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IKOJIOTI'O-TEOXUMHNYECKHUE OCOBEHHOCTHU
I'OPOACKOM CPE/IbI

(HA ITPUMEPE r. BUHIKEK, r. OI)
Mpodh. ap. B.B. EPMAKOB

WHcTuTyT reoxumun 1 aHanutuyeckord xumuu um. B.M.Bepnaackoro PAH
Op. 5.M. IDKEHGAEB
buonoro-nousennsiii uacTUTYyT HAH KP

Ap. Hypnan MAMATOB

Keiprecko-Typenkuit yauBepcuter «MaHacy, HH)KEHEPHBIN (akyIbTeT,

OTIEJICHUE DKOJIOTHICCKOM WHXCHEPpUUN

9KOJIOTHH OKpYXKAIoUIeH cpelpl, BO3HHKIA HEOOXOAWMOCTh BKIIOYHTH B 3TO
MOHSATHE HE TOJILKO TPHPOJIY, HO M TOPOJACKYIO cpely OOWTAaHUSI UeloBeKa, MecTa
Hamiei pabotel 1 oTabixa [8,18,23,29].

Jo mocnenHero BpeMEHHM B KayecTBE OCHOBHBIX 3arpsi3HUTENEH BeIlecTB
paccMaTpUBAIUCh MbUIb, OKHCh YIJIEpOJa, OKUCIHBI a30Ta U cepbl. B mocneanue roisl
pe3Ko TOBBICWICS HHTEpec K MukpoasemeHtam [TM] u wux coenuHEHUsSIM
[13,14,15,17,23]. Dto cBsi3aHO Kak C (aKkTaMH TPOSIBICHUS OCTPBHIX TOKCHYECKHX
3¢ dexToB, BEI3BaHHBIX 3HAYNTEILHBIM 3arpsA3HeHHEM oKkpyxkaromel cpexsl Hg, Pb, Cd
MU JIPYTMMH MHUKPORJIEMEHTaMH, TaK M C OTPULATEIbHBIM BIMSHUEM Ha OpPraHU3MbI
MaJIbIX KOHIIEHTPAIMH XWMHYECKHX 3JIEMEHTOB IIPH JUINTETbHOM Bo3zeiicTein. B
ropojax AECTPYKIMOHHAS aKTHBHOCTh XHMHYECKHX JIECMEHTOB HAXOIWUTCA B MPSAMOI
CBSA3M CO CTENEHBbIO HX HCIOJIb30BAaHUS, KOTOpasi ONpeNeNnseTcs KOJIUUECTBOM
9JIEMEHTOB, MOCTYMAIOINX B TOPOA C chIpbeM [23,29]. Takum 00pa3oM, B KPYIHBIX
[IPOMBIIIJIEHHBIX ~TOpojax C OOJNBIIMM OOBEMOM  BBIYCKaeMOW MPOTYKIHU
MOTEHIMANbHAsA JeCTPYKIIHOHHAS aKTHBHOCTh MHOTHUX XUMHYECKUX HJIEMEHTOB BEJIHKA.
EcrecTBeHHO, 4TO 3arpsi3HseTCsl OKpYKarollas cpela BbIOpOCaMH, MPOMBIILIICHHBIMU
CTOYHBIMU BOJAMHU U TBEPJABIMU OBITOBBIMH OTXOJAMH HCIIOJIB3YEMBIX B IPOU3BOACTBE
aneMeHTOB. TpaHcopmaris OTXOJOB B OKPYXKAIOmEH cpeae TOpPOIOB CO3daeT
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CIIOKHYIO KapTUHY paclpesielieHus] XUMHYECKHX D3JEMEHTOB C JIOKalu3alued u
ITOBBIILIEHHBIM COJIEpKaHUEM BOJIM3U HCTOUYHUKOB 3arpsi3HEHUSI.

DKoJIorus ropojia y Hac Ha ria3ax GopMUPYETCs B CAMOCTOSTEIbHYIO U I0BOJIBHO
cremuduieckyro o0iacTb 3Konorud. Pa3BuBaeTcs M Hayka 00 3KOJIOTHU ropoja, a C
1975 rona MexayHapoaHO#H accoluanueil SKOJIOrOB M3AAa€TCs CIeUUaIbHbBIN KypHal
“T'oponckas sxomorus” (Urbon ecology). T'opox - cpaBHHUTENBHO HOBas cpena
00UTaHWS )KUBOTHBIX U YEJOBEKa, BeChMa crienn(uieckas 1o BCeM CBOUM IapaMeTpam:
noBBIEHHAs  Temmeparypa (Ha 1-5 °C), 3arps3HEHHOCTb, aKyCTHYECKOE
HeOJaromoay4yne Ccpenpl, 3ambUICHHOCTh aTMOC(Ephl, COBEPIICHHO OTIMYHBIH OT
MIPUPOTHOTO PACTUTENBHBIM MUp. AHAIN3 TOPOACKOW (ayHBI M (IOPHI IO3BOJISET
MOJIyYUTh OOBEKTHBHYIO HH(OPMAIMIO O TOM, HACKOJBKO BPEAHBI JUIS OPraHU3MOB
CYIIECTBYIOIIME B JIOOOM TOpOJIE 3arps3HEHHS TOYBHI, BOJBI, 3€JICHBIX HACAXKICHHH,
HACKOJIBKO 3((EeKTHBHBI T€ HJIM WHBIE NPHPOAOOXPAHHBIC MEPONPHITHS, KaKOBa B
CBSI3U C OTHM JTWHAMUKA dKOJOTHIECKOH 00CcTaHOBKH ropoja [9,12,23,27,29].

B nactosmee Bpemsi B crpaHax CHI' okoso 70 MJH. yenoBeK MpOKHUBAeT B
ropojax, TJe KOJMYECTBO BPEAHBIX BELIECTB B BO3AyX€ MPEBLILACT MNPEAEIbHO
nomyctumble konneHtpanuu ([IJK) B 5 u Oomee pa3. B 68 ropomax MHIIITHOHBI
MIPOXKUBAIOIIMX ABIIIAT BO3AYXOM, B KOTOPOM KOJIMYECTBO BpPEAHBIX BELIECTB
npesbimaer IIJIK B 15 pa3. B ux uncno Bxomir asa ropoja Keipreizcrana - bunikek u
O [10,25,26]. Ho connansHO-9KOHOMUYECKHE TpaHCc(HOpMaIIUU TIEPEX0THOTO MepHoIa
M3MEHUIM MPUOPUTETHOCTh 3ajlay M0 OXpaHe OKpYKalollel cpelbl B pecryOiuke OT
3arpsi3sHeHHs. Eciii paHbIle NMPHOPHTETHBIMH HCTOYHUKAMH €r0 3arpsi3HEHUs OBLTH
[IPOMBIILIJIEHHBIE TPEANpPUATHs, TO ceilyac BEOyLIIMMHU CTald BBIXJIOIIHBIE TIa3bl
aBTOTpaHcTopTa, BBIOpOCHl TOI[, MambIX KOTENBHBIX M HedeH WHIUBHIYaJbHOTO
CEKTOpa, KOTOpBIE K TOMY € IO NpUYMHE JedUIuTa NPUPOJHOIO raza BBIHYXKIEHBI
BEPHYTHCS K HCIIOIb30BAHUIO YIJISL C HU3KOW KaJIOPUITHOCTBIO U BBICOKOH 30JIbHOCTBIO
[25, 10].

[MocTostHHBIX HAOMIOZACHUIN 3a BHIOPOCAMH XWMHUYECKHX JJIEMEHTOB (0COOECHHO
TSDKEJBIX METAIOB) B OKPYXKAWIIYIO CpeAy B pecnyOyiMKe He BEAETCS, €CTh TOJBKO
oTpbIBouHbIE NaHHbIe. HenaBuee n3ydyenue [11,28] 3K0I0r0-re0XUMUYECKON CUTYAITUN
B r. bumkek (atmocdepa, ruapocdepa, moYBa M PACTUTENBHOCTB) TOKAa3aJI0 OYCHb
TPEBOKHOE cocTosiHME. Tak, B TBEpABIX ocTaTkax arMocdepbl buiikeka cojaepikaHue
Pb, Zn, Cr okazanocs B cpegem B 20-30 pa3 Beimie [1JIK. D10 He yauBUTENBHO, eCin
10 pacyeTaM TOJILKO aBTOTPAHCHOPT TOpoAa IO MPHUYUHE HCIOJIb30BAHHS
HEKa4YeCTBEHHOTO TOIUTMBA (ITWIIMPOBAHHOTO OEH3WHA) BBIOpachBaeT atMoc(epy OT
300 mo 500 kr coenuuenuii Pb execyrouno. ITo mociensum ganubiM ['ockoMcTaTa. B T.
Bumkek BEIOPOCH BPEIHBIX BEUIECTB B aTMOC(EPy COCTaBWIH 74 TBHICSYM TOHH, B TOM
qucae TBepAbIX 4yacTull - 20 THIC. T, JKHUAKHX U ra3oo0pasHbIX - 54 ThIC. T, U3 HHUX
CEpPHUCTOTO aHTupuaa - 36 ThIC. T, OKHCIIOB a30Ta - 8 THIC. T, OKUCH yriepoja - 9 ThIC.
T.
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IIpoBeneHnass MapmIpyTHas CheMKa Ta30pTYTHBIM IIEPEHOCHBIM aHAIH3aTOPOM
tuna AI'TI-01, nokazaina, 4To B r. BUIIKEK B AKOJIOTUYECKH YHUCTHIX paiioHax (OyabBapbl
OpxuHmuk, Mononoit I'Bapanu, mapk uM. @yduka) ypoBEeHb COAEPKAHMSA MAPOB PTYTH
B BO3JyX€ COCTABJUI B CpEIHEM 25x10° mr/M® u Ha mouse 25x10° wmr/m3. Dru
[OKa3aTeNy SIBJSIIOTCS HauboJjiee HU3KMMHU M HMX MOXKHO TIPHHATH 3a HOPMY IO T.
bumkek. A B pailioHE WHTEHCHBHOTO JBIDKEHHS aBTOTpaHCHopTa ynuubl ['opbkoro,
Kubex-XKomy u CoBerckasi) B BO3yXe U Ha MOYBE YPOBEHb COJIEPIKAHUS MApOB PTYTH
koneGnercs ot 25x10° mMr/kr’ o 120x10° D10 mpakTHYecKu B [Ba pa3a BBIIIE, YeM B
9KOJIOTHYECKH OJIarOIOJIyuHBIX paiioHax.

ITo manHbIM MUHHCTEPCTBA OKPY)KAIOIMICH cpenbl, 0KoJio 2/3 oOIiell 3eMenbHOM
wIomaay r. bumkek 3arpsA3HEHO TKEIbIMH METaJUIaMH, M3 KOTOPBIX HauOOJbIIMN
yaenbHbIH Bec umeroT Ag, Pb, Cr, mpeBsImiatoniue cBOM KIapKu COOTBETCTBEHHO B 16,
23 u 44 paza. 30% Tteppuropun ropoaa 3arpssaeno Cd [IIJK 1,2 - 2,3], 20% - Zn
[TIAK - 2,4]. IlpoBencHHas OLIEHKA IOKa3aTesed PEnpOdyKTHUBHOM CHCTEMBI IBYX
pailoHOB T. bBuIlIKeKk ¢ OTJIMYAIOLICHCS SKOJIOTMUECKOW OOCTaHOBKOHM BBISBUIIA
CTaTUCTUYECKU JOCTOBEpHBIE DA3IMUYMsl B 4YacTOoTe OOLIEro KOJIWYeCTBa pOJOB,
IIPEXIEBPEMEHHBIX POJIOB, 3200JIEBAEMOCTH HOBOPOXKICHHBIX [31].

Heas u 3amaum ucciaeqoBaHusi: B cBs3M ¢ HEIOCTAaTOUHOW H3YyYEHHOCTHIO
IPOOIEMBI 9KOJIOTO-TEOXUMHYECKOTO  COCTOSIHUSI TOPOJCKOH  cpenbl, Oblia
chopMynupoBaHa  LeJdb  HCCIEHAOBaHMS - HU3YYUTb OCOOEHHOCTH  DKOJIOrO-
reoXUMHUYECKOH cpeibl TopoaoB B ycioBusix Keipreiscrana. CTaBWINCH ClEAyIOIINE
3a/1au - OICHUTH CBSI3M MEXIy YPOBHSIMH XHUMHYeCKUX dJeMeHTOB (Zn, Fe, Cu, Mn,
Ni, Se, Hg u ap.) B 00beKkTax ropojickoii cpe/sl (1ouBa, BOAA, PACTUTENbHBIN TOKPOB U
JKUBOTHBIE OPTaHU3MBI).

MaTepna.ﬂu M MeTOoAbl HCCJICAOBAHUSA. Briu B3sTHI l'[pO6I)I (B nmoyBax, BOIax,
pacTCHUAX W HA3CMHBIX XHUBOTHBIX OpI‘aHH?;MaX) UL aHajin3a B TOPOACKUX U
MPUrOPOJIHBIX 30HaX. [Tocie AecTpyKIMH MaTepHalioB a30THOW M XJIOPHON KHUCIOTAaMU
pactBopsl aHanm3upoBamu Metogamu UCIT-ODC, GecruiaMeHHO# aTOMHON abcopOrum
U CIEKTPOIYOPUMETPHUHL.

OcHOBHBIE pe3yJIbTAaThl HCCIe0BaHUN U uX 00cy:xaeHune. [IposeneH skonoro-
OMOTeOXMMUYECKHI aHAIN3 HEKOTOPBIX XMMHUYECKHX HJIEMEHTOB, B TOM YHCIIE TSDKEIIBIX
METaJIOB B TOPOJCKOif cpene (T. bumkek u r. Omr).

Bumkek U ero okpectHocTH. buirkek pacnonoxeH y nofaHoxbs KeIpreisckoro
Amna-Too B nentpe Uylickoit nomuasl. Tepputopust ropona 6oxee 10 ThIC. ra, BEICOTA -
750 M Hajx ypoBHEM Mops. bulllkek NeXHUT Ha paBHHHE, 0Opa30BaHHOW OT CIHMAHHA
KOHYCOB BbIHOCa pek Amaapua u AjamenuH. Kimmar koHTuHeHTanpHBIA. [lo
odurmansHeIM TaHHEIM (1999 1.), B roposme mpoxkuBaeT Gomee 790 THIC. HaceneHUs, a
0 HeopUIMaIbHBIM - Oomee 1 Mwumona. buoreoxmmmueckuil aHanmus3 ropoza
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IIPOBOIUIH TI0 ypoBHIO conepkannss Hg, Se, Zn, Cu, Ni 1 Co B MOYBEHHOM ITOKpOBE,
BOJIE, PACTEHUAX U HEKOTOPBIX KUBOTHBIX OpPraHU3Max.

Jnst OIEHKH 9KOJIOro-0MOr€0XMMHYECKOro COCTOsiHUsI I. bumikeka u ero
OKpecTHOCTell BBIOpaHbl Y4YaCTKH C Ppa3MYHBIMUA AHTPONOTEHHBIMU HArpy3KaMH -
IeHTpaibHas 9acTh ropoxa (yn. M. T'opekoro m mpocmekt Mmupa), ceBepHas dacTbh
(c.H.Anapua u IIpuroponnslit), ceBepo-BOCTOYHAas 4acTh (B palioHE CTEKOJIBHOTO
3aBOJIa) M I0’KHAs 9acTh (C. YOH-APBHIK).

1. YuacTok nieHTpasibHO# yactu ropoja (yin. M. T'opekoro u mp. Mupa). O6pasis
JUIsL aHaJIM3a B3SATHI BJOJB JOPOTH U Aanee. OnpeneieHHe XMMHUYSCKUX 3JICMEHTOB B
mouyBeHHOM MOKpoBe (0-20 cM) Ha JaHHOM ydYacTke mokasano (Tabn. 1), 4ro oHO
MOBBIIICHO TI0 CPaBHEHHUIO ¢ (POHOBBIMH ydacTkamu, kpome Co u Se, Zn — B 7 pa3, Cu —
B 4 pa3za, Ni — B 2 pa3za u ocobenno Hg - 6ornee uyem B 10 pa3. [1o HanmpaBieHuIo BeTpa
BJIOJIb IOPOTU MEHSIETCS aKKyMYJIHMPOBAHUE N3YyYCHHBIX 3JICMCHTOB, Ha IIPaBOI CTOPOHE
(mo HampaBileHHIO BeTpa) xoporu cozxepxkanue Cn, Zn m Hg 2-3 pasa Goxpmre mo
CpaBHEHHIO C CEBEPHO CTOpoHOH, a 1o Ni, Co u Se 0c000 He OTIIUIANIOCh.

PacturenpHblll IOKPOB Ha JaHHOM YYacTKE COCTaBISIET, B OCHOBHOM, 3J1aKOBO-
pasHoTpaBHas accouuaims (Stipa caucasica, Bromus oxyodon, B. tectorum ...) (ykoc)
ropojackoro maHmmadra. Bce wW3ydeHHBIE OJEMEHTHI B yKOCaX  pacTeHHH
HaKaIuIMBaroTCs OoJIblIe 110 CPaBHEHUIO C IPYTMMH y4yacTkamu ropoaa. Hanpumep, Zn-
B 2 pa3a 1o CpaBHEHHIO C I0KHOH 4acThio ropoja (c. Hon-Apeik), Hg - B 4 paza u Se- B
3 paza (tabm.2). A mo ceneHy, 1Mo CpaBHeHHIO ¢ ydacTkoM 5 (c. IIpuropomHsri)
IIPUMEPHO Ha OTHOM YPOBHE, M Ja)K€ HEMHOT'O OOJIbIIIe, COOTBETCTBEHHO- 0,95 MKI/KT U
1,19 MKI/KT CyXOTO BEIecTBa.

Ta6auna 1
PacnpenesieHue XUMUYeCKUX JIeMEeHTOB B Mo4Bax r. bBuurkek u ero

OKPEeCTHOCTAX (MI/KI CyXOro BellecTBa)

Mecto X MW M H 4 e ¢ K H e
oTéopa 9 1 e M e H T Bl
o0pa3unoB
Zn Cu Ni Co Hg Se
Ke C Ke C Ke | C Ke | C Ke C Kc C
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DoHoBbBIC 76 39 20 10 0,01 0,85
Y4aCTKH

r.bumxkex 412 [ 54 | 163 | 41 | 42 22 (82108 [0,52 52 1,04 | 1,2
c. YoH-ApBIK 192 | 24 | 64 1,6 | 34 1,7 163 106 [ 0,01 1.4 089 [ 1,0
c. Jxan 136 | 1,7 | 97 24 |25 12 |64 (06 | 0001 |01 [081 |09
c. H. Anapua 352 | 46 | 52 1,3 | 26 1,3 162 |06 |036 36 1,03 | 1,2
c. 321 |42 | 79 2,0 | 39 1,9 | 55 (05 [ 031 31 1,02 | 1,2
IIpuropozust

i

Ipumeuanue. C - cpeonee coodepoicanue ¢ me/ke, Kc -

KOHYyeHnmpayuu no CpasHeHuIo ¢ d)OHO@blM codepofcanueM.

K03 puyuenm

Taobnuya 2

Mukpo3JjieMeHTHI B YKOcax pacTeHuil r. bumikek u ero
OKPECTHOCTSAX (MI/KT CyX0ro BelecTBa)

Mecto otbopa Zn Cu Ni Hg Se

r. bumkex 412448 | 108£12 | 9,8+1,9 | 0,04- 0,31-0,95
0,19

c. HoH-AphIK 168+15 | 92 £8 6,2+1,2 | 0,01- 0,11-0,45
0,06

c. xan 148+13 | 82+7 3,9+0,8 | 0,01- 0,18-0,82
0,05

c. H.Anapua 384426 | 10448 4,2+0,8 | 0,01- 0,24-1,14
0,03

c.IIpuropoansrit 512439 | 9748 5,6+1,1 | 0,04- 1,02-1,19
0,10
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Bona - p. Anapua - Se- 0,57 mkr/i, Hg - 0,15 mxr/i (c. HoH-ApBIK)

. Se- 6 mkr/n (Bpem. BojoeM), Hg - 0,21 MKr/i (CTeKOIBHBIH 3aBOJ).

V3 5)KMBOTHBIX OPTaHM3MOB M3y4eH OJWH W3 OCHOBHBIX BCTPEUAMOLIMXCS HA 3TOM
y4acTKe BHJOB - 3ejieHas »kaba (Tabn. 3). B Tabnuie maHo cpeaHee 3HaYeHHE MKT/KT
CBIPOTO BemecTBa. MaKCHMallbHOE aKKyMYJIHPOBaHHE BCEX H3YYEHHBIX O3JIEMEHTOB
00HapyKeHO B OpraHn3Max jka0bl Ha ATOM ydacTke, kpome Mean. A Cu HakaruimBaics B
paitone c. H. Anapua (4 y4acTok) - 139 MI/KTr cbIporo BeIecTBa.

Tabauuya 3

Cpennee coaep:kaHue MHKPO03J1eMEHTOB B )KHBOTHBIX
opranu3smax (Mr/kr)

OOBEKTHI Hg Se Cu Fe Zn

IDIO3BOHOYHBIE
Pr1651 — KaprioBbIe

3enenas xxaba
0,23+0,01 | 1,32+0,12 | 124+11 618459 382+42
- B. viridis
0,51+£0,02 | 1,72+0,21 | 113£13 512+47
JlecHas mmoyeBKa -

0,031 0,71+0,03 | 69+5,8 178+15,4 | 328+31

Clethrionomys centralis
168£13,6

Boa.

0,031 0,82 - -
yxk-Natrix tessellata

0,018 0,98 - - -
O3. marymxa —
R.ridibunda
HACEKOMBIE
[TpynoBUK OOBIKHOBEHHBIN 0,04 0,21 - - -

Lymnae stagnalis

Kyxk-nnaByHer| (MMaro) 0,017 0,32 - - -
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D. megrinales nnunHKu 0,151 0,32 - - -
Komaps! (Anopheles) umaro | 0,061 0,86 - - -
JIMYUHKA 0,151 0,32 - - -
ITycTeIHHEI TIpYC 0,09 0,32 - - -
Colliptamus barbarus

2.Yaactok (c. YoH-ApBIK) HAOMIOJICHNST PACIIONIOKEH Ha I0)KHOW CTOpPOHE Topoja
Bumkek y mogHOXuMs rop Keiprerckoro Ama-Too. 13 Bcex 00cme0BaHHBIX YIaCTKOB
JAHHBIM y4acTOK IO 3KOJIOTO-T€OXMMHUYECKOMY U KIMMATHYECKOMY COCTOSIHHUIO
SIBIISIETCSL ONaromorydHsiM. [louBa- TeMHBIN MaOKapOOHATHBIN cepo3eM U TPEIrOPHEIE
30HBI MEPEXOAAT B KOMILIEKCHl CTEMHBIX IOYB KAalITaHOBOIO M YEPHO3EMHOIO THIIA.
AHanM3 TOYBEHHOTO TIOKPOBA ITOKA3aJ, YTO B [[EJIOM ITOYBEHHBII ITOKPOB OJIarONoIydIeH
10 U3yYeHHBIM »JIeMeHTaM, kpome Zn, Cu, Ni u Hg - orm npesbimanu ko3¢GGHUIeHT
KOHIIEHTPALMH 1O CPABHEHUIO ¢ (DOHOBBIMH Y4aCTKaMHU B CPEJHEM B 2 pasa.

IIpenropHo-cTenHasl pacTUTENBHOCTh OoJiee ONaromoyilydHa B TE€OXUMHUYECKOM
OTHOILICHWH, 110 CPABHEHHIO C JOJMHHON pacturenbHocThio [11, 21]. Conepkanue Zn,
Hg, u Se B pacTuTensHOM IOKpOBe (YKOC) IO CPAaBHEHHIO C IICHTPAIBHOM YacThIO
ropoaa (1 ydacTok) Huxe B 2 u 6ojiee pa3, U COCTaBIIAIOT COOTBETCTBEHHO 168 MI/KT,
0,01-0,06 mr/kr, 0,11-0,45 mr/kr cyxoro BemiecTBa. M3 >KMBOTHBIX OpPraHM3MOB Ha
JAHHOM Yy4YacTKe W3YYeHBl 3elieHas jka0da, O3epHas JATYIIKA, MyCTHIHHBIA TMpyC W
NPYIOBHUK OOBIKHOBEeHHBIH. B paiione ObiBiIeit BJIHX u c. HoH-ApPBIK M0 CPaBHEHHIO C
JPYTUMH YacTSMH TOpOJia MHKPOIJIEMEHTHl KOHIEHTPHPOBAINCH B OpPTraHU3Max
JKUBOTHBIX 3HAUUTENLHO HIDKE (Ha YPOBHE KOHTPOJISI), OCOOEHHO Y 7ka0bl U NPYyJOBUKA,
cootBercTBeHHO - Hg - 0,014, 0,003 mr/kr u Se - 0,95 , 0,15 mr/kr. AHanu3 BOABI p.
Aaapua mokasai, 4uto B paifone c. YoH-Apeik Se - 0,57 mkr/m u Hg - 0,15 Mxr/a
(YCITOBHO KOHTPOJIbHBIN) M B paiioHe cTeKoabHOro 3aBoaa Se - 0,78 mkr/m u Hg - 0,21
MKT/JI.

3.Y4acTOK pacIoNOoXeH B IOro-3alafHO CTOpoHE ropojga B 2 kM c. JIkal.
OCHOBHBIE Y4aCTKU UCIIOJIb3YIOTCA IS MAIIHU I0J CENbXO3MPOAYKTHl U HOBOCTPOHKH.
ITouBa- TNUYHBINA cepo3eMm, e npesbimaercs GoH Zn B 2,4 paza, Cu u B 1,7 paza
OCTaJIbHBIC JIEMEHTH, HAa ypoBHE (hOHA M Jake HEKOTopble 3meMeHTH kak Hg u Co
Hiwke. Hano ormernts, yto Habmopaercs HeOoJbIIOE MOBBINIEHHE cojepxkaHusi Hg B
maxoTHOM cioe (mo 40 %), 1Mo CpaBHEHHIO C MPEATOPHBIMH 30HaMH. EcTecTBeHHas
PacTHTENBHOCTh OCTaNach TONBKO B Ipeiaropbe. Bece M3ydeHHbIE MUKpPOIJNEMEHTHI B
YKOCax pacTeHHH Ha ypOBHE ydacTka 2, HO Toibko Se HemHoro Bbmme (0,18-0,82
Mr/kr). B pacturensHocTH arpomasgmadTa (3epHOBBIX KyNbTypax) HAaKaIUTMBAJIOChH
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CeJIeHa M PTYTH OOJIBINE TI0 CPABHEHHMIO C €CTECTBEHHBIM JIAaHAMIA()TOM B CpeHEM 10 2
pa3. M3 JKMBOTHBIX OPraHM3MOB Ha 3TOM Y4YacTKE H3y4YEHBI JIeCHas IIOJIEBKA H
ITyCTHIHHBI npyc. B oprarmm3me nonesku - Cu, Fe, Zn, Se u Hg na yposre ¢ona, a y
npyca 3a uckimouenneM Se u Hg. ITo-Buaumomy, 3T0 cBA3aHO ¢ arpojaHauIadTaMu, Tae
MHOTJIA AJIsL IPOTPABIUBAHUS CEMSH UCTIONB3YIOTCS COSIMHEHUS PTYTH.

4. Y4acToK pacrmoiokeH Ha CeBepHOW cropoHe ropoxaa (c. Hwkuss Amaapua).
ITockonbKy 3TOT y4YacTOK HIDKE TOpOJa, BCE CTOYHBIE W TPOMBIIUICHHBIE BOJIBI
MIPOXOJAT uepe3 ceno. DKOJIOro-OMOreOXMMUYECKHUEe AaHANIM3bl IOKa3ajld, YTO 3TOT
Y4YacTOK SIBIISIETCS HanOoJIee 3arpsA3HEHHOM JacThio ropoja. Bee n3ydeHHbIe 31eMEeHTH
B mouBeHHOM NOKpoBe (0-20 cM) HaKaIUTMBAIOTCS 3HAYUTEIHHO OOJIBIIIE IO CPAaBHEHUIO
¢ ¢oHOBBIME yuacTKaMu B (2 u Gojee pasa), kpome Co. OcoOEHHO HY)KHO OTMETUTh HE
(3,6 pa3a) u Zn (4,6 pa3a), 9TO ABISIETCA TEXHOTCHHBIM MPOHUCXOXICHHUEM, KOTOPOE
cornacyercs ¢ IpyruMu JaHHbIMU. OCHOBHOM TeppUTOpHUEH JaHHOTO y4yacTKa SBISETCS
KHJIOM MAacCHB, a OCTaJIbHBIE YYAaCTKH MCIIOIB3YIOTCS JUIA cenbxo3yroaunit. Coneprkanue
Zn n Cu B yKocax 3J1aKOBOH pacTUTENBHOCTH Ha YPOBHE LIEHTPaJbHOH YacTHU ropoja,
Ni B 2 pa3a uHmwxke, a Se - Hemuoro Beimie (1,14 wmr/kr cyxoro Bemiectsa). U3
MMO3BOHOYHBIX JKMBOTHBIX OPTaHM3MOB Ha 3TOM Yy4YacTKe H3Y4YeHBI 3eleHas jxaba,
O3epHasl JIATYIIKa, BOJSHOH YK, a M3 HACEKOMBIX - MXKYK-IUIaBYHEL], NPYAOBHUK
OOBIKHOBEHHBIN, KOMaphl M JTMYMHKH. Kak OTMEYEHO BBIIIE, 3TOT YIaCTOK HIDKE TOpoJia
u 0osiee yBIIQXXHEH, YTO co3laeT Oosee OMaronpusTHbIE YCIOBHS JUIS BIIAroJt0OMBBIX
JKUBOTHBIX. B 11e710M Bce mM3ydeHHble 00beKThI OMoc(hepbl MOKa3hIBAIOT €mie pas, 4To
9TOT paiioH Oojee 3arps3HEH IO CPAaBHEHHUIO ¢ APYTUMH YacTaMu ropoxa. Hampumep,
aba B 2 u Oonee pa3 akkymyiupyet Hg, Fe, Cu u Se , coorBercTBenHo - 0,62 , 720,
139, 1,95 mr/kr ceiporo BemectBa. Y mpynoBuka Se u Hg memHoro 6oubire - 0,21 u
0,004 mr/kr, a BOASHOMN KYK- IUTaBYHEIl H3y4eH ToJbKo Ha 3ToM yvactke (Hg -0,017 u
Se - 0,32 MI/KT) 1 TIO CPaBHEHHIO C NPYAOBHKOM MHKPOAJIEMEHTOB HAKAaIUIMBAIOChH
3HAYUTENLHO OoJiblie, ocobeHHo Hg — B 4,2 pasza. O3epHas JArymka U BOISHOW Yyx
roiiMaHb!I U 00cCieI0BaHbl BJOJIb pydeiikoB c. H. Anaapya. M3yuyeno tonsko Hg u Se, u
10 CPaBHEHUIO C ka0oif HIke B 2 pasa (cooTBeTcTBeHHO Jisrymku - 0,018 , 0,98 u yx -
0,031 , 0,82 Mr/kr) U 0cOOCHHO cejieHa B opraHu3Max Jsarymkd oonee 10 pas. Bo
BPEMEHHBIX BOJOEMax IMOMMaHBI M M3Yy4eHbl JIMYMHKM Komapos, rae Hg B 3 pasza
OoJIbIlle HaKATUTUBAJICS 10 cpaBHeHuIo ¢ umaroi (0,062 mr/kr), a Se Ha00OPOT UMaro
HakaruBam (0,86 mr/kr) B 2,6 pasa Oousblie 1o cpaBHeHHIO ¢ jmumHKamu (0,32
MI/KT).

5. Y4acTok pacIioyiokeH Ha ceBepo-3araHoi okpanHe ropoja (c. [lpuropoausiit).
Ananmu3 mousBeHHOro mokpoBa (0-20 cMm) mokazai, YTo B IETIOM aKKyMYJIHUpOBAHUE
MHUKpPORJIEMEHTOB UAET HapaBHe ¢ ydacTkamu 4 (c. H. Anaapuya), 3a uckmouenuem Hg u
Zn (#emHoro Hmxe - 0,31 u 321 Mr/kr). A B pacTHTEIHHOM ITOKpOBe, HaobopoT, Hg u
Se Oomplne 1Mo CpaBHEHHIO C JPYIHMH y9acTKaMH, Tae coiepkanne Hg m Se
konebanocs ot 0,04-0,10, 1,02-1,19 mr/kr cyxoro Bemiectsa, Zn B 1,3 pasa 6oJblie 1o
cpaBHeHHIO ¢ 4 ygacTkoM, a Cu m Ni - HapaBHe. Ha 3TOM y4acTke M3y4eHBI TOIBKO
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3eeHas kaba M IyCTHIHHBIN Tpyc, koHIeHTpupoBanue Hg, Fe, Cu u Se Ha omHOM
ypoBHe ¢ 4 yyacTkoM. B opranusme npyca koHentpuposanve Hg u Se o otHomenuto
K ygactky 3 (c. YoH-ApHIK) B cperHeM B 2 pasa Oombmie (0,015 u 0,58 Mr/kr cyxoro
BEIIECTBA).

B bumrkekckoMm pproxo3e M3y4eHbl MaJbKU M MOJIOJbIE OCOOU CEM. KaploBbIX, Y
KoTopbIX HakammuBanock Cu, Zn, u Fe He3HauuTenbHO OOJNBIIE MO CPAaBHEHUIO C
narymkamMu ® okabamm, Hg - 2 pasa, a Se mmke. Takum oOpazoM, wuccie10BaHUSA
MOKa3ald ypOBEHb 3arpsA3HEHHOCTH Topoja buillkeka U OKpecTHOCTeHl TakMMHU
MukpoanemenTamu kak Cu, Zn, Fe, Ni, Se, Hg u Co.

ITo pe3ybTaTaM ITOJYUYCHHBIX TAHHBIX, HanOoiee 3arpsAI3HEHHBIC 4aCTHU TOpoOJa-
LIEHTpaJbHasA, CEBEPHasi- U CEBEPO-3alaaHasd, a Ooiee 6HaFOHOJ'Iy'{HI>I I0XKHasi-, U 10ro-
3anaaHas OKpaWHbI TOPOJa. Haxkomierne XuMH4YeCKUX 3JIEMEHTOB B opraHax U TKaHAX
O6CJ'I€,Z[OBaHHBIX JKHUBOTHBIX 3aBUCHUT OT cneumbmcn ByJia, 3KOJIOI'O-TCOXHMHUYCCKUX
yCJIOBI/II\/‘I 00HuTaHUs U CTEIEHU 3arpA3HCHHOCTU O6CJ’I€I[OBaHHLIX Y4acCTKOB.

Topox Om uero oxpecrHoctu. I'opoxg Om - BTopoil MO BENUYMHE TOpoj B
Keiprerzcrane (okono 400 Teic. 4enmoBek) W OMWH U3 npeBHedmux B LleHTpansHON
Azun. Brepsbeie r. Om ynomuHaeTcss B apaOCKMX HMCTOYHMKax 9 Beka, a ¢ 16 Beka
CTaHOBUTCS OIHUM M3 PEIMIHO3HBIX LeHTpoB. OH pacnoioxxeH B depranckoil JonuHe
Ha nojorux teppacax p. Ak-byypsl. Ilpombinuienssle 00beKTh ropoaa Oml OKa3bIBaloT
3HAYUTENIbHYIO BIIMSHUE Ha JaHImadThl TOPOJACKMX W NPUropoAHbIX 30H. TOII,
TEKCTHIBHBIE, INENKOBBIE, JOMOCTPOHUTENbHBIC TPENNpPUATHS, ac(harbToOSTyMHBIH,
HACOCHBIH, XJIONMKOOYHCTUTENbHBIA 3aBOJAbI M ABTOTPAHCIIOPTHBIE MPEANPHUSATHS B
3HAYUTENIFHOW Mepe OKa3bIBAIOT BIMSHHE Ha pelbed, MOYBEHHO-TUAPOIOTHIECKUN
pexum nanamadta. [To nanHeiM rugpomerciy)0bl (1996 1), BBIOpOC OeH30NMUpHHA B
atmMocdepy B 8 pas npessimaet [1JIK, a unorna nqoxoaut mo 20 pas.

OCO0OCHHOCTh TOYBEHHOTO IIOKpOBa ropojga H okpectHoctei [11,21,25,28)
COCTOMT B TOM, 9YTO 3I€Ch IIMPOKO pACIpOCTPAaHEHBI pPaBHUHHBIE M IPEITrOpHEIC
cepo3eMbl U KalITaHOBble MOYBBL. OHH MalOMOIIHBIE, YacTO 3POJUPOBAHHbBIE
(Bocrouno-Anaiicknii mouBeHHSBIH OkpyT). IIpenropuslie nuIeH(hsl 1 HU3KHE IPEATOPhS
go 1700 M Hajg ypoBHEM MOpsSl 3aHMMAlOT CEpO3eMbl. PacTUTENbHBIN MOKPOB
IIPEACTABJIEH MBIpeeM M THUITYaKOM. B mpenropesx ectectBeHHbIH maHamadT (ot 500
no 1800 ™M Ham ypoBHeM MOpsS) TpEACTaBICH  3()eMepOBO-TIOIBIHHBIMU
MOJYNMyCTBIHHBIME  accormarsivu  (Bromus oxyodon, Poa bulbosa v. vivipara,
Artemisia ferganensis ...): TYCHHBIH JIyK, OJHOJICTHHE KOCTEp, MATINK JyKOBHYHBIH,
MOJIbIH (epraHcKas U Ip. BUIBIL.

WccnenoBanusi mMpoBOAMINCH B BOCTOYHOM M 3amagHOM cTopoHax ropoga O
O6cnenoBanne MOYBeHHOTO TOKpoBa (0-20 cM) MoKa3ano, 9YTo ypOBEHb COACPKaHUS Se
u Hg B ceBepo-BOCTOYHOI 4acTh ropola HEMHOTO BBINIE IO CPABHEHHIO C 3amaJHOMN
(1108 mxr/kr u 213 MKr/kr cyxoro BemecTBa). Boga u3 p. Ak-byypa coxepxur 3,1
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Mkr/n Se w 0,9 mxr/n Hg. PactuTenbHbBI MOKpOB B 3TOH vacTé ropoaa (ykoc)
HaKaruiuBaJl celieH yMmMepeHHo (Tabi. 4). M3 roponckoii ¢ayHbl BbIOpaHa, JaHATHHCKAS
xaba (B. danatines) kak OOBEKT ISl OIEHKH DKOJOTO-TEOXMMHUYECKOTO COCTOSIHUS
ropoaa. Mbl aHaNIM3UPOBAIA OpTaHBI U TKaHU ka0bl Ha copepkanue Fe, Zn, Hg, Se u
YPOBEHb TeMOIIOOMHA. YPOBEHb TIEeMOINIOOMHA B TOPOJCKOIN MOMYISIHMU KaObI
HemHOro Bhimie (13 1/7), yeM Ha (POHOBO-KOHTPONBHBIX ydacTkax (9 1/m). Ilo-
BUIMMOMY, 3TO 3allUTHBIC PEAKIHH OpraHM3Ma XKaObl Ha HEONArONPHATHBIC YCIOBUS
cpensl (IKOJOTHYECKYIO HArpy3Ky), UYTO MOJTBEPIKIAIOTCS paHee IPOBEICHHBIMU
uccnenoBanusamu [3,5,10,30]. M3yueHHbIE MUKPOAJIEMEHTHI B OpraHax M TKaHIX kKaObl
nokasany, 4ro Fe u Zn MakCUMalbHO HAKAIUTMBAJIMCh B KO)KHOM ITOKPOBE BOCTOYHOI
gactr ropoxa (81 mr/kr u 950 Mr/kr ceiporo BemecTBa). Hg 1 Se B medeHn U moukax-
Ooiee 5 pa3 1o CPaBHEHHIO C JPYTMMH OPraHaMH U TKaHSIMHU.

Tabauua 4

CesieH u pryTh B 3KocucTeMe T.Om U  ero OKPeCTHOCTAX
(MKT/KT)

Mecto cOopa 06pasioB Se Hg

1. Bocrounee r. Om

[Tousa (0-20 cm) 1108+121 213428
Bona (p. Ak-byypa) 4,1+0,5 0,92+0,07
Pacrenus (yxoc) 984+£72 112£10
JlanatuHckas sxa0a B.danatines 2018+181 3944
ITyctein. mpyc - C. Barbarus 924+84 3143,5

2.3anmagnee r. Om

ITouBa (0-20 cm 924+£71 144+£12
Bona 3,240,21 0,71£0,05
Pacrenus (yxoc) 812+66 4445
JlanatuHckas sxa0a B.danatines 1190£110 52+6

ITyctein. mpyc - C. barbarus 712436 712436
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3amagHas 4acTe Topoaa Ooliee OIAromoIydHa B KOJIOTMYECKOM COCTOSHHH, YEM
BOCTOYHAsI, YTO IOATBEPKAAIOT MONydYeHHble Hamu naHHble. Conepkanue Se B
ITOYBEHHOM ITTOKPOBE, 3TOW YacTH ropoja ymMepeHHoe (924 MKI/KT CyXOoro BEIIeCTBa),
Hg nmemHOTro Oomnbmie 1O cpaBHEHMIO ¢ (OHOBBIM. B ykocax pacTeHmii Ha ypoBHE
YCIOBHO-KOHTPOJBHOTO (Se - 812 Mkr/kr u Hg - 44 MKI/KT cyxoro BeriecTBa). B iemom
OpraHM3Me M B OTAENBHBIX OpraHax M TKaHAX JAHATHHCKOH »kaObl BCe H3y4EHHBIE
AJIEMEHTHI TAKKe aKKYMYJIHPOBAIUCH 3HAYMTEIFHO HUXKE II0 CPABHCHHUIO C BOCTOYHOM
gacThio Topona (Se B 1,6 paza, Hg — B 1,3 pa3a HiDke B IIeJIOM OpTraHH3Me).

IIpoBeneHHbIE HaMU HCCIIEOBAaHHS TOKa3ajll YPOBEHBb 3arps3HEHHOCTH TOPOa,
Om -Se, Hg, Zn, u Fe. HaGonee 3arps3HeHHON SIBISIETCS BOCTOYHAS 4acTh W Oolee
OnaromonyyHa ceBepHas. Ha OCHOBaHMM TIOJNyYCHHBIX JaHHBIX [0 I[OYBEHHO-
pacTUTENLHOMY TTOKPOBY M TOPOACKOH (hayHe, MOKHO MPEIIIONI0KUTh, YTO 3arps3HEHIE
TOPOJCKOM cpelbl W NPHUrOpOAHBIX 30H Fe W Zn mNpOMCXOOUT B OCHOBHOM C
aTMoc(epHBIMH BBIOpOCaMH. A OCHOBHBIMH HCTOYHHKAMH 3arps3HEHUs] TOPOJCKOTO
nanamadra mo Hg u Se sBisitoTCS KOpEeHHBIE MOPOAbI (OMOT€OXUMHUYECKUE IIETIH).
W3BectHO, uTO B (epraHCKON [ONHMHE HPOXOMAT CYPbMSHO-PTYTHBIE W PTYTHO-
CYpPBMSIHBIE 3aIeXH (OJJHUM U3 dJIEMEHTOB-TIPUMECEH SBISICTCS U CEJIEH).

3akmouenne. ['eoxuMuueckast SKOJIOTHA - CJIOXKHAs HayKa, W3y4eHHE KOTOPOii
HEoOX0oMMMO Ul O0mIell SKOJOTMYECKOH OIeHKH (YHKIIHOHHPOBAaHHUS Ouocepsl B
COBPEMEHHYIO TCHXO30HHYI0 310Xy M IIOMCKa 0OoJiee PAlMOHAIBbHBIX TEXHOJOTHH.
CIIOXHOCTh 3aJladd COCTOMT B HEOOXOAMMOCTH IH(QEpeHIHalMi TEeXHOTCHHbIX |
NPUPOJAHBIX IOTOKOB H (OPM MHUIPAlUM  XUMHYECKHX DJIEMEHTOB, OLEHKH
B3aMMOJICHCTBUSl TEXHOTEHHBIX M TPHUPOAHBIX (DaKTOPOB, MPOSBICHUS OPraHU3MOB
HETpeBUICHHBIX Onoorndeckux peakiuii [10,17].

Pesynbratel mccnemoBaHuil Mo mpoOieMaM TEOXUMHYECKOW JKOJOTHUHU SIBUIHCH
OCHOBOH Ui OIEHKH OKOJOTHYECKOTO COCTOSHHS TIPHPOTHBIX H  TPUPOJIHO-
TexHOreHHbIX Teppuropuid [10,12,18,19,20], npuMeHeHus: psga MHUKPOIJIEMEHTOB W
MUHEpATBHBIX J00aBOK B KOpPMa JKHBOTHBIX, B TOYBY M MEIUIIMHCKHUE IperapaThl.
DKOJI0ro-0MoreoXuMruYeckasi KOHLENIMS peali30BaHa B HACTOSINEE BpEeMs B psjie
crpan - KHP, IOrocnaBum, Ilonpme, Benrpuwm, I'epmanun, Hopserun, Mcnanuw,
Benuko6puranuu [11,17,13,34,36].

B psne roponor Keipreiscrana ¢ 9KOJOro-reOXUMHUYECKHX TO3UIUN HaM¥ OBbLIH
H3y4YeHBl OCHOBHBIE OOBEKTHI 3arps3HCHHUS Cpelbl: MOYBa, pacTeHus (yKoc), Boja U
HEKOTOpBIE CHHAHTPOITHBIE JKUBOTHBIE OPTaHW3MBL. 3aTeM OBUIM IPOCIEKEHBI IMyTH
murpanuu xumudeckux snementoB (Hg, Se, Fe, Ni, Zn, Cu u ap.) B okpyKaromieit
cpene, YCTaHOBJIEHBI TPUPOJHBIE KOMIIOHEHTHI, KOTOpBIE JAlOT HanOoJiee BEPHYIO
HH(OPMALIUIO O COCTOSIHUHM TOPOJICKO# CPeJIbL.

W3yuyenne aHOManuii MPOBOAUTCA METOJAMM I€OXMMHUYECKOTO KapTUPOBAHUS TEX
cpen, KOTOphIE JCTIOHUPYIOT 3arps3HEHHE BEIIECTBAMU B WX BBINAJCHHM U3
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MHUTPAIlMOHHBIX IOTOKOB. B  yCIOBHSX TOpPOJOB TE€OXMMHYECKOe KapTHPOBaHHE
HanOonee 3(G(GEKTUBHO TPH ONPOOOBAHUM ITOYBEHHO-PACTHTEILHOTO KM CHETOBOTO
mokpoBa. Koppemsmuss B pachpeneieHHH 3arpsA3HEHHBIX BEUIECTB MEXIY STHMH
cpelamMH JoKa3zaHa SKcrepuMeHTanbHO [24,29,32.33,34]. CoxpepkaHne XHMHYECKHX
JJIEMEHTOB B TIOYBEHHOM IIOKpOBE B ONM3NeKalledl K NPeANpHUATHIO KWIOH 30HE
(menTpasbHas yacTh T. bumikek) npespimano GoHoBsle 3arps3aenus B 10-15 pas (Hg),
2-5 pa3 (Zn, Cu), 2-3 pa3a (Se), 6 pa3 (Co); r. Om - 2-4 pa3a (Zn), 2-3 paza (Hg); r.
Koxk-Xanrak - 5-10 pa3 (Se). BbIABIE€HBI OCHOBHBIE OPraHHU3MBI-KOHIICHTPATOPHl B
TOPOJCKHX YCJIOBHAX. JTO aM(puOMM (3efieHas W JaHATHHCKas KaObl) M IOYBCHHO-
pacTUTENbHBI IOKPOB, YTO IOATBEPXKIACTCS AaHAJOIMYHBIMHU HCCIIEIOBAHUSIMH,
IIPOBEIEHHBIMU B APYrUX ropojax [4,23,29].

BaxHO Tarke MOAYEPKHYTH OHOTCOXUMHYECKYI0 MO3aHYHOCTh TOPOIOB: Ha (oHe
OOIMX TEPPUTOPHII C HEBHICOKAM WM CPEIHHM YpPOBHEM BO3ICHCTBHUS 31€Ch
BBIJICIISIOTCS] 00JIee JIOKATbHBIE YIaCTKH C BBICOKHM M OY€Hb BBHICOKUM BO3JICHCTBHEM.
Takue TEppUTOPUM MOTYT OBITh BBISBICHBI IyTEM IUIAHOMEPHOTO 3KOJIOTO-
FEOXMMHUYECKOTO HccienoBanus (kapruposanus) [11,15,17, 24,35,36].

W3ydyenne BIHSHUS TEOXHMHYECKHX (DakTOpOB (OCOOCHHO TEXHOTEHHBIX) Ha
OpPraHM3MBl, KaK W CBS3M MEXIY OpPraHn3MaMH CO CpelIOH OOMTaHUs SBISIOTCS
HCKITIOUNTENBHO CIIOXKHBIMH W MHOTOTpAaHHBIMH. ONHAKO BBISBICHHE M CHCTEMHBIH
aHaM3 TaKMX CBA3€H W B3aUMOJEHCTBMH - HEOOXOAMMOE YCIOBHE CO3JaHUs
TEOPETHYECKUX OCHOB T'€OXMMHYECKOH OKOJIOTMH, SKOJOTHYECKOH JKCIEpPTU3Bl H
IIPOTHO3MPOBAHMUS COCTOSHUS PAa3BUTHS MIPUPOTHBIX KOMITJIEKCOB.
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