3HAYUTEIFHBIM U3MEHEHHSIM B MPOQWIAX KOHLEHTpauuid OMOTeH-
HBIX 3JIeMEeHTOB. [[OBBIIIEHHE MOPUCTOCTH BEAET K YBEIMUYCHUIO KOHICHTPALUN HUTPATOB U CYAb(AaTOB
Ha BCEX TOPH30HTAX 3a CUeT pocTa UX 3QQekTuBHON Auddy3un, a TakKe CHUKEHHUSI CKOPOCTEH peakui
Pa3NOKEeHUsI U OKUCIICHUSI OPTaHMUECKOTO BEIECTBa, T. €. 0oJiee MEIJICHHOMY PacXOJOBaHHIO HUTPATOB
u cynbdaTtoB. B oTamune ot HUTpaToB U cynb(}aToB KOHIEHTpauus GocgaroB cCHIXKAETCS, U B poduie
OTCYTCTBYET IIPOMEKYTOUHBI MUHUMYM. 3HAYUTENbHOE CHIDKEHHE KOHIIEHTpauu (GocdaToB B BEPXHEM
1—2 caHTUMETPOBOM CJIO€ CBS3aHO, [0 BCEH BHIMMOCTH, C IPOLIECCOM aJCOPOLINH, TPUBOASALINM K 3a-
xoponeHuio pocdaros. [locaenyromee cHIKEeHHE KOHLIEHTpannH (HocdaroB ¢ TyOHHOM MPOTeKaeT OYCHb
cnabo. BriusiHue mopucTOCTH Ha BEpTHKAIbHBIE MPOQWIN aMMOHHMS B IOPOBOW BOJIE U Keje3a B TBEPAOH
(a3e NOHHBIX OTIOKEHHUH HE3HAUUTENbHO. 110 pe3ynsraTaM YMCIEHHBIX SKCIEPUMEHTOB OBLIO yCTAaHOB-
JICHO, YTO HAMTyYIllee COrTache JaHHBIX HAOMIONEHNH U MOJCTIbHBIX PE3YNIbTaTOB JOCTUTACTCA IPH 3HAYE-
HUU NOPUCTOCTH JOHHBIX oTioxkeHuH 0.85.
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Puc. 2. Beprukansasie mpodmim KoHIeHTpanuu Gocdatos (a), HUTPaToB (0) u cymb(haToB (6)
B IIOPOBOM BOJIE HA CTAHIIUH 2L TP pa3nuyIHBIX 3HAYCHUAX TIOPUCTOCTH JOHHBIX OTIIOKEHHH.
MOPHCTOCTh JOHHBIX OTIOKEHHH 0.1; = = = — MOPHCTOCTH JOHHBIX OTIOKEHHH 0.5
............... MIOPUCTOCTh TOHHBIX OTIIOkKeHuH 0.85.

N3BecTHO, UTO U3MEHEHHUS COACPKAHUS OPTaHUYECKOTO BEIIECTBA B JOHHBIX OTIOKEHHUSIX B BOCTOY-
HOI yacTu OUHCKOTO 3aJIMBa [0 CE30HaM rojla BecbMa 3HauuTenbHbl [31]. BmecTe ¢ TeM MoznenbHbIE pac-
4yeThl (pUcC. 1) OBUIM BBITIOIHEHHI MPH 33IaHUU TIOCTOSIHHOTO (M3MEPEHHOTO B (DMKCHUPOBAHHBII MOMEHT
BPEMEHH) 3HAYCHHUSI KOHIICHTPAIIMYA OPTaHMYECKOTO BEUIECTBA Ha BEPXHEW IPaHUIlE JOHHBIX OTIOKEHHM.
CopepxaHue KUCIOpPOJa B MOPOBBIX BOJAX, KaK OAHOTO U3 OCHOBHBIX OKHCIIUTEIECH OPraHUYECKOro Be-
LIECTBA, JOHKHO 3aBUCETh OT M3MEHEHHUS COAEpKaHUS OPraHUYECKOrO BEIIECTBA B JOHHBIX OTJIOXKEHU-
six. C [enbI0 MPOBEPKH MPAaBUIBLHOCTH PEaKIMU MOJAETH Ha 3TH M3MEHEHHUs OBUIA BBHIMOIHEHBI PACUETHI
MOJIENBHBIX XapaKTEPUCTHK, B TOM YHCIE U KUCIOPOJa, MPU PA3TUUYHON KOHLUEHTPALUU OPraHUYECKOTO
BEIECTBA HAa BEPXHEH TpaHMIle JOHHBIX OTIOXKeHHi (puc. 3). OTMETHUM, YTO TH pacueThl MOXKHO pac-
CMaTPUBATh U KaK SKCIIEPUMEHTHI 10 UyBCTBUTEIBHOCTH MOJIETIBHOTO PEILIEHUS K 33JaHUI0 KOHIICHTPALIUU
OpPraHWYECKOTO BEI[SCTBA Ha BEPXHEH IPaHUIIE B TBEPAOH (Pa3e MOHHBIX OTIOKEHUM.

Kak BuiHO, CHMKEHUE KOHIICHTPAIMY OPTaHUYECKOTO BEIIECTBA B TBEP/I0H (ha3e TOHHBIX OTIOKCHHUN
CHOCOOCTBYET MEHEE MHTCHCUBHOMY PaCXOJ0BaHUIO KHCIOPOAA U YBEIHMYCHHIO TITyOWHBI €0 IPOHUKHO-
BeHUs (TTyOMHBI MHHAMAJIBHON KOHIIGHTpAIMK) B OCHTOCHBIN ciioid. [Ipy HU3KOM conmep:KaHUM OpraHH-
yeckoro BeniectBa (0.1 %) m1yOrHa NPOHWKHOBEHUS KUCIOpOAa uepe3 5 neT cyera cocrasisier 0.25 MM
(pu otcyTcTBUM Ououppuraiuu) u 1.3 cM (pu yuere Ouounppuranuu). [Ipu 6onree BRICOKOM CoiepKkaHuu
OpPraHUYECKOTO BEIECTBA BKJIaJl OMOUPPHUTaIllii MEHEE 3HAYUTEIICH.

Ouenka 3¢ dexra ouonppuramum. /s orneHku rddexra Ononppuratuy ObLIN BEITIOTHEHBI pacde-
TBI 3BOITIOIH OMOTEOXUMHUYECKUX XapaKTEePUCTHK B OCHTOCHOM cJioe Ha cTaHImy 2L ¢ yuetoM u 6e3 yue-
Ta mporiecca Ouonppurarmu. Ha prc. 4 npeicraBiieHbl BEpTHKAIbHBIC TPOGUITA MOJICITHHBIX IIEPEMEHHBIX
B HAYaJIbHBIIl MOMEHT BPEMEHH U Yepe3 5 JIeT cueTa B pACCMaTPUBACMBIX CIYYasiX.

U3 rpadukoB BUAHO, YTO y4eT OMOUpPPHUTAIIMU MPUBOIUT K HE3HAYUTEILHBIM HU3MEHEHUSM OHOTCH-
HBIX 3JIEMEHTOB M MaJl0 CKa3bIBaeTCsl Ha KOHIICHTPAIIMY jKene3a U Kuciopona. Yepes 5 jer B oboux ciry-
gasgx (¢ yuetoM m 0e3 ydera OHOMppHUTANNH) KOHIEHTpamuu ¢GochaToB M aMMOHHS YBEIMINBAIOTCS, a
KOHIICHTPAIIUH CYNTh(}ATOB W Kelle3a YMEHBINAIOTCS Ha BCeX ropu3oHTax. Jis HUTpaToB y4yer OHonuppu-
raiyy MPUBOJUT K MOBCEMECTHOMY TTOBBIICHUIO KOHIICHTPAIIUH; & B ClIy4ae OTCYTCTBHSI OMOUpPpHUTaIin
KOHICHTpAIUsl HUTPATOB Najaet (puc. 4, 6). YiaydlleHne KUCIOPOAHBIX YCIOBHI BCIICACTBUE UPPHUTAIIN
BEJIET K JIOMUHHPOBaHHIO MPOIeCca OKUCICHUSI aMMOHUS JIO HUTPATOB, B TO BPEMs Kak B aHA3POOHBIX
YCIIOBUSIX HaOIromaeTcs mpeodiaganue mporecca BOCCTAaHOBICHU HUTPaToB [29].

KonunyecTBeHHBIE OICHKU BIMSHHS OHOUPPHUTAMU HA OCHTOCHBIN CJIONH MOTYT OBITh MOJYYEHBI HA
OCHOBE pacueTa 3arnacoB OMOTeHHBIX IEMEHTOB U jkene3a B cioe (0, 10 cM) B aHAU3UPYEMBIX CITydasx
HaJIM9I¥s ¥ OTCYTCTBUS Onouppuramuu (tadm. 2).

0O,, mmonb/n- 10> 05, mmone/n
00 0.05 0.1 0.15 0 0.05 0.1 0 0.05 0.1
2—2 — S
4
L6
c8
10 a (7] [

Puc. 3. Beptukanbsable Mpohmiiy KOHICHTPAUH KUCIOpOoAa (MMOIIB/JT) TIPH KOHIIEHTPAIIUH OPTaHUIECKOTO
BemectBa 4.5 % (a), 1 % (6) u 0.1 % (6) B TBepaoi a3e TOHHBIX OTIOKEHUH Ha cTaHImH 2L.
UepHble KpuBbIe — MPOQIIN KOHIEHTpauid mpu ¢ = 0, TEMHO-CEphIe U CBETIO-CEPhle KPUBBIE — YCTAHOBHBLIEECS PEIICHHE
gepe3 S et mocie Havajga cyeTa IpH HAIWYUU U OTCYTCTBUU OHOMPPUTALIUH, COOTBETCTBEHHO.
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Puc. 4. Beprukanbabie mpoduin KoHIeHTpanuu Gocdatos (a), HuTparos (6),
aMMOHUS (6) U Cyab(aroB (2) B TOPOBOI BOJIC TOHHBIX OTIOKCHUH,
KOHIICHTPAIINH JKeJe3a B TBEPOH (a3e JOHHBIX OTIKeHM (0) Ha cTaHiuu 2L.
O0603Ha4YCHUSI TE XKe, YTO Ha puUC. 3.

3HauUUTEILHOE YBCJIMYCHUEC 3allaCOB aMMOHHA B HOpOBOI\/'I BOJIC B
OTCYTCTBUM OMOMPPHUTallii CBS3aHO, MMO-BHUAUMOMY, C IpeoliajaHueM
B OTOM Cllyyae BOCCTaHOBHUTENBHBIX HpoueccoB. [1o 3Tol ke mpuumnne
MPOMCXOUT U COKPAIIEHUE 3allacOB HUTPATOB | cyibdartoB. Poct 3ama-
coB ¢ocdaToB B MOPOBOIl BoJE B YCIOBUIX OTCYTCTBUSI OMOUMpPpHUTALIAN
MOXeT OBITh CIEICTBHEM PacTBOPEHHS OKHCICHHOTO KoMIiuiekca Fe-P,
KOTOPOE MPOUCXOANUT B AHOKCUIHBIX yCIOBUAX [32—34].

Takum 00pa3oM, COIIaCHO MOJEIBHBIM OLIEHKaM, MOCTOSTHHOE BO3-
JeiicTBIEe OMOMppHUTranyuy Ha OCHTOCHBIN CIIOH yKe uepe3 5 JIeT MOXKeT
MPUBECTH K yMEHbILIEHMIO 3amacoB (ocdaroB (B 2.8 paza) U aMMOHHUS
(moutu B 23 pasza) B mOpPOBOM BOJE MO CPABHEHHUIO CO CIy4aeM OTCYT-
CTBHA OMOUppHUTranuy (CM. IOCIEeAHUH cTonber Tabi. 2). 3anacsl HUTpa-
TOB H CyNb(}aToOB B IOPOBOM BoE, HA0OOPOT BO3PACTYT COOTBETCTBEHHO
B 2.7 u 2.6 pa3za. [Ipu 3ToM 3amackl kene3a TBepAoi a3kl JOHHBIX OT-
JIOKCHHUY 3HAYUTEIILHO HEe U3MeHSATCs. TakuM 00pa3oM, UCXOs U3 3aKOHA
COXpaHEHHsI Macc, CHIKeHHUe 3amacoB GpocdaToB 1 aMMOHHS B IOPOBOH
BOJIE MOKET CBUICTEILCTBOBATH O 3aXOPOHEHUH B TBEPIO (a3e JOHHBIX
OTJIOKECHUM WIH YBEIUYEHHM MX COAEPKAHMS B BOJHOM TOJIIIE, & POCT
HUTPATOB U CYJIh(ATOB B MOPOBOW BOJAE MPUBOJUT K CHUYKCHHUIO UX KOH-
LIEHTpAlil B IPUJOHHON BOJIE.

skskosk

C nomorpeio 6enrocHor auarenernueckor momenn CANDI uccie-
JIOBaHbl OMOTEOXVMMHYECKAE W3MEHEHHUS B BEPXHEM CJIO€ JOHHBIX OT-
JIOKCHUW, BBI3BAHHBIE OMOWPPUTAIIMOHHON aKTHBHOCTHIO OEHTOCHBIX
opranu3MoB. Pe3ynbraTel MomenupoBaHuUs A yciaoBuil cranuuu 2L B
BOCTOYHOM "acTu (DUHCKOTO 3aJIMBa CBUIETEIHCTBYIOT O TOM, YTO IPH
YCIIOBUU OTCYTCTBUS OMOWMpPpUTALIMN IUKJIBI OMOTEHHBIX DIIEMEHTOB U
CBSI3aHHBIX C HUMU XUMHUYECKIX COCIMHEHUH jKene3a, yepes S5 neT OyayT
(hYHKIIMOHMPOBATH TO-APYTOMY, YTO B UTOT€ MOXET NMPUBECTH K 3HAYU-
TEJIHHBIM TIEPECTPOiikaM B OEHTOCHBIX CHCTEMaX.

[lomuepkHeM, 4TO HACTOSIINE UCCIIEOBaHUS OBLIH MPOBECHBI BCe-
ro JjIsl OJHOM CTAHLMK B BOCTOYHOM yacTu dunckoro 3amusa. s 0omee
[TyOOKOTO TIOHUMaHHsI 0COOEHHOCTEH OMOTEOXMMUYECKUX MPOIECCOB B

O6enTocHOM cioe dDuHCKOro 3aInBa HeO6XO,I[I/IMO OoIlbllIee KOJIUYCCTBO JaHHbIX H3MCp€HHﬁ nu3 Cro pas-

JIMYHBIX paﬁOHOB.

Tabnuya 2

CooTHolIeHHE 3aNTACOB OMOTeHHBIX 3JIEMEHTOB H KHucJjiopoaa B HOpOBOﬁ BoOaEC,
a TaKiKe KOHIICHTPAalluM KeJjie3a B TBepZ[Oﬁ (ba3e JOHHBIX OTJIOKEHHUI 11 cTaHuuu 2L

Berccrso A A, PP,
PO43’ 1.3 3.7 0.35
NO; 1.1 0.37 3.0
NH4+ 2.8 63.0 0.044
SO42* 1.0 0.38 2.6

O2 1.5 0.71 2.0
Fe 0.19 0.17 1.1

HpuMe!taHue: Psb — 3amnachbl 4epes 5 et ¢ y4ueTOM 6I/IOI/IppI/Il"aIII/II/I; PO — 3amackl B HaYaJbHBIA MOMEHT BPEMCHU;

S
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