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IM'mapoxumMuyYeckHil COCTAB KAK OHH U3 HHIAMKATOPOB COBPEMEHHBLIX YCIOBHH
¢opmupoBanus o3ep (Ha npumepe r. SIkyrcka)

A.A. Pydosa’, M.U. Kcenodontosa™

"Axademusn nayx Pecnybauxu Caxa (Axymus), 2. Axymex
" Huemumym npuxnaonou sxonozuu Cesepo-Bocmounozo edepansrozo ynusepcumema, 2. AAkymck

Paccvmampusaemes OUHAMUKA 2UOPOXUMUYECKOZO0 COCMABA 6000eMO6, KAK 00HO20 U3 UHOUKAMOPOE CO-
spemennuix yerosuti hopmuposanus osep. Ozepa 2. Axymeka 6 nepuood ucciedo8anus NO XUMUIECKOMy €O~
cMagy omHocames K 2uUOpOKapBOHAMHO-HAMPUEEOU 2pynne, N0 MUHEPanu3ayuu — CpeOHeMunepanu308an-
nole, umeom caabowenouHvIo cpedy U YMepeHio -Jeecmryio 600y. I1o MakposnemMeHimnomy cocmasy 6vaeie-
Hbl 03ePa C GLICOKOL U HUKOT KOHYenmpayuet MakposnemeHmos. JJo6onbHo wuporo npedcmasiensl ouo-
SeHHbIE Beujecmeasa, HEKOMOPLIE U3 HUX 3aMenHO Npesbiiiaim Hﬂf{,ﬁ, [UHPOKO pacnpocmpaneHbl maxiue
MUKPOIAEMEHMDBL, KAK CEUHEY, Meob, YUHK U mapeaney. Ommevaemcs oéu;aﬂ ??i(?Hd(:’Hl{uR }’BE.’TH‘IQH‘HH co-
depaicanus ux, no ne npesviuaoweco npedenst IIK, ;. Paccuuman cymmapuniil yoenvrul KoMobunamopoli
UHOEKC 3a2PAZHEHHOCMU BOObL, NO IHAYEHUAM KOMOPO20 UCCAeOVeMble 20pOOCKue 03epa OMHOCAMCA K 3a-
epasnennvim. ITpu amom no zooam uccredosanus H3B xkoreGaemes om wucmelx 00 3azpasuennvix. Ha ocnose
auHaIu3a 1umepamypHblx UCIMOYHUKOS U cobcmaeHHbIX 86180008 pa3paﬁnmana cxeMa anmponoceHnos0 803+
oetcmausa na ROBEPXHOCINHBLE 800l 03€ep 2. )i’r\jvmcxa Ho mpem HanpasieHuiam —_1facm1r1aﬁv, gpemenu u xa-
paxmepy 8030€HCMEUA.

Ktouesble ¢ioBa: T’MAPOXMMHUUECKHH cocTas, JOpMHUpOBaHHE 03ep, TOPOJICKUE o3epa, T. SKYTCK, Makpo-
371EMEHTBI, MUKPO3JIeMeHThI, OHOTEHHBIE BEIIECTBA, AHTPOIOT€HHOE BO3ICHCTBHE.

The dynamics of hydrochemical composition of Yakutsk city lakes as one of indicators of modern condi-
tions of the lakes formation is considered. The lakes on their chemical composition belong to sodium bicar-
bonate group, are medium mineralized, slightly alkaline and moderate hardwater. On macroelement struc-
ture the lakes with high and low concentration of macroelements are revealed. Biogenic substances are quite
widely presented, some of them considerably exceed maximum permissible concentration for culturally
household water use. Such microelements as lead, copper, zinc and manganese are widespread. General ten-
dency of increase of these microelements contents is noted, but not exceeding limits of maximum permissible
concentration for culturally household water use. The total specific combinatory index of impurity of the wa-
ter calculated on which value the studied city lakes belong to the polluted ones. By years of the study the total
specific combinatory index of impurity of the water fluctuates from pure to polluted. On the basis of analysis
of the references and own conclusions a scheme of anthropogenic influence on surface waters of the lakes of
Yakutsk city in three directions — on scale, time and nature of action is developed.

Key words:hydrochemical composition, formation of lakes, city lakes, Yakutsk city, macroclements, mi-
croclements, biogenic substances, anthropogenic influence.

XHMUYECKHH cOocTaB NMPUPOIHOH BOJBI OMpeae- porta. KomuyecTBO pacTBOPEHHBIX BEIIECTB B TAKOH
NI9eT TIpedlecTBYrOUas eMy UCTOpPHs, T.e. TTyTh, Boze Oyaer 3aBUceThb, C OAHOW CTOPOHBI, OT COCTa-
COBEPIUIEHHBIH BOJIOW B Mpollecce CBOEro KpyroBo- Ba TeX BEIIECTB, C KOTOPLIMU OHA COTPHKAcamach, ¢

IpPYroil — OT YCJIOBHH, B KOTOPBIX TIPOMCXOIHITH
3TH B3auMmoaeicTBua. Kak Te, Tak v Ipyrue, MoryT

‘PYOOBA  Anena  AdanackeBHa —  M.H.C., OBITE CAMBIMH PA3TMYHLIMU U TIO3TOMY TaK pasHo-
alenaruf@inbox.ru; ““KCEHO®OHTOBA Mapra Mga- ofpa3eH KauecTBEHHBIH COCTaB TPUPOIAHON BOIBI
HOBHA — K.TEOrP.H., H.C., ksemaria@mail.ru. [1], uTo ocobeHno sApKo OTpaxaeTcs HAa XMMHYE-
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CKOM cOCTaBe BOJ TOPOJACKHX O3ep, IAe BO3JeHCT-
BHE Ha DKOCHCTEMY, B TOM YHWCIIE HA BOIHYIO, HO-
CUT MHOTOTIITAHOBBIH XapakTep.

MatepuanoM Hcclle10BaHWA  MOCTYAUIN  TIO-
BEPXHOCTHEIE BOJBI 03€p, PACTIONOKEHHBIX Ha Tep-
putopuu 1. Sxytcka — benoe, XaTwiHr-HOpsx,
blteik-Kioens, Ceprensx n Caficapsl, B kaxmom
o3epe BBIOpaHBI [Be MOCTOSHHBIE CTAHUWK OoTOOpa
npod Boawl. OtHop npouseoauics, cormacHo FOCT
P 51592-2000 «Bona. O6imme tpeboBanus k otdo-
py mpoG», B MepUOA OTKPBITOH BOIBI C WIOHS TIO
cenTsope B Tewenne 2009-2014 rr. Beero u3 10
MOHWTOPHHTOBBEIX Touek coOpano u obpaborano
240 npob Boawl ¢ mpoBeaeHHeM Mopdonoruyecko-
ro U reobOTAHWYECKOro ONUCAHHA TUIOLIAJKH MC-
ClleJOBaHUS.

XUMHKO-aHaTUTHYECKWE HCCTeIOBAHNASA TTPOBO-
IUIUCh B JTladopaTtopuM (PU3MKO-XUMUYECKUX Me-
TonoB anamuza HHHUIIDC Cerepo-Boctounoro
themepansHOro yHHBepcHTeTa (arrectaT aKKpedM-
taumn Ne POCC RU.0001.517741 ot 15.03.2010 1.).

WUccnenyemsie o3zepa r. Skyrtcka mo kmaccudu-
katmu O.A. Anekuna [2] B GO/BIIMHCTBE CBOEM
OTHOCATCS K THAPOKApOOHATHO-HATPHEBOH TpyTire.
ITpu 3Tom 03. blTeik-Kroens, B 0TTHYHE OT IPYTHX,
B TIEPBBIE TO/IbI UCCIIEA0BAHUA XaPaKTEPHU30BAIIOCh
rAApoKapOOHATHO-KATBIIUEBEIMU COCTABOM BOJ, HO
HaumHas ¢ 2011 r. comepxaHuWe HATpuUs B O3epe
pe3Ko yBelWdWBaeTcs B jaBa pasza. M B utore B ne-
puon 2011-2014 rr. rousr 03. blteik-Kroens sens-
FOTCS TMAPOKapOOHATHO-HATPUEBBIMHU [3].

MuHepa H3anns WCC/IEIOBAHHBIX 03€PHBIX BOI
BaphHPYeT B UWMPOKWX TIpefienax ot 237,38 1o 653,8
mr/mM . Ha npotsskeHun Bcero neproaa Hab o 1eH i
o3epa 1. SKyTcKa NpeUMYLLECTBEHHO CpeHeMUAHEpa-
muzosandeie, Jlumes B8 2010 u 2012 rr. orMmevaercs
TIOBBIIIEHHAS MWHEPATTM3allAs BOJIBI B 03. beroe.

Bogopoansiii mokazateas pH konebnercs ot
7.23 no 8,89, O3epa mpenmyiecTBeHHO craboure-
nounsle, Oanako, B 03. benoe B 2012 n 2014 rr.
nabsroaeTcs ulesovHas cpena, pasHas 8,89 u 8,65,
COOTBETCTBEHHO.

ITokazaTellb KECTKOCTH H3YHEHHBIX BOJOEMOB
BapbUpyeT B mUpokux npegenax ot 1,67 no 4,77
Mr-ake/n. M Ha BceM TIPOTAKEHHH HCCIIENOBaHUS
XapakTepu3yloTcs KaK YMEPEHHO-)KECTKHE BOIIbI.
Ho B 2013-2014 rr. ozepa blteik-Kroens u Cepre-
78X XapakTepwsoBamuck Msrkoi Bompoi. Koneba-
HHA JKECTKOCTH BOJBI HArpsMylo 3aBUCAT OT CO-
NepyKaHus KaTblUg U MarHus.

Maxkposaementsl. Ha puc. | npencrasiiena nu-
HaMWKa MaKpOodJIeMEHTHOro cocTasa osep T. SAKyT-
cka, KoHIleHTpalus HaTpus BapbUPYET B LITUPOKHX
npegenax ot 14,45 mo 117,36 mr/am’. Comeprkarie
KaJbLMA, MarHWd W Kalus KoneOnercs OTHOCH-
TENBHO B y3KOM auamasone ot 1,32 go 45.88
Mr/am’.  OCHOBHBIM  MCTOUHHKOM  TTOCTYTUICHWS
JAHHBIX MaKpO3JIeMEHTOB B TTOBEPXHOCTHBIE BOJIbI
ABNAIOTCHA MPOLECCH XUMHUYECKOTO BBIBETPUBAHHS
M pacTBOPEHWS MHWHEPAIIOB, W3BEPIKEHHBIE W OCa-
JOYHBIE TTOPOIEBI. KpOMC TOro, 3TH KOMITOHEHTEI
MOCTYTAKOT B MPHUPOJHBIE BOABI ¢ XO3SHCTBEHHO-
OBITOBBIMH M TIPOMBITIIIEHHBIMH CTOYHBIMH BOJaMH,

Kaxk mokazaHo Ha puc. |, MAKCUMAaITBHBIA W MH-
HUMAaJIbHBIM pyOesX TNpeCTaBleH KaJlueM W HaTpH-
em. Jlns kanms XapakTepHa CKIOHHOCTB COpOMpO-
BATHCS HA BLICOKOIMCTIEPCHBIX YacTULAX [10YB, T10-
PO W JOHHBIX OTIOXKEHWH W 3aJlep)KHUBATHCA pac-
TEHWSIMU B TIPOLIECCE WX TMUTaHUA U pocta. ITO
MPUBOIWT K MEHBIIEH TOABUKHOCTH Kajlus ro
CPaBHEHHIO C HATPUEM W TO3TOMY KalHi HAXOIWT-
csl B MIPUPOJIHBIX BOIax, 0coOeHHO B 03epax, B 00-
nee HU3KOW KOHUeHTpauuwu, yem Hatpuit [4]. Kak
TMPAaBWITO, JIAHHBIE JIEMEHTHI KOPPEIUPYIOT CO 3Ha-
ueHHeM 001Iel MUHEpaTn3allH.,
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Pue. 1. JlunaMika MakpoaieMeHTHOTO cocTara o3ep T, Akyreka
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TMIAPOXUMHYECKHH COCTA

tn

Bce npeactasnenHbie xaTHOHE! YBEIWYHBAIOT
ceoe conepxanue B 2011 r., seTsmii nepuoa Koto-
poro xapamepuz}'eTcg BEITIAICHHEM 3HAYWTECIBHO-
ro KojiMuecTsa ocaakos (Gomee 200 mm). Hecneno-
BaHUA XMMHYECKOTO COCTasa aTMocepHbIX ocan-
KOB TIOKas3aju, 9T0 OHH MOTYT OKasbIiBaTb CEpbe3-
HOE HETaTHBHOC BIMAHHE Ha KayecTBO BOJILI nMpH-
POIOHBIX BOIOEMOB, B TOM yHcrae o3ep. [Tpuuunnoii
H3MEHCHHA XHMHWYECKOro coCcTtaRa BOI H coaepiKa-
HUS B HUX KaTHOHOB MOTYT ObITH BRIOPOCH! Jiek-
TPOCTAHUMWH, CKHTaUIMX OpPraHWYecKoe TOTIIHBO,
aBTOTPAHCMOPT, MHWHEPATbHBIE W OpraHWYecKHe
ynobpenus, ctounsie Bombl W T.1. TlocTynnenue
XUMHYECKHX BEIIECTB B BOJOEMbI OT TEXHOTEHHBIX
UCTOYHHWKOR OCYUIECTRITACTCH MOCPENCTBOM WX
pacceHBaHHa B KOMIMOHEHTAX JKOCHCTEM B MOYBE,
BO3JIyXe, BOJE, PACTEHUAX M XKHBBIX OpraHW3Max.
[TyTH 3arps3nenus MHOTOOOPa3HBI, HO BaKHEHIUI
M3 HUX — pacceuBaHWE a3pPOTEXHOrEHHBIX BHIOPO-
COB Yepes atMocdepy, T.e. MOCTYTUIEHHS JIOTIONHH-
TeNBHBIX XHMHYECKHMX BEHIECTB (B JaHHOM Cllydae
KaTHOHOB) ¢ aTMOCHEpPHBIMH 0CalKaMu, a Takke co
CTOYHBIMH Bofamu [5].

Conepxanue XJIOPUIOB B HCCITETyeMBIX 03epax
3aMETHO OT/IMYAeTCA APYr OT JApyra M Takxke Kop-
pesupyeT ¢ MHHepanmusauuedt Bomwl (puc. 2). Tax
KaK XJTOPHMIBI ABISIOTCA TpeobIagarolIiMU aHHO-
HaMH B BEICOKOMWHEPATH30BaHHBIX BOJAX, @ CpeIH
WCCIIEIEMBIX 03ep TMOBBIIIEHHAS MWHEpPaIW3alms
Habmmoaetcs Tonbko B 03. Bemoe, To Hanbonkiee

KAK OMH W3 HHIWKATOPOB COBPEMEHHBIX YCJIOBHIA

KOTHYECTBO XJTOPHIOB (UKCHUPYETCH HMEHHO B
JaHHOM BoJOeMe. Bricokas KOHUEHTpauus XIopw-
J0B B 03€pE CBA3aHAa CO CMBIBOM H3 MMOYBCHHOTO
nokpoea. OB1Ien3BeCcTHO, YTO 3HAYMTEbHBIE KO-
JIMYECTBA XJIOPUIOB MOCTYMAlOT B TIPHPOIHBIE BO-
bl B pe3y/bTaTe BIaUMOJEHCTRUA aTMochepHBIX
OCaJKOB € MOYBaAMH, 0COOEHHO 3acONIEHHLIMHU (6],

Cv.nb[baTbl konebmotes & npeaenax or 0,61 a0
40,92 mr/am’. MakcuMaibHOe KOTHYECTBO HabTio-
naetcs B 03. benoe, MmunuMansHoe — 03, XaTbIHT-
[Opsix. 3nauMTenbHOE KOMWYECTBO MOCTYMaeT B
BOJOEMEI B TIpollecce OTMHpPAHWS OpTaHW3MOB,
OKHCIIeHUs HA3eMHBIX W BOJIHEIX BEIIECTB pacTH-
TeIbHOTO M KHBOTHOTO TIPOMCXOXKIEHHUS. Takxke
(9% "IBL']]aTBI BBEIHOCATCA CO CTOYHBIMH BOIaMH.

Konuentpaums rmpnkapﬁoﬂama BAPBUPYET OT
122,91 1o 299.91 mr/mv'. HauGonsiee konvuect-
BO npuxoautcs Ha o3, Caiicapsl, HaUMeHblLIIEE — 03.
Ceprensx. Avamus ta6n. | nokasersaet, yto k 2011 r.
Ha BCEX WCClleyeMbIX o3epax HabmiomaeTcs CHH-
JKEHWE KoIlMHecTBa TuapokapboHator, a ¢ 2012 1, —
yBeJIMUEHHE,

Takum obpazom, uccrienyemble 03epa 10 KOH-
HEHTPALHK MaKpPO3IEMEHTOB MOKHO paslIeiuTh Ha
ZIBa THMA:

03€pa, UMEHOIIHE BBICOKYH KOHUEHTPALWIO MaK-
poanemenToB (benoe, Xateur-t0psax, Caiicapsr);

03epa, WMeollIHe HHU3KYH KOHUEHTPAUWIO Mak-
poanemenTos (blTek-Kroens, Ceprensx).

Buorennsre BemecTna. B uccieayemsix ozepax
JIOBOJTLHO UIMPOKO TMpeCTaBIeHsl OHOTeHHEBIE Be-

700
600
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1on
0
beonoc blreie-Krwocap | Xatemnr-IOpax . Ceprenax Caiicaps
Toau
g CLODHUBL == DA LIS A
Puc. 2. [Iunamuka x10punos ozep r. SAKkyTcka ¢ MUHepaiusanmei
Tabnwua |
JAunamuka ruapokap6onatos B o3epax r. AKyTcka
Osepa HCOy
2009 2010 2011 2012 2013 2014
benoe 240,11 279.5 156,01 268,16 218,88 250.45
blThik-Kroenas 261,74 199,18 123,70 227,52 257,31 145,94
Xarniir-I0psx 252,69 251,53 122,91 250,20 260,44 174,48
Cepresisix 278,80 187,63 140,27 166,85 267,71 224 .87
Caiicapwi 312.80 267,93 164,85 272,24 2999 263,01

147



PY®OBA, KCEHODPOHTOBA

ecTea: 3TO HUTPHTEI, aMMOHHﬁ, KENe3o, HUTpa-
Tbl, ocdatel U Gropuns (puc. 3) [7].

JKenezo B Bomax ozep T. SIKyTcka BapeHpyeT B
npeaenax ot 0,08 mo 1,48 Mr/am’. Beicokas KOH-
ueHTpaumns Habmonaerca B ozepax blteik-Kroens,
Xateiur-lOpsax u benoe, rae T1JIK.s; npebiiiaer,
OTHOCHTENEHO HHU3Kas — B o3epax Ceprensx u Caii-
capel He mipeBbimaet [TJJK.;. B 2014 r. psan osep
(benoe, Ceprensx u Caiicapsl) mo coaepKaHHIO
)Kesnesza HaXOAATCA HWXKe Tpeaena oOHapyKeHUS.
Konebanusa senesa 3aBUCAT OT MHOTHX TMPHYHH,
OIIHAa W3 HUX — 3TO W3MEHEHWA BOJOPOIHOTO MOKa-
zatens pH. Tlpu ymenwsmenun 3navennit pH npo-
WCXOIUT M3MEHEHHE COOTHOLIEHWH MexIy pa3s-
TUYHBIMU  dopMaMU  THAPOKCHAA kereza. Bro-
CNIEICTBUU  CWJILHO TIOBBILIAETCS OIS OPYTHX
dhopM, B HAaCTHOCTH CBOOOIHBIX MOHOB Kenesa, 1o
CPAaBHEHUIO C HEIMCCOUMUPOBAHHBIM TPEXBAJIEHT-
HBIM JKETe30M W YBETHYWBAETCH PacTBOPHUMOCTB
JKeJresa.

Ammonuii IPUCYTCTBYET BO BCEX MCCNIENyeMbIX
o3epax. Ho B HEKOTOpbIE MPOMEKYTKH HCclIe0Ba-
HHUSA KOHUEHTpaUuUWud MOKET OBITL HWKE rpenena
obnapyxenus (Hanpumep, 2009 r. B 03. benoe).
KoHuenTpauua aMMOHHWS [OCTHTaeT CBOEr0 Mak-
cumyma B 2013 r. Bo Bcex o3epax Kpome o3epa
Caiicapel, TIe KOHILEHTpAlMs HaXOAWUTCA HHKe
npenena obHapyxenus. [Mpesererne TTIK s mpu-
xonuTcs Ha o3epa XaTeiHT-IOpsax, benoe u Cepre-
JIAX, IIEIHHOC MpEBLILICHHUE CBA3AHO C TOCTYIAr-
IMMH XO3SHCTBEHHO-OBITOBBIMU CTOUHBIMH BOJIA-
MH. B KaHanM3aUMOHHBIE CHUCTEMBI €KECYTOHMHO
noctynaet a0 10 r ammoHuiHOTO a30Ta (Ha OJHOTO
xkutens). Takke Ha yBenWveHWe COIepXkKaHUsS aM-
MOHUS MOT ChIrpaTh U Tpoduyeckuit ctatyc. Oszepa
CTOAT Ha CThIKE OJIMTOTPOHOrO W 3BTPOhHOTO TH-
noB, ABJAsSOTCH MezoTpodHeiMU. [Ipu xaHHOM ne-
pexojle BO3pacTaeT Kak abcoMoTHas KOHIIEHTpans

e ENEI0 == AMMDHMT

HOtuk-Kioens | Xatsmr-10pax

e HHTPATH

HOHOB aMMOHMS, TaK W WX 10N B obmem OGanance
CBSI3aHHOTO a30Ta.

I'.U. Xapaee u ap. [8] no comepkaHuio aMMOHHA
B BOJOEMaxX ToJpa3/leNIftoT BOALI Ha LIECTH Kiac-
coB. [To ganHo# KMaccUHUKALIMKA IO YCPETHEHHBIM
MHOTOJETHUM JaHHBIM HCCIIEAYEMBIC 03€pa OTHO-
caTes K 3-My u 4-My KilaccaM yMEpeHHO 3arpss-
nennerx (bITeik-Kroens) w sarpsanennsix (benoe,
Xatemr-HOpsx, Ceprensx u Caiicapel) BoI.

VBenuyeHWe KOHLUEHTPAaUUW HWOHOB aMMOHHS
HaO/r01aeTCs OCEHBIO, 3TO OOBACHAETCS TEM, UTO B
3TOT TIEPHOI OTMHPAIOT BOIHBbIE OPraHW3MBI, 0CO-
OEHHO B 30HaX WX CKOMIEHWA. YMEHBIIEHHE KOH-
HEHTPAUWH OTHX BEWECTB MPOUCXOIHT JICTOM B
pe3yiabpTaTe WHTEHCHBHOIO MX YCBOGHMS pacTEHUA-
MU nipu hoTocuHTe3e. Takum 0Opa3oM, TOBBIIEH-
HOe cojlepikaHue aMMOHMS YKa3biBaeT Ha yXyule-
HUE CAHUTAPHOTO COCTOSTHUS 03ep T. SKkyTcka

Humpumur B 03epax 1. SIKyTcka BapbHPYHOT 110-
BOJIBHO B wIMpokux mnpexerax ot 0.8 no 3,26
mr/av’. OHE HAaXOJATCH HWKE Mpejena obHapyke-
Hus B ozepax blteik-Kroens u Ceprenax. B o3. Xa-
TeIHT-HOpsax wabmoaatores nmums B 2010 r. v noc-
turator 0,8 mr/am’. Bonee cTaBWmbHBIM comepika-
HWeM HUTPHUTOB XapakTepusyroTcs ozepa benoe w
Caiicapsl ¥ TO B HEKOTOPLIE MIPOMEKYTKH UCCIEN0-
BaHHS HAxOAATCH HWKe Tipeaena oOHapyXeHHs.
Cpennuit nokaszarens paeen 2,75 u 2,36 mr/mm’,
cooTBeTcTBeHHO. JlaHHBIE TOKazaTeNnu ABJIAIOTCA
Beicokumu, HO Hwke TTHK,; TloBenuennoe coaep-
’KaHue HUTPUTOB B o3epax benoe u Caiicapel yka-
3bIBAET HA YCHJIEHUWE MPOLECCOB pa3lokKeHUs opra-
HUYECKHX BELISCTB B YCJIOBUAX Ooslee MeaTeHHOTO
okucienuss NO,. B NO;_, T.e. Ha 3arpa3HeHHUE BOJ-
HOTO 00BEKTA, YTO ABIAETCHA BAXKHBIM CAHWUTAPHBIM
TIOKa3aTeNnem.

Humpamusl TPUCYTCTBYIOT BO BCEX MCCITEIYEMBIX
o3epax, kpome o03. Ceprensx. HyxHo oTmeTuTh,

2 é

Toawt

e BYTPATR == BOCHATH

Puc. 3. Jlunamuka GUOTeHHBIX BENIECTR B 03epax T. SIKyTcka
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TUAPOXAMHWHYECEINE COCT A5 KAk O |

YTO CTAOWNLHAS KOHIESThEes o2 =abTro-
Haercs B 03. benoe. B oa. Caicapss OTMEH20T-
ca vk B 2013 — 2014 o7 =

1 JOT B Cpea-
Hem 1,75 mr/am’. B osepax Bimx-Ksoem u Xa-
THIHN-HOpAX HUTpaTss MPWCYTCTBYIOT TOMBKO B
2014 r. B octamsHmie ro3a HCCISIOBAHHS HAXOIAT-
Cs HHWXe npe1ea vxenus. Peakoe mosbie-
HWE HHUTpaToB 00E9HO CBN3aHO C ﬂT\iOCdJeprL\IH
OcalkaMH, KOTOpPHIE NOTA0UWIAKT 06[)33}’1’0[].[“6(351
NMpH aTMOCHEPHLIX ITSKTPHYECKHX pa3paaax OKCH-
Ibl a30Ta (KOHUEHTpPalUWs HHUTPaTOB B armocdep-
HBIX ocamkax 1octuraet 0,9 — | mr/am’) [4]. C Ha-
pactanuem 3eTpodukaumu abcomoTHas KOHIIEH-
TPaLUWs HUTPATOB M WX 10719 B CyMMe MHHEPATLHO-
ro azora Bo3pacTaiT. Takke YBelTWYEHHE KOHIIEH-
TpaUWU HUTPATOB HabmlonacTes B JieTHee BpeMs B
NEPUOILI MACCOBATO OTMUPaAHHUS (PUTOMTAHKTOHA B
BBICOKOW aKTHBHOCTH HUTPU(DHKATOPOR.

d)ocqﬁamm BapbupytoT B npeaenax ot 0,2 1o 1,3
mr/am’. B ozepax Bernoe, Ceprensx u Caiicaphbl Ha-
6monparores smmbs B 2013 — 2014 . B BBICOKMX
KoHueHTpauuax. B osepax blteik-Kroens u Xa-
TeIHT-FOpAX docdarel MPUCYTCTBYIOT MOYTH BCe-
raa. Bee mccnemyembie o3epa rmoasepkKeHbl 3HAUU-
TEJTbHBIM CE30HHBIM KOIeGaHUAM, MOCKOIbKY (hoc-
(haTbl 3aBHCAT OT COOTHOUIEHWS WHTEHCHBHOCTH
rnpoueccoB GOTOCHHTE3a U OGHOXMMHYECKOTO OKHC-
JIEHUS. OpTraHWYecKWX BellecTs. MUHWMAaTbHBIE
KoHUeHTpauuu docharor HabromaroTes JeTom,
MaKkCUMalbHbie — oceHblo. Baxneiv dakTopom rno-
BbILICHUS conepkaHus ocdaTtoB B MPHPOIHEBIX
BOJIaX, HEPEIKO IPUBOAAIIMM K 3HAYUTETBHOMY
3BTPOPUPOBAHIIO BOIHEIX OOBLEKTOR, ARIALCTCH XO-
39MCTBEHHAs [EATE/bHOCTh HeNoBeKa. 3arps3He-
HUIO TIPHPOAHBIX BOA (ocdatamu crocobeTBYET
mupokoe TipuMeHenue nonudochaToB kak Moro-
IIMX CpelIcTB, (JIOTOpPeareHTOB U CMATYHTENEH BO-
Abl, KOTOpPBIE MOMNaNaloT B HCCiIeLyeMble 03epa ye-
pe3 X03AUCTBEHHO-OBITOBEIE CTOUHBIE BOIBI.

@mopuder IPUCYTCTBYIOT TOBKO B 03. bITHIK-
Kroens. B 2009 r. xonuentpauns nocruraer 0,24
M/’ i coxpansercs snaoTe 10 2011 r. C 2012 no
2014 r. maxomsTcs HHKe rpegena oOHapyKeHWS,
He npesermaror MK, ;.

Takum  0oOpasom, MOBBIIEHHBIE COMEPKAHUS
OMOTreHHBIX BEIIECTB, B YACTHOCTH Kee3a, aMMO-
HHAA U HUTPHUTOB, B BOIax 03ep T. SIKyTcKa yKkasel-
BAlOT Ha WX «CBeXkee» 3arps3HeHHe, Tak Kak OHM
MPeNCTaBAIOT CO00H MPOMEKYTOIHYIO CTYTIEHD B
uenu GaKTEPHATbHBIX MPOLECCOB OKHCITEHUS aM-
MOHUS JI0 HUTPATOB (HHTPH(HKALKKH B a3poOHBIX
YCTOBHSAX) W, HAMPOTHB, BOCCTAHOBIIEHHS HUTPATOB
10 a30Ta ¥ aMMHaKa (IeHUTpUHUKALIAN NPH HeloC-
TaTKe KHCI0poa).

Mukpoasementol. Bogoemsi r. SkyTcka npose-
PANHUCH Ha HajUM4Me TaKUX MUKPOSJIEMEHTOR, Kak
Pb, Ni, Mn, Cd, Co, Cr, Zn, Cu, As u Hg. B Ta6n. 2

3 HHIWKATOPOB COBPEMEHHBIX YCJIIOBUM

MpEICTaBlicH \ﬂ{!\'pOl’Te.\ieI—iT'HBIﬁ coCTae 03€p T.
AKYTCKa C X KJ1aCCOM OMAacHOCTH. DEMEHTHI Mep-
soro (As, Hg), sroporo (Cd, Cr) u tpetsero (Ni,
Co) xmaccoB oracHOCTH HaXONATCH HWKE Mpeiena
oDHapykeHWs Ha Bech Tepuoa HccienoBanus. B
HCCJICIOBAHHBIX 03¢pax M3 3JIEMCHTOB BTOpOIo
Kj1acca ormacHOCTH Ha6.ﬂ|ﬂﬂaFDTC$l CEBHHEL, TPETHETD
— MEIb H UHMHK H Y€TBEPTOTO KJlacca — MapraHetl.

Konuenrpauns ceunya » uccelyeMeIX 03epax
konebnerces ot 0,0008 1o 0,0067 mr/am’. Mukpo-
SNIEMEHT TIPUCYTCTBYET BO BCEX MWCCIEHOBAHHBIX
o3epax, kpome 03. blTeik-Kroens, B8 03. Benoe Tak-
ke He crabunen. HaGmomaercs wHTepecHas TeH-
JEHUMS, BO BCeX o3epax, kpome 03. benoe, B 2013 —
2014 rr. paHHBIH MUKPO3TEMEHT HaXOIMUTCH HHXKE
npenena oOHapyxkenus, CylecTBEHHBIMH (HaKkTo-
pamMH MOHWKEHHS KOHLEHTpAalUWH CBHUHUA B WCCITe-
JyeMBIX 03€pax fABJIAETCSH aAcopOUMs ero B3BelIeH-
HBIMH BELLECTBAMHU M OCAXKIAEHWE C HUMH B IOHHBIE
OTITOXKEHHA. HOBUJ‘]LHO BBICOKMM cOIepmaHHeEM
CBWHIIA XapaKTepu3yeTcs 03. CEETEIISIX CpeIHUiA
nokasaresie pased 00,0059 mr/am’. 3nauurensHoe
MOBBITIEHWE coepXaHus cBUHUA B 03. Ceprensx,
rojaraeM, CBA3aHO CO CTOYHBIMHU M XO3SHCTBEHHO-
OBITOBBIMH BOJAMM, TaK KaK OHO pPacriooMeHO
BOm3n OAO «Slkytckas nruuedabpuka» W BaOIL
o3epa HaXOIATCA MHOTOUWC/IEHHbBIE Aa4YHbIe y4acT-
KH.

konuem‘paunﬁ medu konebnercs ot 0,0012 mo
0,0027 mr/mv’. B otanuue ot APYTUX MUKpO3Jie-
MEHTOB, MEIb cTabHIBHO NMPHCYTCTBYET BO BCEX
o3epax. MakcumanbHas KOHUeHTpaums Habmoaa-
erca B 03. Calicapel, MuHuManeHas — 03, blTbik-
Kroens, M3 tabn. 2 BunHo, Kak OWHAMUKA MeIU B
o3epax r. SIKyTcka B uejioM pazsuBaetcs 6e3 CHITb-
HBIX Teperagos, kpome o3. Caticapel. UmenHo B
HEM HaOdMoOIaeTcs MaKCHMATLHEIA W OIWH W3 MH-
HUMAJIBHBIX ToKazaTenell. B mepByio MOJOBHHY
WCCIIeIOBAHUS OTMEHaloTes pe3kue KonebaHus, BO
BTOPYIO — MJIET 3aMETHOE CHUWKEHWe KOHLEeHTpa-
umd. OCHOBHOW NMpUYHHOM cTAaOWITEHOTO yBeNTHYe-
HHA COllepKaHuA MEIU B 03epax SBISIOTCS TOCTY-
Narollie CTOYHBIE BOAbL. Takxke Melb MOKET yBe-
JHYHTE CBOKO KOHUEHTpaUuWro B pe3yibTare Koppo-
3UH MEIHBIX M3JETUH U COOPYXKEHWUI, HCronk3ye-
MBIX B TeXHWKe. B rmocneanue rojel BOKpYr o03.
Caiicapbl MTOSABUIHCH HOBBIE CTPOMTE/bHBIE 0ObEK-
ThI. JOpOrv, MOCTBI, MHOrMO3Ta)KHbIE Od0Ma U np.
Taxoxe Hago yuects ToT (haktop, uto 03. Caiicaps
pacronoXKeHo B UEHTPe KPYMHOH TPaHCIOPTHOM
pa3Bszku r. Skytcka [9].

Lunk B 03epax BapbUPYET B Mpejesiax ot 0,12 no
0,49 mr/mt’. B 03. bltek-Kioems KOHUEHTPALNs
LMHKA HAXOQUTCH HWXKe rpejiena oOHapyXeHus Ha
BECh TEPHOJ HCcclienoBaHus, B o3epax benoe, Xa-
TeiHT-I0pax u Ceprensx nabGmiomaercs 8 2013 r.
JIOBOJTLHO B BHICOKMX KOHUeHTpaumsX. CTabumeHbM
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Tabnwua 2 co;
. Ca
MukposaemeHnTHBII cocTas o3ep 1. SIkyTcka XOl
. yer
Keer- MUKpPOITEMEHTRI, MIVJIM™ / KJ1ace OITACHOCTH o«
Hasmanuwe |Tox H KOCTh, = 3
03epa weenemosatma | P MT- Pb Cu Zn Mn As Hg |Cd |Cr |Ni Co 3Ha
JKB./TI 2 3 3 4 | 1 2 2 3 3 BOI
2009 r. 8.28 4,29 - 0.0014 - 0,026 | umo” | uno | wno | wno | wmo | wro p"';
2010, 8,33 3.66 0,0008 | 0,0021 - 0,027 | uno | ®Wro | "o | HOO | HOO | HIOO -"les
2001 8,45 3,83 - 0.,0016 . 0,023 | wno | umo | wro | HOO | HOO | HITO Mes
Benoe 2012, 8,89 4,77 0.001 | 0,0016 - 0,032 | uno | wno | vro | wno | Hro | "o Hus
03
2013 T 7,84 2.84 - 0,0016 | 0,38 | 0,016 | wno | uno | wno | wno | wro | Hro :“e
2014 . 8.65 34 0.002 | 0,0017 0,011 HITO | HOO | HIOO | HIO | HOO | Hno ;(ap.
Cpi repmenpes 8,36 3,82 0,0009 | 0,0016 | 0,38 | 0,024 | wrmo | HOO | HOO | HOO | HOO | HITO yn
Yeckoe CHM
2009 r, 7,71 341 - 0,0025 - 0,023 | wno | wWOO | WO | HIOO | HIO | HOO HO.
2010T. 7,23 3,06 - 0,0024 - 0,031 | vmo | "o | WO | HITO | HMO | HITO 00%
M
2011 r. 7.98 3,18 - 0,0024 - 0,02 HIO | HOO | wWoo | vioe | wano | wio H:E
bIThik- 2012, 8.06 3,27 Z 0,0024 - 0,021 Hro | uno | wmo | wro | vno | ®mo opr:
Krocib
2013 r., 7.45 2. - 0,0023 - 0,009 | wno | wno | wmo | HO | "o | wno BOI(
2014 r, 8,55 1,67 0,0012 0,006 | w0 | wmo | HMOO | HIO | HOO | HIO mn];;
Cp. reomerpy- 7,68 3,07 - 0,0024 - 0,019 | wro | wro | wro | wno | wno | uno Kak
yeckoe ofim
2009 r. 7,46 3,94 0,0023 | 0,0015 - 0,019 | #no | "o | wo | wno | #Hoo | HOO we'n
2010, 7,58 3,25 0,0028 | 0,0018 - 0,007 | umo | "o | wno | vHoo | vno | "o 8
2011 r. 7,62 4,27 0,0009 | 0,0015 - 0,015 | uno | uro | "o | HMO | HIO | HOO WHIOt
Xarwinr- 2012, 7.73 425 0,0019 | 0,002 - 0,02 HMo | "o | "o | Hoo | Hioo | Hno g
[Opsx HEHT
2013, 7,38 322 - 0,0022 | 0,12 | 0,007 | wno | wmo | wro | wno | BWO | HO poxs
2014 . 8.5 2.07 0,0014 0,007 | vno | voo | wno | wmo | ®WOoo | HOO CHUTY
L roaa
Cp. reomerpy 7,55 3,76 0,0018 [ 0,0018 | 0,12 | 0,012 | uno | nno | wvio | vmo | wno | mno
HECKOE 3arp
2009 T, 7,88 4,47 0,0067 | 0,0018 < 0,018 | vo | vno | vno | woo | woo | wOo CBA3
rpaz
2010 . 7.8 3,96 0,0065 | 0,0019 - 0,028 | uno | wno | vo | wHoo | uno | uno ﬂz iy
201 1 8,47 4,52 0,0049 | 0,0021 - 0,019 | wno | uno | ®o | Hoo | "o | HIO HBIE
Cepremx 2012, 7,76 45 | 0,0056 | 0,002 - | 0,014 | wno.| uno | woo | wno | wno | wro HUYE
2013 r. 7,64 2,19 - 0,0019 | 0,49 | 0,008 | uno | umo | wro | wno | ®Mo | HTO ﬁ;‘::;
2014, 8,58 2,66 m 0,0015 0,006 | uno | wmo | WO | HMO | HOO | HIO BYIO"
Cp. ‘reomerpy- 7.90 3,80 0,0059 | 0,0019 | 0,49 | 0,016 | uo | wno | wno | wo | wmo | wno CTBH
yeeKoe H:
2009 r, 7,9 4,74 0,0024 | 0,0027 | 0,19 | 0,027 | une | "o | wno | wno | woo | wno TaHa
2010, 8,11 4,56 0,0014 | 0,0018 | 0,16 | 0,007 | wno | wno | uno | Mo | HOO | Hno
2011 r. 8,39 4.6 0.0042 | 0,0027 | 0,16 | 0,014 | wno | #ro | amo | wno | wno | uno
s 2012, 8,64 4,59 0,0014 | 0,0021 | 0,14 | 0,032 | yno | wno | umo | woo | wmo | uno
aficaph
cap 2013, 7,69 311 - 0,002 | 0,39 | 0,004 | wno | wno | wo | wo | nmo | wno
2014 r. 8,62 3,01 - 0.0012 0,007 | urmo | wno | Ho | woo | HOO | HOO
i ECOMepR: 8,14 4,27 10,00211| 0,0022 | 0,19 | 0,013 | wno | wno | wno | wo | wro | wno
yeckoe
Puc
"HIIO — HIKe TIpefena oGHApYKCHMA. R
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THAPOXHMHSECEIE COCT =

COLCPKAHMEM W3 FO32 ¥ FI EISRTSDREVETCE 03
Caticaper, Tak xe, xa% = = Zpwrwx osepax. x 2013 1
KOHUEHTPALHSE €T0 e Peaxoe veew-
YeHHe KOHUCHTPAIDM Wiss OS&rTsH0 OGLICHAETCH
MOCTYMAIUIHMHE CTOSSSIwE S0IawH !‘“:fC\lOT‘pH Ha
3HAYUTEIBHOS VBEIWNSCHEC COICpAEaHMA OHWHKaA B
BOJax o3ep r 9-.,';.‘:"‘-
PBi, MUKpO3ieMesT Be npessimaet 110K, ;.

,Mapfanen B HCCOCIVEMBIX OBEEHB‘{'X BOJax KoO-
nebnercs ot 0,004 30 0,032 mr/am. Tak xe, kak u
Melb, MPHCYTCTEVET cTabHWIBHO BO BCEX O3epax.
Junamuka pazsutus HeomHopoaHas. Kaxawid roa
KoNlebaHus THGO B CTOPOHY VBEJHUYEHHUS, JIKbO
ymenblienHs. CaMol HEOAHOPOIHOW IWHAMHWKOMH
Xapaktepuzyetcs 03. Calicapsl, Tak Kak B HEM MpH-
CYTCTBYIOT 00a mokazaTells: MUHUMAaIBHBIH W MaK-
cumanehbiit — 0,004 1 0,032 Mr/av’, cooTeeTcTBEH-
HO. YBenW4eHWe W YMeHbIIIEHWe KOHUEHTpPalWuu
0OBACHAIOTCS TEM, YTO 3HAYWTENbHBIE KOTUYECTBA
MapraHua MOTyT MOCTyTaTh B MPOIECCE pa3ioxe-
HUS OCTATKOR BOJHBIX KHBOTHBIX U PACTHUTEITEHBLIX
OpPraHu3MOoB, 0CODEHHO CHHE3EIEHBIX AHaTOMOBBIX
BOJIOPOCITEN W BBICIIWX BOIHBIX PACTEHHH.

Taxum obpazom, B HCCTEIyEMBIX 03€PHBIX BOAAX
LUIHPOKO pacrpocTpaHeHbl TakWe MHKPO3JIEMEHTHI,
Kak CBHHel, Mellb, UWHK U Mapranel. OTMmeuaeTcs
o0l1as TeHIEHUNS YBETHYEHUS COIePKAHUS HX, HO
He npesbiatoutas npemensl [TK,z.

[To cymmapHoMy ynemsHOMY KOMOWHATOpHOMY
MHIEKCY 3arps3HéHHocTH Boabl (M3B) wuccnemye-
MbI€ TOPOJCKHE 03epa OTHOCATCH K KJIaccy 3arpss-
HEHHBIX. Ho HY)HO OTMeTHTB, YTO AUHAMMWKA TH]-
POXHMHYECKUX WCCeI0BAHWH MMOKa3bIBAET, 4TO
CUTYalUusd ¢ 3arpa3HeHueM HeoaHosHavHas. M3B no
rojlaM HccaedoBaHus KomebaeTcs OT YHCTBIX Ao
3arpA3HEHHBIX. JTO ODBACHAETCS TEeM, UTO WHJIEKC
CBA3AH C PE3KUMM KoNeOaHUAMH TEX WITH WHBIX 3a-
TPA3HAIOINX BelllecTB. B oTnenbHble roanl Habmo-
anoch 3arpa3HeHWe amMMoHuem (KaHamW3aluoH-
HEIE 3arpA3HEHNUs), HUTPUTAMH (pa3iioKeHHe opra-
HUYECKWX BellecTB), docdatamMu (MOIOIINE cpe-
CTBA), UMHKOM (TIOYBEHHBIX CMBIB) U ap. JlaHHblE
MOKa3aTeTu W TIPWYHUHEI 3arpPS3HEHHUS CBUIETENThCT-
BYIOT O TIPAMOM BIWAHWW aHTPOTIOTEHHOrO BO3/IeH-
CTBHS Ha MOBEPXHOCTHEIE BOJIBI,

Ha ocrose Bcero BbiurensnokeHHoro paspato-
TaHa CXeMa aHTPOTOreHHOTO BO3JEWCTBMS Ha To-

=T

SECTHMN

acTHOCTH. B 03. Caiica-

R w

l AHTPOIOTEHHOE BO3IENCTBHE ]

| Mo .'-1acu.rraﬁ}: H 1| [ To xapaxTepy: i

- JOKAThHWE ~AINTEThHEIE
-TOUEHHLIZ -KpaTRORpPEMEeHRmE

Puc. 4. Antponorenoe Bo3feicTere Ha MOBEPXHOCTHRIC
BOIIbI 03ep 1. AxyvTcka

Mo speMeHn

=XHMHUECKHE
-Blviortseckie

=MEXAHITeCKHE

= A5 i M HE

HIWKATOPOB COBPEMEHHBIX YCJIOBUM

BEPXHOCTHBIE BOKI 03ep I. JIKyTCKa, KOTopas Oru-
ChIBAETCA TI0 TPEM HarpaBJieHHsM — wmaciuTady,
BPEMEHU M XapakTepy (puc. 4).

Macutab aHTpOMOreHHOTO BO3XEHCTBHSA JE/TUT-
cA Ha JIOKaJIbHBIA W ToveuHsld. [To BpeMeHH BO3-
aercTBUsA BbIOCITAEM IITHUTEIIBHBIC (CTO"!HBIC BOIbI,
aT™mocepHoe 3arps3HeHMe W Jp.) W KpaTKOBpe-
MEHHBIE (aBapHilHble CUTYyauWu W Ip.). AHTPOIO-
TEHHOMY BO3JEHCTBHIO XapaKTepHbI ClAeaylollne
MIMEHEHMSA: XUMMUecKoe (TMAPOXMMHYECKUNH CO-
ctap), Owonorudveckoe  (CaHUTAPHO-3MUIAEMHO-
jorudeckas CUTyaUus, BO3JeHCTBHE Ha BOIHYIO
OMOTY M Ip.) ¥ MeXaHWdecKoe (CTPOUTEThHBIH W
OBITOBOM MYCOp, YIaKOBOYHbIE MaTepHalIbl U ap.).

Takum obGpazom, HedaTenLHOCTL YesoBeKa MpH-
BOJAWT K 3aMETHBIM, a TOPOH W K 3HAYHTETLHBIM
U3MEHEHUAM XWUMHWYECKOTO COCTaBa TPHUPOIHBIX
BOJ. Boawl o3ep r. SIkyTcka SBASIOTCS TIPHUPOIHEBI-
MM, HO UX XUMHUYECKHH cocTaB (hopMUpyeTCs He B
eCTECTBEHHBIX YCIIOBHMSAX, @ YCIIOBHSX CHIIBHOTO
AHTPOTIOTEHHOTO BO3EHCTRHS.

JluTeparypa

1. Cnpasounux no ruapoxumun / [Mox pen. A.M. Hu-
kaHoposa. — JI.: 'nopomereonsaar, 1989. — 391 c.

2. Anexur O.A. OcuoBbl THapoxuMun. — JI.: Tuapo-
Meteonsaar, 1953. — 295 ¢.

3. Pvghosa A.A., Kcenodonmosa M.H., Honoscrkan
IT.E. MOHUTOPHHT COCTOSHUS 03ep T. AKyTCka Mo Tui-
poxumubeckum nokasatensm // Hayka u obpazosanue. —
2012. — Ne4. — C. 52-55.

4. 3enun A.A., Benoycosa H.B. Tuapoxumusdecknii
crorapk / TTon pen. A.M. Hukanopora — JI.: Tuapowme-
teonsaar, 1988, — 238 c.

5. Mudpoxumuveckue m0OKa3zaTellH COCTOSHUS OKpPY-
Katouleit cpeibl: cripaBovHble Matepuanst / [Mon pen.
T.B. I'ycegoit. — M.: ®OPYM: UHDPA-M, 2007. - 192 c.

6. Kcenogponmosa M.H., Jlecocmaeea A.B., Atnoes-
ckaa ILE., Tpogumosa JI.H. Xapakrepuctuka Xumute-
CKOTO COCTaBa BOO W JIOHHBIX OTIOKEHWUH KPYITHBIX BO-
noemMoB r. SIkyTcka // AKTyanbHBIe TpobieMbl TyManH-
TapHbIX W ECTECTBEHHBLIX Hayk. — 2013. — Ned, — C. 493
500.

7. Pydhosa A.A., Kcenogponmoaa M.H., Hénoscxan
IT.E. Ouenka comepkaHus GUOTEHHBIX 3MEMEHTOB B BO-
nax osep r. fxyrcka // MexayHapolIHbIi KypHam mpH-
KIaaHbIX W hyHIaMeHTaNbHbIX Heeneaosatmii, — 2013, —
Ne 8, 9. 1. -C. 75-77.

8. Xapaes I'H. u op. Metonndeckoe nocobue Mo
THCUMTUTHHE «DKONOrMYecKHit MOHWTOPHHETY. — VIaH-
VYn3: Boctouno-Cubupckuii rocuapc*raeuwn TEXHO-
norudeckuit yHusepeutet, 2004, — 77 ¢

9. Pyghosa A.A., Rceuodsaumm.: M.H., Tpojpumosa
JI.H. Conep¥aHHe HEeKOTOPHIX MHKDOIISMEHTOS B BOJIE
o03. Caiicapel // Hayka w oOpasosasme. — 2013. - Ne3. —
C. 139-141.

Hocmywmuac & pedaxywo 22.04.2015

151




