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Conosévanosa H.A., Emenvanosa E.K., Anopeesa U.C.

MUKPOBUOJOI'HMYECKHE OCOBEHHOCTH
COJIEHBIX O3EP KYJYH/IMHCKOU O3EPHOU CUCTEMBbI

Solovyanova N.A., Emelyanova E.K., Andreeva I.S.

MICROBIOLOGICAL FEATURES

OF THE SALT LAKES OF THE KULUNDA LAKE SYSTEM

Annoranusi. OOBEKTOM HCCIENOBAHUS SBISUTACH BOAA U
JIOHHbIE OCaJKu COJeHbIX o3ep bonemoe Sposoe,
Bypiuackoe, Haxoxsmmuxcs B KydyHAMHCKOM cTemHOM
HU3MEHHOCTH U UMEIOIUX peKpealuoHHOE 3HaueHue. Llens
paboTsl - HU3y4YCHUE aHTHOaKTepUATIBbHBIX u
IIPOTUBOKAHAMIO3HbIX CBOMCTB BOJbI U JIOHHBIX OTJIOXKCHUN
o3ep KynyHnuHCKON 03epHOMl 00macTH B KOHTEKCTE WX
9KOJIOTUYECKOTO  COCTOsiHMS. OCHOBHBIMH  (haKTOpamu
BO3AEUCTBHS Ha Oacceitnpl o3ep b. SpoBoe um BypmmHCcKoe
SBIISTIOTCSI WHTCHCHU(UKAINS PEKPEalliOHHONH Harpy3Kd B
CBSA3M C PAa3BUTUEM BHYTPEHHETO TypU3Ma, AESITEIbHOCTDH
MPOMBIIIJIEHHBIX NPEANPUATHHA, M, KaK CIEICTBUE, CMBIB
3arps3HAIONINX BEIIECTB, JOOBYA M TPAHCIIOPTUPOBKA COIH
(B o3epe BypiamHCKOM) W MpakTHYECKH IOJTHAs BBIEMKa
WJIOBBIX rpsizeil B o3epe b. SpoBoM, pacnaiika mpuiieraromumx
Tepputopuii. B Bojie ¥ MOHHBIX Ocajgkax He OOHapy>KEeHbI

B030yauTesid  MHOEKUMOHHBIX  Ooyie3Hel, a  oOuiee
MHKpPOOHOE uMCiIO cocTaBiseT okono 102 KOE/mu.
[Ipeobmanatoreit rpynnou MHKPOOPTaHU3MOB,

0oOHapy>XeHHO! Ha arapu30BaHHBIX NUTATEIBHBIX CpPEAax,
SBJISIFOTCSI HECTIOPOHOCHBIE OakTepuu. Boaa conenoro o3epa
Bb. fpoBoro, crepunm3oBaHHas QUIBTpaIMield, oOmagaer
MHTHOMPYIOIMIUMH CBOHCTBAaMHM MO OTHOIICHHIO KO BCEM

HCCIICIOBAaHHBIM 14-tn TPaMIIOJI0KUATEIEHBIM u
TPaMOTPHIATEIFHBIM TECT-IITAMMaM MHKPOOPTaHU3MOB, a
BoZla o03epa BypaumHCKOTO — 1O OTHOIIEHWIO K MAEBSITH

[ITAMMaM TPaMOTpHIaTeNIbHBIX GakTepuii Salmonella sonnei
32, Klebsiella pneumonia B-4894, Pseudomonas mirabilis
160205, Serratia marcescens d, Pseudomonas aeruginosa
ATCC 9027, Escherichia coli 6645 ATCC 25922,
rpaMIojOXUTENbHBIM GakTepusm Staphylococcus aureus
ATCC 6538, Mycobacterium smegmatis GK 1 oTHocHTEIbHO
B030yauTens kanauno3os Candida albicans 620. TToka3zaHo
TaKXE, 4TO AHTAarOHUCTHYECKOH aKTHBHOCTELIO 06J'IaIlaIOT u
KyJIBTYpBl CIIOPOOOPA3yIOMINX OaKTepHid, BBIICICHHBIX U3
BOJbI W JOHHBIX OCAaAKOB HCCICAYEMBIX O3€p. B ocHoBe
3KOJIOTHUECKOM YCTOP'I‘II/IBOCTPI OKOCHUCTEM O03€p, HECMOTPs
Ha AaHTPONOTE€HHYIO TpPaHCHOPMAIMI0O U KINMaTHYECKHUE
N3MCHCHHMS, BJIMAOINNEC HA BO}IHHﬁ H COJIEBOH PEeXUM, JICKAT
OGnoreHHbIE MPOLIECCHI, KOTOpBIE o0ecreunBaoT
PEBUCTEHTHOCTh K TMOCTYNAIOIIUM HN3BHE IPUBHECCHHBIM

Abstract. The object of the study was the water and
bottom sediments of the Bolshoye Yarovoye and
Burlinskoye salt lakes located in the Kulunda steppe
lowland and having recreational value. The aim of
this work is to study the antibacterial and anti-
candidiasis properties of water and bottom sediments
of lakes in the Kulunda lake region in the context of
their ecological state. The main factors affecting the
basins of lakes B. Yarovoe and Burlinskoe are the
intensification of the recreational load due to the
development of domestic tourism, the activities of
industrial enterprises, and, as a consequence, the
washout of pollutants, the extraction and
transportation of salt (in Lake Burlinskoe) and the
almost complete extraction of silt mud. (in Lake B.
Yarovoe), plowing of adjacent territories. No
causative agents of infectious diseases were found in
the water and bottom sediments, and the total
microbial count is about 102 CFU / ml. The
predominant group of microorganisms found on agar
culture media are non-spore-bearing bacteria. The
water of the salty lake B. Yarovoe, filtered from
microorganisms, possesses inhibitory properties in
relation to all studied 14 gram-positive and gram-
negative test strains of microorganisms, and the
water of Lake Burlinskoye — in relation to nine
strains: gram-negative bacteria Salmonella sonnei
32, Klebsiella pneumonia B-4894, Pseudomonas
mirabilis 160205, Serratia marcescens d,
Pseudomonas aeruginosa ATCC 9027, Escherichia
coli 6645 ATCC 25922, gram-positive bacteria
Staphylococcus aureus ATCC 6538, Mycobacterium
smegmatis GK and regarding the causative agent of
candidiasis Candida albicans 620. It was also shown
that pure cultures of spore-forming bacteria isolated
from the water and bottom sediments of the studied
lakes also have antagonistic activity. The ecological
stability of lake ecosystems, in spite of
anthropogenic transformation and climatic changes
affecting the water and salt regime, is based on
biogenic processes that provide resistance to

O
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BBenenune. MukpobuoTa SBISETCS IUHAMHYHBIM KOMIIOHEHTOM JKOCHCTEMBI BOJOEMOB, a
BHYTPHCE30HHBIC U MEKIOJIOBbIC M3MEHEHHUS BHJIOBOTO W KOJUYECTBEHHOI'O COCTaBa MHUKPOOMOIICHO3a
03€p, 0COOEHHO MaJbIX, OYeHb BEJIWKHU. YCIIOBHUS Cpellbl B 03€paxX XapaKTepU3YIOTCS, MPEXKIE BCETO
BEPTUKAJIBHON M TOPU30HTAJILHOW MECTPOTON U OOJIBIIMM pa3MaxoM KosiebaHwii. Ha pacnpocrpanenue
MUKPOOPTaHU3MOB B 03€pax BIHSIET MHOKECTBO (PaKTOPOB CpPEebl: KIIUMAT U TeMIIepaTypa, HaInIne Wi
OTCYTCTBUEC JABWIXCHUA BOJbl, YPOBCHbL MHHCpaIU3allUH, KCCTKOCTH BOJbI, COACPKAHHUC OHMOTEHHBIX
BEILIECTB, KOJUYECTBO PACTBOPEHHOI'O B BOJIE KUCIOPOAA, HATMYUE BOJAHOM PACTUTEIBLHOCTH, T€OXUMHUS
MOACTHJIAIONINX TIOPO/I, ATAMl CYKIIECCHOHHOTO Pa3BUTHUS BOJOEMA U JP.

OcoObIif HTEpeC MPEACTaBISET M3YYCHHEe MUKPOOMOJIOTHYECKHX OCOOEHHOCTEH COJIEHBIX 03ep,
AMEIOIMNX PEKPEallMOHHOe 3HaueHue, Hampumep, B KynyHauHCKONW cremu ANTalHCKOTO Kpas.
KynynnuHckass crTenmHass HU3MEHHOCTh SIBIISIETCS AKKYyMYJISITUBHOM paBHMHOM, pacrnojaraercs B
Mexaypeube O0u 1 UpThla u xapakTepu3yeTcsl HaIMYueM OECCTOYHBIX 03&p C COJEHOU WM TOPHKO-
con€éHol BoAoW. XapakTepHBIMH 0OcOoOeHHOCTAMH  KymyHAMHCKOW  HU3MEHHOCTH  SIBIISIIOTCS
HE3HaYUTeIbHbIC KOJIeOaH!sI BBICOT, HAJTMYWE JJIMHHBIX TOJOTHX TPUB BBICOTOM OKOJIO 4 MeTpoB. Pexxum
yBII2XHEHU fora 3anagHoil CuOUpH HOCUT IyJILCUPYIONIUHA XapakTep: Ga3bl yChIXaHHs 03EPHBIX CUCTEM
CMEHSIOTCS (pa3aMu perpeccuu. MeHseTCsl He TOJIbKO YPOBEHb BObI, HO U CTEIICHb 3apacTaHus, BUIOBOI
COCTaB BOJIOPOCJIEN M BbICHIEW BOJHOM PACTUTEIHLHOCTH, MUHEPAIM3ALUS U COOTHOIIEHWE OCHOBHBIX
WOHOB, 4TO BJIMSAET Ha BUJOBOH cocTaB (UTO-, 300-, MUKPOOOINIAHKTOHA. B TeueHne ce30Ha OTKPHITON
BOABI MUHEpAJIU3AIUA B 03€PaX MOXKET 3HAUYUTCIIbHO USMECHATHECA B CTOPOHY IMOBBIIICHUA, YTO ITPUBOAMUT K

HN3MECHCHHUIO BUJJOBOI'O COCTaBa INIAaHKTOHHOI'O COO6H_[€CTBa [10] FJ'Iy6I/IHa U 1Jiomanb O03€p HEMOCTOAHHBI
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B 3aBUCHMOCTH OT NEPHOIOB 3aCyLIUTHBOCTH M OOBOHEHHUSI, B CBSI3M C YEM OHU MOTYT BapbUPOBATHCS OT
MPECHOTO COCTOSIHUSL K COJIOHOBATOMY HJIM TOPHKO-COJICHOMY, M OTJIHYAIOTCS THAPOrpapuuecKuMU
0COOCHHOCTAMU, (POPMOI OEperoBoil JIMHUMU, CTENICHBIO 3apacTaHus M XapakTepoM Jurtopainu. Hanbonee
HO/IBEPIKCHBI AHTPOIIOTCHHOMY BJIMSHHIO 03€pa, PACHOJIOKCHHBIC BOJIM3U HACEICHHBIX IYHKTOB, C
peoOpa3oBaHHBIM OEperoM, 30HaMHU OTJAbIXa M KYyIaHUs, TJI¢ MPOUCXOJUT H30BITOYHOE MOCTYIICHUE
NPUBHECCHHON MUKPOOHOTHI U OPraHMYECKUX M MPOMBIIIICHHBIX OTXO/IO0B.

[Moxoxasi sKoJIOTHYECKass CUTYaIMs OMUCAHA JUIS JPYroro COJEHOTO 03epa C PEeKpPEallMOHHBIM
ucnoib3oBanueM B Xakacuu — LlIupel, Ha Oepery KOTOPOro pacrojOoKeH KypopT, Tie TJIaBHBIMH
XUMAYCCKUMU 3arPs3HUTEISIMU TAKXKE SBISIOTCS TPUBHECEHHBIE OPraHUYECKUE BEIIECTBA U TIOTAIAI0IINE
C TIOBEPXHOCTHBIMH U XO3SIICTBEHHO-OBITOBBIMU CTOKAMH ITaTOICHHbIE MHUKPOOPTaHU3MBbI, B TOM YHCIIE
sHTepobaktepun [14; 21].

DKOJIOrHYeCKOe paBHOBECHE 03ep TOMICPKHBACTCS B pe3yjibTaTe CAMOOYMIICHHUS 3a CYET
SHJIOT€HHON MUKPOOHOTHI, 00ecTieunBaonell CeKPeUI0 METa00INTOB, TTOJABISIONINX POCT MTaTOT€HHBIX
MHKpPOOPTaHU3MOB, a TAaKKE 32 CYET IMOBBINICHHONW KOHIIGHTPALUH COJM, HEraTHMBHO BIHUSIOIICH Ha
MIPUBHECCHNE AJTIOXTOHHBIX MUKPOOPTaHH3MOB.

OOBEKTOM HACTOSIIIIETO MCCIICIOBAHKS SBISUIACH BOJA M JIOHHBIC OCAJKH COJICHBIX 03ep bosbiioe
SpoBoe, bypnuHckoe, Haxonamuxcs B KylTyHIMHCKONW 03€pHO-aJUTIOBUAIBHON CTEMMTHON HU3MEHHOCTH.

Lenb paboThl — M3ydeHHE aHTHOAKTEPUATIBHBIX M MPOTHBOKAHANIO3HBIX CBOMCTB BOJBI U JOHHBIX
otnokeHuit ozep KynyHaumHCKO#H 03epHOi 001aCTH B KOHTEKCTE X IKOJIOTUIECKOTO COCTOSHUSI.

Marepuansl 1 MeTOABI HccJaenoBaHuss. Omoop npobd 600bl U OOHHBIX OMILONCEHUL UCCIETYEMBIX
03ep OoCyHIecTBISUTN B cooTBeTCTBUH ¢ TpeboBanusmu ['OCT P 51592-2000 «Boga. O6mue TpeboBaHMs K
otbopy mpod» [6] B THXyIO O€3BETPEHHYIO TIOTOY MPH YAAJCHUN OT OEperoBoil TMHUK Ha paccTossHuN 30

M (puc. 1).

v 3

B0NsePOMaHOBKa
Y -

o

T EPE Ry SIHASKC
ek, TN +

Puc. 1. Mecrononoxenue Touek otoopa npob Ha o3epe bypiunckoe (1) u b.5Iposoe (2)
(Koncmpyxmop xapm. https:/lyandex.ru/map-constructor)
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Hna  obuapysicenus KoHmamumayuu o00pasyo8 600bl U OOHHBIX OMIIOJNCEHUN NAMO2EHHLIMU
MUKPOOp2anu3Mamu MccieayeMble oOpasiibl BHICEBATIM HA CEICKTUBHBIC arapu3oBaHHBIC IMHTATEIbHbIC
cpeabl: sHTEepoOaKTOarap, BUCMYTCYIb(UTHBIN arap, cTaQHUIOKOKKAarap, >KeITOYHO-COJIEBON arap, Cpeibl
SS, IlmockmpeBa, JleBmHa, B COOTBETCTBHHM C pekoMmeHmamusamu [17]. OOmee MHKpOOHOE YHCIIO
OTIPENIeIISUIN TIPU BBICEBE HccieayeMbix o0pasuos Ha ['PM-arap u cpeny I'PM ¢ noGasnenuem 5, 7, 9%
NaCl; mist BbIsIBICHHS B TP00Oax MHUKPOMHMIICTOB MPHUMEHSIIM arapu3oBaHHyio cpeny Cabypo (cperms
npousBozactea ®BYH 'HI [IMB, r. O6oneHck).

Onpeoenenue anmumuxpoobnou axmuenocmu. OOpasibl BOABI IS ONPEISICHUS aHTUMHUKPOOHOM
AKTUBHOCTUA OCBOOOXJAJIM OT MHUKPOOHOW KOHTaMHHAIIMK ITOCIIEAOBAaTEIBHON (GUIbTpaleld uepes
MeMmOpaHHble GUIBTPEI ¢ pasmepoMm mop 0,45 m 0,22 MkM. B kadecTBe MAaTOr€HHBIX TECT-IITAMMOB
MUKPOOPTaHU3MOB  KCIIOJI30BAIM  TPAMIIONIOXKHUTEIbHBIE, TIPaMOTPUIIATENILHBIC  OakTepuu U
nposkkenono0HbIi rpub poxa Candida us cocraBa komtekunu 6akrepuii, bakreprodaros u rpudbos PEYH
I'HII Bb «Bektop» Pocniorpebnanzopa (tadu. 1).

Tab6muma 1
IlepeyeHb NATOreHHBIX TECT-IMITAMMOB MHKPOOPTraHU3MOB,
UCIOJIb3YEMBIX JIJIsl ONpe/esIeHHs] AHTUMUKPOOHOI AKTHBHOCTH BO/JbI H 0CA/IKOB HCCJIEyeMbIX 03ep

No i/ HaumenoBanue tect- mramma Ko, Ne I'p-peaxuus T'pynna
IIaTOIrCHHOCTHU
1 Staphylococcus aureus ATCC 6538 B-1266 + 4
2 Streptococcus faecalis 555 B-4426 B-330 + 4
3 Salmonella typhimurium 2606 B-581 - 4
4 Klebsiella pneumonia B-4894 B-378 - 4
5 Shigella sonnei 32 B-582 - 3
6 Staphylococcus epidermidis 1833 MRSE B-1348 + 4
7 Serratia marcescens d B-1 - 4
8 Escherichia coli ATCC 25922 B-1373 - 4
9 Bacillus cereus ATCC 10702 B-1367 + 4
10 Bacillus subsp. spizizenii ATCC 6633 B-1376 + 4
11 Proteus mirabilis 160205 B-1267 - 4
12 Pseudomonas aeruginosa ATCC 9027 B-656 - 4
13 Mycobacterium smegmatis GK B-836 + 4
14 Candida albicans 620 Y-583 + 3

Jiist opeiesieHust aHTUMUKPOOHOH aKTUBHOCTH MPUMEHSUTH COBMECTHOE MHKYOHpOBaHHE 00pa3IoB
(GUIBTPATOB U CYCIICH3MI MATOTEHHBIX OakTepuil B KUIKOM nuTatenbHoit cpene LB (Difco, CIIA). dus
WCKJTFOUEHHST BO3MOKHOT'O BIIMSIHUSI a00PUTCHHOW MUKPOOHOTHI HA aHTUMUKPOOHYIO aKTHBHOCTB 00pas3Ilbl
BOJIbI OBUTH CTEpHIN30BaHbl puibTpanneil. unbpTparel 00pa3nos Boasl 1o 0,3 MJI BHOCHIIM B TPOOUPKH C
0,3 M1 cpenst LB u 0,01 Mt cyTOUHOM KyJIBTYpHI TECT-IITaAMMa, CYCIIEHIUPOBAHHON B (PM3HOIOTHIECKOM
pacTBOpe 10 onrtHueckod miotHoctd 10°° kin/mir. Jlanee mpoOHMpKM C KyJlbTypamMu M (UIBTPATaMU
BBLIEP)KMBAJN B a3PUPYEMBIX YCIOBHUSAX Ha TEPMOCTATHPYEMOH kayanke npu temmnepatype 37°C B TedeHne
24 yac. Ilosy4eHHbIE KyJIbTYpAIbHBIE XKUIKOCTH M MX JECATUKpaTHbIE pasBenenus (10 107) BeiceBamm
METOJIOM MHKpPOTHTpHpoBaHus mo 10 MK, B AByX NOBTOpaXx Ha arapu3oBaHHylo cpeny ['PM u
WHKYOMPOBAaJIM EMKOCTH C BbICEBaMH B TepMocTare rpu remneparype 37°C, B teuenue 18-24 yacos, mocine
Yero MOJCYUTHIBAJIM KOJIMYECTBO BhIpocHIMX KoyioHMH 1t ompeneneHuss KOE/mn cycnensuu. [1poOsr
KyJIbTYpaJbHON KUAKOCTH JJIS OMpEeAeNIeHUs] TUTPa KM3HECTIOCOOHBIX KIETOK oTOMpanu uepe3 10 mMuH
WHKYOMpoBaHus U yepe3 24 yac. B kauecTBe KOHTPOJIS )KU3HECTIOCOOHOCTH KJIETOK KYJIBTYPBI OIPEACIISUTH

THTP KJIETOK B CYCIICH3UH TECT-IITAMMOB 0€3 T00aBICHUS UCCIEAYEMBIX 00pa3IoB BOJIBI.
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s onpeneneHusl B3aMMHOTO aHTaroHU3Ma MPUMEHSUIH METOJT OTCPOUYEHHBIX MEePIEeHANKYIISIPHBIX
LITPUXOB Ha arapu30BaHHON Cpele IPU COBMECTHOM KyJIbTHBHUPOBAaHHMU MATOI€HHBIX TECT-IUTAMMOB H
U30JIATOB, BBIICIICHHBIX U3 BOJIBI M JIOHHBIX 0CAJIKOB 03ep [9].

YyecmeumenbHOCMb K aHmMubOUomuxam ONpeensuii AUCKO-Iu(Qy3uOHHEIM METOIOM COTJIACHO
peKOMeHIaIusIM MeXpernoHAIBPHONW acCOITHAITIH 110 KIIMHINYCCKOW MHKPOOHOJIOTHA W aHTHMHKPOOHOM
xumuoTepanuu [16]. B paboTe Mcnonb30BaHbl TUCKA ¢ aHTHOMOTHKaMH (MKI/IUCK): okcanmumH (1),
spurpomurtua (15), aeBodumokcarua (5), xwmHmamunuH (10), OemwmennnwumH 10EJ (6 MKT),
munpodaokcanuH (5), BankomunuH (30), umunenem (10), amukanua (30), THKapUWIIHMH/KIaBYyIaHAT
(75/10), medrazunum (30), nedrpuakcon (30), medernrm (30), medorakcum (30).

PesyabTaThl n 06cy:xaenue. O0a rcciaegyeMbIX 03epa pacnosararorces Bonm3u ropoaa Cnasroposa,
YTO CKa3bIBACTCSl HA MHTEHCUBHOCTU aHTPOIIOI'€HHON HArPy3KH.

Bonbimoe fposoe (b. SpoBoe) 3aHMMaeT TiyOOKYIO0 KOTJIOBHHY (OKOJO 25 M) C KPyTHIMH H
0OpBIBUCTHIMU O€peramu, W3pe3aHHBIMU TTYOOKHMHU OBparami ¢ rnepemnanamu BeicoT 10-15 M u sBistercs
caMoii HU3KOM To4koi Anraiickoro kpas. FOro-zanamHeiii 0eper uMeeT B KPYTOTO sipa BbICOTOU 110 20
M, B 00JIACTH ype3a UMEIOTCS BBIXOABI TPYHTOBBIX BOA. beper BocTOUHOM 4acTy BO3BBILIAETCS Hall yPOBHEM
osepa Ha 1,5-2,0 m. ITnomas aksaTopuu coctasiser 70 kM? co cpeHeii riyOuHOM 4 M, ¢ MaKCUMalIbHOM
rryouHo#t okono 9 M. JlmmHa o3zepa 11 kM, mmpuHa 7,9 kM. JloHHBIE TPYHTHI KIACCH(PHUIUPYIOTCA Kak
necyanble (KpyMHO3EpHUCTHIH KeNThIH mecok) — 15%, necuano-miucTeie — 25%, WIuCTbIE (YepHBIe, Cepo-
YepHbIE U TeMHO-cepble Wibl) — 60%, UMEIOTCs MPOCIONWKU rajuTa, MUpadbunura. JJOHHBIE OTIOXKEHUS
coJiepKaT Wbl ¢ MOIIHOCTBIO 3aneranus okoso 0,6-1,5 M. O3epo GeccTouHoe, mUTaHHEe aTMOchepHOE U
rpyHToBoe. OCHOBHBIE COCTAaBISIOLIME INPHUXOJHOTO BOIAHOTO OanaHca O3epa — BECCHHUH CTOK C
BOJIOCOOPA, BBIXOJIbI TPYHTOBBIX BOJ] Y KPYTHIX O€peros, 3MMHUE U JIETHHE OCAJKH, B PACXOJHON YacTH —
ucnapenue. Ha 6epery o3epa pacnosnoxen ropox SIposoe, rpszenedeOHbIN canaTopuil «Xumuk», KI'BY3
«KpaeBoii neueOHO-peadMIUTAIIMOHHBIN HIEHTP 03epo SIpoBoe» [2], YTO 3HAYMUTEIIHHO YBEIMYMBACT Ha
JIETHUI TIEPHUOJI aHTPOIIOTE€HHbIH npecc goxoas a0 15 teic. yenosek B aenb (https://clck.ru/bNFAw).
OcCHOBY JIeYeHHUsI B CAHATOPHH COCTABIISIOT WIOBO-CYJIb(UIHBIE IPs3H, 3amac KOTophix B o3epe b.SpoBoe
yKe McuepIaH, B CBSI3M C YeM MX JAOCTaBILIIOT ¢ o3epa M. SIpoBoe. B pe3yibraTe TEXHOT€HHOTO BIHMSHUS,
PacrojIoKEHHOTO psAaoM U (yHKIHoHUpoBaBiiero ¢ 1944 r OAO «AntaliXuMIIpOM», MPOU3OIILIO
HAKOIUICHHE PTYTHCOJACPIKAIMX OTXOJOB B JOHHBIX ocajakax o3epa [12]. OcHoBHbIMH AuGQy3HBIME
WCTOYHUKAMH MOCTYTUICHUS] TEXHOTEHHOW PTYTH B 03€pO SIBIISIIOTCS] OEPEroBble OTBAIIBI TBEPABIX OTXOJI0B
KoMOuHaTta, ocobeHHo B nepuon cHerotasuus [19]. ConepxaHue pTyTH Ha TBEPABIX YAaCTHLAX O3EPHOI
BojIbI cocTaBisuio 0,22 & 0,21 Mr/kr, B qoHHBIX ocazkax 0,16 = 0,14 mr/xr [15].

Ozepo ucrnonp3yercss B KaueCcTBE MecTa cOpoca XO3SHCTBEHHO-OBITOBBIX M IPOM3BOACTBEHHBIX
CTOYHBIX BOJ| TIOCJIE OYHCTKH, HO TPH 3TOM SIBJISETCS BaYKHBIM TPOMBICIOBBIM BOJOEMOM ISl padyka
apTEeMHUH — €IMHCTBEHHOT'O MIPEICTaBUTENSI Me303001IaHKTOHa [1; 3].

Munepanusarus Boabsl o3epa b. SIpoBoe cocrasisiia B pasubie roasr 110-120 [7], 133 [12; 13], 179,4
r/n [11] u morna konedatscs oT 90,0 (mait 2005 r.) mo 226,0 r/n (centsops 2007 r.) [5], oT 146 Ha
MIOBEPXHOCTH y CEBEpO-BOCTOYHOTO Oepera 10 206 /i — y 3anagHoro oepera.

Bopaa 03. b. SIpoBoe OTHOCUTCS K yJIbTparalMHHOW COJIEHOM xyopuaHo-HaTpueBou III Tuna mo
knaccupukamuu O.A. Anekuna. [IpeoOnagarommMu KaTHOHAMHM M aHUOHAMHM JUIS HEe SBIISTIOTCS HOHBI
Hatpuss — 41768-66160 wmr/mv® u xmopa — 85080-120530 mr/am®. Cpemu OCTaIbHBIX KAaTHOHOB
npeo6ianarot nousl Maraus (10445-11125 mr/am®), cpenn annonoB — cynbhar-uonsl (6650-8200 mr/mm®).
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XapakTepHoii 0COOEHHOCTBIO ISl TUIIEPTATMHHEBIX 03€p ABJseTcs npeBbimenne Mg+ nan Ca*2. C pocrom
MHHEpAIU3alluK BOJIBI B 03epe oTHomeHne Mg*?/Ca*? ypenmuuaercs. 3nauenue pH B auanasone 7,75-8,0
[8].

B o3epe b. SIpoBoe HaGmonaeTcs TemmneparypHas CTpaTU(GUKAINS C COXpAaHEHHEM B JIETHHN TIEPUO]]
OTpHUIIATEIBHBIX TEMIIEpaTyp. B HioHe TemmepaTypa MOBEPXHOCTHOTO cliosi parsl gocturaer 18-19,9°C,
TemIiepaTypa Boibl y 1Ha (Ha riryOuHe 8-9 M) MOXeET OBbITh OTPUIATEIILHOM U COCTaBIATH 10 -5°C [4].

O3epo BypinHCKOe pacioiokKeHo B KOTIOBHHE C O0OPBIBUCTBIME, OT 3 10 5 M, Oeperamu, co cpeanei
rryounoit 1,65 m. Ha ozepe y mocénka Bypcons ¢ 1762 roma moObpIBaeTcss MOBapeHHas COJb Ha
KpyITHEHIIeM MECTOPOXKICHUH MoBapeHHol comu B 3amagHoit Cubupu. Munepaiamsauusi BOIbl 03epa
Bypnurckoe cocrasiisiia B pasubie rojsl ot 253,0 r/n [20] mo 346,2 r/n [11].

HawuBriciiee monoxeHue ypoBHS BOJHOHM TNIal OTMEUAETCs BO BTOPOH JeKaje ampens, Hanbomee
HHU3KOE — B TIEPBOH JeKkane OKTSIOps. JIeToM M OCeHBI0 OOBIYHO HMCHApEeHHE C IMOBEPXHOCTH 03epa
MPEeBHIIIACT BBIMAJEHHE OCAAKOB. 3UMOI HaONIOAeTCsl MOABEM YPOBHS BOABI, YTO CBSI3aHO C MPUTOKOM
MO3EMHBIX BOJI TIPH OTCYTCTBUH MCIIAPEHUS U JIGAOBOTO ITOKpOoBa. [IpH HU3KMX YPOBHSAX BOJBI B JICTHHIH
MEpUOJ] HACBIIIEHHOCTh COJSIMH 3HAYMTENBHO BO3pacTaeT. [Ipw KpHCTaIUIM3alUM COJEH MPOUCXOIHT
cagka. He pacTBopuBIIasics cajka YIUIOTHSETCS ITIOJ BIMSHHEM HAKaIUIMBAIOIIMXCS HaJ HEH CIIOeB,
mpeBpamiasich B KOpHEBYIO coiib [20].

YHCIeHHOCTh MUKPOOPTaHH3MOB B BOJIE O3€p 3aBUCHUT OT 00BEMa IOCTYIAIOMIETO IOCTYITHOTO
OpPTaHMYECKOT0 BEIIECTBA U HAYMHAET YBEIMYNBATHCS BECHOH, C HA4aIoM (POTOCHHTE3a M CEANMEHTAIIUH
(UTOIUTAHKTOHA, CHIDKASACH K KOHIY 3MMHETO IepHoJa C BOSHUKHOBEHHEM €ro JAe(HUIUTA B MOJICTHOM
npoctpanctBe [18]. B cBsa3u ¢ 3tuM 0oTOOp mpoO BOJBI OCYMICCTBISUTM B JICTHUI TEPHOI, KOTIa
pazHoOOpa3ne MHUKpOOWOTHI HamOosee mpencTaBieHo. B MomeHT B3sTus 3HadeHwme pH oOpasmos
coctasisuio 1uis o3epa b.SIposoro — 7,42, ns o3epa Bypnunckoro — 6,1.

HecMmoTpsi Ha MHTEHCHUBHYIO PEKpEalMOHHYIO Harpy3Ky, B Boje HM3ydaeMmbix o3ep b. SpoBoe u
BypiurHckoe He OOHapy»eHbI MMaTOreHHbIe KyJIbTyphl, oTHoOcsmuecs K pomam Shigella, Salmonella,
Escherichia, Staphylococcus. O6pas3iisl BOIBI M TOHHBIX 0CaIKoB 03epa b.SIpoBoro, BeIceBaeMEBIE Ha CPETy
Calypo u apyrue arapu3oBaHHBIE CPEJIbl, HE COAEP)KaI MHUKPOMHIIETOB, a B BOJE M JOHHBIX OCaIKax
o3epa bypnuHckoro ux coaepkanue coctaBisio Bcero 1 KOE/mi. OOmiee MUKpOOHOE 4YHCIO Ha
crannaptroit cpene I'PM cocrasuiio mist Boasl osepa b. SIposoro 1,15%102 KOE/mn, aist Bypnunckoro —
1,05x10° KOE/mn, mis IOHHBIX ocaikoB o3epa bB.SIposoro cocrapmsamo 5,65x10° KOE/mn, s
Bypmunckoro — 7,5x10? KOE/mn (puc. 2). Bona Gonee cosnenoro BypauHCKOro o3epa 1o CpaBHEHHIO C
BojioM o3epa b.SIpoBoro copepikaiia OOJIBIINYH) KOHLEHTPAIUIO ralo(WIbHBIX MHKpOOpranu3MoB. Ha
cpene I'PM ¢ 5% NaCl umcnenHocts mis o3epa b.SIpoBoro cocraBmia 0,25%10? KOE/mn, mis
Bypmuanckoro — 10x10% KOE/mn (1.e. B 40 pas Beimie), Ha cpeae I'PM ¢ 7% NaCl uncieHHOCTh 115 03epa
B. SIposoro cocrasuia 0,55%102 KOE/mn, ais Bypmuuckoro — 3,15x102 KOE/ma (T.e. B 5,72 pasa Bble),
Ha cpeae TPM ¢ 9% NaCl uuciennocts mis o3epa b. Sposoro cocrasmna 0,2x102 KOE/mn, s
Bypiunckoro — 10,7x102 KOE/mu (T.e. B 53,5 pa3 Bbiwie).

Ha crangaprHoii cpeae I'PM mpeoGianaromieid rpymmoi OakTepuil Bo Bcex oOpasiax ObLIM
HECTIOPOHOCHBIE OakTepuu (puc. 2), HauMeHee MpeAcTaBIeHHONH — KOKKH. OfHaKo, B o0pa3nax JTOHHBIX
0CaJIKOB 03ep, BhIcessHHBIX Ha cpexy ¢ 5% NaCl, koxku cocrasmsm 100%. MHTEpecHO, UTO B TpoOax BOIBI

M JIOHHBIX OCaIKOB 000mX 03ep Ha cpemax ¢ koHreHtparueid NaCl 7% u 9% kokku He OOHApYKEHHBI,
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npeo0IaIaoNMMHK SIBJISUTUCH HECTIOPOHOCHBIE OakTepuu. Bo Bcex oOpasiiax BOIBI M TOHHBIX OCAJIKOB,

BBICESHHBIX Ha cpeny I'PM 9%, 0OHapyKHBaIUCh TOJIBKO HECIIOPOHOCHBIE OakTepuH (puc. 2-4).

ITockonbky CaHaTOPHO-KYPOPTHOE JICUCHHE B YUPESKICHHUIX, PACIIONOKEHHBIX BOJIU3U COJICHBIX

03ep, 00BIYHO MOIPa3yMeBaeT KylaHKe, MPEACTABISUIOCh HHTEPECHBIM HCCIISIOBATh aHTHOAKTEPHAILHYIO

AKTUBHOCTHb BOJbI OTHOCHUTEJIBHO NATOICHHBIX MHUKPOOPTaHM3MOB M OKa3aHUE €€ BO3MOXKHOIO

TMOJIOKUTEIIEHOTO 03JIOPOBUTEIBHOTO AP deKTa Ha Kynarommxcs (Tabi. 2).

95,65 1 92,85
100
62,68
54 '
42 35,82
50 ’
0 H

b.fpoBoe, Boga  Bypaunckoe, b.Aposoe, Bypnunckoe, Bypnunckoe,
BOZA JOHHBIE OCAJIKHl  JIOHHBIE OCAIKH COJIEBBIE
OTIIOKEHHS
¥ HecriopooOpasytomue 6akrepun, %o cropoobpasyronie 6akrepun, % M kokKH, %o

Puc. 2. Cogeprxkanne OaxTepuii o rpymmam (CopooOpasyromre, HeCIOPOHOCHBIE, KOKKH)
B 00pasmax BOJBI, JOHHBIX OCAIKOB U COJIM 03€p Ha CTaHIapTHOH cpene [PM

1 1 1 1
100
80 50 50
60
40
20 00 0 00 00 0
0 A

Bb.fIpoBoe, Boga Bypaunckoe, b.fIposoe, Bypnunckoe,  bypaunckoe,
BOJA TOHHBIC JOHHBIC COJICBBIC
ocaJKu ocajku OTIIOKEHHS
B HecriopoobOpasytomue oakrepun, %o criopoobpasyronue 6akrepun, % M KOKKH, %0

Puc. 3. Comeprxanue 6akrepuii o rpymnmnam (cropoo0pa3syromiye, HeCITOPOHOCHbIE, KOKKH)
B 00pasiax BoJpbl, JOHHBIX 0CAKOB M coiu o3ep Ha cpeae I'PM 5%NaCl

100
100 90 89,47 79
80 65
60
30
40 23
10 11 10,52

20 0 0

0

B.sIpoBoe, Boga Bbypnunckoe, B.sIposoe, Bypnunckoe, Bbypnunckoe,
BOJIA JIOHHBIC OCAJIKH  JOHHBIC OCAJKH COJIeBbIC
OTJIOXKEHHSI

B HecriopooOpasyromue 6akrepuu, % criopooOpasyromue 6akTepun, %o B KOKKH, %

Puc. 4. Cogeprxanne 6axTepuii mo rpymiam (CopooOpasyromne, HeCIOPOHOCHBIE, KOKKH)
B 00pasiax Bobl, JOHHBIX 0CaJKOB U coyn 03ep Ha cpene ['PM 7%NaCl
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Tabnuma 2
Onpenenenne aHTUMUKPOOHOH AKTHBHOCTH P00 BOJbI
NMpPH COBMECTHOM HHKYOMPOBAHHUU € KJIeTKAMHU TeCT-IITAMMOB

Bpews O6paszert / Tutp xiretok tect-mramma (KOE/mm)
Ne TecT-mramm KyJbTH- Bona, BOJa, 03epo | *coimb, 03epo KOHTPOTH
BUPOBAHM 03¢po Bypnuuckoe | BypinuHckoe frramma

SAposoe (6/m)

1. Salmonella 10 MuH 1,7x107 1,8x107 1,9x107 1,65%107
typhimurium B-581 24 gaca 7,0x108 1,8x10° 3,5x10° 9,0x10°
2. | Shigella sonnei B-582 10 mMuH 1,8x107 1,8x107 2,0x107 1,55%107
24 gaca 9x10* 1,9x108 1,3x10%0 2,2x10%0
3. | Klebsiella pneumonia B-378 10 mMuH 9,0x10°8 1,1x107 1,05%107 1,4x107
24 gaca 4,0x108 5,0x107 1,2x10° 6,0x10°
4. | Proteus mirabilis B-1267 10 mMuH 6,0x108 4,5%10° 8,0x108 7,0x108
24 gaca 9,0x10? 6,5x108 2,0x108 6,0x108
5. | Streptococcus 10 MuH 6,5%x108 5,0x108 4,0x10° 6,5x108
faecalis B-330 24 qaca 6,0x108 1,05%107 1,5x108 3,0x108
6. | Staphylococcus epidermidis B- 10 MuH 1,7x10° 1,9x10° 1,9x10° 1,3x10°
1351 24 qaca 3,5x10* 3,0x107 1,25%108 4,5x108
7. | Bacillus cereus B-1367 10 MuH 1,15%10° 1,8%10° 1,9x10° 2,5x10°
24 qaca 6,0x10* 4,0x10° 4,0x10° 6,0x108
8. Bacillus subtilis B-1376 10 MuH 1,65%10° 1,45%10° 1,5x10° 2,5x10°
24 qaca 5,4x108 2,5%108 3,0x108 5,0x108
9. Serratia 10 MuH 4,8x10° 3,2x108 2,45x108 5,0x108
marcescens d B-1 24 yaca 1,9x10* 2,65%10% 5,5x10° 5,0x108
10. | Staphylococcus 10 MuH 5,0x108 6,5x108 5,5%x108 2,1x10°
aureus B-1266 24 qaca 9,5x10°% 9,0x10°% 8,0x108 1,9x10°
11. | Candida albicans Y-583 10 MuH 7,0x10% 8,0x10* 6,2x10* 6,5x10*
24 qaca 1,65%10° 6,5%10% 7,0x10° 7,0x108
12. | Pseudomonas aeruginosa B-656 10 MuH 1,5%107 2,0x107 1,15%107 2,5%107
24 qaca 1,85x10° 1,5x103 6,5x10° 8,5x10°8
13. | Escherichia coli B-1373 10 Mun 5,5%x107 6,5%x107 3,5%x107 9,0x107
24 qaca 1,35x10* 1,8x104 5,2x108 5,0x108
14. | Mycobacterium smegmatis B- 10 Mun 4,5%102 3,5x10? 3,8x107? 3,5x10?
836 24 yaca 4,5x102 4,5%102 5,5%10% 3,5%108

*COJb — CaJika COJIM CO JI1Ha O3€pa Bpr'II/IHCKOFO B KomdecTBe 1 T ¢ I[O6aBJ'ICHI/I€M 10r I[PICTPIJ'IJ'IHpOBaHHOfI BOJIBI

IIpr COBMECTHOM WHKYOMPOBaHMH OOpas3IOB O3EPHOW BOJABI M TATOTEHHBIX TECT-IITAMMOB
CHIDKCHHE KOHIICHTPAIMHM KIETOK IO CPAaBHEHHIO C KOHTPOJEM cCIycTs 24 4Yaca KyJbTHBHUPOBaHUSI
OKa3BIBaNIa Boja 03epa SIpoBOT0: CHIKEHHE THUTPA KIETOK B KYJIbTYPAIbHOM KUIAKOCTH Ha JBa MOPSIAKA
Habmomamu i mrammoB S. faecalis B-330, B. cereus B-1367, C. albicans Y-583, na tpu mopsiika st
mramMoB S. typhimurium B-581, K. pneumonia B-378, S. aureus B-1266, na 4eTbipe mopsiaka uis
mrrammoB S. sonnei B-382, P. mirabilis B-1267, S. epidermidis B-1351, S. marcescens B-1, E. coli B-1373,
M. smegmatis B-836, na msath mopsiakos s mramMma P. aeruginosa B-656.

O06pa3iibl BoJbI 03epa ByplnuHCKOTO MOBIEKIM CHIXKEHHE KOHIICHTPAIIMKM KJICTOK B CPABHEHUH C
KOHTPOJIEM Ha OJIUH TOpI0K [utst TecT-inrammoB S. faecalis B-330, S. epidermidis B-1351, na nBa mopsiaka
— s mrammoB C. albicans Y-583, K. pneumonia B-378, P. mirabilis B-1267, na 3 nopsiika Jis ITaMMOB
S. aureus B-1266, na 4 mopsimka mist mrammoB S. sonnei B-582, S. marcescens B-1, E. coli B-1373, M.
smegmatis B-836, na 5 mopsiakoB s mtamma P. aeruginosa B-656. Bona o3epa BypiuHckoro He okazana
6akreprocraTrueckoro a¢dexra Ha mramMmer S. typhimurium B-581, B. cereus B-1367, B. subtilis B-1376.
Crenyer OTMETHTh, 4TO COBMecTHas 10-MHHYTHas SKCHO3UIUS (UILTPATOB U CYCIEH3HMIA MATONCHHBIX

KYJBbTYP HE BbIsIBUJIA 3aMCTHOTO AHTHOMOTHYECKOIO )ICIZCTBPIS[ Ha MUKPOOPraHu3MBblI.

11 [@®|




https://doi.org/10.36906/2311-4444/22-1/01 Conosvanoea H.A., Emenvanoea E.K., Anopeesa U.C.

Bonpeku oxuganusm, oO6pas3ubl TOHHOW conu o3epa BypianHCKOro B AeCATHKpAaTHOM pa3BeleHHU
BOJION OKa3aJl MEHBIINA HHTHOUPYIONHil 2P PeKT 10 CPaBHEHHUIO C 03EpHON BOAON M TOJNBKO Ha 3 TecT-
mramma (Taba. 2). B nenom, Boga ozepa b. SpoBoro, HecMOTpst Ha MEHBIIYI0 MHUHEPAIN3aIUIO0, OKa3bIBaia
OakTeprocTaTHUECKU 3PPEeKT Ha OONBIINI CIEKTP MITaMMOB. B CBS3M ¢ 3THUM, MPEANOIOKUTENBHO,
WHTHOUPYIOMHA 3(PPEeKT 1Mo OTHOIMIEHHIO K MATOT€HHBIM MUKPOOPTaHN3MaM OKa3bIBaeT He MOBBIIICHHAS
KOHIIGHTpAIHs CoJieii B cocTaBe BOJBI U JOHHBIX OCAJKOB, 2 OPraHOMHHEPAJIbHBIH KOMIUIEKC BEIICCTB
OMOTEHHOTO MPOUCXOXKACHUS, HAIPUMEP, METaOOIUTHI KIETOK OakTepro-, GuUTo- M 300manankroHa. Ilo-
BUANMOMY, aHTHOAKTepUATbHBII M KaHIUIOCTATHYECKUH OPQPEKT CBS3aH € OHMOreoXMMHUYECKOi
aKTHBHOCTHIO WJIOBBIX OCaIKOB, KOTOpHIE HAXOAWJNCh B TOodke oTOopa mpoO o3epa b. Sposoro u
OTCYTCTBOBAJIM WJIM HAXOJUIIUCH HIKE COJIEBOM Callku B TOUKe 0TOOpa mpob o3epa Bypiuuckoro. Kpome
aToro, ozepo b. SlpoBoe sBisiercsi Oomee rimyOokmM m oOdamaeT OOJBIIMM OHOpa3HOOOpazWeM II0
CPaBHEHHMIO C 03€pOM DBypiHMHCKUM, 4TO CKa3blBaeTcs Ha CTaOMIILHOCTH JKOCHUCTEMBI M BO3MOXKHOM
CIIEKTPE TPOTUBOMHUKPOOHBIX OHOJIOTHYECKH AaKTHBHBIX COENWHEHWH. BakHO, YTO HamOONBIINi
UHTUOUPYIOMINH 3PQEKT CcoNeHOH BOIBI 03¢p HAOMIOAAJNCS 1O OTHOUICHWIO K BBICOKOIIATOICHHOMY
ITaMMy CHHETHOWHOM Tajouku P. aeruginosa B-656, rie Bce Tpu oOpasiia UCIBITYEMOW COJICHON BOIBI
OKa3alli CHW)KEHHE pocTa OakTepuw Ha 5 mopsakoB. CaMoe 3HAYMTENFHOE CHUKEHHUE KOHICHTPAILUH
KJIETOK B OmbITHOM cycrmensun (9,0x102 KOE/Mn) mo cpaBHeHuro ¢ koHTpoaem (6,5%10% KOE/mi)
HaOmonanu s mramma P. mirabilis B-1267 mociie cOBMECTHOTO MHKYOMpOBaHWS C BOAOH o3epa b.
SpoBoe B TeueHue 24 4acos.

BreieneHHbple M3 BOJBI  MCCIENYEMBIX 03€p CIOpPOOOpasylomue OakTepuud BBIOOPOUYHO
MPOAHAIM3UPOBAHE HAa HAIMYHE AHTUMHUKPOOHON aKTHBHOCTH IO OTHOIICHHIO K IMAaTOTEHHBIM TECT-
mramMMaM (mipoaHanu3upoBaHo 20 KynbTyp). Hamboisiee BbIpaykeHHass aKTUBHOCTh BCEX HCCIIEIYEMBbIX
OakTepuii mokazaHa oTHocuresbHO mrtamma C. albicans Y-583 — 3omna yraereHust pocta cocraBisiia B
cpemarem 23,7 mm, mis 4-x mrammoB (Ne 55, 80, 100, 105) mocturast 32 mm. llITammer criopooOpazyronux
Oaxtepuit Ne 68, Ne 100 u Ne B2, BbliesieHHbIE U3 IOHHBIX O0CaJKOB, 3()()eKTUBHO YrHETAIH POCT IITAMMOB
S. aureus B-1266, S. faecalis B-330, E. coli B-1373, K. pneumonia B-378, S. marcescens B-1, B. cereus B-
1367, B. subtilis B-1376.

[rammer criopooOpasyronux Oaktepuit Noe 68, Ne 100 u Ne B2 ObulM 4YyBCTBUTEIBHBIMHU K
aHTHOMOTHKAM: JIEBOMUIIETHHY, aMUKAI[MHY, U OeTa-TakTaMaM - UMUTIeHeMYy, edenumy, nedorakcumy,
UIpodIOKCAIMHY, YCTOMYMBBI K KIMHIAAMHUIMHY W okcanmiuiuHy. [lItamm Ne 68 ObL1 pe3ucreHTeH, a
mramMbl Ne 100 u Ne b2 qyBCTBUTENBHBI K 3pUTPOMULMHY, e TPHAKCOHY, TUKApLMUIMHY/KJIaByIaHaTY.
Yro kacaercsi TECTUPOBAHUS OCTAJBHBIX 17-TH IITAMMOB BBIJICJIEHHBIX CIIOPOOOPa3yIOMIUX OaKTepuid Ha
YYBCTBUTEJIBHOCTh K AaHTUOMOTHKaM, TO HauOollee BBIpaKEHHAS UYyBCTBHTEIBHOCTH OOHApyKEHa K
SPUTPOMHITUHY, JICBOMUIIETHHY, aMUKAIWHY, IUPOQIOKCAINHY, UMUIIEHEMY, Liehennmy, rehoTakcumy,
HaOJIroanack Pe3UCTEHTHOCTh K OKCALMIUIMHY, Le(Ta3uanMy, MPOMEKYTOYHas UyBCTBUTENBHOCTH K
KIMHJAMHIIMHY, BAaHKOMUIIMHY, OCH3WINICHUIWUIMHY, TUKAPUWLIHHY/KJIAByJIaHaTy, He(pTHAKCOHY.
Takum 00pa3oM IITaMMBI CIIOPOOOpA3yIOIIMX OaKTepud, HE CMOTPS Ha CHHTE3 COOCTBEHHBIX
AHTHOMOTHYECKUX METa0OJIMTOB, MPOSIBIISUIA UyBCTBUTENFHOCTD K IPUMEHSIEMBIM aHTUOMOTHKAM.

Crnenmyer OTMETHTB, YTO CHEKTp MATOTCHHBIX IITAMMOB, MOJABISIEMBIX IOl BIUSHHEM 00pa3IioB
BOJIBI, IIUpPE, 10 CPaBHEHUIO CO CIIEKTPOM, IOJABIISIEMBIM CIIOPOOOpa3yloUMMU OaKTEepUsSIMH, YTO

BO3MOJKHO CBSI3aHO C MaJiol BRIOOPKOH CIIOpoo0Opa3yonux OaKTepui.
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3axmovyenue. OcHOBHBIMH (pakTOpamu Bo3aeicTBUs Ha OacceliHbl 03ep b. SpoBoe u BypnuHckoe
SIBIISIIOTCSL. MHTEHCU(UKALMA PEKPEallMOHHON HAarpy3kd B CBSI3U C Pa3BUTHEM BHYTPEHHETO TYPH3Ma,
JeSITeTbHOCTh TPOMBILIICHHBIX MPEANPUATHHA, 1, KaK CIIEACTBUE, CMBIB 3arps3HSIOMINX BEIIECTB, B TOM
qucie, pTyTy B o3epe b. SlpoBom, 1o0bI4a 1 TPaHCHIOPTUPOBKA COJIU B 03€pe BypIIMHCKOM M IPaKTUYECKU
MoJTHAst BEIEMKa MIIOBBIX T'psizeid B o3epe b. SIpoBoM, pacmalika npuieraionmx TeppuTopuil.

B Boze m MOHHBIX Ocagkax HE OOHapyXeHbl BO30yauTenn WHM)EKIHOHHBIX OoJe3Hell, a olmiee
MHUKpOOHOE 4Hcio cocTapisio okosno 102 KOE/mn. IlpeoGnajaromieil rpynnoll KyJbTHBHPYEMBIX
MHUKPOOPTaHU3MOB, OOHApy>KCHHbIX B YCIOBHMAX ONbBITA B HCCIEAyeMbIX 0Opa3Lax, SBISIOTCS
HecTopoHOCHbIe OakTepun. Boga conenoro o3epa b. fpoBoro o0magaetT HHrHOUPYIOIIMMH CBOWCTBAMH T10
OTHOLICHUIO KO BCEM HCCIEIOBAHHBIM 14-THM TIpaMIIONIOKUTEIBHBIM M TIPaMOTPHLATENBHBIM TECT-
mTaMMaM MHKPOOPraHHM3MOB, a BOJa 03epa BypiMHCKOTO — MO OTHOUICHHIO K JEBSTH IITaMMaM
rpaMOTpHUIATENbHBIX OakTepuii: S. sonnei B-582, K. pneumonia B-378, P. mirabilis B-1267, S. marcescens
B-1, P. aeruginosa B-656, E. coli B-1373, rpammonoxuTensHbiM OakTepusm S. aureus B-1266, M.
smegmatis B-836 u otHocuTenpHO Bo3OyauTens kanmumo3os C. albicans Y-583. BaxkHo OTMETUTb, YTO
HanOoJIee BBIPAKCHHOEC AHTHUOMOTHYECKOE JEHCTBHE O3CPHOM BOJBI OTMEUEHO s BO30ymuTeNeH
THOEPOIHBIX MH(EKIN, BKIOYash KOXKHbIE 3a00sieBaHus, mTamMmmaM Buaa P. aeruginosa, S. aureus, S.
epidermidis, C. albicans.

Iloka3zaHo Takke, YTO aHTArOHUCTHYECKON aKTUBHOCTBIO K MATOI€HHBIM TECT-IITAMMaM 00JIafiatoT
KYJIBTYPBI CIIOPOOOPa3yIOIUX OaKTepHid, BBIACICHHBIX U3 BOJBI M JOHHBIX OCAJKOB HUCCIIETyEMBIX 03€D.

B ocHOBe »3KONOrMYecKOd YCTOMYMBOCTH SKOCHUCTEM O03€p, HECMOTPS HAa aHTPOIOrEHHYIO
TpaHC(l)OpMa]_[I/IIO N KIMMAaTHYCCKHEC HM3MCHCHHA, BJIIMAIOIINC Ha BOI[HI)II71 U COJIEBOH PEXKUM, JICKAT
OMOreHHbIe MPOLECCH, KOTOPhIE 00ECIEUYNBAIOT PE3UCTEHTHOCTh K ITOCTYMAIOIINM U3BHE IPUBHECEHHBIM

MHKPOOpPraHmusMam, B TOM YHUCJIC MMATOT€HHBIM, U UX SJIMMUHAILIAIO.
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Abstract. Smolny Island is a specially protected
natural area of regional importance aimed to preserve
a unique natural ecosystem of typical floodplain
landscapes of the latitudinal section of the Ob River.
The purpose of this research is to obtain primary data
on the species composition and state of algological,
polyporale communities and insects-xylophages of the
Smolny Island natural reserve. The standard
algological, mycological and entomological research
methods were used. The original studies results for
several components of the ecosystem are presented for
the first time. The composition, structure, occurrence
of freshwater algae, forest, polyporale communities
and forest insects pests were investigated. The
freshwater algocenoses of the island have a typical
regional composition, in summer there is a tendency to
cenosis characteristic of the region's swamps (diatom-
euglena viridis type) in autumn there's diatom, with
low occurrence of species. An increased saprobity of
the studied waters was detected. In total, 12 insects —
xylophages species of the Agaricomycetes class were
found in forest communities (coniferous, floodplain,
small-leaved cenosis), with the richest species
community in the test plot of small-leaved forest and
the least variety in the coniferous one. No great risk
for the development of a mass insects-xylophages area
in the test plots was revealed, but the constant
monitoring of the forest stock of the Smolny Island
natural reserve is necessary to prevent the
development of invasions and preserve the
biodiversity of the island. The research results can be
recommended as special diagnostic methods for
tracking the diversity and condition of island
communities.
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Annoranusi. OctpoB CMoOnbHBIH — 0c000 OXpaHseMmast
MIPUPOIHAS TEPPUTOPHUS PETHOHATBHOTO 3HAYCHUS C MEIBI0
COXpaHCHHWS  YHHUKAIBHOM  TPUPOTHOM  DKOCHUCTEMEI
TUOUYHBIX MOWMEHHBIX JaHAMA(PTOB IMIMPOTHOTO YYacTKa
pexku OO6b. Llenp HacTOSIINX HWCCICHOBAHHWNA: MOTYYCHHE
MEPBAYHBIX JAaHHBIX O BHIOBOM COCTaBE W COCTOSHUH
anprosorndeckux,  apounodopoBeix  cooOIECTB U
HaceKOMBIX-Kcuiioarax mnaMsaTHHKa mpupoabl «OcTpoB
CMOJIBHBINY. IIpumeHneHbl CTaHJapTHbBIE METO/IBI
UCCIICIOBAaHUH, TNPHHATHIE B aJbrOJIOTHH, MHKOJOTMH U
SHTOMOJIOTHH. Brnepssie HPUBEICHBI pe3yIbTaTHI
OPUTHHAJIBHBIX HCCIEOBAHUH HECKOJIBKUX KOMIIOHEHTOB
9KOCHCTEMEI. BEISBICH COCTaB, CTPYKTYpa, BCTPEIaEMOCTh
MIPECHOBOJHBIX BOJOPOCIEH, JIeCHBIX, aQrmropopoBeIxX
coo0mecTB W HACeKOMBIX  —  BpeguTeled  Jeca.
[IpecHOBOAHEINH adbromeHO3 OCTPOBA UMEET TUIHYHBIN IS
pETHOHA COCTaB, JIETOM HaOIOaeTCsl CKIIOHHOCTD K IIEHO3Y,
XapakTepHOMY Ui OO0JIOT perrmoHa (AUAaTOMOBO-3BIIICHO-
3€J€HbIH  THI, OCEHbI0O —  JUATOMOBBIM, HM3Kas
BCTPEYaEMOCTh BUJIOB). BrisBnena MOBBILIIEHHAS
canpoOHOCTh N3yYEHHBIX BOA. Bcero B 1ecHBIX coobiiecTBax
(XBOWHBI, TOMMEHHBIHN, METKOJIMCTBEHHBIN 1IEHO3) HAWIEHO
12 BumoB rpuboB Kiacca Agaricomycetes, ¢ wnaubosee
6GoraTtelM BHJIOBBIM COOOIIECTBOM Ha 3KCIIEPUMEHTAIHBHOM
y9acTKe  MEJKOJHCTBEHHOTO Jieca W HAaWuMEHBIIUM
pa3HooOpa3reM — XBOWHOTO. bombImoro prcka st pa3BUTHS
MacCOBOTO ouara HACEKOMBIX-KCHIIO()aroB Ha
OKCHEPUMCHTAIFHBIX YYacTKaxX HE BBIABICHO, HO I
HEJOMYIICHUST  Pa3BUTHA  HMHBAa3UH W COXPaHCHHS
Omopa3zHooOpa3usi  OCTpOBa  HEOOXOIWM  MOCTOSIHHBIN
MoHuTOpHHT 3a JapeBoctoeM [II1 OcrtpoBa CMOIBHBIN.
Pesynpratel uccnenoBaHui MOTYT OBITH PEKOMEHIOBAaHBI B
Ka4yecTBE JWAarHOCTUYECKHUX CIEIHMAJbHBIX METOIOB IPH
OTCIEKUBAHUM PA3HOOOpa3nsi M COCTOSHHUS OCTPOBHBIX
coobmiecTB
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Introduction. Rich composition of taxa is not typical for islands in general. The extent of island
ecosystems varies greatly depending on the age and origin, area, distance to the mainland, and the ecological
diversity of nature [5].

The Smolny Island natural reserve of regional significance is located in the Nizhnevartovsk region
of the Khanty-Mansiysk Autonomous Okrug — Ugra, two kilometers south-west of the city of Megion, on
the left bank of the Ob River (fig.).
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Fig. Schematic map and location of the study areas (https://www.kosmosnimki.ru):
1. Coniferous forest; 2. Floodplain forest; 3. Parvifoliate forest; 4. Swamp; 5. Oxbow

According to the soil-geographical zoning, the described territory is located in the West Siberian
taiga forest region (61°0'17"N 76°0'57"E) and is attributed to the middle taiga subzone [11; 29]. The
boundaries of the natural reserve coincide with the coastline of Smolny Island [26]. The island is wedge-
shaped, 6.5 km long and 1.3 km wide, and its total area is 486 ha. The island was granted with the status of
specially protected natural reserve in 2013. The purpose is to preserve a unique natural ecosystem of typical
floodplain landscapes of the latitudinal section of the Ob River. The relief of the island is flat, the water
elevation marks in low-water season range from 31.3 to 38.5 m, the highest one is in the central part of the
island. The terrace cusp height is about 2.5 m [10; 26].

There are 11 small lakes on the island, with the water surface area from 0.1 to 0.5 hectares, most
of which dry up in the summer-autumn period. Smolny Island is washed by the Mulka channel from the
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north and by the Malaya Smolnaya channel from the south, which is 6.5 km long, 100-150 m wide, shallow.
When the channel dries up, oxbows appear. A significant part of the island is flooded during the spring
flood and the water goes away by the end of summer. Half of the annual supply (50%) is snow, rainwater
is 20-35%, ground-swamp — up to 15-25% of the annual runoff.

The flora and fauna of the Smolny Island NR consists of a complex of floodplain meadow, forest
and coastal water communities and is similar to the typical vegetation of the middle taiga subzone of the
forest zone of the West Siberian Plain [19; 26].

According to the original data, the parvifoliate forest includes birch Betula pubescens L.
(Betulaceae) with a population density of 65-70%. The underbrush contains species of the genus willow:
Salix alba L., S. caprea L. (Salicaceae), mountain ash Sorbus sibirica L. (Rosaceae) and bird cherry Padus
avium Mill. (Rosaceae). The average height of the forest-forming stock does not exceed 3.0-4.0 m, the
average diameter is 14.0 cm. The shrub layer is represented by wild rose and siberian violet-willow. The
herbous layer is composed mainly of gramineous plants with a projective cover of 7-10%, the moss layer
was not found.

The floodplain forest consists of a stock of black poplar Populus nigra L. (Salicaceae), aspen
Populus tremula L. (Salicaceae), and birch Betula pubescens (Betulaceae). The average stock height is 8.3
m and the average diameter is 43.0 cm. In the undergrowth, there is Siberian mountain ash, Siberian pine,
and a high density of wild rose Rosa cinnamomea L. (Rosaceae) was found with a population density of
the latter of 45-50%. The herbous layer consists of river horsetail Equisetum fluviatile L. (Equisetaceae),
meadowsweet Filipendula L. (Rosaceae), gramineae and sedges, with a projective cover above 85%.

The coniferous forest consists mainly of Scots pine with small inclusions of Siberian pine, in the
undergrowth there are occasional specimens of birch and willow. The average height of the stock is 6.4 m,
the average diameter is 24.0 cm. The trunks of mature trees have traces of burnt bark due to the ground fire
in the past. There is an active undergrowth of Scots pine; the rates of seedlings on the site are high. The
grass layer is very heterogeneous and is divided into sectors. Such sectors include plots with foxberry
Vaccinium vitis-idaea L. (Ericaceae), with the projective cover up to 90%; in this area, the species is found
everywhere. The plots with the common wintergreen (Pyrola rotuntifolia L., Ericaceae), the arctic
starflower Trientalis europaea L. (Primulaceae), and the wood sorrel Oxalis (Oxalidaceae), with a total
projective cover of 65%, are located in waves, closer to the center of this ecosystem. Also, areas with river
horsetail and gramineae with the projective cover up to 45% were found in the northern part of this biome.
The moss cover is absent.

The work carried out is relevant and timely, because algae, aphilophoric fungi and insects-
xylophages in the specially protected natural territory “Natural Reserve Island Smolny” (OOPT Ostrov
Smolny NR) have not been studied, although they are very important for understanding the condition and
processes occurring in the island ecosystem. Island ecosystems are extremely fragile, while at the same
time they have enormous scientific, educational and cultural significance.

Experimentation. The aim of this work is to obtain primary data on the species composition and
condition of algological, aphilophoric communities and insects-xylophages of the specially protected area
of the Smolny Island natural reserve.

Field work and collection of material were carried out in the summer-autumn period of 2018-2021
[28]. Algae (phytoplankton, accumulations) were sampled in hollows, mats, upper layers of open water of
the raised swamp and oxbow. Diatoms have been identified on permanent specimens prepared by cold
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burning and placed in Canada balsam for clinical diagnosis [20]. Species diagnostics was carried out using
Nikon ECLIPSE E200 and OLYMPUS SX4 microscopes, cross-checking in domestic and foreign guides.
Synonyms for all identified algae are combined with data from the worldwide electronic database Algae
Base [32]. The water temperature and active reaction were measured using a portable pH meter (Oakton
Eco Testr Ph 2 Waterproof Rocket pH Tester) simultaneously with the collection of freshwater algae. The
chemical composition of water was analyzed in the laboratory of Nizhnevartovsk State University. The
frequency of occurrence was carried out according to the Starmach scale: 1 — occasional (1-6 cells in a
specimen); 2 —low (7-16); 3 —significant (17-20); 4 — much (31-50); 5 — plenty (over 50 cells in a specimen)
[4]. The ecological confinement and saprobity of the species are given from large summaries [4; 18; 20;
34].

The geobotanical description was carried out by the itinerary method, the determination of the
population density and projective cover was determined by field sketching [25].The study of forest
communities, tinder fungi and forest pests was based on three main communities, where the experimental
plots were laid: parvifoliate, floodplain, and coniferous. The species diversity was determined in relation
to the collection sites; the research of tinder fungi was carried out in the summer-autumn period of 2018-
2021 (July-September). The collection of samples of xylofagous fungi was carried out using the route
method, without a quantitative analysis of the community according to the methods of A.S. Bondartseva
[1]. The identification of tinder fungi was carried out by morphological characteristics using domestic [1;
2; 24] and foreign guides [31; 33].

During the route study, we collected imagoes, larvae and pupae of xylophages, and the damaged
bark on infected coniferous trees. Photos and videos of some insects and damaged trees were made. When
collecting insects, killing bottles with diethyl ether were used [9]. Subsequently, the collected species were
preserved in vials using formidron [7]. Xylophagous insects were identified using guides and atlases [14].
The assessment of the forest species condition in the experimental plots was carried out according to the
method of A.V. Pobedinsky [17]. The experimental plots were 25x25 m in size. Accounting of undergrowth
and seedlings was carried out on plots of 10x10 m perpendicular to the long side of the plot. The renewal
was accounted in two groups: the occurrence of undergrowth and seedlings. Occurrence is understood as
the percentage of the number of counting sites where undergrowth occurred to the total number of sites.
Activity of species in relation to confinement to tree species.

Discussing the results. Algae. According to the classification of swamps given in the works of
I.V. Filippova and E.D. Lapshina [30] wetlands of the Smolny Island natural reserve are oligotropic-raised,
of the pine-dwarf shrub-sphagnum type (riam). Water temperature and water pH activity during sampling
in the oxbow were in the range of 22.8-10.0°C and 5.7, respectively. In the waters of the raised swamp, the
temperature in July was 21°C, pH - 5.9 (tabl. 1).

The chemical analysis of water in the oxbow was made in October. According to the results, the
water is with weak acidity (pH 6.1), electrical conductivity — 72.98 uS/sm, chromaticity is very high — 210
mg/dm?, content of phosphate ions in the sample — 0.082 mg/dm?, content of sulfate ions — 12.43 mg/dm?,
content of ammonium ions — 0.15 mg/dm3, content of nitrate ions is 0.43 mg/dm?3, content of nitrite ions —
0.013 mg/dm?, content of chloride ions is 7.8 mg/dm?, the value of the total hardness is — 0.62 mg-eq/dm?®,
content of calcium ions is 9.62 mg/dm?, content of CO? ions is 0.0v mg/dm?, content of HCO-ions is 24.4
mg/dm?.
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Table 1
Characteristics of the sampling conditions at the locations of the Smolnylsland NR
Name Location Sampling period Water temperature, °C pH, units
Lake Oxbow | N61°00°274” / E076°00°394” VII-X /2021. 22.8-10 5.7
Swamp N61°00°349” / E076°00°549” VI -X/2021. 21 5.9-6.1

As a result of the field material processing, the complete systematic list of algae found in the swamp
community and in the oxbow in natural conditions, includes 94 species and intraspecific taxa belonging to
5 divisions, 8 classes, 20 orders, 30 families and 44 genera (tabl. 2).

Table 2

Taxonomic structure of freshwater algae groups on the studied sites of the Smolny Island NR

Taxon Total number —— Algae divisions
Ochrophyta | Bacillariophyta | Euglenophyta | Chlorophyta | Charophyta
Classes 8 2 2 1 2 1
Orders 20 2 14 1 2 1
Families 30 2 18 2 6 2
Genera 44 4 23 4 11 2

With the same number of Divisions, the number of other taxa of different levels (Classes, Orders,

Families and Genera) and their species composition diversities are higher in the oxbow, when compared
with the swamp. In general, the most taxonomically diverse are Diatoms, with a significant contribution
from the taxa of Euglena algae. Euglenae even prevail in species diversity of the swamp algal community
(tabl. 2, 3).

Table 3
Species composition of freshwater algae in the studied areas of the Smolny Island NR

Type Number of species and intraspecific taxa, %

Total Oxbow Swamp
Ochrophyta 9/9.6 9/13.0 2142
Bacillariophyta 40/42.6 33/47.8 20/42.6
Euglenophyta 28/29.8 13/18.9 211447
Chlorophyta 13/13.8 12/17.4 1/21
Charophyta 4/4.2 2/2.9 3/6.4
Total 94 /100 69 /100 47 /100

Other Divisions are less significant. Note that only the species Sorastrum spinulosum Négeli
(Hydrodictyaceae) was found among green algae in the swamp community, with a single frequency of
occurrence, which is absent in the oxbow. The family Hydrodictyaceae in the swamps of the Khanty-Mansi
Autonomous Okrug — Yugra is a rare one, although some of its species prevail in rivers [21].

In the general list of the family spectrum, half of the species composition is concentrated in the first
five Families, with the largest share being Euglena algae — 29.4%, followed by Diatoms — 12.6%,
Ochrophytic algae — 8.4% of the total composition identified (tabl. 4).

According to the published data it is known that Euglenidae in water bodies also play an important
role, being at the top of the list in Khanty-Mansi Autonomous Okrug — Yugra [15; 22; 35; 36].

The Family includes 5 species, of which Navicula radiosa Kiitzing (Naviculineae) and Navicula
viridula (Kiitzing) Ehrenberg (Naviculineae) were found in both sites. Four species were found in the
Families Selenastraceae and Scenedesmaceae, and all representatives of Scenedesmaceae were found in
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the oxbow, which is obvious as this group is attributed to rheophiles [16; 23]. Small-species Families are
represented by 20 taxa: 15 Families of them with one species, 3 Families (Tabellariaceae, Achnanthaceae,
Eunotiaceae) with two species, 2 Families (Aulacoseiraceae, Closteriaceae) with three species.

Table 4
Distribution of species across leading Families and Genera of freshwater algae
on the studied sites of the Smolny Island NR
Family Number of species | Percentage Genus Number of species | Percentage
Euglenidae 16 16.8 Trachelomonas 12 12.6
Phacidae 12 12.6 Lepocinclis 7 7.4
Dinobryaceae 8 8.4 Dinobryon 6 6,3
Pinnulariaceae 6 6,3 Pinnularia 6 6,3
Bacillariaceae 6 6,3 Nitzschia 6 6,3
Total 48 50.4 Total 37 38.9

The top five genera include 38.9% of all identified species of algae. Of these, the most packed are
two Genera of Euglena — Trachelomonas (Euglenidae) and Lepocinclis (Phacidae), one Genus of
ochrophytic (Dinobryon), and 2 diatoms. 24 one-species Genera were found, 5 two-species (Ulnaria,
Achnanthes, Planothidium, Eunotia, Desmodesmus), with 3 three-species (Aulacoseira, Navicula,
Closterium), the composition of the remaining Genera varies from 4 to 6 types.

Out of 94 identified species and intraspecific taxa of the total composition, 69 or 72.6% of species
were found in the oxbow, 47 or 49.4% — in the swamp. The common species found both in the oxbow and
in the swamp include 21 taxa with a rank below a genus. There are only five species of algae that constantly
develop from late July to mid-October, of which four are diatom species: Stauroneis anceps Ehrenberg
(Stauroneidaceae), Nitzschia palea (Kiitzing) W. Smith, N. holsatica Hustedt, N. obtusa W. Smith
(Bacillariaceae) and one of Euglenae — Trachelomonas volvocina (Ehrenberg) Ehrenberg (Euglenidae).
The period of phytoplankton vegetation development of the Trachelomonas volvocina (Bacillariaceae)
species in the Vakh River begins in June and ends in November [15; 34].

The July algocenose in the oxbow, under conditions favorable for development, is represented by a
complex of 5 groups: Ochrophytic — 6 species, Diatoms — 18 species, Euglenids — 13 species, Green — 10
species and harophytes — 2 species: Closterium pronum Brébisson (Closteriaceae) and Staurastrum
proboscideum (Brébisson) W. Archer (Desmidiaceae). Due to a water temperature decrease as a leading
factor for the development of algae, most of the species disappear from the October cenosis, small-celled
diatoms prevail. As a result, mid-October algocenoses are represented by 31 species: Ochrophytic — 3:
Dinobryon pediforme (Lemmermann) Steinecke (Dinobryaceae), Dinobryon suecicum Lemmermann
(Dinobryaceae), Pseudokephyrion ellipsoideum (Pascher) Conrad (Dinobryaceae), diatoms — 27, Euglenae
—1: Trachelomonas volvocina (Ehrenberg) Ehrenberg (Euglenidae); Green — 2 (Ankistrodesmus fusiformis
Corda (Selenastraceae); Monoraphidium griffithii (Berkeley) Komarkova-Legnerova (Selenastraceae) and
Harophytes — 1: Staurastrum proboscideum (Brébisson) W. Archer (Desmidiaceae).

During the study period from July to October, 13 species constantly developed in the oxbow, more
than 84% of which are Diatoms. The highest frequency of occurrence of the identified species in summer
does not exceed 3 points and is observed in 4 species: Dinobryon bavaricum Imhof (Dinobryaceae);
Aulacoseira italica (Ehrenberg) Simonsen (Aulacoseiraceae), A. granulata var. angustissima (O. Miiller)
Simonsen (Family Aulacoseiraceae) and small form Trachelomonas volvocina (Ehrenberg) Ehrenberg
(Euglenidae), 2 points — Monoraphidium griffithii (Berkeley) Komarkova-Legnerova (Selenastraceae), in
other algae the occurrence is occasional and 1 point. In autumn, the occurrence of Aulacoseira italica
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(Ehrenberg) Simonsen (Aulacoseiraceae), Hippodonta luneburgensis (Grunow) Lange-Bertalot, Metzeltin
& A. Witkowski (Diadesmidaceae) and Eunotia lunaris (Ehrenberg) Grunov (Eunotiaceae) is 1 point, other
species are found occasionally.

In the swamp area in October, there is a lack of water in the upper tiers; therefore, only the July
algocenosis, represented by 47 species from 5 groups, is discussed. The swamp algae complex consists of
Diatoms and Euglena algae by 87%. The highest frequency of occurrence was recorded for small-celled
species of genera Nitzschia (Bacillariaceae) and Planothidium (Achnanthidiaceae), max. 3 points.

During assessment of the general botanical and geographical characteristics of the studied water
bodies, a high proportion of planktonic algae species was revealed, which make up almost half of the total
list of the identified algae species. Epiphytic algae form a small group — 8.5%, benthic — 12.8% (tabl. 5).

Table 5
Distribution of the found algae by ecological groups
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Occurrence at the dwell area In relation to salinity In relation to pH
Planktonic 44 46.8 | Oligohalobes including: 71 | 75.5 | Acidophiles 7 7.4
Benthic 13 13.8 | Halophobes 7 7.4 | Indifferent 34 36.2
Indifferent 58 61.7

Foulers 8 8.5 | Halophiles 6 6.4 | Alcaliphiles 12 12.8
Unclarified 29 30.9 | Unclarified 23 | 24.5 | Unclarified 41 43.6

The percentage of algae with an unknown ecological confinement varies from 24.5% (in relation to
salinity) to 43.6% (in relation to the pH value). The cosmopolitan species of algae comprise 59 (62.8% of
the total composition), only 11.7% boreal and 3.2% holarctic Aulacoseira distans (Ehrenberg) Simonsent
(Aulacoseiraceae), Planothidium ellipticum (Cleve) M.B. Edlund (Achnanthidiaceae), Eunotia parallela
Ehrenberg (Eunotiaceae). In terms of halobness, all algae with a clarified ecological confinement belong
to oligohalobes, 75% of total identified. Among the oligohalobic species, halophobes, halophiles, and a
large group of indifferent species (61.7%) are distinguished. A significant proportion of taxa belongs to
species indifferent to pH (36.3%), 12.8% and 7.4% of algae are indicators or stenobionts: alkaliphiles and
acidophiles, respectively

Of the 94 species found in the waters of Smolny Island, 64 species or 68.1% are indicators of varying
degrees of organic content. The group of beta-mesosaprobes accounts for the largest share of 28.7%, the
group of oligo-beta-mesosaprobes and beta-oligo-mesosaprobes is 14.9% (tabl. 6).

Table 6
Distribution of identified algae in relation to saprobity
Algae family Number of species Percentage Algae family Number of species Percentage
X-0; 0-X 3 3.2 B 27 28.7
0 6 6.4 B-a; a-B 6 6.4
0-B; B-0 14 14.9 o 8 8.5

Designations: X-o; o-X; — xeno-oligosaprobes; oligo-xenosaprobes o — oligosaprobes; o-B; B-0; — oligo-beta-
mesosaprobes; beta-oligo-mesosaprobes
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Indicators of water with low organic content (xeno-oligo, oligo-xeno-saprobes) are represented by:
Aulacoseira distans (Ehrenberg) Simonsen (Aulacoseiraceae), Pinnularia subcapitata var. paucistriata
(Grunow) Cleve (Pinnulariaceae), Epithemia gibba (Ehrenberg) Kiitzing (Rhopalodiaceae) with a
frequency of occurrence ranging from occasional to low.

Quite a lot of eutrophic algae, indicating an increase in the amount of nutrients in the environment
and the development of oxidation-reduction processes, the threshold of an aerobic process of organic
substances, the appearance of ammonia and carbon dioxide, a decrease in oxygen concentration, the
transition of iron compounds into oxide and ferrous forms. The highest frequency of occurrence (2-3 points)
was found among the following alpha-saprobionts: Achnanthes lanceolata var. rostrata Schulz
(Achnanthaceae), Planothidium ellipticum (Cleve) M.B. Edlund (Achnanthidiaceae), P. lanceolatum f.
ventricosum (Hustedt) Buktiyarova (Pinnulariaceae), Nitzschia palea (Kiitzing) W. Smith
(Bacillariaceae), N. acicularis (Kiitzing) W. Smith (Bacillariaceae), and Trachelomonas planctonica
Svirenko (Euglenidae).

Polyporaceae. Polyporate fungi are of great importance for the study of forest biocenoses. They are
being studied over a century, but still there is no clear and unambiguous understanding of what kind of
group of organisms they are. In a general sense, they include all fungi that develop on woody substrates,
which are the initial agent for the destruction of wood residues, and practically the only one in the harsh
climate of the Khanty-Mansi Autonomous Okrug — Yugra [6].

Xylobiont fungi are located at the very low end of the detrital food chain, and this group of organisms
is also widely used as natural indicators in identifying old natural forests for the purpose of their protection.
By the beginning of the 21st century, xylotrophic fungi of the boreal zone in the Urals and Siberia are still
relatively poorly studied in comparison with other types of living organisms. In the Khanty-Mansi
Autonomous Okrug — Yugra, this group of fungi is also studied fragmentarily [12; 17].

On the territory of all studied areas, during the survey by the route method, polyporaceae fungi were
found mainly on the remains of dead trees, despite the consequences of a fire that occurred in 2012. In total,
12 species of Polyporaceae fungi were found belonging to 7 Genera, 3 Families, Class Agaricomycetes and
Division Basidiomycota (tabl. 7).

In the parvifoliate forest area, 9 species of aphyllophoric macromycetes from 6 Genera, 3 Families
of Class Agaricomycetes and Division Basidiomycota were found. The Polyporaceae Family is the most
representative in this area and includes 6 species of polypore fungi. The richest Genus is Daedaleopsis from
the Fomitopsidaceae family, which includes 3 species. The analysis of the species composition showed that
the species Fomes fomentarius L. (Polyporaceae) and Piptoporus betulinus L. (Fomitopsidaceae) were
found on all three sites.

Table 7
Distribution of polyporaceae fungi on the territory of communities of Smolny Island NR

Family The number of species taxa/ percentage of the cenotic composition
Total Parvifoliate forest Floodplain forest Coniferous forest
Fomitopsidaceae 5/41.7 21222 4/57.1 2/40.0
Polyporaceae 6/50.0 6/66.7 3/42.9 3/60.0
Stereaceae 1/8.3 1/111 0/0 0/0
Total 12 /100 9/100 7 /100 5/100
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Insects-Xilophages. The results of the assessment of the natural regeneration structure, growth and
viability in the composition of forest-forming species of Smolny Island after forest fires are shown in Table
8.

Table 8
Composition of forest species (Smolny Island)

Site No _ _ Composition, pcs _
' Pi | undergrowth | seedlings | B | undergrowth | Po | W | SPi | undergrowth
Coniferous forest 29 23 80 3 - - - -
Floodplain forest - - - 30 18 6 | 23| 12 5
Parvifoliate forest - - - 36 20 - |20 -
Designations: Pi — Scots pine B — Birch Po — poplar W — willow SPi — Siberian pine “-”— not found

It was found that the number of seedlings and undergrowth of forest-forming species during the post-
fire succession is determined by the intensity of the fire and the duration of the pyrogenic effect [3; 13]. At
the same time, in the pine forests of Smolny Island renewal takes place without species replacement with
high quantitative indicators. Birch and siberian pine have average seedling and undergrowth rates. The
relationship between the fire and the xylophages’ invasion of the forest stock was not revealed in the studied
areas. The trees in the coniferous forest area, Pinus sylvestris (Family Pinaceae) in particular, are healthy
and not invaded by pest.

The floodplain forest site, on the other hand, is exposed to xylophagous effects. The main damage
by xylophages is observed on Pinus sibirica Du Tour (Pinaceae). The highest activity of the six-toothed
bark beetle species Ips sexdentatus Bérner (Curculionidae) was noted here, in a small locus of five trees.
At the time of the monitoring (2021), the bark beetle left the infected trees, while no invasions were detected
on a number of healthy trees growing nearby. In addition to the bark beetle, the Black Pine Barbel
Monochamus gallopovincialis Olivier (Cerambycidae) was observed on Siberian pine. Same as in the case
with the bark beetle, no invasion was found on healthy trees. Rust pine borer Arhopalus rusticus Linnaeus
(Cerambycidae) has been encountered once. In the area of the floodplain forest there are some windfall
trees which is a good place for the development of subsequent generations of insects-xylophages. On the
stumps of downy birch Betula pubescens Ehrenberg (Betulaceae), there are birch sapwood borer Scolytus
ratzeburgi Jansen (Scolytidae) tunnels.

In the area of parvifoliate forest, a single specimen of the Horntail family Siricidae xylophagewas
found on a bird cherry Padus avium Mill. (Rosaceae). No other representatives of this family were found
on the island. Thus, the activity of insects-xylophages in relation to tree species ranges from one to three
(tabl. 9).

Table 9
The confinement of the identified insects - xylophages with tree species (Smolny Island)
Species Bird cherry | Scots pine | Siberian pine | Birch
Ips sexdentatus Borner (Scolytinae) - - + -
Scolytus ratzeburgi Jansen (Scolytidae) - - - +
Arhopalus rusticus Linnaeus (Cerambycidae) - - + -
Monochamus gallopovincialis Olivier (Cerambycidae) - - + -
Siricidae Billberg sp. + - - -
Total 1 0 3 1
Designations: “+” — found; “-” — not found
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Due to the special status of the territory and limited human activities, it is necessary to continue
monitoring the condition of the forest stock to prevent the development of larger foci of xylophages and to
preserve biodiversity.

Conclusions. The composition and condition of several cenoses of the Smolny Island NR were
studied. The composition of algocenoses is represented by 94 species and intraspecific taxa of algae, the
species diversity in the oxbow (69 species of algae) exceeds the one in the swamp — 47 species of algae.
The oxbow algocenosis in the vicinity of Smolny Island NR is more a diatom-eugleno-green in summer,
and diatom — in autumn. The frequency of occurrence of algae was generally occasional and mostly 1 point,
the highest occurrence was 3 points. The swamp cenosis in summer is mostly diatom-euglena from
occasional to 2 point frequency of occurrence.

In ecological and geographical terms, cosmopolitans, plankters (46.8%), indifferent to salts and pH
(61.7% and 36.2%, respectively), prevail. The predominance of beta-meso-saprobes (28.7%) and the
enrichment of the indicators qualitative composition with species indicating a high degree of pollution
(alpha-beta-mesosaprobes, beta-alpha-mesosaprobes, alpha-saprobes) to 14.9% with a frequency of
occurrence ranging from low to sufficient.

In three forest communities, over two years of research, 12 species of Polyporaceae fungi were found
from 7 genera, 3 families, the class Agaricomycetes and the division Basidiomycota. On the parvifoliate
forest site the richest species community of 9 aphyllophoric macromycete species was found, but only 7
species in the floodplain forest cenosis and 5 species in the coniferous one.

In total, 5 species of xylophages included in 3 families were identified in the experimental plots.
There is no correlation between fire and xylophagous colonization of the forest stock. The most vulnerable
species is Siberian pine, with the Six-toothed bark beetle Ips sexdentatus (Scolytinae) and the Black pine
barbel Monochamus gallopovincialis (Cerambycidae) being the most active pests. Birch sapwood borer
Scolytus ratzeburgi (Scolytidae) lives only on downy birch. Xylophages of the family Horntails (Siricidae)
and Rust pine borer Arhopalus rusticus (Cerambycidae) were found singly.
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ABOUT PESTS AND DISEASES OF SOME MAGNOLIA SPECIES
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IN THE ABSHERON CONDITIONS

O BPEAUTEJISAX U 3ABOJIEBAHUAX HEKOTOPBIX BUIOB MAT'HOJIMA

B YCJIIOBUAX ABHIEPOHA

Abstract. The article examines the reproduction,
frequency, distribution, density, preventive
measures against pests of some Magnolia species on
a scientific basis. Pests belonging to the species of
this genus have been observed to be Icerya purchasi
Mack, 1878, Ceroplastes sinensis  Guer.,
Tetranychus urticae Koch., Helix pomatia Lin.,
1758 and Pseudomonas syringae van Hall 1904. On
the basis of phytosanitary monitoring, route
observations and stationary examinations of
magnolia plants grown in the experimental fields of
the Institute of Dendrology in Absheron Peninsula
(2020-2021), plant samples infected with pests and
pathogens were collected and systematically
analyzed. As a result of the monitoring of pests,
magnolias were first discovered in Absheron: Icerya
purchasi, Ceroplastes sinensis, Tetranychus
urticae, Helix pomatia. Some bioecological features
of the dangerous larvae of Icerya purchasi and
Ceroplastes sinensis have been revealed. For the
first time, a number of promising insecticides
against their larvae have been selected. The data on
the experimental work on the selection of drugs and
their concentration as the most effective measure to
control pest species are presented. The reason for
the weakening of plants, and sometimes their death,
is a complex of factors of negative impact: biotic —
harmful arthropods and damage by various diseases;
abiotic - unfavorable climatic conditions;
anthropogenic — violation of the soil cover and
natural herbaceous vegetation, insufficient and
untimely care of plants due to the limited funds
allocated for this purpose.

Keywords: Magnolia L., pest, pathogen, coccoidea,
preventive measure.
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AnHOTaumMsa. B cratee paccMOTpeHBl pPa3MHOXKEHUE,
4acToTa, pacnpoCTpaHEHHE, IUNIOTHOCTB, MeEpBI
npoUIaKTUKK NPOTUB BpEAUTEIEH HEKOTOPBHIX BHJIOB
MarHonuil. BpeauTensmu, NpuHaUIeKAUMMH K BHIAM
sToro popa, seistorcs lcerya purchasi Mack, 1878,
Ceroplastes sinensis Guer., Tetranychus urticae Koch.,
Helix pomatia Lin., 1758 u Pseudomonas syringae van Hall
1904. Ha ocHoBaHMM (PUTOCAHUTAPHOTO MOHUTOPHHTA,
MapIIpPyTHBIX HaOMoneHUH u CTallHOHAPHBIX
oOcneoBaHUH pacTeHWH MAarHOJWHM, BBIPALICHHBIX Ha
ONBITHBIX MoJsIX MHCTHTYTA NeHaponornu AOIIEpOHCKOTO
momyoctpoBa (2020-2021 rr.), Osum coOpaHBl U
CHCTEMaTHYECKH MPOAHAIN3HPOBAHbI 00pa3lbl pacTCHHH,
3apakeHHbIC BPEIUTEISIMU M TaToreHaMu. B pesynbrare
MOHUTOPHUHIA Bpeaurenen MarHoJjui BIICPBBIC
obuapyxensl Ha AGmepone: Ceroplastes sinensis Guer.,
Tetranychus urticae Koch., Helix pomatia Lin., 1758.
BBISIBIIEHBI HEKOTOpBIE OHO3KOJIIOTHYECKHE OCOOCHHOCTH
omacHbIx TuarHOK Icerya purchasi u Ceroplastes sinensis.
BriepBrie ogo0OpaHbl psif MEPCHEKTUBHBIX WHCEKTHIINIOB
OpOTMB WX JM4MHOK. [IIpencraBieHsl HaHHBIE TIO
SKCTIEPUMEHTAIBHON paboTe 1Mo 1mo00py MpenapaTroB U UX
KOHIICHTpAIH Kak HanoOouee 3(pPEeKTHBHON Mepbl OOpHOBI
C BUAaMU-BpeauTeNsiMu. [IpuanHoit ocnabieHus pacTeHnH,
a WHOTAA M WX THOeNH, SIBISETCS KOMIUIEKC (haKTOpOB
HETaTUBHOTO BO3ACUCTBHUS: OHMOTHYECKHE — BpEAHBIC
WICHHCTOHOTHE W TOPaXECHHE Pa3IMIHBIMHU OOJE3HAMU;
abuoTHyeckne — HEONarompusATHBIE  KIMMAaTHYEeCKHe
YCIOBHS; AHTPOINOTEHHbIE — HapylIIeHHe IOYBEHHOIO
[IOKPOBAa U E€CTECTBEHHON TPABSHUCTON PAaCTUTEIbHOCTH,
HEOCTATOYHBII U HECBOEBPEMEHHBIH yXOJ 32 PACTCHUAMU
B CBSI3U C OTPAaHMYEHHBIMU CPEICTBAMH, BBIACISEMBIMHY AJIS
STOM LEIIH.

Karouesbie cioBa: Magnolia L., Bpenutens, 6ose3Hs,
HACcEeKoMoe, S0, TMYUHKA.
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Introduction. Most magnolias are considered to be ‘trouble-free’ with few pests and plant diseases
[19]. Held found M. grandiflora, M. xsoulangeana and M. virginiana were resistant to Japanese beetle
(Popillia japonica), as are Magnolia spp. in general [20; 21]. Similarly, M. xsoulangeana exhibited host
plant resistance to Lymantria dispar (Linnaeus) (gypsy moth; Lepidoptera: Lymantriidae) by losing less
than 4% of its foliage in a study of gypsy moth feeding and defoliation of 21 shade and flowering trees
[25]. In feeding preference choice test studies with eight woody taxa, M. grandiflora was not consumed by
adult Phyllophaga ephilida (Say) (June bug; Coleoptera: Scarabaeidae) [18]. Phytochemicals in Magnolia
spp. show a wide range of biological activity. Phenolics and neolignans are among the magnolia compounds
with antimicrobial, nematicidal and insecticidal properties [22; 24; 26]. Other magnolia compounds act as
attractants of natural enemies [16].

Recently, ornamental species of the genus Magnolia L. have been widely used in landscaping in
the Absheron Peninsula, as well as in various regions of Azerbaijan. These introduced valuable plant
species are constantly exposed to the harmful effects of many pathogens and pests in the unfavorable soil
and climatic conditions of the Absheron Peninsula. As a result, they get diseases, injured, weakened, and
in danger of extinction. It should be noted that Magnolia L. species in Absheron are less resistant to pests.
However, these plants also face many problems when the peninsula’s infertile soils and mild dry subtropical
climate condition are conducive to the growth of many pests, as well as when cultivation rules are not
followed properly. Therefore, in order for Magnolia plants to be aesthetically beautiful and healthy, it is
important requirement, but also crucial and significant, to protect them from pathogens and pests [9; 15;
23].

Armored scale insects (Hemiptera: Diaspididae) and lecaniums (Hemiptera: Lecaniidae)
damaging subtropical plants in Azerbaijan were described by the authors in 2019 [23]. The phytophagous
form of this group is the most dangerous pests of fruit trees and park — decorative plants. In particular, these
pests emerge in subtropical hot zones, on the bodies, leaves, and even on the fruits of the plants, leading to
the drying of the branches and the weakening of plants [12]. Pests damage the surface area of the plants,
especially the young branches, infected leaves. In some cases, armored scale insects cover the body of
plants in the form of whole colonies, causing great damage. As a result of infection, the growth and
development of the branches weaken, stops, the decorative beauty of green plants disappears, and in most
cases, the plants dries. There are many spots on the fruits that are damaged by the armored scale insects,
the fruits are shriveled and their taste is very bad. Pests suck plant juice and nutrients and destroy plant
seeds. Their type of polyphagous and oligophagous, high egglaying ability, and adaptability to every
condition make it even more common for pests. Some species are cosmopolitan [17].

In the peninsula, in introduction and acclimatization, it is important and significant to protect the
magnolia plant from the harmful effects of pests. In this regard, scientific research was carried out to clarify
the composition of some species of studied pests, to identify those of major economic importance, and to
conduct scientific studies on developing regulations for the application of environmentally friendly plant
protection products against them [6; 9; 12].

Materials and Methods. The condition of the plants was established as a result of a visual
examination of their appearance (healthy, oppressed, drying out, having lost its aesthetic appeal due to the
presence of a change in the color of the foliage, deformation of the leaves, shoots, the presence of galls,
entrance and flight holes, and other deviations from the normal state). All factors of plant weakening were
taken into account. Identification of diseases and pests in the studied species and preventive measures to
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fight against them were performed according to the methods of K.A. Gar, T.D. Garshina, M.K.
Khokhryakov and A.S. Leley, using dendroclimatological equipment [1-4; 8; 14].

The entomological materials were collected for the identification of the species of these pests.
Collected materials were stored in cotton or in 70% alcohol. The samples of armored scale insects and
lecaniumwere kept together with the cut pieces of the plant. The research was carried out in both field and
laboratory conditions. The spreading of pests, their fodder crops, and their damaging features has been
studied. Studies were conducted mainly in spring and summer, but biological characteristics of pests and
they're entomophagous were studied during autumn and winter [12].

The following guidelines have been used in the study of the determination, density, assessment and
effectiveness of preventive measures of studied harmful coccoidea species [2; 6; 7].

The following 5-point scale was used to assess the degree or density of pest infection in coccoidea-
infected Magnolia plants in the area [7]:

0 — no coccoidea was observed on the tree;

| point — occasionally coccoidea is found in the tree;

Il point — coccoidea is found on the tree, branch or trunk in 10 cm2;

I11 point — the tree has the seldom coccoidea colony;

IV point — 50% of the surface of the tree trunks and branches is covered with coccoidea;

V point — the entire surface of the tree (trunk and branches) is covered with coccoidea.

The following 4-point scale was used to assess the damage caused by Tetranychus urticae Koch. in
Magnolia plant [5].

I point — individual leaves of the plant are infected with mites, the plant has no signs of weakening;

Il point — initial small reddish-yellow spots are formed on the upper apex leaves of the plant, single
colonies of mites are found, covering 10-15% of the leaf surface, the number of mites in the colony is 10-
15;

Il point — the leaves of the plant have large spots, the spot is brown, covers 25-50% of the leaf
surface, there are 15-25 mites in the mite colony. The leaves of the plant have not fallen off, the leaves have
turned yellow and shrunk;

IV point — the lower surface of the leaf of the plant is covered with 75% of mite colonies; the
number of mites in the colony is 25-50 and more, the lower surface of the leaf is dark brown, the leaves are
yellowed and shrunk, most of them are fell off.

Analysis and Discussions. On the basis of phytosanitary monitoring, route observations and
stationary examinations of Magnolia plants grown in the experimental fields of the Institute of Dendrology
in Absheron Peninsula (2020-2021), plant samples infected with pests and pathogens were collected and
systematically analyzed [1; 3; 8].

Species belonging to this genus have been found to be Icerya purchasi Mack., 1878 Ceroplastes
sinensis Guer., Tetranychus urticae Koch., Helix pomatia Lin., 1758 and Pseudomonas syringae Species:
Ceroplastes sinensis Guer, 1900 [13].

It lives mainly in sprout, branches and leaves of citrus plants. It also harms the Japanese palm,
pomegranate leaf. It gives one generation per year. Distribution: Widespread in Western Europe, North
Africa, Turkey, the Black Sea coast of the Caucasus [23].

For this purpose, in the Absheron peninsula, the frequency of occurrence of pests and pathogens in
species belonging to the genus Magnolia was analyzed (tabl. 1).
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Fig. 1. Icerya purchasi Mack. their adult Fig. 2. Ceroplastes sinensis Guer. — Leaves
and larvae (M. kobus) and shoots infected by M. grandiflora
Table 1
Pests and pathogens on the trunk, shoots and leaves of the plant
. Found in plant parts Frequency
Species of pest or pathogen Leaf Shoot Branch Trunk of occurrence

Icerya purchasi Mack., 1878 + + + ++
Ceroplastes sinensis Guer. + + ++
Tetranychus urticae Koch. + +++
Helix pomatia Lin., 1758 + + ++
Pseudomonas syringae + + + +

Symbols: “+” — weak infection, “++” — moderate infection, “+++” — strong infection

Distribution and density of pests (3, 4) of some species of genus Magnolia in the Absheron peninsula
were studied (tabl. 2).

Table 2
Distribution and density of pests of some species of genus Magnolia in Absheron (15.07.2021)

Pest specie Pest spread, % Density rate, point (average)
Icerya purchasi Mack., 1878 61.0 2.1
Ceroplastes sinensis Guer. 65.0 1.8
Tetranychus urticae Koch. 68.0 2.3

Stationary: Experimental field of the Institute of Dendrology, 2021.

As can be seen from Table 2, despite the recent introduction of the Magnolia plant to the Absheron
peninsula, the risk of infection with a number of dangerous pests and pathogens is high. The results of the
study showed that the infection of Icerya purchasi Mack., 1878 and Ceroplastes sinensis Guer., was 65.0%
and the infection of Tetranychus urticae Koch., was 68%, respectively.

Stationary: Experimental field of the Institute of Dendrology, 2021.

The density of pests in the area was 2.1, 1.8 and 2.3 points, respectively. The bioecological
characteristics of I. purchasi and C. sinensis pests in genus Magnolia were studied in the peninsula, and the
degree of damage was determined.

Icerya purchasi Mack., is a polyphagous pest that causes serious damage to citrus plants and
ornamental crops. The Australian sagebrush is found in the Absheron peninsula along with many
subtropical plants, as well as species belonging to the genus Magnolia. The pest produces 2 generations per
year in the research area, and fertilized adult females hibernate. In spring, in the end of May, female secretes
an egg sac and lays an egg in it, which significantly prolongs the larval stage.
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Ceroplastes sinensis Guer. is polyphagous, damaging citrus, fruit trees and ornamental park plants.
It completes one generation per year in Absheron conditions, winters as a fertilized adult female. Females
lay eggs in late June, and larvae are born in first decade of July.

Unlike Lopholeucaspis japonica Cockerell., when female Ceroplastes sinensis Guer. reproduces, the
body swells from the lumbar region, high peaks and clearly defined edges appear, and the body of the
coccinea takes on a polygonal shape.

On the one hand, the pests cause serious damage to plant by sucking the sap of the plant, on the other
hand, the surface of the plant massively contaminated with the pest secretions, and a number of mold fungi
develop on these secretions, covering the surface of leaves and shoots. In this case, the plant can not breathe
normally, stops growing, the leaves turn yellow, fall off, after severe infections, even the young shoots and
branches of the plant dry up, and sometimes the plant is completely destroyed. A number of abiotic
disorders caused by winter cold damage can be confused with pest injury and plant diseases. Alternatively,
these abiotic disorders may predispose magnolia to injury from opportunistic arthropod pests and infection
by plant diseases. Also, recognition of abiotic disorders can prevent unnecessary pesticide applications
resulting from misdiagnosis of pests and diseases by nursery and landscape managers.

In order to carry out chemical preventive measures against dangerous pest species (l. purchasi and
C. sinensis) damaging the magnolia plant in the dendroflora of Absheron, the plants infected with the pest
were selected and labeled in the experimental field. Research has been conducted on the species
composition and effective activity of their natural enemies in the sample plants infected with coccinea. The
natural entomofauna of the mentioned coccinea species was not found in the study area. Therefore, chemical
preventive methods were used in the control of dangerous pests in magnolia species grown in the
dendroflora of Absheron. Chemical preventive measures were carried out during the formation of a new
generation of larvae. Because the young larvae of the pests are sensitive to chemicals, the effectiveness of
the preventive work during this period is high, and the consumption rate of the tested medications is low.
Dentis (EC number 25%), Desis (EC number 2.5%), Fastac (EC number 10%) and Poligor (EC number
40%) preparations were tested against the young larvae of coccinea species mentioned in the magnolia plant
in the dendroflora. The experiment was conducted 3 times in each variant on 3 types. Hand sprayer (OIIP-
10) was used to treat the trees. Consumption of working solution was 2 | / tree. To study the biological
efficacy of the drugs, a pest report was performed before and 15 days after treatment (tabl. 3, 4) [13].

Table 3
Biological effectiveness of chemicals against young larvae
in Magnolia plant (Icerya purchasi Mask.) in Absheron (11.V1.2021)
Variants Concentration of The number of pests The amount of pests
working per 1 leaf (average) has decreased (-)
solution, % before after or increased (+)
treatment | treatment

Desis (EC number 2.5%) 0.05 8.1 1.3 -83.4
Dentis (EC number 25%) 0.1 7.3 1.5 -79.2
Fastac (EC number 10%) 0.05 9.1 1.8 -80.3
Poligor (EC number 40%, standard) 0.2 7.6 2.1 -70.2
Control (without medication) - 8.4 14.0 +175
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Table 4
Biological effectiveness of chemicals against young larvae
in the Magnolia plant (Ceroplastes sinensis Guer.) in Absheron (9.V11.2021)

Practice options Concentration of Quantity of pest, 1 leaf The amount of
working solution (average) pest has decreased
in% (according to before after )

the drug) treatment treatment or increased (+)
Desis (EC number 2.5%) 0.05 12.0 1.2 -89.4
Dentis (EC number 25%) 0.1 10.3 1,2 -87.2
Fastac (EC number 10%) 0.05 11.2 1.6 -85.4
Poligor (EC number 40%, standard) 0.2 9.4 9.1 -76.6
Control (without treatment) - 10.3 17 +170

Conclusion. Phytosanitary monitoring, route observations and (stationary) examinations were
carried out on species belonging to the genus Magnolia (2020-2021) cultivated in the experimental areas
of the Institute of Dendrology, plant samples infected with pests and pathogens were collected and
systematically analyzed.

As a result of phytosanitary monitoring, Pseudomonas syringae and these pests were found in the
Magnolia species studied for the first time in Absheron: Icerya purchasi Mack, 1878, Ceroplastes sinensis
Guer., Tetranychus urticae Koch., Helix pomatia Lin., 1758. Frequency of occurrence of pests and
pathogens, prevalence and density of pests were analyzed.

In the conditions of Absheron, some bioecological features of dangerous larvae in Magnolia species
— Icerya purchasi Mack., 1878 and Ceroplastes sinensis Guer. were studied. For the first time, appropriate
preventive measures were selected against their young larvae using a number of perspective insecticides.
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BJIVSTHUE T'MJIPOTEPMHAYECKOI'O PEXKUMA

HA DJIEKTPUYECKOE COINPOTUBJIEHUE IPUKAMBUAJIBHOI'O KOMILIEKCA
TKAHEM CTBOJIA BEPE3bI TIOBUCJIOM (Betula pendula Roth.)

B YCJIOBHUSIX HE®TEIIJIAMOBOI'O 3ATPSI3HEHUS

Kurilo Yu.A., Grigoriev A.l.

THE INFLUENCE OF THE HYDROTHERMAL REGIME

ON THE ELECTRICAL RESISTANCE PRECOMPILING COMPLEX TISSUES
OF THE TRUNK OF A SILVER BIRCH (Betula pendula Roth.)

IN THE CONDITIONS OF OIL SLUDGE POLLUTION

AHHoOTanMs. I3ydeHHe TIPOLIECCOB  JKU3HEAEATEIBHOCTH
JIPEBECHBIX PACTCHUH JICKTPOMETPHUYECKHUM METOAOM IpH
JEWCTBMM  HEOMArompusATHBIX (AakTOpoB, B TOM YHCIE
HerenuiaMom, CITy>KHT OJHUM M3 aJeKBATHBIX METOIMIECCKUX
MOAXOJ0B K OLICHKE COCTOSTHHS IPEBECHBIX PACTCHUH B JIECHBIX
Ouoreonienoszax. [lenv uccredoeéamus — W3YIUTh BIMSAHUS
THIPOTEPMHUYECKOTO PEXHUMA BO3IYIIHOH Cpelbl B YCIOBHAX
He(TenuIaMoBOro 3arpsi3HEHHS IIOYBOTPYHTAa Ha BEITHUHHY
AIIEKTPUYECKOTO CONPOTHUBIICHHUS TPUKaMOUAILHOTO KOMILIEKCa
TKaHel CcTBOJOB Oepesbl moBucioi. OOBEKT HUCCIENOBAHUS —
nepeBbss  Oepessl  moBmcnoi  (Betula  pendula  Roth),
npouspacTaponue B OacceliHe Oydepubix mnpymo AO
«["asmpomued1h — «OHII3» (r. OMCK). Paiion uccienoBanus —
[EeHTpalbHasl JiecocTenb fora 3amamHoit Cubupu. CpaBHEHHS
BapUAHTOB OIBITA TPOBOJMINCH O KputepusMm CTbloJeHTa.
Wzyuena 3aBHCHMOCTh JIEKTPOCONPOTUBIICHUS
npukamOuanpHOTO KomIuiekca TkaHed (IIKT) crBoma Gepessr
IpU  Pa3IMYHBIX PEXHMax aTMOC(EpHOro YBIAXHEHHS B
YCHOBUSIX HE(TEHNUIAMOBOTO  3arps3HEHUS  ITOYBOTPYHTOB.
BoisiBieHa TecHass 3aBHCHMOCTh  HM3MEHEHHUS  BEJIMYHHBI
3NEKTPUYECKOTO COIPOTUBJICHUS B0 [IKT oT
THIPOTEPMHUUYECKOTO PEXHMa BO3AYIIHOW Cpeasl Kak B
KOHTPOJIBHOM, TaK WU 3KCIEpUMEHTalbHOM rpynmnax. Ilo
pe3yabpTaTaM HallNX MHOTOJIETHUX UCCIIEIOBAaHIH MOXKHO TaKKe
OTMETHTh,  YTO  TNPOJODKUTEIBHOCTh  CYIIECTBEHHOTO
OTPHIATEJIFHOTO BIWSHHS HedrTenuiama (MpH NPHUBEAECHHOMN
koHneHTparun) Ha JC IIKT nmepeBbeB Oepe3bl B YCIOBHUSIX
mecoctermHOW  30HBI  3amagHoit  CuOHMpPH — TpOIOIDKaeT
NPOSBIATECS B TEUCHHE OINMHHAAUATH JeT (Tpacr > 7T0.5).
[lonmydeHHbIe pe3ynabTaThl MOTYT OBITH HCIIOJIB30BaHBI B
CKPUHHUHTOBBIX HCCIIEA0OBAHMIX COCTOSIHUS JIECHBIX
OHMOTEeOo1IeH030B U NPH IUIAHUPOBAHUN U OpPTaHU3aIMU PaboT Mo
OMOpeKyIbTBAIIMM HA TEPPUTOPHM CAHUTAPHO-3AIIUTHBIX 30H
HedTenepepabaTHIBAIOIINX NPEANPHATHH ©W B paloHax
HepTenoOBYM W  TPAHCIOPTHUPOBKM HedTu. PesynpraTh
HCCIIeIOBaHUK OBUIM 00pabOTaHBI CTAaHAAPTHBIMH METOJaMH
BapUaMOHHON CTaTUCTUKH, KOPPENSLUOHHOTrO,
PErPEeCCHOHHOTO WM JUCIIEPCHOHHOTO  OJHO(AaKTOPHOTO
AHAJIM30B C HCIIOb30BaHUeM makera Statistica 10.

KaloueBble cioBa: Oepe3a IoBHCHas, TNPUKaMOUAIILHBIHA
KOMILIEKC TKaHeH, IIEKTPUUECKOE CONPOTHUBIICHUE,

Abstract: The study of the life processes of woody
plants by the electrometric method under the
influence of adverse factors, including oil sludge,
serves as one of the adequate methodological
approaches to assessing the state of forest
biogeocenoses. The purpose of the study was to
study the influence of the hydrothermal regime of
the air environment in terms of sludge
contamination of the soil by the amount of
electrical resistance precompiling complex tissues
of the trunks of silver birch. The object of the study
is hanging birch trees (Betula pendula Roth)
growing in the basin of buffer ponds of JSC
Gazpromneft — ONPZ (Omsk). The research area is
the central forest-steppe of the south of Western
Siberia. Comparisons of the experience options
were carried out according to the Student's criteria.
The dependence of the electrical resistivity of the
precambial tissue complex (PCT) of the birch trunk
under different conditions of atmospheric moisture
in the conditions of oil-sludge contamination of
soils was studied. A close dependence of the
change in the value of the electrical resistance (ES)
of the PKT on the hydrothermal regime of the air
environment in both the control and experimental
groups was revealed. According to the results of
our long-term studies, it can also be noted that the
duration of a significant negative effect of oil
sludge (at the given concentration) on the ES of
birch trees in the conditions of the forest-steppe
zone of Western Siberia continues to manifest itself
for eleven years (tgacr > T05). The obtained results
can be used in screening studies of the state of
forest biogeocenoses and in planning and
organizing biorecultivation activities in the
territory of sanitary protection zones of oil
refineries and in areas of oil production and
transportation. The results of the studies were
processed by standard methods of variational
statistics, correlation, regression and variance
univariate analyses using the Statistica 10 package.
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BBenenue. BriusiHue ruapoTepMUUECKOro peskuMa OKpy Karollei cpeibl Ha COCTOSTHUE IPEBECHBIX
pacTeHH M OLEHKAa MX >KU3HEACATENILHOCTH II0 INAHHBIM HJIEKTPUYECKOTO COMPOTHUBICHUS HMEIOT
0O0JBIION WHTEpEC B SKOJIOTHUECKOM IIaHe. B OMOMOHMTOPHHIOBBIX MCCIICAOBAHUSAX BAKHBIM SIBIISICTCS
(3C)

npukam6uansHoro cios Tkanelt (IIKT) nepeBreB Oepe3bl MOBUCION IS BBISIBICHUS KU3HECTIOCOOHOCTH

BONIPOC ~ BO3MOXHOCTU  HCIIOJIb30BaHMS  BEIMYMHBI  3JEKTPHUUYECKOTO  CONPOTHBIICHHUS
CTETIEHH POCTa M PAa3BUTHs IEPEBHEB B CTPECCOBBIX YCIOBUSX MpPHU HE(PTEIUIAMOBOM 3arpsS3HEHUH H
JTUHAMHKE TUAPOTEPMHUYECKOTO PEXKUMa BO3AYIIHOM Cpeibl.

TemmnepaTtypa BiIMseT Ha CKOPOCTh TU(PQPY3UH, HA CKOPOCTh XMMUYECKUX PEAKLHH, YBEINUYECHUE
MPOHUIIAEMOCTH MeMOpaH. bonbmiod BKJaJ B H3Yy4Y€HHE BOIPOCAa YCTOMYMBOCTH pAacTeHUH K
TemreparypHoMy ¢akTopy BHecnu uccienosanus O.H. Amepa u K.C. bokapesa (1977).

B paborax I1.4. Tomompurm c corpymaukamu (1972) ycraHOBIeHa KOpPEISIUS MEXKIY
KOMIIJIEKCHBIM COINIPOTHBJICHUEM TKAaHEW DSJEKTPOTOKY M MOPO30CTOMKOCTBIO PAa3IMYHBIX COPTOB
BUHOTpaJa ¥ TOKa3aHa BO3MOYKHOCTH IPAKTHUYECKOTO NMPUMEHEHHS 3TOr0 MEeTOoJa I JAMArHOCTHUKU
ycroitunBocti. A.Il. UBakuapiM (1976) wm3ydanm »kapOyCTOHYMBOCTh OBOIIHBIX KYJIBTYp TIO
3IEKTPUIECKOMY COMPOTHBIEHUIO TKaHel. A.A. MaTopkuHbsiM ¢ coaBTopamu (2007) mpensioxkeH MeTo.
9KCITpecCc-OLeHKH COCTOsIHUA JepeBbeB Mo nMiienancy [IKT u temnepatypst crBonos (2007).

IToz:xe B.H. Kapaces ¢ cotpynnukamu npeacTaBuin tepMolkcipecc-meron (2017). A.B. I'psa3pkun
¢ corpyaaukamu (2012) BBISBUIN N3MEHYHBOCTh BEJTMYHHBI UMIIEIaHCa JIpeBecHbIX nopoy [10-12; 15; 16;
22].

B nacrosmiee Bpems 0ocoboe BHUMaHHE YACISETCS U3yUEHHIO BO3IEHCTBUS HE(YTH Ha OKPYKAIOLIYIO
cpeny. IIpoGiiema Haria cBoe oTpaxkenune Takke B padorax O. Ksenzhek (2004), J. Fromm (2007), A.1.
I'puropsera (2008), E.B. Honern (2012), T.O. Ilepemutunout, U.I". Amenko, M.H. Anekceesoii (2014),
JI.B. MockoBuenko, A.I'. badymikuna (2014), S. Fissenko (2016), Simon Gilroy (2016), .E. Cxo06eneBoii,
P.I1I. BaneeBa (2018), A. B. Copomotuna, JI.B. Bopar (2018), Feroza K., Choudhury (2018), I".)X.

Kemxkeraes, C.E. Koiibakosa (2019), u psga apyrux asropos [11; 14; 17; 22-26; 28-32].

[@@| 38




Becmuux HBI'Y. Ne 1(57) /2022 DKOJIOT M MUKPOOPT AHU3MOB U PACTEHUI / ECOLOGY OF MICROORGANISMS AND PLANTS

B paborte mnpexactaBieHbl pe3ynbTaThl ONWHHAIIATHIETHEH SKCIEPUMEHTAIBHONW pabOTHl 1O
N3yYCHHUIO M3MEHEHUS YPOBHSI IEKTPUIECKOTO CONPOTHUBICHHUSA B INPUKaMOMATIbHOM KOMIUIEKCE TKaHEH
(ITKT) 6epe3bl mOBUCIION, MPOU3PACTAIOIIEH B YCIOBHAX HE(PTEIIIIAMOBOTO 3arpsI3HEHNUS TIPU PA3TUUHBIX
THIPOTEPMUUYECKUX PEXHUMax BO3LYIIHON cpenbl. [lenvio ucciedosanus CTalO W3yYCHHE BIIMSHUS
THIPOTEPMHYECKOTO PEKUMA BO3AYITHON CPEIbl B YCIOBHSX HE(PTEIIIAMOBOT0 3arpsi3HEHHS TIOYBOTPYHTA
Ha BEJIMYHMHY 3JIEKTPUYECKOTO COIPOTHBICHUS NMPUKAMOMAIbHOTO KOMILIEKCAa TKaHEH CTBOJIOB Oepe3bl
IIOBUCIIOMN.

Matepuannl 1 MeToabl. OOBEKT HMCCIIENOBaHM — JepeBbs Oepesnl mosucioi (Betula pendula
Roth.), npouspacratomue B 6acceiine 0ydepubix npyaoB AO «I"aznpomuedts — «OHII3» (T. OMck). Paiion
HCCIIEAOBAHMS — IICHTPAIbHAS JIECOCTENb fora 3amanHoi Cuoupmy.

Usmepenust npoBoaunu mynstumerpoM MY—6, o meronuke P.I'. IlleBepHoxkyka (1968), Hamei
Moaudukammu [ 18; 27]. [Ipu perucrpariiul SJIeKTPUIECKOTO COITPOTHUBIICHHUS OIEHUBATIN PACTIPOCTPAHCHUS
CUTHaJla C BOCTOYHOW M 3amajHOd YacTH CTBONA JiepeBbeB Oepesbl. [lyiss cpaBHEHHs O rojam
ncrnonp3oBamch naHHble 3amepoB DC IIKT y mepeBbeB Oepesbl B aBrycTe-CEHTSOpe B MEpUOJ Hayala
MOKEJITEHHUS! JINCTHEB M MAaCCOBOTO pacceMBaHMs CeMsH. B MccieoBaHuy ObUIHM MCIIOJIH30BAaHBI TaHHEBIC
THAPOTEPMHUIECKOTO PEKMMa BO3AYIIHOM cpesl B T'. Omcke [1-9].

B nepuon uccnenosanus nposeaeno 2050 usmepenuit 9C IIKT Gepessl moBUCTOM.

Pesynpratel uccnenmoBaHuii ObiM  00paOOTaHBI CTAaHAAPTHBIMU METOAAMH  BapHalMOHHOU
CTaTHCTHKH, KOPPEISIIMOHHOTO aHaln3a ¢ UCIoJb3oBaHueM maketa Statistica 10. CpaBHeHHs] BapUaHTOB
OTIBITA MPOBOAWINCH 110 KpUTEepHusaM CThIOEHTA.

PesyabTaThl M 00cyxnenue. Ha mpoTsHkeHHM BCEro HMCCIIEOBAaHMHM PAacCMOTpEHa 3aBUCHMOCTD
MEXIy MOP(OJIOTHYECKUMH NpU3HAKaMH (ZMaMeTpoM, BBICOTOM CTBOJA) M BICKTPUUECKUM
conpotuBieHreM (JC) B ycIOBUSAX HEPTEUUIAMOBOTO 3arpsi3HEHHUs, CE30HHOE M3MeHeHue yposHs JC
Oepe3nl TIOBUCITONON, TPOM3PACTAIOIIEH B YCIOBHIX He()TENTaMOBOro 3arpssuenus [ 18-21].

Oco0eHHOCTBIO THAPOTEPMHUUECKOTO pexkuMa B 2014 T. ABISUIOCH TO, YTO B HPEABILYIIEM MIEPUOJIE
B TE€UEHHE HMIOJI Mpeodiiaiana XoNoaHas U IOKAINBAs [TOT0/a, BO BTOPOH JIeKaje ylepKuBaiach Teruast
Y IOKUTHBas moroja. BMecte ¢ TeM, Terwiblii aBrycT, B palioHe UCClieoBaHni HaOmonaetcs 1 pa3 B 25
ner [1], 3To W o0ecredywsio TPU UCKIIOYUTENHLHO BBICOKOW Temmeparype cHmkenne OJC Ha
SKCIIEpUMEHTAIILHOM ydacTKe (TeMIlepaTypa BO3/yXa B IpebIayImii JeHb coctasuna 35°C, no naHHbIM
METPOJIOTHYECKOro OroJIIeTeHs 3a 3 aekany aBrycrta 2014). Torna kak Ha KOHTPOJIBHOM Y4aCTKE BEJIUYMHA
3C ocranack B mpezenax 3HaYeHUH (ocTanach Ha YpOBHE MOCIEIHHUX 5 JIET C MOMEHTA 3aKJIaJKu ONbITa
2010 1.) (puc.).

B 2015 r. noBbimenne DC Ha ydacTKe HPOM30LLIO Ha ()OHE PE3KOIrO MOBBILICHUS! TEMIIEPATYPhI
BO3/lyXa U JeUIIMTA OCaJKOB, TaK KaK TeMIepaTypa BO3AyXa B Hauaje jekajsl Beipocina 1o 28°C mpu
HEJIOCTATOYHOM aTMOC(EPHOM YBIQXKHEHHUH, 3TO CO3/IaJI0 JEQUIIUT BOJOCHAOKEHHS B CTBOJIAX JIEPEBhHEB
Oepes3bl. OnHAKO, Ha KOHTPOJIBHOM YYacTKE, B YCJOBHSX OTCYTCTBHUS HE(TEILIAMOBOIO 3arps3HEHUs
BOJIOOOMEH B CTBOJIaX JIEPEBLEB OKAa3aJICs ONTUMAIBHBIM JIJIs )KU3HENCATELHOCTH [2].

B nanbneitmem, B 2016 r. HaOmogaercs: camxenrne JC B YCIOBHAX KCIIEPUMEHTAIBHOTO y4acTKa
W, Ha psly C 3TUM, 0e3 U3MEHEHWH Ha KOHTPOJILHOM YYacTKe, 3TO CBS3BIBAEM C MPOSBICHUEM BIHSHUS
HedTeniaMma Ha THAPOTEPMUUECKUH PeXUM MMOYBEHHOTO TIOKPOBA B YCIIOBHAX TEIJIONW U CyXOW MOTOJBI,
Takas TerJas nmorojga B OMcKke B TIEpBOU JieKajie CEHTIOPS B paiioHe UCCIIEIOBAHUSI OTMEUAETCsl OJIUH pa3

B 17 ner [3; 4] Ha done oTcyTcTBHst ocankoB k nare uaMepenus JC [IKT nepeBbeB Gepesbl MOBUCION.
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—— —— 3ECIIEPHMMEHTANBHAT MOASIBHAA TPYIINIA [ePeELEE Depeskl MOEHCIION

Puc. Usmenenune YPOBH: 3JICKTPUYCCKOT'0 COMPOTUBJICHUA
HpI/IKaM6I/IaHBHOFO KOMILIICKCa TKaHEH 6ep63H IIOBHUCJION OT TUAPOTCPMHUUICCKOTO PEIKUMA

B 2017 r. B mepBble MNpOM30LUIO CYHIECTBEHHOE cOmmkeHne B BeiaumunmHax OC Ha
IKCIEPHUMEHTAJIBHOM M KOHTPOJBHOM YyYacTKax, 3TO MPOM30IUIO0 Ha ()OHE BBICOKHX TEMIIEpaTyp H
He1000pa 0caKOB B IIPeIbLIYIIMii epuo, Tak 3 U 6 aBrycTa TeMIepaTypa Bo3yxa rnopbimanack 10 31°C
[5] u pe3koe cHmKeHME TeMmepaTypsl Bo3ayxa 10 12°C, a B npuszemuoM ciioe 10 6°C, KoIM4ecTBo 0caaKkoB
3a NepBYI0 Jekary aBrycra coctaBuio 10 mm (43% oT HOpMBI).

AHajoruyHas CUTyalus ¢ pe3kuM noHmwkenneM DC Ha IKCIIEPUMEHTAILHOM U 3aMETHOE CHI)KEHHE
Ha KOHTPOJILHOM y4acTKax MPOU30IILIO B YCIOBHSX Pe00IIailaHus BO BTOPOH JieKale aBrycTa MpoXJiaJHON
C ocagkaMu ToOrojnoi [6; 7] ¥ HanMYMeM CUIIBHBIX JIMBHEH 3a ABa AHS 10 MOMeHTa u3MmepeHus OC
21.08.2018. B 3T0T jieHb B pailOHE MCCIICIOBaHMI BBITIAIO 34 MM OCaJIKOB, 4YTO cOCTaBMIIO 213% OT HOPMBI,
TaKO€ BBINAJICHUE OCAJKOB B IIYHKTE HCCIEAOBaHMS OTMe4aeTcsi oauH pa3 B 12 mer. JlaHHBIA
THJIPOMETEOPOIOTMIECKAN PEXKUM ¢ HATMYMEM OOJIBIIOT0 KOJIMYECTBA OCAIKOB 32 MPEIBIAYIINN EPUOT
¥ MCKIIFOUMTELHO BBICOKOH TeMIepaTypoli Bosayxa B jaeHb m3Mepenus (26°C) obecriedn cXoHblid
YpOBEHB BOJJOOOMEHA B CTBOJIAX JIEPEBHEB, YTO MPOSBUIOCH B HECYIIECTBEHHOCTH PA3TUUUN (Tgaxr < T05) B
BapuaHTax omnbiTa. /laHHOE MpPENNoyIoKeHHE MOJATBEpXKIAeTCsl Aaxe OoJjiee MEAJICHHBIM TEMIIOM XOza
TTOKEITEHUS JINCTHEB.

OcobenHo pe3kuii nogbeM Benununibl IC Habmoaancs B 2019 r., 370 0b110 00YCIIOBIEHO BHICOKMM
TEPMHUYECKUM PEKMMOM M HEI00OPOM OCaJIKOB B KOHIIE TPEThel neKkapl aBrycra [8], Tak 23 u 26 aBrycra
TemnepaTypa Bo3myxa nocturana 29°C, Bmecte ¢ Tem k MoMeHTy u3Mepenus 02.09.2019 npowuszomwio
pe3Koe MOX0JI0IaHUe BO3/YIHON CPeJibl, TaK TEMIIEpaTypa Bo3lyXa B 3TOT JieHb noHusunack 10 3°C, a B
IIPU3EMHOM CJIO€ BO3/IyXa, Ha BHICOTE 2-3 ¢M OT MouBbl cocTaBuio — 2°C. JlaHHbIH rHapoTepMUYecKuii
pexxuM Oostee pe3ko mposiBuiics Ha DOC y IepeBbeB HA SKCIEPUMEHTAIBHOM YUYacTKe, YeM Y JIepeBhEB
Oepe3bl HAa KOHTPOJILHOM YydacTke. M 9TO 00yCIOBWIIO CYIIECTBEHHOCTh Pa3iWyvii MEXJIYy HUMH B

BenmnarHe IC (Tgaer > T05)-
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B 2020 r. mpomomkaercs pocT BenumuMHbl OC Ha KOHTPOJIBHOM YYacTKE M B YCIOBHAX
9KCHEPUMEHTAIFHOTO y4acTKa HaOJI0JaeTCsl CHIDKEHHE, 3TO MBI CBSI3bIBAEM C BIMSHUEM HedTelaaMa B
YCIOBHSX TEIJIOW MOrojsl ¢ ocankami [9]. UTo mpuBeno K CyHIECTBEHHOCTH paznuuuii BennduHbl OC B
BAPUAHTAX ONbITA (Tpacr > Tos5). OTO O3HAYAET, YTO YUYUTHIBATh TAKXKE, YTO IIPU IPOBEICHUU
OMOMOHHTOPUHIOBBIX HCCIECIOBAHUI C MCIONb30BaHWEM JNaHHbIX MO0 JC B TKaHIX AEPEBHEB CIEAYET
JeTalbHO YYHUTHIBATh TUAPOTEPMHUUECKUI PEKUM BO3IYLIHON Cpeibl M MOYBEHHOTO IOKPOBA B IEPHUOA
HCCIIEIOBAHHUS.

OTH pe3ynbTaThl IO3BOJISIIOT HAM OTMETHUTh, YTO B UCKJIFOUMTEIBHO EPUObI YBIAKHEHUS BIMSIHUE
HedTeniamMa cymecTBeHHO ocnabeBaet (2014, 2017 wm 2018 rr.), mocturas ypoBHS OJIMZKOTO
KOHTPOJIBHOMY y4acTKy. JlaHHO€ MpennoIoKeHHe HalluI0 MOATBEP)KIACHUE B MOCIEAYIOLINE J1Ba roja —
2019 u 2020. Tak 3acymnuBslii nepuos B TedeHue aBrycra 2019 r k MoMeHTy npoBeneHus usmepenuit 9C
obecnieunyu cymectBerHoe paznmaue B BemmuuHe DC [IKT y mongenbHbIX nepeBbeB Oepesbl. OaHaKo, B
2020 r., Habmromanoch ux cOmmkeHne 3a cueT cHwkeHus BenmunHbl JC IIKT y nepeBbeB B
9KCHEPUMEHTAILHOM Ipymiie Ha (JOHE YBEINUYEHUS] aTMOC(EPHOT0 YBIAKHEHHS 1 IOBBIILICHHUS BIXKHOCTH
Bo3ayxa. Bmecte ¢ Tem, 2020 r. atu paznauuus, Takke kak ¥ B 2019 r., mo BennunHe DC OKa3aluch

CYIIECTBCHHBIMU M JOCTOBEPHBIMHU (Tgarr > T05) (TAOI.).

Tabnuna
Koppeasiunonnas 3apucumoctb IC B [IKT 6epe3nl moBucioii
OT TUTPOTEPMHUYECKOTO0 PeXKIMMA BO3MYIIHOM cpeabl B paiioHe MCCIeT0BaAHUS
KonTtpomnsHas rpymnmna DKcnepuMeHTaIbHas Ipymma
MOJICJIbHBIX JICPEBHCB MOJICJIbHBIX JIEPEBbEB Oepe3bl
[ToxazaTtenu . o
Oepe3bl TOBHCIIOHM ITOBHCIION
Mxy Mxy r Nxy
CpeHecyTouHas TeMIepaTypa Bos3ayxa, °C 0,77 0,59 0,85 0,72
CyMMa 0caIkoB, MM -0,5 -0,54 -0,76 -0,64
OTHocHUTENbHAs BIAXHOCTh BO31yXa, % -0,54 - 0,67 -0,73 -0,53

3aximoyeHue. MOXHO OTMETUThH BBICOKHH ypoBeHb DC Obl1 oOycnosner B 2019 r. m 2020 r.
(dhopMHpOBaHUEM HANPSHKEHHOTO BOJOOOMEHA B aHOMAIBHBIX YCIOBHAX THUAPOTEPMHUUECKOTO PEKUMA
BO3AYIIHOW Cpelbl W MOYBEHHOro MokKpoBa. llocnennue nBa rofa mpu AaHHBIX MOTOJHBIX YCIOBHSAX
HedTenuiaMoBOe 3arpsi3HEHHE IPOJOJDKANO OKa3blBaTh CYHIECTBEHHO OTPUIATENbHOE BIMSHHUE Ha
BOZOOOMEH JiepeBheB Oepe3bl. DTO yKa3bIBAeT Ha JAOCTOBEPHO HETaTHBHOE BIMSHHE HE(TEILIAMOBOTO
3arpsi3HEHMsSI Ha COCTOSIHHE IEPEBREB Oepe3bl B YCIOBUAX IKCIIEPUMEHTAILHOTO yyacTka B TeueHue 11 ser.

[Ipu 3TOM BBIsSIBHIIACH JOCTOBEpHO TecHas u oopartHas cBsizb DC IIKT MozaenbHBIX fepeBbeB Oepe3bl
C CYMMOM 0CaJIKOB 1 OTHOCUTEJILHOM BJIAKHOCTBIO BO3YIIHOM Cpelbl B IEPUOJ POBEACHUS U3MEPEHUI
(Tabnuua). Bmecte ¢ Tem nmposiBuiach 0ojiee BEICOKasi YyBCTBUTEIBHOCTh MOJIEIBHBIX AEPEBbEB Oepe3bl K
THJIPOTEPMHUYECKOMY PEXKHUMY BO3IYIITHON CpeJibl B YCIOBHUSIX He(TEIIIAMOBOTO 3arps3HEHUSL.

[Ipu mpoBeneHUM MOJIEBBIX JIEKTPOMETPUYECKUX HCCIENOBAHUI JPEBECHBIX PACTEHMH, CIEAYET
YYUTHIBATh (PU3MOJIOTHUECKHE OCOOCHHOCTH PACTCHWH M TEXHOTEHHBIC YCIIOBHS WX MPOU3PACTAHUS, a
TaKK€ HATUYMAd W3MEHYMBOCTH BEIMYMHBI HMIIEaHCa JpEBECHBIX NopoAd. B cBs3m ¢ Tem, dro,
OMORIIEKTPUYECKOE COMPOTHUBIICHHE OTpPakaeT Ba)KHbIE NMPHU3HAKK KU3HEAEATENFHOCTH PAaCTHUTEIHHBIX
KIIETOK JIPEBECHBIX pacTeHHA, To ero 3(p(HEeKTHBHO HCIONB30BaTh B KauecTBE OMO(U3NIECKOTO TTOKA3aTeIsI
JUIS. OLEHKH COCTOSIHMS JIPEBECHBIX PACTEHHMH NpPH YCTAaHOBIEHHWHU IMPEJENBbHO JOMYCTUMOTO YPOBHS

HC(bTS[HOFO 3arpsi3HCHUs, a TaK K€ B LHCJIAX 6I/IOI/IH,ZII/IKaIlI/II/I Heq)TSIHOFO 3arpsI3HCHU ITIOYBEHHOT'O ITOKPOBA.
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TakuMm 00pa3oM, MO pe3yibTaTaM HAIIMX MHOTOJICTHHUX HUCCIEIOBAHUNH MOXXHO OTMETHTh, UYTO
MPOJOJDKATENBHOCTh CYIIECTBEHHOTO OTPHUIATENFHOTO BIHMSAHUSA HedTenuiama (MpH TPHUBEICHHON
kouneHrparuu) Ha OC [IKT nmepeBneB Oepe3bl B YCIOBUSAX JIGCOCTEIHOW 30HBI 3amamHoit Cubupu
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WCCJIEJOBAHUE OTBETHBIX PEAKIIAM YEPBEM Eisenia fetida
ITPU BHECEHUM B CPElY OBUTAHUA HAHOYACTUIl MEJIU U IMHKA

Vershinina |.A., Lebedev S.V.

INVESTIGATION OF THE RESPONSES OF THE Eisenia fetida
WORMS WHEN COPPER AND ZINC NANOPARTICLES A

RE INTRODUCED INTO THE HABITAT

AHHOTanusl. lccnenoBaHWs TPOBEAEHBI Ha MOJCIH
uepseit Eisenia fetida, koTopbix KymbTHBHpOBaNH Ha
HCKYCCTBEHHOM noyuse, Kyna BHocwin HY Zn u Cu B no3ax
0; 100; 250; 500 u 1000 wMr/kr Cyxoil TOUYBHI.
BepkuBaeMoOCTp  4epBe NP OKCIO3ULIMKM  Ha
UCKYCCTBEHHOM (KOHTPOJILHOM) cyOcTpare B KOHTpOJIE
cocrasuiia 100%. IIpu 5TOM CHUKEHUE BBLDKUBAEMOCTH Ha
20% (p<0,05) Ob110 3adurcupoBano mnpu BHeceHnu HY
Zn B nmo3e 500 wmr/kr cyxoii mouBel Ha 14 CyTKH.
BrokuBaemocth npu BHeceHuu cpeaHux no03 HY Cu

Haxoamwnack B mpepenax  90-100%,  cHmxeHue
BEDKHMBaeMocTH g0 20% Opula  xapakTepHa IS
koHueHrpauu 500 wmr/kr Ha 14 cytku. B xozme
WCCIEeIOBAaHUK  ObT  yCTAHOBJIIEH  JI0303aBUCUMBIN

XapakTep HakoIuieHus1 Meau u nuHka Eisenia fetida. Tlpu
no3e HY Zn 1000 mr/kr HaG1r01an0Ch BRIBEACHUE ITMHKA
W3 OpraHm3Ma 4epBeil co CKOpoCThlo 3,9 MI/KI/cyT u
yMEHbBIIAJACh ¢ YBEIMYEHUEM J103bI BHOCUMBIX HUY Zn.
BriBeneHne Menn M3 opraHm3Ma 4epBe HacTynayo MpH
koHneHTparwu 500 mr/kr HY Cu Ha Ha 14 cytku. [pm
3TOM CKOPOCTH BBIBEAICHHS U3 TEJa YepBs yBEINUNBAIach
MIPY MOBBIIIICHUH KOHIEHTPAIMN MEeTaJ1a B mouse (Ha 34-
53% (p<0,05)). MakcumyM OHOAKKyMyJSIUH ObBLI
3adukcuposan npu BHeceHuu 100 mr/kr HU Cu. Takum
00pa3oM, Ha MCKYCCTBEHHOH MOYBE HAKOIUIEHHE MEIU U
MHKa OBUIO 10303aBUCUMBIM MapaMmeTrpoM. OpraHusm
4epBsi CIOCOOEH aKKyMYJIMPOBaTh ILMHK MPU BHECEHHH
HY g0 s3wauenus 500 MI/Kr BKIOYUTEILHO, C
MOCJIEIYIONIMM BBIBEIGHHEM BO BHELIHIOW Cpeay IpH
koHueHrpau 1000 mr/kr moussl. [Ipu koHUEHTpanun
500 mr/kr HY Cu Ha HCKyCCTBEHHOW IIOYBE OBIIO
OTMEUCHO BBIBEJICHHE METaJlIa U3 TeJia yepBs Ha 14 CyTKH.
Maxkcumym Onoakkymyssinna HU Cu ObL 3admkcupoBan
npu BHecenun 100 mr/xr HY Cu.

KiioueBble clioBa: HAaHOYACTHIIBI, ME/Ib, LIMHK, Eisenia

fetida, anTHOKCcHmaHTHBIE (EPMEHTBI, KOHIICHTPAITHS
METaJLIOB
Cgenenusi 00  aBropax: Bepummnmna  Hpuna

AnekcanapoHa, SPIN-kom: 8233-1886, denepanbHbIit

Abstract. In our study, we chose Eisenia fetida
worms as the object of study, which were cultivated
on artificial soil, where Zn and Cu NPs were added at
doses of 0; 100; 250; 500 and 1000 mg/kg dry soil.
The survival rate of worms when exposed to an
artificial substrate in the control was 100%. 20%
decrease in survival was recorded when Zn NPs were
introduced at a dose of 500 mg/kg of dry soil on the
14th day. The survival rate with the introduction of Cu
NP was 90-100%, at the same time the lowest survival
rate (20%) was noted at a concentration of 500 mg/kg
on day 14. In the course of studies, the dose-
dependent nature of the accumulation of copper and
zinc in Eisenia fetida was established. At a dose of
1000 mg/kg Zn NPs, zinc was excreted from the body
of worms at a rate of 3.9 mg/kg/day and decreased
with an increase in the dose of introduced Zn NPs.
Excretion of copper from the body of worms occurred
at a concentration of 500 mg/kg of Cu NP on day 14.
At the same time, the rate of elimination from the
body of the worm increased with an increase in the
concentration of metal in the soil (by 34-53%). The
maximum bioaccumulation was recorded with the
addition of 100 mg/kg of Cu NP. Thus, on artificial
soil, the accumulation of copper and zinc was a dose-
dependent parameter. The worm's body is capable of
accumulating zinc when NPs are added up to 500 mg
/ kg, inclusive, with subsequent excretion into the
external environment at a concentration of 1000 mg /
kg of soil. At a concentration of 500 mg/kg of Cu NPs
on artificial soil, the removal of metal from the body
of the worm on the 14th day was noted. The maximum
bioaccumulation of Cu NPs was recorded upon the
addition of 100 mg/kg Cu NP.

Keywords: nanoparticles, copper, zinc, Eisenia
fetida, antioxidant enzymes, metal concentration.
About the authors: Vershinina Irina Alexandrovna,
SPIN code: 8233-1886, Federal Research Centre of
Biological Systems and Agrotechnologies of the
Russian Academy of Sciences, Orenburg, Russia,
gavrish.irina.ogu@gmail.com; Lebedev Svyatoslav

Hay4HBbIH LEHTP OMOJIOTHYECKUX CUCTEM u
arpotexHojoruii  Poccuiickoii  akageMuMu Hayk, T.
45

Ot



https://doi.org/10.36906/2311-4444/22-1/05 Bepwununa U.A., Jlebedes C.B.

Openbypr,  Poccusi,  gavrish.irina.ogu@gmail.com; Valerievich, ORCID: 0000-0001-9485-7010, Scopus
JleGene CrsartocnaB Banepwesuu, ORCID: 0000-0001- ID: 56982531600, SPIN-code: 9750-9900, Dr. habil.,
9485-7010, Scopus ID: 56982531600, SPIN-kox: 9750- Federal Research Center for Biological Systems and
9900, n-p Ouoia. Hayk, DexmepanbHblii HayuHblii neHTp Agrotechnologies of the Russian Academy of
OHONIOTMYECKUX CHCTeM M arpoTexHosoruii Poccmiickoit — Sciences, Orenburg, Russia, Isv74@list.ru

akazeMuu Hayk, r. OpenOypr, Poccus, Isv74@list.ru

Bepumnuna U.A., Jlebeaes C.B. UccrenoBanue oTBETHBIX peakimii yepseii Eisenia fetida npu BHecenuu B cpeny
o0OHWTaHHs HAHOYACTHI] MeAH U IuHKa // BecTHuk HuKHEBApTOBCKOrO rocyaapcTBEHHOrO yHuBepcuteta. 2022, Ne
1(57). C. 45-54. https://doi.org/10.36906/2311-4444/22-1/05

Vershinina, I.A. & Lebedev, S.V. (2022). Investigation of the Responses of the Eisenia fetida Worms when Copper
and Zinc Nanoparticles a re Introduced into the Habitat. Bulletin of Nizhnevartovsk State University, (1(57)), 45-54.
(in Russ.). https://doi.org/10.36906/2311-4444/22-1/05

Beenenne. CeronHs Bo3pacTarone 00beMbl IPOU3BOACTBA U CIIOIb30BAHUS HAHOYACTHII CO3JAET
PHUCKH UX TIOCTYIUICHHSI B OKpY>KaroIIyto cpexay [9].

ITpu 3TOM NEPCHEeKTUBHOM MOJEIBIO AJIsl UCCIICAOBAHMS OTBETHBIX PEAaKLUil OPraHU3MOB B IIOYBE B
Ka4ecTBE TEeCT-00BEKTa SBISCTCSA 3eMiIsiHON depBh Eisenia fetida, KoTOpbIi akTHBHO HCTONB3yETCS IS
9KOTOKCHKOJIOTHYECKOM OIICHKHA BHOBb CO3/IaBaeMbIX BellecTB U mpenapatos [2]. Eisenia fetida o6manaer
BBICOKO# MH(POPMATUBHOCTBIO, YTO 00YCIIOBJIECHO Ononorndeckumu ocodernoctsimu E. fetida, a umenHo
BBICOKOW MPOHUIIAEMOCTHIO TOBEPXHOCTH TeJla AJIsl TOJUIFOTAHTOB U MOTJIOIEHUEM ITUTATENbHBIX BEIIECTB
KOXKHBIM MapiipyToM. KpoMe Toro, BBICOK MOTEHIMal NPUMEHEHHWs 4YepBed Npu OuopeMeaualuu
3arpsA3HEHHBIX 3€MeNb, TaK KaK OHM CHOCOOCTBYIOT YMEHBIICHHIO IOYBEHHBIX arperatros, YTO HMEET
MOTEHIIMAN AJIsl BBICBOOOXKICHHSI CBSI3aHHBIX C [TOYBOM 3arpsi3HUTeNei. Takas NesiTebHOCTh YBEIUIHBACT
IUIOIAAb TOBEPXHOCTH OPTraHMYECKOrO BEIIECTBAa IIOYBBI, YTO BIMSET Ha JOJI0 Marepuala,
MIOJIBEP)KEHHOTO0 MHUKPOOHOMY B3aMMOJICHCTBUIO, YTO TaKXkKe IPHUMEHIEeTCs B OHOpeMeTUalnOHHBIX
texHonorusx [15]. K coxanenuro, umeercs Malio MH(POPMAIMK O BIMSHUU PAa3IMYHBIX KOHIIEHTPAIHN
HAaHOYACTHI[ B TOYBE Ha OECHO3BOHOYHBIX, M OCTAETCSl HESCHBIM, JI0 KaKOW CTEIeHH CIIOCOOHBI
AKKyMYJIMpOBaTh MeETaJUlbl 3TH opranu3Mbl [11]. B HayuHBIX myOnMKanusx HEZOCTATOYHO JAHHBIX O
BJIIMSIHUM METAJIMYECKUX HAHOYACTHIl (B YACTHOCTH, MEIU W IMHKA) HA WHAWKATOPHBIC MOKa3aTelH
MOYBEHHBIX OPraHW3MOB, YTO SIBISETCS OOBEKTUBHOM NPHUUYMHON JUISI MPOBEAEHHUS HACTOSILETO
uccienoBanus. [Jenvio pabomel CTANO UCCIICIOBAHNE OTBETHRIX peakiuii uepseii Eisenia fetida B orer Ha
BHECEHHUE B Cpely OOMTaHM HAHOYACTHL MEIH U [IMHKA.

Marepuansl u mMeroabl. O0bexmamu Uccied08anus CTAIW J1adOpaTOpPHBIE KYJIBTYpHl depBel
Eisenia fetida 6puti monmydensr ot OO0 «buO3pa-Tlensa» (r. Iensa, Poccust). Uepseit nomemany B
rutactukoBble KoHTeHHEpHI (0.4%0.15%0.02 M) ¢ mpurotoBieHHBIM cyocTpaToM 1o 10 mTyk. DKCIepUMeHT
npoBoAwiICs mpu t Bo3myxa 22+2°C, u t cyoerpara 25+2°C, B 5 noBropHocTax. Mcnbiranus neiicreus HU
Ha yepBsx npoBogunuck o OECD guidelines for the testing of chemicals (O9CD, 1984; 2010).

B kauecTBe Mmamepuana ucciedosaimiss WCIONB30BANINCh HaHodacTuipl Memu (d=50-110 mum,
[Tnazmorepm», Poccust) m maka (d=90-150 uwm, «IlepenoBbie MOPOLIKOBBIE TEXHOIOTUIY», Poccust). Beioop
HAaHOYACTHIl JJIS WCCIEJOBaHWs ObUI  OOYCIOBJICH WX KPYMHOTOHH&KHBIM  IPOMBIIUICHHBIM
MPOU3BOJICTBOM, U PACIpOCTPAHEHHOCTHIO B 3eMHOM kope [18; 19].

B wuccnenoBanuy uconib30BaHA MCKYCCTBEHHAs MouBa, cocrosimas u3 70% KBapieBoro mecka
(cyxoii Bec), 20% kaonuHa u 10% uzmensuenHoro Topda, cornacHo oomenpuHsTeiM cranaapram (OECD

1984). Tns moanepxanus TpebyemMoii ucrepcHoCcTH cycnensuii HU 06pasiibl HHTEHCHBHO TTUITETHPOBAJIH
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u o0pabatbiBaiy B ynbTpa3BykoBoii BanHe («Candup TTL», Poccus) B Teuenne 30 mun. [TpurotoBieHHbIe
nmo3oau HY 6putn cMerransl ¢ BIaXKHON MCKYCCTBEHHOW MOYBOH (BIaxHOCTH 45-50%), 3aTeM moBeIeHBI
JTUCTUJLTMPOBAHHOM BOAOM 10 BiaxHocTH 75-80% 1 mepeMenianbl ¢ TOMOIIBI0 MUKCEpa.

buoxumuueckue noxazamenu uepgeti. Conepxanue 0enka B TeJie YepBel OLEHUBAIM C IIOMOIIBIO
KoMMepueckux HabopoB «/{naxonBer» (Poccust) Ha aBToMaTHUeCcKOM OHMOXUMHUUYECKOM aHanmu3arope CS-
T240 («DIRUI Industrial Co., Ltd», Kuraif). dig 5TOro TOTOBWJIVICH BBITSIKKH M3 YepBeH ITyTeM WX
romorennsanun B Oydepe (Tris 50 mmons/n, DTT 1,0 mmons/n, EDTA 1,0 mMons/n, caxapoza 250
MMoiw/1, pH 7,5), koTopeiii o6aBisiin B cooTHomennn 1:9 [1]. UepBu ObUIM TOMOTCHH3WPOBAHBI Ha
romorennsarope Tkanen TissueLyser LT, QIAGEN («QIAGENy, ['epmanus).

Axmugnocms cucmemul AHMUOKCUOAHMHOU 3auumal. Wzmepenue AKTUBHOCTH
cynepokcugancmytassl (COJl) ocyecTBIAIN IO ayTOOKHUCICHUIO SnnHeprHa (anpeHannHa) npu A=480
oM [14], a katamassl (KAT) mo meTone [4], ocHOBaHHBIM Ha B3anMozeicTBUH HoO2 ¢ HOMUCTRIM KaaueMm.
Crenens nepexucHoro okucienus aunuaos (I10J1) ouenuBanu nmo majsoHoBoMy auanbaeruny (MJIA) mo
oOmenpuHATOMY MeToy [8].

Konyenmpayuro memannos B E.fetida onpenensuin B Havane W KOHIE SKCIIEPUMEHTa Ha Macc-
cnextpometpe Agilent ICP-MS 7500 («Agilent Technologies», USA).

Buoaxxymynsyuio memanna paccuuteBanu 1o ¢opmyne BSAF=Copepxanume wmeramia B
yepBe/o01Iee coaeprkaHne MeTauia B mouse [7].

Hoznowenue memanna onpenensiau mo hopmyine R=(Mas-Mp)/Mex100%, rme M — Macca, Mr, a — B
KOHIIE KCIIEpUMEHTa, b — B HavaJe, € — Macca 4epBsl.

Cropocms HaxonneHusi Memaiid B TEUCHHE TEPUOAa SKCIO3MLUHM OIEHHBANIACh C MOMOIIBIO
cnenytoniero ypaBHEHHS: S = ACuepsa/ AT=(Cueprr2-Cuepss1)/(tN2-tN1), [21], r1€ Cucpss — KOHICHTpAIUSL
BEIIECTBA B YEPBE B JCHb BHIOOPKH, th — JHU BBIOOPKH.

[Ipu ompeneneHUy JTOCTOBEPHOCTH PA3NMUUl MEXY aHAIM3HPYEMBIMH BBIOOPKAMH BBIYUCIISIINA
cpeaHue apudMeTHuecKre 3HaUeHHUsI U UX CTaHIapTHBIE OMNOKH. JJOCTOBEPHBIMH CUNTAIIN Pa3Indus IpH
BeposiTHOCcTH otmbOku P<0,05.

O6cyxaenue pe3yabTaToB. Buusnue HY Zn na unouxamopmuwvle nokazamenu Eisenia fetida na
uckyccmeeHnom cyocmpame. BeDKMBa@MOCTh YepBEl MPHU IKCIIO3UIMH B KOHTpoJie cocTapmiia 100%. [Ipu
3TOM MBI HaOJIIOJalli CHIDKEHUE BbDKHBaeMocTH Ha 20%, mpeBbIlIaoliee mpees BaTuIHOCTH TECTa, YTO
obuto xapakrtepHo it HY Zn B goze 500 mr/kr cyxoid mouBsl Ha 14 cyrku. CMEpPTHOCTH SIBISETCS
OOIIENPUHSTHIM, HO TOBOJILHO HEUYBCTBUTEILHBIM ITaPAMETPOM OLICHKH TOKCUYHOCTH BEILIECTBA; [I03TOMY
OBUIM OIICHEHBI JIpyrue cyoseTaibHbie 3PGEKThl: U3MEHEHUS B MAacce, COJICPIKaHUM OejKa, aKTUBHOCTH
AHTHOKCHJAHTHBIX ()EPMEHTOB U CTETIEHb MOIJIOUICHUS MeTamia Ha 7 1 14 cyTtku skcno3uuuu (puc. 1A).
3apuKCUPOBAHO, YTO J10303aBUCHMBIN 3((HEKT MPOSBISIICS B CHIDKEHUH MAcChl YepBel, ¢ HAUOOJIbIIUM
spdexTom mpu koHHeHTpauuu HY Zn 250 Mr/kr nmoussl Ha 14 neHb SKCIIEpUMEHTa, Ha (pOHE CHMKEHUS
Oenka Ha 19,5-46,3% (p<0,05) npu kounenTpaimu HY Zn 500-1000 mr/xr cyxoi moussl (puc. 1B).

AKTUBHOCTH (PEPMEHTOB AHTHOKCHJIAHTHOW 3alMThl YepBel Oblia MPEUMYIIECTBEHHO BBIIIE
KOHTPOJISI, YTO CBHJICTEIBCTBYIOT O BO3pPACTAaHHM DKOJOTMYECKOTO cTpecca M oOpa3oBaHUsl aKTHUBHBIX
paznukanoB Kuciaopoaa B opranuzme (puc. 2). [Ipu 3Trom HanOosbIee BIUSIHUE HA aKTUBHOCT (PEPMEHTOB
AHTHOKCHUAHTHOM 3aIUThl OKa3biBaau KoHIeHTpanuu HY Zn 250-500 mr/kr cyxoi moussl. Takke Bo BceM
JMara3oHe KOHIEHTpaluidi HaHoYacTull coaepkanne MJIA Obuto Beilie KOHTpoJs. CTeneHb HAaKOIICHUS

Metaiia B opranmsme depss E. fetida conpoBosknanocs nakoruiennem Zn B tene E. fetida na 16,26%
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(p=0,05) ipu no3e 50 mr/kr; 63,5% (p<0,05) — 1000 mr/kr (puc. 3). [Ipu yBenuueHNH CPOKOB IKCTIO3UIIUN
JTUHAMAKA KyMYJSIIAA MAKPO3JIEMEHTOB COXpaHsIach Toibko Mg BenmarH HY mo 500 mr/kr. Torma xak
IpU MaKCHMaJTbHO 1030Bo# Harpy3ku 1000 mr/kr ypoBens Zn B Tene E.fetida k 14 cyrkamu cHu3miics Ha

52,5% (p<0,05) mo cpaBHEHUIO C CEMUCYTOYHOM IKCITOZUITUCH.

Konuenrparms HYU Zn, Mr/kr cyxoi o4BbI
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Puc. 1. Macca E. fetida (A) u comepxanue 6enka B E. fetida (Bb) npu Baecernun HU Zn B HCKYCCTBEHHYIO MOYBY
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J1030BBIH 3G GEKT IPOSIBIISUIICS B YBEIHYSHUH CKOPOCTH HAKOIIICHHUS | TTOTIIOMIEeH!s ZN mipu 1o3e 50
Mmr/kr Ha 17,14 % (p<0,05) u 7,2% (p<0,05), ipu 200 mr/kr HA 36,9% (p<0,05) 1 29,4% (p<0,05), mpu 500
Mr/kT 49,1% (p<0,05) u 51,3% (p<0,05) u pu 1000 mr/xr Ha 40,8% (p<0,05) u 46,1% (p<0,05), Ha 7 u
14 cytku, cootBetctBeHHO. [Ipm mo3e 1000 Mr/Kr cKOpOCTb HAKOIUIEHHS COCTaBMia 3a 7 cyTok 13,7
MI/KT/CyT, a B mocienmyromeM nepuone (7-14 cyTok) XapakTepu3OBaJICSd BBIBEICHHEM MeTaia CO
ckopocthio 3,9 mr/kr/cyt. Takum oOpazom, opraHu3M depBsi COcOOEH aKKyMyJIHpOBaTh IIHHK [0
3aageHust 500 MI/Kr, ¢ MOCIEAYIONINM BBIBEJIEHIEM BO BHEITHIOO cpedy mpu KormneHTpanuu 1000 mr/xr
MOYBHI.

Brusnue H4 CU na unouxamopnuie noxazamenu Eisenia fetida na uckyccmeennom cybempame.
BrokuBaemocts uepBeit npu BHeceHun HY Cu naxonunack B npeaenax 90-100% Ha MpOTSDKEHUH BCETO
SKCIEPUMEHTA, 38 HCKIIFOUEHIEM BapHaHTa ¢ 10301 Bo3aeicTBus S00 MI/KT, r1e HCClleAyeMblii IToKa3aTelb
coctasun 80% u 20%, Ha 7 u 14 cyTku coorBeTcTBeHHO. Ha 3TOM (hoHE Macca 4yepBeil cHMXKanach Ha
OpOTsDKEHUK 14 CyTOK BO BCEX MCCIICAOBAHHBIX KOHIECHTpauusax. Tak, Ha 7 CyTKHM Macca uepBeild Oblia
HWKe KoHTpons Ha 6,5-20,1% (p<0,05), a Ha 14 cyrtku — nHa 21,0-45,6% (p<0,05), mpu sToM Tpu
konneHTpaiu 500 mr/kr HU Cu macca uepBeii Obuta HauMeHbliel (puc. 4A).

KonmuectBo Oenka B Tkansx E. fetida na 14 cytku cumxkanoce ot 30,5 no 41,6% (p<0,05) npwu
Bo3aeiicTBun KoHIeHTparuii 250-1000 mr/kr HY Cu (puc. 4B).

Konuentpanust H4 Cu, Mr/kr cyxo# mouBsl
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Puc. 4. Macca E. fetida (A) u conepsxanue 6enka B E. fetida (Bb)
nipu BHeceHnr HY CU B HCKYCCTBEHHYIO MOYBY

AXTUBHOCTh (DEPMEHTOB aHTHOKCHJAHTHOM 3alllUTHl WMMeENa Pa3HONOJISPHBIC 3HAYEHUS, TaK
AKTUBHOCTB KaTala3kl Obuia Ha 44,7-101% (p<0,05) BeIte KOHTpOIS, a akTuBHOCTH, CO/l, HaoO00opoT, HA
58,3-69,5% (p<0,05) Hmxe kouTposs. YporeHb MJIA Ha 16,6-33,3% (p<0,05) ObL10 BbIIIe KOHTPOJIBHBIX
3HaueHuH, kpome KoHueHTpauuu 1000 mr/kr (puc. 5).

Ecnu nepBonauanbHOe coziepxanue Cu B uepBe COCTaBUIO 6.25 MI/Kr, TO Ha 7 CYTKH, B
npucyrctur HY Cu koHIeHTpauus B yepBe yBennuminach npu ao3e Cu 50 mr/kr Ha 65% (p<0,05) (puc.
6) (nmornomienue — 0,27 mr/%), npu go3e 100 mr/kr Ha 67% (p<0,05) (nornomenue — 0,28 mMr/%), pu 103¢
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500 mr/kr Ha 78% (p<0,05) (mormomenus — 0,48 mMr/%). Ha 14 cyTku Hanbomnpiuas akKyMyJIsiIys MeTalia
B uepBe 3adukcupoBaHa B uepBax npu koHieHrpauud HY Cu 100 u 500 mr/kr, uro coctaBmwio 91,9%

(p<0,05) u 89.2% (p<0,05), npu creneHu MOTIONICHUS MeTaJlIa cooTBeTcTBeHHO 1,3 1 0,8 mMr/%.

Konnenrpamus HY Cu, mr/kr
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Puc. 5. AKTUBHOCTh aHTHOKCHIAHTHBIX (pepMeHTOB U conepikanne MJIA
B Teue E. fetida npu BHecennn HY Cu B HCKYCCTBEHHYIO TTOYBY

o 14
=

) 12,2 115 11,9

a g 12 : 11,2
O =

® = 10,3

E < 10 10,5 11 11,1 11
S3

52 8.2

S 8 '

g 6,25

£ 6,3

S 6

0 100 200 300 400 500 600 700 800 900 1000
Konnenrparus HU Cu, Mr/kr cyxoii mouBsl

7 nHeu 14 nuen
Puc. 6. Conepsxanue Cu B Tene E.fetida npu nnakyGannu B HCKyCCTBEHHOMN MOYBE

[Ipu 3TOM MHHHMAaNbHAS MMOPOTOBAsT KOHIEHTpanus peryisnuu At Cu coctaBuia 35 MI/KT, 4TO
CBHJICTEIIBCTBYET O CIIOCOOHOCTH YEPBSI KOHTPOJIMPOBATH OOMEH MENIH, M OITOCPETOBAHHO MOXKET CHIKATh
TOKCHUYECKYIO Harpy3Ky Ha IOYBEHHBIN OMOIEHO3 TIPU ONpE/IeNIEHHOW CTeNeH! 3arps3HeHns. CpaBHUBAs
nepuoa 7 U 14 cyTok, KOHIIEHTpalus Meau B nouse npu gobaeiennu HU Cu B konunentparuu 100-500
MT/KT TIOYBBI CHI3WIACh OT 34 1o 53% (p<0,05).

Paznnynast cTemeHb aKKyMyJSIMM MEId B OPraHU3ME YEpBsl OKasaja BJIMSHHE HAa aKTUBHOCTh
AHTHUOKCHJIAHTHBIX ()EPMEHTOB, B 3aBHCUMOCTH OT KOHIICHTpaIiu HaHoYacTHIl Cu M CPOKOB DKCIIO3HIINY.

Oocy:xnenne. [Ipu BozneiicTBun BhICOKHMX KoHIeHTparuii HY Zn nHabmioganoch M0CTOBEpHOE
CHID)KEHUE MAaCChI TeJia, 4To coryiacyercs ¢ uccienoBanusimu [ 10]. [lonTeepkaaroT U pe3ynbTaThl Spurgeon
¢ coaBTopamu [16], T 4epBsIM, KHBYIIAM B METAJI-3arPsS3HEHHBIX MOYBAX, HY)KHO OOJIBITIC BPEMEHH,

YTOOBI JOCTUYb MaKCHUMaJIbHOH MacCChbl, UY€M B HE3arpsA3HCHHbIX yYaCTKax.
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JloxneBble YEpPBH CIIOCOOHBI CHIDKATh TOKCHYECKYHO HArpy3ky Ha OpraHu3M IIyTeM
nepepacnpeeNeHus] MeTala U3 MMOYBEl B OpraHsl U TKaHU [20]. BuogocTymHOCTh M OHOAKKYMYJISITUS
3aBHCHUT OT Pa3MEPHOCTH, KOHIIEHTPALIMH, THIIA TIOYBBI ¥ POJIOJDKUTEILHOCTH BpeMeHH Kcno3unui [ 13].

Pasnuunoe nornomeHre Zn Ha 7 CyTKH, T.€. CHH)KEHHE €r0 KOHLIEHTPAIMU B YEPBE CBA3aHO KakK, C
amanraimeil kK cyocTpary, Tak u co criocooHocTsio E. fetida perynauposats conepikanue Zn B Tere.

J’KuBbie opraHM3MBI, B YACTHOCTH JOXKAEBBIE YEPBU CIIOCOOHBI CBS3BIBATH IIMHK B TKAHAX, MyTEM
y4acTusi METAJUIOTHOHOB B 3TOM IIpoIiecce, CIIOCOOCTBYS OBICTPOMY BBIBEACHUIO ZNn M MOTYT PETyIHPOBAThH
coJiep)KaHue B Telle Zn 0 KOHIEHTPAIMH B TTo4Be 10 560 MI/KT, BBIIIE 3TOW KOHIIEHTPAIINN TPOUCXOINAT
3HAYUTENIFHOE HaKOIJIeHne Mmetaima [3]. DTUMHU BBIBOJAMH OOBACHSETCS MHOTHE IOJyYCHHbIE HaAMH
pe3ynbTaThl, B YaCTHOCTH BBICOKAs CMEPTHOCTh MpH KoHIeHTpanuu 500 Mr/kr, cBI3aHHAs C HHAYKIHEH
OKHCJIMUTEIBHOTO CTpecca B KIETKAaX.

@®epment COJl yuyacTByeT B yAalieHHM aKTUBHBIX ()OpM KHCIOpOIa W JIOOble W3MEHEHUS B
9KOJIOTHUECKOM (DOHE OTPaKar0T M3MEHEHHs OKHCIHMTENBHOTO CTpecca. AHaJOTHYHBIE 3aBUCHMOCTH
OHMOIOTHYECKOW aKTHUBHOCTH HAHOYACTHI[ omrcaHa B pabote [12], rae aktuBHOCT SOD B HOXKIEBBIX
YepBeil yBEITMYUBACTCSI C yMEPEHHON SKOJIOTHUECKOTO CTPECcCca M YMEHBIIACTCS € TSHKEIOH SKOJIOTHYeCKON
HaIpPSHKEHHOCTBIO.

AxtuBHocth CAT y Eisenia fetida Bo3pacrana nmpu JOCTHIKEHHH KOHIIGHTPALMM HAHOYACTHIL B
nckycctBeHHoi mouse Zn 500 mr/kr u cHu3Mack mpu no3e 1000 Mr/kr. OTo CBSA3aHO C HAIPSKEHUEM
aJanTalyy Ha KPUTHYECKOE COICpKaHre MeTalia B OMocyOCTpaTe U BICOKOW CTENEHbI0 000pOTa MeTaslia
MEXIy CyOCTpaToOM U MUIIEBAPUTEINHLHOM CUCTEMOM uepBs [6].

Karanaza (CAT) sBnseTcs BaXHBIM (DEPMEHTOM B CHUCTEME AHTHOKCHUAAHTHOW 3alMThl. Ero
CIIOCOOHOCTh MCKITFOYATh CBOOOTHBIA pajfiKall 3alllWIAeT KIETKH OT MOBPEXKICHUH, U ero W3MEHEHHUE
paccMaTpuBacTCs KaK MPeIBECTHUK 3arpsI3HEHUST OKpYKaroIen cpest [S].

Utak, ycTaHOBIIEHO, YTO YEePBH CIIOCOOHBI TIEPEHOCHTH OKUCIHUTENBHBIH CTPECC W aKTUBHUPOBATH
AHTHOKCHUJAHTHYIO CHCTEMY Ha TMEPBOW CTaguHM CTpecca NMPHU BHICOKUX KOHIEHTPAIMsIX HAHOYACTHII.
HauGonpmnii Toxcuueckuit 3pdext Obla1 mosyueH npu goze HY Zn 250-500 mr/kr, 000CHOBaHHBIN
MOBEICHYECKIMH PEAKIMSIMHA, POCTOBBIMH XapaKTEPUCTUKAMU M IIOKa3aTelsiMd  (epMEHTaTHBHON
aKTUBHOCTH B OpraHum3Me 4epBs. Ha OCHOBaHWM TONYyYEHHBIX JITAHHBIX MCKYCCTBEHHAs TOYBA MOXKET
WCIIONIb30BAThCS B KAUECTBE TECTOBOTO CyOCTpaTa.

IIpu BHecenmn HY Cu Obuto moka3aHo, 4TO aKTHBHOCTH KaTajla3bl MOBBIIIANACH, YTO MOXKET
KOCBEHHO CBHJICTEIBCTBOBATh O TOM, YTO IIOCIE JUIUTEINBHOTO BO3JEHCTBHS BBICOKMX KOHIIEHTPAIIHNA
HAHOYACTHII MPEBBIMIACT MPOMYCKHYIO CIOCOOHOCTH IOTJIONIATh aKTUBHBIE (DOPMBI KUCIOPOJa, TO €CTh
3aI[UTHBIE CBOMCTBA aHTHOKCUIAHTHBIX (PEPMEHTOB MOTYT OBITh YTEPSHBI TP YBETUIEHUN TOKCUIECKOTO
cTpecca B TPHUCYTCTBUM HaHowyacTull Menu. AxTtuBHOCTE COJl B yepBe CHMIXKamach MPU BCEX
koHneHTparusax HY Cu. Ilo muenuio uccrnenosareneir [17], aktuBHocth COJl B TKaHsIX dYepBeit
YBEIUYNBACTCS C YMEPEHHBIM 3KOJIOTUYECKAM CTPECCOM M YMEHBINAETCS MPU YBEITHYCHUU CTPECCOBOM
Harpy3ku. Takum oO6pa3zom, MOKHO 00cyxath, uTo HY Cu 00agaroT mpoIOHTUpOBaHHBIM JICHCTBUEM, U
MpoIiecC peakcalii CUCTEMbl K HOPMaIbHOMY COCTOSIHHAIO MOXET 3aHSTh OTpEJIeIEHHOE BpeMsl Moce
WCKITIOYCHHS TOKCUKAHTA.

[Ipu 5TOM, B OTJIMYMH OT BapuaHTa ombiTa ¢ BHeceHreM HY Zn, uepBu HakariMBall MeJb BO BCEX
KOHIIEHTpAIUAX 0e3 CymeCcTBeHHbIX oTinynid. Tak, Ha 14 JIeHb SKCIIEPUMEHTa YepBU OOHAPYKHBAIU B

cBoux TKaHsix meau 11,2-12,08 mr/kr, 3a uckimrouenuem a03bl HU 50 Mr/kr (rae copepikaHue MeIu
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cocTtaBmio 8,2 Mr/Kr Tkaneil yepss). [Ipu aTom 7 u 14 cyTku He 0OHAPYKUBAJIN CYILIECTBEHHBIX PA3TUUN
B HAaKOIUICHUU MEJH, YTO MOXKET KOCBEHHO T'OBOPUTH O PETYIMPOBAHUM COACPIKAHHUS MEIH B TElE YEPBU
Ha IIOPOrOBOM YPOBHE.

3akawuenne. [Ipu kynpruBupoBannun HY Zn u HY Cu c E.fetida Ha mckyccTBeHHOH mouBe
HanOOJIBIITUI OTPUIIATENBHBIN 2 hekT nMenn 103upoBKH 250-500 MI/KT ITOYBHI.

Ha uckyccTBeHHOM MOYBE HAKOTUIEHUE MEIM M LIMHKA OBLIO 10303aBUCHMBIM MapaMeTpoM. B memnom,
YepBH OBLIH CIIOCOOHBI K OMOaKKyMYJISIIIH BRICOKHX /103 METAIIOB B MTOYBE J0 YPOBHS I10 UHKY 10 33,6
MI/KT, 10 Meau — 12,08 Mr/kr.

buoakkymymsws iuHKa OblIa CHIYKEHA TP yBeNTWYeHUH 10361 BHOcUMBIX HY Zn. Takum o6pazowm,
OpraHu3M 4YepBsi CIOCOOEH aKKyMyJIHpoBaTh LMHK mpu BHecennu HY mo 3nadenust 500 wr/kr
BKITFOUUTENHHO, C MOCIIEAYIOIINM BBIBEJICHIEM BO BHEIIHIOIO Cpey Mpu KoHmeHTparuu 1000 MI/KT Mo4BHI,
YTO MOXKET 6])ITI) HCIIOJIb30BAaHO IIpH 6I/IOp€MCI[I/IaHI/H/I AHTPOIIOI'CHHO 3arpA3HCHHBIX 3€EMECJIb.

[Tpu 500 mr/kr HY CU Ha uCKyCCTBEHHO MTOYBE OBLIIO OTMEUEHO BHIBEICHIE METAJIIA U3 Tella YePBsI
Ha 14 cytku. [Ipu 3TOM yBEIUYECHHUE CKOPOCTU BBIBEICHUS M3 TEJa YepBs HAOJIOJANIM TPU MOBBIIICHUU
KOHIICHTpAIMU MeTauia B mouBe (Ha 34-53%). MakcuMyM OHOAKKYMYJISIHH ObLT 3aMKCHPOBAH IMPU
BHecennu 100 mr/xr HY Cu.

[Tony4eHHBIE AaHHBIE O MpeAeNiax TOJIEPAHTHOCTH YEpPBEH MPH HArpy3KH MOYBBl HAHOYACTHUIIAMHU
MEIW M IIMHKa MOTYT OBITh HCIIONB30BaHBI MPU Pa3pabOTKe METOAOB U MOAXOAOB K BOCCTAHOBJICHHIO

MOYBBI, 3arPA3HEHHBIX TSDKEJIBIMUA METAIIIAMU B Pa3In4HON X (opMme.
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OCOBEHHOCTH BUJOBOTI'O PASHOOBPA3US HACEKOMbBIX
B HACAKJAEHUAX HAPYIIEHHBIX AHTPOIIOI'EHHBIM BO3JIEMUCTBUEM

Belitskaya M.N., Gribust I.R.,
Alferova G.A., Bakradze N.Yu., Prilipko N.I.

FEATURES OF INSECT SPECIES DIVERSITY

IN THE FOREST PLANTINGS DISTURBED BY ANTHROPOGENIC IMPACT

AnHortanusi. Hacekomble  SBISIIOTCS — YHUBEPCAJIbHBIMHU
00beKTaMU ISl TIEPMAHCHTHOTO HAOIIONEHHUS W OLCHKH
COCTOSIHMSL ~ OMOTeolleHO30B.  [loBceMecTHass — JKCHAHCHS
OTACTBHBIX  BHIOB, HX B3aUMOJCUCTBHE C  Pa3HBIMHU
COCTAaBJISIOLINMHU cpezbl " HU3MECHEHHE cocrasa
HHTOMOKOMILJIEKCOB B HapyHIEHHbIX 9KOCUCTEMAX,
MHOr000pa3re OTBETHBIX PEAKIUA U OTKIHUK COOOIIECTB H
OTZEJBHBIX BU/IOB HA aHTPOIIOT€HHBIC BO3/ICHCTBHS U KaYECTBO
YCJIOBUH OKpY>Karolled cpeipl, a TaKKe COOTHOLUEHUE MEXIY
YPOBHEM BO3/ICHCTBUSI M CTENEHBIO TNPOSBICHHUS OTBETHBIX
peakuii GHOJIOTHYECKHX OOBEKTOB IO3BOJISIIOT HUCIIOJIB30BATh
HACEKOMBIX B  KauyecTBe OHOMHIMKATOPOB.  3all[UTHbIC
HACAX/ICHUS PA3JIMYHBIX THIIOB M JKOIOTHYECKHX KATErOpuii B
YCIOBUSIX ~ TOPOJCKOM  CpeAbl  OCYIIECTBISIOT — Ba)KHEHINIHE
cpenooxpanHbie u cpenodopmupyromue GyHkimu. JaHnpiil hakt
omnpe/enser H3MEHEHUS cocraBa u CTPYKTYPBI
JHTOMOKOMIUIEKCOB. [IpH 3TOM 3KOIOTHYECKHE YCIIOBHS, B
KOTOPBIX HAXOJASATCS HACAKIECHHs, W MHUKPOYCJOBHS BHYTpHU
MOCAJIOK C YYETOM BHELIHETO BIUSHHMS, OIPEEIISIIOT OCOOCHHOCTH
6uopazHooOpa3us u cOalaHCHPOBAHHOCTh CTPYKTYPHI
sHTOMOHaceseHus. K uumciny Haubosiee 3HaYMMBIX CpPEIM HHX
OTHOCSATCSI  BBIXJIOIIHBIE Ta3bl  ABTOTPAHCIIOPTA, PAa3JIMYHbBIC
XUMHYECKHE CPEIICTBA, IPUMEHsIEMBbIE 111 O0pPHOBI ¢ 00JIeICHEHHEM
JIOPOXKHOTO TOJIOTHA B 3UMHHI MEPUOJI, & TAKXKE U30UPATEIHLHOIO
YHHYTOXKEHHUSI COPHOM PACTUTENIBHOCTH B MPEIEaX JEKOPATUBHOTO
o(hopMITeHIsT aBTOMOOMIIBHBIX JIOpor U mp. OTBETHBIE peakinu

HaceJICHHs HAaCEKOMBIX Ha 3arpsi3HEHUE Cpensl,
NPOSIBISIIONINECS B HM3MEHEHHMH COCTaBa M CTPYKTYPHI
coolmiecTs, AWHAMHUKE YHCICHHOCTH TPYINIUPOBOK |

M3MEHEHHHU POJIM OTAEJIBHBIX BHIOB Ha TPaHC(HOPMHPOBAHHBIX
TEPPUTOPUSX CTAHOBATCS 0a3MCOM MJisi HaydyHOro aHajin3a
COCTOSIHUH 3HTOMOKOMIUIEKCOB M B II€JIOM OHMOIIEHO30B. JTO
MO3BOJISIET OTIPE/ICIUTh BO3MOXKHBIE MOCJIEACTBHS
TpancopMmani OHUOIIEHO30B MO JCWCTBHEM HETaTHBHBIX
(hakTOpOB Ha OCHOBE M3MEHEHHs (ayHHCTHYECKOrO OOMIIHS,
CTPYKTYPHOH OpraHM3allil COOOIIECTB, YTO W OIpeesseT
YCTOWYHMBOCTH 9KOCHUCTEM.
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Abstract. Insects are universal objects for
monitoring biogeocenoses. Wide distribution,
close connection with various components of the
environment and the abundance of individual
species in disturbed ecosystems, the variety of
responses to anthropogenic impacts, quick
response to changes in the quality of the
environment, as well as there is a clear correlation
between the level of exposure and the degree of
manifestation of the response time they make it
possible to use insects as indicators. Green spaces
are an important environmental protection and
environmental-forming  factor of the urban
environment, which determines changes in the
composition and structure of entomological
complexes. At the same time, plantings of different
types and environmental categories are in different
conditions in relation to air pollution, that what
determines the features of biodiversity and the balance
of the population structure. Among the most
significant among them are the exhaust gases of motor
vehicles, various chemicals used to combat icing of the
roadway in winter, as well as the selective destruction
of weed vegetation within the decorative design of
highways, etc. The need to study the responses to
environmental pollution, manifested in changes in the
composition and structure of entomofauna, the
dynamics of the number and the change in the role of
individual species in the transformed territories
determines the direction of this study. The analysis of
insect responses at the species level allows us to
identify the consequences of the transformation of
biocenoses, changes in faunal abundance, the structure
of dominance and, as a result, determines the stability
of ecosystems.

Keywords: biodiversity, protective forest stands,
insects, pests, community structure, ecosystems
disturbed by anthropogenic impact.
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Beenenue. Tennmenmust oOycTpoiicTBa ypOaHW3UPOBAHHBIX TEPPUTOPUI B COBPEMEHHOM MUPE
MIPOCJICIKUBACTCSI OUYCHb YETKO U JIOCTUTACTCSA 3TO 3a CYET IUIAHUPOBAHHS ONTUMAJIBHON apXUTEKTYPHO-
TUTAHUPOBOYHOH CTPYKTYPBI, BKIFOUAIOIIEH co3nanme koMmrniekca ouororos [8; 12; 19; 20]. HeorpemieMbim
KOMITOHEHTOM JIAHHOTO MEPOTIPHSTHS SBIISIOTCS 3€JICHbIC HACAKICHHS, BBITIONHSIIOIINE CPEeI000pa3yIolIie,
TUTHEHUYECKHE (CHIKEHHE 3aTa30BaHHOCTH, 3aIlbUICHHOCTH) U pekpeannonHble Gyrkmmu [1; 3; 7; 8; 12; 21;
22]. O3eleHUTENbHBIE TIOCAJIKH B MAJIOJIECHBIX PErMOHAX K TOMY K€ BBICTYNAIOT B POJIM PedyrHyMOB,
CIOCOOCTBYSI COXPaHEHHIO U MOBBIIICHUIO OHOIOrHUecKOro pasnoodpasus [1; 2; 6; 14; 15; 17; 22].

O3selieHEHHBIE YYacTKM TMPOCTPAHCTBEHHO HM30JIMPOBAaHBI M TIOABEPraroTcs MO3aUYHOMY
BO3JICHICTBUIO aHTPOINIOTEHHBIX W JAPYTUX HEraTWBHBIX (akTopoB. [loCKONBKY B HHX 3a4acTyrO
CKJIaJIBIBAIOTCSI YCIIOBUS OJTU3KUE K €CTECTBEHHBIM 3/1eCh (DOPMHUPYIOTCS SHTOMOKOMILIEKCHI, COUETAIOIIUE
Kak abopUTreHHbIE TaK U aJIBEHTUBHbBIE BUJIbI HaceKoMbIX [1-3; 6; 20; 21].

Pacmmpsronuiicst Kpyr COBPEMEHHBIX HCCIISIOBAHIIMA 110 M3YYEHUIO HACAKICHUH KaK Cpebl OOUTaHMs
(ayHBI yKa3bIBaeT Ha 3aMETHBIC Pa3IM4Ms TaKCOHOMHYECKOTO OOraTcTBa pa3HBIX CHCTEMATUYECKUX H
9KOJIOTMYECKUX TPYII M KOJIMYECTBEHHOTO OOWMIMS psijia HACEKOMBIX, OCOOCHHOCTH IMPOCTPAHCTBEHHOTO
pacrpoCcTpaHeHUs U YMEHBIIICHUE YKCTIa IPeJICTaBUTeNeH psaia ceMeidcTB B OnoTomnax [17; 19-22]. A Taxxke
paloThI, XapaKTePU3YIOIIME HACEICHHE HACEKOMBIX B HACAXKIACHHUSIX PA3HBIX THIIOB M JKOJOTHUECKHX
KaTeropuii, JEMOHCTPUPYIOIINE CIIEKTP 3aKOHOMEPHOCTEH (POPMUPOBAHMS B HIX S3HTOMOCOOOIIECTB, B TOM
YHCIIe ¢ aKIEeHTOM Ha (GUuIodaroB, IECTPYKTUBHO BIMSIONINX HA COCTOSHUE JAPEBECHOH PacTUTENBHOCTH,
onpeernsrone coaTaHCHPOBaHHOCTh CTPYKTYPBI HaceJIeHHs HaceKoMbIX [7; 12; 17; 19-22].

CKOpOCTh  aJIaliTUBHBIX TIPOLIECCOB B cHcTeMe «puTodar — KOPMOBOE paCTEHHE» Ha
ypOaHU3UPOBAHHBIX TEPPUTOPUSAX YBEIMYMBACTCS 3a CYET OBICTPOH TpaHc(OpPMAIMU PaCTUTEIBHBIX
OpPraHM3MOB TIOJI JICHCTBHEM BHEIIHHX HETaTHBHBIX (aKkTopoB ropoxuckoil cpeasl [1-3; 6]. B

yp6oakocrctemax HikHero [10BODKbS, OTIMYAIOIINXCST OCOOCHHOCTSIMH TIOYBEHHO-KIIIMATHISCKUX YCIIOBHMA,
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BBICOKOH CTCTICHBIO KOHIICHTPAIIMY TIPOMBIIIICHHBIX TPEANPUSTHI, HU3KUM YPOBHEM O3€JICHEHHS, OCTHOCTBIO
ACCOPTUMEHTA JIPEBECHBIX PACTCHHN CBENICHHS O COCTaBe, YHCICHHOCTH, CTPYKTYpe W JPYruX 3KOJOro-
(ayHHUCTHYECKUX XapaKTEPUCTHKAX HACEIICHHSI HACEKOMBIX (hparMEeHTapHBL.

Ilens — W3ydYeHHWE AHTPOIOTCHHOTO BO3JCHCTBHSI HA COCTaB W OHMOTOMHYECKOE pacrpeelicHue
HaceJICHHs HACEKOMBIX B 3aIIMTHBIX HACAKACHHAX 3acylutnBoil 30HbI Hinkaero [ToBosmkbs. Peannzarms
MOCTABJICHHOM TENTU MPE/HUChIBAET MOCIEA0BATEIbHOE PENICHHE MHOXKECTBA 3ajad, B YUCIE KOTOPBIX
M3y4eHHe U aHaJM3 BHIOBOTO Pa3HOOOpa3usi HACEJCHUsS HACCKOMBIX HACAKIACHHH PAa3IHYHBIX THIIOB U
9KOJIOTHYECKUX KATETOPHUH C yYETOM BIIHSIHUSI BHEITHUX HETATUBHBIX (haKTOPOB.

Marepuansl U Meroauka. HccrmegoBanust Bemyrcss ¢ 2008 . M mo HacTodiee BpeMs B
JIEHIPOIOTHIECKUX KOJUICKITUAX, 3alTUTHBIX JIECHBIX HacaknaeHusx ®HII arposkomornn PAH (®I'YIL
«Bonrorpaackoe» kamactp. Ne  34:34:000000:122; 3emnenons3oBanue «Kagamuackoe» kamactp. Ne
34:08:000000:6; HrkHeBoImKCKas CTAaHIMS IO CENEKIMHU JpeBecHbIX mopox 34:36:0000:14:0178), a takxke B
PEKpealMOHHO-03€ICHUTENIbHBIX HacaKIeHHUsIX ropoja Bonrorpana [9; 16].

CaHUTapHOE COCTOSIHHUE JPEBOCTOCB B CHUCTEMAax JIECOMEIMOPATUBHOIO M TOPOJICKOTO O3CIICHEHHUS
OLICHMBAJIOCh MO0 KOMIUIEKCY MPU3HAKOB [UIsl OTACNbHBIX Kareropuil mocafok [9]. IpoOHbie rwiomiaan
MOAOUPATUCH MPU PAHHEBECEHHEM 00CIICIOBAHUH C YIETOM IMOPOTHOTO COCTABA MTOCA/IOK, BO3PACTA U CTETICHU
HEraTHBHOTO BIMSHUS HAa HHUX AQHTPOIOTEHHBIX (akTopoB. OOBEKTHI HCCIENOBAHWI — HACEKOMEIE,
TpodHUYEeCKH CBsi3aHHbIe ¢ ApeBecHbIMH pactenmsiMa Ulmus pumila L. (Bs3 mpusemucthiii), Robinia
pseudoacacia L. (poOunus noxnHoakaimenas), R. viscosa Vent. (pobunus kieiikas), Populus nigra L.
(romons uepHbIii  (ocokopsb)), P. pyramidalis Borkh. (tomons mnupamumaneHbiii). B cocTtaBe
JIECOHACAKICHUI 3TH COMYTCTBYIOIINE NOPOABI, OCYHIECTBISIOT BCIIOMOTATENBHYIO JIECOBOJCTBEHHYIO U
3alIUTHYIO pojib. KpoMe TOro, OHU CIIOCOOCTBYIOT ONTUMH3AIIMN POCTA U JOJITOBEYHOCTH IIABHOW TOPOIBI
[16]. B ux umcie Fraxinus exselsior L. (scenp obpikHOBeHHBIH — f0), Fraxinus pennsylvanica var.
lanceolata (Borkh.) Sarg. (sicens 3enmensrit, wiu mannerusiii — 513), Morus alba L. (menkosuma 6emas — 1),
Juglans regia L. (opex rpeukuii — O/Opex) u Ribes aureum Pursh. (cmopoauna 3o05motast — Cum 3)) [14].

VYcTaHOBIIEHHE BHIOBOTO Pa3HOOOpasusi, YMCICHHOCTH M OCOOCHHOCTEH IPOCTPaHCTBEHHOTO
pacrpesieNieHisT HACeKOMBIX B OHMOIIEHO3aX BBITIONHSIIM € YYETOM aCCOPTUMEHTA, 9JKOJOTHMYECKUX
0COOEHHOCTEH M COCTOSIHUS HACaXKJCHWUN, BPEMEHH 3acelieHus BpeautesisiMd U T. 1. [9; 11]. s cOopa
Marepualia MPUMEHSUTH METOJIbL: KOIICHUE JAPEBECHON PACTUTEIBHOCTH CTAHIAPTHBIM SHTOMOJIOTHUECKUM
Ca4yKoM, OCMOTp BETBEH M CTBOJIOB MOJIEIbHBIX nepeBbeB [5; 10; 18]. COop M yd4eTsl BBINOJHSIM Ha
MOCTOSIHHBIX MPOOHBIX IJIONMIAKAX B OCHOBHBIX OHOTOMNAx: JIECOTIONIOCHI U O3CJICHHUTEIBHBIC MOCATKH Ha
AHTPOTIOTEHHO TPE0OPa30BAHHBIX TEPPUTOPHAX. B HacaKIeHMAX 3aKNaAbIBAIN MO 3-5 YUETHBIX IUIOLIA/IOK.
VYureno 6osee 41000 sk3emmusipoB Hacekombix [5; 10; 18].

HccrenoBaHHbIe OMOTOIIBI PA3ITYAROTCS TI0 CTETICHH IKOJIOTHYECKOi Harpy3ku (Taou. 1) [4; 9].

COop PHTOMOJIOTMYECKOTO MaTepHaa B KPOHaX JIEPEBbEB U MOJAKPOHOBOM IPOCTPAHCTBE MOCAI0K
BBINTOJIHAJIM C MIPUMECHCHUEM METOJAa OKallMBAHHA KPOH SHTOMOJIOTHYECKHM CadKOM. Wcnonp3oBanue
JaHHOTO METOJa MO3BOJSIET OCYLIECTBHTH 3a00p OJHOW MpoObI B 4-X-KpaTHOH MOBTOPHOCTH 1O 25
B3MaxoB, ojiHa mpoba mpu 3ToM coctasisiet 100 B3maxos [5; 10].

BuioBoil cOCTaB HACEKOMBIX MOBPEKAAIOIINX JIMCTBY ONPENENISUIM 10 UMaro M HaHOCHMBIMH
¢ummodaramu  BUAOCHENM(PUYHBIM — MOBPEXKACHUAM KPOH  PA3IUYHBIX JPEBECHBIX TOPOA C

UCIIONIb30BaHKEM orpeaenuteneii [18].
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ﬂﬂﬂ XapaKTCpUCTUKU YUYaCTUd BHJAa B

COCTaBC HACCJICHHUA HCHOJB3YIOT CJICAYIOIIYIO

KJIacCU(UKAIHIO OOHIIHS: CBBITIE 5% — TOMUHAHTHBIE (MaccoBbIe) BUJIBL, 2-5% — cyOoMuHaHTHBIE, 1-2%

— 00bI4HEBIC, > 1% — penkue [5].

Tabuumna 1
JKO0J0rnYecKas XapaKTepHCTHKA HCcaeIyeMbIX Haca:KIeHu i
Hacaxnenus
ITapameTpsr I[eHzEpap Tapx Cxeps1 BnyTtpuxsa VI HbIe Jlecononocst
Wi pTaJIbHEIE M0JIC3alUTHHIC

Bospacr, et 50 40 35 30-60 40-70 70
KonnuectBo BUI0OB:

JPEBECHBIX PaCTCHHH 36 23 4 6 1-3 16
TPABSIHUCTHIX PACTCHHUH 9 8 6 17
ITmomanp, ra 225 18 120 55 21 580
WHupekc 3arps3HeHNs 8,9 8,9 10,7 4.5 10,5 4.6

cpenHsis / OYEHb OYCHb
Pexpeannonnas Harpy3ka BBICOKast BBICOKAs HU3Kas
HH3Kast BBICOKAsI BBICOKAs
IToTok MaIIuH 3a yac 2420 2422 3288 241 3374 237

Pe3yabTaTrel U 00cy:kaeHue. JleconmaTtosornyeckoe COCTOSHHUE U DHTOMOKOMIUIEKCHI TOPOJICKUX
naHaadTHBIX KOMIIO3UIMK (apKH, CKBEPBI, BHYTPUKBAPTAIbHBIC U MP.) U3MEHACTCSA B 3aBUCHUMOCTH OT
KayecTBa OKpYXKarollen cpebl.

B HacTosmee Bpemsi HacaxIeHHs ypOaHW3UPOBAHHOW TEPPUTOPHM HCIHBITHIBAIOT WHTCHCUBHYIO
AHTPOIIOTEHHYIO Harpy3ky. JlonroBpeMeHHOE (YHKIMOHMPOBAHHE B YCIOBUSX TEXHOTEHHOTO H
PEKPEallMOHHOTO BO3ACHCTBUS HETaTHBHO CKAa3bIBACTCS HA COCTOSIHUM JPEBECHOH pPacTUTEIbHOCTH,

ocnabnss ee GU3NOIOTHUYECKH U BBI3bIBAsI OTPHULIATEIbHBIC IOCIEACTBUS (Tabmd. 2).

Tabmuma 2
CocTosiHUE IPEBECHOI PACTUTEILHOCTH B FOPOJACKHUX JAHAMAPTHBIX KOMIIO3HIUX
Hacaskerms Kareropus coctosuus, %
| 1 Il v \Y VI
Hennpapwii 11,82 32,25 36,40 13,05 2,46 3,73
IMapku 14,27 39,73 41,69 8,21 0,43 —
CkBepsl — 21,14 43,89 30,99 7,56 2,12
ViuuHbie 2,62 8,24 41,83 34,78 10,47 1,99
BHyTpuKBapTaibHbIC 2,72 8,40 41,93 48,55 9,95 1,48
TToJie3alUTHBIE JIECHBIE IOJIOCHI 10,38 17,25 35,41 15,89 5,82 3,88
Ipumeuanue: | —6e3 npusnakos ocnadnenus; Il ocnadnennsie; |1l —cunpHo ocnabnennsie; IV —ycbixatomue; V —

cyxocToi mponuibix Jiet; VI — cyxocToit Tekymiero rojga

O0cenoBaHHbBIE HACAKICHHS ITPOM3PACTAIOT B paiiOHE UCCIIEAOBAHNI Ha OOJIBIIION IJIOMIA/IN B TEUSHNE
JICCATKOB JICT. 3a 3TOT MEPUOJ O BIMSHHEM OMOTHYECKHX, a0MOTHMYECKUX M aHTPOIOIeHHBIX (haKTOPOB
chopMupoBaach ycToiumBas 3kocucTeMa. Hambonee pazHOOOpa3eH COCTaB JIPEBECHBIX M TPABSHUCTHIX
pacTeHwuii JeHIpapuy, Jieconapke 1 mapkax. CKBepbl, pacIioJIoKEHHBIE BIIOJb aBTOTPACC U BHYTPHKBAPTATIHLHBIE
HACAXJCHUS OTIMYAIOTCS OOCIMHEHHBIM AacCOPTHMEHTOM. JIeCHBbIE IMOJOCHI B 3TOM acCHeKTe 3aHUMAIOT
MPOMEKYTOYHOE TIOJIOKEHHE, YTO O0YCIOBIEHO OCOOEHHOCTSIMH THX TTOCAT0K: KOHCTPYKTUBHBIE TTapaMeTphl
(cremeHpP W XapakTep BETPONPOHHIIAEMOCTH, PSIAHOCTh, SIPYCHOCTH H JIp.), pa3HoOOpa3me JPEeBECHO-
KYCTAaPHUKOBBIX W TPABSHHUCTBIX PACTEHWA M, COOTBETCTBEHHO, MHKPOKIMMATHYCCKHE XapaKTEPUCTHKH

npeBoctoes [16]. Hanbonee 6eaHbI 10 HCHIONB3YEMOMY aCCOPTUMEHTY ASHAPOGIIOPHI YINYHbIE HACAKICHUSI.
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TakcoHOMUYECKHUIT COCTAB HACEKOMBIX, OOUTAIOIINX B TOPOACKUX HACAKICHUSX TpECTaBICHBI 345
BHIAMH, OTHOCSITIIMMHUCS K 33 pomam u 75 ceMeicTBaMm.

Jlupupyrolee MoJjoKeHHe MO YPOBHIO pa3HOoOpas3ms coctaBa mpuHauiekuT oTpsimy Coleoptera,
mpencraBuTeneil  koroporo HacuutThiBaetcss 124  Buma (36,05% ot obmero pa3HooOpazus
HHTOMOKOMIUIEKCAa COOOTBETCTBEHHO). B CIIEKTpe CEeMEWCTB KECTKOKPBUIBIX HACEKOMBIX Hambosee
pa3Hoo0pasHsI 110 coctaBy cem. Curculionidae — 27 sunos (7,8%), cem. Chrysomelidae — 21 Bux (6,1%) u
ceM. Buprestidae — 15 (4,3%). 3naunTensro GenHee cemeiictBa Cerambycidae —10 BumoB (COOTBETCTBEHHO
2,9%), Ipidae u Scarabaeidae (o — 8 BumoB, uro coorBeTcTBYET 2,3%) 1 Attelabidae (7 Bumos, — 2,0%).
JloJist ceMENCTB, cOCTaB KOTOPBIX UCUHCIETCs 1-2 BUaMu, HEBEIMKa, U Konebaercst Ha ypoHe 0,3-0,6%
OT 00IIero cocTaBa SHTOMOHACEIICHUS.

Heckonbko Himke pazHooOpasue otpsiia Lepidoptera (111 BumoB), noeBoe ydacTre KOTOPOro BapbupyeT
B mpezenax 32,26% ot o0111ero BUIOBOrO OOWITHS HaCEIeHHsT HACEKOMBIX. B CIIeKTpe JenTyeKphUTbIX 110 YPOBHIO
BHIIOBOTO OOWIMs BBIAENsCTCS ceMeiictBo Tortricidae — 18 Bumo (5,2%). HemHormm Oemmee cocTaB
npencraBureneii cemeiicra Geometridae — 16 BumioB (4,6%). Ycrymnaet emy cemericto Noctuidae — 10 Bumos
(2,9%).

B psine cemelicTB oTpsaa YenryeKphUIBIX pa3HOOOpas3re BUAOB BapbUpyeT B mpeenax 1+8 sua. B o
e BpeMs OT/ICIIbHBIC CEMEICTBA OTIIMYAOTCS HAJTMYKMEM JIMIIb OJJHOTO BHJA B COCTaBE, YTO (POPMHUPYET
0,3% obmiero pasHoobpasus BHIOB. DTO Takue cemeiicTBa kak: Attacidae, Glyphipterygidae, Gelechiidae,
Heliozelidae, Lycaenidae, Lyonetiidae, Pieridae, Plutellidae.

Cpenu gentyekphUIbIX MPeACTaBUTENeH B COOOIIECTRE M0 YHUCIICHHOMY OOMITHIO TIPE00IIaJat0T HACEKOMBIE
cemeiictB Tortricidae, Gracillariidae, Nepticulidae u Geometridae (4,2%, 2,4%, 2,3% u 2,2% ot oOuiei
YUCIICHHOCTH KOMIUIEKCA HACEKOMBIX COOTBETCTBEHHO). HaceKOMBIX NOMHHHPYIOIIMX IO YHCICHHOCTH B
cocrape otpsima Lepidoptera He ormedeHo. OOBIYHBIMM B HACAXKICHUSX YpOAHM3HUPOBAHHON TEPPUTOPHU
SBIIOTCS:  TisieHuna-ooaupano Erannis defoliaria (Clerck, 1759) — cem. Geometridae; ysopuaras Moub
Phyllocnistis unipunctella (Stephens, 1834) — cem. Gracillariidae; smcroBepTkr — MeCTPO30IOTHCTAS, WITH
xumosoctHast Cacoecia xylosteana (Linnaeus, 1758) u 3enenas my6osas Tortrix viridana (Linnaeus, 1758) —
npeicTaBUTeNH ceM. Tortricidae.

['pymniibl peKUX U O4Y€Hb PEIKUX HACEKOMBIX HCUHUCISIOTCS 28 U 79 BUAaMHU COOTBETCTBEHHO, YTO
coctasisieT 8,1% u 22,9% ot ob1ero pazHooOpas3us 3JHTOMOKOMILIEKCA.

K uymcny BakHEHIIMX BpeAMTEeH JIMCTBBI OTHOCATCS BUbL: TOrtrix viridana L., HemapHsiit
mrenkonpsin Lymantria dispar (Linnaeus, 1758), akannesas oraeska Etiella zinckenella (Treitschke, 1832),
mibMOBBIH HoroxsocT Dicranura ulmi (Denis & Schiffermuller, 1775), nymuka cepedpucras Phalera
bucephala (Linnaeus, 1758), nsaenurs 6yponosocast Lycia hirtaria (Clerck, 1759) u sumusist Operophtera
brumata (Linnaeus, 1758), 3natoryska Euproctis chrysorrhoea (Linnaeus, 1758) u amepukanckas Gemnast
6abouka Hyphantria cunea (Drury, 1773).

YcTynmaer yemryeKpeUIbIM IO cocTaBy oTpsim Homoptera, macumteBarormii 48 BumoB (13,95%).
Jluaupytormas posb B CHEKTpe paBHOKPBUIBIX (26 BUAOB, 7,5%) npunamnexut nogotpany Cicadinea. Cocymiue
Hacekomble Tomotpsma Aphidinea macuwmreBator 13 BumoB (3,8%). Hacrosmme (Aphididae) u rammossie
(Pemphigidae) T Brirowarot 1o 6 BunoB (1,7%). PasnooOpasue mucrobiomek (Psyllinea) n KOKIMIOBBIX
(Coccinea) orpanuuunBaercs 5 (1,6%) u 4 (1,2%) BugaMu COOTBETCTBEHHO.

B 3amuTHBIX HacaxkaeHusx qoMuHUPYIOT Aphididae — kaparanoBasi, uiu Oosblast akanueBast TIs
Acyrthosiphon caraganae (Cholodkovsky, 1907) (79,8 »k3., uro coorBercTByeT 12,0% o0OIei
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YHCICHHOCTH Hacenenus HacekoMbix) U Cicadellidae — riukama Ribautiana ulmi (Linnaeus, 1758) (46 sk3.,
4TO cocTaBisieT He 6onee 7,0% uncieHHoro oounus koMmiuiekca ¢ayssl). I'pynmny cyOqOMUHAHTOB TaK ke
dopmupyroT nukaaku u Tam: Oncopsis scutellaris (Fieber, 1868) (30,7 3k3., coorBercTBeHHO 4,6%
yucnennoctu cooodmectsa), Cicadella viridis (Linnaeus, 1758) (23,4 k3., cootBercTBeHHO — 3,5%);
Pemphigus populi (Courchet, 1879) (17,6 3k3., 9T0 COOTBETCTBYET J10J€ B 2,6% OT 00IIIeii YUCICHHOCTH
snToMocoobiiecta), Colopha compressa (Koch, 1856) (13,7 sk3., uto coctaBiusier 2,1%). TTocTosIHHBIMU
o0OuTaTEISIMU JINCTBHI IEPEBLEB B TOPOJICKUX CHCTEMAX O3€JEHEHHS cTaHOBATCs ukama Eurhadina loewi
(Then, 1886), Bsi3oBas mucrobnorka Psylla ulmi (Forster, 1848) u ny6osas s Acanthochermes quercus
(Kollar, 1848). Accommamuy peakux W OYEHb PEIKHX comepskaT mo 12 u 24 BHIOB HACEKOMBIX
COOTBETCTBEHHO.

Hymenoptera wemuorounmcnennsl — 39 BumoB (11,34%) w3z 9 cemeiictB. OcHOBY oTpsma
MePenoHYaTOKPBUIBIX cocTaBsiioT cemeiicTBa Tenthredinidae HacTosimue muuIbIIUKY — 15 BumoB (4,7%)
u Cynipidae — rayutoBsie ocbl — 12 Bu0B (3,7%).

PaznooOpasue npyrux orpsuos koneonercs ot 2 (0,58%) no 11 (3,20%) BumoB.

[IpencraBisieT WHTEpEC BIMSHHE AHTPOIOIEHHOTO Mpecca Ha HM3MEHEHHE TaKCOHOMHYECKOTO
coctaBa 5HTOMO(ayHbl B HacaxkIcHUSIX. B Xxoxe HaONroneHWH BBIBIEHO, YTO (DayHHCTHYECKOE
pa3HO00pa3ne HACEKOMBIX B HACAKICHHUSAX OTICIBHBIX KATCTOPHH, OTIMYAIOIINXCS 110 PSIy MMOKa3aTesei
(accopTHMeEHT, MHAEKC 3arps3HEHUs, pEeKpealoHHas Harpy3ka M Jp.), BapbUpyeT B 3HAYUTEIHHOM
creneHu. [Ipu 5TOM OTMEYEHBI TPH MaKCHMyMa BHIOBOTO OOraTcTBa — B JACHAPAPUH, TOPOJCKUX MApPKax U
Jecoronocax (puc.). B neHapapuu ypoBeHb TAKCOHOMHYECKOTO OOraTCTBA HECKOIBKO MPEBHIMIAET TAKOBOES
B Iapkax M Jjecorojocax. [IpuuemM B MEpBBIX TpeX OHMTOMAxX 3TOT MOKA3aTelb PAaCXOMUTCSA B CIaboit
CTEMEHH, YTO OOYCIOBJICHO MPAKTHYECKA PABHO3HAYHBIM YPOBHEM aHTPOIOTCHHOW HArpy3Kou.
[ToBbIlIeHHE TEXHOIEHHOTO M PEKPEalMOHHOTO BO3ACHCTBUS Ha (OHE YMEHBIICHHS acCOPTHMEHTA
JAPEBECHBIX U TPABAHUCTBIX paCTeHI/Iﬁ COITPOBOXKIAACTCA CYIICCTBECHHBIM O6e)1HeHI/IeM OTHOCHUTECIIBHOI'O
BHJIOBOTO OorarcTBa 3HTOMOCOO0OIIECTB. Hambosee sApKO 3TO MPOSBISAETCA B CKBEPaX M YJIHYHBIX
HaCaXXACHUAX, TOABEPTAOMINXCA MaKCUMaAJIbHBIM aHTPOIIOT€HHBIM BO3IIeI71CTBPIHM.

TakCOHOMHYECKHI COCTAB JIOKAJIBHBIX COOOIIECTB HACEKOMBIX IO BCEH MIMPUHE OHOTOIMHYECKOTO
CIIEKTpa B 3HAYMTENBHOW cTeneHW uaMeHsercs (Tabnm. 3). KimodyeBbIM (akTopoM, JTUMHTHPYIOIIUM

pasHooOpasne cooOLIECTB, SBISETCS YPOBEHb TEXHOTCHHOM M PEKPEALIMIOHHOM Harpy3KH.

Tabnumna 3
TakcoHOMHYECKOE pamooﬁpame HacCeJICeHUsl HACCEKOMBIX B HACAKICHUAX, %
Hacaxnenus

OTtpsn MaccuBHble TTeCOmOnock! T'oponckue Bnytpu Ckpepsi NAVEREISE

Imocaaku TapKu KBapTaJIbHBIC II0CaIKu
Homoptera 38 29 25 22 14 11
Hemiptera 6 4 5 2 1 1
Coleoptera 51 44 37 13 4 4
Hymenoptera 29 21 22 12 9 5
Lepidoptera 68 39 41 16 12 10
Diptera 6 2 4 3 4 2

B GuoTomax ¢ MOHMKEHHBIM YPOBHEM AHTPOIIOTEHHOTO BO3IEHCTBHS, HECMOTpS Ha pasHOOOpasme
(IIOPUCTHYUESCKOrO COCTaBa M KOHCTPYKIIMIO HACAXKICHHUIA 110 BUIOBOMY COCTaBY U YHCIICHHOCTH MPE0OIaIatoT
(bopMbI, XapakTepHbIe [Isl IECHBIX MecTooOuTanuii. Hanbosee pasnoodpasust otpsias: Lepidoptera, Coleoptera

u Homoptera. B oTHOCHTENBEHO «YUCTHIX» OHOTONAX CPE/IN YEIIyeKphUIBIX Oosiee OoraThbl cemericta Torticidae
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u Geometridae (28,2%). YXyieHne 3K0J0ruueckoro (hoHa COnpoBOKAACTCS CHIDKSHHEM UX Pa3HOOOpasus ¢
OJIHOBPEMEHHBIM MOBbIIIeHHEM npeactaBienHocTr cemeiicts Nepticuliidae u Gracillariidae (wa 14,9 u 16,6%
COOTBEeTCTBEHHO). CpeM IKECTKOKPBUIBIX PE3KO YMEHBIIAeTCs: BUIOBOe pazHooOpasue Curculionidae (na

25,5%), a B otpsizie nepenonvatokpsuisix Cynipidae u Tenthridiniidae (1a 4,9 u 6,7%).

250 - - 30

) ] 24 - 25
g 200 201 =
= Q L 20 ©
150 A 18 5
2 143 137 | 15 E

=

8 100 A 11 8
2 - 10 2
z 50 & ‘ :
' L5

0 r r r r r 0

Pl JIn II Bxs CkB Va
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CKB — CKBEpBI; Y1 — yJINYHbIE

— KOJINYECTBO BUJIOB; === === — obmme HaCeKOMBIX

Puc. BuoTtonuueckoe pacnpeeacHue BUIOBOrO OOraTCTBa U OOMIUS HACCKOMBIX B TOPOJICKUX HACAKICHUSIX

Komrtekc paBHOKpPBIIBIX TT0]] BO3AEHCTBHEM aHTPOIIOT€HHOW HArpy3KH B LIENIOM o0eqHseTcs. B To ke
BpeMsl JaHHBIA TMPOIECC COMPOBOYKIAETCS CYIIECTBEHHBIM MOBBIIICHUEM BHIOBOrO OOraTcTBa CeMeicTBa
Cicadellidae. OcobGeHHO sIpko 3TO MPOSBIIAETCS BO BHYTPHKBAPTAIBHBIX HaCaKACHHsX (Ha 38,9%) 1 ckBepax
(Ha 32,4%). B ynu4HBIX OCa/IKax JaHHAs TCHICHIIMS BhIpaXkeHa B MeHblei crenen (17,2%).

IpencTaBIeHHOCTh TAKCOHOMHYECKOrO pasHooOpasusi npyrux otpsimoB (Diptera, Hemiptera) B
CHEKTpe OMOTHYECKHX COOOLIECTB YPE3BHIYAHO HHM3KA W II0J BO3JEHCTBHEM aHTPOIIOTEHHOTO Mpecca
u3MeHsiercss B cnaboil  cremeHH.  XapakTEpHOM  OCOOEHHOCTBIO  SHTOMOGAyHbl — HACAKICHUN
ypOaHU3UPOBAHHON TEPPUTOPUU SIBISICTCSI HAJIWMYHE B OTACIBHBIX MECTOOOMTAHUSX psiia BHJIOB,
OTCYTCTBYIOIIMX B HOC3JKaxX JIpyrux kareropuil. Tak, B A€HIpapuy JIOBOJBHO YacTO BCTpedarorcs: Lucanus
(Lucanus) servus (Linnaeus, 1758), Dorcus parallelopipedus (Linnaeus, 1758), Labidostomus humeralis (D.H.
Schneider, 1792), Alsophila aescularia (Denis & Schiffermuller, 1775), Agriopis marginaria (Fabricius,
1776), Marumba quercus (Denis & Schiffermuller, 1775), Laothoea populi (Linnaeus, 1758), Catocala nupta
(Linnaeus, 1758).

Cpenu oburareneit JeCHBIX TIOJIOC MHOTOYMCIIEHHBI JINCTOBEPTKH U IISICHULIBL.

HaGnromenust mokazanu, 9YTO B COCTaBe DJHTOMOCOOOIIECTB TEXHOTEHHO 3arps3HEHHBIX
MECTOOOUTAHHMI BO3paCTaeT KOJMYecTBeHHOe oOmime muHupyromux (Fenusa ulmi (Sundevall, 1844),
Phyllonorycter populifoliella (Treitschke, 1833), Ph. suffusella (Zeller, 1839) u rammo6pa3yromux
(Pemphigus (Pemphigus) bursarius (Linnaeus, 1758), Colopha compressa (Koch, 1856), Tetraneura
(Tetraneura) ulmi (Linnaeus, 1758), Eriosoma ulmi (Linnaeus, 1758)) HacekoMbIX.

Jiist HacakJeHUH pa3HbIX YKOJIOTMYECKUX KaTErOPH XapaKTEPHbI OJTUTOJOMUHAHTHBIE KOMIUIECKCHI
HACEKOMBIX C BBICOKOM CTEIEHbIO JOMUHHPOBaHUS 2-3-x BUIOB (Tabu. 4). Ha yka3aHHBIX y4acTKax
Cicadella viridis u Macrosteles laevis, Bec koTopbix 3mech mnpeBbimiact 4,0%, SBISIOTCS
CYNEepJOMHUHAHTOM. B MecTOOOMTaHMSX ¢ BBICOKMM YpPOBHEM PEKPEallMOHHOTO Tpecca JOMHHUPYET
Polydrosus inustus, Torjga kak mpu COBOKYITHOM BO3CHCTBHH TpyIIa JOMHUHAHTOB BKIrouaeT ONCOpsis
scutellaris, Ribautiana ulmi, Arocatus malanocephalus, Harmandia popouli. B nenmponorudeckux
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KOJUICKIUAX, IMapKax W JICCOIOJOCaX AOMUHUPYIOT cneumbnqecm/le BpeAUTCIN aACCUMUWIAIUOHHOI'O

ammmapara apeBecHbix pactenuii Neodiprion sertifer, Tortrix viridana u Neuroterus albipes.

Ta6numa 4
Kommieke JAOMHUHAHTHBIX BU/IOB HACCKOMBIX
B Haca:kaeHusiX ypoodkocucreM (% oT o01eil YncjJeHHOCTH)
Hacaxnenus
JloMMHaHTHBIE BU]IBI . Bnytpuksap- Y nuuHel
Hennpapuii | Jleconmonoca [Tapx TATBHBLC CkBep o
Cicadella viridis 14,1 16,2 10,7 18,0 12,1 5,6
Macrosteles laevis 13,6 10,7 12,2 7,9 8,3 4,1
Oncopsis scutellaris 6,2 22,3 15,9 13,6
Ribautiana ulmi 3,4 51 12,2 32,4 20,8
Aracatus melanocephalus 3,1 6,6, 4,9 8,7 11,6 17,4
Polidrosus inustus 4,4 12,9 15,8 8,9 4,6
Neodiprion sertifer 6,6 17,5 8,1
Tortrix viridana 4,7 13,9 53
Harmandia populi 11,9 21,4 27,8
Neuroterus albipes 6,1 17,9

BoiBoabl. TakuM 00pa3oM, TaKCOHOMHYECKHH COCTaB HACEKOMBIX TOPOACKHX JaHAIIa()THBIX
KOMITO3UIINM, TIpeicTaBlicH 345 BuaaMu, OTHOCAITUMHUCS K 33 pogam U 75 ceMelcTBaM.

HawubGomnee OGorar um pasnooOpaszeH mo cocraBy otpsiay Coleoptera (36,05%). Heckombko Hinke
pasHoobpasue otpsma Lepidoptera (32,26%). TaxcoHommueckoe OorarctBo Homoptera u Hymenoptera
YCTYIAET YelIyeKpbUIbIM 10 cocTaBy otpsiabl (13,95% u 11,34%) PazHooOpasue Apyrux oTpsiIoB KoneOieTes
Ha ypoBHe 0,58-3,20%.

daynuctuueckoe pasHOOOpa3He HACEKOMBIX B HACAXKICHUSAX  OTHCNBHBIX  KaTETOpHH,
OTJIIMYAIOIIUXCA IO pAay HOKa3aTeJ’IeI71, BapbUpyeCT,; I HUX XapPaKTCPHBI OJIUT'OJJOMUHAHTHBIC KOMIIJIICKCHI
HACEKOMBIX C BBICOKOW CTEMEHBIO TOMHHUPOBaHUS 2-3-X BHIOB. OTMEUYECHBI TPU MAaKCHMyMa BHIOBOTO
OorarcTBa — B JICHAPApUH, TOPOJICKUX MapKaX U JIECOMOJIOCAX.

KirtoueBbIMM  TUMUTHPYIOIIMME (DAKTOpAaMH B HACAXKICHUSX U CHIDKEHHS (DayHHUCTHUECKOTO
pa3HOO6pa3I/I$I U YCUJIICHUA JIOMHHaHTHOﬁ PoJin OTACIBHBIX BHOB SABJIAIOTCA YPOBCHDL TEXHOIeHHON M

PEKpealiMOHHON Harpy3Ku.
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Abstract. The aim of the work is to establish the
peculiarities of the organization of various aspects of life
in the dynamics of the winter/summer seasons among
students studying in the conditions of the photoperiod of
the northern region (Khanty-Mansi Autonomous Area —
Yugra) and the temperate climatic zone (Vladikavkaz). In
the Khanty-Mansi Autonomous Area, among students of
both sexes, the proportion of persons with evening
chronotypes was higher than in Vladikavkaz. Among
thenorthernyoung men, there were no persons with a
definite morning chronotype, and among the Vladikavkaz
students there was noone with a definite evening
chronotype; in the southern region, the share of “larks”
was higher. In the dynamics of winter/summer in all
groups, an increase in the proportion of “larks” was found,
less pronounced in young men. Among the students of
Vladikavkaz in both seasons, young men predominated
among morning chronotypes, the percentage of persons
with an arrhythmic chronotype was higher among young
women. The values of the index of photoperiodic stability,
in general, characterize the chronotype of the examined
students as rigid. In the organization of life in the social
group of students, social generators of rhythm prevail over
natural factors.
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Introduction. Illumination is one of the most natural and definite geophysical characteristics of the
territory [1]. The circadian rhythm of illumination varies greatly with the season of the year, except for the
tropics. At high latitudes, the ratio of light and dark time of day undergoes significant changes throughout
the year: in winter, dark prevails, in summer - light, which does not meet the physiological needs of humans
[1]. According to I.I. Zamorsky et al., the need to adapt to the pronounced daily and annual dynamics of
illumination led to the emergence of a functional system that synchronizes chronorhythms. Circadian
rhythms are organized by the circadian system and circannual rhythms by the circannual system. Since
these systems include the same structures, it was proposed to combine them into a chronoperiodic system
[2]. The rhythm of physiological functions is one of the qualities of living matter [3-5]. The state of the
chronobiological structure of the body depends on the light regime. Thus, under the conditions of a changed
seasonal photoperiod, an inconsistency in the spatiotemporal perception of the chronotype was revealed in
patients with psoriasis living in the Khanty-Mansi Autonomous Area — Yugra [6]. Chronobiological
features of the structure of exacerbations of depressive states in the northern region have been established,
the influence of desynchronosis of biological rhythms on the pathogenetic mechanism of development and
dynamics of exacerbations has been revealed [7]. The ecophysiological role of the photoperiod in female
reproductive function was investigated by changing the synthesis of melatonin, which controls its activity,
according to the dynamics of conception [8].

The preservation of the chronostructure of functions is a universal criterion for the functional state
of an organism. The chronotype refers to the individual characteristics of the organization of circadian
rthythms. In 1976, based on the modification of the questionnaire by O. Oquist, J. Horne and O. Ostberg
developed a test that is widely used at present to determine the chronotype (Horneand Ostberg
Morningness-Eveningness Questionnaire, MEQ) [9]. The biorhythmological stereotype affects the body's
ability to adapt [10], depends on endogenous and exogenous parameters [11].

Proceeding from the fact that the illumination mode acts as a natural generator of biorhythms, the
aim of the study was to establish the peculiarities of the organization of various aspects of life in the
dynamics of the winter/summer seasons among students studying in the conditions of the photoperiod of
the northern region (Khanty-Mansi Autonomous Area-Yugra) and the temperate climatic zone
(Vladikavkaz).

Objects and research methods. Khanty-Mansiysk Autonomous Area — Yugra is located in the
center of the West Siberian Plain, between 58° and 62° north latitude, according to natural and
climatic factors it is equated to the regions of the Far North. The climate varies from temperate to
sharply continental [12; 13]. On the territory of the Khanty-Mansi Autonomous Area, significant
changes in illumination are traced: the shortest daylight hours are recorded in the second half of
December (05 hours 32 minutes), the largest — in the second half of June (more than 19 hours).
Vladikavkaz city is located at 43°01'00"N, 44°41'00"E, the climate is moderately continental. The
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length of the day on the winter solstice (December, 22) is 08 hours 59 minutes, in the second half of
June — 15 hours 22 minutes. Thus, the seasonal range of daylight hours in the Khanty-Mansiysk
Autonomous Area — Yugra is much greater than in Vladikavkaz.

The study involved 153 students studying in the Khanty-Mansi Autonomous Area — Yugra (young
women n=100, young men n=53), and 121 students from Vladikavkaz (young women n=83, young men
n=38). The dynamics of the chronotype was investigated using the mobile application “Index of
photoperiodic stability” [14] in 2020-2021. The mobile application includes the Horneand
Ostbergquestionnaire, to which the respondents answer the questions in two versions: taking into account
the preference of the time intervals for various activities in the winter and summer seasons of the year. The
results of the Horneand Ostbergquestionnaire are interpreted as follows: the scores 16-30 — definitely
evening type (DET), 31-41 — moderate evening type (MET), 42-58 — arrhythmic (intermediate) chronotype
(AT), 59-69 — moderate morning chronotype (MMT), 70-86 — definitely morning chronotype (DMT).

Statistical data processing. The mobile application “Index of photoperiodic stability” [14] contains
a computer program “Calculator of photoperiodic stability of the chronotype” [15], which makes individual
calculations for subjective assessment of the chronotype with the most contrasting parameters of the
photoperiod (winter and summer).

The program “Calculator of photoperiodic stability of the chronotype” calculates the Photoperiodic

Stability of the Chronotype (PSC) by the formula:
PSC= (ElSi—Wil);(ZWi—ESi)
>wi—total points when answering 19 questions of the Horne and Ostberg questionnaire for morning-evening

preferences in winter; XZs; —total points when answering 19 questions of the Horne and Ostbergquestionnaire
for morning-evening preferences in summer; d; —difference in points in summer and winter for i questions;
Y|di| —sum of the absolute differences in points in summer and winter for all questions.

Normal values of photoperiodic stability of the chronotype are in the range of 4 conditional unit (cu)
(5% probability) up to 16 cu (95% probability). When PSC<4 cu the chronotype is rigid, without obvious
adaptive behavioral responses to exogenous factors. PSC>16 cu characterizes the chronotype as labile,
significantly dependent on external influences. The study is single-step cross-sectional study. The sampling
method is non-randomized. Descriptive statistics are represented by mean value (M) and mean error (m).
Excel 2013 was used for statistical data processing. Data is presented in percent (%).

Research results and discussion. The data on the representation of various chronotypes in
populations differ significantly. So, in the studies of N.A. Aghajanyan et al. (2013) established the
following approximate frequency of distribution of chronotypes: 15% — morning type, 20% — eveningtype
and 65% — arrhythmic type [3].

According to other sources, the number of “larks” ranges from 15 to 25% [16]. In a study with the
participation of lyceum students from Votkinskcity (the Udmurt Republic), more than half were “doves”,
the share of “larks” was quite significant — about a third of those surveyed; the smallest was the
representation of “owls” [17].

On the territory of the Khanty-Mansiysk Autonomous Area — Yugra, a different representation of
chronotypes is revealed: the percentage of “larks” is significantly reduced — to 2-4%, with an increase in
the contribution of persons with the evening chronotype to 38-40%; representatives of the arrhythmic
(intermediate) chronotype prevail (56-58% and more) [10; 18; 19].

, where;
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In our study, the analysis of the data obtained showed that there are differences in the representation
of different chronotypes depending on the geographic location of the place of residence (tabl. 1). As it
turned out, among the students of both genders in the Khanty-Mansi Autonomous Area -Yugra, which is
characterized by a significant off-season range of the ratio of daylight to dark, there was a greater proportion
of persons with evening chronotypes (%). So, in total (DET + MET) in the winter/summer season among
the northern young men, there were 33.9%/17.0% of “owls” against, respectively, 21.0%/13.1% among
students of Vladikavkaz, in the absence of persons with DET among the latter. In the women's groups, the
representation of evening chronotypes in winter/summer was, respectively, 35.09%/32.0% among the
northern young women and 19.2%/16.8% among female students of Vladikavkaz.

Table 1
Distribution of chronotypes (%) among young men and young women
of the Khanty-Mansi Autonomous Area-Yugra and Vladikavkaz
Young men, n/% Young women, n/%
Khanty-Mansi | /)2 ikavkaz Khanty-Mansi | /), dikavkaz

Chronotypes Autonomous Area _ Autonomous Area _
—Yugra (n=53) (n=38) — Yugra (n=100) (n=83)
winter | summer | winter | summer | winter | summer | winter | summer

& |Total 18/33,9 | 9/17,0 | 8/21,0 | 5/13,1 | 35/35,0 | 32/32,0 | 16/19,2 | 14/16,8
S | Definitely evening type 4/7,5 2/3,8 0/0 0/0 4/4,0 6/6,0 2/2,3 2/2,4
0 Moderate evening type 14/26,4 | 7/13,2 | 8/21,0 | 5/13,1 | 31/31,0 | 26/26,0 | 14/16,9 | 12/14,4

Arrhythmic (intermediate)
chranotype 32/60,4 | 39/73,6 | 22/57,9 | 24/63,1 | 59/59,0 | 54/54,0 | 62/74,7 | 60/72,3

Total 3/5,7 5/9,4 8/21,0 | 9/23,7 6/6,0 | 14/14,0 | 5/6,0 9/10,8

o :
.£ | Moderate morning 357 | 5/94 | 77184 | 6/158 | 5/50 |12/120| 560 | 7/8.4
S chro_nptype _
= | Definitelymorning o0 | oo | w26 | 379 | 110 | 220 | o0 | 224
chronotype

The total ratio of the representation of young people with the morning chronotype (MMT + DMT)
was different. Among the young men of the Khanty-Mansi Autonomous Area — Yugra, the percentage of
larks was 5.7%/9.4%, respectively, in winter/summer, in the absence of persons with a definitely morning
chronotype. Among Vladikavkaz male students, the proportion of morning types was significantly higher:
21.0%/23.7%. In the groups of young women, the differences were less pronounced: 6.0%/14.0% among
the northern young women and 6.0%/10.8% among female students from Vladikavkaz.

In the study of I.N. Konareva (2016), with the participation of school-age children from Simferopol,
the dynamics of the representation of persons with different chronotypes in the schooling process was
discovered: the percentage of “larks” and “doves” decreased with age, “owls” were found starting from the
age of 13. The author suggests that the reason is a rigid daily routine that does not allow younger students
to focus on their internal biological needs. The biorhythmological characteristics of “doves” are more
consistent with the organization of the educational process [20]. At the same time, the level of cortisol after
waking up in the morning type is significantly higher than that of the evening type [21]. In a study with the
participation of residents of Omsk city at the age of 18-35 years, representatives of the morning chronotype
were mainly female, and the evening chronotype were male [22].

In our study, the share of students with an arrhythmic chronotype among northern young men in
winter/summer was 60.4%/73.6% and 57.9%/63.1% among Vladikavkaz students, among young women,
respectively, 59.0%/54.0% and 74.7%/72.3%.
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Thus, the representation of chronotypes among students differed depending on the geographical
characteristics of the place of residence. Representatives of the arrhythmic chronotype are leading in
number, with a pronounced positive winter/summer dynamics in young men of the Khanty-Mansi
Autonomous Area and a slight decrease in the proportion of young women in both groups. In the male
groups of the northerners in both seasons of the year there were no persons with a definitely morning
chronotype, among the Vladikavkaz youths there were no persons with a definitely evening chronotype.
Differences related to gender were also found. Thus, among the students of Vladikavkaz in both seasons,
young men prevailed among the “larks”, and among the representatives of the arrhythmic chronotype, the
percentage of young women was higher. In general, there was a tendency towards an increase in the
manifestations of the morning chronotype in the summer season of the year for students of both territories,
with its less pronounced in young men.

The photoperiodic stability of the chronotype (PSC) was calculated (tabl. 2). In the general groups
(included all the presented chronotypes) in young men, this indicator was 2.89+0.72 cu northerners and
2.58+0.64 cu among the students of Vladikavkaz, that is, it differed slightly geographically and
corresponded to a rigid type, independent of external factors. In the young women of the Khanty-Mansi
Autonomous Area —Yugra, the average PSC value was within the normal range — 4.19+1.02 cu, among the
female students of Vladikavkaz corresponded to the rigid type — 3.67+0.91 cu.

Analysis of PSC values by chronotypes did not reveal general patterns in terms of territorial and
gender characteristics (tabl. 2). So, the lower limits of normal values, which correspond to natural
physiological reactions to changes in the ratio of dark and light time of day, in the male groups of
northerners corresponded to the average PSC values in larks, and in Vladikavkaz students the indicators of
persons with an arrhythmic chronotype were closest to them. In both female groups, the doves showed
normal reactivity.

Table 2
Photoperiodic stability of the chronotype (PSC) (cu) in young men and women
Khanty-Mansi Autonomous Area — Yugra and Vladikavkaz, winter / summer seasons
Photoperiodic stability of the chronotype (PSC), cu
Youngmen Youngwomen
Groups Khanty-Mansi Autonomous | Vladikavkaz( Khanty-Mansi Autonomous | Vladikavka
Area — Yugra (n=53) n=38) Area — Yugra (n=100) z (n=83)
M=+m M+m M+m M+m
General (all CT) 2,89+0,72 2,58+0,64 4,19+1,02 3,67+0,91
Evening CT 3,1+0,5 2,5+1,2 3,9+0,5 2,6+0,5
ArrhythmicCT 2,704 3,3+0,7 4,5+0,4 4,0+0,4
Morning CT 4,0+2,1 0,6+0,4 2,3+1,2 3,2+0,8

Note:CT — chronotype

D.G. Gubin and S.N. Kolomeichuk (2019) suggested that the lengthening of the dark period of the
day is more unfavorable for the representatives of the evening chronotype, due to the even greater inhibition
of the biological clock, and the opposite thesis is correct for the morning chronotypes, since the addition of
the light phase accelerates the biological time [23].

The authors point to a deficiency or excess of a synchronizing factor, such as light, temperature and
food intake, as one of the reasons for the decline in vitality. At the same time, there is no clarity about the
optimal duration of the light phase and the frequency of food intake at the moment.

Conclusion. Thus, territorial and sex differences were found in the representation of chronotypes: in
the Khanty-Mansi Autonomous Area — Yugra, characterized by a changed photoperiod, the proportion of
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persons with evening chronotypes was greater than in Vladikavkaz, among students of both sexes. For the
male groups, the prevalence of morning chronotypes was also noted in the southern region. At the same
time, among the northern young men, it was not revealed persons with a definitely morning chronotype,
and among the Vladikavkaz students, it was not revealed persons with a definitely evening chronotype. In
the seasonal winter/summer dynamics, an increase in the proportion of larks was found in all groups, less
pronounced in young men. Among the students of Vladikavkaz in both seasons, young men predominated
among the morning chronotypes, and the percentage of persons with an arrhythmic chronotype was higher
among young women.

The values of the index of photoperiodic stability in general characterize the chronotype of the
examined students as rigid, regardless of their territorial affiliation. At the same time, the average PSC
values of larks in northerners corresponded to the lower limits of the values corresponding to natural
physiological reactions to changes in the ratio of dark and light time of day, while in Vladikavkaz residents
and in both groups of young women, indicators of “doves” approached them. The data obtained demonstrate
the prevalence of social circumstances over natural time generators in the organization of life among
students as a social group.

The question of the discomfort of the changed photoperiod, depending on the latitude of the place of
stay, remains relevant, including in connection with the development of programs to preserve the health of
student youth and the prevention of seasonal exacerbations of various diseases. The more significant the
seasonal differences (winter — summer) in the intensity of such a generator of biorhythms as light, the less
likely it is that throughout the entire calendar year the body will be able to organize its life activity according
to its biological needs. In this case, in order to develop the optimal daily routine, a strictly regulated social
rhythm should be a determining factor, taking into account biorhythmological preferences, but having the
ability to compensate for the lack of a factor — a generator of time. This question is especially acute for
higher education in high latitudes when organizing distance learning. Difficulties and mistakes in the
selection of the wakefulness-sleep mode during the period when the student independently organizes his
daily routine, often leads to the formation of desynchronosis of the physiological functions of the body. It
was previously found that during distance learning, young women retained the classic type of dynamics of
working capacity with a maximum in the daytime, while young men showed several peaks of activity, while
the vital activity of junior students was less synchronized with the day-night cycle [24].

It is necessary to develop and implement methods aimed at organizing independent educational and
other student activities, as well as leveling off-season differences in the magnitude of factors — generators
of time. The most effective in this regard is the normalization of the light regime, with the help of additional
lighting, spectral characteristics close to sunlight (winter season), and the reduction of “light pollution”
through the use of thick curtains, blinds (summer).

The study was supported by a grant from the Russian Science Foundation and the Government of Khanty-
Mansi Autonomous Okrug-Yugra No. 22-15-20023, https://rscf.ru/project/22-15-20023/
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OIEHKA PUCKA 3/10POBbIO, ACCOLIUMPOBAHHOI'O
C YHOTPEBJIEHUEM BO/IbI IIO/I3BEMHBIX HCTOYHUKOB
AINIIEPOHCKOTI'O KOMIIVIEKCA ITPU3JIBTOHBSA

Novikov D.S., Frolova J.D.

ESTIMATION OF HEALTH RISK ASSOCIATED WITH CONSUMPTION OF
GROUNDWATER OF APSCHERONIA PROPINQUA AT A PRIELTON REGION

AHHOTanus. B COBpEeMEHHBIX YCIOBHMAX MEPONPUATUS IO
OLIGHKE pPHUCKAa 3J0pOBbIO CTalM BEAYIIMM HaIpaBICHUEM
aHamu3a IOTCHLHAIbHOW YIpO3Bl 37I0POBBIO  HACEJIEHU,
MIPO>KHBAIOIIETO Ha TEePPUTOPUHU OTIpe/ieTICHHON
THIPOTEOXUMHUYIECKOH mpoBUHIMKA. Ha ocHoBe aHamm3a
OTYETHOH JOKYMEHTAIINHU T'OCYAapPCTBEHHBIX TOKJIAIOB B chepe
3alIMTHl TpaB NOTpeOuTeNnell M Onaromonydus dYeloBeKa, a
TaKke HKOJOTMH W NPHUPOJHBIX pecypcoB Bomrorpaackoi
obmacth  OBUI  OTOOpaH  TNPHOPUTCTHBIA  TIEpEUCHBb
3arps3HATENEH, OOYCIOBICHHBIH XHMHYECKOH IpHpOoon
BOJIOHOCHBIX TOpH30HTOB Bonrorpanckoro 3aBonxbs. OneHka
pHCKa 370POBBIO OCYIIECTBIIAIACH HA OCHOBE 19 Mpo0, B3sTHIX
U3  HELUEHTPAIM30BAHHBIX HCTOYHMKOB  BOJOCHAOKECHUS
OIBTOHCKOTO CEIbCKOTO IMOCENEHHUS C MOMOIIBI0 METOJUKH,
npeacrasiennoir B P 2.1.10.1920-04. B  HacrosiemM
HCCJIEJOBAaHUHM BIIEPBBIC IS MOA3EMHBIX BoJ Bonrorpanckoit
o0nacTi OBUT IPUMEHEH PUCK-OPHEHTHPOBAHHBIX MOIXO IS
OILICHKHU BJIMSHUSI PACTBOPEHHBIX TOKCHKAHTOB HA COCTOSHHE
310poBbs HaceneHus. Haubomnbimuii Bkinan B ¢opMHpOBaHUE
HEKaHIIEPOT€HHOT'O PHCKa 37I0POBBIO B3POCIBIX U IeTEH HMeEeT
nepopanbHas 3KCIO3UNMs HaTpust ¥ HUTpaToB. CepaedHo-
COCyIUCTasl CHUCTEMa SBJSETCd OCHOBHOWM KPUTHUYECKOM
CHUCTEMOH, NO/IBEP>KEHHOU COBMECTHOMY BIIMSTHUIO
yKa3aHHBIX TOKCHUKAHTOB. CymMmapHsIit pucK
HekaHreporeHHoi omacHoctu (HI) coctaBun HI=0,5262 ans
B3pocibix U 1,2366 g geredt (C yd4eToM CTaHAAPTHBIX
(haxTopoB JKCITO3UITUN). [IpeBbliieHNE NpeaeabHO
JONMYCTUMBIX ~ KOHIEHTpalWi  Haubojee  3HAYMMBIX B
(hopMupoBaHNH HEOJIATOMOIYYHON CAaHUTAPHO-IKOJIOTHIECKON
CUTyallii OOYCIIOBJICHO TIIPEXJE BCEr0 TI'€OXMMHYECKOMN
MPUPOJOH HATPHEBO-XJIOPUAHO-CYIb(ATHBIX MTOJ3EMHBIX BOJ
I0ro-BocTOKa  Bosnrorpazackoii obuactu, a  TaKkxe
HEpallMOHAIbHBIM ~ BEICHHIO  CEJIbCKOTO  XO3siicTBa W
OTCYTCTBHEM 30H CAHWTApHOM  3aIIUTBl  MCTOYHHUKOB
BOJIOTIOJTE30BAHMS. BrisBieHHBIE pUCKH  IIenecO00pa3HO
YYUTHIBATh MPH Pa3BEAKEe HOBBIX PECYPCOB MOJ3EMHBIX BOJ H
OpPraHM3aIliM  CHCTEM BOJOCHAOKEHHUS Ha TEPPUTOPUHU
OIBTOHCKOTO CENBCKOro ToceneHus. [lomydeHHbIE IaHHBIE
IUIAaHUPYETCSl UCIIOJIb30BaTh B Pa3pabOTKe PEKOMEHAAIMH K
HOpoleype OpraHU3alMM BOJIOMOATOTOBKM B OTAAJEHHBIX
apuaHBIX paiioHax Bonrorpasackoir o0macT B KOHTEKCTE
ONpENENEHUs] MPUOPUTETHBIX OUYUCTHBIX COOPYKEHUM st

HCTOYHUKOB HELEHTPaIU30BaHHOIO BOJIOCHA0KEHHSI.
IlepcriexTuBbl  AanbHEHIIMX  MCCIENOBAaHUM  CBA3aHBL €
OTpeNeNeHHeM  KAaHIEPOT€HHBIX PHCKOB, (OPMHPYEMBIX

MMPUPOAHBIMU TSHKEJIBIMHU METAJJIAMU U anOXO?;ﬂfICTBeHHBIMI/I

Abstract. In modern conditions, health risk
assessment activities have become the leading
direction in the analysis of potential threats to the
health of the population living on the territory of a
certain hydrogeochemical province. Based on the
analysis of the reporting documentation of state
reports in the field of consumer protection and
human well-being, as well as ecology and natural
resources of the Volgograd region, a priority list of
pollutants was selected, due to the chemical nature
of the aquifers of the Volgograd Trans-Volga
region. The health risk assessment was carried out
on the basis of 19 samples taken from non-
centralized water supply sources in the Elton rural
settlement using the methodology presented in P
2.1.10.1920-04. In this study, for the first time for
groundwater in the Volgograd region, a risk-based
approach was applied to assess the effect of
dissolved toxicants on the health status of the
population. The greatest contribution to the
formation of a non-carcinogenic risk to the health of
adults and children is made by oral exposure to
sodium and nitrates. The cardiovascular system is
the main critical system that is jointly affected by
these toxicants. The total risk of non-carcinogenic
hazard (HI) was HI = 0.5262 for adults and 1.2366
for children (taking into account standard exposure
factors). The excess of the maximum permissible
concentrations of the most significant in the
formation of an unfavorable sanitary and ecological
situation is primarily due to the geochemical nature
of sodium-chloride-sulfate underground waters in
the southeast of the Volgograd region, as well as
irrational agriculture and the lack of zones of
sanitary protection of water sources. The identified
risks should be taken into account when exploring
new groundwater resources and organizing water
supply systems on the territory of the Elton rural
settlement. The data obtained are planned to be used
in the development of recommendations for the
procedure for organizing water treatment in remote
arid regions of the VVolgograd region in the context
of determining priority treatment facilities for
sources of non-centralized water supply. Prospects
for further research are related to the determination
of carcinogenic risks formed by natural heavy
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Beenenne. Penbed Bonrorpagckodl o0nacT HOCHUT YHHKAIBHBIH XapakTep -  TEPPUTOPHA,
3aHMMaeMasi PETHOHOM, PACIIONIaraeTcsi B 30HE COWICHEHHUS JBYX KPYIHBIX TEKTOHHYECKUX CTPYKTYP:
Boponexckoit anTexiaussl U Ilprkacnuiickol CMHEKIIM3bI, pa3/leleHHbIX TIyOMHHBIM Bosrorpaackum
paziomom. ['eomopdonornyeckne 0cCOOEHHOCTH PETHOHA OKA3hIBAIOT BIUSHUE HA XUMHUYECKYIO TIPUPOIY
MOJI3€MHBIX BOJI, UTPAIOIINX 3HAUYNUTEIBHYIO POJIb B COIIMAJIBHOM U 9KOHOMHYECKOM Pa3BUTUH BOCTOUHOM
(3aBomKCKOM) wacT Bonrorpazackoii o0iactu. TUMHYHEIN Is1 BOJATOTPAICKOTO 3aBOJDKBS CyOapyIHBINA
KJIMMAaT, CMEHSIOIIMICS Ha BOCTOYHBIX I'PaHHIIAX PETUOHA apUIHBIM, a TAKXKE OTCYTCTBHE JOCTATOYHOTO
KOJIMYECTBA TTOBEPXHOCTHBIX HCTOYHUKOB BOJOCHAOKEHHS BHIHYKJIAIOT 3HAUUTEILHYIO 9acTh CEITLCKOTO
HacesneHus (74,4%) UCIoNIb30BaTh HEIICHTPATN30BAHHBIC TTO3EMHBIC HICTOYHUKH BOAOCHA0XeHus, 27,5%
M3 KOTOPBIX HE COOTBETCTBYIOT TUTHEHWYECKHMM HOPMATHBAM IO CAHUTAPHO-XMMHUYECKUM TOKa3aTelsM
[9]. Cesepo-kactmiickuii apTe3wMaHCKHil OacceiiH, 3aHUMAOIIUNN BOCTOYHYIO YacTh BOJTOTrpaacKoit
obnactu B mpeaenax [lpukacnuiickoll CHHEKIU3BI SIBISETCS 3aKPHITOH OECCTOYHOW Te0IOTHYECKON
CTPYKTYpOi, B KOTOpOW (OPMHUPYIOTCS TPEHUMYIIECTBEHHO COJICHBbIE BOJBI M paccoibl. Bwicokas
MUHEpaJIU3aIHs MOA3EMHBIX BOJ MOXET CIYXUTh HCTOUHUKOM PUCKOB 370POBBIO HACEIECHUS, IOCTOSTHHO
MPOXKHUBAIOIIET0 Ha TeppuTopuu IlammacoBckoro agMHUHHMCTPATHBHOTO paifoHa. 3HAYMTENbHAs YacTh
paiioHa TIepeKphITa YETBEPTUUHBIMU TIHONEHOBRIMU MOpCKUME oTinoxeHusMu (N2-Q), mumip B paiione
03epa DIBbTOH Ha MTOBEPXHOCTH BBIXOJIAT O0Jiee APEBHUE IOPCKUE, MEJIOBBIE U TTAJIEOLIEHOBBIE TOPOIBI (pHC.
1). PacrionosxeHHOE Ha BOCTOKE OT 03€pa OAHOMMEHHOE CEIIbCKOE TOCEICHHE SBISETCS OJHOW U3 JBYX
(mapsny c r. IlammacoBkoil) HanbOosiee KPyMHBIX B paiioHe arjaoMepannii (2723 gei.).

[lonzemHBIEe BOABI, 3ajJETarOIIME 3/€Ch, OTHOCATCS K XA3APCKO-X8ANIHCKOMY QILIIOBUANLHO-
MopcKomy BOJOHOCHOMY TOpu3oHTY. [louTn moBcemecTHO Be3ie Ha Tepputopuu IlanmacoBckoro paiioHa
OCHOBHBIMH TPOOJIEMaMH 3KCIUTyaTalldil 3TOTO TOPHU30HTA SIBISIOTCS: HETTyOOKOE 3ajieraHhe BEPXHHX
BOJIOHOCHBIX cJIoeB (3-7 M), a Taxke cinadast APEeHUPOBAHHOCTH BOJIOBMEIIAEMEIX TIOPO (TIECKOB, CYyIIECEH,
CYIJIMHKOB, INIMH). B paiioHe DNIbTOHCKOro CEIbCKOTro MOCENEHUs CKIIaAbIBACTCSl MHAS CUTYaLUsl — PEKH,
BIQIAIONIME B 03ep0 DIBTOH, XOPOUIO JPEHUPYIOT Xa3apCKUH TOPU3OHT, GOPMHUpYS NENPECCHOHHYIO

BOPOHKY. B pesymnbTrare 4dero ypoBeHb MOI3EMHBIX BOJ OImyckaercs Oosee dem Ha 20 M. BepxHwmii
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Xazapckuti KOMIUIEKC BEICOKOMUHEpaIH30BaH (5,8-5,9 1/11) 1 ero BoAbI HEIIPHUTOTHBI JJIs1 HCIIOJIB30BaHUS B
XO3HCTBEHHO-TIMTHEBBIX LENAX [5].

i Q — YerBeprH4Hasi cucremMa

IInuouen. Ilecku (o 50 m)
P — IlareorenoBasi cHcTeMa
Ilaneonen. JlaTckuii, 3eJIaHCKHI U TAHSTCKHIA
SIPYCBHI — OIIOKOBHIHBIE TJIHHBI, IIECKH, IECYAHUKH,
aneBponuTHI (710 300 M)

D
DoneH. Unpckuit, TIOTETCIHI, 0aTPOHCKHI APYCH
— MepreliH, H3BeCTKOBHCTBIC TIIHHBI, AJICBPOIIUTHI, TI¢BPUTHI
(mo 290 m)
K — Menosas Cucrema

E Hwmwxamii otaen. HepaciineHeHHBIS OTIOXKSHUS —
[JIMHBI, aJIeBPOJIHTHI, IECKH, [IeCYaHHUKH, H3BECTHIKH,
Mmeprenu (7o 500 m)

IE Bepxuuii otaen. HepacuneHeHHbIe OTIOKESHHS —
Meprem, aleBpOUTRI, ATeBPHTHI, TIECKH, IIECIaHUKH (10
600 M)

J — IOpckas cucrema

Cpennuit orgen. Aamenckuil, daftfocckuit, baTckuit
SIpYCHI — TTINHEI, TIeCKH, aneBpUTHI (400-550 M)

Corraos i ocuo: tecyupcracun sosoamscons aprwacurata 11000000 o1 sy 17 mpinioe Bepxuuii oten. Oxkcdop/acknii, keMepHIKCKHIT

R s sipychl. HepacuneHeHHbIe OTI0KEHHS — TIIHHbI
=NA Tparia PO M3BECTKOBHCThIC M HeKapOOHATHBIE, H3BECTHAKH (710 550 M)
—:l]::}:::::;‘l:ul\:‘(:liloll::iidilzi\lljkiulll\ OTJIOKEHHH P- HepMCKaH cHcTeMa
d — I'paHiua DIbTOHCKOTO CEIbCKOTO MOCEICHHS KyHTprKHﬁ APYC — JOJMOMHTHI, TUIICHI, KaMeHHasa
=™ Ilpockins paBHONPOMEKYTOUHAL KOHIMECKAs COIIb C TIPOCTIOSMH KaNHHO-MarHeBsIx coneil (1o 5000 M)

(ammmconn Kpacosckoro). OceBoii mepuanan 44

Puc. 1. T'eonornveckast kapta 3aBOJDKCKOI yactu Bonrorpanckoii o6macti
B paifoHe DJIbTOHCKOT0 CeNIbCKOro moceneHus [5]

[o pe3ynbraTam reojoropasBeJ0YHBIX PadOT B 3aJETAIONIEM HIKE anuepoHCKoM KOMIUIEKce ObLT
BBIABJICH YYaCTOK, 3HAYUTCIIbHO OTHI/I‘IaIOIHHfICH o THUAPOTCOXUMHNYCCKUM IIOKas3aTeiIsiM  OT
JOMHHUDPYIOLIIETO B PETHOHE XaA3apcKo20 KOMIUIEKCA, YTO TO3BOJMIIO OLIEHHUTh MEPCIEKTHBHI €ro
WCIIOJIb30BAHUS B XO3SMCTBEHHO-TTUTHEBBIX IENAX. []ens pabombl: Ha OCHOBE MPOLEAYPHI aHAJIN3a PUCKA
3I0pPOBBIO0 TIPOM3BECTH CAHUTAPHO-IKOJIOTMUYECKYH0 OLIEHKY KadecTBa MOJ3EMHBIX BOJ XO3AHCTBEHHO-
MUTHEBOTO Ha3HAYEHHA B palioHe DIITOHCKOTO CETbCKOTO IMOCENEHUsI.

Martepuanbsl U MeToabl. OOBEKTOM HACTOSIIEIO MCCIENOBAHUS SBISIIOTCS IO3EMHBIC BOZbBI
XO35IICTBEHHO-TTUTHEBOTO HAa3HAYEHUS, UCTIOIb3yEeMbIe HACEIIEHHEM DJIbTOHCKOTO CEJIbCKOTO TOCENIEHUS
[annacoBckoro agMHUHUCTPATHBHOTO paiioHa Bomrorpaackoit obmactu. MHpopmanus o reoJornieckoMm
CTPOCHHH HCCIeAyeMol Tepputopur M ocHoBaHa Ha [MC-makerax oOmepaTHBHON TIeOJOTHYECKOM
uHpopmanun BcepoccHicKoro HayyHO-HCCIENOBATENBCKOIO TIeOJI0rH4eckoro uHctutyTa uMm. A.IL
Kaprnuackoro (I'MC-atnac «Heapa Poccum», nara axryanmsarnum 6a3sl qaHabix — 01.09.2020). Beibop
HaOJI0IaTeNbHBIX CKBKKH aIIIEPOHCKOI0 KOMIUIEKCA IMPOU3BOIUIICS Ha OCHOBE OTYETa O Pe3ysbTaTax
paboT Mo MOWCKY M OIEHKE MOJ3EMHBIX BOJ Ha ydacTke «IIpmo3epHBIi», MPEACTaBICHHOTO Ha caiTe

Poccuiickoro ¢enepanbHoro reosorunyeckoro Gouaa [7] (puc. 2).

* O



https://doi.org/10.36906/2311-4444/22-1/08 Hosuxos /I.C., @ponosa I0./].

OIOHO it CO! it FOpH3OHT.
aQ, BonoHocHsli COBpeMEHHBIIT TOPH3OHT
[Teckn, nibl, cynecu

LQ, OTtHOCHTENBHO BOJIOHOCHBII COBPEMEHHEIIT 03€PHBIIT TOPH3OHT.
LQ, @) COM CaMOCATOUHBIC, ILTHI
6) constHble rps3N

BononocHslii HIDKHEXa3apeKHii a/UTIOBHATBHBII TOPH3OHT.
IleckH, CYTTHHKM, CYTNIECH, TI€CUAHBIE TJIHHBI

o R~ . w ..
220 'E-L BononocHslii ammepoHcKHit MOPCKOil KOMIIIEKE.
l'lc CCJIAaHBAHHE MECKOB ¢ INTHHAMH
mQs0 P

’MZT' OTHOCHTEIBHO BOIOYTIOPHBII ME3030iCKHIT KOTLIEKC.
- I"mHb1, aNeBpOINTEI, H3BECTHSKH, MEPreIH, MecKH

6/ l'lmpomonmcu HHKHCXA3apCKOro BOJAOHOCHOTO TOPH30HTA
~

MH]IE]HI.']H'HI.[II{I] HNO3¢MHBIX BOJ, l‘l'}.lMJ

LiLl=3 XZ-{ 310 (A A 10-50H-Tﬂ >50

Puc. 2. Kapra MuHepanu3aiuy NoA3eMHBIX BOJ B pailoHe DIIbTOHCKOTO CENbCKOTo MoceaeHus [7]

Jns aHanu3za ObBLIM OTOOpaHbl MPOOBI BOAbI M3 19 HaAOMIOAATEIBHBIX CKBOKHUH HaMMEHEe
MuHepanu3oBanHoro (L) anweponckoco xomiuiekca, 3aneraroiiero Ha riayoune 20 metpoB. ITpoOsi
OTOMpAINCh B CTAOWJIBHBIA B THAPOTCOXHMMHUYECKOM IUIAHE TIEPHOJ BPEMEHH BO M30€KaHUE BIUSHUS
TalbIX BOJ Ha BOJOHOCHBIE JIMH3Bl. XMMHYECKHH COCTaB BOJbBl OBbLI NpOaHAIN3UPOBaH Ha 0asze
aKkKpeauToBaHHOU Jlaboparopuu ®BY3 «llenTp rurveHsl ¥ 3nuaeMHUOIOrHH Bororpaackoi o0aacTim»
(momep akkxpeauranuu Ne RA.RU.21B0O03). 'maporeoXxuMHuecKuil aHaIU3 HCCIENYyeMON TEpPUTOPUHN
TTO3BOJIMJI OTIPEAETUTH MEPEYeHb MPUOPUTETHBIX CAHUTAPHO-TOKCHKOJIOTHYECKHX MOKa3aTeNlel KauecTBa
noa3eMHbIX [IpuanbToHBS, (OpMHUPYIOIIMX HauOonee BBICOKMH NOTEHLIMAIBHBIA PHCK 30POBBIO
HaceneHus. Bcero Obuto oreHeHo 17 mokasarenedl kadecTBa MHTHEBOW BOJBI HEIEHTPATM30BAHHBIX

MIOJJ3¢MHBIX HCTOYHUKOB BOJIOCHA0KeHHS. OTOOP MPHUOPUTETHBIX MTOKA3aTeNel OCYIIECTBIISUICS HA OCHOBE
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JaHHBIX, IPECTABICHHBIX B €XETOJHBIX oT4eTaX KoMuTeTa MPUPOAHBIX PECYPCOB, JECHOIO X035HCTBA U
skonorun Bonrorpanckoit oomactu, a Takke YmpasieHuss DepepanbHON CITy:KOBI 10 Ham30py B chepe
3alUTHl MPaB MOTPEOUTENeH U Onaromoiydusi denoBeka mo Bosrorpanckoit oomactu [8; 9]. Ouenka
HEKaHIIEPOT€HHBIX PHICKOB 3I0POBBIO B3POCIBIX H JIETEH OCYIIECTBISIACH C UCTIONH30BAHUEM METOTUKH,
npencTaBieHHOH B PykoBoAcTBe MO oOLEHKE pHCKa A 370POBbsl HACEICHHUS MpPH BO3JIEHCTBUH
XUMHYECKUX BEIIECTB, 3arps3HIIOMMX oKpykatomryio cpeny (P 2.1.10.1920-04) o BepxHe#t rpaHuiie
95% noBeputenbHoro uHrepBana (M) koHueHTpauuii oOHApyXCHHBIX B BOJAE IMOJUTIOTAHTOB [12].
MeTtouKa OIIEHKH PHCKa 3/I0POBBIO, 00YCIOBIEHHOTO COBMECTHBIM BO3/ICHCTBHEM Ha OJHY KPUTHUECKYIO
CHCTEMY T'PYIIIbI 3aTPS3HUTENEH, TO3BOJISIET BEISIBUTH PUCKH 3J0OPOBBIO JUISI BEIIECTB, OOHAPYKUBAEMBIX B
KOHIEHTpAIMAX, He TpeBbimaronnx npeaensHo pomyctumble (ITIK/T). Metox M mo3BonsieTr TodHee
ONpENeNNTh JHAlla30H CpPeAHUX 3HaueHu ¢ 95%-HOW HaAeKHOCTBIO W sBIsIETCS Oojee
MPEOIOYTUTENRHBIM [IPH MalloM 00BheMe BBIOOPKH, 4eM TouedHas oueHka [1]. B pabore Gblna oneHeHa
nepopanbHasl  AKCHO3UIMS  TOKCUKAHTOB, HWHTAIATOPHOE U HAKOXKHOE  TIOCTYIUICHHE IS
HEIEHTPATM30BaHHBIX MCTOYHHKOB BOJIOCHA0XKEHHUS HE paccMarpuBaiioch coriacHo P 2.1.10.1920-04.
st B3pOCIOro W JIETCKOTO HAaceleHHs BHIOMPAINCH CTaHIAPTHBIE 3HA4YeHHS (aAKTOPOB IKCIO3UIUHU
(Macchl Tena, mepuoja OCpeAHeHUs M 00beMa MOTpedIsIeMOr BOBI) ISl pacdeTa 036l MOCTYMAIONINX B
OpraHu3M 3arpsi3HUTEIIEH.

Pe3yabTaThl M HX 00Cy:KIeHNe. B COOTBETCTBUY C CAHUTAPHO-IITUACMHOIOTHYECKUMH MTPABIIIAMHU
u HopmatuBamu CanlluH 2.1.3684-21 «CanuTtapHO-3MuAeMUAOIOTHYECKIE TPEOOBAHMS K BOJIE, BO3IYXY,
0TXO0JIaM, COZCPKAHHUIO TEPPUTOPUH U 3aHUI. . .», IPOIIeTypa KOHTPOIIS KaueCTBa MUThEBOM BOJIBI JOIDKHA
BKITIOYATh B ce0sl OLIEHKY CJIEAYIOUIET0 MUHUMAIBHOTO MEPEYHsl CAaHUTAapPHO-XMUMHUYECKUX IMOKa3aTeleH:
pH, xecTkocTh 00IIast, o0IIasi MUHEpATH3aIHsl, HUTPAThl, OKHCISEMOCTh IIEpMaHTaHaTHAS, CYIb(aThl U
xJopuibl. IHBIE TOKCHKAaHTBI MOTYT OBITh TPOAHATH3UPOBAHBI B 3aBUCUMOCTH OT MECTHBIX IPUPOTHBIX U
CaHUTAPHBIX YCIIOBUH, a TAKXKe dUJAeMUYeCcKol 00cTaHOBKH B HacesieHHoM Mecte [11]. T.H. YHrypsHy u
C.M. HoBHKOB, OCHOBBIBasICh Ha pe3yJibTaTaX METAUCCIIEAOBAHUS MyOIHMKAIIHiA, TOCBSIIEHHBIX OICHKE
PUCKOB  37I0pOBBIO, OOYCJIOBJIEHHBIX MEPOPATBHBIM IOCTYIUIGHHEM 3arpsi3HUTENeH, OTMEYaroT
HEOOXOJUMOCTh  WICCTIEIOBaHMs  JOCTATOYHO IIMPOKOTO TMEPEeYHs TOKCHKAHTOB:  IIEJOYHBIX,
HIETIOYHO3EMENbHBIX U TshKenbix MetauioB [13]. Ocoboe BHUMaHWE TP KOHTPOJIE KadecTBa
BBICOKOMUHEPAIN30BAHHON MUTHEBOW BOJBI BOJTOTIPAJCKOTO 3aBOJDKBS HEOOXOJUMO OOpaTUTh Ha
HEOpraHMYecKHe BEIeCTBa, BHOCSIINE HAUOONBIINI BKIIaJ B OOIIYI0 MUHEPAIHU3AIMIO TTOJ3EMHBIX BOJ:
XJIOpUJBI, Cynb(haThl, KalbI[Ui, MarHui, Kanwid u Hatpuil. Takol MOAXOJ BHUIAWTCA aKTYaIbHBIM IS
TEPPUTOPUAITLHO M30JIMPOBAHHOTO DIBTOHCKOTO CENBCKOTO MOCENIEHHSI, HE MMEIOIIET0 MPOMBIIIEHHBIX
npennpustuii. OCHOBHBIMH (pakTOpamu, OOyCIABIMBAOIUMHU (OPMUPOBAHHE PHUCKA 30POBBIO B
MOJIOOHBIX ~ YCIIOBHSX, BHAWTCS TEOXUMHYECKas TMPHPOJA BOJOHOCHBIX TOPHU30HTOB, a TaKKe
HEepaoHAIBFHOE BEJICHUE CEIBCKOT0 X03sIHCTRA.

[lom3emMHbBIE BOHABI XA3APCKO-XBANBIHCKO20 ALMIOSUANILHO-MOPCKO20 TOPU30HTA, THITMYHOTO [T
[IpuanbTOHBS, 1O aHWOHHOMY COCTaBy SBJSIIOTCA CyJIb(aTHO-XJIOPHUIHBIMH, IO KAaTHOHHOMY —
HATPUEBBIMH, XapaKTEPHU3YIOTCSI MTOBBIIIIEHHOH JKECTKOCTBIO (B OTAEIBHBIX ydacTKax — A0 23,2 Mr-d9KB/J).
CornacHo AaHHBIM, MPECTABICHHBIM B €XETrOJHBIX oT4eTax KomuTeTra mpupoIHBIX PECypcoB, JIECHOTO
XO03SHUCTBA W DKOJIOTHM Bomrorpaackoi obimactu, Hambosiee dacTo Ha Teppuropunm Bcero Ceepo-
KacCIUICKOT0 apTe3naHckoro Oacceitna orMmeuaetcs npesbimienne [1IK natpus, maraus, sxenesa, aMMHaKa,

XJIOPUJIOB, CyJIb(haTOB, a TakKe OO0IIeH MHHEpAIM3alMUd M KECTKOCTH. B 1ejoM, XUMHYECKHH COCTaB
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no3eMHbIX Box [IpuanbTonss TunmueH as CeBepo-KacuiCKOro apTe3nanckoro 6acceiina. OmHako, B
OOJBIIMHCTBE MPOO OTMEYATHNCH 0OJiee BHICOKHE, YeM KIIAPKOBBIE, 3HAYCHHS CONEP)KAaHUS KAIBIHA, 9TO
MOXKET OOBSICHIATHCS KaK XUMHUYECKOM MPUPOI0H BOJOHOCHBIX TOPH3OHTOB, TaK U CEIILCKOXO03HCTBEHHOMN
Harpy3koil. KOHIIGHTpaluu TsKENBIX METaUIOB HE MPEBBINIAIN TMPEACTBHO JOMYCTHUMBIX 3HAYCHUN
(3HauMTENBHO HIDKE peepaTHBIX KOHIEHTpaLui, npeacrasicHubx B P 2.1.10.1920-04) u He ABISUINCH
(dakropaMu, BHOCSAIIMMH BKIaA B (OpPMHpOBaHHE WHJICKCOB HEKaHIEPOTeHHOW omacHocTH. [lo
pe3ynpTaTaM aHaIH3a MMOKa3aTelel KauecTBa MATHEBOW BOBI, OIIEHEHHBIX Ha BepxHel rpanwume 95% U,
HAOJIOJaeTCA TIPEBBINICHUE HOPMATUBOB M0 TepMaHraHatHou okucisemoctd (1,22 I1JIK), oOmeit
vuaepanmm3arun (1,27 TIJK), xectkoctn (1,22 IIAK), maramio (1,06 ITJK), marpuro (1,63 IIJK),
xyopunam (1,28 ITJK) (Tad:.).

Tab6muma
IHoka3aTeu HeKAHLEPOreHHOM ONIACHOCTH O0HAPYKEHHBIX B BO/ie IPUOPUTETHBIX 3arps3HUTe el

KonnenTparus Ha Pedepenrnas Kosmment
N IMAK Knacc HEeKaHIIEPOTreHHON
ITokazartesp kauecTBa BEpXHCi rpaHuIle no3a (RfD),
95% ITIA. Mr/ OMACHOCTH v omacHoctd HQ
B3pocneie |  Jletn
3anax, 6asr 1 2 - - - -
IIBeTHOCTSD, Tpajx 4 20 - - - -
MyTHOCTB, Mr/1 0,58 15 - - - -
Benwnuuna pH, ex. pH 7,0 6-9 - - - -
Keneso, mr/n 0,05 0,3 3 0,3 0,005 0,01
IMepmanranatHas 6,1 5,0 - - - -
OKHCIIIEMOCTh, MT O2/11
OO0111ast MUHepanu3anus, Mr/i 1275 1000 - - - -
JKecTKOCTh, MI-3KB/71 8,6 7 - - - -
AMMHuak, Mr/n 0,5 15 4 0,98 0,0146 0,0341
Kanuit, Mr/n 6,4 20* 4y - - -
Kanpiui, Mr/n 83,4 100* 4y 41,4 0,0573 0,1316
Mapraseri, mr/i 0,005 0,1 3 0,14 0,0011 0,0021
Maruuii, mr/in 53,4 50* 3 11 0,1387 0,3236
Harpuii, mr/n 326 200 2 34,3 0,2762 0,6491
Hurpatsl, Mr/n 14,1 45 3 1,6 0,2500 0,5875
Cynbdatel, Mr/i 277 500 4 - - -
Xopusl, Mr/i 448 350 4 - - -
CymmapHbIit HekaHieporennsiit puck HI (per 0s): 0,7429 1,7380

[pumeuanue: * — HOpMaTUBbI, pekoMeHmoBanHbe BO3 (s Betects, He ykasanHbix B CanlluH 2.1.3684-21)

Pacuer ko3 dunmentor onacaoctr (HQ) OTHEeNbHBIX 3arps3HUTENEH MMOKa3al HU3KUH (KaJIbIWH,
MarHui, HaTPUi, HUTPATHI) WM MUHAMAJILHBIN (3kKelle30, aMMHAaK, MapraHell) YPOBEHb PUCKA 3/I0POBBIO.
CyMMapHBIii MHIEKC HeKaHLEepOreHHoro pucka 3a0poBbio (HI) cocraBun 0,74 (Hu3kuid) U1 B3pOCIIOTO
Hacenenusi u 1,74 (cpemumii) mns nereil. HamOompmwmii BkIaag B (OpPMHpPOBaHHE PHCKA 30POBBIO
B3pOCIbIX/AeTel, 00yCIOBICHHOTO NEPOPATBEHBIM MOCTYIUIEHUEM XMMHUYECKHUX BEILIECTB C MUTHEBOM BOJOH
Ha uccieayeMoit reppuropun, BHockan HutpaTel (HQ=0,2500/0,5875) u marpwuii (HQ=0,2762/0,6491).

Heo06xonumo oTMETUTH OJHOHATIPABICHHBIA MEXaHU3M TOKCHYECKOTO NEHCTBHUS YKa3aHHBIX JBYX
TOKCHKAHTOB. J[nuTensHoe ynoTpeOieHrne BOJBI C TOBBINICHHBIM COAEpPKaHUEM HHTPATOB CIOCOOHO
BBI3BATh METIEMOITIOOMHEMHIO, a TaKke W3MEHeHue (QYHKUMi cepaedHoil aestenbHocTH. [lomamas B
OpraHu3M, T[OJ  BO3JCHCTBHEM  MHKPO(IOPHI  KEIYJOYHO-KUIIEYHOTO  TpPaKTa  HUTPATHI
BOCCTaHABIIMBAIOTCS 10 HUTPUTOB M CBA3BIBAIOTCS C TE€MOINIOOMHOM, 00pasys MeTreMOrjoOuH,

HECIOCOOHBI (UKCHPOBaTh U TepeHocuTh Kuciopoy [15; 18]. Ilpu xpoHHMYecKOM ke BO3JIEHCTBUH

[@@| 78



Becmuux HBI'Y. Ne 1(57) /2022 OKOJIOT' Vs YEJIOBEKA / HUMAN ECOLOGY

BO3MOXHO ()OPMHPOBAHHNE PHCKA Pa3BUTHS OHKOJIOTUYECKUX 3a00JIeBaHUH (Yepe3 CTaJuio NpEeBpaIleHHs
HUTPHUTOB B HUTPO3aMHHBI TI0]] BO3ICHCTBHEM KHCIION Cpeipl ey qouHoro coka) [19]. YeranosneHo, 4To
MOCTYIUIGHUE HUTPATOB C BOJOH OKa3bIBaeT 0ojiee BHIPAKCHHOE OTPULATEIBHOE BIMSHUE HA COCTOSHUE
3I0pOBBSl UYEIOBEKa, YeM TMpPHEeM HKBHBAJEHTHON IO3bI C MPOAYKTaMH THTAHU, YTO OOYCIOBJICHO
OMOKMHETUKOW HHUTPATOB, a TaKKE€ XOPOLIEH pacTBOPUMOCTBIO B BOJE, YBEIHMUUBAIOIIEH CKOPOCTh HX
BcachiBaHHSA B KpoBb [14]. Pe3ynpTaThl »HHIEMHOIOTHYECKHX WCCIEAOBAaHUN CBUAETEIHCTBYIOT O
MOBBIILIEHHOM PHUCKE pPa3BUTHA WIIEMHYECKOW OOJe3HH cepAla W apTepHalbHON THUIEPTEH3UH Y JIHI,
M30BITOYHO TOTPEOISIOMNUX HATPUil, OOYCJIOBIEHHBIN HapyIIeHHEM BOJHO-COJIEBOTO OamaHca.
HnutenbHoe mMoTpeOieHHe HAaTPUU-M30BITOUYHBIX BOJ CIIOCOOHO BBI3BAaTh 3a00JEBaHUS TOYEK U
MOYEBBIBOJIAIIECH CHCTEM: MOBBIIIEHHOE TOCTYIDICHHE HATPHUS B OPTaHU3M CIIOCOOCTBYET Pa3BUTHIO
runepkansimypuu [16; 17].

CymmapHasi OIleHKa HEKaHIIEPOTEHHOTO PHCKA Ui KPUTHYECKHX CHUCTEM BBIIBHJIA HAWBBICIIHE
3HAUYCHMs I cepaeuHo-cocyaucToi cucrembl: HI=0,5262 must B3pocnwix u 1,2366 ans nereit. B
nuara3oHe Hu3koro ypoBHs mis aeteid (HI1=0,1418) okazamuchk prcKy HEKaHIIEPOTEHHOW OMACHOCTH IS
MmoyeK (ajKano3 W THIepKaIbIUHEMHS, 00YCIOBICHHBIC KalbLIMEM), OCTAILHBIE KPUTUUYECKUE CHCTEMBI
HaXOJWIINCh Ha YPOBHE MPEHEOPEKUMOTO pUcKa. B mureparype, MOCBSIMIEHHOW aHATN3Y PUCKA 3I0POBBIO,
CBSI3aHHOTO C MEPOPATBHBIM MOCTYIUIEHHEM TOKCUKAHTOB 3HAUYWTENbHAS JOJIsI MyONHUKaluil MOCBsIeHa
OIIEHKE Ka4yeCTBa LIEHTPAIM30BAaHHBIX MCTOYHHKOB XO3SHCTBEHHO-TIUTHEBOTO BOJOCHaOeHUs. OqHAKO
MONUCK HOBBIX aJbTEPHATHUBHBIX MCTOYHUKOB BOJOCHA0XKEHUS 3aCTaBIsIET aBTOPOB BCE Hallle o0paaTh
BHUMAaHUE Ha HEI[CHTPAIN30BaHHbIE NCTOYHUKH [2-4; 6; 10]. OcobeHHO aKTyabHBIM JaHHOE HaNPaBJICHHE
SIBIISIETCSL B YCIIOBUSIX OCJIOKHEHHBIX KIMMATHUECKHX U TUAPOJIOTMYECKUX YCIOBUH BOAOMONB30BAHHS B
cyOapHuIHBIX W apUIHBIX TeppuTopusx tora Poccuu. OTcyTcTBHE MOOPOKAYECTBEHHBIX MOBEPXHOCTHBIX
BOJI 3aCTaBJIAIOT HCKATh AIbTEPHATHBHBIE pecypchl, 00pallias CHUMaHHe Ha MoI3eMHbIe BOJIbI. [loHnMaHue
MPUPOABI PUCKOB 3JI0POBBIO, ACCOLMMPOBAHHBIX C XUMUYECKUM COCTABOM ITOJI3EMHBIX BOJ| MOKET IOMOYb
B OpPT'aHU3AIIAN BOJIOTIOITOTOBKY M Pa3Be/IKEe HOBBIX PECYPCOB ITOI3EMHBIX BOJ — OJTHUX U3 IPUOPUTETHBIX
HaTpaBJICHUH yIyYIIeHUs CAHUTAPHO-IMHUIEMHOIOTHIECKOT0 ONaromonyynsi HaceJIeHus, 0003HaYeHHBIX
aJIMHHUCTpAINed DIBTOHCKOTO CEIbCKOTO TIOCEIICHUSI.

BoiBoast: 1. [IpoananusupoBanHbie Ha BepxHen rpanutie 95% JM KOHIIEHTpaIiy COAePKABITUXCS
B MUTHEBOW BOJIE TOKCHKAHTOB MOTYT OKa3bIBaTh MONU(DAKTOPHOE HEOIArONpHUsITHOE BO3/ICUCTBHE HA
COCTOSIHUE 37I0pPOBBSI 4yelloBeka. Mcnonp3oBaHre MeTOIUKH, oTpaxenHoi B P2.1.10.1920-04, BwisiBUIO
(hopMupoBaHHE 3HAYMMBIX YPOBHEH HEKAHIIEPOTCHHOTO PHCKa IS BEIIECTB, OOHAPYKEHHBIX B BOJIE B
KoHIeHTparusx, He npepbinaromux [1J1K no CaulluH 2.1.3684-21.

2. HambGonpmuii HEKaHIIEPOTCHHBIM PHUCK YIOTPeOJIICHUs TOA3EMHBIX BOJ CO3/1ae€T HATPHHA U
mutpatel (HQ>1 — cpemnmii puck), HauOoJblIeld OMACHOCTH (B COOTBETCTBHH CO CTaHAAPTHBIMH
(haKkTOpaMu 3KCIO3ULMU: IEPUOJI OCPEAHEHHsI, 00bEM BOAONOTPEOICHHS, Macca TeJla) MOIBEPKEHBI JETH.
Pucku 3m0poBbio, (opMHpyeMble KalbIlieM M MarHueM HaxXOoJsTcS B TpeAeiax HHU3KHX BEIHMYUH
(0,1<HQ<1).

3. OCHOBHOHW KPUTHYECKOW CHCTEMOM, TOJIBEPTAIOIICHCS HEKAHIIEPOTEHHOW OMACHOCTH, SIBIISICTCS
CepACYHO-COCYIUCTas CUCTEMA (C YUYETOM PHUCKOB Pa3BUTHs HUTPATHON METreMOTrIOOWHOBOM aHEMHH).
leoxumuueckast Mpupoja BOJAOHOCHBIX TOPH30HTOB, & TaKKe OTCYTCTBUE 30H CAHUTAPHOW 3alUThI
HUCTOYHUKOB BOJOCHAOXKEHMS SIBISIOTCA BeAyIIUMH (akTopamMu (GOpMHUpOBaHMS HeOIaronpusTHOMN

CaHI/ITapHO'SKOHOFI/I‘IeCKOﬁ CUTyallu1 B UCCIIEAYCEMOM PETHOHE.
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IKOJIOI'NMYECKASA OHEHKA COAEP)KAHUSA MEIN
B IIOYBEHHOM IIOKPOBE HA IOTE TIOMEHCKOM OBJACTH

Sindireva A.V, Kotchenko S.G., Elizarov O.1.

ENVIRONMENTAL ASSESSMENT OF THE COPPER CONTENT
IN THE SOIL COVER IN THE SOUTH OF THE TYUMEN REGION

AnHoTanus B cratbe npeacTaBieHb! JaHHBIC O CONICPKAHUN
MEIH B TIAXOTHOM TOPH30HTE OCHOBHBIX THIIOB IIOYB
TroMeHCKOH obactu, HCTIONTB3YEMBIX B
CeJIbCKOXO3SIUCTBEHHOM TPOW3BOJCTBE, W  OMpPENEICHBI
B3aMMOCBSI3H €€ paclpelesiecHus] C OCHOBHBIMU (DH3HKO-
XUMHUYECKUMH TOKa3aTeNlsIMU TMOYB (COJep)KaHHUEM TyMyca,
pH, ™akpoanementamu). [lnsg aHanM3a TEOXUMHUYECKUX
0CcoOEHHOCTEH pacipe/eieHuss MUKPOIJIEMEHTa B TOYBEHHOM
IOKPOBE  HCIIOJNB30BAIM  MOJIEBble, JlabOpaTopHbIE U
CTaTHCTHYECKUE METOMBI HccienoBanus. [Ipu 00o0mennn u
aHamM3e ~ MaTepHalia  HCIOJB30BaJNCh  COOCTBEHHBIC
uccienoBanuss u  marepuansl  otyetoB  ®I'BY T'CAC
«TroMeHCKass» 1O  OOCIIEIOBAaHHMIO  IMAaXOTHBIX  ITOYB
TromeHcko# obmactu. Bo Bcex M3ydeHHBIX THIAX MOYB FOTa
TroMeHCKOH obnactu TIPEBEIIICHAS JIOITYCTUMBIX
KOHIeHTpauuid Menu He  oTMmedaercs. ConepkaHue
MOJIBMYKHBIX (DOPM MEIU B 3aBUCHMOCTH OT THIIA M MOJTHIIA
moyB u3MeHsercs B nuanasone ot 0,15 1o 0,25 Mr/kr, Banosoe
conepxanue kosiebsnercs or 10 go 18 mr/kr. CooTHoleHHE
MIOJIBYDKHOM (QOPMBI OT BAJIOBOTO COJIEPIKAHUS COCTABISET OT
1,05 nmo 2,29%. [ocroBepHas 3aBUCUMOCTb MEXIY
MOJBI)KHOM MENBI0 W €€ BaJlOBBIM COJEp)KaHHEM He
YCTaHOBIICHA. YCTAaHOBJICHAa TECHAas KOPPEISAIMOHHAS CBS3b
MEXIy BaJIOBEIM COJCpKaHHEM MeIu W TOJBIKHBIMU
¢dopmamu Kanws, rymyca U ypoBHem PH. JIns moIBMOKHBIX
(dbopM Meau OTMEYaeTcsl CpemHss KOPPEIANHOHHAS CBS3b C
colepkaHueM TryMmyca B moyBaXx. He ycraHoBieHa
3aBUCHUMOCTh  MEXIY TMOABM)KHBIMH (GOpMaMyd MeIu |
¢docdopa. TToyueHHbIE JaHHBIE MOTYT OBITH HCIIOJIb30BaHBI
MPH SKOJIOTHUYECKOM MOHUTOPUHTE B KauyeCTBE HCXOJHBIX,
(OHOBBIX TOUYEK OTYETa MPHU OICHKE CTEICHH 3arps3HCHUS
arpoIeHO30B, a TAKKe MPY MPOTHO3UPOBAHNH JIEHCTBUS METU
B cHCTEME I0YBa-pacTeHHe B YCIOBHSIX ora TIOMEHCKOH
00JacTH.

KiiloueBble cJjioBa: MeIb, T'YyMYC, KUCJIOTHOCTb, IIOYBBI,
TromeHcKast 00J1aCTh.

Caenenust 06 aBropax: CunnupeBa AnHa Bnanumuposna,
ORCID: 0000-0001-8596-7584, n-p 6uoi. Hayk, TroMeHCKuUi

rOCYJapCTBEHHBI yHHUBepcuTeT, I. TrooMmeHb, Poccus,
sindireva72@mail.ru; Koruenko Cepreii ['puropbenud,
locynmapcTBeHHass cTaHIMSA  arpOXMMHYECKOH  CITy>KOBI

«TromeHckas», r. Tromens, Poccus, agrohim_72_1@mail.ru;
EmnzapoB Oner Uropesnd, TroMeHCKHI TOCYIZapCTBEHHBIN
yHUBepcHTeT, I. Tromensb, Poccus, elizarovloleg@yandex.ru

Abstract. The article presents data on the content of
copper in the plow horizon of the main types of soils
of the Tyumen region used in agricultural production,
and determines the relationship of its distribution with
the main physical and chemical indicators of soils
(humus, pH, macroelements). To analyze the
geochemical features of the microelement distribution
in the soil cover, field, laboratory, and statistical
research methods were used. When summarizing and
analyzing the material, we used our own research and
materials from the reports of the FGBU GSAS
“Tyumenskaya” on the survey of arable soils in the
Tyumen region. In all studied types of soils in the
south of the Tyumen region, excess of the permissible
concentrations of copper is not observed. The content
of mobile forms of copper, depending on the type and
subtype of soils, varies in the range from 0.15 to 0.25
mg/kg, the total content ranges from 10 to 18 mg/kg.
The ratio of the mobile form to the gross content is
from 1.05 to 2.29%. A reliable relationship between
mobile copper and its total content has not been
established. A close correlation has been established
between the total content of copper and mobile forms
of potassium, humus and the pH level. For mobile
forms of copper, there is an average correlation with
the content of humus in soils. The relationship
between the mobile forms of copper and phosphorus
has not been established. The data obtained can be
used in environmental monitoring as initial,
background reporting points in assessing the degree
of pollution of agrocenoses, as well as in predicting
the effect of copper in the soil-plant system in the
south of the Tyumen region.

Keywords: copper, humus, acidity, soils, Tyumen
region.

About the authors: Sindireva Anna Vladimirovna,
ORCID: 0000-0001-8596-7584, Dr. habil., Tyumen
State University, Tyumen, Russia,
sindireva72@mail.ru; Kotchenko Sergey
Grigorievich, State Station of the Agrochemical

Service  “Tyumenskaya”, Tyumen, Russia
agrohim_72_1@mail.ru; Elizarov Oleg Igorevich,
Tyumen State  University, Tyumen, Russia,

elizarovloleg@yandex.ru

82

O



Becmuux HBI'Y. Ne 1(57) /2022 OKOJIOT A U ITPUPOAOTIOJIB30BAHME / ECOLOGY AND NATURE MANAGEMENT

Cunmupea A.B, Koruenko C.I'., Enmuzapos O.U. Dxonorudeckas oleHKa CoAepKaHMsI MEIN B IIOYBEHHOM MTOKPOBE
Ha tore TromeHckoii oomactu // Becthuk HmkHeBapTOBCKOrO rocyaapcTBeHHoro yausepcureta. 2022, Ne 1(57). C.
82-90. https://doi.org/10.36906/2311-4444/22-1/09

Sindireva, A.V, Kotchenko, S.G. & Elizarov, O.l. (2022). Environmental Assessment of the Copper Content in the
Soil Cover in the South of the Tyumen Region. Bulletin of Nizhnevartovsk State University, (1(57)), 82-90. (in Russ.).
https://doi.org/10.36906/2311-4444/22-1/09

Beenenne. [louBeHHO-pacTUTEIBHBIE cooO1iecTBa, BOBJICUCHHBIE B porecc
CeNbCKOXO03IHCTBEHHOTO TPOM3BOJICTBA, MCIIBITHIBAIOT HA ce0e onpeaesicHHOe HETaTUBHOE BO3JICHCTBHE.
OHO MOXET BBIpaXaTbCsi Kak B HM30BITOYHOM HAKOIJICHHHM MHUKPORJIEMEHTOB BBHIY NPUMEHEHHS
Pa3NMYHBIX XUMHYECKHX TMpemnaparoB. Takke, 3TO BBIpaXKaeTCss B HENOCTaTKe OIMpelesIeHHBIX
MHKPO3JIEMEHTOB, YTO MOKET OBITh CBSI3aHO C BHIHOCOM IIOTOKAaMH BEILECTBA U3 HKOCHUCTEMBI, a TAKXKe
CHCHI/I(bI/IKOI\/II MECTHBIX I'€OXUMHUYCCKUX YCHOBHﬁ. COI{Cp)KaHI/Ie MHKPOSJICMCHTOB B MOYBAaX 3aBUCHUT OT
YCIOBUH  MOYBOOOpA30BaHUS, OT  MUHEPAJIOTHUECKOIO M IPaHYJIOMETPUYECKOI'O  COCTaBa
MOYBOOOPA3YIOMIUX TOPOA, HAIMYMS B TOYBAX OPTaHMYECKOTO BEIIECTBA, PEAKIMU CPEIbl M JIPYTUX
¢dakTopoB. Menkue u ci1adoryMyCHpOBaHbIe IOUYBEHHBIE PA3HOCTH OOBIYHO 00EAHEHBI MHUKPOIJIEMEHTaMH
[0 CPaBHEHHIO C Pa3HOCTSAMH, OOraThIMH WIIOM M opraHmdeckum BerectBoM [9; 21]. Henocratok psima
MHKPOS3JIEMCHTOB B arpO3KOCUCTEMAX XAPAKTCPCH AJId MHOT'HUX TeppHTOpHﬁ, B TOM 4YHCJIC AJIA paﬁOHOB
tora TroMeHCKO# 00jacTu. DTO OOBSACHSAETCS IEeNbIM HabopoM (PakTOpOB, B TOM dHCIE, dMADUIECKUX.
JaHHasi 0COOEHHOCTh TEOXMMHUYECKHUX YCIIOBHI OTMEUeHa B paboTax MHOTHX aBTOPOB. B nccienoBanusx
[2; 3] mo m3ydYeHHIO MHKPOAIJIECMEHTHOIO COCTaBa IMOYB PailOHOB TIOMEHCKOH 001acTH OTMedaeTcs
HEJ0CTAaTOYHAA O6eCHC‘-ICHHOCTL MHOTMMU BaXXHBIMU I IMPOU3PACTAHUA CEIbCKOXO03HCTBEHHBIX
pactennii anemernTamMu. OtHaKO, B pabote [14] aBTOp 0OTMEYaeT TeH/ISHITNIO K HAKOTUICHUIO TeX T HHBIX
TSDKEJIBIX METAJIOB B CEJILCKOXO3SMCTBEHHBIX KYJIbTYpaX, BhIPAIICHHBLIX HAa Pa3JIMYHBIX THUIIAX IMOYB IOra
Tiomenckoit obmactu. Takum 00pa3oM, MOJUYEPKHUBAETCS BAXKHOCTh OINpECNCHUS KOHLEHTpauui
MHUKPODJIEMEHTOB B pa3IMYHBIX THIMAX I[I0YB, XapaKTEePU3YIOIIUXCS Pa3HOOOpa3HBIMH  (HU3HKO-
XMMUYECKUMH TapaMeTpamMH. BaXHOCTh M3y4YeHUS! TOBEACHUS TSDKENBIX METauUIOB B II0YBaX
mojyepkuBaeTcs W 3a pyoexxom. Hampumep, B pabGortax [24-28] oTMeyeHa Ba)KHOCTh HW3YyUCHUS
pacnpenesieH!s 1 aKKyMYJISILUH TSOKEJbIX METaJUIOB B IOYBEHHBIX arperarax [yis BhIACHEHHS MTOBEICHUS
MHKDPOJIEMEHTOB B OKpyXkarouiei cpeae. Hampumep, usydeHa B3aMMOCBS3b KOHLEHTPALUNA TSHKEIIBIX
METaJUIOB (B TOM YHCJIE ME/IN) C OPraHMYECKUM BeIecTBOM U PH mOuBEIL.

Cpeny MHUKPODJIEMEHTOB, WTPAIONIMX HEOJHO3HAYHYIO POJIb B OOBEKTaX OKpPYKAIOMIeH Cpelsl,
otHOCAT Mezb. C OJTHOHN CTOPOHBI, N30BITOYHOE €€ HAKOIUIEHHE B MUIIEBHIX LEISX B CBSI3U C TEXHOT€HHBIM
MOCTYIIVICHUEM, BBI3BIBACT HETATHUBHBIC INOCICACTBHUA IS KHUBBIX OPraHU3MOB. C leerP'I CTOPOHEIL,
OTMEYaeTCA HEIOCTATOK MEAM B CUCTEME I0YBa-pacTeHHUE JUIA psijia arpoleHo30B. Menps npeacTaBiisieT
co0oit oarH 13 HanboJiee OABMKHBIX TSKEIIBIX METAJIJIOB B TUIIEPIeHHBIX Mpolieccax. Tem He MeHee, eé
KaTHOHBI 00J1a/1aI0T Pa3HOOOPa3HBIMHU CBOMCTBaMH U B ITOYBAX M OCAJIKaX XapPaKTEPU3YIOTCS CKIIOHHOCTBIO
K XUMHUYECKOMY B3aPIMO,Z];eI71CTBPHO C MHHEpAJIbHBIMHU W OPraHNM4YCCKMMU KOMIIOHCHTaMMH. HNonnl Mean
CIOCOOHBI Takke 0e3 yCHIMHA OCakIaTbCs TaKMMU aHWOHAMH, Kak Cyib(ua, kapOOHAT W THAPOKCHUI.
Taknm O6paSOM, MCIb ABJIACTCA OTHOCUTECIIbHO MAJIOIIOABUKHBIM 3JIEMCHTOM B IMIOYBax, 1 €€ CyMMApHBIC
coJiep>kaHusi OOHApYXKMBAIOT TOBOJIBHO clladble Bapuanuu B Npoguisix mous [23]. Manast HOABHKHOCTD
Mennu OO0YCIIaBIMBaeT MpPOSBICHUS €€ HEeJOoCTaTKa Ui CebCKOXO3SHCTBEHHBIX pacTeHnid. Cremyer

OTMCTUTB, UTO ME€Ab UMECCT OOJIBIIIOE 3HAYEHHE JJIsL paCTCHHﬁ, 4TO O0BACHSIETCS TEM, 4YTO OHa BXOJHUT B
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COCTaB MHOTHX ()EPMEHTOB, IIPU HEAOCTATKE KOTOPHIX HAPYyIIAIOTCS Takue (PU3NOJIOTHYECKHE MPOLIECCHI
KaK OTOCHHTE3, IbIXaHKe, IIepepacpeieieHie yIieBo1oB 1 0eakos [23].

Menp oOKka3bIBaeT BIMSHUE HAa MPOHUIAEMOCTb COCYAOB KCHUJIEMBI A BOJBI, KOHTPOJIUPYET
obpazosanne JJHK u PHK, u e€ neduuunt 3HaunTensHO CHIKAET penpoaylupoBaHue pacteHui. Takke
MeJb BIUSIET HA MEXaHU3Mbl, KOHTPOJIUPYIOIUE YCTOHYMBOCTE K 3a00neBaHuAM. {751 pa3IMyuHbIX BUIOB
pacTeHuid ypoBHH KOHLIEHTpALXH, TPU KOTOPBIX HaOMoaeTcs AeULUT MeIn, CHIIbHO BapeupyioT [23]. B
CBSI3U C 3THM IPEACTABISET OCOOBIN TEOPETHUECKUH M MPAKTHYECKUH MHTEpPEC M3Y4EHHE COAEPKaHUS
MM B KOHKPETHBIX arpo3KOJOTMYECKHX VYCIOBHSX U BBISABICHHE (AKTOPOB, BIUSIOIIMX Ha ee
NOJBIDKHOCTh W paclpeneneHue B MouBax. [lens Oannoli paOomvl — YCTaHOBUTH B3aMMOCBS3b
COIepKaHUSI MEOU C OMNpElEeICHHBIMH arpOXMMUYECKUMH TOKa3aTelsIMA MOYB, CIHOCOOHBIMU
NOTEHIHAIBHO MOBJIMTE Ha €€ aKKyMYJIALHUIO B I0YBE, B yCIOBUSX 10ora TroMeHCKOH 00JacTy.

JKcnepuMeHTAJIbHAA 4acTb. [lpu 0000ImIeHNMM W aHainW3e MaTepHuajla HCIONb30BAINCh
coOctBeHHble uccienoBanus W marepuanbsl otdeTtoB OI'BY I'CAC «TroMmeHckas» 1o 00ciemT0BaHHIO
naxoTHBIX To4B TroMeHckol oOmactu. Kapra-cxema ydacTkoB oTOOpa Mpo0 TMOYBEHHBIX OOpasloB B
paiionax tora TromeHCKOW o0imacTy mpeicTaBieHa Ha pucyHKe 1. OOBEKTOM HCCIENOBAHUS SIBISIICS
NaxOTHBI TOPU3OHT TIOYB, XapaKTEpHbIX sl rora TroMmMeHckod o6aactu (tabn. 1). OcHOBHBIE
uccleyeMble THIIBI M HOATUIBI TIOYB: IJIMHUCTBIE AJUIIOBHAiIbHO Jyrosele (Mcerckuili paiion),
CPEIHECYTJIMHUCTBIC YePHO3EMBI BBIIIETIOYeHHbIE (3aBOIOYKOBCKHI pailoH), CpeTHECYTIIMHUCTEIE Cephle
JIECHBIE — TEMHO cepble JlecHble (OMyTHHCKUH, YTOpoBCcKuil, TIOMEHCKHIA paifoOHb), CPETHECYTITMHHUCTHIC
nyroBo — rieeBarbie (ToOONMBCKUI palioH), CpeAHECYTIIMHUCTHIC cepble JiecHble (HrmkHeTaBauHCKUN
paiioH), CpemHECYTNIMHUCTBIE Cepble JIECHBIE — CBETJIO cepble JiecHble (SIpKOBCKHiA paiioH),
CPEIHECYTIIMHUCTBIC TIOMMEHHO aJUTIOBUANIbHBIE — TUNHYHBIE (TIOMEHCKMI paiioH), CpeIHEeCYTITMHUCTBIE
noiMeHHo-fiepHOBBIe (ToOoNMbCKM palioH) mouBBI. BrIOOp MecTa s oTOOpa IMOYBEHHBIX OOpa3IoB
TIPOM3BOJIMIICS C YIETOM peibeda MECTHOCTH, KCIIO3HUIINH, PACTUTEIBHOTO MOKpoBa. Beero o0cnenoBano
10 periepHBIX y4acTKOB, N=75.

O0pa3ipl TOYB OTOMPAK METOJIOM KOHBEPTA B MpeJiesiax MUKPO- 1 Me3openbeda. B 3aBucumoctn
OT BEJIMYHMHBI 3JIEMEHTAPHOTO Y4acTKa U3 OTOOPaHHBIX PABHOMEPHO HOYBEHHBIX MPOO CO BCEH IIOIIAAH,
COCTaBJIsUIaCh ycpeaHeHHas 1poda. OTOOp TMMOYBEHHBIX O0pa3lOB W MPOOOMOArOTOBKA WX IS
XUMHAYECKOT0 aHAJIN3a OCYILIECTBIISUICS B COOTBETCTBUH C TPEOOBAHHUSIMU arpOXUMHUECKUX METOIO0B. [ist
aHalin3a TEOXUMHUECKHX OCOOCHHOCTEW pacrpenesieHHss MU W BBISIBICHHUS (aKTOPOB, BIMSIONIMX Ha
AKKyMYJILUIO 3JIEMEHTa, ucnonb3oBanu Matepuansl otueToB @I'BY I'CAC «TromeHckas». Ilpu stom
OIICHHWBAJIM JIAaHHBIE O COJIEP’KaHUHM T'yMyca, KHCIOTHOCTH, COAEpP)KaHHE MaKpOd’JIEMEHTOB B MaXOTHOM
ropuszoHTe (0-20 cM) B mouBax pernepHbIX ydacTkoB. CojeprkaHue MeAN ONpPEAessUId METOJOM aTOMHO-
abCOpOIMOHONM CIEKTPOMETPUH, OpPTraHUYeCcKoe BelecTBo, pH coneBol, MOJBUKHBIC COCIHMHEHHUS
docdopa u xamus — B coorBercTBuu ¢ ['OCT 26213-91. [Toussl. B paMkax uccieaoBaHus MPOBEICHA
OIICHKA B3aMMOCBSI3H COJIEP>KaHUs B TIOYBE MeH (TIOABMKHBIX ()OPM M BAIIOBOTO KOJIMUYECTBA) C
(GU3MKO-XMMHUYECKUMHU MapaMeTpaMu MOoYBkI (TymycoM U PH), a Takke MOJBMKHBIMU (opMaMu
psaa MaKpOdJIEMEHTOB.

B pabote ucnonp30Baini METOIbI AUCHEPCHOHHOT0, PErPECCHOHHOTO U KOPPESILIMOHHOTO aHAJIN30B
[7; 15]. Maremaruueckass 00paboTKa pe3yJabTaTOB OCYIIECTBISIACH CTAHAAPTHBIMH CTATHCTHYCCKUMHU

METOJaMH C MCIIOJIb30BAHUCM KOMIIBIOTCPHOI'O ITAKETa IpOoTrpamMm Excel.
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Puc. 1. Kapra-cxema Toyek oT60pa npod MoYBEHHBIX 00pa3LoB B paiioHax tora TromeHckoit o0nactu

CesepHoe 3aypaiibe, Ha TEPPUTOPHH KOTOPOTO PACIION0KEHA OCHOBHAS YacTh TTOMEHCKOM 00IacTH,
MpeICTaBIsIeT CO0OM COCTaBHYH YacTh OOmmMpHOUM 3anagHo-Cubupckoit paBHuHBL VcciienoBaHus
MPOBOJMIINCH HA TEPPUTOPHH ora TIOMEHCKOH 00JIacTH.

OO0cy:k1eHHe pe3yJabTaToOB. PacCMOTpEHbI OCHOBHBIC THUIIBI IMMOYB IOra THOMEHCKOW 00JacTH,
PAcIIOJIOKEHHBIX B IOKHOTAC)KHOW JIECHOW M JIeCOCTENHOW 30Hax. B mpenenax paccmarpuBaeMoi
TEPPUTOPUHU BBLAETAETCS HECKOJBKO OCHOBHBIX THIIOB TIOYB: aJUTIOBHAJIbHBIE JIYTOBbIE, HYEpPHO3EM
BBILLEJIOUEHHBIN, cepasi JIeCHas, cepasi JIeCHas — TEMHO cepasi, cepasi JecHasi — CBETJIO cepasi, JyroBas
rJieeBatasi, MoiiMeHHas aJlJIIOBUAbHAsA TUITMYHAS, TOMIMEHHas IepHOBas.

Ilo rpanyizomeTrpuuecKkoMy cocTaBy MpeoOialaloT cpelHecyriIMHUCThIe MouBbl. CoxepikaHue
ryMmyca B IpeJiesiax U3yuYeHHBIX PETepPHbIX YYacTKOB BapsupyeT oT 3,61% (SApxoBckwii paiion) 10 9,57%
(Tromenckwii paiion). [lo 3Hadenuto pH mouBsl paiioHOB rora TroMeHCKOW 001acTH XapaKTepu3yeTcs
KHUCJION M clabokuciion peakmueit (4,2-5,6). [1ouBBI OTIMYAIOTCA 3HAYUTEIHHOW BapHaOEIIBHOCTRHIO TI0
COJIEP’KAaHUIO MaKpOAJIEMEHTOB.

Ha conepxanue Mein, B T. 4. ¥ B YCIOBUSIX ora TIOMEHCKOH 001acTH, BIHSIOT T€ K€ (PaKTOpBbI, 4TO
W Ha Jpyrue XUMHYECKHe d>JeMeHTHl. [I0uBbl B OCHOBHOM HACIEYIOT YPOBEHb COAEP)KAHHUS MEIU OT
MIOYBOOOPA3YIONIUX MOPOoA. B TO ke Bpems Ha aKKyMYJISIIIMIO MHUKPORJIEMEHTOB M HAa MX MOJBHXHOCTH
BJIMSICT COUYETAHUE arpOXUMUYECKHX ITOKa3aTesel Ul ONpeIeIeHHOro Tha noys [ 3].

O6bexkToM mccnenoBanHus ObuT MaxoTHBIN Topu3oHT (0-20 cM) MO CleayomuM MpPUYHHAM: MPH
AHTPOTIOTEHHOM TIOCTYIUIEHHH MHKPODJIEMEHTHl KOHIEHTPUPYIOTCS B MPHUIIOBEPXHOCTHOM cJoe (B

OTJIMYUE OT IOYB TI'COXHMMHUYCCKHU aHOMaJ'IBHLIX), OONBIIMHCTBO M3 HHUX (l)I/IKCI/IpyeTCSI B T'yMyCOBOM
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TOPU30HTE; B OCHOBHOM MHUKPO3JIEMEHTHI, CKOHLICHTPUPOBAHHBIE B MAXOTHOM TOPU30HTE, BKIIOYAIOTCS B
Tporueckyro mens. B Tabmure mpencTaBieHbl JaHHBIE O CpPEeIHEM COAEpP)KaHWU MEIN B IMAaXOTHOM
TOPU30HTE U3YUEHHBIX TUIIOB M MOJITUIIOB MOYB ora TIOMEHCKO# 00acTH.

CornacHO aHHBIM TaOJUIBI 1, colepKaHue MOJABMKHBIX (POPM MEAW B Pa3IMUYHBIX THIAX I1OYB
BappHpyeT HesHaunTeabHO — oT 0,16 mo 0,25 mr/kT 1 He npeBbimaet yecranoBineHHBIX [1JIK. Hanbomnpmee
COJICpPKaHUE MOABIKHOW MEIM OTMEUACTCS B MOWMEHHOW JEpHOBOW mouBe U coctaBisieT 0,25 mr/kr. B
TIEJIOM IT0 00EeCTIeYeHHOCTH TIOYB MTOIBIYKHOW MEJTBI0 HCCIIETyeMble TTIOYBBI MOKHO KIIACCH(HUIIMPOBATH KaK
cpenneobecneyenunie [10].

Tabnua
CpenHee coiep:kaHue Meou B IAXOTHOM rOPH30HTE MOYB 10ra TroMeHcKoii 061acTH

TuI1, TOATHII TOYBEI Cojiepikanue Me/Iu, MI/KT }_( + Sy COOTHOILIEHHE MTOABHKHOIO U
Tloxemxaan Baosoc BaJIOBOTO COJICPKAHUS ME]TH,
dopma coniepxanue ™ %
AJuTIOBHaJIbHAS JTYTOBast 0,16+0,03 —
UepHOo3€eM BBIILETOYEHHBIN 0,15+0,02 —
JlyroBas rieeBaras 0,19+0,05 18,1+1,05 1,05
Cepas necHast — TEMHO cepast 0,22+0,05 11,2+0,6 1,96
Cepas ecHas — CBETIIO cepast 0,21+0,05 10,7+1,1 1,96
IlotiMmeHHas alIrOBHANILHAS THITHIHAS 0,20+0,02
[NoiiMeHHast nepHOBas 0,25+0,05 10,9+0,7 2,29
TTJK** 3,0 55
OJIK*** 66

* 0n15 NOU8 ANNIOBUATILHAA Y2080, YEPHO3EM BbIUEIOUEHHDbIU U Cepas NeCHAs OAHHbIe N0 8AN0B0MY COOEPICAHUIO
Medu OMcymcmeayom

** coenacno I'ockomnpupooa CCCP, Ne 02-2333 om 10.12.90

**% 'H 2.1.7.020-94 Opuenmupogouno oonycmumvie xonyenmpayuu (O/[K) msocenvix memaniog u MuliubsaKa 6
noY6ax ¢ PA3IUYHbIMU PUIUKO-XUMUYECKUMU COUcmEamu (8anosoe codepicanue, me/xe). ([Jonomnenue N 1 K
nepeunio IJIK u O[K N 6229-91)

HccnenoBaHusiMi HE yCTaHOBJIEHA JIOCTOBEpHAs 3aBHCUMOCTh MEXKIy TMOJBW)KHOW MEIBI0 U ee
BaJIOBBIM COJIepKaHHeM, KOTopoe cocTaBisieT B cpenHeM 10-18 mr/kr. Ilpu aTom Hambomblnee cpenHee
conepkanue (18,1 Mr/kr) oTMeueHo B JIyroBoH riieeBaTod mouse. HeoOX0aMMO OTMETHTh, YTO BO BCEX
M3YYEHHBIX [T0YBAaX HE OTMeYaeTcs npeBbieHne ycraHoneHHbIX [1J[K mo BagoBomy conepxannro. [Jloms
MOJIBUYKHOW MEJI OT BaJIOBOTO coziepkanus coctanisieT ot 1,05% o 2,29%. [1pu 3ToM Haubonbas 10
MOOMIIBHON MeIIH OT OOIIETro COJIEpKAHMsI OTMEUYAETCs B TOMMEHHOM JIEPHOBOW MOYBE.

st BoIsiBIeHUS (aKTOPOB, BIUSIOMIMX HA KOHIIGHTPAIMIO MeIn B BepxHeM citoe 0-20 cM mouB ObLI
MIPOBEJICH KOPPEISIIIMOHHBIN aHaIN3 UX B3aUMOCBS3eH ¢ colep:kaHueM rymyca, pH, MmakpoanemeHTamu.

J1ist HOABMYKHBIX (POPM MEIH OTMEUACTCsl CPEIHSS KOPPEIIIMOHHAs CBs3b Kak ¢ rymycoM (I =0,50).
B cBs3u ¢ 3TUM MOXXHO TPEATNONIOKHUTh, YTO HA MOJBMKHOCTH MOHOB MEIU B ONPEACICHHOW CTEIEeHH
BIIMSCT HAJM4YME OPraHUYEecKOro BellecTBa B MoyBe. HecMOTpst HA TO, YTO psiji aBTOPOB OTMEYaET
YBEIMYEHHE MOOMIBHOCTH TSDKEIIBIX METAIJIOB MPH TOBBILIEHUH KUCIOTHOCTH, HAIIUMH HCCIIEJOBAHUSIMU
B CPEIHEM I10 M3YYCHHBIM THIIAM TIOYB TaKOW 3aBHCHMOCTH He yctaHoBjeHo (I =0,16). OqHako manHas
3aBHCUMOCTb MOKET MPOSIBUTHCS MpH M3ydeHnu napsl Cu-pH B mpenenax onpeaeneHHOro TUMa NoYBbI.

Jiss BanoBOrO COJEpKaHWs MEIHM IPOCIEKUBAETCsS Oojiee TecHas TpsMas B3aWMOCBS3b C
KonmyecTBOM rymyca (r =0,61) u oOpartHas ¢ peakumeii cpeasl (1= -0,84) (puc. 2, 3).

Ha ocHOBe MoNMy4eHHBIX JaHHBIX MOXKHO CJIEJIaTh BBIBOJ, YTO Ha BaJOBOE COJCPKAHHE MEIH B

mo4YBax MOKCET BJIUATH COACPKAHNUEC OPIraHNYCCKOT0 BCUICCTBA.
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Wzyuenne B3aUMOCBSI3M MHKpPO- M MaKpORJIEMEHTOB B TIOYBE MMEET NPAKTHUECKOE 3HAUCHHE,
MOCKOJIBKY ~ JIOMIOJIHUTENFHOE AHTPOIIOTCHHOE TIIOCTYIUICHHE XHMHYECKHX O3JEMEHTOB B IOYBY
arpoleHO30B, B YaCTHOCTH, B PE3yJibTaTe HMPUMEHEHHsS MHHEPAJIbHBIX YHOOpPCHUH, MOXET HU3MECHHUTb
CIIOXMBIINHCS OalaHC MUKPOAJIEMEHTOB B IIOYBE U CIIOCOOCTBOBATH KaK YBEIHMUYCHHUIO, TAK U CHIKCHHIO
UX JOCTYIHOCTH JJIs pacTenuii [23].

HanGonpmmii mHTEpEC MNpPENCTaBIACT H3yYCHHE 3aBUCHMOCTH MEXKIY COJAEp)KaHHEM MeEAHu |
MOJBIKHEIMU (hopmMaMu a30Ta, pocdopa u Kamus, COAEpKaHHE KOTOPBIX 3HAYMTEIBHO BapbUpPYET B
3aBUCHMOCTH OT THIIA 104B (puc. 4, 5).

Jiist mOABMKHBIX GOPM MeIH M TOABMKHBIX GopM dochopa KOppesIIHOHHAsT CBS3b MPAKTHYECKH
orcyrctByet (=0,036). IlogBmkabIe GOPMBI MEIU U KaJIUS TAKXKE UMEIOT HU3KOE 3HAYCHHUE KOPPEISIIH

Mex Iy coboit (r=0,48).
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0 0 >
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cozxepxanue hochopa, Mr/kr coziepKaHUe KaJus, MI/Kr
Puc. 4. 3aBucuMocTs cOmepKaHMs MTOIBUKHBIX (GOPM Puc. 5. 3aBucumMocTh comepkaHust MOIBIKHBIX (GOPM
Menn u pocdopa MeIH U KaJus

Kak mokaspIBaloT naHHBIE PUCYHKA 5, B3aMMOCBSI3b BAJIOBOTO COJEPIKAHUS MEIU W IOJIBHIKHBIX
dbopm dochopa Huzkas (r=0,3). OgHako, ¢ MOABMXHBIMH (HOpMaMHU Kalldsl MPOCJICIKUBAETCS IpsMast

3aBUCUMOCTS (r=0,65), yKa3bIBaroIIas Ha BO3MOKHOE B3aUMOBIIMSIHUE JAHHBIX MHKPOAJIEMEHTOB (pHC. 7).
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Puc. 6. 3aBUCHMOCTH BaJIOBOTO COZAEPKaHUSA MU U Puc. 7. 3aBucuMOCTE BaJIOBOTO COAEPKaHUA MEIU

noBrxHOTO (hochopa MOJIBI>KHOTO KaJIHs

BuiBonbl. Takum o0pa3zom, Haubosee TeCHash KOPPEIALMOHHAs B3aMMOCBSI3b MEIN XapakTepHa B
OombIIel CTETeHH NI €e BAJIOBOTO COJACPIKAaHUSA C MaKpOdJEeMEHTaMH (ITOABIDKHBIC (OPMBI Kajus) U
napameTpamu cpeabl (cogepikanue rymyca u PH cpenpr). OnHako, B CBSI3M ¢ MHOTOQYHKIIHOHATEHOCTBIO
MOYBEHHBIX MIPOLIECCOB, JAHHBIC BBIBOJBI CIIETYET JOMOIHUTH aHAJTHM30M MHOXKECTBOM APYTUX (PaKTOPOB U
napaMeTpoB MOYBEHHOI cpeibl, B KOMIUIEKCE BIMSIOIINX Ha COJIEp)KaHHUe TEX MIIM HHBIX MUKPO3JIEMEHTOB,

a TaK)K€ UX IMOJABMIXHOCTDb U, KaK CIICACTBUEC, NOCTYITHOCTDb IAJId paCTCHHﬁ.
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PA3BUTHUE OJIHO- U JIBY JOJIbLHBIX PACTEHMI1
HA PEKYJIbTUBUPOBAHHbBIX HE®TE3ATPSI3HEHHBIX
AJUIIOBUAJIBHBIX JIEPHOBBIX ITIOYBAX

Utombaeva A.A., Petrov A.M., Zainulgabidinov E.R., Ignatiev Yu.A.

DEVELOPMENT OF ONE- AND DICOTYLEDIC PLANTS
ON RECLAIMED OIL-CONTAMINATED ALLUVIAL TURF SOILS

AHHOTanus. B 1abopaTopHBIX XPOHNYECKHUX IKCIIEPUMEHTAX
OTIpeZIeTIeHO BIMsIHUE conepkanus HepTenpoxykros (HIT) B
PEKYJIBTUBUPOBAHHON aJUTIOBUAJILHOM JIEpHOBOM
TsokenocyrnuaucTot (AZlre) m nerkocyrmunucton (AJlic)
MOYBE Ha POCT, YPOXKAWHOCTh 3€JICHOM MacChl U pa3BUTHE
KOPHEBOW CUCTEMBI IIICHUIIBI IPOBOM U rOpoxXa MOCEBHOIO.
Bricokoe OCTaTOYHOE COJIEpKaHNE HII B
PEeKyIbTUBUPOBAHHON IIOYBE IPUBOJIMIO K YBEJIUYEHHUIO
BPEMEHH MPOpacTaHUs CeMsH, IIPHU OTCYTCTBHM BIHMSIHHSA Ha
BCXOKECTb. IIpu BBIpAIlUBAaHUH MIIEHUIIBI Ha
pEKYIbTUBHPOBAaHHOM AJITC MOYBE TOKCHUYECKOE NEHCTBHE
HPOSBIIATIOCH TOJBKO HA PAHHUX JTalax Pa3BUTUS pACTEHUI B
BapuaHTe, comepkaBmem 16.9 r/kr HII. B Bapmante Alic
MOYBBI, cojepkaBiieM 21.8 I/Kr MOJUTIOTaHTa, TOPMOXKEHHE
pocTa pacTeHHi HAaOIIONAIOCh B XO/€ BCEro SKCIEPHMEHTA.
B xpoHHMYeCKHX PKCIIEPUMEHTAaX 10 BHIPAIIIMBAHUIO FOPOXA Ha
TSOKEJIOCYTIIMHUCTOM mouBe coaeprkaBiierd 16.9 r/kr HII, Ha
JIETKOCYTJIMHUCTOM ToYBe cojepkaniueit 11.7 r/kr u Bblle,
Ha0JII0/1aJIOCh TOPMOXKEHNE POCTa PACTEHH, C TEHACHIIUEH
YBEIUYEHUS TOKCUYECKOI0 s dexra K KOHILY
BETeTAllMOHHOrO  omblTa. Hedrsauble 3arpssHeHHs B
KOHIeHTparu g0 11-12 T/kr B peKyIbTHBHPOBAaHHOMN
AIIIOBUAIBHON JEPHOBOM TSKEIO- M JIETKOCYTTTMHHCTON
MOYBaX HE OKAa3bIBAIOT BIMAHUE HA YPO>KAHHOCTb 3E€JICHOU
Macchl MIICHWIBI, B KOHIEHTpauuu 9.7 T/Kr W BbIIIE
MHTHOMPYIOT POCT PaCTeHHUH rOpoXa, MPUBOIAT K CHIDKCHHIO
ypokalfHOCTM  UX 3eJeHoil Maccel. D¢ ¢eKTUBHOCTD
OKHCJIeHHS HeTENPOYKTOB PH BhIPAIIMBAHUY PACTEHNUH Ha
PEKYJIbTUBUPOBAHHON AJIIOBUAJILHOM [IEPHOBOM IIOUBE HE
npeBsimana 37% u onpeaensiach UCXOTHOW KOHIIEHTpaluen
nojuitoranTa. Ilpucyrcreue HII B mouse mnpuBoauno k
W3MEHEHHIO CTPYKTYPHI KOPHEBOH CHCTEMBI BBIPALIIBAEMBIX
pactenuil. McnibITanHbIE pacTeHUs IPU KyJIbTUBUPOBAHUH Ha
TSDKEJIBIX TOoYBax Oosiee YCTOWYMBBI K OTPHLIATEIHHOMY
peiicreuto HII. TlomydeHHBle fAaHHBIE TOKAa3bIBAIOT, YTO
rOpoX IIOCEBHOM OoJiee yyBCTBHUTENEH K npucyrcTBuio HIT B
PEKyIbTUBUPOBAHHOM MOUBE.

KiroueBble cj10Ba: aTIOBHAIBHBIE TIOYBHI, HEPTEIPOTYKTHI
(HIT), pexynpTHBaIus, pacTeHus, MIIEHUIA, TOPOX.
Caenenus 00 aBTopax: YTombaeBa AnrnHa AJIEKCaHIPOBHA,
ORCID: 0000-0002-7407-9108, HWuctutyr npobiiem
9KOJIOTHH ¥ HEIPOIOIb30BaHUs AKageMHun HayK PecrryOumkn
Tarapcran, r. Kasanp, Poccus, semionova.alin@yandex.ru;
IlerpoB Annpeit Muxaitnosnu, ORCID: 0000-0002-5117-

Abstract. Laboratory chronic experiments have
determined the effect of the content of petroleum
products (PP) in reclaimed alluvial turf heavy loamy
and light loamy soil on the growth, yield of green
mass and the development of the root system of
spring wheat and seed peas. High residual PP content
in reclaimed soil resulted in increased seed
germination time, with no effect on germination.
When growing wheat on reclaimed alluvial turf
heavy loamy soil, the toxic effect was manifested
only in the early stages of plant development in a
variant containing 16.9 g/kg of PP. In the alluvial turf
light loamy soil version containing 21.8 g/kg of
pollutant, inhibition of plant growth was observed
throughout the experiment. In chronic experiments
for growing peas on heavy coal soil containing 16.9
a/kg of PP, on light coal soil containing 11.7 g/kg
and higher, plant growth inhibition was observed,
with a tendency to increase the toxic effect towards
the end of the growing experience. Qil contaminants
in concentration up to 11-12 g/kg in reclaimed
alluvial turf heavy and light-coal soils do not affect
the yield of green wheat mass, in concentration 9.7
o/kg and higher inhibit the growth of pea plants, lead
to a decrease in the yield of their green mass. The
oxidation efficiency of petroleum products when
growing plants on reclaimed alluvial turf soil did not
exceed 37% and was determined by the initial
concentration of pollutant. The presence of PP in the
soil led to a change in the structure of the root system
of the plants being grown. Tested plants when
cultivated on heavy soils are more resistant to
negative PP. The findings show that sown peas are
more sensitive to the presence of PP in reclaimed
soil.

Keywords: alluvial soils, petroleum products (PP),
recultivation, plants, wheat, peas.
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Beenenne. [100b14a, pa3Beika U TpaHCIIOPTHPOBKA HEPTSIHBIX YTIIEBOJOPOIOB LIS YAOBIECTBOPCHUS
pacTyliero cnpoca MUPOBOTO HAcEIEHHUs] Ha UCKOIIaeMOe TOIUIMBO HAHOCAT yLIepO OKpy»Karolleil cpexe,
3arpsizHssl ee, ocoOeHHO mouBy [20]. 3arps3HeHue MOYBBI HE(PTSIHBIMH YIIIEBOAOPOJAMH SIBISCTCS
Cephe3HOM MpoOileMoil riobampHOTO MacmTaba, TPeXAe BCero B  CTpaHaX JIOOBIBAIONIWX,
TPaHCIOPTUPYIOIIUX U NepepadaTeiBatonux HePTH [25].

B Hactosmee Bpems Ouojoruyeckas peKyJIbTHBAaLUs paccMaTpuBaeTcs, Kak Haubojee

nepcrekTuBHas.  OTHOCHTENFHO  TPAJUIMOHHBIX  (DU3MKO-XMMHUYECKHX  CIOCO0OB  IOYBEHHOH
PEKYJIbTUBALMN, ONOJIOTHYECKHE SABIISIIOTCS O0sIee Ae1eBbIMU U 3 EKTUBHBIMU, 00ECIICUHBAIOT YAAJICHNUE
HIMPOKOT0 CIIEKTPa OPraHWYeCKUX TOJUTIOTAHTOB OKPYKAIOLICH cpellbl, B TOM 4HCIEe M HEe(TIHBIX
sarpsisauteneii [16; 23].

duropemenuanus, Kak 000! MOIX01 UMeET CBOM orpaHryeHrsi. OCHOBHBIM SIBIISIETCSI HETATHBHOE
BJIMSIHUE TIOJIJIIOTAHTa Ha POCT ¥ pa3BUTHE BO3EIIBIBAEMBIX KYIbTYp [5]. B ycnoBusx 3arpszHenns HeTbio
3HAYUTEIFHO CHIKAETCS IJIOU[ab ACCUMMIISIIMOHHONW MOBEPXHOCTH, KOPHEBas CHCTEMa MEHSIET CBOIO
Mopdosoruto [9]. HapymeHust 0OMEHHBIX IPOLIECCOB B IPUCYTCBUU HEPTSIHBIX yTIIEBOIOPOOB BBI3BIBAIOT
OKHCIIUTENBHBIA CTpECC, 33/IePKKY pocTa U JeOopMaIiio JTUCTHEB, YTO MPUBOJIUT K HEKPO3y TKaHEH H
KJIETOK pacTeHuit [24].

[TomTHOCTHIO YCTOMYUBBIX K TEXHOTEHHOMY 3arps3HEHHIO BHIOB pacTeHuit HeT. CyliecTBYyeT JUIIb
HEKOTOPBI HOPOT YYBCTBUTEIBHOCTH PACTEHHH K ONpEAEJICHHBIM KOHLEHTPALMsAM MOJUIIOTaHTa, MPH
KOTOPBIX (PU3HOIOTUIECKUE N3MEHEHNS He TIPUBOST K WX rudenu [6; 28]. CoOOTBETCTBEHHO HEOOXOIMMO
yIeNnaTh 0co00e BHUMaHHUE MOJ00PY pacTeHHid, KOTOphIe, B YaCTHOCTH, MOTYT XOPOIIO pa3BUBATHCS U
JaBaTh OOJbIIYI0 OHMOMaccy Ha 3arpsA3HEHHBIX I0YBaX, 00JaJar0T MOIIHOW KOPHEBOW CHCTEMOH,
CIOCOOHON COBMECTHO C CHMOMOTHYECKHMMH MHUKPOOPTraHM3MaMu pu3ocdepsl TpaHCHOPMHPOBATH
TOKCUYHYIO YacTh 3arpsisHenuii [1; 7; 27].

M3yueHnne OTBETHOW peaKIMM pacTeHWH Ha MEHWCTBHE Pa3HBIX 103 HE(PTH IO3BOJISET BBISIBUTH
¢axTopsl, obecneynBaOIe UX YCTOHYMBOE Pa3BUTUE, W B JAJIbHEHIIEM HCHOIB30BaTh MOIyYCHHbIE
pa3paboTke MeTonoB OA(GQGEKTHBHOW  (QUTOPEKYNbTHBAIMM TIOYB. BbIOOD

pe3ynbTarhl  MpU
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¢duTOopeMeInaTOpOB AJsl KOHKPETHBIX yYacTKOB SIBJISIETCS AMIIMPUYECKHM W OCHOBaH, Kak MPaBWJIO, Ha
pe3ynbTaTax J1abopaTOpPHBIX AKCIIEpUMEHTOB [18].

[IpopacTtanue ceMsiH — OHO U3 HanOoJee BayKHBIX HAMPaBJICHUN )KU3HEHHOTO [TUKJIA PACTCHUMH, 32
KOTOPBIM CIIEZyeT BBIXOA W3 COCTOSHWSA MoKosi cemsH [14; 22]. Ilostomy naGopaTopHBIE METOMBI
¢duTOTECTUPOBAHUS, KaK HarOoJiee JOCTYIHbIE U SKCIIPECCHBIE, IIMPOKO UCTIONB3YIOTCS B 9KOJIOTUIECKOM
MOHUTOPHHIE, IIPU pa3paboTKe HOPMATHBOB AOIYCTHMMOI'O OCTaTOYHOI'O COACP)KaHHs HE()TEHpOLyKTOB
(HIT) B mouse [10; 13].

Iloka3zarenn u3MEHEHUs! TUHEHHOTO pocTa U OMOMAcChl PACTEHUH MPUMEHSIOTCS IPU BBIICHEHUU
YPOBHSI 3arpsi3HEHHS MOYBBl HE()THIO U YCTOWYMBOCTH CEIBCKOXO3IHCTBEHHBIX KYJIBTYp K HETaTUBHBIM
(dakTopam [8]. PacTeHus, oTHOCSIMHME K CEeMEHCTBAM 3JIaKOBbIE M 000OOBEBIC, SBIIIOTCS HamOolree
MOIXOAALUIMMHU KyJNbTypaMu Uil GUTOPEKyIbTHBAMK HedTe3arpsisHeHHBIX Tepputopuii [12; 15; 19; 21;
26]. Takum 00pa3oM, IpH OLICHKE BO3CHCTBHS HeyTe3arpsi3HEHHBIX TI0YB HAa PACTEHHs TAKKE TI0Ka3aTely,
KaK BCXOXKECTh CEMsH, W3MEHEHHUS JMHEHHOro pocTa M Omomacchl BecbMa HH(pOpMAaTUBHBI. OmHAKO
BOIPOCHl YCTOMYMBOCTH OTAEIBHBIX BHAOB PACTCHUH K HEPTIHOMY 3arpsi3HEHHIO B KOHKPETHBIX
MOYBEHHO-KJIMMAaTHUECKUX YCIOBHSIX OCTAIOTCS MPAKTUIECKH HEPEIICHHBIMH.

Lenvto dannoco uccnedosanus CTaNO WU3YUYEHHE BIMSHUS OCTAaTOYHOIO CoAep)KaHUs HeYTH U
MPOAYKTOB ee TpaHc(hopMaluy B PeKyIbTHBUPOBAHHBIX AJUTIOBUANBHBIX JICPHOBBIX TSKEIOCYTIIMHUCTBIX
(Allrc) m merkocyrnmHHCTHIX (AJlNIC) TMOYBaX HA POCT MIIEHUIBI SIPOBOW M TOpOXa IMOCEBHOTO B
XPOHUYECKOM J1ab0paTOpHOM IKCIIEPUMEHTE.

Marepuanbl U MeTOAbI Mcc/ieoBaHus. JlabopaTopHble XPOHHYECKHE BETETALMOHHBIC OIIBITHI
npoBoauiuck cornacio ['OCT P MCO 22033-2009 [2] npu Temnepatype oKpy»Karomero Bo3ayxa 19-26°C
U UCKYCCTBEHHOM OCBEILLEHUU ¢ HHTEHCUBHOCTHIO cBeTa 4000 JIk. BaaxxHOCTh MOYB NOAAEPKUBANIACH HA
ypoBHe 60% OT MOJNHOHM BiaroeMKocTU. B KkauecTBe TeCT-00BEKTOB OBLIM MCIIOJNB30BaHBI JBa BHIA
pacTeHuil: OHOCEMAIONbHOE pacTeHue — mmeHuua sposas (Triticum vulgare L.) copra «Monmsiz» u
ABYCEMsIONbHOE pacTeHre — ropox moceBHo# (Pisum sativum L.) copra «Ka3zanemy. Bexoxects ceMsiH
coctasisia 0osee 95%.

OKCIEpUMEHTHl 110  ONpENeNICHHI0 (UTOTOKCHYHOCTH BKJIIOYAIN HECKOJBKO BAPHAHTOB C
Pa3IMYHBIM OCTATOYHBIM COJIEPYKAHNEM TTOJUTFOTAHTA, B YCIOBHO PEKYJIBTUBHPOBAHHBIX MPEIBAPUTEIEHO
3arpsi3HEHHBIX cepHHUCTON HeThio SMammHCcKoTO MectopoxneHus AJlrc nu AJlnc mouBax PecrryOmmku
Tarapcran (Bapuantsl B1-B4). Kontponem (K) ciyxunia uncras, He 3arpsizHeHHas HeQThio ouBa. B xone
PEeKYJIbTUBALMM AJIS1 aKTUBU3ALUMH (U3UKO-XHMHUUECKUX M OMOJOTMYECKHX IMPOLIECCOB €XKEHEIEIbHO B
TEYEHUE 5 MeCSIeB OCYIIECTBISUIM PBHIXJIEHHE KOHTPOJBHBIX W OIBITHBIX IMOYBEHHBIX 00pasmoB. B
XPOHUYECKUX 3KCIIEPUMEHTAX, B KAU€CTBE BEreTAlMOHHBIX COCY/IOB UCIIOJIb30BAIIN INIACTUKOBBIE EMKOCTH
muametrpoM 11 cm u o6bemom 550 M. KosruecTBO MOBTOpHOCTEH B KaX10M BapuaHTe — 3. B onbITHEBIE U
KOHTPOJIbHBIE €eMKOCTH BhIcaskuBaiu 1o 10 cemsH. [locie ydera mpopociinx ceMsH YHCIIO PAaCTEHUH B
KaXJIOM CcOCyJie COKpaiaiy J1o 8. B mepByro Hellelto onbiTa eXXeIHEBHO U3MEPSITH BBICOTY pacTeHuil. Ha
14-i1 nenp mocie MOsIBIICHUS BCXOJOB B KaXKA0H €MKOCTH Ha YPOBHE MOBEPXHOCTH IMOYBHI Cpe3any 1o 4
BBIOpPAHHBIX CITy4aliHBIM 00pa3oM TecT-pacTeHHs. 3a OCTaBIIMMECS PACTCHHSIMH BEH HAOIIOJCHUS B
TeueHue 44 cyToK, OCJIe Yero X aKKypaTHO 0CBOOOKIAIH OT 3€MJTH M ONIPEAEIISUIN CYXYIO 3€JIeHYI0 Maccy
U CyXyIo Maccy kopuei [11].

Cyxylo Maccy 3€JeHBIX MPOPOCTKOB M KOpPHEW PpacTeHUH OINpenessuld IyTeM BBICYIIMBAHUS

00pasIoB B TepMOCTaTe, TEMIIEpaTypy B KOTOpoil momuepxkuBaioT Ha yposHe 100-105°C. Ilepen
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BEICYIIIMBAHUEM OIOKC C HABECKOU B3BEIIMBAIOT HA aHAJTMTUYCCKUX Becax. BrICylMBaHUE MTPOBOMAT JI0 TEX
Top, TOKa OFOKC C HABECKOM He IOCTHUTHET NOCTOSTHHOTO Beca.

Ocrarounoe conepxkanue HII B mouBax ompenensuii CONOCTaBICHUEM MOTEPh MPHU MPOKATUBAHUH
Macchl 00pa3I0B YUCTHIX U 3arpS3HCHHBIX He(ThIO TOYB. [[pokanvBaHuE TOJATOTOBICHHBIX MOYBEHHBIX
00pa3sLoB OCYIECTBIAIOCH B My(henpHoi eun “SNOL 8,2/1100” nmpu temnepatype 600°C B hapdhoposbix
TUTIIAX. BO3MOKHOCTH MCIIOJIB30BaHUS METO/1a TIOTEPh MPHU MPOKATMBAHUY, YCIOBHS IPOKATUBAHUS OBLIH

paccmoTtpens paree [3; 4]. Pacuer HII mpouzBoammcs mo ¢popmyse [3]:
n

OCH = ) (miy = M) / n,
i=1

rae OCH — macca opranndeckux coennHeHnid HeTH (B maHHOM padoTe paccMmarpuBaetcs kak HIT), miz—
ToTepsi Macchl Moce TMPOKATUBAHUS OTAEIBHOr0 00pasia HedTe3arpsa3sHeHHoONH npodbl, M, — cpeass
MOTEpsT MAacChl TMOCJE TMPOKAIMBAaHUs JAJsl KOHTPOJBHBIX 00pasnoB, N — KOJMYECTBO TOBTOPHOCTEH
(noBropHocTH 3). [lomy4eHHBIE pe3yabTaThl MOABEPraluCh CTAHAAPTHON CTATUCTHYECKOM 00paboTKe mpu
nomortnu nporpammbl OpenOffice Calc. Hccnenyembie BapuaHThl CPaBHUBAIKMCH MCHONB3Ys t-KpuTepuit
CrerogenTa. Paznuuusa npusnaBanucek 3HaduMbiMu npu P < 0,05.

PesyabTarhl M o00Cy:xIeHHe. ODKCIEPUMEHTHI IOKa3zainu, uTo B AJ[TC MOYBE HCHIBITAHHBIC

KOHHGHTpaI_II/II/I He(be{HBIX 3an5I3HeHPII>i HpaKTI/I‘ICCKI/I HC BJIMWAKT HAa BCXOXCECTh CCMAH ITIICHUIIBI (Ta6ﬂ.
1).

Tabmuma 1
BcexosxecTh ceMsiH meHMIbI M ropoxa Ha AJlTc nmouse
NPH PA3HOM OCTATOYHOM CO/IeP:KAHNU He(PTAHBIX 3arpsi3HeHM i
Coneprare Bcexoxects, %
Bapuant HIT. r/xr ITmenuna T'opox
’ 3 cyTkH 6 cyTkn 8 cyTkn 3 cyTKH 6 cyTku 8 cyTkun
K <0.05 80 95 100 5 85 100
B1 4.5 65 100 100 5 85 100
B2 8.1 85 90 100 10 80 100
B3 11.8 85 90 100 5 90 100
B4 16.9 60 90 100 15 50 100

Ha tpersu cyTku, B BapuaHTe ¢ MaKCUMAaJIbHBIM COJICp)KaHUEM TOJUTIOTaHTa, BCXOXKECTh Obllla Ha
20% HKe, yeM B KOHTpouie. Ha mecTrie CyTKM 3KCIiepuMEHTa pa3iinirsi HUBEJIUPOBAJIKCh, a K § CyTKaM
OHa BO BCEX BapHaHTax MMeJia OJJMHAKOBBIE MAKCUMAJILHO TOCTHKHUMBIE 3HaueHus. B Bapuante B4 AJltc
MOYBBI Ha 3 CyTKH BCXOXKECTh CEMsIH ObUIa B 3 pa3a BbIILE, YeM B KOHTPOJIE, HA ILIECThIE CYTKU, HA00OPOT,
Ha 35% HmKe, yeM B uncTol mouyBe. Ha 8 cyTku 3kcriepuMeHTa BO BCEX OIBITHBIX BapHaHTaX B3OININ BCE
nocaxeHHbIe pacTeHus (Tadi. 1).

B sxcniepumenTe ¢ JIeTKOCYTIIMHUCTON TTOYBOM Ha 3 cyTKM B BapuaHTax B2 n B4 BcxoxecTs cemsH
mmeHuITsl 6puta Ha 20% HIDKE, 9eM B KOHTposte (Tadi. 2). B mampHelimem, pa3mndus HUBETUPOBAINCH, a
Ha 8 CYTKM 3KCIIEpHMEHTa BCX0XKECTh CEMSH BO BceX BapuaHTax cocTasisiia 100%. B ombite Ha Allinc
MOYBE TOKCHYECKOE JIefiCTBHE MOJUTIOTaHTa B BapuanTax B2-B4 3aagep:xuBaio mpopacTaHie CeMsH Topoxa,

npu yCTpaHCHUU pa3n1/1qnﬁ MCKAY KOHTPOJIEM U ONIBITOM K 8 CyTKaM KYJIbTUBUPOBAHUA.
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Tabnuma 2
BexokecTh ceMsH miuieHnIbI 1 ropoxa Ha AJlyic mouBe
NPU PA3HOM OCTATOYHOM CO/IeP:KAHUM He(PTAHBIX 3arpsA3HEHU I
Bcxoxkects, %
Bapuant Coneparne [Tmenuna T'opox
HIT, r/xr

3 CyTKH 6 cyTKH 8 cyTku 3 cyTKH 6 cyTKH 8 cyTku
K <0.05 85 90 100 15 95 100
Bl 5.4 75 95 100 15 100 100
B2 9.7 60 90 100 15 40 100
B3 11.7 75 90 100 10 40 100
B4 21.8 60 85 100 0 50 100

AHanmu3 TUHAMUKH pocTa MIIeHHIBI Ha AJITc mouBe B BapmanTe B4 BBISBIII OCTOBEpPHOE

uHruoupyromiee Biusiaue HII B mepBrie 2 Henenu skcnepumenTa (Ha 54% Ha 6 cyTtku u Ha 35% Ha 13
cytkn) (puc. 1). Ha 6 cyTtku BererammoHHOrO 3KcnepuMeHTa Ha AJlnc mouBe B Bapmantax B2 u B4
HaOmonanoch 32% u 54% TtopMokeHue pocrta miieHuibl (puc. 2). B Bapuante B4 uHrubupyroiee
NeWCTBHE TMOJUIIOTAaHTA COXPAHAIOCh NPH YBEIWYECHHHM BPEMEHHM OKCIO3WIMH, Ha 4-6 Hememsx

AKCIIEPUMEHTa OHO COCTaBsUIo 25-38%.

Kontpons —#—Bl1 B2 B3 B4 KonTtpons ——B1 B2 B3 B4
450 450
400 400 : _
= T —
2 350 Z 350 =
£ 300 £ 300
5 g
= 250 =250
F
200 200
150 150 /
100 100 JL
50 50 7
0 T T T T 1 0 T T T T 1
0 10 20 30 40 50 0 10 20 30 40 50
Bpewms, cytku Bpewms, cyTku

Puc. 1. luramMuka pocta MIICHUIIBI
B XpOHUYECKOM dKcriepuMenTe Ha AJ[Tc mouse
IIpH pa3HOM ocTaToyHOM coaepxxannu HIT

Puc. 2. /lunamuka pocTa MIIEHUIIBI
B XPOHHUYECKOM dKcrepuMenTe Ha AJljc mouse
IPU Pa3HOM OCTaTOYHOM COZAEPKaHUH

JBynonbHOe pacTeHue Oojiee UyBCTBUTENIBHO K HedTsHOMY 3arpsizHeHHio AJlrc moussl. Tak, B
BapuanTe Bl B nepBrie 4 Hepenu dKcriepuMenTa Habmoaanock 22-32% warnbupoBanue pocra ropoxa. B
BapuanTe B2 Ha 8 cyTku skcrnio3unuu AnuHa pactenuii Obuia Ha 23%, B B3 Ha 13 cyTku Ha 28% MeHble,
yeM B KoHTpoe (puc. 3). Kak u B cirydae ¢ miennieii, B Bapuante B4 B xo/ie Bcero akCrieprMeHTa BIHSIHNE
MOJITIOTaHTa MPOSABISUIOCH B 3aMEJJIEHUH POCTA, IPH HE3HAYMTEIBbHOM YBSIAHUU U MOACHIXaHNH JINCTHEB
ropoxa Ha IOCJIeIHEH HeJene KyJIbTHBHPOBAHHA. B MepByI0 HENENI0 AKCMO3WIWY B JAHHOM BapHaHTE
JUTMHA pacTeHui Oblia Ha 44-55%, a Ha 5-6 Henene Ha 25-38% MeHbIIe, 4eM B KOHTPOJIE.

[Ipu xynpTuBHMpOBaHUM TOpoxa Ha AJ[iIc mouBe Ha BOChMBIE CYTKM B BapuaHTax Bl m B2
HaOmoanoch 26% u 49% topmoxeHue pocta pacteHuil (puc. 4). [Ipu Gornee BBEICOKOM CoepKaHHUU

noyuTroTanTa (Bapuantsl B3 n B4) nnruOupyromiee aelicTBrue Ha JIBYIOJbHBIE PACTEHUS MPOSBISUIOCH HA
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OPOTSKEHWH BCEro Mepuofa HaONMIoAeHWi, mpuueM B Bapuante B3 B wuHTepBane 22-42 cyTok
JKCIIEpUMEHTa OHO Obuto Oosee 3HAYMTENBHBIM W cocTaBisuio 44-53%. Tokcumueckoe peiicTBre
MOJUTIOTAHTA B JAHHBIX BapHaHTAaX MPUBOAMIIO K MOJCHIXAHHIO MU NMOXKEITEHHIO BEPXYIICUHBIX JINCTHEB.
IIpencraBneHHble JaHHBIE B LIETIOM KOPPEIUPYIOT C paHee MOJyYEeHHBIMU IPU KYJIbTUBUPOBAHUU OJTHO- U

JIBY/IOJIbHBIX PACTCHHUI HA 3arpsI3HEHHON He()ThIO AJUTIOBUAIILHOM JTyTroOBO# MOYBe pe3ynibTatamu [8].

Konrpony —#—Bl1 B2 B3 B4 Kontpons —#—B1 B2 B3 B4
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& 200 +
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/-
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Bpewms, cytku Bpewms, cytku
Puc. 3. lunaMuka pocta ropoxa B XpOHUYECKOM Puc. 4. lunamuka pocta ropoxa B XpOHUYECKOM
JKcnepuMenTe Ha AJITC Mo4Be MpU pa3HOM OCTaTOYHOM 9KCIEpUMeHTe Ha AJIic moYBe NMpH pa3sHOM

coxnepxxannu HIT ocTtatouHoM conepxanuu HIT

Bricokoe octaTouHOe conepkanne HeQTSHBIX YIIEBOJOPOIOB B MOYBE OKA3bIBACT BO3ACHCTBHE HE
TOJIbKO Ha MHTEHCUBHOCTH POCTa, HO U HA YPOXKaWHOCTh 3€JICHOH MaccChl, pa3BUTHE KOPHEBOHW CHCTEMBbI
pactenuii. Tak B Bapuantax B4 o0eux 1mous HaOJII0AIOCh CHIDKEHUE YPOXKaWHOCTHU 3€JICHONH OHOMACChI
NIIEHUIBI, KOTOpas B KOHIE S3KCIEPUMEHTa B JIETKOCYIJIMHUCTOW mouBe Obuta Ha 48%, a B
TSOKETOCYTIIMHUCTOM Ha 23% HIDKe, 4eM B KOHTpoJIe (puc. 5).

B skcniepumente Ha A/ljic mouBe OBUIO BBISIBICHO HAIMYKE MPSIMOM 3aBUCHMOCTH MEXIY UTMHON
pacTeHus MIIEHHIIBI U €€ 3eJIeHOH Maccol B 3aBUCUMOCTH OT A03bI ojumioTanTa (Y = 0,0008x - 0,1512 npu
3HaueHnu R? = 0.9494), nmpu oTCyTCTBUHU TaKOBOM y MIIEHUIIB HAa AJITC TOUBE 1 y TOpOXa Ha 00eNX OYBaXx.
Bonee wHTEHCHMBHOE, 4YeM B KOHTpOJIE€ HAKOIUIGHHE MAacChl KOPHEBOW CHCTEMbI MIICHHIBI ObLIO
3apernucTPUPOBAHO BO BCEX OMBITHBIX BapuaHTax Ha AJlrc u Bapuantax B1 u B4 va A ljic mouse (puc. 5).
Heo0xomuMocTh akTUBH3AIMd MacCOOOMEHHBIX TPOIIECCOB B CHCTEME MOYBA-PACTEHHE MPH BBICOKOM
conepkanuu HII B Bapuantax B4 ctumynupoBaio pa3BuTHEe KOPHEBOH CHCTEMEBI, Macca KOTOPOii Oblia B
1,9-2,0 pa3a GoJbiie, yeM B koHTposie. CieyeT OTMETUTh, YTO KOPHEBAsi CHCTEMA MIIECHHUIIBI B OMBITHBIX
BapHUaHTax MMeJia MeHee Pa3BeTBICHHYIO, YeM B KOHTpoOJIE, Oojiee TOHKYIO U AJITHHHYI0, YeM-TO TOXO0XKYIO

Ha CTEPHEBYIO CTPYKTYpY.
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Puc. 6. Bnustaue octarounoro conepxanus HIT
Ha ypOKaHOCTb CyXOM 3eJICHOM MaccChl U pa3BUTHE
KOPHEBOM CHCTEMBI TOpOXa BBIPOCILIETO
Ha QJTIOBHAJIBHOM IEPHOBOH ITOYBE PA3HOTO
TPaHyJIOMETPHYECKOTO COCTaBa

Puc. 5. Businue ocratounoro coxaepxanus HIT
Ha ypOXalHOCTh CyXOH 3eJIEHON Macchl U pa3BUTHE
KOPHEBOW CUCTEMBI IIIEHUIbI BBIPOCUICH
HAa aJUTIOBHANBHOM JEPHOBOH MOYBE Pa3HOrO
TrpaHyJIOMETPUIECKOTO COCTaBa

B xpoHndeckux skcnepuMeHTax ¢ ropoxoM, B Bapuantax B3—B4 na AJlrc u Bapuantax B2-B4 na
AJliic moyBax YpOXalWHOCTh 3€JIEHOW Macchl OblIa JOCTOBEpHO HIDKE, YeM B KOHTposie (puc. 6).
KynbTuBHpOBaHUE IBYNOJIHBIX PACTCHUN Ha TSHXKEJIOCYTIIMHUCTOM MouBe, coaeprkaniei go 8.1 r/xr HII,
CTUMYJIMPOBAJIO Pa3BUTHE KOPHEBON CUCTEMBI, IPU OTCYTCTBUH OTPHULIATEIILHOTO BIUSHUS 00JIee BBICOKUX
KOHIICHTpaIuil MoJUTIoTanTa. Bo Bcex ombITHRIX BapuaHTax Ha AJlc mouBe, Macca KOPHEBOW CHUCTEMBI
ropoxa Obu1a Ha 9-36% MeHbIe YyeM B KoHTposie. KopHeBas cucteMa ropoxa B OIBITHBIX BApHAHTaxX UMela
JOCTaTOYHO Pa3BUTYIO CTEOJIeBYI0 KOpPHEBYIO cuctemy. Ilo Mepe pocta conepxanuss HII B mouse
Ha0JI01aI0Ch YMEHBIUICHNE TOJNILIMHB OCHOBHOT'O KOPHS IPU YBEIMYEHUH ero JUIMHBL. CONoCTaBlIeHHE
MOJYYEHHBIX JIaHHBIX MOKA3aJl0, YTO MHTEHCHBHOCTh METAa0OIM3Ma IMOJUTIOTAHTa B XOJIC BBIPAIIMBAHUS
ONPEAETUIOCh €ro KOHLEHTpalued B Cpele, XapaKTEpUCTUKAaMHU IIOYBBI, CBOWCTBAMH pPAaCTEHUH.
BripamuBanue nieHuIsl Ha AJ[TC ouBe MPUBENO K CHIDKEHUIO COAEP)KAaHUS MOJITIOTaHTa B BapHaHTax
B2 u B3, B A/lnc nouse, B Bapuantax B2-B4. [Ipu kynpTuBHpOoBaHUM ropoxa Ha AJITC mouBe CHU)KEHHE

conepxanusi HIT nHaGmomanock B Bapuantax B2 u B3, na AJlnc B Bapuantax Bl u B4 (Ta6u. 3).

Tabmuua 3
OTtHocuTebHOE ocTaTo4Hoe coaepkanue HII B onbITHBIX BapuaHTax
AJLUII0BHAJILHOM ICPHOBOI II0YBHI N0C/1¢ BLIPAIMBAHUSA MIIEHUIBI H TOPOXa
(% oT ucxoaHoOroO)
TecT-00BeKT
Bapuant ITmenuua T'opox
AJlltc AJlyic AJlltc AJljic
Bl 100% 90% 100% 63%
B2 74% 63% 83% 100%
B3 69% 64% 84% 95%
B4 98% 79% 100% 79%

Oco0EeHHOCTBIO UCTIONIF30BAHHOM B paboTe AJlJIc IOUBBI 0OKa3anock npeodiajanne B Hell YeTHBIX H-

AJIKAHOB HaJl HCYCTHbIMU, C MAKCUMYMOM HUX COACPIKAHUA B CpCHHCMOHCKYHﬁpHOﬁ obmacTtu (C14 - Cze),

YTO pacCMaTPUBAETCs KakK JOBOJILHO pelikoe siBneHue B reochepe [10].
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BrrneykasanHasi 0OCOOCHHOCTh TOYBBI, CIOCOOHOCTh TOpOXa aKTHBU3UPOBATH [OYBEHHBIC
MHUKPOOHOJIOTMYECKHE IIPOLIECCHI, BEPOSITHO, SBWINCh IPUYMHOW HAOMIOJaeMbIX OTJIMYUH B
3¢ PEKTUBHOCTH AECTPYKIMM NOJIIOTaHTa B AJlJc mouBax B BapWaHTax C pPa3HBIM HCXOTHBIM
conepxkanuem HIL.

BriBoabl. Bricokoe octatouHoe copepxkanne HII B pexylIbTHBHPOBAaHHOI NOYBE MPUBOAWIO K
YBEITMUEHUIO BpPEMEHM NPOPACTaHUS CEMsH, MPH OTCYTCTBHUHM BIHUSHHMS Ha HMX BCXOXecTb. [lpu
BBIpAIMBAHUN TIIICHUIHI HA PEKyIbTUBHpOBaHHON AJ[TC mouBe Tokcmueckoe neiicteue HII mposnsmocs
TOJIbKO HA PaHHUX 3TallaX Pa3BHTHUS PacTEHHH MPU OCTATOYHOM COAEp)KaHHM HosuTioTanTta 16,9 r/kr. B
Bapuante AJljic mouBsl, comeprxaniieit 21,8 /KT MoUTIOTaHTa, TOPMOKEHHE POCTa PACTCHUN IIIECHUITBI
HaOJII0ANoCh B XOJ€ BCEro dKcrepuMeHTa. [Ipu BbIpamyBaHiM ropoxa Ha 3arpssHeHHol AJlTc mouse
conepxanmieit HII B xonmenTpanmnu 16,9 r/kr, Ha AJlnc mouse comepskaBmiei 11,7 r/Kr w BBIIE Ha
NPOTSHKEHUM BCETO DKCIEPUMEHTa HaONIONANoCh TOPMOXKEHHE pPOCTa PACTEHHUH, C TEHICHIUEH
YBEJINYEHHSI TOKCHYIECKOTO0 3 (eKTa K KOHILY SKCIIEPUMEHTA.

Hedtsnbie 3arps3Henust B KoHIeHTpamu 10 11-12 1/Kr B peKyJIbTUBUPOBAHHOW aJTIOBUAILHON
JIEPHOBOM TSDKEIO- U JIETKOCYTNIMHACTOM MOYBaX HE OKa3bIBAIOT BIUSIHHUE HA YPOXKAIHOCTD 3€JIEHOM MacChl
NIICHUIBI.

OcrartouyHoe conepkaHue He(TSHBIX 3arps3HEHUA B aJUTFOBHALHOW JEPHOBOM mousBe 9,7 T/KT U
BBIIlIE HHTUOUPYET POCT paCTeHUH TOpoXa, MPUBOAUT K CHIDKEHUIO YPOXKANHOCTH 3€JIEHOM MacChl.

KynpruBrpoBaHWe MIIEHUIBI W TOpPOXa B BapHWaHTaX, coiepxkaBmmx B AJlrc moue 16,9 r/kr
MOJUTIOTAHTA, IPUBOUIO K 23 1 59% CHIKEHHIO YPOKalHOCTH 3€JI€HOM Macchl pacTeHui, B AJlic mouse
IIPY OCTATOYHOM cOJepKaHuu HedrenpoxykToB 21,8 I/Kr cHIKeHHe ypoxaiHocTH cocTaBuino 48% u 53%,
COOTBETCTBEHHO. IIpUCYyTCTBHE MOJUIIOTaHTA B IIOYBE NPUBOAWIO K U3MEHEHMIO CTPYKTYpPbl KOPHEBOU
CHCTEMBbI BBIPALIMBAEMBIX PACTCHUH.

OddexkTuBHOCTh OKHUCIeHUsT HE(PTSHBIX 3arpsa3HEHHH TpU  BBIPAIMBAHWU pACTCHUH Ha
PEKYJIBTUBUPOBAHHON AJUTFOBHAJIBHOM AEPHOBOM ITOYBE HE MPEBBIMAET 37% U onpenenseTca MX HCXOJHON
KOH].[eHTpaHHeﬁ. O,Z[HO' 1 IBYAOJIbHBIC KYJIBTYPHBIC paCTCHUA IIPU KYJIbTUBUPOBAHUUN HA TAXKEIIBIX ITOYBAX
Oonee ycroWumBbl K oTpunarenbHomy neiictButo HII. Ilomy4yeHHesle aaHHBIE NOKAa3bIBAIOT, YTO B
CPaBHEHHUU C MIIEHUIIEH, BYJOILHOE PacTEHHE TOPOX MOCEBHOI Oojiee YyBCTBUTENIBHO K MPUCYTCTBUIO

HII B peky1bTUBUPOBAHHOMN MTOYBE.
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Abstract. The most widespread soils in the
Republic of Azerbaijan are mountain-meadow
soils. The aim of the research was a comprehensive
and comparative study of morphodiagnostic
parameters, physical and chemical properties, as
well as the biochemical activity of natural and
anthropogenically modified biogeocenoses of the
Kedabey region. The area has unique flora and
fauna. Surroundings of the villages Gara Murad,
Kichik Garamurad, Saratovka and others were
investigated. The research was carried out on
virgin and cultivated lands in villages. The degree
of mineralization of the rivers Zayamchay and
Chekhrichay ranges from 140 to 430 mg. The
groundwater level in these areas exceeds 2 m,
salinization processes are active. A herbarium was
collected and the floristic composition of natural
cenoses was determined. Invertebrates were also
collected and the dominant composition of the
fauna of natural cenoses was determined. Of the
saprophages in these biocenoses, woodlice of the
genus Hemilepisthus and Armadillidium are
widely used. The most intensive decomposition of
the remains of cereal vegetation is observed in the
soil of the coastal strip (65.9%). In the natural
cenosis, the rate of destruction of saltwort and salt-
tolerant grass vegetation reaches 44.3%. The main
role in the destruction of plant remains is played by
a group of saprphages, which actively use plant
litter. The decomposing material reaches its final
stage of microbiological transformation. The
duration and amount of CO2 in different soil
horizons were also studied. It has been established
that with increasing depth, the amount of carbon
dioxide decreases. The hydrolytic activity of
invertase and urease enzymes in the studied soils
can be assessed as very weak. Comparative results
of all these agrochemical studies helped to develop
virgin soils in agriculture on the plains and achieve
high productivity.

Keywords: humification, decomposition,
chemical parameters, classification, salinization,
invertebrates.
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Annoranusi. Hambomee pacnpocTpaHeHHBIMH IIOYBAMH B
Azepbaiimkanckoit PecriyOnmke SBISIOTCSI TOPHO-JYTOBBIC
noyBbl. llenpr0 MCCIENIOBAHMN CTalO0 KOMILIEKCHOE U
CPaBHHUTEIBHOE N3ydEeHUE MOp(OANArHOCTHIECKUX
napaMeTpoB, (HU3MKO-XMMHYECKHX CBOHCTB a Takxke
OroXMMHIecKon AKTHUBHOCTH €CTECTBEHHBIX u
aHTPOIIOreHHO M3MEHEHHBIX OuoreoneHo3oB Kenabeiickoro
paiiona. PaiioH umeer yHHKanbHYIO (Jopy U QayHy. beun
ucciefioBaHbl okpectHocTH cen I'apa Mypan, Kuunk
l'apamypan, CapatoBka u apyrue. HccnemoBaHus
MPOBOJIMIIMCH HA IEIMHHBIX M 00padaThiBaeMbIX 3eMIISX B
cenax. CreneHb MUHepanu3aluu pek 3asmuaidl u Yexpuuait
komebnercs ot 140 mo 430 Mr. YpoBeHb IPYHTOBBIX BOJ B
3THX palOHaX MPEBHIIAET 2 M, IPOIECCH 3aCOJICHUS HIYT
aktmBHO. bpm1  cobOpan  repbapuit  m  ompenelncH
(ItoprCTHYECKHI COCTaB MPUPOAHBIX [IEHO30B. Taroke OblIn
coOpaHbl OECIIO3BOHOYHBIE M OMNPECICH JOMHHUPYIONTUH
cocraB (hayHbI IPUPOIHBIX IEHO30B. 13 campodaros Ha 3TUX
OuorieHO3aX  IIMPOKOE  PACHpOCTpPaHCHHE  MOIYUHIN
Mokpuibsl pona Hemilepisthus, Armadillidium. Haubonee
HMHTEHCUBHOE pas3ioxxeHue OCTaTKOB 3J1aKOBOM
PacTUTENFHOCTH OTMEYAeTCs B TI0YBE MPUOPEKHON TTOIOCHI
(65,9%). Ha ecTecTBEeHHOM II€HO3¢ TEMIBI JECTPYKIIUH
COJISIHKOBBII u COJIEYyCTONYUBOM 3J1aKOBOI
pactutensHOCTRIO  gocturaetr 44,3%. B gectpyxkimm
pPacTHTEJIFHBIX OCTATKOB TIJIAaBHYIO pPOJIb WIpaeT TIpyIa
canpdaroB, KOTOpbIE aKTUBHO HCIHOJNB3YIOT PACTHTEIHHBIN
onaa. PaznoxuBmumiics wMaTtepuan  JAOCTUraeT  CBOEH
KOHEYHOW CTaJiil MHKPOOHMOJIOTMYECKOTO IIPEBPAIICHUS.
Taxxe H3y4Jaauch NPOJOKUTENBHOCTE U KonudecTBo CO» B
pa3sHBIX TOPH30HTaX IMOYBBL. ~ YCTAaHOBIEHO, 4HYTO C
YBEJIMYEHHEM TIyOMHBI KOJIMYECTBO YTJIEKHCIIOTO Ta3a
yMeHbmaercs. [ MIpOIUTHYECKYI0 aKTHMBHOCTh (hepMeHTOB
WHBEPTa3bl U ypeas3bl B U3y4aeMbIX IMOYBAX MOXKHO OIICHUTH
Kak o4eHb cialbyro. CpaBHUTEIBHBIE PE3YNIBTAThl BCEX 3THUX
arpOXMMHYECKUX  HCCIEJOBAaHMH  TOMOIJM  OCBOMTH
LEJMHHBIC TI0YBBI B 3eMJICJENIMM Ha PaBHUHAX U JOOUTHCS
BBICOKOI POJTYyKTUBHOCTH.
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Introduction. Azerbaijan possesses 9 of 11 world climatic zones, which are characterized by the
development of unique and endemic soil types [1; 9; 11].

The meadow soil type was first studied in 1908 in Central Asia. The formation of mountain meadow
soils is mainly on lyos rocks [8; 10].

The latitude and longitude of the study area is in this range E 45° 0'-47° 08' N41° 17'-400 19'. Average
annual humidity 75%, annual precipitation 600-900 mm. The average annual wind speed is 2.2 m/s [9].
Possible evaporation occurs at a distance of 1169-1119 mm from the surface of the coating. From April to
November, there is more evaporation than precipitation, and the soil during this period experiences a lack
of moisture. The groundwater level is deep [20].

Experimental part. Gadabay has its unique flora and fauna. Studies were carried out in the villages
of Gara Murad, Saratovka, Slavyanka, Kichik Garamurad and river valleys (in 2017-2019 years).
Herbarium materials were collected and the floristic composition was determined, soil samples were also
taken from cuts up to 1.80 meters deep for laboratory analysis. In order to highlight the important role of
vegetation in the process of soil formation and especially in the formation of humus, the surface
phytocomplex and root mass of plants were determined in different seasons of the year. The amount of
phytomass was determined once a year during the period of maximum vegetation development (end of
May). The determination of the aerial parts of plants was collected 5 times in repetition from 1 m? of area.
The grass was cut 2 cm above the soil surface, sunflowers and grapes were harvested, dried in the open air,
and then the dry weight was determined. The number of plant species prevailing in the collected herbarium
materials was determined. There is no forest cover in the river basin. Water samples were taken with a
bathometer in the part of the river Zayamchay, Cehrichay passing through the study area, mineralization
and quality analyzes were carried out in the laboratory to determine their suitable for irrigation [21]. Both
of them a stormy and abounding river. At each selected site, soil sections were laid down to the depth of
the parent rock. In quiet sections, samples were taken for soil analysis (fig. 1, 2). Totally 15 land plots were
laid. Some of the physical and chemical parameters characteristics are shown in the following tables (tabl.).

Table
Average indicators of the chemical composition of the soil, %

Soil depth Humus P Na N pH SOy Ca Mg Cl
0-16 sm 3.27 0.26 2.35 0.39 7.8 1.895 0.010 0.005 0.32
16-37 sm 2.32 0.22 2.12 0.23 7.9 2.394 0.008 '
37-58 sm 1.81 0.20 2.97 0.37 7.5 ' 0.002
58-77 sm 1.17 0.13 2.13 0.21 7.4 0.167 0.012 ' 04
77-118 sm 0.68 0.09 2.18 0.32 7.5 ' '
118-152 sm 0.25 0.11 3.08 0.20 7.3 1.707 0.021 0.004
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In several villages of the Gadabay region, soil samples were taken from soil crops and their physico-
chemical properties were studied. The studies were carried out in different seasons of the year both in
natural and cultivated cenosis. At the same time, the quality of river water passing through the territory of
the Gadabay region and used as irrigation water was studied [5; 7].

Gravitational analysis of water (brief and complete) — E.B. Arinushkina, water-physical properties
(hygroscopic moisture) — N.A. Kaczynski; absorbed bases — K.K. Hedroits; carbonates CaCOs and CO, —
with a calcimeter; The content of total nitrogen and humus — Tyurin's method; with pH ionometer-pH meter;
ratio C:N — CO; according to the Tolubev method [17-21].

Discussion of the results. The most intensive decomposition of the remains of cereal vegetation is
observed in the soil of the coastal strip — 65.9%. Such an intense decomposition of the substance can be
explained by sufficient aerozation of soil horizons and the active oxidization of plant residues by
atmospheric oxygen. In the natural cenosis, the destruction rate of saltwort and salt-tolerant grass vegetation
reaches 44.3% in the processing of plant residues, the main role is played by a group of saprphages
Hemilepistus woodlice, which actively drag the plant decay and the decomposed material reaches its final
stage of microbiological transformation [12-15].

Carbonization is observed along the profile, starting from the surface of 0-25 cm. The rest of the salts
and compounds were washed off the profile. Gray soils are prone to salinization. The soils of these and
other territories differ depending on the conditions of soil formation and the natural cenosis. The results of
the analysis of seasonal studies of the content of nutrients in dependent particles of irrigation water show
that a significant amount of nutrients is introduced to the fields by dependent water particles. This has a
positive effect on the fertility of irrigated lands and an increase in their productivity Saratovka, 1340 m
above sea level. 250 m east of the gorge southwest gentle undulating slope, rocky pastures [16].

Ca*? and Mg*? in mountain meadow soils gradually increases from the upper horizons 0.010-0.002%,
to the lower 0.027-0.004%. The Na* content also increases from the upper horizons of 2.27% to the lower
ones, amounting to 3.08 %. On the agrocenosis of forage plants, the content of Ca*? and Mg*? cations along
the profile is much higher than in virgin soils of the natural cenosis. The total amount of Na* and K*
increases both in the upper horizons and in the lower horizons. In mountain meadow soils of natural and
cultivated cenoses, the pH changes between 7.3-7.8.

The following chart shows the percent of humus, dry residue and total salts in mountain meadow
soils of Gadabay region (fig. 1, 2).

5
0 8-50 sm 28-50 sm

Humus 0-28 sm 50-102

Dry residue
Salts

Fig. 1. Change in the content of organic and mineral components depending on the horizon

The activity of the catalase enzyme involved in the oxidation reactions of organic residues in the soil
with sagebrush-ephemeral vegetation — 2.30 ml O./g. soil. Indicators of the enzyme invertase gradually
increase in biotopes far from populated areas and reach 3.40 mg.gluc./g.soil in 24 hour. Determination in
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soil samples of the same biotopes of the activity of another hydrotic enzyme urease involved in the
transformation of more complex compounds. if in the soil developing under saline vegetation its indicators
(in a 0-30 cm layer) vary between 0.2-0.6 mg, then in the soil under halophyte grass vegetation, the activity
of the enzyme increases to 0.4-1.1 mg NHa/g.soil in 24 hour. In general, the hydrolytic activity of invertase
and urease enzymes in the studied soils can be assessed as very weak.

Ehe activity of the enzyme was significantly influenced by the growing vegetation, the root system
of which and their remains not only improve the soil structure and aerobicity, but also enrich the soil with
organic components stimulating biochemical processes and their oxidative-hydrolytic transformation [17-
19].
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Kepabekckum 7 |

PanoH
29dobIX .
o] [ENnenn s

J Goygoll

Fig. 2. Points of soil cuts and collected phytomass in the villages of Gadabay region

From 1 kg of soil at a depth of 0-25 cm, 8.2 mg of CO; was released, at a depth of 6.8 mg of CO;
20-50 cm in 1 hour. From a characteristic sample of soil crops laid on dark mountain meadow soils, 14.6
mg/kg.h of CO, was isolated from a depth of 0-25 cm, and 11.0 mg/kg.h from a depth of 25-50 cm. In
irrigated measow soils, from a sample taken from a depth of 0-25 cm and from a depth of 25-50 cm, CO,
was released 17.6 and 11.9 mg/kg.h. As depth increases, the amount of carbon dioxide decreases.

Conclusion. River Cehrichay has 7 tributaries, the self-regulation coefficient is 0.67. The volume of
annual imports is 28.000 tons. The degree of mineralization river Zayamchay varies from 140 to 430 mg.
The waters of these rivers are irrigation waters, which are dominated by calcium carbonate. In river
sediments, the content of absorbed bases does not change in contrast. The content of Mg*? and Ca*? cations
is 4.3 mg/ekv and 9.6 mg/ekv. It was revealed that the activity of catalase in natural cenoses of the studied
soils varies between 2.03-2.80 ml Oy/g.soil, invertase 3.80-6.90 mg.gluc./g.soil and urease 2.88
mg.NHs/g.soil. A close correlation was found between soil moisture and enzymes (catalase, invertase)
respectively, for cenoses 0.59-0.84; 0.66-0.89; and 0.74-0.94; 0.67-0.98 and 0.7-0.80. Average annual
humidity 75%, annual precipitation 600-900 mm. The average annual wind speed is 2.2 m/s. Ca*? and Mg*?
in mountain meadow soils gradually increases from the upper horizons 0.010% — 0.002%, to the lower
0.027% — 0.004%. The Na* content also increases from the upper horizons of 2.27% to the lower ones,
amounting to 3.08%. On the agrocenosis of forage plants, the content of Ca*? and Mg*? cations along the
profile is much higher than in virgin soils of the natural cenosis. The total amount of Na* and K* increases
both in the upper horizons and in the lower horizons. In mountain meadow soils of natural and cultivated
cenoses, the pH changes between 7.3-7.8.

The herbarium was collected and the dominant floristic composition of natural cenosis was
determined: Vicia faba L., Taraxacum officinale F.H. Wigg., Artemisia vulgaris L., Anthemis candidissima
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Willd. ex Spreng., Veronica vulgaris Opiz, Galium tricornutum Dandy, Cynodon dactylon (L.) Pers.,
Daucus carota L., Trifolium medium L., Avena sativa L., Apium graveolens L. and others.

Invertebrates were collected and the dominant composition of the fauna of natural cenoses was
determined: Tettigonidae, Hemiptera, Cerambucidae, Tenebrionidae, Coccinellidae, Cryllidae,
Castropoda, Arachnidae, Alleculidae, Diptera, lIsopoda, Lumbricidae, Carabidae, Curculionidae,
Lepidoptera and others.

Therefore, agriculture has a positive effect on soil processes. The roots of vegetables and cereals
determine the high productivity of the aboveground mass.
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Abstract. In Russia, all the regions are initially
considered economically and socially complex
systems that develop along the path of a huge set of
conditions and processes arising in the internal and
external environment. In my opinion, these types of
processes should include limitations and resource
opportunities, various changes in society, areas of
development of the institutional area of the
formation of environmental factors, processes and
phenomena in the production of non-material, as
well as, most importantly, of a material nature. It
should be noted that the main and most important
basis of the material base studied by me is the
economic structure of the regional ecological system
of the region, which to a greater extent characterizes
stability and its ability to dynamically develop,
improve the region as a whole, and its individual
territories in particular, through the identification of
the input flow and the values and results obtained at
the output. It is important to focus attention on the
fact that all economic and ecological systems in the
process of their development at various stages of
evolution are predominantly of the inertial type,
which indicates the lack of development of a
scientifically based system characterizing these
states. In this regard, there are many global issues,
both from a scientific point of view and from a
practice-oriented direction. Thus, the author in this
article examines the issues of methodological
analysis and critical criteria explanation of the
methodology of comprehensive assessment of the
ecological state of the city of Ufa of the Republic of
Bashkortostan in its close relationship with
economic systems and structures.
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AnHoTauusa. Bce poccuiickue pernoHsl MpelCTaBICHBI
OKOHOMHYCCKH MW COIOUAJIBbHO CJIOXHBIMHU CHCTCMaMH,
KOTOPBIC MNPOXOAAT CBOC Pa3sBUTUEC IO MYTU OI'POMHOTIO
HabOpa BOZHHMKAIOUIMX BO BHYTPEHHEW M BHEIIHEW cpeie
COCTOSIHMM W mpoueccoB. K NaHHBIM THIIaM MPOLIECCOB
HEOOXOIUMO OTHECTH OTpPaHWYCHUS W  PECYPCHBIC
BO3MOJKHOCTH, pa3iIdHbIC H3MCHEHUS B COLIMyMeE, 00J1acTu
pa3BUTHA WHCTHTYIHOHAJIHHON oOMacTe (popMupOBaHHS
CpemoBBIX  (paKTOpOB, TpOLECCHl W  SABICHHUA Ha
MIPOM3BOJICTBE HEMATEPHAIBFHOTO, a TaK)Ke, YTO 0COOCHHO
BaXHO,  MarepuajbHOro  xapakrepa. Heobxoaumo
OTMETHTh, YTO OCHOBHOM M HamOojee BaKHOH OCHOBOIMA,
M3ydyaecMOH MHOK  MaTepUAILHOW  0a3bl,  sBISICTCA
9KOHOMHYECKAsI CTPYKTYpa PETHOHAIBHONW AKOJIOTMYECKON
CHCTEMBl ~ perioHa, Koropas B Oojplield  Mepe
XapakTepu3yeTr CTa0WIbHOCTh M €€ CIOCOOHOCTh K
JIMHAMHUYECKOMY Pa3BUTHIO, COBEPILIEHCTBOBAHUIO PErMOHA
B LIEJIOM, U €TI0 OTAEIBHBIX TEPPUTOPHUI B HaCTHOCTH, YEPE3
BBISIBJICHHE BXOJHOTO MOTOKa M BEJIMYHMH U PE3yJbTaToB,
MOJIYYEHHBIX Ha BbIX0/ie. BaXkHO aKIIeHTHPOBAaTh BHUMaHUE
Ha TOM, 4TO BCE SKOHOMHYECKHE U IKOJIOTUYECKHE CUCTEMBI
B TIIpOLECCEC CBOCTO pPa3BUTHA Ha PasjiMYHBIX JTanax
9BOJIIOINN HOCAT MPEUMYIIECTBEHHO XapakTep
HWHEPIMUOHHOIO THIIA, 4YTO TOBOPUT O HeﬂOCTaTOQHOﬁ
Pa3BUTOCTH Hay4YHO-000CHOBaHHOM CUCTEMBI
XapaKTepU3yIoIlled JaHHblE COCTOSHUA. B cBsizu ¢ 3TuUM
CYyIIIECTBYET MHOTO TJ00aJbHBIX BOIPOCOB, KaK ¢ HAyYHOU
TOUYKM 3pEHUs, TaK U C MPAKTUKO-OPUEHTHPOBAHHOI'O

HanpaBJICHUA. PaCCManI/IBaIOTCH BOIIPOCHI
METOAOJIOTUYECKOTI'O aHaJn3a u KPUTHYIECKOT'O
KPUTCPHUOJIOTHICCKOT'O 00BIICHEHUS METOAUKHU

KOMIUTIEKCHOHM OIIEHKH 3KOJOTHYECKOTO COCTOSHHS Topoja
Y bs1 PecriyOiinku barmkopTocTaH B ee TECHOI B3aUMOCBS3H
C SKOHOMHUYECKHMH CHCTEMaMHU B CTPYKTYPaMHU.
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The biggest industrial, scientific and cultural center of the Republic of Bashkortostan is the city of
Ufa, which bears the title of the capital of a multi-ethnical sovereign region of the Russian Federation. Also,
it should be noted that the territorial unit of the city is a unified ecological social-economic system. The
system’s functioning and evolution elements contain material criteria of a production nature, including
natural ecological resources, and also non-material criteria including the social, the institutional, and of
great importance the reputation capital [1, p. 690].

N. Kerimov considers that the model of public consumption in the process of development of a city
has formed and stabilized by the start of 21 century [2, p. 39]. The model produces a stimulating impact on
exponentially growing of using all the kind of natural resources and uneven increase in production
capacities related with a big amount of industrial waste. This behavior leads to the risk of development
global ecological problems, which in turn creates a vicious circle of systematical deterioration of natural
functioning. I think that the globalization of economic development has reached its highest point at the
moment, and the trend of its further development, along with ignoring emerging environmental issues
contribute to reducing the safe functioning of the urban territorial structure.

Environmental scientists have found that the human habitat is always accompanied by the
development of individual infrastructure specific to this particular region [3, p. 2192]. This infrastructure
barely takes into account the peculiarities of natural zones, but adjusts them to its interests and thereby
contributes to their destruction. Also, I focus attention on the fact that the interests and needs of humanity
are inversely proportional to the features of natural development and categorically contradict each other.
So, A. Kochurov cites multiple noises and vibrations excesses in an urban environment [4, p. 186]. I think,
in the first turn, this attributes to the consumer attitude to natural resources because people consider nature
as a huge storage of material resources and do not consider their destructive impact on it.

According to A. Gorshkova [5, p. 64], the reasons for that controversy are social factors, which
directly depend on the level of economic development in a region, and also the general level of education
of the population and its ego-ecological self-awareness. This antagonism of the relations arises in the
background of conflicts of interests of society and nature, it creates the direction of environmental issues
in the region, the degree of their manifestation, and territorial spread. All of this together allows us to reveal
and calculate the gradient of the intensity of the ecological situation in each particular region. Because of
all of that, I think that the search for a compromise between nature, social and industrial interests is actual.
This can bring a solution to a very varied range of regional problems.

One of the main conditions for the stable economic and ecological development of the city of Ufa is
effective and rational management of economic development at the level of the city and the region as a
whole, which will be aimed at the optimal usage of natural resources under the mandatory condition of
maintaining a favorable environmental situation, as well as improving the quality of life of society and the

development of the institutional environment [6, p. 153].
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It is highly possible to face the problem of choosing priority directions during evaluating categories
from the point of view of the economic aspect. Even though the issues of the quality of environment stay
on the high level, this leaves a lot of ambiguities in the criteria of the choice for the applied methods of
accurate assessment of natural resources and possible economic tensions, that occur in a region in the case
of ineffective usage of natural resources and also negative impacts caused increasing in city population and
the city expansion in nearby territories.

According to environmentalists, the main problem is in the complexity of evaluating the importance
of natural resources in economic criteria [7, p. 597]. This is true because all the conglomerates of the
environment ought to be evaluated not only for economic profit but also should be in the area of spiritual -
moral and ecological categories of criteria [8, p. 270].

Consequently, there is an urgent need for long-term local influence on changes in the environment,
that directly leads to the heald of every individual, to the formation of the phenomena of the variability of
ecosystem productivity. And all of this will contribute to the formation of the axiological attitude of society
to nature and natural resources.

The relevance of the study is due to the presence of contradictions in the form of the absence of
uniform, officially recognized, methodological approaches to assessing the quality of natural resources as
a human habitat. The contradictions make it difficult and often almost impossible, to account for natural
resources and the quality of a human habitat according to the same value system as the cost of production
assets or material values. And on the other hand, there is an urgent need to develop optimal relationships
between society and nature [9, p. 264].

S. Morais thinks [10, p. 233] that one of the processes, phenomena, and values evaluation criteria is
a determination of the degree of usefulness of the object under study, so in a lot of sources it says that the
value of natural resources should be evaluated from the point of their usefulness and human use. It is needed
to identify all the benefits that an individual can get by realizing specific natural resources. It also ought to
be mentioned, that in the western countries this problem studies quite detailed and it even has formed a new
direction in economic science called environmental economic. This discipline considers all the natural
values by evaluating them from the point of benefit for people and society. In my paper, I want to focus not
on the monetary equivalent of natural resources, but also want to analyze and structure all the useful
properties of natural resources.

The list of criteria for assessing the value of natural resources for society is [11, p. 11]:

— resources: the natural resources used directly in the economical and industrial process of society;

— functionals: some fundamental biospheric utilities, as well providing the existence of humanity as
a biological species;

— socially significant: these utilities are considered in the sphere of social and cultural community
factors and the environment of the existence of the social organization of mankind.

The structure of the nature-ecological landscape plays a big role in the evaluation and sustainability
of functioning different systems of economic and ecology [12, p. 3]. The organization of space in the regions
has a great significance, for the understanding of which it needs a well-developed and methodologically
fixed characteristic of the deployment of these systems. Consequently, in my opinion, such a concept as
“economical-ecological landscape” arouses great interest.

Also, to analyze the economical value of natural resources for the point of sustainability of
development, it is needed to consider the ability of natural resources to restore, as the most important feature
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of the landscape. I believe that the criterion characteristic of this assessment should be carried out according
to the scale of natural self-healing, which is correlated and scaled according to a single statistical and
analytical parametric system, which ought to be based on generally accepted methods and techniques of
standardization of landscape characteristics of natural zones [13, p. 149].

The ecological system, distinguished by the level of administrative-territorial division, is one of the
classic objects studied by environmental science. At the same time, such a narrow object of studying, in my
opinion, is too insignificant for global system analysis. But in this connection, the study of the biosphere as
a whole object is too large a structural unit, which to a greater extent characterizes the unity and hierarchy
of the entire ecological system. Thus, studying the particular landscape allows the process the evaluation
using system parametric statistical analysis with the highest effectiveness.

Consequently, in the concept of a region, we put not so much the geographical location of the object
of research, as a single system of functioning, with clear boundaries, hierarchical structure, certain
properties of functioning, and general relationships with the historical and cultural stages of the
development of society and the living conditions of the population living in these territories.

Analyzing ecological-economic parameters of an instance of a region allows us to identify a large
number of closely interconnected subsystems, structuring of which illustrates high mobility in development
and heterogeneity of the evolution of its elements. One of the key objects of the effective functioning of the
region is its population, that's the main reason that the study of the peculiarities of its functioning should be
performed in close interrelation with a variety of social factors. Regional structural components are in
nonlinear dependencies, therefore it allows us to model linear functions, both in a very complex way and
at a sufficiently low level. From the point of view of the usefulness of studying and identifying the goals of
building various models, it is necessary to identify subsystems, the joint functioning of which would make
it possible to assess the dynamics and changes in the development of the region over time to a greater extent
[14, p. 698].

It should be noted, that one the current stage of the development of humanity and society, the scales
of industrial production activities are exponentially increasing and approaching natural resources in terms
of volumes, and often exceed them. In connection with this, an economic cycle has emerged in parallel with
the biogeochemical cycle of matter and energy. Recently the growth of anthropogenic and industrial energy
flows has been noted on both local and regional levels. The volume of these flows already exceeds the
ability of natural resources to self-healing at the moment. Therefore the degree of this exceeding is the base
property that affects economic and environmental risks in the development and functioning of the region a
lot.

From the technological perspective, it's important to follow the rules of the avoidance combining
functioning with the same type of use of resources and thereby avoiding tension and overspending of the
same types of natural resources when placing various types of production at the local level.

T. Khachaturov and N. Fedorenko formulated The methodological foundations for maintaining such
a balance between implementation and restoration back in 1970. They believe that the main criterion of
rational nature management is the economy of future labor, which should follow the principle of
minimization of environmental damage during the realization of industrial production activities. This
principle also should take into account the effect of self-healing. First of all, using that approach allows the
minimization of economic and production costs for the production equivalent in volume to occur with this

formula:
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CP+ N+ C * E — minimum,
where: CP is the cost of production; N is the economical evaluation of natural resources and damage to the
environment including the deduction of self-healing effect; C is the capital investment of material assets; E
is the coefficient of the comparative efficiency of capital investments.

In the second turn, the various range of solutions for environmental and nature-stimulating measures,
where the result of measures is the increase in the economic assessment of natural resources, should be
compared regarding the maximization of the effect using the formula:

R - C * E — maximum, where: R is the result of measures.

In case of the equality of both economic and production costs for the production and the same level
of the effect of environmental and nature-stimulating measures, the optimal solution should be found using
the method of minimalization fixed assets turnover ratio upon the limited amount of capital investments
and the maximum amount of workforce productivity with limited labor resources [15, p. 317].

I believe, in such a case the main factors are sustainability and quality of economic and environmental
infrastructure. In my opinion, this meaning is a system of natural-territorial formations, involved in ensuring
the turnover of matter and energy and consisting of many such indicators as forest cover of the territory,
characteristics of the soil and its biogeocenosis, types of land use, quantitative features of the population,
productivity and types of economic activity, as well as temperature and other environmental factors.

It is extremely important to apply the systematic approach during analyzing the state of economic
and environmental infrastructure. One of its features is the approach allows estimating the optimal states of
the infrastructure for every territorial system and also to calculate the most optimal indices, which grow
during the integration and transition from one system to another, providing a high level of vertical balance.

Environmentalists believe that the basic principles of environmental management regulation should
be studied in two key aspects — socio-economic and environmental. This is primarily since when using and
realizing natural resources by one of the participants in the process, the interests of others are inevitably
affected, therefore, the issues of meeting the needs of one nature user cannot be considered in isolation from
the interests of others, regardless of the level of consumption and the quality of the resource composition
of this territory. It is also necessary to correlate these interests taking into account the long-term prospects
for their development and coexistence [16, p. 47].

The socio-economic principle provides for an even distribution of natural resources among all nature
users within the region. I believe that the initial conditions for the use of resources should be equal, but the
economic interests of all regional economic entities should also be respected.

The ecological principle, in turn, implies mandatory compliance and consideration of regulations and
standards for resource consumption, which help to regulate and maintain the integrity and sustainable
functioning of all types of ecosystems, by ensuring the preservation of the current state of the ecosystem or
improving it to the maximum possible level. This is especially important concerning the regulation of
consumption and use of water resources.

It should be noted that the production conditions on the territory of reservoirs assume certain stability
of the intake of chemicals, including macro and microelements, into the environment (human water
consumption, wastewater discharge, release of pollutants into the atmosphere, the use of fertilizers, and
plant protection products). Many authors argue that the level of real anthropogenic load on the ecological
state of aquatic ecosystems cannot change dramatically and significantly over a short time interval, since

these processes and phenomena have a certain inertial capacity, which can affect the normative quality of

|@ ® | 112




Becmuux HBI'Y. Ne 1(57) /2022 OKOJIOT A U ITPUPOAOTIOJIB30BAHME / ECOLOGY AND NATURE MANAGEMENT

water. Thus, the establishment of standards for the permissible anthropogenic load on the aquatic ecosystem
has a probabilistic characteristic. It is possible to specify the level of load that will help ensure a certain
quality of water resources, but at the same time, there is a possibility of situations when the normative water
quality cannot be fully realized, no matter how much anthropogenic impact is limited.

Based on the above, it can be concluded that the normative value of the permissible load on the
aquatic ecosystem of the region, including the city of Ufa, can be determined by two interrelated criteria:
firstly, it is a given level of the required quality of water resources, and secondly, the probability of its
improvement and stabilization at a fairly good level [17, p. 135].

Therefore, this probability is mainly determined by social (population, labor factor, standard of
living) and economic (production infrastructure, income, taxes, investments, etc.) factors, and not by the
peculiarities of the formation of water and chemical runoff from reservoirs and catchments.
In the conditions of the country and the region, concerning the aquatic ecosystem, a huge number of
problems and negative phenomena have accumulated: there is an active increase in the irrational use of
water resources, at the same time, water quality remains at a fairly low level, the risk of an environmental
catastrophe increases every year due to pollution of river basins, and in the conditions of global pollution
of the biosphere, there is no uniform international regulation of permissible harmful effects on water bodies.
At the same time, there is a reduction in funding for scientific research in the field of ecology of the aquatic
environment and nature management, and, accordingly, there is a decrease in the share of scientifically and
innovative approaches to water use. There is a complete lack of social responsibility of the population in
water use, there is no unified information base that summarizes and coordinates the actions of various
entities in the use of water resources.

In the modern world, the combination of these negative factors and phenomena, as well as the
imperfection of the environmental management system, is characterized by fragmentation and
uncontrollability. This sphere is regulated only at the level of production funds of the federal executive. A
characteristic feature of such management is extremely low efficiency and senseless duplication of
activities. Since the territories of catchment areas and reservoirs of small rivers are part of one basin of a
larger river, that is, they are a relative part of a single system, it is advisable to calculate their relative,
ranked indicators, which will allow more effectively differentiating different sections of the basin by
relative economic and environmental risk.

Displaying the information obtained in this way on the map, with its superimposition on the state of
water management balances in various areas, allows us to visually and effectively assess the level of tension
and optimal modes of functioning, both in the real state of the water management system and when using
mathematical and statistical modeling of various environmental processes and situations.
Thus, economic and environmental risk (EER) is a functional interaction of three states of the system:
impact, response (sustainable efficiency), and productivity. At the same time, the degree of impact definitely
increases the risk of system destruction, while the stability of the system absorbs the environment, and
productivity compensates for the economic component of the risk [18, p. 39].

As a result of the analysis of the methodological literature, I concluded that the basis for solving risk
management problems is often the need to develop optimal modes of functioning of the system, taking into
account the degree of destabilization of its ecological state. Therefore, for increasing the efficiency of such
management is crucial to study not so much the quantitative as the qualitative state of the system. At the
same time, the qualitative analysis of the data obtained, as well as their further synthesis into a single whole
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system, is usually reduced to their ranking by certain criteria, while the corresponding factor analysis allows
you to pair these data with the semantic characteristic of their states, which is set by special qualitative
variables. Such variables combine quantitative expressions in the form of fuzzy descriptions, for example,
“tense situation”, “satisfactory situation”, etc [19, p. 14].

Summarizing the above, the assessment of the ecological and economic situation of the city of Ufa
should be carried out in stages, with the solution of a certain task at each stage, and the results of solving
the tasks of one stage will be the basis for solving the tasks of all subsequent stages forming a shape of
pyramid [20; p. 81]. Guided by this, I identified the following stages of the research program
implementation:

Stage 1. Multidimensional analysis and study of indicators reflecting the main aspects of the work
of the natural and economic system and the allocation of the main representative parameters (parametric
statistics).

Stage 2. Variational analysis of the identified parameters aimed at studying the structure of their
distribution, the frequency of exceeding the specified criteria, which will later be used to calculate the risks
of destabilization of the ecosystem of the region and to determine the qualitative determination of the
frequency density values exceeding the normalization.

Stage 3. Factor analysis and interpretation of the obtained quantitative and qualitative characteristics
of the environmental situation in the city of Ufa.

Thus, as a result of my research, I substantiated the concept of ecological and economic development,
as well as formulated the principles of territorial assessment of the city of Ufa in complex spatially
distributed systems. Determined that economic and environmental risk (EER) is a function of three states
of the system: impact, response, and productivity. At the same time, the degree of anthropogenic impact
significantly increases the risk of destabilization of the system, the stability of the system absorbs the

environment, and productivity compensates for the economic component of the risk.
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CEJIEH B IOUBAX HAIITMOHAJBHOT'O ITAPKA « TATAHAW»
N TIOMEHCKOI'O TOCYJAPCTBEHHOI'O 3AKA3ZHUKA

Boev V.4., Sindireva A.V., Boev V.V., Burmistrova A.S.

SELENIUM IN THE SOILS OF THE TAGANAY NATIONAL PARK

AND THE TYUMEN STATE RESERVE

Annortanus. CelieH SBIIACTCS BAXHEUIITMM MHUKPO3JICMEHTOM
B OpraHU3ME pACTEHUi, KMBOTHBIX W YeEIOBeKa. B cBs3u ¢
STHUM Ba)XKHOE TEOPETUYECKOE W TPAKTHYECKOe 3HAYCHHE
UMeeT W3YYeHHE CeJIeHa B II0YBaX M PAaCTHTEIBHOCTH
HE3aTPOHYTHIX aHTPOMOTCHHBIM BO3ACHCTBHEM TEPPUTOPHIA,
KaKOBBIMH  SIBITIOTCS.  0c000  OXpaHseMBIE TPUPOJIHBIC
tepputopun (OOIIT). B kadectBe pailoHOB HCCIIEIOBAHMS
HaMu ObulM  BBIOpaHbl TIOMEHCKMI TOCYHapCTBEHHBIH
3aka3HUK ¥ HanuonanwsHeiil mapk «Taranaity. Ha mansbIx
TEPPUTOPUAX H3YUEHO BAJIOBOE COJAEp)KaHHE CeJieHa B
BepxHeM ropuzoHTe mouB (0-20 cm.). AHanM3 colep>KaHus
celieHa B PAacTeHMAX MNpoBoawica B HanumoHanbHOM mapke
«Taranait» mo TpéMm Hambojee pacHpOCTPAaHEHHBIM Ha
TEPPUTOPUU HCCIICAOBAHUS BUAAM PACTEHHH TPaBSHHCTOTO
spyca — BeiiHuk TpoctHUKOBbIN (Calamagrostis arundinacea),
kucnuna obsikHoBeHHas (Oxalis acetosella L.), uepuuka
obbikHOBeHHast (Vaccinium myrtillus L.). Pactenus Obuiu
oTOOpaHbl Ha TeX JK€ YydYacTKaX, 4YT0 W TMpOoOBI IIOYB.
CopepxaHue celieHa B TOYBE M PACTEHHUSIX OIPEIENAIN B
¢umnane ®PI'BY «IIJIATHU nmo YDO» no TromeHckoi obmactu
METOJIOM CHEKTPOMETPUM C MHIYKTHUBHO CBA3aHHOMU IIIa3MOU
¢ moMoIeio crekrpometpa «Varian 720 — ES». Hecmotpst Ha
3HAUUTENbHBIE OMOTCOXUMHUECKHE OTJIUYHUS HCCIIETyEMbBIX
OOIIT, conepxaHue celeHa B MOYBaX H3YyYEHHBIX
TEPPUTOPUH CYIIECTBEHHO HE OTIMYACTCA M COCTABILIET OT
0,01 mo 0,09 mr/kr, mpu cpennux 3HaueHHsx 0,05+0,02 u
0,062+0,02 MI/Kr COOTBETCTBEHHO B ouBax HarmoHaabHOTO
nmapka «Taramait» w TrOMEHCKOTO TOCYZapCTBEHHOTO
3akazHuka. Hccnegyempie mouBsl  OOIIT  sBastorcs
CeNeHOIEPUIUTHBIMI. DTO, BO3MOXKHO, SIBISIETCSI OJHOM M3
NPUYMH HEJOCTaTKa CeJieHa B CHUCTEME II0YBa—pacTeHHeE.
BanoBoe coxmepkaHMe ~celeHa  HMMeEeT  BBIPAKEHHYIO
B3aMMOCBS3b C COJIEPKAHNEM TyMyca B MOYBax TIOMEHCKOIO
TOCY/IapCTBEHHOTO 3aKa3HUKAa M C YPOBHEM KHCIOTHOCTH B
nmouBax HammonanmeHOoTOo mapka «Taranail. ConepkaHue
CelicHa B TPAaBSHUCTBIX pacTeHMsX HarwmoHambHOTO mapka
«Taranait» koneOnercs B HE3HAYUTEIBHBIX TIpeAenax M
JIOCTOBEPHO HE Pa3JIn4aeTCs, KaK 110 BUIOBOMY COCTaBY, TaK H
OT  TPUYPOYCHHOCTH K  (YHKIHOHAIBHBIM  30HAM.
O0001ICHHOE COJIePKAHUE CEICHA B PACTCHUSIX HAXOIHUTCS Ha
HIDKHeH rpanunne odecnedenHoctH (0,051-0,054 mr/kr cyxoro
BemecTBa). COryacHO  PacCYWTaHHOMY — KOX(DPHUIHEHTY
MOTJIONICHNUS JaHHBIE PACTEHHS 10 HAKOIUIEHUIO CeJIeHa
OTHOCATCS K rpynmnaM ciaboro 3axBata. Huskoe comepkaHue
CelleHa B HCCIEAyeMbIX pacTeHHsx HarmoHaipHOrO mapka

Abstract. Selenium is the most important trace
element in the body of plants, animals and humans.
In this regard, the study of selenium in soils and
vegetation of territories unaffected by anthropogenic
impact, which are specially protected natural
territories (protected areas), is of great theoretical
and practical importance. The Tyumen State Nature
Reserve and the Taganay National Park were chosen
as the study areas. In these territories, the gross
content of selenium in the upper horizon of soils (0-
20 cm) was studied. The analysis of selenium
content in plants was carried out in the Taganay
National Park for the three most common plant
species of the herbaceous tier in the study area —
cane vine (Calamagrostis arundinacea), common
sour (Oxalis acetosella L.), common blueberry
(Vaccinium myrtillus L). The plants were selected at
the same sites as the soil samples. The selenium
content in soil and plants was determined in the
branch of FSBI “TsLATI in the Ufa region” in the
Tyumen region by inductively coupled plasma
spectrometry using a Varian 720 — ES spectrometer.
Despite the significant biogeochemical differences
of the studied protected areas, the selenium content
in the soils of the studied territories does not differ
significantly and ranges from 0.01 to 0.09 mg/kg,
with average values of 0.05+0.02 and 0.062+0.02
mg/kg, respectively, in the soils of the Taganay
National Park and the Tyumen State Reserve. The
studied soils of protected areas are selenium-
deficient. This may be one of the reasons for the lack
of selenium in the soil-plant system. The total
content of selenium has a pronounced relationship
with the humus content in the soils of the Tyumen
State Reserve and with the level of acidity in the
soils of the Taganay National Park. The selenium
content in the most common herbaceous plants of
the Taganay National Park varies within
insignificant limits and does not differ significantly,
both in species composition and in relation to
functional zones. The generalized selenium content
in plants is at the lower limit of availability (0.051-
0.054 mg/kg of dry matter). According to the
calculated absorption coefficient, these plants for the
accumulation of selenium belong to groups of weak
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capture. The low content of selenium in the studied
plants of the Taganay National Park is associated
with a shortage of this gross content of the element
in soils and, apparently, with a low content of its
water-soluble forms.
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organic carbon content, Tyumen State Nature
Reserve, Taganay National Park
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Beenenne. CeneH sBisieTcs 3JI€MEHTOM, HEOOXOAMMBIM >KUBOTHBIM U YENIOBEKY, B OpraHHU3ME
KOTOPBIX OH TPHCYTCTBYEeT B cCOCTaBe OEJIKOB, aMHUHOKHCIOT, OKHCIHTEIHFHO-BOCCTAHOBHTEIBHBIX
(bepMeHTax U ydacTBYET BO MHOTHX OHOXHMHYECKHUX mporieccax [4; 7; 10; 12; 17].

BrisiBrieHBI TPOSIBIICHUS IeUINTA CEIeHa B OPTaHU3ME JKUBOTHBIX, KOTOPBIE BHIPAKAIOTCS TAKUMHU
3a00JIeBaHMSAME KaK 3KCCYJaTHBHBIM AMaTe3 JAOMAallHed NTHLBI, OeJoMblIlIedHas OOJIe3Hb KPYIHOTO
poraroro ckota. CieJlyeT OTMETUTh, YTO BOSHUKHOBEHHE ITHX 3a00JI€BaHUI CTAHOBUTCSI BO3MOKHBIM TIPH
KOHIIEHTpAIiK ceyeHa B rmouBax B mpenenax 0,05-0,1 mr/kr [1]. OOb9HO conep)kaHue CelleHa B IMOYBax
(hOHOBBIX TEPPUTOPHIT HEBEIMKO, €TI0 CPEIHEE COoJIepKaHue B TIOUBAX 3¢MHOTO 1mapa coctasisieT 0,40 Mr/kr
[12].

B pacrenusix ceneH mpelcTaBIeH CEIeHOCOEPKAIIMMU aMHHOKUCIIOTAMH, a TaKKe MPOAYKTaMu
METHJIMPOBAaHUs CelieHa, KPOME TOr0 OH 3aMellaeT cepy B aMUHOKHCIOTAaX B psne OMOXMMHUYECKHX
nporieccoB. CeJieH sIBISIETCS OJHUM M3 BXHEHIINX MHKPOAJIIEMEHTOB B Opranusme denoBeka. OH uMeeT
Oonplioe 3HadeHue s (PyHKIMOHMPOBAHMS MMMYHHOM M aHTHOKCHIAHTHOW cucteM. HemoctarouHoe
KOJIMYECTBO CeJieHa B pAalMOHE 4YeJIOBeKa CIOCOOCTBYET BO3HHKHOBEHHIO 0Oose3nn KemraHa
(kapauomMuonaTuM), M3MEHEHHIO TpyOuaThix Kocteil (Oone3nr Kemana-beka). Taxke nposBieHneM
HEJIOCTaTKa MHUKPOAJIEMEHTa SIBIISIETCSl HEKPO3 IIEYCHH, MOpPAKEHHE KHUIIECYHUKA W TIO0JPKEITyIOYHON
JKeJle3bl, KaTapakTa, 00JIe3HN KOXXU U Bojoc. OHAKO BBICOKHE O3B CEJIeHa SIBJISIOTCS KaHIEPOT€HHBIMHU
JUISL OPraHU3Ma YeJIOBEKa, BBI3BIBAIOT CTPYKTYPHbIE M METaOOMMUECKIEe U3MEHEHUS B OPraHaX M TKaHIX
JKUBOTHBIX, CIIOCOOCTBYIOT Pa3BUTHIO HEXEJIATENbHBIX MyTAIli U OKUCIUTEILHOTO CTPECCa B OpraHu3Me
[5;9; 12].

B Hacrosiimee Bpemsi B psific CTpaH MPOBOJAATCS MAacIITaOHBIE MCCIEIOBAHUS C LENBI0 M3YYCHUS
COJICPKaHUS U JICHCTBUS CelicHa B CUCTEMe MOYBa — pacTeHUe — )KuUBOTHOE (denosek) [1; 7; 10; 12; 17; 22].

OJIHI/IM U3 TIPHOPUTCTHBIX HaHpaBJIeHI/Iﬁ I/ICCJICIIOBaHI/Iﬁ SABIACTCA YCTAHOBJICHUEC KPHUTHYCCKHUX U
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ONTUMAJIbHBIX KOHLEHTPAUH MHKpOIJIEMEHTa B OOBEKTAX OKPYKAIOIIEH Cpenbl ¢ HEeNbl0 KOPPEKLIUH
ceneno3oB [7; 1; 17; 19]. OnHako aHTPOIOreHHOE BO3ACHCTBHE HA MTOYBBI MOXKET CYIIECTBEHHO H3MEHHUTH
CCJICHOBBIA cTaryc Tteppuropun [22-26]. B cBsi3u ¢ 3THM 0COOYI0 aKTyaJIbHOCTh IPHOOPETAOT
rccienoBanns Ha (DOHOBBIX y4acTKaX, B YACTHOCTH, Ha 0CO00 OXpaHAEMBIX MPUPOIHBIX TEPPUTOPHIX. B
JaHHBIX YCJIOBHUAX aHTPOIOI€HHOE BO3JEMCTBHE MHHHMANBHO, 3TO JAET BO3MOKHOCTH HCIIOJIb30BaTh
MOJTydYeHHbIE JaHHbIE B KAYECTBE PErHOHAIHHOrO (JOHA MPH MPOBECHNH MOHUTOPHUHTA WM B Ka4eCTBE
(OHOBOTO COAEP)KAaHUS MHUKPOAJIEMEHTOB, B YAaCTHOCTH, CEJIEHA, NMPH SKOJOTHYECKOM HOPMHPOBAHHUHU.
Bo3MOXXHO Takke HCIIONIb30BaHUE IONYYEHHBIX TAHHBIX TPHU BBIABICHUH (DaKTOPOB, OMPEHEIISIOIIINX
KOHIEHTPALUIO CEeJIEHa B [TOYBAX C yUETOM KOHKPETHBIX 3KOJIOTHYECKHUX YCIOBHUI.

Lenvio nacmoswe2o ucciedosanus SBISETCA OIEHKA CONEP)KaHWS CeJIeHa B CHCTEME II04YBa-
pacTeHHe W BBISBICHHE CBS3M C (pakTopamu, ONMpENeNSIONIMMU €r0 COACp)KaHHWe, Ha MpUMeEpe 0co0o
oxpaHseMbIX TpupoaHbIX Tepputopuit (OOIIT).

JKcnepuMeHTANbHAsA 4acTh. [IpuBeleHHBIE B MyOJMKAalMU PE3YNbTAThl SIBISIOTCS YaCThIO
HCCIEAOBAHUM, TPOBOAUMBIX B paMkax rpaHta POOU «MeTomonaorus UCHOIb30BaHUS UHTErPaIbHOTO
MOX0Ja K HOPMHPOBAHHUIO ACHCTBUS MHKPOIEMEHTOB B CHCTEME IOYBa-pacTEHHE-)KMBOTHOE MJIs
pa3paboTKu HayYHO-000CHOBAHHOM PO MIIAKTHKE MUKPORJIEMEHTO30B B pernoHax Poccnn 1 MoHTOITUIY
W U3y4YeHHUs] OMOIOTHYECKOT0 KPYTrOBOPOTa MaKpO- M MUKPOAJIEMEHTOB B OHMOLIEHO3aX JIECOB MOATACKHON
somsI [5; 19].

UccnenoBanusi Mo OIGHKE CONEPXKAHUS CeJeHA MPOBOJIIIUCH B JIBYX Pa3IMYHBIX MO (DU3UKO-
reorpaduyeckoi XxapakTepucTrke u sxonorundeckum ycnosusiMm OOIIT — TromeHcKkoro rocyapcTBEHHOTO
3aka3Huka 1 HanmonansHoro nmapka «Taranait». TIOMEHCKUI rOCYAApCTBEHHBIN 3aKa3HUK PACIIONIOXKEH B
npenenax HmxaeraBmuHCKoTO paiiona TroMeHcKko# 0bmacTh, B 10r0-3anagHoi yactu 3anaano-Cuoupckoi
HU3MEHHOCTH, B cCUCTeMe TapMaHCKOTo, 03epHO-00JIOTHOTO MacCcHBa, B MEXKIYpeUbe CPEIHETO TEUCHUS
pex Taenet 1 Typel. Teppuropus dheaepanbHOTO 3aKa3HUKA MPEICTABICHA MTOJOTOBOTHUCTON PaBHHHOWM,
MTOCTETIEHHO TOHMKAOIIIEHCS B FO)KHOM HAIPaBIIEHUH, C a0COIIOTHO BRICOTOH B npeaenax ot 60 mo 100 m.
IToBepXHOCTH paBHMHBI 3HAUYNTEIHHO 3a03epeHa u 3abomnouena [5; 21].

lNocnoncTByrommMy ManamadpTaMu SBISIOTCS TOJIOTOBOIHUCTHIE PABHUHBI C COCHOBO-0€PE30BEIMU
1 Oepe30BbIMHM TMapKOBBIMH TPAaBAHBIMH JIECAMH Ha JIEPHOBO-TIOJ30JIUCTHIX MHOTOTYMYCHBIX ITOYBax
mpaBoOepexbsi TaBAbpl W JTOCTATOYHO JPEHUPOBAHHBIE BHICOKHE MEXAypeuHble paBHUHBL [lmomans
3aka3nuka 54025 ra (sreconokpbithie —30000 ra, Boaubiit oy — 18845 ra). Haubosblnyto miormiaas B
3aKa3HUKE 3aHUMAIOT Jieca (46,1 %), a Tarxke pa3nuyHble THITH 00J10T 1 BogoeMsr (40,8%). Ha oTkpsiThIe
U CyXOJIOJbHBIE MPOCTPAHCTBA, BKIIIOYAIONIME B ce0sl BO3JIE/IbIBAEMBIC YEIOBEKOM XJIeOHBIE KOPMOBEIC
TIOJISA, a TAKXKE €CTECTBEHHBIE pa3HOTpaBHbIE Myra, npuxoautcs Bcerol0,2% ero obmelt miomaan (Tadi.
1). HanmonasbHbii napk «Taranait» pacroyioxkeH B 3anaHoit yactu Yensiounckoii oomacty, B 130 kM oT
00JIaCTHOTO LIEHTpa U IpuMbIKaeT K rpanuie EBpomnsl ¢ Asueit. Tepputopus OOIIT oxBaTsiBaeT CEeBEpHYIO
YacTh CPEJHEBBICOTHBIX TOPHBIX XpeOToB IOkHOTO Ypaia, koTopas npeacTaBisieT co0oi 000Cco0IeHHbIH
TOPHBIN Y3€1, C TPEX CTOPOH MEPEXOIAIINN B INIOCKOTOPbA U 1aJie€ B PAaBHUHHYIO JIECOCTEIb.

Teppurtopusi mapka mpeacTaBiIsIeT co00il CHUCTEMYy CpeTHETOPHBIX XpPeOTOB MEpHINOHAIBHON
opueHTanuy. CaMbIM 3araiHBIM U3 HUX sBisieTcss Ha3muHckmit xpebdet (BbicoTa 710 884 M) C €ro CeBEPHBIM
npojo/vkeHneM — xpedtoMm J[loaruii Mbic (cpemHue BBICOTBHI 0k0j0 600 M). LleHTpanbHyH0 YacTh
HAI[MOHAJIBHOTO Tapka 3aHMMaeT TaraHalckuid TOpHBI MaccuB. TeppHUTOpUS PACIONOKEHUS

HammonansHoro mapka «Taranait» HaxoguTcs B TOJM30HE FOKHOW Tairn. OCHOBHYIO YacTh
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PACTUTEIHHOCTH B MapKe MPEACTABISIOT TEMHOXBOWHBIE Jieca, OXBATHIBAIOIINE BECh Y PalbCKUil XpedeT
[21]. Haubosee pactpocTpaHeHbl Ha TEPPUTOPHH TTapKa Pa3HOBHIHOCTH FOPHBIX MIOYB: TOPHO-TYHIPOBbIC
U TOPHO-IIYTOBBIC TIOYBBI, TOPHBIC JCPHOBO-TIOA3OJUCTLIE U TOPHBIC CEPHIE JIECHBIC TOYBHI.
OCTpOKOHEUHBIC BEPIIMHBI TOp Ha TaraHae TMOYTH BCETJa OKPYXKEHBI KOJIBIIOM KpPYIMHOTJILIOOBBIX
KaMEHHBIX OChINIel. B TONTOIBIIOBOM TOACE BCTPEYAIOTCS JCPHOBO-IYTOBBIE TIIOYBHI, KOTOPBIE
XapaKTePU3yITCS OTHOCUTEIHHO O0JBIION MOITHOCTEIO (40-50 cM), pBIXJIO 3aJepHEHHON TOBEPXHOCTEIO.
JlepHOBBIE TOPHO-JIECHBIE ITOYBBI HU3KOPOCIBIX JIECOB MO MEXaHMYECKOMY COCTaBYy TJIMHUCTBIE W

CYTJIMHUCTBIC U UMEIOT OYEHb 0JJHOOOPa3HbIN NPOQPHIIL KOPUIHEBO-OYpOil OKpacKy.

Tab6muma 1
Pacnpenesienne 3;ieMeHTOB JaHamadgTa
Ha TeppuTopuu TroMeHCKOro (egepanbHOro 3aKa3HukKa [S]
HaunmeHoBaHue srieMeHTOB JtananmadTa [Tnomanp, ra |% K 00w mIOMAAN
BropuuHbIe BEICOKOCTBOJIbHBIE JINCTBEHHBIE C Mpeo0iiajanueM 0epesbl 1 18330 343
OCHUHBI ’
Cno)KHBIE COCHSKH C IPHUMECHIO JPYTUX XBOMHBIX U JIMCTBEHHBIX MOPO 6030 11,4
TeMHOXBOITHas Taiira ¢ npeoOiaaHueM eIH U ITUXTHI 1280 2,4
Pa3HoTpaBHbIe Tyra 1540 2,9
X7eOHbIe Mo ¥ TOCEBBI CHIIOCHBIX KYIBTYP 3940 7,3
PoMOBBIE M KYCTapHUKOBO-TpaBsiHble 00JI0Ta 18030 33,7
O3epa, peuku 3885 7,1
HacenenHble MyHKTHI, TPYHTOBBIE IOPOTH 530 0,9
Wroro obmias miomass roc3aka3Huka 53,385 100

OOBeKTaMH MCCIIeIOBAHUS SIBISUINCH TOPHBIE CEpPBIE JIECHBIE MOYBHI. [ OpHbIE Cephle JeCHBIC TOYBEI
pacnpocTpaHeHbl MOJ JIeCaMH TOPHO-JECHOTO MOsica, TaKkKe, Ha 3a00J0UEHHBIX YYacTKaxX C HHMU
coveTaroTcsi 0OJIOTHBIE TOPQSHO-TIEeBbIe MOUBHL. [IpociexuBaeTcs 4eTkoe pasieieHrue Ha TOPH30HTHL
OTnuUaroTcsl BBICOKMM  COJIEpKAHWEM TyMyca M KOJIMYECTBOM OOMEHHBIX KaTHOHOB. Takas
3aKOHOMEPHOCTh  OINpPEAENIeTCS TIPaHYJIOMETPUYECKHMM COCTAaBOM CJAralpommx Tropu3oHToB. Ilo
MEXaHHYECKOMY COCTaBy M KHCIIOTHOCTH C€Jla00 OTJIMYAIOTCS OT JCPHOBBIX TOPHBIX-JIECHBIX ITOYB.
Hannuue B mouBeHHOM Mpoduiie 60raToro ryMycoM ropu30HTa ONPEIENISETCsS B OCHOBHOM XapaKTEPHBIM
JUTSL TAHHOTO BUJIA TTOYB Pa3HOTPABHEM, KOTOPOE B OCHOBHOM IPEJICTABICHO JPEBECHBIMH COOOIIECTBAMU
BBICOKHX OOHHMTETOB — 3TO, MPEHMYIIECTBEHHO TEMHO- M CBETJIOXBOWHBIE, a TakKe OepE&30BbIe yeca, U
XOPOIIO Pa3BUTHIM TPABIHUCTHIM MOKPOBOM. OTIMYAIOTCS JaHHBIE IOYBHI O0Jiee SICHBIM pa3/IelIeHUEM 10
ropu3oHTaM. BanoBoe XMMHYECKOE CO/epKaHHe MaKpOdXJIEMEHTHOTO COCTaBa, TAKKE KaK M y TOPHBIX
JICPHOBO-IIO/I30JIMCTHIX TTOYB OTIMYACTCS OOJBIINM colepkanneM kpemueséma (SiO2) [4].

OT100p mouBeHHBIX P00 B TIOMEHCKOM rocy1apCTBEHHOM 3aKa3HUKE MPOBOAMIICS HA TPEX YUETHBIX
wiomaakax miomansio 1mo 0,25 ra, KOTOpble HCHONB3YIOTCS B MCCIENOBAHMUAX I10 H3YUYEHHIO
OMOJIOTMYECKOr0 KpyroBOpoTa Makpo- M MHKDOIJIEMEHTOB B CHUCTEME NoYBa-pacTeHne. Mecra ams
VUYETHBIX TUIOMAJIOK OBUIM BBIOpaHBl Ha TEPPUTOPHU TOKPHITOH BTOPUYHBIMH BBICOKOCTBOJIEHBIMHU
JIMCTBEHHBIMH JIECaMH C TIpeo0iiaianueM Oepesbl U JIHIIBL U CIIOKHBIMH COCHSIKAMH C TIPUMECHIO XBOMHBIX
U JIUCTBEHHBIX IMOPOJ, HanOoJiee MIMPOKO MPEICTABICHHBIMH Ha TEPPUTOPHM 3aKaszHuka (Tabm. 1).
[Inomanka 3 mpencraBieHa Oepe30BO-COCHOBBIM C JIMIOH JiecOM, IUIOMAAKa | — ManopOTHUKOBBIM
COCHSIKOM C MPHMECHI0 Oepesbl, TUIOMaaKa 2 — JIUIOBO-0epe30BhIM JiecoM. [IouBeHHBIN TOKPOB Ha BCEX
TPEeX YYETHBIX IUIOIIAAKAX MPEACTaBICH JEPHOBO-II0I30JIMCTHIMH TOYBAMH, PACTUTEIBHOCTS OTJINYAIACh
BHJIOBBIM COCTaBOM pacTeHWil — saupukaTopoB. J[peBecHble MOPOABI — dAUMUKATOPHI TPEICTABICHEI

CIIEAYIONIMMHU BHIaMH: cocHa oObikHOBeHHas (Pinus sylvestris L.), 6epesa mosucnas (Betula pendula
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Roth.), ocuna obbikHOBeHHas (Populus trémula L.), muna menkonucthas (Tilia cordata, L.). Ha moraake
| TOMHHHPYIOT COCHBI, Ha IJIOMIAIKe 2 — JIUIIBI, Ha IJIomaake 3 — Oepe3sl U COCHBIL.

OT160p MOYB MPOBOMIICS HA OCHOBE METOJIOB H3YUCHHUS ITOYB U JISCHBIX COOOIECTB [2].

Ha xaxmoit n3 Tpex y4eTHBIX IUIOMAI0K 0TOOpaHBI TI0 HECKOIBKO MPO0 ITOUB: yueTHas miomanka 1
— poObI Ne 1-3; yueTHast momanka 2 — mpoost Ne 5-7, 9, 10; yuerHas tuiomaska 3 — npoost Ne 3, 8.

OTt60p mpo6 mouB Ha Teppuropun HarmonansHOro mapka «Taranait mpoBOAMIICS B COOTBETCTBHH
C YCTaHOBIICHHBIMH B HCCIEAOBaHUAX [6] QYyHKIMOHATIBHBIMH 30HAMH COTJIACHO 3aJI0’KEHHBIM
TpancekTam. OO6cmenoBano 17 ydacTkoB. JlaHHBIE 30HBI OTIMYAIOTCS MPO CTEIIEHW aHTPOIIOTEHHOU
Harpy3KH:

— ®onoBas (IIEHTPAIBHYIO YacTh IMapKa, JOCTATOYHO YAAJICHHYIO OT HICTOYHHUKOB 3arpsi3HEHUS C fora
B cpenHeM Ha 15 KM oT 311aTOyCTOBCKOTO METaTyprUuecKuii KoMOMHATa U ¢ ceBepa — B cpeqHeM Ha 40
kM oT Kapabanickoro MeneriaBuiI-HOTO KOMOWHATA);

— bydepnas (otmensronryro (GOHOBYIO UM MMIIAKTHYIO 30HBI B BHJE TIOJIOCHI C CeBepa M C Iora,
MOIIIHOCTBIO B CpelHeM 10 12 KM, CyKasch Ha FOTe 10 2 KM);

— WMmmakTHas (Ha 10Te HCIIBITHIBAIONIYIO BIMSHUE 31aTOyCTOBCKOTO METaTyprUi4ecKoro KoMOuHara
10 9 kM; Ha ceBepe — Kapabarickoro MeaeriaBuibHOro KoMonHata MakcuMyM Ha 29 km) [6].

B cBsi3u ¢ TeM, 4TO B JaHHOU CTaThe MPUBOISITCS AaHHBIE O COJCPKAHUM CeJIeHa Ha TEPPUTOPHU C
MUHUMAIIbHBIM aHTPOIIOTE€HHBIM BO3JIEHCTBUEM, TPUBOSTCS JaHHbBIE 110 (OHOBON U OydepHOii 30HE.

Bri6op Mecta s 0TOOpa MOYBEHHBIX OOpa3llOB MPOM3BOJIWICS C YYETOM peibeda MECTHOCTH,
9KCITO3UIINH, PACTUTEIHHOTrO MmokpoBa. O6pasmsl mous (cimoit 0-20 cM) oTOMpamu METOIOM KOHBEpPTa B
npeaenax MEKpo- U Me3opesbeda. B 3aBUCUMOCTH OT BETMUMHBI 2JIEMEHTAPHOTO y4acTKa U3 OTOOPAHHBIX
paBHOMEPHO TIOYBEHHBIX TIPOO CO BCEH TUIOMIAIH, COCTABISLIACH YepeaHeHHas npobda. OToop mpobd mous
ocymecTBisicss B cootBeTcTBHM ¢ MeToaukoid ['OCT 17.4.2.01-81 u T'OCT 17.4.2.02-83. B ycnoBusx
Hanmonansaoro mapka «Taranaii» Ha HcClielyeMbIX IUIOMIaKaX OTOMpalld TpU OAHM U3 Hamboiee
pacnpocTpaHeHHbIE Ha Yy4YacTKaxX WCCIIENOBAaHHUS BHJBI PACTEHWH TPABSIHUCTOTO spyca — BEWHHUK
tpoctauKoBEIA (Calamagrostis arundinacea (L.) Roth), kucmuma obsikaoBennas (Oxalis acetosella L.),
yepHuKa oObikHOBeHHAs (Vaccinium myrtillus L.).

ConeprkaHue celjieHa B IouBe U pacTeHusx onpenensiu B ¢uwmaine PIBY «IJIATU o YDO» no
TroMeHCKOM 007acTH METOJOM CIIEKTPOMETPHH C WHAYKTHBHO CBSI3aHHOW TIUIA3MOH C TIOMOIIBIO
ciektpomerpa “Varian 720-ES”. B mouBax Take omnpenaeisuii  pH  BOAHOH  BBITSDKKH
MOTEHIIUOMETPUYECKUM  METOJOM, opranuueckoe BemectBo — corjacHo I'OCT 26213-91 «llouBsl.
MeToabl onpeneneHus] OpraHuvIecKoro BelecTBay. [1o OKOHYaHWN HCCiIeJOBaHUs MOMyUYCHHBIE JaHHbIE
MTO/IBEPTaji CTAaTUCTHYECKOW 00paboTKe ¢ MCIIOJIh30BaHUEM TakeTa rnporpamMm Excel.

O0cyxnenue pe3yabTaToB. ['coXuMHUECKHe OCOOCHHOCTH TEPPHUTOPHH OMPENENSIOT YPOBEHb
KOHIIGHTPAllMM CeJieHa B MOYBaX C Ppa3IMYHBIMH MOYBOOOpasyromuMmu mpoueccamMud. OcoOeHHOCTH
pacrpejielieHusl ceJeHa B pa3IMYHBIX THUMAxX MO0YB, IMOMHMO KOHKPETHBIX HOYBOOOPa30BaTEIbHBIX
MPOLIECCOB, BO MHOT'OM OOBSCHSIOTCS T'€03KOJIOTHYECKUMH OCOOEHHOCTSIMU PErnoHa HCCIENOBaHUs, a
TaKxke PUINKO-XUMHUECKIMHU CBOMCTBaMH NIOYB. Pe3ybTaThl onpeiesieH s BAIOBOTO COJICPIKaHUs CelieHa
B MMouYBax TIOMEHCKOTO rocylapCTBEHHOrO 3aKa3HHKa, a TakKe CoAep)kaHus rymyca u pH mouBeHHOTro

pacTBopa MpeACTaBICHBI B TabmuIle 2.
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Tabnuma 2
BaJsioBoe conep:xanme cejqeHa, rymyca u pH mouBeHHOTO0 pacTBOpa
B mouBax TIOMEHCKOTr0 rocy1apCcTBEHHOT0 3aKa3HAKA
Touka oTOopa/ BanoBoe coneprxanue cencHa C opr, % pH
VueTHas miomaaka B IOYBE, MI/KT

1/1 0,08 3,8 5,9
2/1 0,05 3,6 57
3/1 0,08 4,8 6,0
4/3 0,01 3,7 51
5/2 0,04 51 5,6
6/2 0,05 6,3 5,6
712 0,07 7,4 6,2
8/3 0,09 4,8 6,3
9/2 0,09 3,7 6,1
10/2 0,06 3,5 5,9

M/m 0,09/0,01 7,413,5 6,3/5,1
Cpeonee 0,062+0,02 4,7 5,8

ITpumeuanue. Han uepToit M — HanOombIas BeIMYHHA; IO YePTOH M — HaMMEHbIIas BeJINYMHA

W3 npencTaBieHHBIX B TabMLE 3 JaHHBIX CIEAYET, YTO BAJIOBOE CONCPKAHUE CeJIeHa KoebeTcs B
npegenax ot 0,01 go 0,09 mr/kr. [To pesynpTaram aHaiam3a MOYBEHHBIX MPOO BUAHO, YTO HauOOIbIIEE
BaJIOBOE coj/ieprkaHre celeHa oOHapykeHo B Toukax 8 u 9 — 0,09 mr/kr. HamMeHsImee conep:kaHue ceneHa
ycTraHoBieHo B Touke 4 — 0,01 mr/xr. Ha ocHOBaHMY MpeICTaBICHHBIX TAHHBIX HE YAaJ0Ch BBISBUTH CBA3U
MEXIY BaJIOBBIM COACP)KAHUEM CEJICHA B ITOYBAX 3aKa3HUKA M BUIOBBIM COCTABOM JAPEBECHBIX PACTCHUI-
spupukatopoB. Tak, MaKCHMaIbHOE COJICPKAHUE CEJIeHa BHISBICHO B MOYBAX YUYETHBIX IUIOMIAJO0K ¢ Ne 3
— B 0€pe30BO-COCHOBOM JieCy ¢ JHMOoH 1 Ne 2 — TUIoBo-0epe30BOM JieCy, HAUMEHBIIIEEe COAepKaHUe CeJIeHa
BBISBIICHO B IOYBaxX OEpe30BO-COCHOBOrO Jeca. BamoBoe coaepkaHWe CelieHa B IOYBAX YYETHBIX
IUTONIAJIOK C PA3IMYHBIM BUIOBBIM COCTABOM TaKXKe KOJIeOIeTCs B OJMM3KKX mpejenax (tadi. 2).

CpenHee BaloBoe COAEp)KaHHE celieHa B moyBax TroOMEHCKoro 3akaszHuka cocrasiger 0,062+0,02
mr/kr. CpeiHee coepkanue rymyca cocrasisier 4,7%, pH — 5,8. BanoBoe cojepkanue ceneHa B Io4Bax
TIOMEHCKOro rocy1apCTBEHHOT'O 3aKa3HUKA 3HAUNTEIbHO MEHbLIE 3HAYCHUH, IPUBEIEHHBIX B HCTOUHUKAX
[3; 4]. OnmHako ciemyer OTMETHTh, 4TO TIOMEHCKOM TOCYAapCTBEHHOM 3aKa3HHKE BaJOBOE COJEpIKaHHE
ceJieHa OIpeNelsUT TOJIBKO B JIEPHOBO-IO/30JMCTHIX MOYBAX, a B MCTOUHMKax [3; 4] mpencraBieHsl
JaHHBIC O BAJIOBOM COZCPKAaHHUU CCJICHA B IMMOYBaxX pa3HbIX TUIIOB (}O)KHLIX YCpHO3EMAX, AJUIIOBUAJIbHBIX,
CepBIX JIECHBIX, JIYIrOBBIX). Takke ClemyeT OTMETHTb, YTO ABTOPHI HCIIOJIB30BAJIM Pa3HbIE METOJBI
OTIpeJIeIICHHsI COJIepKaHus CelieHa B OYBax.

B xonme mpoBeneHus uccieqoBaHUM HamMy OBUIM BBIBEIEHBI KOPPEISIUHM MEXIY COACp)KaHHEM
celieHa B TMOYBaX M COJiepKaHWeM Tymyca ¥ pH MOYBEHHOTo pacTBOpa. YCTAaHOBIEHO, YTO BaJlOBOE
coJepKaHue celieHa UMEET XOPOIIO BEIPaKEHHYIO CBS3b C COJIEpKaHUEM T'yMyca B TouBax (K03 UIMEHT
Koppensuu coctapiser 0,6), a CBSI3b MEX/1y BaJOBBIM COJIEpIKaHHEeM celieHa U pH MmoYBEeHHOTo pacTBopa
BeIpaKEHa B MeHbIneil crenenn (kodd¢umment xoppemsumun — 0,1). ComepikaHue OpraHHYECKOro
yriepoja, cenena U pH mouBeHHOro pactBopa HamuonampHoro mapka «Taranaity mpejncTaBiieHbl B

Tabaure 4.
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Tabnuma 3
Coaep:xanue OpraHu4ecKoro yriaepoaa, cejieia u pH nousenHoro pacrsopa
Hanuonanbnoro napka «Taranaii»
BanoBoe coneprxanue
Uccnenyemble yuacTku celeHa B HOLIBI; . MI/KT C opr,% pH
Donosas 30na
1-2 0,05+0,01 15,0 5,7
1-3 0,02 £0,005 15,0 51
1-4 0,03+0,005 15,0 5,7
2-4 0,08+0,03 15,0 6,4
2-5 0,03+0,005 15,0 6,2
3-3 0,07+0,03 13,9 5,9
3-4 0,04+0,02 11,6 51
Cpeodnee no 3ome 0,046%0,02 14,4+1,28 5,73+0,5
bygepnas sona
3-1 0,08+0,03 13,8 6,2
3-2 0,07+0,02 13,9 6,1
2-6 0,04+0,01 9,28 6,0
2-3 0,08+0,02 10,0 6,8
2-2 0,06 £0,01 9,0 6,8
1-6 0,03+0,02 15,0 6,8
1-5 0,04+0,02 15,0 5,7
3-7 0,04+0,02 10,8 54
3-6 0,08+0,03 14,5 54
CpeoHnee no 3one 0,056+0,02 12,36+2,54 6,13+0,57
B yenom no napky

M/m 0,08/0,02 >15/9,0 6,8/5,1

Cpennee ( 0,05+0,02 - 6,0

[pumeuanune. Hax gepToit M — HanbombIas BeIMYHHA; IO YSPTOH M — HAUMEHBIIAs BETMINHA

CornacHO TMpeJCTaBI€HHBIM JAaHHBIM COJEp)KaHHE celleHa B MouBax HalmoHanbHOro mapka
«Taranait» Haxonutcs B npeaenax ot 0,02 mo 0,08 mr/kr. V3 BbIlle MPUBENCHHBIX JAHHBIX CIEIYET, YTO
CpeIHee BaJIOBOE CoZieprKaHue ceyieHa B mouBax HamuonansHOTO mMapka «Taranait» cocrasmser 0,05+0,02
Mr/kT. [109BBI OTIIMYArOTCS BRICOKMM COJIEpP’KaHUEM OpraHnYecKoro BemecTsa (9,3-15); a pH mousenHoro
pacTBOpa M3MEHsIETCS B MpeJIeNax OT CIIadOKUCIbBIX 10 OJIM3KHUX K HeHTpanbHbM (5,1-6,8).

Pacmipenenenve ypoBHS MUKPOJIEMEHTA MO (PYHKIIMOHAILHBIM 30HAM CYIIECTBEHHO HE OTINYAeTCS,
OJTHAKO UMEIOTCS TEH/ICHIINH T10 €T0 YBEJIIMYCHUIO B psiy: (oHOBas 30HA — OydepHas 30Ha. MccnenoBanust
MoKa3ajiy, 4TO, HECMOTPSl Ha 3HauuTeJbHble Onoreoxumuueckue ormnuus aByx OOIIT, conmepxanue
CeJICHAa Ha M3Y4YCHHBIX y4yacTKaxX CYIIECTBEHHO He omimyaeTcs u coctamiser ot 0,01 go 0,09 mr/kr.
HesnauntenbHble OTIWYMSA B TOYBAX HCCIEIOBAHHBIX 0CO00 OXPaHSAEMBIX MPHUPOIHBIX TEPPHUTOPUH,
OYEBHJTHO, CBSI3aHBI C OJJMTHAKOBO HU3KUM COJCPIKaHHEM 3TOTO JIEMEHTa B TIOYBOOOPA3YIOIIUX MOPOIaXx.
VY CTaHOBIEHHBIE KOPPEIALUMU MEX]y BAJIOBBIM COAEpKAaHHEM celeHa B mouyBax HanmonanmpHOrO mapka
«Taranaii» 1 pH mouBeHHOTr0 pacTBOpa MOKa3ajld CPEIHIOI 3aBUCHMOCTb MEXIY 3THMH IapaMeTpaMu
(xorddunment xoppensiumu 0,54), ¥, HAIPOTHB, MEHBIIYIO CBS3b MEXKAY COJIEP)KAHUEM CelieHa |
OpraHryecKoro BemecTsa (ko duuuent koppeisiunu 0,36).

J1a OneHKM YpPOBHSA COJAEp)KaHWS CEJeHA B IMOYBE MPHUHATHI CIEAYIONINE TOPOTOBBIE 3HAYCHHS
KOHIIEHTPAI[MM MHKpPO3JIEeMEeHTa: MeHee 125 MKr/kr — obOnacth ceneHojeduumra; 125-175 mir/kr —
MapruHaibHasi HEJIOCTATOYHOCTh; 175-3000 MKr/kr — 00nactTh ontuMyma; 6onee 3000 MKI/Kr — obmacTh
n30bITKa. CornacHo JaHHOW Ki1acCU()UKAIIUH, HCCIIEAYEeMbIE TIOUBBI SIBISIOTCS CelIeHOAS()UIUTHRIMU. JTO,

BO3MOJKHO, SIBJISICTCS OJIHOW M3 MPUYUH HEJOCTATKA CelieHa B cUcTeMe mouBa—pacrenue [3; 11; 15].
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Ha teppuropun HarmonaneHoro mapka «TaraHaii», mOMHMO OLIEHKH TMOYB, COJACPIKaHUE CelieHA
ONpeNe/sUIoCh B PACTEHMSAX HA MPUMEPE TpeX HauboJsiee IIHPOKO IMPEACTABICHHBIX B TPAaBSHHCTOM
NOKpOBE Mapka Buaax: BeitHWk TpoctHukoBblidi (Calamagrostis arundinacea (L.) Roth), kucmuna
oosikHOBeHHast (Oxalis acetosella L.), yepauka oobikHOBeHHas (Vaccinium myrtillus L.). Pactenus Oputn
0TOOpaHBI Ha TEX )K€ y4acTKax, YTo ¥ NpoOkI TouB. [lomydeHHbIe B pe3yabTaTe UCCICAOBAHHUN JJAHHBIE 110
COJICP)KAHUIO CEJICHA B PACTCHUSIX, MPOM3PACTAIONIMX B pasHbIX (DYHKIMOHAJIBHBIX 30HAX MapKa, W
3HavYeHHS K03 duImenTa ONOIOrHIeCKOr0 HAKOTUICHUS TIPEICTaBIICHEI B Ta0IHIIE 4.

Tabnuua 4
ConepixaHue cejleHa B PACTEHUSIX, 0TOOPAHHBIX B Pa3HBIX QYHKIMOHAIBHBIX 30HAX
Hanuonanbnoro napka «Taranaii» u 3HadeHus1 Ko3ppuuueHTa OM0JOrH4eCKOro MnorJomeHus

DyHKIUOHATbHAS Bt CojeprkaHue ceeHa B paCTEHHSX, KEIT
30Ha MT/KI' CyXOr'0 BEIECTBa

¢dou Oxalis acetosella L. 0,039 +0,02 0,72
Vaccinium myrtillus L. 0,058 +0,03 1,6

Calamagrostis arundinacea (L.) Roth 0,050 +0,01 1,38

OydepHas Oxalis acetosella L. 0,068+0,01 1,14
Vaccinium myrtillus L. 0,044 +0,01 0,96

Calamagrostis arundinacea (L.) Roth 0,060 +£0,01 0,99

Kak crnenyer W3 mpelncTaBiICHHBIX B TaOimuie 5 HaHHBIX, COAEp)KaHHE cellieHa B HaumOoiee
pacrpoCTpaHEeHHBIX TpPaBSHUCTHIX pacTeHusx «HanumonanpHoro mapka «Taramaih» konebnercs B
HE3HAUUTEIbHBIX IMpeAenax M JOCTOBEPHO HE pas3luyaeTcs, Kak 10 BUIOBOMY COCTaBy, TaKk U B
3aBUCUMOCTH OT NPUYPOYCHHOCTU K (I)}/HKHI/IOHaJII)HI)IM 30HaM. TCHILCH]_[I/II/I K M3MCHCHUIO B IIpCIaciax
OJTHOM ¥ TOM ke (DYHKIIMOHAIBHOH 30HBI cneaytomue: oT 0, 039 mr/kr B kucnute 10 0,058 Mr/kr y BeitHIKa
— B (ponoBoii u ot 0,044 mr/kr B uepauke a0 0,068 Mr/kr B kuciuile B OypepHOil 30HaX COOTBETCTBCHHO.
s oeHKn OHOMOrHYECKUX 0COOCHHOCTEH OTPEOHOCTH PACTEHUI B CEJIeHe, paccuuTaH Ko3()(HUIEeHT
OMOJIOrMYECKOro MOTJIONIeH s, coryiacHo (opmyie npemiokernoi A.U. Tlepensmanom (1979) [15]:

Ax = X/TIx,
rae, Ax — koaddumment Ouosornueckoro noryomeHus (KBIT); X — comepxanue 3neMeHTa B 30Ji€
pacrenuii; I1x — comgeprkaHue 31eMeHTa B IOYBE HAa KOTOPOI MPOU3pacTaeT pacTeHHE.

B oejoM, M3 MPEACTABJICHHBIX JAaHHBIX CJICAYCT, YTO HAKOIUICHHUE CCJICHA TpPaBAHUCTBIMU
pacTeHHsMH, MO-BUAMMOMY, ONPENENSIeTCs] BUIOBBIMA OCOOCHHOCTSMH M HE 3aBHCUT OT HaXOXKICHMS
pacTeHUs B TOH WM WHOW (DYHKIMOHAJIBHOW 30HE HAIMOHAJILHOIO Mapka. B Tabmuie 5 mpeacTaBiieHbl
CpeIHME 3HAUEHUsI CO/IEpKaHMs cesleHa B pacTeHusx HanmonansHoro napka «Taranaii» n koagduuneHTos
ononornueckoro nornomenus. [To atomy napamerpy KBH uccnenyemsie pacrennst HarimonanbHOT0 apka
«Taranait» pacrosiaratoTcsi B CI€yIOLIEN MOCIEA0BATEILHOCTH: YEPHUKA-BEHHUK-KUCIIUILIA.

Uccnenyemblie pactenusi, coryiacHo knaccupukanuu A.U. IlepenbMana, Mo HaKOMJIEHUIO ceJeHA
oTHOCsITCS K rpymnmam cinaboro 3axBata [15]. Cormacno mamnbimM Banuelos G., Schrale G. (1989)
MHUHHUMAaJbHOE cojaepkaHue Se mpuOmmxaercs kK 0,05 Mr/kr, HHXe KOTOpOro oTMedaercsl JeuuuT
MUKpoanemenTa (Tabm. 5). Takum 0Opa3om, 1Mo JaHHOU KiTacCUQHKAIINH, COJIEPKAHNE CelieHa HAXOAUTCS

Ha HW)KHEH rpaHuie 00ecrieueHHOCTH.
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Tabnuma 5
CpenHue 3Ha4YeHUS COJIEP:KAHMS ceJleHAa B PACTEHUSIX
HauuonanbHoro napka «Taranaii» u ko3(pGuuueHTOB 0HOJI0rHYECKOro NOIJI0EeHHUs!

Bun pacrenuit ConeprkaHue celieHa B PACTCHHUH, MI/KT CyXOTO BEIIeCTBa KBbIIT
Kucmuma 0,054 0,93
UepHuKa 0,051 1,28
Beitank 0,052 1,05

B nmenom Ha copep:kaHne MHUKPOARJIEMEHTOB B PAaCTEHUSX, B TOM YHCIIE CEJIeHa, BIHSIET KOMIUIEKC
(haKkTOpPOB, OCHOBHBIMHU W3 HUX ABJISIOTCA OMOJIOTHYEeCKHe 0COOEHHOCTH KYJIBTYPHI, IOYBEHHBIE YCIOBUS,
MIPEKIC BCErO COMEPKaHue MOABKHBIX (hopM MuUKpoasieMeHToB [4; 6; 14; 16; 17; 20; 22-26]. B cBsi3u ¢
3THM, HU3KO€E COJIepKaHHUe CelleHa B UccaeayeMbIX pacTeHusx HannonansHoro napka «Taranait» cBs3aHo
C AeQuIHUTOM 3TOTO BAJOBOTO CONEP)KAaHUS JJIEMEHTa B II0YBAaX M, IMO-BUAMNMOMY, C HEBBICOKUM
coJiep>kKaHUEM €T0 BOJIOPACTBOPUMEBIX (POPM.

BeiBoabl. 1. HecmoTpst Ha 3HaumTenbHBIE OMoreoxmmuueckue otinuums ucciemxyembrx OOIIT,
coJieprKaHue CeJeHa B MOYBAX U3YUCHHBIX TEPPUTOPUM CYIIIECTBEHHO HE oTiimuaeTcs: u coctasisiet ot 0,01
mo 0,09 wmr/kr, npu cpenamnx 3HayeHmsx 0,05+£0,02 u 0,062+0,02 Mr/Kr COOTBETCTBEHHO B IOYBAX
HanmonansHoro napka «TaraHaii» u TIOMEHCKOT0O TOCyAapCTBEHHOIO 3aKa3HUKA.

2. Uccnenyemsie mouBsl OOIIT siBrsiroTes ceneHoAeGUIMTHBIMA. JTO, BO3MOXHO, SIBIISIETCS OTHOM
W3 MPUYUH HEJJOCTATKa CeJieHa B CHCTEME [T0UBa—pPacTeHHE.

3. VYCTaHOBIEHO, YTO BAJIOBOE COJEPXKAHHE CeJeHAa WMMEET BBIPAKCHHYI0 B3aUMOCBS3b C
coJiep;KaHHeM ryMmyca B ToyBaxX TIOMEHCKOTO TOCYJapCTBEHHOIO 3aKa3HUKA U C YPOBHEM KHCIOTHOCTH B
nouBax HannonansHoro napka «Taranaid.

4. ConeprkaHue celeHa B Hau0oJiee pacpoOCTPaHCHHBIX TPABIHUCTHIX pacTeHusx «HamuonansHOTO
napka «Taranaii» (BeiiHuk TpoctHukoBbIi (Calamagrostis arundinacea (L.) Roth), kucmuma
oobikHOBeHHast (Oxalis acetosella L.), yepauka o6bikHOBeHHas (Vaccinium myrtillus L.) xonebnercs B
HE3HAYNTETbHBIX TIpe/ielax W JIOCTOBEPHO HE pa3NiMYaeTcsi, KaK I0 BHJOBOMY COCTaBy, TaK IIO
MPUYPOYCHHOCTH K (PYHKIIMOHATIBHBIM 30HaM. O00O0IIEHHOE COJIepKAHUE CEIeHa B PACTEHHUSIX HaXOAUTCS
Ha HwkHel rpanuie odecnieuenHocTH (0,051-0,054 mr/kr cyxoro BemiectBa). CorylacHO pacCUMTaHHOMY
KO3 QHIIMEHTY TIOTJIONIEHHUS JaHHbIE PACTEHHsI 10 HAKOIUICHUIO CEJIeHA OTHOCSITCS K TpyIIaM claboro
3axBara.

5. Huskoe copepxkaHue ceiieHa B ucclienyeMblx pacteHusx HamumonansHoro mapka «Taranaii»
CBSI3aHO C JIe(DUIIUTOM 3TOTO BAJIOBOTO COJIEP)KAHUS AJIEMEHTAa B IIOYBAX U, NMO-BUANMOMY, C HEBBICOKUM

coJiep)KaHUEM €T0 BOJIOPACTBOPUMBIX (POPM.

Hccneoosanue gvinonneno npu gunancosoil noodepocke PODPH u MOKHCM
6 pamkax HayuHozo npoekma Ne 20-55-44028
The study was carried out with the financial support of the Russian Foundation for Basic Research
and the Ministry of Education and Science of the Russian Federation within the framework
of the scientific project No. 20-55-44028
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Abstract. The paper considers the ecological and
taxonomic structure of the winter algocoenosis of
the Chernaya, Kacha, and Belbek rivers within the
territory of the city of Sevastopol. The results of
studies were obtained on 30 chemical and physical
parameters of surface water samples during the
period of algological sampling. The collection of
field material (phytoplankton, algae in fouling, on
various substrates immersed in water) and its
processing was carried out according to the methods
generally accepted in algological practice. The
diagnostic features, as well as the similarities and
differences in the species diversity of algae, have
been determined. The studies carried out show that
the studied algocoenosis are characterized in winter
period by a rich species composition, with a
significant predominance of diatoms. The algae
found in the studied rivers are indicators of water
purity, and their occurrence activity and abundance
can indicate that the content of organic matter in the
waters of the Belbek and Kacha rivers is lower than
in the Chernaya river. This is confirmed by the
presence of algae — xenosaprobionts in the waters of
the Belbek and Kacha rivers, which are indicators of
clean, not polluted, with organic substances water.
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Introduction. Within the Sevastopol region, there are three main rivers (the Chernaya river, the
Belbek river and the Kacha river), which, according to the classification of Alekin O.A., refer to as small
rivers [2].

The Chernaya River is 35 km long, the catchment area is 669 km?, and the river is one of the most
significant in terms of length and water content. The river is fed mixed — atmospheric and underground.
When analyzing the average long-term runoff hydrograph, two periods are distinguished: a high-water
period (from December through April), when 51.2% of the annual runoff passes, and a low-water period
(from May to November).

The Belbek River is the most full-flowing of the Crimean rivers, flows in the southwest of the
Crimea. Its length is 55 km, the catchment area is 505 km?, and the slope of the river is 6.0 m/km. The
section of the river from the village Frontovoe to the village Lyubimovka forms a 16 km lower section, the
river flows into the Black Sea. The Belbek River is a typical undying mountain river with a high channel
current, meandering in the mouth part. The river valley is box-shaped, with a width of up to 2000 m in the
studied area.

The length of the Kacha River is 64 km, the catchment area is 573 km?. In the upper and middle
reaches, it is a typical mountain river that flows into the Black Sea to the south of the village Kacha, to the
north of the city of Sevastopol. The river's own flow is regulated, two reservoirs were built on the Kacha
River: Zagorskoe in 1980, volume — 27.85 million m* and Bakhchisarayskoye has been operating since
1935, its volume is 6.89 million m?3, used for water supply to the city of Simferopol and irrigation.

Materials of studies of freshwater algae in the region under study have not been found in literary
sources.

Materials and Methods. The purpose of this work is to study the composition of algological
communities of river algae in the winter and assess their state.

The studies were carried out at the Department of Ecology of Nizhnevartovsk State University,
according to the methods adopted in algology [1; 7; 8]. The material for the work was original samples in
the water column (phytoplankton), as well as in fouling, on various substrates, submerged in water in the
channel of the Chernaya, Belbek and Kacha rivers. Samples were taken in the first ten days of February
2019 in 4 sections.

Determination of the species composition was carried out on a fixed formalin material, bringing it to
4% concentration. A pHScan WP2 portable water analyzer was used to determine the temperature and
acidity of water. The chemical composition of water is determined by 30 indicators (tabl. 1).

Preparation for identification was carried out by sedimentary gravimetric method and the
manufacture of permanent preparations by cold burning, subsequent centrifugation, and placing the
obtained valves of diatoms in Canadian balsam. Microscopic examination was carried out using light
microscopes Nikon ECLIPSE E200 and OLYMPUS SX4 with a multiple magnification from 640 to 2000.
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The taxonomic affiliation of algae was established using domestic keys and taking into account
nomenclature changes in the international electronic database [11].

Floristic analysis of the composition of algocoenosis of the rivers of the Sevastopol region was
carried out using generally accepted indicators: a systematic analysis, the proportions of flora (calculated
as the ratio of the number of genera; species; varieties and forms — in 1 family), generic coefficient (generic
saturation with species and intraspecific taxa), floristic spectra [10].

When processing samples, the frequency of occurrence of the species was determined using the
following symbols: + — very rarely (the species is not present in every preparation); 1 — singly (1-6 copies
in the preparation); 2 — few (7-16 specimens in the preparation); 3 — decently (17-30 copies in the
preparation); 4 — many (31-50 specimens in the preparation); 5 — a lot, absolute predominance (more than
50 specimens in the preparation) [13].

The ecological and geographical characteristics of algae are given according to guidelines [4; 7; 8;
11].

Results. The water temperature during the research period varied within 3-5°C, the activity of
hydrogen ions varied from 7.5 to 8.1. The results of the quantitative chemical analysis of water are
substituted in table 1.

Table 1
Results of chemical and analytical studies of surface water samples (February 2019)
. . Belbek Belbek Chernaya Maximum
Indicator Kacha river . . . Allowable
river river river )
Concentration
Temperature, °C 5,0 3,0 4,0 4,0 -
pH, units pH 7,5 7,5 7,6 8,1 —
Smell, point 0 0 0 0 —
Colour, degree <1 <1 <1 <1 —
Transparency, cm transparent | transparent | transparent | transparent —
Dissolved oxygen, mg/dm? 7,3 7,1 8,2 7,8 —
General stiffness, dH 11,8 6,2 6,3 3,7 -
Suspended substances, mg/dm? 18,5 76,5 10,5 12,5 —
The amount of ions (dry residue), 357 391 310 287
mg/dm’
Oil products, mg/dm? 0,013 0,013 0,009 0,007 0,05
BODs, mgO,/dm? 3,4 2,9 2,3 2,5 2,1
COD, mg/dm? 6,7 57 5 6,8 —
Anionic surfactants, mg/dm? <0,1 <0,1 <0,1 <0,1 —
Oxygen saturation percentage, % 57,08 52,63 62,45 59,41 —
Sulfates, mg/dm? 182,5 46,32 53,21 14,91 100
Chlorides, mg/dm? 137,2 24,17 21,1 12,57 300
Nitrates, mg/dm? 21,8 9,62 10,85 1,13 40
Nitrite, mg/dm? 0,05 0,04 0,05 0,34 0,08
Ammonium ion, mg/dm? 0,13 0,16 0,11 <0,1 0,5
Carbon dioxide, mg/dm? 10 <10 <10 <10 —
Phosphates, mg/dm? <0,1 <0,1 <0,1 <0,1 —
Hydrocarbonates, mg/dm? 229 269 223 231 —
Phenols (amount), mg/dm? 0,0068 0,0175 0,002 0,0072 0,001
Calcium, mg/dm? 81,52 85,63 24,15 73,64 180
Magnesium, mg/dm? 23,61 15,52 40,36 8,95 40
The amount of sodium and 50,84 2284 18.16 16.35 3
potassium, mg/dm’
Total iron, mg/dm? 0,009 0,008 0,007 0,008 0,1
130

Ot




Becmuux HBI'Y. Ne 1(57) /2022 OKOJIOT A U ITPUPOAOTIOJIB30BAHME / ECOLOGY AND NATURE MANAGEMENT

Maximum
Indicator Kacha river Be_lbek Bglbek Chgrnaya Allowable
river river river .
Concentration
Manganese, mg/dm? 0,004 0,003 0,004 0,002 0,01
Copper, mg/dm? 0,0013 0,0016 0,0013 0,0015 0,001
Zinc, mg/dm? 0,005 0,007 0,007 <0,005 0,01
Chromium (VI), mg/dm? <0,001 <0,001 <0,001 <0,001 0,02
Nickel, mg/dm? <0,002 <0,002 <0,002 <0,002 0,01
Total nitrogen, mg/dm? 0,57 0,58 0,53 0,55 -
Total phosphorus, mg/dm? 0,23 0,54 0,24 0,21 —
Silicon, mg/dm? <0,5 <0,5 <0,5 <0,5 —
a-HCCH, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
B-HCCH, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
v-HCCH, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
DDT, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
DDD, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
DDE, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 0,00001
HCB, mg/dm? <0,00001 <0,00001 <0,00001 <0,00001 -

As a result of winter studies at four sections of the Chernaya, Belbek and Kacha rivers, 82 species

and varieties of algae were identified, included in 5 divisions, 6 classes, 21 families and 44 genera (tabl. 2).

Table 2
Systematic composition of algae in the rivers of the city of Sevastopol
Divisi - Number of species, % of the total number of species
ivision Class Families | Genera . . .
varieties and forms (species, varieties and forms)
Cyanobakteria 1 1 1 1 1,2
Chrysophyta 1 1 2 2 2,4
Bacillariophyta 2 16 33 66 80,5
Euglenophyta 1 1 5 9 11,0
Chlorophyta 1 2 3 4 4,9
Total: 6 21 44 82 100

The overwhelming number of algae belongs to diatoms, which is explained by the temperature
indicators of the water typical for the winter period.

The Cyanophyceae class is represented by one species, the Chrysophyceae class — two species,
Chlorophyceae — 4, Mediophyceae — 5, Euglenophyceae — 9, Bacillariophyceae includes 61 species and
varieties.

In the family spectrum, Cymbellaceae is the leader, in which there are 13 species of algae, they make
up 15.9% of the total list composition, 5 genera have been found in this family. The second place is occupied
by Euglenidae — 9 algae, 11.1%, 5 genera. Gomphonemataceae ranked third with 8 algae, 9.9%, genus 1.
The fourth place is Cosmioneidaceae — 7 species, 8.5%, 3 genera. The Naviculaceae family completes the
leading spectrum of families, in which 6 algae have been identified, which is 7.3%, this family includes 4
genera. Thus, the dominant five families include 52.4% of all identified algae and 19 genera (43.2% of the
total identified generic spectrum). Only 2 representatives were found in seven families, and one in four
families. In the rest of the families, from 3 to 5 algae were found.

The generic spectrum is headed by Gomphonema, which includes 8 algae, which is 9.8% of the total
algocoenosis of the rivers. The genera Gyrosigma, Amphora and Cymbella contain 4 species each, making
up 14.7% in total. Five genera include 3 species each, 12 genera of 2 species each, and 23 genera are single
species.
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The richest variety of algae is found in the Belbek river, in the Chernaya and Kacha rivers it is almost

two times less (tabl. 3).

Table 3
Taxonomic diversity and proportions
of flora in individual watercourses of the Sevastopol region
. Number of Flora . .
River — - - — . Generic saturation
divisions | families generas Species and varieties | proportions
Chernaya 3 15 20 30 1:1,3:20 1,5
Belbek 5 19 32 53 1:1,7:28 1,7
Kacha 3 13 21 29 1:16:2,2 1,4
Total 5 21 44 82 1:1,5:2,3 1,6

The highest indicators of the proportions of flora and generic saturation are noted in the waters of
the Belbek River, which indicates the richest algological community of the watercourse.

When studying the distribution of the detected algae, depending on the habitat conditions, it was
determined that the ecological group of planktonic organisms includes 26 algae, or 32.5% of the list
composition, the benthos group (fouling and bottom) includes 40 species, or 48.8%.

Algae are able to develop equally abundant in a wide range of salinity. It is known that a significant
number of them, especially diatoms, are good indicators of the degree of salinity of the aquatic environment.
When assessing the ecological plasticity of the freshwater algae of the Chernaya, Belbek and Kacha rivers,
depending on the concentration of salts in the water, there were found 24, 39 and 27 indicator species
respectively, for which data on water salinity are known. The main part of them was oligohalobes, among

which indifferent species prevailed, preferring waters with mineralization of 0.2-0.3 g/l (fig. 1, 2).

80
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: | |
o - = e
Halophobes Indifferent Halophiles Mesogaloba Unidentified
nature
m Chernaya 6,7 60 6,7 3,3 20
Belbek 75 56,6 1,9 5,7 26,4
Kacha 3.4 75,9 6,8 3,5 6,9

Fig. 1. Distribution of algae depending on salinity

The most widespread indifferent species in relation to halogenesis were: Ulnaria acus (Kiitzing)
Aboal, U. ulna (Nitzsch) Compére, Navicula cryptocephala Kiitzing, N.radiosa Kiitzing, Gyrosigma strigilis
(W.Smith) J.W.Griffin & Henfrey Planothidium lanceolatum (Brébisson ex Kiitzing) Lange- Bertalot,
Cymbella aspera (Ehrenberg) Cleve, Cocconema ventricosum (Kiitzing) G. S. West, Amphora ovalis
Kiitzing, Nitzschia palea (Kiitzing) W. Smith.
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Fig. 2. Distribution of algae depending on active water reaction

The share of halophobes growing in waters with salinity up to 0.1 g / | is in the range from 3.4%
(Kacha river) to 7.5% (Belbek river). The share of gallophiles in the river Belbek is the smallest (1.9%), in
the rivers Kacha and Chernaya it reaches 6.8%. The obtained results characterize the algoceneses of the
Sevastopol region in terms of the composition of halogenesis indicators as freshwater with a predominance
of indifferent and the participation of halophobic and halophilic algae and mesohalobes.

The pH value is an ecological factor on which the growth and reproduction of algae depends.

The share of acidophiles in rivers varies from 3.5% (Kacha) to 6.7% (Chernaya). This group is
represented by only five diatoms: Meridion circulare (Greville) C. Agardh, Denticula thermalis Kiitzing,
Eunotia faba (Ehrenberg) Grunow, E.minor (Kiitzing) Grunow, Gomphonema acuminatum Ehrenberger,
the occurrence of which did not exceed two points. Thus, for the listed species, the vegetation period is
below average.

The fractional participation of alkaliphiles living in alkaline environments and indifferent algae is
characterized by high data.

Discussion. Control and monitoring of the levels of surface water pollution in the system of
protection and rational use of water resources occupy an important place. In order to determine the quality
of surface waters, assess the state of water systems and their changes as a result of anthropogenic influences,
hydrobiological observations are carried out, characterizing the quality of water as a habitat for living
organisms inhabiting water bodies. Due to the high sensitivity of algae to environmental conditions, they
play an important role in the biological analysis of water [5]. Bioindication aspects of algal ecology are the
most developed in comparison with other groups of organisms [3].

Bioindication, as a method of water quality control, is considered the most reliable and universal,
since for these purposes the most sensitive species of aquatic organisms are used, which adequately respond
to changes in environmental factors. The indicators of the degree of saprobity of water in our study were
23 species for the Chernaya river, which is 76.7% of the total number of taxa; for the Belbek river - 35
species, or 66.1%, for the Kacha river — 23 species, or 79.2% (fig. 3).

The most widely represented is the group of mesosaprobes - indicators of the average degree of water
pollution by easily oxidizable organic substances actively participating in the self-purification process; the
range of the share of this ecological group along the rivers varies from 26.4% (Belbek river) to 37.9%
(Kacha river). The occurrence of algae of this group in the water bodies of the Sevastopol basin reached 2-
3 points: Ulnaria acus (Kiitzing) Aboal, U. ulna (Nitzsch) Compere, Cymbella aspera (Ehrenberg) Cleve,
Cocconema ventricosum (Kiitzing) G. S. West.
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Fig. 3. Distribution of saprobiont algae in water bodies:
X —Xenosaprobe; o — oligosaprobe; o — a-mesosaprobe; f — -mesosaprobe

Alfasaprobes testify to the environment in which algae can withstand a significant degree of organic
pollution. It should be noted that there is a significant proportion of this group of algae in phytocenoses of
rivers: Achnanthes lanceolata var. rostrata Hustedt, Nitzschia palea (Kiitzing) W. Smith, Hantzschia
amphioxys var. virax (Hantzsch) Grunow, Euglena granulata (G.A. Klebs) F. Schmitz, Lepocinclis ovum
var. palatina Lemmermann.

Algae-xenosaprobionts — indicators of clean, oxygen-rich water were recorded only in the Belbek
and Kacha rivers: Meridion circulare (Greville) C. Agardh.

Conclusion. Thus, in the rivers of the Sevastopol region in the winter period of 2019, a fairly high
distribution of algae oligosaprobes and mesosaprobes was noted (from 26.4% to 37.9%). The activity of
self-purification processes is confirmed by the fact that they occur at the level of B-mesosaprobic and
oligosaprobic waters, when pollutants are bound by their mineralization. The obtained taxonomic
composition of algae indicates a stable ecological state of aquatic ecosystems. The positive results of
algolization of surface waters are confirmed by the presence of phytoplankton, which was formed during
the observation period in 2019. The study is planned to continue during the biological summer.
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