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C 1CI0Ib30BaHUEM JAHHBIX aPXMBHBIX PEKUMHBIX MTHAPOXUMUYECKUX M TUAPOJOTHYECKUX HaGIOAeHUI
B Gacceiine p. Hesika ycTaHOBJIEHA BO3MOKHOCTD MOJIE/TMPOBAHUST B3AUMOJIEIICTBUS PA3JIMYHBIX MCTOYHIKOB
MUTAHUS PEYHOTO CTOKA HA OCHOBE MOJICJIU CMEIIEHST, BKITIOYAIOIIEH MHCTPYMEHT MHOTOMEPHOT'O CTATUCTIYE-
CKOT'0 aHAJIN3a — METOJL [VIABHBIX KOMIIOHEHT. J[JIst M5TH MaJIbIX BOAOCOOPOB BBIIIOJHEHA a/IalITAlMs] U TECTUPO-
BaHUe MOJIEJTM CMEIIeHHS TPeX UCTOUHUKOB ITUTAHUS, XapaKTePU3YIOIIENCsT BBICOKOI TOYHOCTHIO BOCIIPOU3BE-
JIEHUST XUMUYECKOTO COCTaBa PEUHBIX BOJI. Pe3ysibTaThl MOIeIMPOBAaHNS TTO3BOJIUIIH OIIEHUTD YHCJIO TPEUMYIIie-
CTBEHHBIX NCTOYHIKOB MUTAHUS PEYHOTO CTOKA M YTOUHHUTD MX XapakTep (I0K/1eBOM, IOYBEHHO-TPYHTOBBII 1
TAJI0-MEeP3JIOTHBIN ), OTPAXKAMOIINI criennUKy cTOKO(OPMUPOBAHUS B KDUOJIUTO30HE U CBSI3AHHBIIA C TIPUCYT-
crBueM B Gacceiine MHOTOJIETHEMEP3JIbIX TOPo/L. KomuecTBEHHO OTIpeiesieHbl I0JIU KaK/I0TO U3 HIX U [TPOaHa-
JIN3UPOBAHA WX B3aWMHAs BHYTPHCE30HHAs JUHAMUKA. [IprMeHeHre cTaTUCTUYECKUX KPUTEPHUEB OTIEHKU 1
BO3MOKHOCTD COJIEP:KaTeIbHON MHTEPIIPETAIINN PE3yIbTATOB TOKA3bIBAIOT BLICOKOE KAYeCTBO MO/ICTTPOBAHMSL.
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The possibility of modeling the interaction among various sources of the river flow in the Nelka River
basin using data from archival regime hydrochemical and hydrological observations based on a mixing model,
including the principal component analysis, has been confirmed. Adaptation and testing of the mixing model for
three water sources characterized by high accuracy of the chemical composition of river waters is performed for
five small watersheds. The results of the modeling made it possible to estimate the number of the dominant
sources of the river runoff and clarify their nature — rain, soil water, and aufeis, reflecting the specificity of river
runoff formation in the permafrost zone and associated with the presence of frozen ground. The proportions of
each of them are estimated, and their inter-seasonal dynamics are analyzed. The application of statistical evalu-
ation criteria and the meaningful interpretation of the results confirm the high quality of the modeling performed.

Runoff processes, permafrost zone, water sources, mixing model, principal component analysis, chemical tracers

BBEJAEHUNE

WN3sydenne NCTOYHNKOB MUTAHUS U 3aKOHOMEP-
HoCTel (h)OPMUPOBAHUSA PEUHOTO CTOKA HEM3MEHHO
octaercst (pyHIaMeHTaTbHO TPO6IeMOI THAPOJIOT N
CYIIIH, COJEP/KATETBHO OGHOBJISIACH HA KAsKIOM 9Talle
ee passuTHst. CJIOKHOCTh TaKUX HCCJIE0BaHUIT 00Y-
CJIOBJIEHA JIOKAJIN3AI[IeN TTPOIeCCOB CTOKO(OPMUPO-
BaHUs B MOA3€MHON 4acTH BOL0COOPAa, Tie MpsMble
HaOJII0AeHUST IPAKTUYECKI HEBO3MOKHBL [T0CKOJIbKY
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KJII0Y K IIOHUMAHUIO THAPOJIOIMYECKUX IPOIECCOB
“neskut” o1 3eMHOH 1oBepxXHOCTHIO [ Coxonos, 1996],
NepPCHeKTUBHBIM MHCTPYMEHTAPUEM SBJISIOTCS TPAc-
CepHbIE METOJBL.

K macrosmemy BpeMeHM 3HAYMTEAbHBIA TPO-
rpecc JOCTUTHYT B OLleHUBAHMK MCTOYHUKOB IIMTa-
HUSL PEYHBIX BOJ, [ [ u0pozeonozuueckoe npoznosuposa-
nue, 1988; Soervwumeiin, Cuaxmuna, 1991; Kirkby,
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1978; Dunne, 1983]. B ocHoBHOM 9T0 00€ecIIeueHo uc-
0JTh30BaHMEM aKTUBHO pa3BuBaioiuxcs ¢ 1960-x rr.
METO/IOB pasjieJieHust ruporpada cToka Ha base Mo-
JIeJTV CMETIEHNs ¢ NCTIoJIb30BaHreM Tpaccepos. Iloc-
sie mmoneproit pabotsr I1L.I1. Boponkosa [ 1963] xu-
MHUUYECKHE TPACCEPHI CTAJIU YCIIEIHO MPUMEHSThHCS
JUIST OTIEHUBAHUST BKJIAJIOB PA3JIMYHBIX HCTOUHUKOB
nuTanus croka [ITucapckuil, Xaycmos, 1973; Pinder,
Jones, 1969; Christophersen et al., 1990; Hooper et al.,
19901].

MeToanyeckuii anmnapaT TpacCepHOU TUAPOTIO-
UM PeAU30BaH, B YACTHOCTH, B BUJI€ PA3JIUYHBIX Ba-
PHAHTOB MOIeJIEll CMeTIeH s, TOCTPOEHHBIX HA Peliie-
HUU CUCTEMBI yPaBHEHUN GalaHca Macc JJist BOJBI U
TpaccepoB. JTO HAIIPABJICHUE MOJTYIUIIO CYTECTBEH-
Hoe pa3BuTHe 3a nocueparue 20 et ¢ npuBIedeHreM
METOI0B MHOTOMEPHOTO aHAIM3a JaHHbIX, YTO MPH-
BEJIO K MEPEXOJIY OT MPOCTEUIINX MOJIEJIEN CMETEHUST
JIBYX UCTOUHUKOB K MOJIEJISIM CMEIIEHNs TPEX UCTOU-
HUKOB B KQueCTBe OCHOBHOIO pab0o4yero HHCTPyMEeHTa
[ Christophersen, Hooper, 1992; Bonell, Fritsch, 1997;
Hooper, 2003].

O600611eHEe PE3YIbTATOB HATYPHBIX MCCJIEI0BA-
HUH C UCTI0JIB30BaHUEM Mo/lesiell cMelIeHusl, IPOBo-
JIUMBIX [IPEUMYIIECTBEHHO B TYMUIHOM YMEPEHHOM 1
TPOIUYECKOM TMOsICaX, TTPOJEMOHCTPUPOBATIO GOJIb-
MTYIO CJIOKHOCTD MPOIIeccOB (hPOPMUPOBAHUS PEYHOTO
croka [ Coxonos, 1996; Bonell, Fritsch, 1997]. dnsa
KPUOJINTO30HBI YPOBEHD MOHUMAHWSI TPOIECCOB CTO-
KO(OPMUPOBAHUST OCTAETCST IAJIEKO HE IOCTATOYHBIM,
a 0ObeMbl MCcIeJoBaHUI Ha OPsAoK MeHble [ Tet-
zlaff et al., 2015]. B yxazannoii paboTe 0OTMEUYEHO OT-
cyTCTBHE yOJUKAIMIA [10 TPACCEPHBIM MCCJIeJOBAHMN-
sIM, TIPOBEZIEHHBIM B Poccnn.

B Hacrosinee BpeMs BeJMK pa3Odpoc OLEHOK U
UHTEPIIPETAINIT PE3YIHTATOB TPACCEPHBIX HCCJIE0-
BaHMUiA, a B 0000marmumx paborax chopMyIMpOBaHbI
JIBe KJIOYEBBIE 3a/1a4W X pa3BuTus. [lepBas 3akiio-
YAeTCsI B BBITIOJIHEHIH TI€JIEHATIPABIEHHBIX HATYPHDBIX
n3MepeHull Ha coBpeMeHHOM ypoBHe [[apuman, Illa-
mos, 2015; Tetzlaff et al., 2015]. Bropas kacaercst
OTIEHKH aJICKBATHOCTU NIPUMEHSIEMbBIX MOJIEJIEl cMe-
IIEHUsT U PACYETHBIX METOJIOB OIIEHKH BPEMEHU [10-
GeraHus B OA3eMHON cocTasiistiomieil cucrembl [ Co-
xo.108, 1996].

[esnb nccaenoBanmst — OMEHUTH BO3MOKHOCTD
YCTAaHOBJIEHUST HCTOYHUKOB MMUTAHUST PEYHOTO CTOKA
B 06JIaCTU MHOTOJIETHEN MEP3JIOTHI 10 JAHHBIM, 110~
JIyYE€HHBIM 10 CTAHJAPTHON HPOrpaMMe PEXUMHBIX
TUPOJIOTHYECKUX U TUAPOXUMHUUECKUX HAOMIOICHUI
(ma mpumepe p. Hemka). MeToanueckyio 0CHOBY co-
CTaBJISIET TPACCEPHAS MOJIEJIb CMEIEHUS UICTOUHUKOB
MUTAHUS ¥ COOTBETCTBYIOIINE €l aHATUTUIECKIE
nponeaypbl (End-Member Mixing Analysis —
EMMA), a Tak:ke mnpoiie/Lypbl MO/IEJTMPOBAHUS X1~
MUYECKOTO COCTaBa PEYHON BOJBI METOJOM TJIABHBIX
kommoreHT (MI'K) [ Hooper, 2003]. T'naBubie 3agaun:

YCTAHOBUTD, KAKME XUMUYECKUX TTOKA3ATETTU MOTYT
paccMaTpUBaThCS B KaueCTBE TPACCEPOB; ONIPEIE/IUTD
xapakTep (THUIT) TOMUHUPYIOIMUX UCTOYHUKOB MTATA-
HUST PEYHBIX BOJI; BBISIBUTH OCOOEHHOCTHU IPOIIECCOB
CMelIeHus Ha 4acTHBIX Bogocbopax Gacceiina p. He-
Ka; KOJIMYECTBEHHO OIEHUTb COOTHOUICHUS U JINHA-
MUKY UCTOYHUKOB IIUTAHUS.

PAIIOH UCCJIELOBAHUS
U UCII0JIb3YEMBIE JIAHHBIE
HABJIIOJIEHUA

OO6beKTaME MCCIIeI0BAHYIS SIBJISTIOTCST MaJIble BO-
I0COOPBI HKCIEPUMEHTATBHOTO THIPOJOTHUECKOTO
nosuroHa “Morot” TocymapcTBeHHOTO THAPOJIOTHYE-
cxoro nHcturyta (I'TU), pacrionoskerHoro B mpeje-
JIax TIeHTPaJIbHOTO yuacTka Tpaccel BAM, mpumepHo
B 60 kM k ceBepy ot T. Thruza. [lomuron, Bkitouaro-
it 6acceiin p. Henka ¢ nputokamu (puc. 1), Haxo-
JUTCS B CpejiHell YacTh 10KHBIX CKIOHOB XpeOTOB
CranoBoro u Tykypunrpa. Peibed Bogocbopa —
CPeIHETOPHBIH, aOCOIOTHBIE OTMETKU He IIPEBBIIIIa-
10T 800—1000 M, [raIa30H BBICOT COCTABIAET 523 M.
CKJIOHBI COIOK CEBEPHOI M CEBEPO-BOCTOYHOM IKC-
nosuiun — kpyTteie. Ha ckyioHax pasBuThl OyTphl Imy-
YEHUS, B PyCJIaX — PEUHbIE HAJIE/IH.

LlbiraHka

1Km

or [12 [s
Puc. 1. Kapra-cxema ucciemxyemoro paiioHa.

1 — 3aMbIKaloTINe THAPOCTBOPBI (HazBaHust cM. B Tabu. 1); 2 —
rpammia baccefina p. Heska; 3 — MeCTOIOIOKEH e TOIMTOHA Ha
¢parmenre kaprel Poccun.
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ITpumeuanue Koumenrparus, Bblpa)keHHAsI B MT/JI: YHCTUTETb — MPEIETH N3MEHEHNS, 3HAMEHATEb — CPEIHNE 3HAYEHUS; B %-9KB. — cpeaHue 3uadeHus. H/o — ne

obHapysKeHO.

[TouBsI Ipe/ICTaBICHBI PA3TUIHBIMU COYETAHM-
SIMU MEP3JIOTHBIX TOPHO-TAEKHBIX TIOYB € YKOPOUEH-
HBIM MTPOMUIEM ¥ OOUINEM IPABEIUCTHIX BKIIOYE-
uuil. /{711 HUX XapakTepHO HaJu4yue IBYX TUIIOB T10-
YBEHHOTO JibJla — [eMeHT (B KPYIMHOOOJIOMOYHBIX
HECBS3HBIX TPYHTAX) M MUTPAITMOHHBIN Jej (TJaB-
HBIM 06Pa30M B MEJTKOUCIIEPCHBIX TPYHTAX, B BUJIE
ITPOCJIOEK ¥ JIMH3 ToJHON 1-5 Mm). Ha nre goman
pacrpocTpaHeHbl TOphaHbIe MApH, I/ KOTOPBIX Xa-
paKkTepHa BBICOKAst HACBIIIIEHHOCTD Jib/ioM. CILTOII-
Has MHOTOJIETHSSI MEeP3JI0Ta Ha MOJUTOHE MMeeT
MonrHocTh 100-250 M, cpeHUI CJI0K CE30HHOTO
nporauBanus gocturaer 1.2—1.5 M. 3aecennocTsb
Boa0cO0POB cocrasiser 80—90 %.

Ileranproe omucanne 6acceHOB, MaTEPUAIbI
HATYPHBIX HAGJIONEHUN U PE3YJIbTATHI UCCAEI0BA-
HUI THAPOJIOTUYECKOTO PesKMa TpuBeieHbl B [ Ba-
cunenxo, 2013)]. Tugposorndeckue HabOJOCHUS 32
CTOKOM (13MepeHre yPOBHEN U PACXO/0B BOJIbI) BbI-
MOJIHAJINCh Ha TATU rujppocTBopax (cMm. puc. 1,
tabJ1. 1) B nepuos ¢ 1978 no 1983 r. 1o cranzapTHoii
porpaMMe BOJIHO-0aIaHCOBBIX CTAHIIMIT, HabJI0/1e-
HUSI 32 0CAJKAMU TIPOBOMIINCH HA METEOCTAHIIUH 1
CeTH 0CaIKOMEPHBIX IIYHKTOB. B pamkax cranmapr-
HOU TTPOTPaMMBbI PEKUMHBIX THIPOXUMUYECKUX Ha-
GutoIeH it 0TOMpaCh TPOOBI BOBI, AaHAJIM3 KOTO-
PBIX [TO3BOJIUJI OCBETUTH OCHOBHBIE (ha3bl CTOKA: Ha-
4aJI0 CTOKA B BECEHHUIT [I€PUO/I, TIOABEM, [TUK U CIA[
MOJIOBOJIbS M JIOXKIEBBIX MaBOAKOB. KosmuecTBo
npob 1o TogaM npuBeeHo B Tabu. 1, ux o6paboTka
BBIMIOJTHSJIACHh COTPYAHUKAMU aKcrenunnu Hoso-
4epKaCCKOTO TUAPOXUMUIECKOTO UHCTUTYTA B COOT-
BeTcTBUU C | Pyxo6odcmeo..., 1977]. Pe3yibTaTsl CBe-
JleHbl B Ta0J1. 2.

Cucremarimdeckrie HaGTIOCHUS 32 XUMITYECKITM
COCTABOM HCTOYHUKOB MUTAHU (32 UCKIIOYEHUEM
BHYTPHUIIOYBEHHBIX BOJI) HE TIPOBOIMJINCH, UMEIOTCS
JIMITG OTAETbHBIe TPOOBI aTMOC(HEPHBIX 0CAIKOB
(cuera). B 1982 r. 6b1111 0TOOpaHbI IIPOOBI HAJIETHBIX
BOJI 13 OOLIMPHOI Haseau Ha p. MOTroT B HECKOJIbKUX
Toukax, a B 1983 1. onpo6oBaHbl PyCIOBbIE U MO¥i-
MEHHbIE HaJle[il Ha Pa3JIMYHbBIX yyacTKax OGacceiiHa
p. Henka. TToBepXHOCTHBII CTOK Ha CKJIOHAX Gacceii-
Ha He Habuioganca, a npeobiagaioliee 3HaAUYECHUE
nMeeT BHYTPUIIOYBEHHBIN CTOK, UM CTOK 1O “Ka-
MeHHBIM TpyOKam” [ Bacunenxo, 2013]. [l xapakre-
PUCTUKHU XUMHUYECKOTO COCTaBa MOYBEHHBIX BOJI UC-
MOJIb30BAJIUCH MPOODI, OTOOPAHHBIE CO CKJIOHOBBIX
BOZHO-6a1aHCcoBbIX (B/0) IJIOMAL0K Ha TUIIMYHBIX
ckyoHax Oacceiina: 8/6 Ne 1 — Ha Je/110BUaJIbHOM
meiide, B/6 Ne 2 — B HUMKHEIl 4acTU CBETOBOIO
cksoHa, B/6 Ne 3 — Ha TEHEBOM CKJIOHE BOCTOYHOMI
AKCITO3UIIH.

METO/Ibl TPACCEPHOI'O AHAJIN3A

[IpuMensieMble METO/IbI aHAM3a MOAPOOHO OITH-
caHbI aBTOpamMu panee [[ybapesa u dp., 2015, 2016].
KosnuecrBennoe oleHUBaHue 0Jeil HCTOYHUKOB

35



T.C.'YBAPEBA U JIP.

MMATAHUSA PEYHOTO CTOKA BO3MOKHO HA OCHOBE JIBYX-
TPACCEPHON MOJIEJIN CMEITIEHUS TPEX UCTOYHUKOB:

Q+Qy+Q5=0Q,
1 1 1n _ ol
CiQy +C)Qy +C5Q5 =C1Qy, (1)
2 2 24 2
CrQy +C5Q, +C3Q5 =C1Qy,
rae Q — pacxon Bojibl; C — KOHIIEHTPAIIUU TPACCEePOB;
BEPXHUI UHIEKC — HOMEP Tpaccepa; HIKHUM — HOMeP
HUCTOYHMKA ITUTAHUA;, MHAeKCOM 1 00603HAaYeHbI Xa-

PaKTEePUCTUKH PEYHOTO TTOTOKA. Perenne aToit cucre-
MBI 3aIIMChIBACTCA B BUJIC

(cr-G5)(c3-c3)-(e -6 (e -¢3)

S laae ) (a-a)e-a)
cl_ct cl_ct
QQZCE_CEQT_CE_CEQP (2)
Q3=0Qr-Q-0Q,.

B kauecTBe TpaccepoB MOTYT BLICTYTIATH Pa3Jiny-
Hble XUMUYECKHUE MTOKAa3aTeJ I MPUPOIHBIX BOJ, Ha-
npumep: o61ass MUHEPATU3AIUsT, KOHIIEHTPAIIUN
TJIABHBIX MOHOB, MUKPOKOMITOHEHTOB, U30TOTIOB KHC-
JIOPOJZIa ¥ BOJIOPO/IA, PACTBOPEHHOTO OPTaHUIECKOTO
BeIecTBa u Jp.

OTmesbHble XUMUYECKHE TTOKA3aTEN PEIKO
IIPOSIBJISAIOT XOPOIIINE TPACCEPHBIE CBOMCTBA, II09TOMY
B HacTosIIee BpeMs HIMPOKO UCIIOIb3YyeTCs ClIeln-
asmbHag ctatuctudeckas rnporeaypa EMMA-ananmmsa
[ Christophersen, Hooper, 1992]. Ee cyTb 3aksodaeTcst
B (hOPMUPOBAHUH [IBYX CJIOKHBIX MOJIEJIbHBIX Tpacce-
POB, 3HAUEHUS KOHIIEHTPAIUN KaKIOTO U3 KOTOPBIX
MPEACTABIISIOT COOOU JIMHENHYI0 KOMOUHAIIMIO KOH-
IEHTPAINil NCXOAHBIX TpaccepoB. Aapo mporemy-
PBI — METO/I TJIABHBIX KOMITOHEHT, KOTOPBIH TTPOETIH-
pyeT MaTpHIly UCXOJHBIX JAHHBIX B MPOCTPAHCTBO
B3aMMHO OPTOTOHAJbHBIX TIABHBIX KOMIIOHEHT
(U-tipoctpancTBo) [Icbencen, 2005].

Koaddbumnumentsr mepexoga U3 UCXOAHOTO B
U-tipoctpancTBO (HArpy3Ku) IPUMEHSIIOTCS JIJIST WC-
cJIeIOBaHMS POJIU MTePEMEHHbIX M aHATN3a UX B3aM-
HBIX 3aBrCcUMOCTEN. [lon 0ObSICHEHHON IUCTIepCun
JAHHBIX /IS KaKJ0M KOMIIOHEHTBI OTPe/IesIAI0TCS
BEJIMUUHOM COOCTBEHHBIX XapaKTEPUCTUUECKIX 3HA-
YeHUI A. DTU 3HAYCHUS BBIYUCJASIOTCS KAK CyMMBI
KBa/IpaTOB MPOEKINH BCeX U3MEPEeHUH Ha KaKAYI0
och U-TipocTpaHCcTBa, MOKA3bIBasT BKJAJ TTAaBHBIX
KOMITOHEHT B OOI[yI0 BapuabebHOCTh MCXOIHBIX
JTAHHBIX.

[laiee ipu perreHny MOJIEJIM CMETIEHUST TPEX MC-
TOYHUKOB BMECTO KOHIIEHTPAIUH ABYX OOBIYHBIX
TPaCcCepOB HCIIOJb3YIOTCS 3HAYEHUS 1IEPBBIX IBYX
[JIaBHBIX KOMIIOHEHT. O1leHOYHBIH KpUTepuil Kave-
CTBa MOJICJIU € TPEMS UCTOYHUKAMM — JIOJISI CyMMap-
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HOIl UCTIepcun JaHHBIX, O0BSICHEHHO MEePBBHIMU
JIBYMsI TJIAaBHBIMU KOMIIOHEHTAMH Aqj, KOTOPAst JTOJK-
Ha cocTaBIATh He MeHee 90 %.

luroresa KOHCEPBATUBHOCTHU TPACCEPOB IIPOBE-
PsIeTCST ¢ TOMOTIBIO METOINKN, OCHOBAHHO Ha MoJie-
JIUPOBAHUM XUMHUYECKOTO cocTaBa Bojasl o MI'K
[Hooper, 2003]. I1o onncanHoii Bblilie MoJIeJId CMellle-
HUS TPEX UCTOYHUKOB PACCUUTHIBAIOT KOHIIEHTPAIIUN
MCXO/IHBIX XUMUYECKUX ITOKa3aTeseil. PaznocTu dak-
TUYECKUX U PACYETHBIX 3HAUYEHUN KOHIIEHTPAIUN
(ocTaTKn) TIpU yCJIOBUU KOHCEPBATUBHOCTU Tpacce-
POB JIOJUKHBI TIPEICTABIISATH COOOI CIIydaitHbIid “rrym”.
[IpoBepka KOHCEPBATUBHOCTH BBIITOJHSIETCS IIOCTPO-
eHHUEeM 3aBUCUMOCTH “OCTaTKU—M3MepEeHHbIE 3HaUC-
Hus” JIJIsT KasKI0TO THIPOXUMHUYECKOTO TTOKa3aTesl.

Wureprperaiinst MOJAETN CMEIIEHUST TPEX HCTOY-
HUKOB, MIOCTPOEHHOH ¢ momotibio EMMA-ananm3a,
TIpe/IroJiaraeT, YTo0 XUMUUECKUH COCTAB PEIHBIX BOJ
KOHTPOJIMPYETCSI CMEIIeHNeM TPeX BOIHBIX MACC pa3-
JINYHOTO M OTHOCUTEJIBHO CTabUILHOrO cocTasa. g
UX YCTaHOBJIEHUS OTOUPAIOTCS IIPOOBI BOII B PA3HBIX
MYHKTaX, XapaKTePU3YIONIUX MTOTEHIIUAJIbHbIE KCTOY-
HUKW MTUTaHU: aTMOc(epHble BOJbI, pa3JnyHble
THUIIBI IOYBEHHBIX U MMOJA3EMHBIX BOJL (C TIOMOIIIBIO JIO-
BYIIEK, JJU3UMETPOB, CKBAKUH, U3 POJTHUKOB U T. I1.).
PernpesenTatiBHbIE 110 OTHONIEHUIO K UCTOYHUKAM
MYHKTBI ONPEIEJNII0TCS yTeM aHaJIn3a [uarpaMm
cmertenwist | Christophersen et al., 1990]. Cpennne 3ua-
YEHUST KOHIIEHTPAIUI TPacCcepoB MO KasK/IOMY TTYHK-
Ty MPOENMPYIOTC B TOUKHU ByMepHOTO U-TIpocTpan-
CTBa MO/IEJIbHBIX TPACCEPOB.

Touxu, perrpe3eHTaTUBHBIE TTO OTHOIIEHUIO K UC-
TOYHMKAM, 00Pa3yIoT I10JIe CMELIEHUST TPEYTOAbHOI
(hopmBbI, BHYTPU KOTOPOTO OKa3bIBAIOTCS BCe (1I0UTH
BCE) TOYKH, COOTBETCTBYIOIINE PEUYHBIM IIpodaM, —
Py COOJIOAEHNN KOHCEPBATUBHOCTH CMEINBAHMKS,
[PaBUIBHOM 0TOOpE TPacCepoB U aJleKBaTHOCTU MH-
TepIlipeTaluyu UCTOYHUKOB. /[ajiee paccuuThIBAIOTCS
JIOJI UCTOYHUKOB B KaXKJIOM M3MEPEHHOM PAaCXO/Ie 10
ypaBHeHUsIM (2). B 3aki0ueH1e BBITIOTHSIETCS BaJH-
JIATTAST MOJIEJTH TTyTeM pacyeTa 1o YpaBHEHUSIM Mojie-
s emenieHud (1) Mo/IeTbHBIX KOHIIEHTPAIINiA Tpacce-
POB B PEYHBIX BOJAX ¥ CPABHEHU UX ¢ HAOJII01aeMbl-
MU KOHIIEHTPAIUSIMH.

OCOBEHHOCTH ®OPMUPOBAHUA
MOHHOTI'O COCTABA PEYHbBIX BO/]

O6uiag MuHepanusaiKs PeYHbIX BoJ bacceiiHa
HeBesmKa u kKosebiercs or 10 go 62 mr/a. B romy
MPOCJEKUBAETCS IBA MMKA MUHEPATU3AIINH, TIeP-
BBIIl — MPU MPOXOKIAEHUU BECEHHETO MOJOBOJIbS
(Makcumasbhble 3HaueHns 40—62 mr/ir), BTopoil — B
[IePUO/I TepPejl JIeIOCTaBOM Wi repemep3anviem (37—
45 Mr/i).

Conepxanue SOi_ B PEUYHBIX BOJIaX OTHOCH-
TeJIbHO BBICOKOE — B TIEPUOJI BECEHHETO TTOJIOBO/IbSI
OHO JocTUraeT HauboIbIUX 3HaYeHnit 15—-26 mr/i.
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[Tpu 3arszKHOM 1 PAcIIACTAHHOM IOJI0BO/bE MaK-
cUMaJbHOE CONepRaHue SO OoTMeYaeTcs Mpu
MTPOXO’KJICHUHN TIEPBBIX I0K/IEBBIX MTABOIKOB, IOCTH-
rast 40—47 %-axB. HaumeHnbInee comeprkanme 802
oTMeyaeTcst B aBrycre—ceHTssope — 5—10 mr/o (25—
28 %-9KB).

Ce30HHas IMHAMUKA cozepKaus SO 00y-
CJIOBJIEHA MUTpaIneil He3aMepaIleil BO/IbI 1 BOZOPAC-
TBOPHUMBIX BEI[ECTB B CTOPOHY (0Jiee HU3KUX TeMITe-
paryp: B 3MMHUI TIEPUOJL K TIOBEPXHOCTH JI€STETHHO-
TO CJIOST, JIETOM — BHU3 110 1ipodutio rpyHTa [Ilonos,
1967; Hsanux, 1978]. OcobeHHO SIPKO 9TO MPOSIBJIS-
eTcst B palloHax HersiyGOKOTO 3ajieraHust Cyab(u-
HBIX Py, T/le "HTEHCUBHOCTD (PU3UKO-XUMUUECKUX
MIPOIIECCOB B MEP3JIBIX TPYHTAX YCUITUBACTCS MTPOIIEC-
CaMM OKHCJICHIA cynbbunos [lsapyes, 1965]. lns
norna SO 4 TPOCTIERKMBAIOTCSA CTAaTUCTUYECKN 3HAYN-
MbI€ TEH/IEHIINN CHUKEHWST KOHIEHTPAIIUH 110 Mepe
YBEJIMYEHUST MOIITHOCTH CE30HHOTAJIOTO CJI0ST U KOJIU-
YecTBa BHIMANAIONUX OCAAKOB 3a TEMJIBIH CE30H
(puc. 2).

Anan3 cCOOTHOIIEHUS 502 / Ca?* nokasbisaer,
YTO JIJIST BCEX BOZIOTOKOB TIOJIMTOHA OHO B CPEJIHEM CO-
craBister 4—6, focTurad MakCUMaJIbHBIX 3HAUEHUIT
(10—16) B mepuoz TIOJIOBO/Ib. [ToBbItIeHHOE OTHOCH-
TenbHOe cofepkanne SO CBUIETETbCTBYET O TPH-
CYTCTBUU CYJTh(MUIHBIX Py B TIpejiesiaX TMOJUTOHa
Moror. B 6acceiinax pex Tumnron n Yynibmad, B
40-60 KM K ceBepy OT TIOJUTOHA, ATU PY/IBI UMEIOT
JIOCTAaTOUYHO NMIMPOKOe pactpoctpaHeHue | Pomues,
1965; Illsapues, 1965]. Bo3MOXKHBIMU UCTOUHUKAMU
noHoB SO;~ MOryT GbITh Takske aTMOChEepPHbIE 0cas-
KU, coztepxkantue 10 8—13 mr/x SO , ¥ cepa us Ge-
KOBBIX BEIECTB, 00Pa3yIONascsa MPU UX PA3IOKEHUH
B Pe3yJIbTaTe OKUCJIEHIs CEPOBOOPO/IA.

JIpyroil OTIMYNTENHHOM YepTOil HOHHOTO cOoCTa-
Ba dBjserca Munumanbhoe cojepxkanue HCO3
MIEePUO/T BECEHHETO TTOJIOBO/IbS U JIAJiee 10 CePETUHBI
JIeTa, KOrjla OHO HEPEKO YMEHBIMAETCS /10 aHAJH-
tudeckoro Hyns. Pocr coxepsxanna HCO; dukcn-
pyetcs B epuosa mexkeru 1o 10—20 mr/m, smuszonn-
yecku gocturast 25—27 Mr/J B 1mepuo riaybokoii
MeskeHH. MO0KHO PeNoJI0KUTh, YTO TJIABHBIM HC-
tToynukoM noctymiaenus HCOj; aBngiorces noysen-
HbI€ BOJIbl OTTASIBIIIETO JIeSTeTBHOTO c1ost. [Ipu mpo-
CaYMBAHUU BOJIbI B IOYBEHHOM IIOKPOBE BCJIE/ICTBUE
OKHCJIEHUST OPTAaHMYECKOTO BEIeCTBa COMEPIKAHIE
KHUCJIOPO/Ia yMeHbImaercd, a koandectso CO, yBesn-
YUBAETCs. Y TJIEKUCTIOTA CIYKUT HCTOYHUKOM 06pa-
soBanusa nonos HCOj3 , najmumne KOTOPBIX B PEUHbIX
BOJIaX SIBJSETCS WHIMKATOPOM Hadajia akTUBHOTO
y4acTus MOYBEHHBIX BOJI B TUTAHUU PEK.

Namenenne comepskanust nonoB Na™ + K* ompe-
nessieTcs pa3olt BOAHOTO peknMa. B mepuos moBwI-
IIIEHHOI BOIHOCTH TI0 BCEM CTBOPAM OTMEYAEeTCs TIpe-
obmaganue karnonos Na* + K* npu mosbimeHHoM
conepsxkanun katronos Ca®*. IIpu oTHOCHTENBHBIX

T T T T

T T T 1
0 20 40 60 80 100 120 140 160

h, cm
n] a2 o3

Puc. 2. 3aBucumocTtu comepsKaHus SOZ‘ B PEYHBIX
Bonax p. Hesnka ot rJIyﬁm-lbl NMpoTauBaHUus IOYB
h ¥ cyMMBbI OCaIKOB 3a c€30H X B TEIUIbIi MEPUOT
roja.

71— 1979-1980 rr., X = 350 mm, R> = 0.58; 2 — 1981 .,
X =495 mm, R2=0.78,37 1982 1., X =595 mm, R? = 0.35.

sHaueHusix Na* + K menee 15 %-sKkB. npeobJiagaro-
M KatruonoM ctanosutcs Ca?*, uro Hanbosee Ipko
MPOSIBJISIETCS B 3UMHIOI0 MeXeHb. KoHIeHTpanus
Mg2+ kosebercsa ot 0.3 1o 3 Mr/J1, 3aMeTHa TeHAeH-
1IST TIOBBITIIEHHOTO UX COJIEP’KAHUS BO BPEMSI 1TOJIO-
BOJIbSI M B TIEPUO/Ibl HU3KOTO CTOKA OCeHbI0. KoHIeHT-
pauus nonos Cl™ B TeyeHue TeIIoro neproia Hese-
JiuKa 1 KoJiebsiercst ot 1 710 5 MT/J1, He U3MEHSISICh TTPU
pocTe MUHEPATU3aIUN.

B Becennmii mepmos, Koraa AesATeIbHBIN CIOH
MTOYBOTPYHTOB €ITle He OTTasiJ, MUTaHWEe CTOKA OTpe-
JIeJISIeTCS] TIPEUMYTIECTBEHHO TasTHUEM CHEXKHOTO TI0-
KpoBa 1 00LIMPHBIX HaJie[eill. Boimagaromniye sKuaKmue
0CaJKM YCKOPAIOT Ipolecchl nmporausanus. O6pa-
30BaBMIAsICS BOJA MMOCTYIAET B pycJjia B BUJE IO-
BEPXHOCTHO-CKJIOHOBOTO CTOKA (110 KJaccudukanuu
[1.T1. BoponkoBa). XuMU4eCKUI COCTAB ATUX BOJ|
(opmupyeTces 1Mo BAUSHUEM CyTOYHbBIX KOJIeOa it
TeMIIePaTyPbl IOYBbI, MUIPALIMK COJIEH B CTOPOHY 00-
Jiee HU3KHUX TEMIIeparyp, epepacipe/ie/icHus UX B
pacTBOpe MPU MEPUOIUUECKOM 3aMOPAKUBAHUT 1
PasMOpAXHMBAHUH B TEYEHHE CYTOK. [Tpeobananve
ywora SO~ 4 B COCTaBE PEYHBIX BOJ MOKET PaccMaTpu-
BaThCSI B KauecTBe Tpaccepa creluGuaHoil BOIHOM
MacChl, CBI3aHHOW C 9TUMU TIPOIECCaMU.

B mepriosipl moBBITIIEHHO BOHOCTH (7I0K/I€BBIE
MTABOJIKK ) BOJIOTOKU OTHOCSITCS K CYJIb(aTHOMY KJIac-
cy rpynnbl Na* + K* nipu MuHHMaJIbHOM cojepKa-
nuu nonos HCOj3. Ilutanue cToka ocyiecTsisgercs
MIPEeuMYIeCTBEHHO MTOBEPXHOCTHO-CKJIOHOBBIMU U
[MOYBEHHO-TIOBEPXHOCTHBIMU BoJlaMu. B MexeHHbIe
MepUOIbl Ga3UCHBIH CTOK TUTAETCST COOCTBEHHO T0Y-
BEHHO-IPYHTOBBIMU BOjIaMu, C(hOPMUPOBAHHBIMU B
HUKHEN 9aCTH CKJIOHOBOU TOJIIITN PHIXJIBIX OTJIOKe-
HUI Ha KOHTAaKTe ¢ KOPEHHBIMU MTOPOIaMU, WH/INKA-
TOpPOM KOTOPBIX ABygerca non HCO;
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T.C.'YBAPEBA U JIP.

AHAJIN3 TPACCEPOB 1 HICTOYHHNKOB
IMNTAHHNSA B MOJAEJN CMEIIEHU A

Yucso onpenessieMbiX 0 OOBIYHON TIPOTpaMMe
PEKUMHBIX HaOJMIOAEHNI XUMUYECKHX TIoKa3aTeseil
HEBEJINKO, ¥ BO3MOKHOCTH T000pa MPUPOIHBIX
TpaccepoB OTpaHUYEHHBI. TeM He MeHee y/1aJloCh Haii-
v Hausyumuil BapuanT MI'K-pasnoskenus st Ha-
00pa MCXOAHBIX THAPOXUMUYECKHUX HOKa3aTeJIel,
BKJIIOUYAIOIIETO NOHBI SOj_, HCO;,Na" + K" n cym-
MY TJIaBHBIX MOHOB (X1), TPU KOTOPOM CyMMapHas
10JIsT 0OBSICHEHHOM IUCTICPCU T TIEPBBIMU JIBYMST KOM-
noHertamu cocrasisier 6osee 90 % (tabm. 3). 1o
03HAYaeT BO3MOKHOCTD OIPe/IeTICHIS TPEX UCTOTHH-
KOB MUTAHUS W OIEHKU MIPOMOPIIUIA UX CMENICHUS,
006y CIIOBJIMBAIONINX PA3TINYUST B XUMUYECKOM COCTABE
peunbixX Boz. [IpuMepsl aparpamMm cMeleHus B 1po-
CTPAHCTBE TIEPBBIX /IBYX TJIABHBIX KOMIIOHEHT TIPE]I-
CTaBJICHBI HA pUC. 3, rpahUKN HATPY30K MTOKA3aHBI HA
Bpeskax. /lyig Bcex BOJZOTOKOB MakCUMaJbHAs Ha-
rpy3Ka 110 IIePBO I'TaBHOUW KOMIIOHEHTE TTPUXOIUTCS
ma Xu u Na* + K*. Makcumasbrast Harpyska 1o BTO-
poii koMnoHeHTe Beeraa npuxoautcs Ha non HCO; .

Taxum o6pasom, TiepBast TJaaBHast KOMIIOHEHTa
00BsICHSIET BAPbUPOBAHUE XUMUYECKOTO COCTABA
BOJIbI, TTPOSIBIISATONIEECS B MI3MEHEHUN MITHEPAIN3a-
WU, BTOPas — B M3MEHEHUU COJEPKaHWUS MOHA
HCOj5 . MoxHOo npeAnonokuTh, 4To HuandecKnii
CMBICJI TIEPBOI KOMIIOHEHTBI COCTOUT B OTOOPAKEHUN
U3MEHEHUH TOJIOKEeHUsT 0OacTu muTanust (ToBepXx-
HOCTHOE, TIOYBEHHOE U T. [I.), KOTOPOE TECHO CBS3aHO
¢ ¢azoii BOTHOTO PeKUMa, 2 BTOPOIf KOMITOHEHTHI — B
0TOOpaskeHNN U3MEHEHUN MOIHOCTH JIESATENLHOTO
CJI0ST B pe3yJIbTaTe MPOTAauBAHUS. JTO COBIA/IAET C
MOJTYYEeHHOU paHee WHTEPIPETAIUEN TTTaBHBIX KOM-
noHeHT st pek Baiikanbeckoro permona B pabore
[ Cemenos, Cnoimro, 2013].

Anramms rpaduKoB “ocTaTKU—U3MEPEHHBIE 3HA-
yenusi” (puc. 4) MO KaXJIOMY Tpaccepy MOKa3bIBaeT
OTCYTCTBHE CTPYKTYPUPOBAHHOCTH U HU3KYIO TECHO-
Ty cBsizell (cM. TabIr. 3), 9TO TO3BOJISIET TIPUHSITH TU-
MOTEe3y KOHCEPBATUBHOCTH JIJIST KasKJIOTO Tpaccepa.
Vcnosb3oBaHiie IPHHATOTO Habopa TPaccepoB B MO-
JIEJTTA CMEIIEHUST CTATUCTUIECCKE 060CHOBAHO U PaTlH-
OHAJIBHO UHTEPIIPETUPYETCSL.

Koudurypartus mosist cmenieHust B IpocTpaH-
CTBE TJIABHBIX KOMITOHEHT YETKO JIEMOHCTPHUPYET Tpe-

yrobHyIo (hopmy 1715 BeexX pek. JleTtanbHo paceMoT-
puM auarpammy cmentenus st p. Henka-2 (cwm.
puc. 3, a). CTOPOHBI TPEeyTOJIbHUKA TTPOBOASTCS KaK
orubaromiye moJs TOYEK, BEPUIMHbL TPEYTOJIbHIKA
MPEJICTABJISAIOT MOJOKEHUS THITOTETHIECKUX UCTOY-
HUKOB, UHTEPIIPETAINS KOTOPBIX BO3MOKHA HA OCHO-
Be aHaJIM3a XapakTepa Mpoo, TATOTEIOMINX K KaKIOMY
U3 HUX.

B6mm3u 1-ro nCTOUHKMKA PACoNaraloTes B 0C-
HOBHOM peuHble 11po0bl, 0TOOpaHHbIE BO BPEMsI Be-
CEHHero moJoBoibda. Kparko OyaeM HasblBaTh 9TOT
HCTOYHUK TAJIO-MEP3JIOTHBIM, TAK KaK OH ITPE/ICTABJIS-
€T BOJIHYIO Maccy, CBSI3aHHYIO CO CTAaBAHUEM BHYT-
PHUITIOYBEHHOTO JIb/Ia, PYCJOBBIX U TOMMEHHBIX HaJIe-
Jleli U CHEKHOTO TIOKPOBa. Y CJIOBHBIN XUMUYECKUN
COCTaB 9TOTO UCTOUYHWKA BKJIIOYAET MaKCUMATbHOE
110 CPAaBHEHWIO C JIPYTUMU COJiepKaHne SO? - 20—
36 mr /s, MUHIMaNTbHOE (Ha YPOBHE aHATUTHYECKOTO
nyna) copepxkanue HCOj, comepxanue HOHOB
Na® + K*, paBroe 7.0-8.5 Mr/s1, MUHepaIn3aI{nio
35—-40 mr/71.

[Ipeamnosaraemsblii reHe3nc 2-ro UCTOYHNUKA — J10-
JKJIEBOIL. BOJIM3HM 9TON BEPIIUHBI PACTIOJIATAIOTCST Ped-
Hble TPOGKI, OTOOPaHHBIE Ha MUKE J0KAEBbIX TTABO/-
KOB, IPEUMYIIECTBEHHO aBrycTOBCKUX. OUeBUIHO,
4TO IIpU OOUJIBHBIX U PEryJIAPHBIX OcafKkaX (cyMMa
0CaJIKOB B aBTyCcTe MakcuMasibHa u coctasisiet 130—
200 MM) J10K/I€BBIE BOJIBI CTEKAIOT 10 MUKPOPYYEii-
KOBOW CeTH, IpeHUPYIOTIell BEPXHUH MepeyBIasKHeH-
HBIM MOYBEHHBIN CJION. Y CIOBHBIN XUMUYECKUN CO-
CTaB JIOXKJEBOTO UCTOYHUKA: COJlepKaHue SO? o
CPaBHEHWIO C JIPYTUMU MUCTOYHUKAMU MUHUMAJb-
HOE W COCTaBJsIET 0KoJIo 4.5—7.0 MT/11, comepkanme
HCOj nuskoe — 0T aHaIMTUYECKOTO HYJIg 10 3 ML/,
BemmunHa MuHepamusaiun 10—12 M/, cogepskanue
Na* + K* B npegenax 0.1—1.5 mr/i1.

Wcrounuk 3 cabo ocBelleH pedHbIMU IPpodaMu
(cM. puc. 3, @), 0JHAKO K HEMY TATOTEIOT IIPOOBI, 0TO-
OpaHHble B IIepuo MeskeHn. [TpeanooKuTenbHO re-
He3HMC 3TON BOJHOM MacCChI CBSI3aH C TepeyBJIa’KHEH-
HBIMU [TOYBOTPYHTAMM, KOTOPbIE (DOPMUPYIOT OC-
HOBHOE TIUTAaHWE PEK B MEPUOIBI MEKEHHOTO CTOKA.
Yca0BHBIN XUMHUYECKNUU COCTAB BOJ[ 9TOTO UCTOY-
HUKa: cojiepsKaHme SO%‘ HEBEJIUKO U COCTABJISIET
9-13 mr/n, conepxanne HCO3 makcumanbHoe 110
CPaBHEHUIO ¢ IPYTUMHU UcToOYHUKaMu — 15—50 mr/u,

Tabaumna 3. Beauuunsi 06bsicHenHoi aucniepeun (A) Kaxaoii raasuoi komnonentsl (I'K)
U cymmapHoii aucnepenu (Ayp), 00bsicHeHHO# nepBbivu aByMms TK,
k03¢ PunuenTsl AetepMunanun ( R?) cBsA3U “OCTaTKH—HU3MepeHHbIE 3HAYeHH”
A, % R?
Peka-crBop 7 — N N
M1 I'K1 I'K2 I'K3 T'K4 SO; HCO;4 Na* + K u
Hesnka-2 93.2 56.7 36.5 6.0 0.80 0.063 0.033 0.137 0.037
Henxa-3 94.5 62.6 319 4.8 0.70 0.060 0.019 0.114 0.026
3axapeHok-4 95.2 65.6 29.5 4.0 0.90 0.051 0.016 0.097 0.028
Onnxc 914 584 329 8.0 0.70 0.107 0.006 0.195 0.133
Ouinnep-1 94.5 65.2 29.4 4.6 0.90 0.056 0.017 0.112 0.031
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Puc. 3. [luarpammsl cmenienust Bog p. Heaka-2 (a), p. 3axapeHok-4 (6), 10 COBOKYIHOM BbIGOPKE PEUHBIX

npob (6).

Peunbie ipobsr: 1 — p. Henka-2; 2 — p. Heaka-3; 3 — p. 3axapeHok-4; 4 — p. Onukc; 5 — pyu. @uiuniep-1; Mojie/IbHble HCTOYHUKH:
6 — TaI0-MepP3JIOTHBIH, 7 — IOK/IEBOIT, 8§ — MOYBEHHO-CKJIOHOBBIIT; TPOOBI ICTOYHUKOB (Cpe/IHEB3BElIeHHbIE 3HAYeHNS ): 9 — HasleIeil,
10 — ocankos [ @omues, 1965], 11 — nouBEHHBIX BOJL € BOAHO-6aaHcoBOl 1iomanku Ne 3; 12 — cuera. IIITpUXOBbIE JIMHUU € OIpa-

HUYHUTEJIAMU — IPe/1eJibl USMEHEHHA 110 COOTBETCTBYIOIIUM BI)I60pKaM JIAaHHDBIX.

cozepkanne Na™ + K* — 7—15 Mr /1, MuHepasusaiusi  Thl IUTAHUST PEKU UCKJIIOUUTETHHO ITUMHE JIBYMsI BU-

40—-70 mr/n. 3ameTHa TEHEHIUS PACIOJIOKEHUS  JlaMU BO/I.

HEKOTOPOTO YMCJIA PEUHBIX P0G Ha TPSIMOIT MEKIY [IpsMbIM MOATBEPIKIEHUEM aJIeKBATHOCTH 110-
2-M ¥ 3-M UCTOYHUKAMU, YTO YKA3bIBAET HA MOMEH-  CTPOEHWUS TUArPAMMbI CMEIIEHUS SIBIISIETCS PACTIOJIO-

39



T.C.'YBAPEBA U JIP.

N
1
*
*
>
>
*
*

OcTatku, Mr/n
I
N o
1 1

|
N

1
-

o
—_
o
N
o
w
o

OcTaTku, Mr/n

T T
0 5 10 15 20

M3MepeHHble KOHLEHTpauum, Mr/n

_8 T T 1
0 25 50 75

M3MepeHHble KOHLEHTpauumn, Mr/n

Puc. 4. 3aBucumocTH cBs3M “ocTaTKu—U3MepeHHbIe 3HaueHus” mist p. Heaka-2.

a— SO ;6 HCO;;6—Na'+K'z—Zu.

JKeHHe Ha Hell OTAeIbHBIX UMEIOLIMXCs IIPO6 U3 IIpej-
[oJlaraéMbIX HCTOYHUKOB MUTaHUsI. EquHuYHbIE TIPO-
OBl HaJleAHbIX BO, 0TOOpannbie 9 anpens 1982 r. B
HECKOJIBKHMX TOYKax OOUIMPHON Hajean Ha p. Moror,
pacrosiaraiorcs BOJIM3U BEPIIUHBL 1-r0 HCTOYHMKA,
MOJITBEPIKIAST €TO TAJI0-MeP3IOTHBIN xapakTep. O ToMm
JKe CBUJIETEJILCTBYIOT TPU ITPOOBI aTMOCHEPHBIX OCal-
KOB B BuJie cHera (cm. tabu. 2), oroOpaHHbIX B bac-
ceiire p. Henka u pacrnosaraioniuxcs 1mo rpaHuiie
TPEYTOJbHUKA CMETTEHUST MESK/Y TaJI0-MeP3JTOTHBIM
U IO’K/IEBBIM UCTOYHUKAMU.

BBuy orcyTcTBUS HAOIIOACHUH 32 XUMUUECKUM
COCTABOM JKUJIKUX aTMOC(EPHBIX 0CAJIKOB B IIPe/iesiax
Gaccelina, NCIIOIb30BANNCH AaHHble TAKUX HaOJII0/1e-
HUH B paitone moc. Yymapman | Domues, 1964]. Ocpen-
HEeHHbIE 3HaYeHUs KOHIeHTpaluii 1o 8 npobam, 0To-
OpanHbIM B uiosie u asrycre 1960 r., Ha quarpamme
CMEINEeHNsI AI0T TOUYKY, IIPAKTHUYECKN COBTIAIAIOTILY O
C TIOJIO’KEHWEM TUIOTETUYECKOTO JI0KIEBOTO UCTOY-
HUKa.

Cpeau npob IOYBEHHO-CKJIOHOBBIX BOJI, OTOMU-
PaBIIKMXCS Ha TPeX BOAHO-0AIaHCOBbIX ILIOMIAKAX,
HauboJiee perpeseHTaTUBHBIMU OKa3aJluch OTOOpaH-
Hele Ha mromaake Ne 3. OcpegHeHHbIE XUMUIECKUE
[HOKa3aTeJu 9TUX MPod B IMPOCTPAHCTBE IJIABHBIX
KOMITOHEHT 3aKOHOMEPHO PACIIOJIaraloTCs Ha CTOPOHE
TPEYTOJbHUKA, COEIMHSIONIEN JOK/IeBON U MOUBEH-
HBIH UCTOYHUKH (CM. puc. 3). A oTHesnbHbIe TIPOOHI,
oToOpaHHbIE B IIEPUOJ] MEKEHH, COBIIALAIOT C MECTO-
M0JI0’KeHNEM UCTOUYHUKA 3 (TI0YBEHHO-TPYHTOBOTO),
YCTaHABJIUBAEMBIM 110 (hOpMe TuarpaMMbl CMETIeHUS.
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JluarpamMMmbl cMeIIeHusT OCTAIbHBIX BOJIOTOKOB
MPUHITUTTHATBHBIX PA3ANInii He nMetoT. OHaKo TIpH
WX TIOCTPOEHUN BO3HUKAIOT HEOTIPE/IEIEHHOCTH TIPH
YCTAHOBJIEHUW TTOJIOKEHUS MOYBEHHO-TPYHTOBOTO
MCTOYHUKA M3-32 MEHBINENH OCBEIEHHOCTH TAaHHBIMU
HabmogeHnii. MIAeHTUYHbI B AMarpaMM CMelie-
Husi B U-TIPOCTPaHCTBE, a TakKe TpauKOB Harpy30K
Y BCEX BOJIOTOKOB TTO3BOJISIET YTBEPKIATD, UTO TIPO-
I[ECCHI CMETIEHUS MPEJIITOJIaraeMbIX TPEX UCTOUHUKOB
MUTAHUA, KOHTPOJUPYIONINE XUMUIYECKUI COCTAB
PEUYHBIX BOJI, €ITHOOOPA3HBL.

Kpowme toro, anajims o0beJuHeHHON A1arpaMmbl
CMeIeHus [IJIsl 3aMbIKalolero creopa p. Hemika-2
(cM. puc. 3, 8), Te HaHeCEeHbI U BBIOOPKY PEUHBIX
pob BIIOKEHHBIX BOJ0COOPOB 10 MeTouke | Hooper,
2003], noka3bIBaeT, 4TO MPAKTUYECKU BCSI COBOKYII-
Has BBIOOPKa 00pa3yer OJHO IIPOCTPAHCTBO CMelle-
HUsI, OTPAHUYEHHOE YK€ BBISIBJIEHHBIMU UCTOYHUKA-
MU TtuTanus. Bee 9To yKazbiBaeT Ha OJHOPOIHOCTD
mpoiteccoB (POPMUPOBAHMUS CTOKA U €JIMHCTBO (PaKTO-
POB, KOHTPOJIUPYIOIUX €T0 XUMUYECKUI COCTAB, JIJIS
Bcero Gacceiina p. Heska.

KOJMYECTBEHHOE OIIEHIIBAHUE
TEHETUMYECKHUX NCTOYHUKOB IITMTAHHNA

Pacuet rosieit MICTOYHUKOB MTUTAHUS TTPOU3BE/ICH
10 MOJIETU CMellleHust Jiist cTBopa p. Heska-2 ma kasx-
IyI0 aTy 0TOOpa PEYHBIX MPOG st BCETO Meproia
HabGmogennii (puc. 5, a). IlyreM moMecsyHOro ocpe/i-
HEeHUs BbIYUCJIEHHBbIX 3HAYEeHUI 3a BCe T'Oo/1bl Ha6.HIO-
JIEHUH TTIOCTPOEHO TUTIOBOE pasjieieHue ruaporpada
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Puc. 5. IIpumep pasaenenus ruaporpada croka p. Henka-2 nmo ucToyHMKaM IMUTaHUS:

a —3a1982 r., 6 — tunoBoe pazzenenue rugporpacda. Vicrounuku: 7 — Taso-MepaIoTHbI, 2 — MOYBEHHO-TPYHTOBbIN, 3 — 10K/I€BOIL.

CTOKA 110 UICTOYHUKAM uTanus (CM. puc. 5, 6), Ha KO-
TOPOM IIPOAEMOHCTPUPOBAHDI 0COOEHHOCTH B3aMMO-
NENCTBUS TATIO-MEP3JIOTHOTO, I0K/IEBOTO U TIOYBEH-
HO-TPYHTOBOTO nuTanus. /loss Tano-Mep3a0THOTO
MUTaHUs 3HAUNTENbHA U cocTaBisieT oT 20 10 40 % B
TE€YECHME BCETO IIepuoa IMprn MaKCUMaJIbHBIX 3Ha4Ye-
HUSIX B MIOHE—UI0JIe. 3aMETHOE €ro COKpalieHne Ha-
uyHaercsa ¢ ceHTaops (¢ 27 1o 14 %), HO OJIHOTO
[IPEKPAIIEHUST He TIPOUCXO/IUT.

JloJist 1O AEeBOrO CTOKA B PEYHBIX BOJAX IIPe0d-
Jajaer B TeueHne Beero mepuoga — ot 40 1o 70 %.
Hawnbosbiiie BeTMIUHBI €€ TIPUXOIAATCS Ha aBIyCT,
BBICOKAST JIOJIST IOK/IEBOTO TTUTAHUST HAa (POHE YMEHbB-
IIEeHUS CYyMM OCQJIKOB B OCEHHUI MTEPUOJT COXPaHs-
eTcsl J1o peKpalileHust cToka. Bolajgamoiime B ceH-
Ta6pe—0KTAOPe TBEPAbIE OCAAKU IIPU IPOLOJIKHI-
TeJIbHBIX TOJOKUTENHHBIX THEBHBIX TEMITepaTypax
BO3/lyXa TalOT, IPOCAYUBASICh B €llle He 3aMep3IIuii

TaGauna 4. OlieHKa KauecTBa MOJEIMPOBAHNS KOHIEHTPALUii Tpaccepos no cpentemy ( X ),
CTaH/IAPTHOMY OTKJIOHEHHIO ($), K03 DUIHEHTY KOppeasanuu () MKy H3MEePEHHBIMH U MO/I€JIbHBIMH 3HAYEHUSIMU
Xapaxcre- x X0, s Syo; r X, X Sy s r
pUCTHKA u3M MOJL U3M MOJL U3M MOJI M3M MOJI
Cogoxynnas evibopra p. Henxa-2 Cosokynuas evibopra p. OHurc
SO;~ 13.0 14.1 5.05 5.09 0.93 15.4 15.1 6.24 6.55 0.95
HCO;q 4.31 495 571 5.81 0.98 3.51 5.37 5.06 5.24 0.98
Na* +K* 4.98 4.75 2.77 1.89 0.90 5.08 4.27 297 1.29 0.90
Zu 28.2 281 8.70 8.97 0.98 30.6 30.6 8.76 9.13 0.97
Cosoxynmas evibopka p. Henxa-3 Cosoxynmnast svibopka pyy. Qununep-1
SO;~ 13.9 12.9 5.16 3.51 0.94 15.0 13.1 5.94 3.14 0.95
HCO;5 2.07 4.04 2.07 3.79 0.98 1.39 3.60 3.57 6.05 0.99
Na* + K* 5.75 3.77 3.09 1.20 091 5.38 4.06 2.85 1.14 0.92
Zu 26.7 28.6 8.87 8.89 0.97 27.6 32.2 9.08 7.99 0.94
Cosokynmasi evibopka p. 3axapenox-4
S0 13.9 13.8 5.54 4.20 0.95
HCO; 1.51 2.31 3.01 3.57 0.93
Na* + K* 5.25 4.36 2.64 1.53 091
Zu 259 28.8 8.73 8.38 0.97
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JIeSITeJIbHBIN CJI0H TOYBOTPYHTOB, YACTUYHO CTEKAIOT
¢ BOJI0COOPa, YaCTUIHO AKKYMYJIUPYIOTCS B JIESITEb-
HOM CJI0€.

[loJisi TOUBEHHO-TPYHTOBBIX BOJI HE3HAUUTEIbHA
u Bapsupyert o1 3 10 30 % (cMm. puc. 5, 6). Jlas atoro
THUIIA BOJHOTO ITUTAHUS XapaKTepHa TEHIEHIINUS yBe-
JIMYEHUST K OCEHU ¢ MAKCUMAJIbHBIMU 3HAYEHUSIMU B
Hos6pe. TIpu MakcUMaIbHONW MONIHOCTH IJIyOWHBI
[POTAuBaHUs B CEHTSAOPE U HE3HAYMTEJbHOM aTMO-
chepHOM yBJIAKHEHUH BKJIA/ TIOYBEHHO-TPYHTOBOTO
HCTOYHUKA MOKeT ObITh cymiecTBeHHbIM — 10 % (cM.
puc. 5, 6), a B orienbHbie rogbl — 20 %. YKazaHHYIO
TEHJICHIINIO0 CUCTEeMATUIeCKU HAPYIIAIOT TOXKIEeBbIe
MaBOJIKU, YACTO TPOXOJAIINE B CEHTIOPE, a 3a1machl
AKKyMYJIMPOBAaHHBIX B OacceiHe J0KIAEBBIX BOJ Cpa-
GarbiBaloTCs B OKTAOpe—HOosa6pe (eM. puc. 5, a). Jlo
MOMEHTA CMBIKAHUSI KPOBJTH CE30HHOTO TIPOMEP3aHUs
Y MHOTOJIETHEMEP3JIBIX TTOPOJI IUHAMUKA TTUTAHWS
PEUYHBIX BOJI OIPEIENISIETCSI COOTHOIEHUEM JOK/Ie-
BOTO M TIOYBEHHO-TPYHTOBOTO UCTOUHUKOB TIPH OT-
HOCHUTEJNbHO CTaOWIBHON Z0JIe TaJ0-MEP3JI0THOIO
MATAHUS.

[IpoBepka KavecTBa MOIETNPOBAHUST KOHIIEHT-
panuii TpaccepoB MOKaszaja XOPOIIe Pe3yabTaThl
(tabu1. 4). KoadduumeHTsr KOppessiuy BCex 3aBUCH-
MmocTeii Boitiie (0.9, a urcIoBble 3HAYEHUST TTaPAMETPOB
BBIOOPOK JIOCTATOYHO GJIUBKH. ITO CBUAETEIBCTBYET
0 BBICOKOI TOYHOCTH MOJIEJIBHBIX OI[EHOK TeHeTnJe-
CKWX THUIIOB TTUTAHWS PEK.

BbIBO/IbI

B pesysibraTe nccie10BaHMs yCTAHOBIEHA BO3-
MO3KHOCTb BbiTtoTHeHUsS EMMA-MoziesiupoBanmst Ha
OCHOBE JIAaHHBIX, TIOJYYEHHBIX 110 CTAHAAPTHBIM MPO-
rpaMMaM THAPOJIOTHYECKOTO ¥ THIAPOXUMUIECKOTO
MouuTOpuHTA. [T0 cpaBHEHMIO CO CIIEIUATBLHBIMU UC-
CJIEJIOBAHUAMHU 110 UCTOYHUKAM TTUTAHUS PEUHOTO
CTOKA TaKWe JaHHbIE XapaKTePU3YITCS HU3KOI Jac-
TOTOI 0TOOPA MTPOO, OTPAHUYEHHBIM YHCJIOM OTIpe/Ie-
JISIEMBIX TTAaPaMeTPOB.

Tewm He MeHee yTeM 00001IeHNsT TAHHBIX MHO-
TOJIETHUX HAGJIIOMEHUH YIaT0Ch TIOCTPOUTD MOJIEITH
CMeIIeHMsI, XapaKTepU3yIolrecs: BBICOKON TOYHO-
CTBIO BOCIIPOU3BEIEHNS] XMMITUYECKOTO COCTaBa Pey-
HbIX BoJI. KoaddutmeHTsr KOppessiiii MOIETbHbIX 1
HAOJII0/IAEMBIX PSAI0B KOHIIEHTPAIIN JIJIsT BCEX Tpac-
cepoB Bbite 0.9. C nomonpio EMMA-ananusa, ¢
[PUBJIEYEHUEM J[OTIOJHUTETHHBIX HAOJIOEHUN 32
(hOHOBBIM XUMUYECKUM COCTABOM OCAJIKOB, 000CHO-
BaHO HAJWYWE TPEX OCHOBHBIX UCTOUYHWKOB TTUTA-
HUST — TAJI0-MEP3JOTHOTO, IOK/IEBOTO M MTOYBEHHO-
TPYHTOBOTO.

Pacuer mo mojnenu cMenieHus AJs CTBOpPaA
p. Hesrka-2 moxasad, 4T0 015 OKIEBOTO TUTAHWS B
PEYHBIX BO/IAX B TEYEHHUE BCETO MEPHO/IA MPeodIaiaeT
u Bapbupyer ot 40 110 70 %, ¢ MAKCUMYMOM B aBTyCTe.
Jlozst Taso-Mep30THOTO TUTaHus cocTasiisgeT ot 20
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10 40 %, ¢ MAaKCUMYMOM B MIOHE—HUIOJIE 1 3aMETHBIM
COKpaIlleHIeM B CEHTs0pe, HO IIOJIHOTO €ro IpeKpa-
IEHNA HE ITPOUCXOAUT. ZIOJIH TIOYBEHHO-TPYHTOBOT'O
nuTaHus coctasisteT oT 3 10 30 %, ¢ MAaKCUMyMOM B
OKTsI0pe—Hos0pe Ha (POHE PE3KOr0 CHUKEHMSI BOLHO-
cTH peku. Yncso u coctaB HCTOYHUKOB, 3aKOHOMEP-
HOCTHU UX CMEUICHNA OTJINYAIOTCA HpOCTpaHCTBeHHOﬁ
U MHOTOJIETHEN YCTONYMBOCTBIO, UTO TTO3BOJIUJIO BbI-
MOJIHUTH TUTIOBOE pasfiesieHue ruaporpada cToka 1mo
UCTOYHUKAM ITUTAHUS 17151 cTBopa p. Heska-2.

Cy1ecTBEHHBIM Pe3yJabTaTOM HCCAET0BAHUSI,
OTpaKkaONUM CIENN(PUKY KPUOJUTOIOHDI, CIEAYET
CYUNTATh UAEHTUMDUKAINIO U KOJTMIECTBEHHYIO OI[eH-
KY 3HAUUTEIBHON JIOJIA TATO-MEP3JIOTHOTO UCTOTHH-
Ka MATaHWs B TeYEHNE BCETO MEPUOJIa HAJTMIHU CTOKA,
YTO CBSI3aHO € TIPUCYTCTBUEM B GacceliHe MHOTOJIET-
HEMEP3JIBIX TMOPO. ITOT Pe3yJIbTaT KOPPEIUPYET C
JQHHBIMI, TIOJTyYeHHBIME paHee B [Tpubaiikaibe [ Ku-
wyzuna u 0p., 2016]. PesyibTaThl HCCIe10BAHKU YKa-
3BIBAIOT Ha BBICOKYTO A(D(EeKTUBHOCTD METO/IOB TPaC-
CEepHOIT THIPOJIOTHH B KPUOJIUTO30HE, BO3MOKHOCTD
pacuupenus ux uHGOPMALMOHHON Oa3bl 32 CYET
MIPUBJIEUEHUST PEKUMHON nH(popmaru cetn Pocru-
pomera.

Paboma evinoanena npu noddepycxe PODU
(npoexmor Ne 16-05-00182, 17-05-00217) u PH®
(epanmot 16-17-00105, 17-77-30006 ).
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