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Bopucosa I'.T'., ABpamenko A.B., Tyroéaesa A.C., Co6enun A.B., ManeBa M.I.

BJIMAHUE BAKTEPUAJIBHOI'O BUOYJAOBPEHU S HA MOP®ODPUZUOJIOI'NYECKHUE
INOKA3ATEJIX I'OPYHUILbI B YCJIOBUAX COJIEBOI'O CTPECCA

G.G. Borisova, A.V. Avramenko, A.S. Tugbaeva, A.V. Sobenin, M.G. Maleva

INFLUENCE OF BACTERIAL BIOFERTILIZER ON MORPHOPHYSIOLOGICAL
INDICATORS OF MUSTARD UNDER SALT STRESS

AHHOTaLUS. Hcnonb3oBanue OaKTepraTbHBIX
ynoOpeHuii  sBuseTrcss omHOW w3 3()PEeKTUBHBIX
TEXHOJIOTHH BBIPAIIMBAHUSI KYJIbTYPHBIX PACTCHUH B
YCIIOBUSIX 3aCOJICHHSA. BBINOJHEHA OLEHKAa BIMSHUS
omoynoopenust (bbY) Ha ocHOBe Omouapa u
rajJlOTOJIEPAaHTHOTO  IITaMMa  POCTCTUMYJIHUPYIOIIUX
puszobakTepuii Pseudomonas sp. STF14 na poct u
HEKOTOPHIE (hU3HOIIOT0-ONOXUMIIECKHE
XapaKTePUCTUKU TOPUYHUIBI CApenTCKOW canaTHOU
(Brassica juncea (L.) Czern, copt «Yacryiika») B
YCIIOBUSIX COJIEBOT'O CTPECCa, BBI3BAHHOIO IEHCTBHEM
XJIopua Hatpusa. PacTeHus ropyuiibl BhIpAIMBAIIU B
TOPIIEYHBIX KYJNbTypax B TeueHHe 21 cCyTok Impu
€CTECTBEHHBIX YCJIOBHAX. OKCIEPHUMEHT BKJrodan 4
BapHuaHTa: KOHTpoubHEI TopdorpyHt (TT); TI" + BBY
(2,5%, o oowemy); TT' + NaCl (80 mM); TI" + BBY
(2,5%, mo obwremy) + NaCl (80 mM). Pacrenus
NOJMBAJIM PAcTBOPOM COJM JB@KABl B HEIEIIO,
HauuHas ¢ 7-mHA 1mociie mocesa. JlobaBimenue BBY
YBEITMYMBAIIO JJIMHY W CBHIPYIO OmomMaccy moOeros
TOPYUIIBI TI0 CPAaBHEHUIO C KOHTPOJIEM (B CpeJHEM Ha
23%), Torma kak obpaborka NaCl mHrubupoBansa ux
poct. Kpome Ttoro, BBY (kak otmenpHO, Tak W
comectHo ¢ NaCl) moioXuTENnsHO BIUAIO Ha
cojepkaHue (POTOCHHTETHUECKMX NUrMeHTOB. llpu
pasnenpHoM mpumenennn BBY u NaCl comepxanne
MaJOHOBOTO [JHANBJAETHAA B JIHCTBIX TOPYHUIIBI
YBEJIMYMBAJIOCH B CPAaBHEHUH ¢ KOHTposieM B 1,4 n 1,9
pa3, cooTBeTCTBEHHO. OAHAaKO NMpPU HUX COBMECTHOM
WCIIOJB30BaHUHM OHO CHWXajochk B 1,6 pasa. [lomus
pacTeHHil TOpYMIBI PACTBOPOM COJIM MOYTH B 5 pa3
YBEJMUMBAJl COJEep)KaHUEe CBOOOTHOTO TIPOJHMHA |
mourn B 7 pa3 — Na*, torma xak BBY + NaCl
CYIIECTBEHHO CHIKAJIW WX KOJHYECTBO. Takum
obOpa3om, mpumenenue bBY B ycioBusix coneBoro
cTpecca CIoCOOCTBOBAJIO YIYUIIEHHIO POCTa TOPUHUIIBI
Y MOBBILIEHUIO €€ YCTOMUYUBOCTH K XJIOPULY HATPHSL.

Kawuessble ciioBa: Brassica juncea; Pseudomonas sp.;
rajoToJiepaHTHBIE pHU300aKkTepuu;, Ououap, XJIOpHL

Abstract. Bacterial fertilizers are an effective
technology for growing crops under saline
conditions. The effect of biofertilizer (BF)
based on biochar and halotolerant strain of
growth-promoting rhizobacteria Pseudomonas
sp. STF14 on the growth and some
physiological and biochemical characteristics
of salad mustard (Brassica juncea (L.) Czern,
variety “Chastushka”) under salt stress caused
by sodium chloride was assessed. Mustard
plants were grown in pot-scale experiment for
21 days under natural conditions. The
experiment included 4 treatments: control peat
soil (PS); PS + BF (2.5%, v/v); PS + NaCl (80
mM); PS + BF (2.5%, v/v) + NaCl (80 mM).
From the 7th day after planting the plants were
watered with a salt solution twice a week.
Adding BF increased the length and fresh
biomass of mustard shoots compared to the
control (by 23% on average), while NaCl
treatment inhibited their growth. BF added
separately or together with salt increased
photosynthetic pigments. Separate application
of BF and NaCl led to the malondialdehyde in
mustard leaves increasing by 1.4 and 1.9 times,
respectively compared to the control. However,
when combined, malondialdehyde decreased by
1.6 times. Watering mustard plants with a saline
solution increased the content of free proline by
almost 5 times and Na* by almost 7 times, while
BF + NaCl significantly reduced their amount.
Thus, the use of BF under salt stress conditions
contributed to the improvement of mustard
growth and increased its resistance to sodium
chloride.

Keywords: Brassica juncea; Pseudomonas sp.;
halotolerant rhizobacteria; biochar; sodium
chloride; growth parameters; photosynthetic
pigments; lipid peroxidation; proline.
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Beenenune

3acosieHHe MOYB SIBJSIETCS OJHOM U3 Hambojiee CepbE3HBIX AKOJIOTMYECKUX MpodiieM, ¢
KOTOPBIMHM CTAJIKMBA€TCS CEJIbCKOE XO3SHCTBO BO BCEM MHpE. 3aCOJICHHE MOXKET ObITh
pe3yabTaTOM €CTECTBEHHBIX IIPOLIECCOB, OJHAKO HA CETOJHAIIHUN JeHb Oosblias YacTb
TEPPUTOPUI C MOBBILICHHBIM COJIEP)KaHUEM COJIeH MpUypoUYeHa K ypOaHU3UPOBAaHHBIM paiioHaM
[4; 7]. Yame Bcero 3To CBS3aHO C YPE3MEPHBIM HCIIOIb30BAaHHEM XUMHUYECKHX yI0OpeHHil u
MECTUIMI0B, HEMPABUIILHBIM OPOILIEHUEM U, B IIEJIOM, C BBICOKOW HArpy3Koil Ha MaxOTHBIN CJIOM,
YTO IPUBOJUT K JIerpajaliiy I104YB U COKPAILEHUIO IaXOTHBIX TeppuTopuii [2; 7; 9].

[loBpllIEHHOE COAEpXKAHUE COJIEH B IIOYBE IOJAKHCIAET €€, YCKOpPSET IPOLECCHI
MUHEpaIU3allii, YTHETAeT )KU3HEAEITeTbHOCTh aCCOLMAaTUBHBIX MUKPOOPTaHU3MOB, CBSI3bIBAET
MOYBEHHYIO BJIary, MPHUBOJUT K HApPYIICHHWIO HE TOJBKO (PU3MOJOTUYECKUX IPOIECCOB B
pacTeHus X, HO U OMOT€OXMMHUYECKUX IMKIOB 3JIEMEHTOB B 1ejoM [2; 5]. [lonumanue 3Tux

IPOIIECCOB BAaXHO JUIA pa3pabOTKH S(PQPEKTHUBHBIX TEXHOJIOTMH BBIPALIMBAHUS KYJIBTYPHBIX
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pacTeHH Ha 3aCOJICHHBIX MMOYBAX, a TAK)KE BOCCTAHOBIICHUS JAETPAIMPOBAHHBIX TEPPUTOPUH [2;
8].

[lepcriekTUBHOW cTpaTerueil pemeHus AaHHOW NpOoOJIeMbl SBISIETCS HCIOIb30BaHHE
HKOJIOTMYECKU 0e30macHbIX Ouonpenaparos, HOBBILIAIOIINX YCTOWYMBOCTh
CEJIbCKOXO035MCTBEHHBIX KYJIBTYP K COJIEBOMY CTPECCY, @ TAK)KE MPEJOTBPALIAIOIINX JalbHeHIIee
3acosiende mouB. OAHMM U3 TaKUX MEIHMOPAHTOB SBISETCS OHoyap, TMOIy4aeMblid U3
OpPraHMYeCKUX MaTepuajioB nyremM nuponusa [8; 15]. MHorumu aBTOpaMud OTMEUYEHO, YTO
nobapiieHe Ououyapa B 3aCOJIGHHYIO IIOYBY YBEIMUYMBACT COJACP)KAaHUE OPraHHUYECKUX U
MHUHEpAJIbHBIX BELIECTB, YIYYLIaeT a’3paluio U BIArOyJAepKUBAIONIYI0 COCOOHOCTH MOYBHI, a
Takke HopMmasm3yer PH mous. brarogapst aGcopOIMOHHON CIOCOOHOCTH, OMOYap MOXKET
CBS3BIBATh PA3NIMYHbIC TOKCHUYHBIC BEIIECTBA — HANpUMEp, HOHBI HATpHUS, — YMEHbIIAs HX
nocrynHocts Juis pacteHuil [10; 12]. Kpome Toro, Omouap MoeT BbICTyHaTb B KauecTBE
HOCHUTEJSI JJIS Pa3IMYHbIX MUKpoopraHusmoB [3; 9; 16]. IloaToMy ero 4acro MCIONB3YIOT B
COUYETaHUH C PU30CPEPHBIMHU OAKTEPUSIMU, CTUMYIUPYIOIIUMU POCT pacTeHuil (oT anri. “Plant
Growth-Promoting Rhizobacteria”, PGPR), koTopble dake¢ B YCIOBHSAX CTpecca yaydIiaroT
YCBOEHHE IUTATENIbHBIX BEIIECTB M CIOCOOCTBYIOT Pa3BUTHUIO KOPHEBOM CHUCTEMBI U POCTY
pacrenuii [11; 13]. Takoe komMOMHUpOBaHHOE UCTONIb30BaHKe Ouoyapa u PGPR moxer co3nath
cuHepreTrueckuii 3(h(exT, CcrnocoOCTBYIOMUNA CHUKEHHIO COJEBOTO CTpecca Yy pacTeHUuw,
BOCCTAaHOBJICHUIO 3aCOJICHHBIX M10YB, a TAKXKE MOBBILIEHUIO UX NIPOAYKTUBHOCTH [1; 9; 13; 14].

Llens wuccnenoBaHWsT — OLEGHUTH BIUSHHE OHOYJOOpPEHHsST Ha OCHOBE Owodapa u
rajotonepanTHoro mramma PGPR Pseudomonas sp. STF14 Ha poct u HeKoTOpbie PHU3HOIIOTO-
OMOXMMHUYECKUE XapaKTepUCTUKHU ropuuIlbl capenTckoii (Brassica juncea (L.) Czern) B ycioBusix
COJIEBOTO CTPECCA, BBI3BAHHOIO ACMCTBUEM XJIOPHJIA HATPUSI.

Matepuanbl 1 MeTOABI

B kauectBe 00BekTa mccienoBaHUS ObUI BHIOpAH CalaTHBIM COPT TOPYMIIBI CapenTCKOM
«Yacrtymka», Kak paHHECHENbIi M  BBICOKOYpOXKaWHBIH; KpoMe TOro, 3Ta Ba)KHas
CENIbCKOXO03SMCTBEHHAs KyJbTypa IIMPOKO HCIOJIb3YETCS B arpapHOM CEKTOpe W B MHILEBOU
MPOMBINIUIEHHOCTU. VI3BECTHO, YTO ropuuila capenTckasi Cnoco0Ha K OBICTpOMY pOCTy, 00J1amaeT
BBICOKOM YCTOMUYMBOCTBIO K HEOJIAroNpHATHBIM YCIOBHUAM CPEIbl M MOXKET pacTH Ha OEIHBIX U
3aCOJIEHHBIX MTOYBAX, YJIy4dlllasi UX CTPYKTYpY U MOBbIIas miaogopoaue [19].

B xone skcniepumenTa uzydanu 3¢ hexTsl 6akTepranbHoro onoynoopenns (bbY) na ocHose
o6uouapa u cenekruBHoro mramma PGPR (Pseudomonas sp. STF14). Jlns ero co3manus ObuT
UCTONb30BaH KoMmMmepueckuit  Ououap (OOO  «/luanArpo», HoBocubupck, Poccus),
U3TOTOBJICHHBIN M3 Oepé30Boil npeBecHHBl MyTeM nupoiusa. s co3nanus BBY Obun Taxoke
BeiOpan mTamMm PGPR, Beyienennsiii B 2023 1. u3 pusocdepst Tussilago farfara L.,
npouspacTatomied BOimmM3u pynHuka «CadbsiHoBckas menb» (Pex, CBepanoBckas o001acTsh).
[IpuHauie)xHOCTh ATOrO MmTaMMa K poxy Pseudomonas Obuta MOATBEpPIKACHA C MOMOIIBIO
cexBeHupoBanus reoma 16S pPHK [21]. [IpenBaputensHoe TecTupoBaHue mramma Ha PGP-

CITOCOOHOCTH M YCTOMYHMBOCTHh K 3aCOJICHHIO IMOKa3aj0, YTO OH CIOCOOEH K COJIFOOMIIM3AINU
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docdaros (10 34,8 Mr PO4>/n), npomykimu una0mi-3-ykeycHoit kucnotsl (MYK, 1o 31,8 mr/n),
BbIpaboTKe cuaepodopoB m amMmuaka [21]; kpome TOro, OH OKa3zaJics yCTOWYUB K BBICOKHUM
kourenrpanusam NaCl — BergepskuBain 10 800 MM 6Ge3 yrHeTeHUs pocTa KYJIbTYPHI.

st co3nanust BBY 6novap n3menpyany, a 3aTeM CMEIUBAIN B Iporiopiiud 5:1 (1o oobemy)
¢ sxKuKoi KymbTypoit Pseudomonas sp. STF14 (108 KOE/wu1), npeBapuTenbHO BBIPANIEHHOM Ha
cpene Jlypma—bepranu. ['otoBoe OuoynoOpeHue n00aBasii K TOPPOTPYHTY (HU3UHHBIN
HenTpanuzoBanublii Topd, 'K «Cemurep-Arpo», Tsepb, Poccusi) B xonuentpauuu 2,5% (1o
00BEMY) H UCHONB30BaJM JUIS 3alOJIHCHHS IUTACTUKOBBIX KOHTEHHEpOB o0OBeMOM 3 I
OkcrnepuMeHT BKIrodan 4 Bapuanra: 1) koutponsssiid Topdorpynt (TI); 2) TT" + 2,5% BBY; 3)
TT" + 80 MM NaCl; 4) TT + 2,5% BBY + 80 MM NaCl. [ToBropHOCTh cOcTaBisia 3 KOHTEHHEpa
no ~150 pacrenuii. {ns ¢popmMupoBaHusi coJIeBOro crpecca pacTeHus B 3-M U 4-M BapuaHTax
noyinBaiy aBaxasl B Hepemo 80 MM pactBopom NaCl (0,5 11 Ha KoHTelHep), HauMHasl ¢ 7-ro IHs
BEreTaIlMH MOCIIe MOSBICHUS BCEX BCXO10B.BEIOOP TaHHOM KOHIICHTPALIUU COJTU ObLT 00YCIIOBIIEH
pe3ylbTaTaMi PEeKOTHOCHUPOBOYHOTO HKCIEPUMEHTa, B XOJ€ KOTOPOrO CEMEHa TOpPYHIIbI
NpeABAPUTEIILHO MPOPAIIMBAIN 5 cyTOK Ha 4amikax [letpu B rpaguente konueHrpanuit NaCl (0—
150 MM). BexoskecTs ceMsiH TOpUHIIBI B CpeTHEM cocTaBlisiia 0koso 50%. Pactenus BeipanmBaiu
MIPU €CTECTBEHHOM OCBEIIEHUH U KOMHATHOW TeMIlepaType; ooiee Bpems Beretauuu — 21 1eHs.

[To okOHYaHUM SKCTIEPUMEHTA Ha CBEXKEM PACTUTEIILHOM MaTepuase ObUTH H3MEPEHBI AJTMHA
U chlpas OMomMacca CesHIEB, a TaKXKe OIMpeAeNieHbl HEKOTOpble (U3HUOJIOT0-OMOXHUMHYECKHE
XapaKTepUCTHKH PACTEHHH, COJepKaHNEe HATPHUS B ToOerax U (PU3MKO-XMMHUYECKHE MapaMeTphl
nouB. [y ananm3a comepkanus GOTOCHHTETUIECKUX MTUTMEHTOB UX IKCTPArupoBAIN M3 CBEKHX
mctbeB (50 mr) B 80% pacTBOpe oxnaxaeHHoro anerona. Coaepxanue xiaopopuinioB (Xi a, X
b) u kapotuHOMIOB Onpenensitu cektpodoromerpuuecku («APEL» PD-303UV) ipu 470, 647 u
663 uM u paccuuthiBasin coryacHo Lichtenthaler [20]. Coxepikanrue MaqOHOBOTO JAHANbAETHIA
(MJIA) ompenensyii mocie TOMOTEHHU3AIMM HABECKM CBEXKUX JHUCThEeB B pacTBope 0,25%
THOOapOUTYpoBON KHCIOTH B 10% TpuxiopykcycHoit kucnore [17]. Conepxanue cBoOOAHOTO
IOpOJIMHA ONpENeNsUIM MO0 MOJIUGHUIMPOBAHHOW METOAMKE C HCIOJIb30BAHUEM KHCJIOIro
HUHTUIAPUHOBOTO peakTuBa [6]. Bemmumny pH, ynenbHyto snekrpomnpoBogHocts (EC) u
conepkanre NaCl ompenensuin B MOYBEHHO-BOJHOM CYCIEH3MHM B COOTHOLIeHHH 1:5 (mouBa:
IUCTWUIMPOBaHHAs BoJia) C MOMOUIbI0 mopraTuBHOro pH-merpa/konaykromerpa (Hanna
Instruments GmbH, Graz, Asctpus). OnpeseneHue coaepKaHus JOCTYITHOTO HATPUsS B TMOYBE U
o0miero HaTpusi B 1oderax MPOBOAWIIN MPU MOMOIIM aTOMHO-a0COPOIIMOHHOTO CIIEKTPOMETpa
AA240FS (Varian Australia Pty Ltd., ABctpamus). JlocTynHblii HaTpuil ONpeAeNsIA MOCIe
skcTpakiuu 2,5 r moussl B 50 Mt 5% HNO3 (ocud.), a oOmuit HaTpuil B paCTUTEILHOM MaTepHuale
— noce ero o3osieHust 70%-Hoii a30THON KUCIOTOH.

Craructuyeckass 00paboTka mpoBojwiack ¢ wucnoias3oBanuem MS Excel 16.0 u
STATISTICA 13.0 (StatSoft Inc., CIIIA) u Bxito4ana B ceds pacyér cpeHUX aprupMeTHIeCKuX
3HAYEHUH KaXI0To MapamMeTpa U UX CTaHIapTHBIX OMIMOOK, KOTOPbIE OTPaXKEHBI B TAOJIUIIE U HA

pucynkax. [Ipu cpaBHeHHH NaHHBIX HCIHOJB30BAIM JBYX(AKTOPHBIM JAUCIIEPCUOHHBIN aHAIN3
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(two-way ANOVA). B ciyuae 3HaYMMOTO BJIMSHUS PacCMaTpPHBAaEMOro (akTopa IMPOBOIUIN
MOTIAPHOE CPABHEHUE MEXAY €ro KaTeropusMu C HCIOJIb30BAaHHUEM allOCTEPUOPHOIO KPUTEPHS
Teroku (Tukey's test). B Ttabnuiie m Ha puCyHKax pa3HbIMH OyKBaMH JIATHHCKOTO aiiaBuTa
0003HauEHBI IOCTOBEPHBIC Pa3Nuyuus MeXy BapuanTamu npu p < 0,05.

Pe3yabTaThl 1 UX 00CY KIeHHE

Ouenka Bnusinusg BBY u 3aconeHust Ha poOCTOBBIE MOKAa3aTeNM TOPYMIIBI MTOKa3ajia, YTo
HanOoJiee 3HaYUMBIM (pakTOpoM okazanoch qobasienne bbY: minuHa u ceipas 6uomacca modera
YBEIMYMBAINCH B cpenHeM Ha 22% mo cpaBHEHHIO ¢ KoHTposeM (puc. 1). DT10 ObBLIO

HOATBEPIKICHO pe3yiibTaTaMu AByX(haKTOpHOTro aucrnepcuonHoro ananusa (F =29,44; p < 0,001).
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Puc. 1. lnuna (A) u ceipas 6momacca (b) TpexHeaeJbHOro nooera ropunusbl capentckoi. TT —
KOHTPOJIbHBIH TopdorpyHT. BBY — 6akTepnanbHoe 6moynodpenne. IlpencrasiieHsl cpeaHue
apudmeruyeckue 3Ha4yeHusi = SE (n = 4). PazHbIMHu JaTHHCKUMHU 0YyKBaMHU 0TMeE4Y€HbI

JA0CTOBEpPHBIE pa3auuus Me:kay Bapuantamu npu p < 0,05

O06paboTka coJeBBIM PpacTBOPOM MHTHOMpOBaja JJIMHY U Ouomaccy modera B CpeiHEM Ha
15% ot xouTposs (puc. 1). CoBmectroe Biausare bBY u NaCl ne 6but0 3Haunmeiv (F = 0,75; p =
0,48), omnako jquHa U Omomacca mobera yBenuuuBanuch Ha 11 u 23%, COOTBETCTBEHHO,
cliefioBaTeNIbHO, BHeceHHEe BBY B HEKOTOpOIl CTemneHM HUBEIMPOBAIO COJEBOM CTpecc u
CIO0COOCTBOBAJIO POCTY FOPUMIIBI.

CrocoOHOCTh MHOTHX INTAMMOB OakTepWii, acCONMHUPOBAHHBIX C KYJIbTYPHBIMH
pacTeHUs MU, CTUMYIHMPOBATh MX POCT M MOBBIIIATh YCTOMYMBOCTH B YCIOBHSIX CTpecca JaBHO
nokazana [1; 11; 21]. [HonoxxutensHblil 3¢ ekt BBY Ha mapameTpsl pocta ropUHIlbl, O4EBHIHO,
OOBSICHSETCS  YBETMYEHHWEM  JOCTYMHOCTH BaXHEUIIMX HYTPHEHTOB TIOJ  BIUSHHEM
pU300aKTepHid, a Tak¥Ke MposiBiieHueM uMu pyrux PGP-cBoticTs. Tak, paree ObLTO TOKa3aHO, U4TO
UCTIOJIb3YeMbIi HaMH CeIeKTHBHBIH mtamm Pseudomonas sp. STF14 ciocoOeH k comroOumu3auu

HeocTynHbIX docdaros, npoayknun UYK, a Takxke BeipaboTke cuaepodopoB u ammuaka [21].
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VYiydIieHuio pocta ropuuisl npu go6asneHnu bBY, Bo3M0oXkHO, 6aronpusTcTBOBAI U 6uoyap,
BXOJISIIIUA B ero cocrtaB. M3BecTHO, YTO OH 00JIaJaeT CIIOCOOHOCTBIO YIyYIIaTh CTPYKTYPY
MOYBBI, YBEIMYMBATH €€ BOJOYJCPKHUBAIOIIYID CIOCOOHOCTh W COJCPKAHWE MUTATEIbHBIX
BemiecTs [3; 10; 12].

OIHUM M3 MHAWKATOPOB OTBETHOM PEaKLIMK PACTEHHIA HA YCIIOBHS TPOM3PACTAHUSI SIBIISICTCS
COCTOSIHUE THMIMEHTHOTO KOMIUIEKCa, KOTOPOE 3aBHCHT OT COACP)KaHUS M COOTHOIICHUS
dorocunreTrueckux murmeHToB [20]. Ilpu BHecenun BBY (otmensHo wian coBmectno ¢ NaCl)
coJiepKaHue XJIOpOPUIIIOB U KAPOTHHOUIOB B CpelHEM yBenuunBasioch Ha 20% (puc. 2).
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Puc. 2. Coaep:xanue xj0popusiioB (A) u kapoTuHOUA0B (B) B IMCTHSIX TpexXHeAeJbLHBIX CesTHIIEB
rop4unsl capentckoii. Xu1 — xiaopopuiui. TT' — konTpoabHbIi TOpporpynT. BBY — 0akTepuanbnoe
ouoynoopenue. Ilpeacrapiensl cpeanue apudpmerudeckue 3nauyenusi = SE (n = 4). PazubiMu

JIATMHCKUMH OYKBaMH OTMe4YeHbl 10CTOBEePHbIe pa3juuus Me:kay BapuanTtamu npu p < 0,05

ANOVA-TecT noaTBepANI 3HAUUMOCTb BIUSHUS TAaHHOTO (pakTopa Ha (POTOCUHTETHYECKUE
nurMenTtsl ropunnbl (F = 11,69; p < 0,01). IIpu stom cootHomenne Xa &/Xmn b u cymmbl
XJIOPOPUILIOB K KAPOTHHOMIAM B CPEAHEM COCTaBIISLIO 2,3 1 5,5, COOTBETCTBEHHO, M JIOCTOBEPHO
HE MEHSJIOCh, YTO CBUJETENBCTBYET 00 YCTOMUMBOCTM NMUIMEHTHOTO KOMILIEKCa H3ydaeMou
KYJBTYpBIL.

[ToBpIIEHHOE CoAepxKaHUe MPOAYKTOB nepekucHoro okucinenus qunuaos (I1IOJI), Takux
kak MJIA — uHAMKATOp TOTO, YTO PACTEHUS UCIIBITHIBAIOT CTPECC U UX MEMOpPaHbI MOBPEKACHbI
[17]. AucnepcOHHBII aHAIN3 MTOKa3ajl JOCTOBEPHYIO 3HAYMMOCTb BCeX (PaKTOPOB, BIUSIOMINX HA
stot mapametp (F = 146,74; p < 0,001).

JHob6asnenne BBY mpuBonuno x yBenudeHuto coiepkanus MJIA B TUCTBAX TOPYHIIBI HA
38% 1o cpaBHeHHIO ¢ KOHTpoJeM (puc. 3A). OnHako HaUOOIBITUN OKUCIUTEIBHBIN CTpecC ObLT
ormeueH npu nonmse 80 MM pactBopom NaCl — comepxxanne MJIA yBennmumBaioch B 2 pasa.
Buecenue B mouBy bBY mnpu coneBom Bo3zelicTBuu HuBenupoBaino HeraruBHoe Biusaue NaCl,

camxas konuuecTBo mpoaykToB [TOJI Ha 37% mo cpaBHeHuto ¢ koHTposieM (puc. 3A). [Tomms
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pactenuit ropumniibl pacteopom NaCl yBenuuuBan coziepikanue cBOOOIHOTO MPOJUHA TIOYTH B 5
pa3 Mo CpaBHEHUIO C KOHTPOJIEM, TOI'/1a Kak IPU COBMECTHOM JeicTtBun ¢ bbY ero conepxanue

ob110 Ha 20% HIKe (puc. 3b).
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Puc. 3. Coaepxxanue manoHoBoro auaiasaeruaa, MJIA (A) u ceodoanoro npoJinna (b)
B JIUCTBSIX TPeXHeeJbHBIX CesiHIeB ropuninbl capentckoi. TI' — KOHTPoJIBHBIH TOPOrpyHT.
BBY - 6akrepuansnoe 6uoynoopenne. [Ipencrasiiensl cpeanne apupmeTniecKne
3HaveHus = SE (n = 4). Pa3HpIMu JaTUHHCKMMH OYKBAMHU OTMeYeHbI 10CTOBEPHbIE PA3JIMYUs

Mesxny Bapuantamu npu p < 0,05

Kak Obuto ormeueno Beime [19], B. juncea otHocuTcs K KyabTypam, IUIS KOTOPBIX
XapakTepHa BBICOKas YCTOWYMBOCTb K HEOJAarompusTHBIM (akTopaMm cpeabl. Tem He MeHee,
pE3yJIbTaThl UCCIEJOBAHMS CBHJETENBCTBYIOT O TOM, YTO MCHOJb3yeMas HAMHU KOHLEHTpalus
NaCl He TobKO HHTHOUPOBAIa POCT CaJaTHOW FOPYHIIBI, HO M BBI3bIBaJIa OKUCIUTEIBHBIN CTpecC,
COINPOBOXKAAIOIINICA 3HAYUTENIbHBIM YyBelIHueHueM cojepxkanuss npoaykroB IIOJI. Kak
U3BECTHO, NPOJMH MIPacT KIKYEBYIO pPOJIb B 3aIIUTE KIETOK OT OCMOTHYECKOIO CTpecca.
[Toatromy NaCl-unaynmpyemas akkyMmysisiusi MPOJIMHA SIBISIETCS 3aKOHOMEPHOW peakiuei
pacTeHusl Ha coJieBOM cTpecc. bonee Toro, HakomjieHHWe MpoOJMHA B KIETKAaX IpPHU CTpecce
CIOCOOCTBYET COXPAaHEHUIO KJIeTOYHOro romeoctasza [18]. [loaTrBepxkaeHueM STOMY SIBISETCS
OTCYTCTBHE JOCTOBEPHBIX Pa3IM4YMi MEXAY BapHMaHTaMU IO CTENEHU OBOJAHEHHOCTH JIMCTHEB
TOPYHMIIBL: B CpeHEM OHa cocTaBisiia 93%.

Omnpenenenne GU3NKO-XMMUYECKUX MOKa3aTele MOYBbI MO 3aBEPIICHUH SKCIIEPUMEHTA B
CpaBHEHMHM C HCXOIHbIM TI' moOKa3alno OTCYTCTBHE AOCTOBEPHBIX Pa3IN4YMil MEXAYy BCEMH
BapHaHTaMM 1O 3HaueHHIo PH, a Takke MexIy cyOcTpaToM 10 M IOC]e SKCIEpPUMEHTa — MO

snaueHuto EC, cogepxanuto NaCl u nonos Na (tad:1.).

Tabmuia
DuU3NKO-XNMHYECKHE MOKA3aTeJH MOYBBI 10 M MOCJI€ BHIPANIMBAHUS TOPYHIbI
Conepxanue Conep:xxanne Na
Bapuant H EC, mCMm/cMm '
P P ! NaCl, % MI/T IIOYBBI
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bopucosa I'.I'., Aspamenxo A.B., Tyzb6aesa A.C. u dp.

Ucxonnpiii TI 5,93 £0,03° 0,623 = 0,004¢ 0,025 + 0,003" 0,212+ 0,010°
TT" (koHTpOIIB) 5,97 £0,06° 0,851 + 0,017« 0,028 + 0,005° 0,229 +£0,010°¢
+bBY 6,08 + 0,06 0,871+ 0,025¢ 0,038 + 0,003° 0,240 +0,011°¢
+NaCl 5,86 + 0,052 7,238 +0,107° 0,433 + 0,0242 15,228 £ 0,515°
+bbY+NaCl 5,98 + 0,052 8,350 + 0,053* 0,478 £0,013? 17,375+ 0,3952

Jlo6aBnenue bBBY cierka yBenuuuBaiio oOlee coaepkaHue Cojiel B IMOYBE, B TOM YHCIIES
NaCl (ua 36%). ITonus pactBopom NaCl ysennuusan Bennunny EC, conepxanue NaCl u Na no
CPaBHEHHIO C KOHTpoJeM B cpemaneM B 8,5, 15,5 u 66,5 pa3, coorBercTBeHHO (Tabnuima). [Ipu
komOunupoBanaom jeiictBun bBY u NaCl 3nauenust EC, cogepxanne NaCl u Na Bospacranu
eme Ooible, 4TO OOBSCHSETCS TAaKUM CBOMCTBOM OuoOYapa Kak MOBBIIICHHAs E€MKOCTb
katroHHoro oomena [3; 9; 10]. CoxmepkaHre MOHOB HATPUS B MOOETax TOPYMUIIBI MPHU TIOJHBE
COJIEBBIM PAaCTBOPOM YBEIUYHBAIOCH B 6,8 pasa (mo 30,8 £+ 0,6 Mr/r cyxoro Beca) 1o CpaBHEHHUIO
¢ koutposbHeIM TT 1 BBY (B cpennem 4,8 + 0,1 mr/t cyxoro Beca). OnHaKo MpH UCHOIB30BAHUT
NaCl B komOunanuu ¢ BBY ono camxkanocs Ha 46% (10 21,1 + 0,7 Mr/r cyxoro Beca). BoamoxHo,
3TO CBSI3aHO C aJCOPOUPYIOIIEH CIIOCOOHOCTHIO OMoYapa BCIEICTBUE €r0 MOBBIIICHHOW eMKOCTH
TTOTJIOMICHUS KaTHOHOB [3].

3ak/roueHue

B ycnosusix NaCl-3aconenust y ropumiibl canaTHoi copt Yactyika OblI10 OTMEYEHO MOUYTH
CEMHUKpPATHOE yBEIMYECHHE COACPAHMS MOHOB HATpUs B MoOerax M MHrHOMPOBAHUE POCTOBBIX
MPOIIECCOB, YTO CBHUJIETEILCTBYET O HEIOCTATOYHO BBHICOKOM COJICYCTOMYMBOCTH JAHHOTO COPTA.
Hecmotpst Ha 370, comepkaHne (POTOCHHTETUYECKHX INMUTMEHTOB M HMX COOTHOIIEHHE OBLIO
cTabunpHbIM. Ha nelicTBue Xsiopujga HaTpusl PAacTEHUS TOPYMIIBI OTBEUATH MSATHKPATHBIM
yBEJIIMYEHUEM COJIEp>KaHusl CBOOOTHOTO MPOJIMHA, YTO, BEPOSTHO, CIIOCOOCTBOBAIO CHUKCHHIO
OKHCIIUTENBHOTO cTpecca. buoynobpenue Ha ocHOBE 0epE€30BOro Omouapa M rajoTOJIEPaHTHOTO
mramma PGPR Pseudomonas sp. STF14 ynyugmrano mapameTpsl pocTa, MPEMsSTCTBOBAIO

MOBBIIIICHHON AKKYMYJIAUA Na* u OTYHACTHU CMATYAJIO HCIraTUBHBIC BQ)(I)GKTBI COJICBOT'O CTpECCca.

HUccneoosanue svinonneno 3a cuem epauma Poccutickoeo nayunozo ¢onoa,
epanm Ne 24-76-10062, https://rscf.ru/project/24-76-10062.
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BUOMETPUYECKHE [IOKA3ATEJIM IIBLJIBIBI U OCOBEHHOCTHU POCTA
NbUIBIEBBIX TPYBOK JUNIPERUS DELTOIDES R. P. ADAMS B TOPHOM KPbIMY

Y.V. Plugatar, O.0. Korenkova

BIOMETRIC INDICATORS OF POLLEN AND GROWTH CHARACTERISTICS
OF POLLEN TUBES OF JUNIPERUS DELTOIDES R. P. ADAMS IN MOUNTAIN CRIMEA

AnHoTauus. B npouecce HHAMBUIYATBHOTO Pa3BUTH
opranuzma OPOUCXOAUT ero ajanTauusi,
3aKOHOMEPHOCTH W MPHHLUIIBI KOTOPOH, B TOM 4YHUCIIE,
OTpaXKaloTCs B peaM3alid MYKCKOTO ramerodura.
EcrecTBeHHOE BO300HOBJIGHHE JIPEBOCTOSI, MPEKIE
BCETO, 3aBHCUT OT TMOKa3aTejed  yCIEIIHOCTH
(opMHUpPOBaHUS CEMSH, KOTOpPBIC, TOMHMO IIPOYETO,
OTIPEACIAIOTCS ~ XapaKTepPUCTUKAMU  TBUTBIBL.  Jlyis
BUJIOB, HAXOMASALIMXCS TOJ YIpPO30i HCUYE3HOBEHUS,
OCOOCHHO OCTPO CTOHMT TpoOiieMa CTaOWIBLHOCTH
BO300HOBIEHHA. Llenb wccrnenoBaHus — ONpENeNUTh
6romMeTpruyecKue 0CcOOEHHOCTH u YpOBEHb
JKU3HECTTOCOOHOCTH THUTBIEBBIX 3épen J. deltoides B
l'opaom Kpemmy. Hcxoms u3 menu paboThl, ObLIH
MOCTaBIICHBl  CICIYyIONIMe  3afadd:  ONpeleNIUTh
MOp(pOMETPUUECKUE TTapaMeTphbl HMBUIBLIEBBIX 3EpeH J.
deltoides, omeHHTh MOTEHIMAIBHYIO W PEATBHYIO HX
KM3HECIIOCOOHOCTh, a TaKKe BBIIBUTH CTENCHb
BIIMSHUS (PAKTOPOB OKPY)KAIOILICH CPEIbl Ha Pa3BHTHE
My)KCKOW penpoayktuBHOii cdepsr J. deltoides B
l'oppuom Kpeimy. B mpenenax kaxnaod mpoOHOIA
Iomaay onpenaesum no 10 MOIETBHBIX IEPEBLEB, C
KOTOPBIX COOMpay THUIBIEBBIE 3€pHA B IEPUOJ HX

BBUIETA. Ha BPEMEHHBIX aleTOKapMUHOBBIX
Impernaparax MU3Mepsuld JUaMeTp IbUIBLEBBIX 3EPEH B
JBYX B3aUMHO NEPHECHAMKYJSPHBIX  IIOCKOCTSX.

[IpopamuBanue MHUTBIBI OCYIIECTBIUIA 10 METOIY
BUCSUeld Kamud. sl ompeneneHuss WHTErpajbHOU
OLICHKM KayecTBa MBUIBIBI Obula  pa3paboTaHa
cOOCTBEHHAsl METOJIMKA, BKIIOYAONIAs KOMIUICKCHBIH
aHaM3 €€ THCTOXUMHUYECKHX M MOP(OIOTHUECKUX
MIPU3HAKOB, XapaKTEPU3YIOIIUX >KU3HECIIOCOOHOCTD.
Pasmepsl neuTbIeBEIX 3€peH J. deltoides B T'ophom
KpeiMy ornmuarorcss B mpegenax ommOku. CpenHuit
quameTp (epTUIbHON TBUIBIBI I BHA, B YCIOBUSIX
moyryoctpoBa, cocraBisier 27,08+0,49 mxm. Cpemnmii
mporeHT  QepTuIbHOW  (OKpAIllleHHOH)  IBUIBIIBI
cocraBisgeT 55,19+3,84%. B 2002 r. 3ToT mokasareib
Haxoawicst B auana3oHe oT 87,1% mo 98,2%. MoxxHO
MIPEINONI0KUTh, YTO 3a TOCTENHUE BA JECATHIICTHS
noas (epTuIbHOW MBUIBIBI CHU3WIOCH B 1,7 pasa.
Haubonpiiee BiausHue Ha (EPTHIHLHOCTD MBUIBIBI J.
deltoides, mpakTruecku B paBHOI CTEMEHH, OKa3BIBAIOT

Abstract. The process the organism individual
development implies its adaptation, the patterns
and principles of which, among other things, are
reflected in the implementation of the male
gametophyte. The forest stand natural renewal
primarily depends on the indicators of the seed
formation success, determined among other
things by the pollen characteristics. For species
threatened with extinction the problem of
renewal stability is especially acute. The paper
is aimed to determine the biometric
characteristics and the viability level of J.
deltoides’s pollen grains in the Mountainous
Crimea. In that regard, the following tasks were
set: to determine the morphometric parameters
of J. deltoides pollen grains, to assess their
potential and real viability, and to identify the
degree of environmental factors influence on
the development of the male reproductive
system of J. deltoides in the Mountainous
Crimea. Within each trial area, 10 model trees
were identified to collect their pollen grains
during the flight period. The diameter of pollen
grains in two mutually perpendicular planes was
measured on  temporary  acetocarmine
preparations. Pollen germination was carried
out using the hanging drop method. A new
methodology was developed to determine the
integral assessment of pollen quality, including
a comprehensive analysis of its histochemical
and morphological features characterizing
viability. The sizes of J. deltoides pollen grains
in Mountainous Crimea differ within the error
limits. The average diameter of fertile pollen for
the species, under the conditions of the
peninsula, is 27.08 £ 0.49 um. The average
percentage of fertile (colored) pollen is 55.19 +
3.84%. At the beginning of the 21st century, this
figure ranged from 87.1% to 98.2%. It can be
assumed that within the past two decades, the
amount of fertile pollen has decreased by 1.7
times. The greatest influence on the fertility of
J. deltoides pollen is almost equally exerted by
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BEICOTA HaJl YPOBHEM MOPS M 3JaQUYCCKUEC yCIOBUS
MecT mpom3pactaHus ocobeit (6,38% wu  6,50%
COOTBETCTBeHHO). I[Ipm mpoBeneHUM WHTETPATHHOU
OIICHKM KauyeCTBa MBUIBIBI KPHIMCKOM MOMYNSIUU J.
deltoides YCTaHOBJICHO, 4TO0 MOIABJISIOIICE
OonpmHCTBO ocobeir  (64,71%) xapaxTtepuzyercs
XOpOIIUM  Ka4eCTBOM  NBUIBIEBBIX 3€peH. [loms
npopocmeid meutblibl J. deltoides B T'oprnom Kpeimy
Hm3kas W cocraBisgeT 20,16+1,12%. OcHOBHBIM
(akTopom, OKa3bIBAIOIIIAM BO3JIEHCTBHE Ha
JKU3HECTIOCOOHOCTh TBUIBIEBBIX 3EPEH, BBICTYIAET
aHTPOTIOTeHHAS Harpy3Ka TEPPUTOPUH (CUIIA BITUSHUS —
51,63%). CpenHss momst TPOpOCIHIed NBUIBIBI Ha
3HAYUTEIHLHO AHTPOIOICHHO HAPYIICHHBIX Yy4YacTKax
coctaBisieT 12,0£1,26 %, uto B 2,3 pa3za HUXKE, YEM Y

oco0Oell, MpOM3pACTAIOUIMX Ha HE HapyLIEHHBIX
TEPPUTOPUSIX.

KiaouyeBble  cJioBa; MBUIBLA; J. deltoides;
(G epTUIHLHOCTH; KU3HECTIOCOOHOCTE; Ka4ecTBO
MBUTBIEL,  (AKTOPHI OKpYyKaromei cpensl; [ opHBI
Kppim.
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the altitude above sea level and the edaphic
conditions of the places of growth of individuals
(6.38% and 6.50%, respectively). During the
integral assessment of the pollen quality of the
Crimean population of J. deltoides, it was found
that the overwhelming majority of individuals
(64.71%) are characterized by good quality
pollen grains. The proportion of germinated
pollen of J. deltoides in Mountainous Crimea is
low and amounts to 20.16+1.12%. The main
factor influencing the viability of pollen grains
is the anthropogenic load of the territory (the
strength of influence is 51.63%). The average
proportion of germinated pollen in significantly
anthropogenically ~ disturbed  areas s
12.04£1.26%, which is 2.3 times lower than that
of individuals growing in undisturbed areas.
Keywords: pollen; J. deltoides; fertility;
viability; pollen quality; environmental factors;
Mountain Crimea.
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[Tnyrataps 10.B., KopenbkoBa O.O. buomerpuueckue MoKazaTeId MNbUIBLEI ¥ OCOOCHHOCTH POCTa
nbUTBIEBBIX TPyOOK Juniperus deltoides R. P. Adams B I'opaom Kpsimy // Bectauk HiskHEBapTOBCKOTO
rocynapctBeHHoro yuusepcurera. 2025. Ne 1(69). C. 15-28. https://doi.org/10.36906/2311-4444/25-1/02

Plugatar, Y.V., & Korenkova, O.0. (2025). Biometric Indicators of Pollen and Growth Characteristics of
Pollen Tubes of Juniperus deltoides R. P. Adams in Mountain Crimea. Bulletin of Nizhnevartovsk State
University, 1(69), 15-28. (in Russ.). https://doi.org/10.36906/2311-4444/25-1/02

BBeneHne. OI[HI/IM M3 BAXHBIX 3TAIIOB PCIIPOAYKTUBHOI'O IMUKIJIA TOJTIOCEMCHHBIX ABJIACTCS
pa3BUTHE MY)KCKOH reHepaTuBHOM cdepsl. [Iporiecc ectecTBEHHOro BO300HOBIEHHS APEBOCTOS,
IPEeXJie BCEro, 3aBUCUT OT IMOKa3aTeNell yCnemHocT!H (POpMUPOBAHHS CEMSIH, KOTOPbIE, TOMHUMO
mpo4dero, OnpecACIArOTCA XapaKTCPHUCTUKAMH IbLIbIbI (KaK KOJIMYCCTBCHHBIMHU, TaK H
kauecTBeHHbIMH). [IpoGiema cTabuiabHOCTH BO300HOBJIEHHUS 0COOO OCTPO CTOUT JJIsl BHJIOB,
HaXOJALIMXCS M0/ yTPpo30i ncue3HoBeHMs. K unciny Takux BUIOB OTHOCSTCS BCE MPEACTaBUTENN
poxa Juniperus ectecTBeHHO npou3pacTaronire Ha Kpbeivckom noiyoctpose. B KpacHbix kHurax
Pecniyomuku Kpeim 1 ropoaa Cesacromoss Juniperus deltoides R. P. Adams (Cupressus L.) umeer

CTaTyc — BH, COKpaIammuiics B unciaennoctu [1; 5; 8; 9; 23; 27; 30].
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buomeTrprueckne XapakTEpUCTUKM IbUIBLBI WUIPAIOT BAXKHYIO pOJb B CHCTEMAaTHUKE U
¢wuinorenun. MopgoreHes MyXKCKOro ramerodura IO3BOJSAET BBIABUTh 3aKOHOMEPHOCTU U
MEXaHU3MBbl QAN TallMd OPraHu3Ma, IPOUCXOIAIINE B MIPOLIECCE €r0 MHIUBUAYAIBHOIO Pa3BUTHSA
[2; 5; 11].

OnHuM U3 cOCOOOB ONpeAeTeHUs PeajbHON >KU3HECIIOCOOHOCTH MBLIBIBI SBISAETCS €€
npopamybanue. IMEHHO ®U3HECTIOCOOHOCTb IbLIbLIBI M SHEPTHsI €€ pOcTa ABJISIOTCS OCHOBHBIMU
XapaKTepUCTUKAMU OLICHKH PE3yJIbTATUBHOCTH PA3BUTHUS MYXKCKUX PEHPOAYKTHUBHBIX CTPYKTYP.
KuznecnocoGHOCTh MBUTBIEBBIX 3EPEH OTPAKAETCS B UX CIOCOOHOCTH MPOPACTATh B MBbLIBIIEBHIC
TpYOKH, a JUIMHA TBUIBLIEBBIX TPYOOK, B CBOIO OY€pE.lb, MO3BOJISIET OILIEHUBATH HEPTUIO POCTA
nblIbIbl. CHIDKEHHE KadyecTBa IbUIBLIEBBIX 3€PEH M TEpaTOJOrHs MbUIBLEBBIX TPYOOK MOTYT
OTpaXkaTb HapylUIeHHE B Mel03e MHUKPOCHOPOLUTOB M, KakK CJIEICTBHE, IPHUBOAUTH K
MYCTOCEMSIHHOCTH MJIM 00pa30BaHUIO JIeTeHePaTUBHBIX 3aposiiiei [17-19; 22; 26].

Llenp wuccrnenoBaHus — ONpENENUTh OUOMETPUYECKHME OCOOEHHOCTM U YpPOBEHb
’KU3HeCocoOHOCTH NbUIbIEBBIX 3EpeH J. deltoides B I'oprom Kpeimy. Mcxoas u3 uemnu paboThl,
ObUIN [TOCTABJIEHBI CIIEYIOIINE 33Jauu: ONIPEIEIUTh MOP(HOMETPUYECKHE TAPAMETPhI IbUILIEBBIX
3épen J. deltoides, oleHUTh MOTCHIMAJIBHYIO U PEATBHYIO MX J>KU3HECIIOCOOHOCTh, a TaKKe
BBISIBUTH CTETCHb BIHMSHUSA (DAKTOPOB OKPY)KAIOLIeH Cpeasl Ha pPa3BUTHE MYKCKOH
penpoayktuBHoii cdepsl J. deltoides B 'oprom Kpeimy.

MaTrepuajbl M MeTObI HCCJIeA0BaHUs. B X0/1€ n3yueHus poLeccoB Pa3BUTUS MYKCKOU
penpoayktuBHoi cdepsi J. deltoides 6pu10 3amoxeHo 17 npooubix mtomanei (I11) mo 0,2 ra (puc.
1). 3aknanpiBany NpoOHbIE IIOLIAIM B IPUPOIHBIX MONYISIuUAX Ha BbicoTe OT 40 10 620 M H.y.M.,
B PA3JIUYHBIX 371a(0-0porpauuecKux yCIOBHSX.

B mpenenax kaxaod mpoOHOW muiomaau ompenensiii no 10 MoaenbHBIX JEepeBbEB, C
KOTOpBIX, B 2022 roay B mepuUoj BbUIETa MBUIbLBI, COOMpaIN MbLILLEBLIE 3€PHA MOCPEICTBOM
CTpAXUBAaHUS MHKPOCTPOOWJIOB B MPOCTEPUIIM30BaHHbIE OIOKCH. B mepuosn mnposeneHus
71a00paTOPHBIX HCCIEIOBAHUNH HMX XPAaHWIM B 3KCHKATOpe HAJ XJIOPUCTBHIM KallbIUeM MpHU
temneparype mitoc 5°C [7].

C ucnonp3oBanueM I1udpoBoro mukpockona Bresser LCD Micro Smp Ha BpeMeHHBIX
alleTOKAPMUHOBBIX IIpenapaTax W3MEpPAId JUaMeTp MbUIBLIEBBIX 3E€PEH B JBYX B3aMMHO
NEPIEHIUKYIAPHBIX IUIOCKOCTSX. Kpome TOro, mpoBOOMIM HX OKpPAacKy amneTOKapMHUHOM IIO
metonuke 3.I1. [TaymeBoit [13], ¢ menpio BBIABIEHUS MX MOTEHUMaIbHOU (epTribHOCTH. Ha
MpOpanIMBaHNue TBUIBIYY CTaBWJIM uepe3 1—2 mHs mocie cOopa B BUCAYEH Kaljie MUTATEIbHON
cpensl — 1% pactBop caxapossl ipu Temreparype 22°C [13]. dnsa kaxaoro odpasna Ha 7-i 1 Ha
14-ii neHp npopalIMBaHUS ONpPENENSUIM KayecTBO MbUIbLBL. s aHaiau3a HM3MEHYMBOCTH
MIPU3HAKOB HUCIIOJIb30BaNU Kaly ko3ddumnuentoB Bapuanuu C.A. Mamaesa [12]. [Tonyuennsie

JTaHHBIE 00pabaThIBaI METOIAMH MaTeMaTHYEeCKOM cTratucTuky [10].

17 () ®



Becmuux HBI'Y. Ne 1(69) / 2025 IKOJIOTUA PACTEHUI / PLANT ECOLOGY

Puc. 1. Cxema pacnoJio:keHust MpooHbIX muiomaeii B nomyasimusix J. deltoides B F'opuom Kpbimy
(1-2 — okpecmnocmu 2. Hnxkepman, 3 — 2. Yupka-Kascol, 4 — 2. Camnanvix; 5 — 2. Tonaka-baup;
6-8 — 2. Kapa-/lae; 9 — 2. [Ipaxon; 10 — m. Mapmosn; 11 — 2. llanas-Kas, 12-13 — 2. Koba-Kasi;

14 — 2. Coxon; 15 —e. Kapuwumepc; 16 — cx. Kynnio-Kas, 17 — okpecmnocmu c. Kyopuno)

Jnis  ompeneneHuss WHTETPAIBHOM OIGHKM KadecTBa MBUIBIBI ObUIa pa3paboTaHa
coOCTBEHHAasT METOJIMKa, BKJIIOYAIOIIAas KOMIUIEKCHBIM aHanu3 €€ TUCTOXUMHYECKUX U
MOp(OJIOrHUECKUX MPU3HAKOB, XapaKTEepPU3YIOIIMX JKU3HecnocoOHocTh. Ha mepBoM »srtame
NPOBOJWIN OKpAIIMBAHUE TMbUIBIBI AIlETOKAPMUHOM, a Ha BTOPOM OCYIIECTBIISUIM OILIEHKY
OKpAIIEeHHOW TBUIBIIBI 110 JIBYM TPYIIIaM MPU3HAKOB: TIepBasi — OIS OKPAIIEHHBIX MBLUTBIIEBBIX
3épen (0—5 6amIoB) U HHTEHCHBHOCTH OKPACKH COIEP)KUMOIO TbLIbIIEBOTO 3epHa (0—2 Oasa);
BTOpasi — pa3Mep MbUIbIEeBbIX 3épeH (1-2 Oamna), ux dpopma (1-4 Oaia) ¥ aHOMATUK Pa3BUTHS
(01 Gamm). Kaxaplii mpu3HaK oleHHBaiCcs B Oannax. MakcHUMallbHasi OICHKA, KOTOPYKO MOT
MOJIY4UTh OOpas3ell MbUIbIb, cocTaBisia 14 OamnoB. MrtoroBasi OlleHKa KayecTBa MBUIBIIBI
onpezensgach MOCPEICTBOM CYMMHPOBAaHUS Oa/UIOB TMCTOXMMHMYECKHX U MOP(OIOrHUECKHUX
XapakTepucTuK €€ coctostHus. OOpasubl MO YPOBHIO KauyecTBa B 3aBUCHUMOCTH OT KOJIMYECTBA
HaOpaHHBIX 0aJJIOB NOAPA3ACIISIIN CIEAYIONIMM 00pa3oM: KpaiiHe HU3KOe KaueCTBO MbLIbIIbI — 0—
2 Ganya; HU3KOE KauyeCTBO MBUIBIBI — 3—5 0aJIOB; YAOBIETBOPUTEILHOE KAYECTBO MBLIBIIBI — 6—
8 0ayuIoB; Xopollee Ka4ecTBO MBUILIBI — 9—11 0a/uioB; BBICOKOE Ka4ecTBO MbUTBIEI — 12-14
6ayuoB [5].

B cuny 3HauMTeNnbHOM HEOIHOPOTHOCTH MOYBEHHO-KJIMMATHYECKHX YyciaoBUN ['opHOro
Kpeima (Tabn. 1) Bce mpoOHble miomaau ObUIM pa3feNeHbl Ha YEThIpe TPYNIbl: B 3alaJHYyI0
rpyrmiy Bouuiy nmpoOusie momaau Ne 1-8; B tosxH00epexkHyt0 — Ne 9—10; B BocTouHyro — Ne 11—
15; B ceBepHyto — Ne 16-17 [lnga 3anagHoi Tpynmbl MCIONB30BAIM JaHHBIE OCAJKOB
meteoposiornueckoit cranuu Ne 33991 (r. CeBacTomnosnb); Uiss BOCTOYHON U FOKHOOEPEKHBIX

rpymi — Ne 33976 (r. ®eonocus) u Ne 33990 (. SlnTa) COOTBETCTBEHHO; JUIsl CEBEPHOM TPYIIT —
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Ne 339555u (r. Cumdeponons). Jlis BBIICNEHHBIX TPYII MOACYUTHIBAINCH CPEIHUE
TEMIIEPATyphl U KOJUYECTBO OCAJKOB B 3MUMHE-BECEHHHIl MEpHOJ 0 Hayana BbUIETA MBUIBIBIL.
Cornacuo nanasiM C.I1. KopcakoBoit © cOaBTOpOB [6], HUMEHHO 3TU KJIMMATHYECKUE TTOKA3aTeIn

SABJIIIOTCA OIMPCACIIAOINMU B IMTPOLECCAX OIBbUICHUA.

Tabmuna 1
XapakTepuCTHKA IPYNN NPOOHBIX IIOIIAe
Tpynma H. m £, °C CpenHerooBoe KOJIUYEeCTBO Tuil Hous
0CaJIKOB, MM

3amagHas 1094 13,7 349 Oypbie TOPHO-JIECHBIE
HOxHOOEpeKHas 415 14,3 736 KOPHYHEBBIC

BocTtounas 100 13,4 500 KOpPUYHEBBIE

CeBepHas 240 113 457 Oypble TOpHBIC

OCTCITHEHHBIE

Ilpumeuanue. H — maxkcumanpHas BbICOTa Hai. yp. M.; | — cpenHerogoBasi Temmeparypa. CreneHb
AQHTPOTIOTeHHOW HAarPY3KH ONpeAesuiach o 3-0anpHOH MIKalie MyTeM OLEHKH peKpeallioHHON AUTPECCHU.
[NepBas craaus pexkpeanoHHO# qurpeccud (1) — BRITaNTHIBaHKE MTOBEPXHOCTH MOYBHI 10 25%; Bropas (1)
— 1o 50%; tpetbst (III) — cBoime 50% [4]. Dnaduueckuii GaKkTOp OLEHUBAICS MO YPOBHIO IIOJOPOAUS
MOYBHI U €€ YBIaXKHEHHOCTH [4].

Pe3yabTaTel U o0cy:kaeHue. B xone MpoBeACHHBIX HCCIEIOBAaHUI YCTaHOBIEHO, YTO
U3MEHYMBOCTh pa3MepoB MbuUIbIEeBBIX 3EpeH J. deltoides B T'oprom KpbiMy He MpeBBIIIAIOT
OCHOBHYIO OLIMOKY cpeaHero 3HadeHus (tadum. 1). Cpennuil pasmep pepTHIbHON HBLIBIBI JUIS
BUJIa, B YCJIOBMSIX MOJYOCTpoBa, cocTasisieT 27,08+0,49 MKM, YTO MOJHOCTHIO COOTBETCTBYET
nocieannm ganteiM 2002 rofa, npuBeaéHHbIM B pabotax A.U. Pyrysosoii [15] mis J. oxycedrus.
[Ipu »TOM, aWameTp CTEpUIIBHOW MBUIBLIBI, Kak mpaBuio, Ha 5-10% uHwmxe. [logoOnas
3aKOHOMEPHOCTh CBOWCTBEHHA BCEM KPBIMCKUM MOXKEBEIbHUKAM. JlereHepaTUBHBIX WIIN
MMOBPEXKICHHBIX MBUIBIIEBBIX 3¢peH 0OHAPYKEHO HE OBLIO.

Cornacno knaccuduxanmu C.A. Mamaesa [ 12], ©”3MEHUUBOCTh pa3MEPOB MBUIBLIEBBIX 3EPEH
KpbIMcKO# momynsiiinu J. deltoides MokHO xapakTepu30BaTh Kak HH3KYI0 M OYEHb HH3KYIO,
kod(urment Bapuaruu He npesbimaet 12%. [TogoOHoe siBeHNE OBUIO TaK K€ OTMEYEHO CaMUM
C.A. MamaeBbIM 715 TipeicTaBuTesel cemeiictBa Pinaceae Lindl. [12].

IIpu mpoBenenun oaHodakTopHoro nuddepeHInanIbHOT0 aHaidu3a HE YCTaHOBIEHO
JOCTOBEPHOTO BJHSHHUS HH a0MOTHYECKUX, HHU AQHTPOMOTCHHBIX (DAKTOPOB Ha pa3Mepbl
MBUTBIIEBBIX 3EPEH UCCIIeAYyeMOTo BUia. MOXKHO 3aKIIIOUHUTh, YTO JAHHBIN MMOKAa3aTeNb SBISCTCS
TeHeTHYECKH 3aKkpericHHbIM uist J. deltoides.

B pesynbTaTe OlleHKU MOTEHIUATBHOM (DePTUILHOCTH MBUTBIIBI, YCTAHOBJICHO, YTO CPEIHUI
MPOLIEHT OKpaIlIEHHOM MbUIbLbI cocTaBnsaeT 55,19+3,84%. 1o nanusim A.W. Pyry3oBoii [15], B
2002 romxy 3TOT MOKa3aTellb HaXOoawics B nuarna3one ot 87,1% mo 98,2%. B pesynbrare uero,
MOYHO TIPEATIONOKHUTH, YTO 32 TOCJIECIHNE ABA NECATUIICTHS YUCIIO TIOTCHIIMAIBHO (QePTHIIHBHON
NbUIbIBI CHU3WIOCH B 1,7 pa3a. Takue H3MEHEHMs SBISIOTCS BECbMa CYIIECTBEHHBIMU U

CBUACTCIILCTBYIOT O HCOGXOI{I/IMOCTI/I BBIABJICHUA (baKTOpOB, MNPpUBCAIINX K 3TOMY. HpI/I 9TOM JOJIA
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OKpaIleHHOW (MOTEHIIMANTBHO ()ePTHILHOM MBUTBIIBI) B MIPeIeNaxX MOMYJISINH IMHUPOKO BaphbUPYeET
ot 43,2643,13% (r. [Tanas-Kas) no 70,10+2,47% (r. Yupka-Kascsr) (Tabdin. 2).

Tabmuma 2
MopdomeTpryeckne n KauecTBeHHbIE MOKa3aTen NbLILIBI J. deltoides

JrameTp MbLIbIIbI, OxkparieHHbIe ITpopociiue KauecTBO MbUIBIIBI,

Ne MKM TIBUTBIIEBBIE 3€pHa, % | TBUIBIIEBHIE 3epHA, % OB
T X+mx %Z’ X+mx CV, % X+mx %Z’ XEmx CE)Z’
1 26,13+0,46 | 11,8 | 48,9243,13 17,8 3,43+0,28 18,0 8,00+0,38 12,5
2 26,28+0,44 | 10,3 47,18+4,26 17,0 6,67+0,54 18,4 8,44+0,47 18,6
3 26,90+0,71 | 11,9 65,10+2,47 14,9 23,46+1,13 19,2 12,184¢0,41 | 16,8
4 27,11+0,60 | 9,7 57,89+£3,28 20,1 26,86+1,72 17,3 9,88+0,54 18,3
5 27,33+0,48 | 11,3 62,70+4,21 18,9 31,80+3,03 19,5 10,25+0,53 | 14,5
6 27,41+0,75 | 10,8 52,214+4,63 21,9 29,82+1,50 18,6 10,33+1,2 20,2
7 26,50+0,56 | 8,3 54,76+4,18 194 24,85+1,62 20,1 10,56+£0,93 | 20,5
8 27,20£0,43 | 9,4 56,43+4,78 16,0 27,07+1,94 19,9 9,92+1,15 17,5
9 27,15+0,28 | 8,3 55,84+3,96 18,2 29,14+1,29 18,3 10,97+0,95 | 14,3
10 | 26,84+0,21 | 6,8 54,75+4,14 20,0 26,95+2,16 18,7 10,43+0,43 | 10,9
11 | 27,44+0,30 | 7,3 43,26+3,13 16,8 5,81+0,44 17,4 7,33+0,56 11,4
12 | 26,56+0,51 | 10,6 | 48,77+4,14 19,5 2,60+0,19 18,2 8,55+0,42 14,7
13 | 27,070,446 | 7,7 46,16+3,93 20,8 6,76+0,37 19,0 8,19+0,55 16,2
14 | 27,08+0,62 | 12,0 58,73+4,79 16,6 25,91+1,56 16,2 10,01+0,63 | 12,2
15 | 27,51+0,86 | 11,4 61,09+4,23 20,5 29,76+1,52 20,2 10,14+0,72 | 18,6
16 | 27,44+0,53 | 9,9 57,70+4,66 15,2 27,49+2,10 17,0 9,21+0,44 12,8
17 | 27,82+0,59 | 10,6 61,73+4,24 21,5 31,41+2,83 17,3 9,00+0,73 13,0

B pesynbrare oaHO(aKTOPHOTO TUCIIEPCUOHHOTO aHATN3a YCTAHOBJICHO, YTO HauOoOIbIIee
BIIMSHUE Ha MOTCHIHAIbHYIO (GepTHiabHOCTh mbUIblbl J. deltoides, mpakTuuecku B paBHO#
CTEINEHHU, OKAa3bIBAIOT BHICOTA HAJ YPOBHEM MOPS U 31aUUecKue YCIOBHUS MECT TPOU3PACTAHUS
ocobeit (6,38% u 6,50% cooTBercTBeHHO). HanMeHnbliee 4nciao MOTEHUUANBbHO (PepTHIIBHOMN
neUTBIEL — 47,2%, BBIABIEHO B HIKHEM BBICOTHOM mosice (10 100 M H.y.M.). C yBenuueHuEM
BBICOTHI HaJl YPOBHEM MOPSI BO3pACTAeT U JI0JI MIPOKPAIIEHHOM MBUIbIEL. B BEICOTHOM JMana3oHe
ot 500 no 700 M H.y.M. 3TOT moka3zateib jaocturaetr nodytu 63%. [lomobHOe siBIEHHE MOXXHO
OOBSCHUTH, B TIEPBYIO OYEpEelb, TEMIIEPATYPHBIM PEKUMOM, KOTOPBIN OKa3bIBAE€T OCHOBHOE
BO3/ICIICTBUE HA Pa3BUTHE MBUIBIIEBBIX 3EPEH MOXOIKEBETLHUKOB [6].

Cpenu snaduyecKkux YCIOBUKM MECT MpoW3pacTaHus, Hauboyee ONIarompuUsTHBIM IS
pa3BuTHs MBUTHIEBBIX 3EpeH J. deltoides sBnsiercs cyxoi MoxokeBenoBbIid cyrpyaok (Ci1). Hucio
MOTEHIIMATBHO (EPTHIIHHOM TBUIBIBI B JaHHBIX YCIOBHSX cocTaBisieT 62,7%. B cioxHBIX
MOYBEHHBIX YCIOBUAX CYXOT0 MOXKKEBEJIOBOTO OOpa 3TOT MOKAa3aTeNbh CHUKAECTCS M COCTABIISET
52,2%. IlomoOHast 3aKOHOMEPHOCTh OOBSCHSAETCS MPAKTUYECKH TMOJHBIM OTCYTCTBHEM
MJIOIOPOJTHOTO CJIOSI W HU3KOW YBIQKHEHHOCTHIO TIOYBBI, MPUBOIAINIAM K CHIDKCHHIO
(GYHKITMOHUPOBAHHS MY>KCKHX T€HEPATUBHBIX CTPYKTYP.

Bropeim, 1o BenuuuHe BO3neucTBUs (cuia BiausiHUA — 3,12%) Ha pa3BUTHE NBUIBLEBBIX
3épen J. deltoides B ropax KpbiMa BhICTyMmaeT aHTPOMOTCHHBIH (hakTop. YCTaHOBJICHO, YTO C

YBCIUMUYCHHUEM QAHTPOIIOTCHHOI'0 MNPECCHMHIa Ha MOMIKCBCIIOBBIC APEBOCTOU CHMKACTCA OJIA
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MOTCHIIUATBHO (EepTUIBHOW THUIBIBL. Ha mpoOHBIX TMIOMAIX, XapaKTEePH3YIOIIUMUCS
3HAYUTEJILHON aHTPONOTeHHON HApYIIEHHOCTHIO, JOJS MOTEHIHAIBbHO (EPTUILHONM IMbUIBLIBI
kojeOsercs B JauamnasoHe 43-48%. B ApeBocTOsAX, MNpOM3pacTAlOMUX Ha 3alOBEIHBIX
TEPPUTOPUSAX, UIIU IPOCTO HE IOJBEPKEHHBIX aKTUBHOW PEKPEALlMOHHON Harpy3Ke, U3y4EeHHbIN
nokazarenb, B cpenHeM — 60,6% [3; 16]. [lomoOHOe sBIEHHE MOXHO OOBSICHUTH OOIIMM
CHIDKEHHEM KHU3HEHHOTO COCTOSHUSI PACTEHUH Ha aHTPOIIOT€HHO HApYIICHHBIX TEPPUTOPHUSIX.

Kpaiine He3HauMTenbHOE BO3JIEHCTBUE HA MOTEHIUAIBbHYIO (EePTUIBHOCTH IBUIBLIEBBIX
3épen J. deltoides oka3pIBAIOT JIOKAIM3ALUSA MECT IPOM3PACTAHMS U IKCIO3UIUs cKiloHa. Cuia
BIusiHUS akTopoB coctarisiet 1,53% u 1,01% cooTBeTcTBeHHO. JIOKampHBIN (haKTOP MPOSBIISET
3aKOHOMEPHOCTH II0/I00HBIE, OTMEUEHHBIM paHee, JIIsl BO3JCHCTBHS BHICOTHI MECT POU3PACTAHUS
ocobeil Han ypoBHEM Mops. Tak, B JPEBOCTOSIX CEBEPHOI TPYIIbI, AOJS MOTEHIHAIBHO
deprunpHO WHUTBIBI — 60,0%. Cpeau OCHOBHBIX KJIMMATHYCCKUX (PAKTOPOB, BIHSIOMIMX Ha
pa3BUTHE MY)KCKOI penpoaykTHBHOM cdepsl J. deltoides, ucciaemoBarenn BoIACISIOT BIAXKHOCTb
BO3[lyXa, KOTOpasi B YCJOBHSX CEBEPHOM TpAHUIBl KPHIMCKOW MOMYJSIMM BHUIA BBHIIIE.
OKCHO3ULIMOHHBIA  (aKTOp  MOATBEpPXKAAaeT 3Ty  3aKOHOMEpPHOCTb. B 1apeBocTosX,
MPOU3PACTAIOIIMX HAa y4YacTKax C 3amaJHOW SKCIO3WIMEH, JOJs MOTEHIHMAIbHO (PepTHILHOM
MBUIBLBEI MAKCUMaJbHas U cocTaBasieT 57,7%.

[Ipyn mpoBeaeHHHM HMHTErPaIbHOW OIICHKM KAauecTBA MBUIBIBI KPBHIMCKOM MOMymsuuu J.
deltoides ycraHoBieHO, 4TO MomaBisiolIee OOJBIIMHCTBO ocobeit (64,71%) xapakTepusyercs
XOpOILIUM KayeCTBOM MbUIBLEBBIX 3€peH. OcolOell ¢ HU3KMM KayecTBOM IIbUIbLIBI, B Ipenaeax
MOMYJISILIMY, HE OblJI0 0OHapykeHO BoBce. UTO MO3BOJISIET CYyIUTh, O BBHICOKOW MOTEHIIUAIBHON
OIJIOZIOTBOPSIIOIIEH CIIOCOOHOCTH TBUIBLIBI, KOTOpas, B CBOIO Oyepedb, BIUAET Ha
MIOJTHO3EPHHUCTOCTh CEeMSH U, KaK CJeJICTBHE, NHTEHCUBHOCTb €CTECTBEHHOTO BO300OHOBIIEHUS
apesoctoes J. deltoides B 'opaom Kpbimy.

Cpemu Bemymux (akTOpOB, OKa3bIBAIONIMX BIMsSHUE Ha KauecTBO mbLIbilbl J. deltoides,
MOKHO BBIJIENUTH dAa(QUUecKUe YCIOBUS M BBICOTY HaJ YPOBHEM MOpPS MECT MPOU3PACTAHUS
JPEBOCTOEB, a TaKXKe aHTPONOTreHHoe Bo3jeicTBre. HeoO0X0qMMO OTMETUTh, YTO CHjla BIMSHUA
MOCJIEAHETo (pakTOpa MpOosBIIEHA 3HAUUTEIBHO CHIIbHEE, HEXKENU B ONPEIEICHIH TOTEHIINAIbHON
(bepTUIbHOCTH TBUIBIEBBIX 3épeH U cocTaBiseT 13,22%. B ycnoBusix HU3KOW peKpearimoHHON
Harpy3ke KauecTBO IbUIbLIbI, B CPEJIHEM, OLIEHUBAETCS Ha 15% BbIllIe, YeM Ha y4acTKax ¢ BBICOKOM
CTENEeHbIO aHTPOINOreHHo Harpy3ku. Ha npo6noit mnomanu Ne 11 (r. Ilanas-Kas) otmeuaercs
YIOBJIETBOPUTENILHOE KaueCTBO MbUIbLBI, YTO, B CBOIO OYEPE/b, IPUBOJUT K HU3KOMY Ka4eCTBY
ceMsIH oco0eil, mpou3pacTaoIuX Ha JaHHOU TeppuTopun. Heobxoamumo oTMeTuTs, uro r. [lanas-
Kas siBnsiercs 3anoBeqHoil Tepputopueil, a iMeHHO ['ocyaapCcTBEHHBIM MPUPOJAHBIM 3aKa3HUKOM
perunonanbHoro 3HaueHust PecnyOmuku Kpeim «[lamas-Kas». Omnako, mogoOHBIA OXpaHHBIHA
CTaTyC TEPPUTOPUM HE NPEMATCTBYET NPOTUBO3AKOHHOW KOJOCCAIIBHON TYypUCTHYECKON
NeSTEeIbHOCTH B PEIMKTOBBIX MOXOKEBEIOBBIX IpEBOCTOSIX. B pesynbrare yero, Tpedyercs

Y’KECTOUEHUE OXPAHHBIX MEPONPUATHN HA TAHHON TEPPUTOPHUHU.
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Bnusiaue snaduueckux U BHICOTHBIX (DAKTOPOB HA KaueCTBO MBUIBLIBI POSIBIISIET CXOXKYIO
3aBUCUMOCTh C BO3JCHCTBUEM Ha (EPTHIBHOCTh IBUIBLEBBIX 3€peH. Tak, ApeBocToH,
IPOM3PACTAIOIIME B HW)KHEM BBICOTHOM IIOfCE, XapaKTEPU3YIOTCS YIOBJIETBOPUTEIbHBIM
Ka4ecTBOM MbUIbLEL. [IpH yBeIMueHHH BHICOTHI HAJl yPOBHEM MOPS Ka4eCTBO MBLIBIIBI BO3PACTACT.
C ynydmenueMm >1apUUYECKUX YCIOBHHA TaK e IMPOCIEKHBACTCS TUHAMHMKA Ha YBEIMYECHUE
Ka4yecTBa MbUIbLEBBIX 3EPEH, IPU 3TOM, BO BCEX MIOYBEHHBIX YCIOBUAX CPEHEE KaU€CTBO MbUIBIIbI
— Xopotuee.

B Menb1€#i cTENEeHN MPOSBIAETCS BIMSHUAE JIOKAIBHOTO U HKCIIO3ULIMOHHOTO (DaKTOPOB HA
MHTETPAIbHBIA MOKa3aTeldb KayecTBa NbUIBLBL. JIpEBOCTOM BCEX pPETHOHAIBHBIX TPYII M
9KCHO3MLUHI CKJIOHA, B LIEJIOM, XapaKTEPU3YIOTCS XOPOLIUM KauyeCTBOM MbLIbLIBI.

B xone mpoBeaeHuss KOppENLMOHHOIO aHajiM3a, YCTAHOBJIEHA IpsiMas CBs3b KayecTBa
IBUIBIIBI C Pa3MepOM IbUIbIEBHIX 3€peH. Koahdumment koppensunu GepTUIbHOCTH TBIIBIBI OT
e€ pasmepoB cocrtasiisger 0,43. To ecTh Mpu yBEIUYCHUH Pa3MEPOB MbUIbIEI YBEIUUHUBACTCS U
7107151 PepTHIIbHBIX IIBUIBLIEBBIX 3€peH. PaHee OblII0 OTMEUEHO, UTO CTEPUIIbHBIC MbUIbLIEBBIC 3€pHAa,
B cpenHeM Ha 5-10% wmenblie, yeM QepTuiibHble. [Ipu 3TOM KauyecTBO MbUIBIBI B MEHbIIEH
crerieHu 3aBucuT e€ pasmepoB (I = 0,16-0,23). MakcumanbHasi KOPPEISIUs MPOCICKHBACTCS
MEXy (PepTUIBHOCTBIO MbUIbLILI U €€ KauecTBOM (T = 0,73).

Takum o00pa3oM, MpOBEAEHHBIE UCCIENIOBaHMS, MO3BOJSIOT CYAUTh O BBICOKOM
HOTEHIMAIBHON OIUIOAOTBOPSIIOLICH CIOCOOHOCTH mbUIbIEeBBIX 3€peH J. deltoides B 'oprom
Kpeimy. OnHako, HU3KHK YpOBEHb ITOJHO3EPHUCTOCTH CEMSIH ONpEAEsieT He0OXOAMMOCTh
OTIpeNIeNIeHUs] HEe TOJBKO OIUIOAOTBOPSIONIEH CIIOCOOHOCTH TBUTBIIEL, @ U €€ KU3HECTIOCOOHOCTH
IyTeM MpOopalMBaHUs Ha HICKYCCTBEHHOM cpefe.

B xone mpoBeleHHBIX HMCCIEIOBAHUN YCTAHOBJIEHO, YTO, B CPEIHEM, JO0JI MpOopocIIeit
nbutblel J. deltoides B T'opuom Kpeimy Huskas u coctaBisier 20,16+1,12%. Iloka3zatensb
IIPOPACTAaHUS MBUTBIIEI UMEET CPETHNHN YPOBEHb M3MEHUYMBOCTH Tpu3HaKa. [IpakTrndecku moaHbIM
OTCYTCTBUEM IPOPOCIIEH MbUIbLBI XapaKTEPU3YIOTCsl OCOOM, MpoM3pacTaroliyie Ha MpOoOHOMH
rwtomiaau Ne 12 (r. Ko6a-Kas) u Ne 1 (okpectrHoctu nrt. Makepman). Ha gomto sxu3HecnocoOHbIX
NBUIBLEBBIX 3€PEH B JaHHBIX APEBOCTOAX npuxoautcsa Bcero 2,60% u 3,43% cooTBETCTBEHHO
(Tabin. 2). OTH TepPUTOPUN HAXOIATCS B PA3IUYHBIX YacTIX KpbIMCKOro MOIyoCTpoBa, OJHAKO
o0e Mo/BeprarTcs 3HaYUTEIbHOMY AHTPOINOTEHHOMY INpEecCUHTy. MakcuMalbHOE KOJUYECTBO
KU3HECIIOCOOHON TMbUIbLBI OTMEYEHO Ha mpoOHoM miomaan Ne 5 (r. Tonaka-baup) —
31,804+3,03%. B cumy cBoedl 3HAUMTENBHON yAAIEHHOCTH OT CEIUTEOHOW 30HBI JaHHAs
TEPPUTOPHUS B HAUMEHBIIEH CTENIEHH UCTIBITHIBACT Ha ce0e MOCIIeACTBUS AEATEIbHOCTH YEJIOBEKa.
Cornacno nanueiM A.U. Pyrysosoii [15], B 2006 rogy MakcuMainbpHas 4OJS IPOPOCIIEH MBUIbIIBI
coctaBsuia 78,4%, uro moutu B 2,5 pa3a OOJbINe, YTO, B CBOIO OYEPE/b, CBUIETEIHCTBYET O
MOTOTMYHON THHAMHKE Ka4eCTBa MBLIBIIBI HCCIIEAYeMOT0 BHA. [Ipr 3TOM, B OTIIMYUH OT MBUTBITBI
J. excelsa [14] Teparonoruu MbUIBIEBBIX 3E€pEH U TPYOOK OTMEUYEHO He ObUIO (puc. 2).

OnHOMaKTOPHBIM  JUCIIEPCHOHHBIM  aHaNM3 [OKa3ald, YTO OCHOBHBIM (DaKTOPOM,

OKa3bIBAIOIIIUM  BO3JCHCTBHE HA JKHU3HECIIOCOOHOCTh MBUIBIEBBIX 3EPEH, BBICTYIAET
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aHTPOTIOTEHHAasl Harpy3ka teppuropuu (cwna BausHUS — 51,63%). Cpemusiss gons mpopociieit
MBUIBIIBI HA 3HAYUTEJILHO aHTPOIION€HHO HAapYUIEHHBIX yyacTkax cocrasiser 12,0+1,26%, uto B
2,3 pa3za HmXKe, 4eM Yy OcCOOeH, ImpoM3pacTaroIMX Ha HE HAPYIICHHBIX TeppUTOpHUsxX. M3
JTUTEPATypPHBIX HCTOYHUKOB U3BECTHO, YTO Ha ()OPMUPOBAHHE THLIBIBI OKA3bIBACT BO3/ICHCTBHE
3arpsi3HEHUE  OKPYXKAIOLIEH Cpeibl, BO3HUKAIOLIEE B PE3YIbTAaTE€ XO3SWCTBEHHOW WIIH

PEKpeaMOHHOMN JAeATeIbHOCTH uemoBeka [21; 25; 29].

Puc. 2. [Ipopocmmne nuuibieBbie 3epHa J. deltoides B F'opuom Kpbimy

Kpome Toro, k Bemymmum ¢axTopaM, BIUSIONIAM Ha Ka4eCTBO IBUIBIBI, OTHOCSTCS
JIOKaJIM3alMsi U BBICOTA MECT IpoU3pacTaHusi Haja ypoBHeM Mops. Cuina uX BO3AEHCTBUSA
coctaBisier 24,90% wu 40,64% COOTBETCTBEHHO. YCTAHOBJCHO, YTO HaWMEHBIIAsS O
&Ku3HecrnocoOHoi mbutblel (12,90%) dopmupyercs y ocobeld, mpou3pacTarolUX B HHKHEM
BbICOTHOM mosice (1o 100 M H.y.M). C yBenM4eHHEM BBICOTHI HaJl YPOBHEM MOpPSI BO3PACTaeT U
JIOJI TIPOPOCHIUX MBUIBLEBBIX 3€peH. Tak, Ha BeicoTe Oosiee 600 M H.y.M. JaHHBIN MOKa3aTeb
noyTH B 2,5 pasa Beiie u coctapiseT 31,80%. [TonoGHoe siBIeHNE MOKHO OOBSICHUTD pa3InuueM
BO BJI@XKHOCTHOM pexume. V3 JIuTepaTypHBIX JaHHBIX H3BECTHO, YTO HA KAyeCTBO IBUIBIIBI
OKa3bIBACT BIIMSIHAE KOJMUYECTBO OCAIKOB M TEMIIEpaTypa BO3/1yXa B IEPHO/T BhUIETA MBLIBIIHI [20;
24; 28].

BeIsiBIeHO, YTO B BOCTOYHOH 4YacTH KpbIMcKoil momymsuuu J. deltoides kauecto
MBUIBIEBBIX 3EPEH HIDKE, UM B IPYTuX pernoHax. Jons npopocuiei mpuiblibl coctasisieT 14,20%.
Jpesoctou J. deltoides B Boctournom KpeiMy HaxomsTcst B Mpeaeiax 30H HEOPraHM30BaHHOTO
OTJbIXa TYPUCTOB, B PE3yJIbTaTe€ YEro CUJIbHEE IMOJIBEPraloTCsl HEraTUBHOMY BO3JIEHCTBHUIO CO
CTOpOHBI YesnoBeka. CeBepHbIe YacTH MOMYIAIUN TOABEPraioTcs (GU3NIECKOMY YHUUTOXXKEHHUIO,

OOHAKO HAaHHBIC TCPPUTOPUU HUMCIOT 3HAUUTCIIBHO MCHBLIIYIO T'YCTOTY HACCICHUA H HU3KHI
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YPOBEHb TYPUCTHYECKOW HArpy3KH Ha peruoH. B pesynpTare dWero Moisl KU3HECTIOCOOHOM
nbuIbLbl cocTaBisieT 29,50%, uro B 2 pa3a BblllIe, YEM Ha BOCTOKE IosryocTpoBa. Kpome Ttoro,
JAaHHBIE TEPPUTOPHUH PA3HATCS MO CYMME I'OJIOBBIX OCAIKOB.

B wmenpmeii crenenn (4,41%) nposBISETCS BIUSHUE JKCHO3UIIMOHHOTO (hakTopa.
BBIsSIBICHO, YTO HEMHOTO MEHBIIIE JKU3HECTIOCOOHBIX MBUIBLEBBIX 3EpPEeH (MX JOJISI COCTABIISET
17,82%) y ocobeii, mpouspacTaroniyx Ha ciadbo MporpeBaeMbIX y4acTKax ¢ CEBEpO-BOCTOUHOM U
3anagHoN AKCHIO3UIUAMH. J[0OCTOBEpHOro BIUSHUS d7aUUECKUX YCIOBUM MECT MPOU3pACTaHUS
JPEBOCTOEB Ha KAUE€CTBO WX IBUIBIBI YCTAHOBJIEHO HE OBLIO.

Takum 00pa3oMm, NOJTYYEHHBIE PE3yJbTAThl TO3BOJSIIOT TOBOPHUTH O HU3KOM KauyecTBE
MY>KCKOro rameToura u, Kak ClIeACTBHE, CIOKHOCTH IpU mpopactaHuu. Ha ocHoBaHuuM yero
BO3HUKAET HEOOXOAMMOCTh B OIpPENEICHUH MPUYUH, IPUBEAIINX K HU3KONU KU3HECTIOCOOHOCTH
MBUIBIEBBIX 3EPEH.

3akirouyenue. B xo/1e NpoBeIeHHBIX UCCIIEOBAHUM YCTAHOBJIEHO, YTO CPEIHUN AUAMETP
(bepTUIbHBIX MbLIbIIEBBIX 3épeH J. deltoides sBnsiercst reHeTHYeCKH 3aKPETUICHHBIM MTPU3HAKOM H
cocrasmsieT 27,0840,49 mxm (CV < 12%). Cpeau Benyux (GakTopoB, OKa3bIBAIOIIUX BIUSHUE HA
pa3Mepbl MbUIBLIEBBIX 3€PEH, MOYKHO BBIICIUTH BBICOTY Haja YypoBHeM Mops (6,38%) u
spaduyeckue ycious (6,50%) Mect mpouspacTaHus APEBOCTOEB.

VCeTaHOBIEHO, YTO Ha O IOTEHIMAIbHO XU3HecmocoOHoM mbuiblbl J. deltoides
npuxogutcs 55,19+3,84% ot oOmiero KoJMuYecTBa MbUIBLEBBIX 3EpeH. MHTerpanbpHas oleHKa
KauecTBa MBUIBLIEBBIX 3EPEH CBUIETEIBCTBYET O TOoM, uTo 64,71% o0cobeil xapakTepHu3yroTCs
XOPOIIIEM Ka4yeCTBOM IbLIBIIBI.

IIpu omenke »xwu3HecnmocobHocTH ThUTLIEI J. deltoides ycranomieHo, mois mpopociiei
nbutbilbl J. deltoides B Toprom Kpeimy Huzkas u cocrasmsier 20,16+1,12% (CV < 20%). B
npejenax OoNbIIMHCTBA MPOOHBIX IUIONIA/Iel OTHOIIEHNE MPOPOCIIEN IbIIBIBI K TPOKPALLIEHHON
coctaBsieT 1:2 — 1:3. OgHako OTMEUEHBI APEBOCTOH, T]I€ JaHHBIN MOKa3aTeh cocTaBisieT 1:16 —
1:24. Takue npoOHBIE TUIOMIAIU MOJIBEPTalOTCS AaKTUBHOMY aHTPOMOTEHHOMY MPECCHHTY, CHUJia
BiausiHUA (aktopa — 51,63%. Kpome Toro, x Bexyum ¢aktopam, BIUSIONIMM Ha KauecTBO
NBUIBLBI, OTHOCATCS PETMOH M BBICOTa MECT NpOU3pacTaHus HajJ ypoBHeM Mops. Cuna ux

Bo3aeicTBusA cocTaBiseT 24,90% u 40,64% COOTBETCTBEHHO.
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OIIBIT AJTBIOJIM3ALIUU O3EPA MAMBAJIBIK (ACTAHA, KA3AXCTAH)

Zh.B. Tekebayeva, Zh. Rahymzhan, A. Bazarhankyzy,

A.Zh. Temirbekova, R.R. Beisenova, A.A. Kulagin

EXPERIENCE OF ALGOLIZATION OF LAKE MAIBALYK (ASTANA, KAZAKHSTAN)

Annorauusi. OOBEKTOM HCCIIEIOBAaHHUS  SBISUINCDH
npoObl BOMBI, KyJIbTYPBI 3€J€HBIX MHKPOBOAOPOCIEH
Parachlorella kessleri Y1 u Chlorella vulgaris V2,
o3epo Maiibansik (r. Acrana). llens u 3amaum
UCCIICJIOBAHUS — M3Yy4YUTh OHOpPEMEIUAIlMOHHBIN
HNOTCHIUAI KOHCOpLIyMa IOBYX LITaMMOB
mukpoBogopocieir  Parachlorella  kessleri V1 +
Chlorella vulgaris N2 (manee Y1+K12) nocpenctBom
aNBroU3aIuN o3epa Maiibansik o
MHUKPOOHOJIOTMYECKUM u THUIPOXUMHUYECKUM
nokazarensaM. JlaHHOe o03epo SIBISICTCS KpPYIMHBIM
o3epoM B TI. AcTraHa uMes pPHIOOXO3IWCTBEHHOE
3HageHue. CocTosHME BOmOEMa OTpakaeTcs Ha
COCTOSTHMM BO3JyIIHOro OacceiiHa cronuiel. B mae-
utone 2020 r. mpoBeneHO HCCleIOBaHUE BOJBI 03epa
Maii0anblk 1O OCHOBHBIM  MOP(HOMETPHUUECKUM,
THIPOXUMHYECKUM u rUIPOONOIOrNIECKUM
nokazarensaM. JJist u3ydeHust AEHCTBUS U ONpEEIeHU
3 PEKTUBHOCTH HCIOJNb30BaHUS MHKPOBOAOPOCIEH
IpoBeJieHa NpeaBapuTeIbHas HapaboTka OHOMACCHI U

ajgpronm3anus KoHcopuumyma Y 1+M2. Buecenue
KOHCOPIIMYMa  MHKPOBOJOPOCTIEH  depe3  MecsIl
IOKa3ajo0 yIIydIIeHue CaHUTApHO-
MHUKPOOHOJIOTHIECKUAX MOoKa3aTreJie BOIOEMA,

OJyiarofiapsi BBICOKMUM aHTHMMHUKPOOHBIM CBOMCTBaM U
CHIDKCHHMIO TI0 TaKuM TpynmnaMm OakTepui, Kak
aMMOHHU(HKATOPBI, KOTUPOPMHBIX, TETEPOTOPOGHBIX

OakTepuii, KWIIEYHOW TMAJOYKH, IICEBIOMOHAI,
BOCKOBOW OalMyuIbl, 30JIOTUCTOTO CTaMIOKOKKA,
SHTEPOKOKKOB,  DHTEPOOAKTEpUH,  CaTbMOHEIUIHI,
rpuboB u gpoxokeil. Yepes 30 cyrok mocie
aJbproJIn3alun KOHCOPLILYMOM n2+Vl1
3aukcupoBaHo yIy4IiIeHne HE TOJILKO

OpPraHOJIENTUYECKUX XapaKTEPUCTHK BOABI, HO U psJia
THAPOXUMHUYECKHX ITOKa3aTeslel, BKIIIOYasi CHUKEHHE
XTIIK, KOHUEHTpaluy B3BEIICHHBIX BEIIECTB, JKEJE3a,
CIIAB u ¢ocdaroB. Takke OTMEUEHO IMOBBHIILICHHE
MPO3pPavyHOCTH, CHIDKEHHE IIBETHOCTH BOABI U
OTCYTCTBHE crieliuUIecKoro 3amaxa. BeIsBIEHO, 4TO,
xoTs1 conepxanue bBIIKs, HuTpaTOoB, cynbdaTtoB B
UCXOAHON mpobe He mnpeBbimano 3HadeHud [1JIK,
BHECEHHE MHUKPOBOIOpOCIIEH MTOJIOKUTEITHHO

Abstract. The object of the study was water
samples, cultures of green microalgae
Parachlorella kessleri U1 and Chlorella vulgaris
12, Maybalyk Lake (Astana). The aim and
objectives of the study were to study the
bioremediation potential of a consortium of two
strains of microalgae Parachlorella kessleri Ul
+ Chlorella vulgaris 12 (hereinafter U1+12)
through the algolization of Lake Maibalyk
according to microbiological and hydrochemical
indicators. This lake is a large lake in Astana with
fishery importance. The state of the reservoir is
reflected in the state of the capital's air basin. A
study of the water quality of Lake Maibalyk was
conducted on the main morphometric,
hydrochemical and hydrobiological indicators in
May and June of 2020. To study the effect and
determine the efficiency of using microalgae,
preliminary biomass production and algolization
of the U1 + 12 consortium were carried out. The
introduction of a consortium of microalgae
showed an improvement in the sanitary and
microbiological indicators of the reservoir after
just one month, due to its high antimicrobial
properties and a decrease in such groups of
bacteria as ammonifiers, coliforms,
heterotrophic bacteria, coli group bacteria,
pseudomonas, wax bacilli, staphylococcus,
enterococci, enterobacteria, salmonella, fungi
and yeast. After algolization for 30 days by the
consortium 12+U1, an improvement was
recorded not only in the organoleptic
characteristics of water, but also in a number of
hydrochemical parameters, including a decrease
in COD, suspended solids, iron, SSAA and
phosphates. . An increase in transparency, a
decrease in water color and the absence of a
specific odor were also noted. It was found that,
although the content of BODs, nitrates, sulfates
in the original sample did not exceed the MPC
values, the introduction of microalgae had a
positive effect on reducing the concentration of

29

O



Becmuux HBI'Y. Ne 1(69) / 2025

DKOJIOTUS PACTEHUH / PLANT ECOLOGY

CKa3aJIoOCh Ha YMCHBIIICHHH KOHIIEHTPAIUN JaHHBIX
BEIECTB, YTO CYIIECTBEHHO MOBIHSIO HAa Ka4yecTBO
Boibl BojoéMa. [lomydeHHBIE pe3yNbTaTBl MOTYT
CIIY’)KHTh OCHOBOH i Pa3pabOTKH 3KOJOTHUYECKU
YUCTBIX OMOTEXHOJOTHUH MO YIy4IICHWI0 KadecTBa
BoApl. B mampHelimeM HEOOXOIWMO TIPOBEICHHUE
UCCJICIOBAHUN B TPEXKPAaTHOW MMOBTOPHOCTH, 4YTO
MOBBICUT JIOCTOBEPHOCTh M KauyeCTBO ITOJTYYCHHBIX
JTAaHHBIX, YTO TTO3BOHT OoJree A (HEKTUBHO MPOBOINUTH
OIIEHKY  COCTOSHHSI  JKOCHUCTEMBI BOAOéMa U
oOecrieueHust 6€30MaCHOCTH UCIIOJIL30BAHUS BOJIBI.

KiaroueBble cioBa: o3epo MaiiOabIK; anbrom3aItus,

MHKPOBOJOPOCIIH; 3arpsi3HEHHE, KadeCTBO BOJBI;
Ouormpemapar.
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these substances, which significantly affected the
quality of the water in the reservoir. The results
obtained can serve as a basis for developing
environmentally friendly biotechnologies to
improve water quality. In the future, it is
necessary to conduct studies in triplicate, which
will increase the reliability and quality of the data
obtained, which will allow more effective
assessment of the state of the ecosystem of the
reservoir and ensure the safety of water use.
Keywords: Maybalyk Lake; algolization;
microalgae; pollution; water quality; biological
product.
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BBenenue. 3arps3HeHne BOBI SBISIETCS CYIIECTBEHHOW HKOJIOTHYECKON MTpoOIeMon u

XapakTepU3yeTcs HaTU4YueM

3arpA3HAOINAX BCHICCTB B BOJHBIX PpEeCypcax,

KOTOpBIC

MPpEACTaBIAOT OITACHOCTD AJId BCEX JKUBBIX OPraHU3MOB [4]

3arpsi3HEHHE BOJIBI CBSI3aHO C POCTOM HaceleHus U unaycrpuanuzanueit [29]. Okono 30%

MHPOBBIX PECYPCOB IIPECHON BOJIBI HCIIOIB3YETCS MPOMBIIIIIEHHOCTHIO U TOPOJCKUM HACEIEHUEM,
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KOTOpbIE, B CBOIO O4YEpE[b, MPOMU3BOIAT OOJIBIIOE KOJUYECTBO CTOYHBIX BOJ, COAEpIKaIlIHe
XMMHYECKUX BEUIECTBA B PA3IMYHBIX KOHICHTpaLUsX [22].

3arpsA3HEHNEe M OYMCTKA BOJ CUUTAIOTCA IMPOOJIEMATHYHBIM BOIPOCOM JJIsi MHOTUX CTPaH
Mupa, B ToM uncie u 1 Kasaxcrana. KauecTBo BoAbI siBisieTcst BaxkHeWmuM dakropom [10; 17;
27], IOCKOJIbKY OHO HAIpsIMYIO BJIUSET Ha 3J0POBbE U IIPOTYKTUBHOCTD BOJIHBIX OPTaHU3MOB, YTO
oInpenesseT IMPOJOBOJILCTBEHHYIO 0€30IacHOCTh  OOJIBIIMHCTBA CTPaH, 3aHMMAIOLIMXCS
AKBaKyJbTYpOil.

Haunbonee mnepcneKTUBHBIMH METOAaMU OOpHObI C 3arpsi3HEHHEM BOJ| CUUTAIOTCA
OuoJIOTUYECKHE, OCHOBAaHHHbIE  HAa  HCIOJB30BAaHMM  OMOXMMHYECKOW  aKTUBHOCTHU
MHUKPOOPraHU3MOB (OakTepuid, MNpOCTEHIIMX, MHKpoBojgopociaed u np.). [lpumenenue
MHUKPOBOJIOPOCIEH Il JOOUUCTKU CTOUHBIX BOJ| IO3BOJIET PEIIUTh MPoOIeMy BO3pacTarollen ¢
Ka)XX[bIM T0JIOM 3BTPO(HKAIIUH TOBEPXHOCTHBIX BO10EMOB [18].

[lonoxxurenbHOE 3HAUYEHUE MHUKPOBOJOPOCIEH B peadMIMTAlMU BOAHBIX TEXHOTE€HHBIX
HKOCHUCTEM COCTOUT B (DOTOCHMHTETHMYECKOW a’paiuy, NPOJYKLHUU OUOJOTMYECKH AaKTHBHBIX
BEIIECTB, OOJAJAIOIUX CTUMYJIMPYIOIIMM WIM MHIHOUPYIOIIMM JecTBUEM, a Takke
CIIOCOOHOCTHIO MPUHUMATH HEMOCPEICTBEHHOE YUACTHE B YTHIU3AIMH HEKOTOPHIX TOJUTFOTAaHTOB
MyTeM aKKyMYJISLUH, TpaHCHOpMaUy U MUHEpainu3anuu [3].

MukpoBoiopociay 001aJal0T CIIOCOOHOCTBIO MOMIIOIIATh U3 3arpsi3HEHHBIX BOJ HE TOJIBKO
a30T, ¢ochop, YrIeKUCblil ra3, KOTOpble HEOOXOJUMBI ISl UX JKU3HEAEATEIbHOCTH, HO TAaKKe
TSKENbBIE METAJIJIbI U IPYTrUe TOKCUYHBIE BelecTBa. OUMCTKa CTOYHBIX BOJ C IOMOILBIO OMOMACChl
MHUKPOBOJIOPOCIIEH SIBISETCS] BECbMa MEPCIIEKTUBHON U AKOHOMUYECKH BBIFOIHOM [28].

B cBs3M C 3TuM, 1eNbI0 UCCIIEAOBAHUS SABISIIACH OLEHKA (PPEKTUBHOCTH aJIblOJU3AIIH
o3epa MaiibanbIK ¢ HCIOJIb30BaHUEM KOHCOPILMYMa Ha OCHOBE 3€JEHBIX MUKPOBOAOpPOCIEH 1is
oTpesieNieHus MOTEHIalla X IPUMEHEHUsI B OMOJIOTHYECKON OUNCTKE BOJOEMOB.

Martepuagbl M1 MeTOABI HCCJIEOBAHUI

OT10op po6 BOIBI 11 U3ydEHUS MOPHOMETPUUYECKUX U THIPOOHOIOTHYECKUX TIOKa3aTenen
o3epa mpoBoawnu B wuioHe-utone 2020 u 2021 rr. cormacHO UW3BECTHBIM METOAaM B
ruapoouonornueckoi mpaktuke [11]. Koopaunater Touek ot6opa nmpod (pucyHok 1): Touka 1 —
Ha TEPPUTOPUH ObIBIIEro pribomuTOMHUKA «Maybalyk» (51°00'11.4"N, 71°28'30.3"E); Touka 2 —
3aBOJb, CO CTOPOHBI 3abpormenHoil depmbl (51°01'46.2"N, 71°30'31.1"E); Touka 3 — MecTo
paspeménnoii perdanku (50°59'30.1"N, 71°31'30.9"E).

Jlis mpoBeneHUs anproiu3anuu o3zepa Maibanblk HpeaBapUTENbHO Oblia IMpOBEJEHa
HapaOOTKa ONBITHOM NapTUM KOHCOpLUMYMa MuKpoBojaopocieit VY1+M2 ¢ mnomoursio
¢utobunopeakropa IKA (10 Control, I'epmanust) oOmum odbemom 10 1 Ha mUTaTENbHON cpene

Tamus.
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Puc. 1. O3epo MaiidaJbik (. AcTana)

MukpoOHOIOTHYECKUI aHAIN3 BOJIBI 03epa Maitbanblk IPOBOIMIIM B HCXOJHBIX 00pa3nax
BOAbI (0 ampronm3anuu) u uepe3 30 cyrok mocie oOpaOOTKM KOHCOPIIMYMa Ha OCHOBE
accolraluyu MUKPOBOJIOPOCIEH C MOMOIIbI0 XPOMOTEHHBIX CeNeKTUBHBIX cpex Compact Dry
(Nissui Pharmaceutical Co. Ltd., Slmonus, mpeaHa3HadyeHHBIC IS ONpPEACICHHS M IMOJCYeTa
OCHOBHBIX (DM3MOJIOTHYECKUX Tpymn MHKpoopraHuzMoB: TC (ans BBIABICHHS OOIIEro
MuKpobHoro uucina, OMY); EC (Juis BbISABIEHUS KHUIIEYHOM MalO4YKM U KOJM(POPMHBIX
Oaxrepuii); YMR (st BeisiBIeHHsT Apoxokerd u TprOoB); X-SA (IUIst BBISBICHHS 30JIOTHCTOTO
crapmiokokka); X-BC (mans BeissBneHus BockoBoi Oarmwuiel); ETC (st BeisBieHUs
sHTepokokka); ETB (ansa BwsBieHUs sHTepoOaktepuii); CF (ms BbIsBIEHUS KONMH(OPMHBIX
Oaxtepuii); SL (ans BeIsiBiAeHUS cainbMoHesun); AQ (st BeIsiBIeHHS reTepoTpodoB). s 3Toro
METO/IOM TIPEACIIbHBIX Pa3BEICHUN ObLI CENIaH BBHICEB UCCIEAYEMBIX 00pa3lioB BOJbI 00heMOM |
MJI Ha TIOBEPXHOCTh TOTOBBIX TiactuH Compact Dry. Yamkm wWHKyOMpOBaJIM COTJIACHO
MHCTPYKIMU U3roTOBUTENS B Arana3zoHe oT 28°C 10 43°C B TeueHne 1-3 cyTOK JuIsl KaKJI0TO BUAA
MHUKPOOPIaHU3MOB NP a3POOHBIX YCIOBHSIX.

XuMuyeckuil aHaiau3 o0pa3noB Npod Boabl o3epa  Mailbanklk 10 OCHOBHBIM
TUAPOXUMHUYECKUM TTOKa3aTeNsIM BO BpeMsl uccienoBanus ozepa (2019-2020 rr), a Takxke 10 #
nocJie anbroynuzanuu (2021 r) npoBoauau GOTOMETPUUECKUM METO/I0M, UCIIONB3YsI TOPTaTUBHBIN
kosiopumerp DR 900 (HACH, Kwurait), coryiacHO MpOoTOKOJIa MCIBITAHUI mpousBoauTes. s
onpenenenus takux napamerpoB kak BIIKs, XIIK, pacTBOpE€HHBIN KUCIOPOJ, ITEpMaHraHaTHAs
OKHCIISIEMOCTh, MHHEpATU3amus 00pa3ipl Mpod TMepefaBall B aHATUTHYECKYIO JTa00OpaTOPUIO

lNocynapcTBeHHOTO KOMMYHaIbHOTO npeanpuatus «Acrana Cy ApHacel» (I. AcTaHa).
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Pe3ynbrarsl u 00cyx1eHune

O3zepo MaiibanbIk (ka3. «Mail OaJIBIK» — )KHpHAs pbida) — OeccTouHoe 03epo B Ecuibckom
paitone ropoaa Hypa-MmmmMckoro Mmexypedbs, HAXOJUTCS K F0T0-BOCTOKY OT a’ponopTa. O3epo
HaxoauTcs Ha BbicoTe 350 mMeTpoB Hal ypoBHeM Mops. FOro-Boctounslii Oeper oOpBIBUCTBHIH,
BbicOTa 3—4 MeTpa, ocraimbHble mosiorue. JIHO poBHoe, wiucrtoe. B Maiibanbik BmamamoT 2
MePUOINYECKH JIHCTBYIOMUX Bo0TOKa — Kapacy u KbI3blicy, mo kotopsiM B MaiiOanblk BECHOM
MOCTYMaeT OCHOBHAsi Macca BoJbl. [lepechixaeT penko. ToiquHa Jibjia B MAJIOCHEXKHbBIE 3UMBbI
nocturaer 1,0 metpa, B oObrunbie 0,6-0,8 merpa (https://clck.ru/3HPZYi). YpoBHEBBIH pexuM
03€pa MEHSETCS B TEUEHUE T'0/la, TAK BECHOW BO BPEMSI CHETOTAssHUS YPOBEHb IOBBIIIAETCS, a C
cepeauHbl jera uiaeT Ha cnaj. [Iluranue BojgoéMa B OCHOBHOM OCYILECTBISETCS 3a CUET
aTMoc(epHBIX 0CaJIKOB M BECEHHHX TaJbIX BOJ. BOIM3M 03epa HaXOASTCsI CENbCKOX03SHCTBEHHBIC
YroAbsl.

O3zepo MaiibanbIk ABJIS€TCS €JUHCTBEHHBIM KPYIHBIM 03€pOM B I'. AcCTaHa, MUMEIOLIUM
prIOOX034KCTBEHHOE 3HadeHHe. PaHee B o3epe Maiibanblk 3aHUMAaNINCh BOCHPOM3BOACTBOM
PBHIOONOCAIOYHOIO MaTepHalia Ha MpuMepe pol0 cemeiicTBa KapmoBbix. Ha cerogHsmHuii AeHb
03€p0 HAaXOJUTCS Ha TPaHU HCYE3HOBEHMsSI, T. K. YPOBEHb BOJbl B HEM €)XKErOJHO MaJaeT C
Karactpoduyeckoii ckopocThto. [IpmunHa HE TOJIBPKO B MAJIOCHEXKHBIX 3UMax, HO U B HEJABHO
MIOCTPOCHHOM Jambe: OHa 3allMINAeT OT HABOJHEHWH, OJHAKO MPH 3TOM HE MO3BOJISET TajbIM
BOJIaM TpocauuBaThcs B o3epo. OOMernenune Maiibanbika HE TOJBKO CBENET HA HET PHIOHBIN
MIPOMBICEII, HO TaK)Ke TPO3UT arMOC(PEepHHIMH H3MEHEHHSMH B CTOJHUIE. 03epo Maitbasbik
HaXOJUTCSI B HECKOJIBKMX KUJIOMETpax OT MEroroJinca, 1 6maronaps eMy B ACTaHy MOCTYHAOT
BIIQXKHBIE MacChl BO3ayxa. EMMHCTBEHHOE peleHne mpoOiieMbl — HAlpaBUTh B 03€PO BOIY U3
cocennero kaHana Hypa — Mmmum. B Hacrosimee Bpemst okono 35% Oepera u BOJHOTO 3epKaia
3apociu  TPOCTHUKOM, TIJIyOMHa o3epa cocraBiseT Bcero 1 wmetp 20 caHTUMETpOB
(https://clck.ru/3HPZTt).

[IpoBeneno wuccnenoBanue (ycpeAHeHHas mpoOa) o3epa Maiibanslk MO OCHOBHBIM
Mop(oMeTpruIeCKUM, THAPOXUMUIECKUM U TUAPOOUONIOrHUeCKUM Tokazaressim 3a 2020-2021 rr.
Pesynbrarel npencrasieHsl B Tadauie 1.

JlaHHbBIE TIOKA3aTeNM YKa3bIBalOT Ha YMEPEHHOE O0OrallleHne OPTaHNuKOW M JIOCTaTOYHBIN
YPOBHEHb KHCIIOpPOJa, YTO CO3JAaeT OJarompUsATHBIC YCIOBUS ISl MPOBEICHHS allbrolU3allud
03€pa U B MepCIEKTHUBE — JIJIs YIYUIICHHs KauecTBa BOJI0EMA B LIETIOM.

PerynsipHoe BHeceHHE CYCHEH3UWU XJIOPEUIBI B DPHIOOBOAHBIE NPYAbl YBEIUYUBAECT
YHCIEHHOCTh KOPMOBBIX BOJHBIX OPraHW3MOB, YIIYYIIaeT TUAPOXUMUYECKUH, OCOOEHHO
KHCIIOPOJHBIN PEKUM BOJOEMOB, YTO MPUBOAUT K YBEIMYCHUIO MPOIYKTUBHOCTH PBHIOHBIX
MPYJI0B B MOJHUKYJIBTYpE (TOICTONOOMK, Oemblii amyp, kapm) 10 40%. braromapst BeIpakeHHBIM
AHTAarOHUCTUYECKUM JIEUCTBHEM KO MHOTHM IMaTOT€HHBIM MHKPOOpPTraHU3MaM XJIOpeija WMeeT
MPEUMYIIIECTBA B MPUCTIOCOOIIEMOCTH K YCIOBUSAM aKBaKyIbTYpHI [1].

BBuay Toro, 4To MUKpOBOJIOPOCIIHU 7Sl CBOETO POCTa ACCUMUIMPYIOT U MOTpeOsitoT N- u

P- comepxamue HeopraHWYECKHWE COCIWHEHUsS, BHEAPCHHE TEXHOJOTMH Ha OCHOBE
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MHKpOBOHOpOCHGﬁ AJId JOOYHUCTKU Ha OYHUCTHBIX COOPYKCHUAX SABJIACTCA 3KOHOMHYHBIM H
DKOJOTHYECKH 0€30I1aCHBIM AJIBTCPHATHBHBIM METOAOM YAAJICHHUA 3arpA3HAOMNUX BCHICCTB U3

CTOYHBIX BOJ [26]. K ToMy ke, MUKPOBOAOPOCIH CIIOCOOHBI YAANIATh TAKME MUKPO3arps3HUTEIN

KaK TSKEIIbIC MCTaJJIbI,

YTJIEBOAOPO/BI,

KpacuTenu

U CTOWKHE OpraHUYEeCKHE 3arpsA3HUTEIIA —

TEKCTUIILHOM IMPOMBIINIJICHHOCTH U

repOUIIU/IbI,

HEJI0OCTAaTOYHO YAQISIOTCS B pe3ysIbTaTe OOBIYHOIO Mpolecca ounucTku [21; 24; 25; 29].

XJIOpUPOBAHHbBIE

KOTOpbIE

Tabmuna 1
OcHoBHBIE TapaMeTpbl BOABI 03epa Maiidanbik
MopdomeTpuueckie napamerpbl
H3pesanHOCTH ITnomans Cpennsas
ITnomane, ra 6Ic)3per01zoﬁ 3apaCT0aeMOCTL’ BOI[HOFOII;egKaHa Maxcumanpias FJII;/(SI[I/IHa
% ’ rIryOuHa, M ’
JIMHUHU ra M.

1 2 3 4 5 6
2000,00 1,65 35,00 1540,00 3,50 1,20
I'uppoxuMHuYecKue MoKa3aTeny

BIIK, ITepmanranatHas e — PactBopuMBIit CO,,
pH 3 OKHUCIISIEMOCTB, 3 KHUCIIOPOZ, 3
MT/IM 3 MI/IM 3 MI/ oM
Mmr/om Mr/am
8,10 2,80 9,54 1364,30 9,68 0,15
I'mapoOuoIornyecKre moKa3aTeiau
Hxtrodayna | 300IIaHKTOH 30006eHTOC @uTomIaHKTOH | BomHas pacTUTENBHOCTH
IIIyKa, KOJIOBpaTKH, OJIMTOXETHI, JIUaTOMOBBIE, KaMBblIIll,
IUIOTBA, JIElll, | BETBUCTOYCHIE, JIAYUHKHA 3eJIEHbIC, CHHE- TPOCTHHUK,
Kapach, BECJIOHOTHE XUPOHOMHI, 3€JIeHbIe U BUJBI pAECTa
KapIl, OKyHb, | PakooOpa3HbIe CTpEKO3, IBIJICHOBBIE
JIUHb pakooOpa3Hble, | MHUKPOBOJIOPOCIH
MOJUTIOCKH,
MUSIBKU

s uzyuenus neicTBus U onpenenenns 3pPexKTuBHOCTH MPUMEHEHUSI MUKPOBOIOpOCIIen
B 2021 r. mpoBezieHa anbroyiuzanus o3epa Maibanblk KOHCOPLMYMOM, CHOPMUPOBAHHOM U3 JIBYX
abopurennbix mrammoB Parachlorella kessleri (Fott & Novakova) Krienitz, 2004) V1 u Chlorella
vulgaris (Beijerinck, 1890) N2 (nanee Y1+M2). CoracHO paHee MpOBEICHHBIM J1a00paTOPHBIM
uccienoBanusMm, mramm P. kessleri V1 o0magaer BBICOKOH CHOCOOHOCTBIO K aKKyMYJISILIUH
OMOTeHHBIX JIEMEHTOB U IMIaBHBIX HOHOB [15], Torna kak mwramm C. vulgaris 12 neMoHCcTpUpyeT
3QPEKTUBHOCTD B aKKYMYJISIIUH TSHKEIBIX METAJIJIOB, TAKUX KaK ME/Ib, LINHK, JKEJIe30 U MapraHerl
[16]. YuuTheiBasi 3TH CBOWCTBA, OBUIO MPUHATO PEIICHHE O BHECEHHH aCCOIMAIIMU JTaHHBIX
IITaMMOB B BUJIe KOHcopunyMa Y 1+M2 B ucciaeayemsiii Bogoém. st MOArOTOBKH KOHCOPLIMYMa
O6uomacca Obula TpenBapuUTENbHO HapaboTaHa B JabopaTopHoM QoToOHopeakTope O0OIMM
o6beMoM 30 11 ¢ IIOTHOCTHIO cycrensun 20+10° kn/mi1. BHeceHne KOHCOPIMYMa OCYILECTBISIOCh
BPYUYHYIO B 3-X TOUeK o3epa MaiibanibIk OJHOKPATHO B UIOHE MECSIE MPU TEMIEpaType BOJbI
22 °C. CycneH310 MUKpPOBOJIOpOCTel pa3inuBain Ha paccTosHuu 5—10 M u 15-20 M ot Gepera ¢
pacueroM 2 ji/ra. Ha pucyHke 2 mpeacTaBieH Mpoliecc BHECEHUsI KOHCOPLUYMa MUKPOBOJOPOCeH

VY 1+12 B 03epo Maiibanbik.
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Puc. 2. Anbronusanus ozepa Maiibanbik:
A) HapaboTka 6momacchl B poToonopeaxktope; b) 6momacca MmukpoBoaopoc.ieii nepes
BHeceHueM; B) BHeceHune Ononpenapara

ABTOXTOHHBIE MUKPOOPTaHU3MBI COCTABIISIIOT OCHOBHYIO YacTh MHUKPOOHOTHI BOJOEMOB.
OHHM TOCTOSHHO pPAa3BUBAIOTCA B 3HAUUTEIHHOM KOJIMYECTBE WJIM MCIBITHIBAIOT BCIIBIIIKH
CE30HHOTO pA3BUTHS, SBISAIOTCS CYHIECTBEHHBIM KOMIIOHEHTOM TPO(PHUYECKOW Menu u
OIPEICIISIFOT CKOPOCTH KPYrOBOPOTOB YIJIepoa, a30Ta, cepbl u xkenesa [20].

B cBsi3u ¢ 3THM, MpoBeleH MUKPOOMONOTMYECKUU aHajau3 o0pasloB MpoO BOABI 03epa
Maiibansik 10 ¥ MOCJ€ aabroiau3ali accolUaliel MTaMMOB MUKPOBOAOpociel. Pe3ynbTaTsl
MIPEJICTaBJICHBI B TAOIUIE 2 U HA PUCYHKE 3.

Tabnuna 2
MuxkpooduoJiornyeckuii anaau3 npod Bojasl o3epa Maiidanbik
J10 ¥ I0CJIe BHECEHHSI KOHCOPIMYMa MHKPOBOAOPOCJIeii

O6o03HaueHme HaunmenoBanue rpymnst Mo anpronuzanun Hocre amsronusauHy
’ ouonpenaparom Y 1+12,
TPYIIITBI MHKPOOPTaHU3MOB KOE/mMn KOE/sut
TC 00111e€ MUKPOOHOE YHCII0 392 111
CF KoJIn(OpMHBIE OaKTEpUU 232 10
PA TICEBOMOHAIBI 36 8
AQ rerepoTpodHble OakTepun 226 57
YM TpUOBI U IPOMIKH 24 16
X-BC BOCKOBasi Oaluiia 15 4
EC KHUIIEYHas MajJ0oyKa 258 9
X-SA 30JIOTUCTBIN CTAQHIOKOKK 56 50
ETC SHTEPOKOKKHU 6 1
ETB IHTEPOOAKTEPUH 125 2
SL caJlbMOHeIIa 20 10

B pe3ynbraTe nmpoBenEHHBIX UCCIEIOBAHUM BBISBICHO, YTO Y€PE3 MECAIl MOCIIEe BHECCHHUS
KOHCOpIIMYMa MUKPOBOJIOpOCIel HAOJI0/1aeTCsl CHIDKEHHE MapaMeTpoB MO BCEM HCCIIETyEMbIM
rpynmnaMm Oaktepuil. BHeceHme Owomnpenapara YMEHBIIWJIO KOJMYECTBO TaKOW YCIOBHO-
MaTOreHHOM 1 matoreHHou ¢uiopsl kak OMY — B 3,5 pa3, konudopmubix OakTepuii — B 23,2 pasa,
rerepoTpodHbIX OakTepuii — B 3,9 pas, kuiedHoi manouku — 28,7 pas, nceBgomMonaa — B 4,5 pas,
BOCKOBOM Oammuiiel — B 3,8 pas, 3010TUCTOTO cTaduiokokka — B 1,1 pa3a, JHTEpOKOKKOB — B 6 pas,

sHTepoOakTepuii — B 62,5 pas, caTbMOHEIUIBI — B 2 pa3a, TpuOoB u Apoxokeit — B 1,5 paza. JlanHbie
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pe3yibTaThl

MO3BOJIAIOT YCTAHOBUTD,

YTO anbroym3anusi o3zepa Maifbanblk [ITaMMaMH

mukpoBozopocieii poga Chlorella yaydmmna caHuTapHO-MHKPOOHOIOrHYECKUE [MOKA3aTEIH

BOJI0EMa OJ1arosiapst BRICOKUM aHTUMUKPOOHBIM CBOMCTBaM.

"

Puc. 3. Mukpoouosornyeckuii anajau3 npod Boabl 03epa Maiioanbik:
A) 10 BHeCEeHHsI KOHCOPLHYMA MUKPOBOI0POCJIei;
bB) nocJie BHeceHMs1 KOHCOPLMYMA MUKPOBOIOPOCJIeii

[IpoBenen ananu3 06pa3oB npod BobI 03epa Maiibanbik M0 OCHOBHBIM THAPOXUMHUYECKUM

IMoKa3aTcJIsIM 10 U ITOCJIC AJIbI'OJIM3aluH. Pe3y.]'IBTaTBI IpEACTAaBJICHBI B Ta6J'H/IIIC 3.

Tabnuua 3

I'mapoxumuyeckunii aHaau3 npod BoAbI 03epa MaiioaJbIK 10 ¥ MOcJIe aNbroJau3anun

TIJIK st Bomo€moB 3HaveHus oKa3arenei, Mr/i
Ne HaumenoBanue .
PpBHIO0X03HCTBEHHOTO HCXOJIHOE [10CJIE AJIBIOJIM3AIUH
/I MOKa3aTest 3
3HAYEHUs], MT/IM (o BHeceHus) KoHcopuuymoMm 12 + V1

1 pH 6,50-8,50 8,10 7,96

2 BIIKs 3,00 2,80 1,50

3 XIIK 30,00 50,00 35,00

4 B3Bemenusle 0,25 30,60 18,00

BEIIECTBA
5 Xsopubt 300,00 1030,00 1018,00
6 | @ocpar-moms | 13 1A MesOTPODIBIX 0,16 0,14
BOJIOEMOB

7 A30T aMMOHUHHBIA 0,50 0,90 1,44

8 Hutputhbt 0,08 0,013 0,018

9 Hutpatst 40,00 24,80 8,00

10 Keneso oOee 0,10 0,40 0,15

11 CIIAB 0,10 0,22 0,15

12 Cynbdatsr 100,00 130,00 45,00

13 dropu bl 0,05 0,38 0,28
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HccnenoBanne 00pa3iioB BOJBI, OTOOPAHHBIX JO BHECEHHS KOHCOPIIMYMaA, IOKAa3alio
necootBerctBue [IJIK ansa BomoémMoB phIOOXO3AWCTBEHHOTO 3HAUEHUS MO  CIEAYIOIIUM
nokazatessim: XIIK — 1,7 ITIK, B3Bemennsix BemectB — 122,4 TIJAK, xmopunos — 3,4 T1JIK, a3ora
ammonuiinoro — 1,8 1K, xxeneza — 4 T1JIK, CITAB -2,2 TTJIK, cynsdartos — 1,3 [TAK, ¢propumon
— 7,6 IIAK. ITo moka3zarensm konuentpauu bI1Ks, pH, ¢pocdaToB, HUTPUTOB U HUTPATOB B IPOOE
BoJibI He nipeBbimanu [TJIK.

Uepes 30 cyTok mocie mpoBeACHUS albrojiM3aiuu o3epa Maibanbik koHcopuuymom M2 +
V1 oTmMedeHbl MOJOKUTEIbHbIE U3MEHEHUS HE TOJIBKO MO OPraHOJeNTHYECKUM, HO U MO DSy
OMOTCHHBIX W OpraHuYecKux mokazatened, Bkiarodas XIIK, B3BemieHHBbIC BeIIeCTBa, KENe30,
CIIAB, docdarel. 3aduKCUpOBaHO TOBBIIMICHHE MPO3PAYHOCTH BOIBI, CHWIKEHHUE IBETHOCTH
BOJIbI, @ TAKKE OTCYTCTBUE crienupuyeckoro 3anaxa. Cieayer OTMETUTh, YTO, XOTS COJep>KaHue
BIIKs, HuTpaTtoB, cynbdaToB B HCXOAHOH mpobe He mpesbimano 3HaueHuit [11IK, BHeceHume
MUKPOBOJIOPOCIIEH MOJIOKUTEIBHO CKa3aJI0Ch HA YMEHBIIEHUH KOHLIEHTPALUK JJaHHBIX BEIIECTB,
YTO CYHIECTBEHHO MOKET MOBIIUATH HA KAY€CTBO BOJIbI BOJIOEMA B LIETIOM.

Habnronanock Takke HE3HAYUTENIBHOE YBEIMUYEHUE KOHIIGHTPALMU a30Ta aMMOHHMHOTO,
YTO CBS3aHO, MO-BUAMMOMY, CO CBEXKHUM 3arps3HEHHUEM, BBI3BAHHBIM PAa3BEIICHUEM U BBITYJIOM
KUBOTHBIX BOJIN3H 03€pa, X035HCTBEHHO-OBITOBOM 1€ATEIbHOCTD YEIOBEKA, CE30HHOM PHIOAIIKOM.

B nocneanue ropl nporecc 04UCTKH BOAOEMOB UMEET OOJIBIIIOE IKOJIOTHUECKOE 3HAUCHHUE.
Ota mpobiieMa MupoKo o0CykaaeTcs B HayuHoil tuteparype. O yHKIIMOHUPOBAHKE MPEANPUITUH,
0CcO00EHHO pacIoIOKEHHBIX B TOPOJax, HAHOCHT HEMONpPaBUMBIH yiepo sxosorun. [loBsienne
TpeOOBaHUIN K Ka4yeCTBY MOBEPXHOCTHBIX BOJIOEMOB 3aCTaBJIsIET UCKaTh OoJiee d(hPEeKTUBHBIC U
IKOJIOTHYECKH Oe30MacHbIe CIOCO0b! yaaneHus 3arpsisaenui [12].

Jlnisa 6uopeMenuai TEXHOTEHHBIX YKOCHCTEM KakK MPaBUIIO, UCIONIB3YIOT OHOIpenaparhl
Ha OCHOBE OaKTepuil, MUIETHAIIBHBIX TPUOOB U JPOXIKEH, a Takxke Bbiciiue pactenus [13]. s
MPEAOTBPAIEHHUS 3arPSI3HEHUS BOJTOEMOB MUKPOOPTAHU3MBI 1 MUKPOBOJIOPOCITHH MTPUMEHSITUCH
KaK OTEUECTBEHHBIMH YIEHBIMH, TaK U B MUPOBO# nipakTrke [3; 5; 6; 9; 14; 23; 30].

JlokazaHo, 4TO ajabroju3aius, T.€. BHECEHUE B BOAOEMBI INIAHKTOHHOTO ITaMMa XJIOPEJLIbI,
HOPMAaJIU3YET TUIPOOUOIIOTHIECKUN PEXKUM, TIPEAOXPAHIET UX OT «IIBETEHUS» CHUHE-3€JICHBIMU
BOJOPOCISIMH, KOTOPBIE B IIPOLIECCE MACCOBOTO PA3BUTHS BBIICISIIOT IMAHOTOKCHUHBI, TYOUTEIHHO
JEUCTBYIOIINE Ha BCe BOIHBbIC THMApoOHOHTHI [1; 2; 7; 8]. PerynasipHoe BHECEHHE XJIOPEJUIbI B
TE€YEHHE HECKOJIbKUX JIET CIOCOOCTBYET (POPMUPOBAHUIO MOJUJOMHUHAHTHOTO aJIbIOKOMILIEKCA,
KOTOpBIM 00ecreyrBaeT CaHUTAPHO-TUTHEHUYECKOE U HIKOJIOTHYECKOe OJiarornosydne BOJHON
skocuctemsl [19].

BeiBoasbl. Takum 00pa3oM, B pe3ysbTaTe MPOBEIEHHBIX UCCICIOBAHUMA M0 albrOIU3alluU
o3epa MaiiGanbIk BeIsBIIeHa 3()(PEKTUBHOCTH MPUMEHEHHS KOHCOPLIMYMa MUKPOBOAOPOCIEH poaa
xaopelta  Y1+M2  kak 1m0 TMAPOXMMHYECKHMM, OPraHOJENTHYECKHM, TaK H 1O
MUKpPOOUOJIOTHYECKUM TOKa3aTeNsiM. Y CTaHOBIIEHO, YTO MPUMEHEHHE TaHHOTO KOHCOPIMyMa
CHOCOOCTBYET 3HAYMTEITHPHOMY CHIDKEHHIO YCIOBHO-TIATOTEHHON MHKPO(MIOPHI, TEM CaMbIM

yilydllas CaHUTapHbIE NTOKa3aTeNu HccieryeMoro Bogoéma. I1o ruipoxuMudaeckumM nokasaressim
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HauOONbIIEeH JECTPYKIIUU TOJBEPIIOCh COACpKAHUE HHUTPATOB, Kene3a M cyibdartoB. [lo
OCTaJIbHBIM TOKa3aTesiIM HaOMI0AaOCh HE3HAYUTEIbHOE CHIKEHHWE KOHLIEHTPALMU BEIECTB,
KOTOphle B 1esioM He mnpeBbimanu HopMbl [IJIK B mcxomupix mpobax. [lonyueHHble naHHbIE
MO3BOJISIIOT  CYAUWTb O TOM, YTO KOHCOPIMYM Ha OCHOBE AaBTOXTOHHBIX IITaAMMOB
mukpoBogopocieir Parachlorella kessleri Y1 u Chlorella vulgaris 2 umeer nepcnektuBy
HCIOIB30BaHUA B MEPOIPUATHSAX, HANpaBJICHHBIX Ha YIy4YlleHUWE KadecTBa BOAbI B
MOBEPXHOCTHBIX BOJOEMAax U MPOBEICHUM OMOJIOTMUYECKONM OYMCTKHU OT Pa3IMYHBIX OpraHHO-
MHUHEPAJIBHBIX MTOJUIIOTAHTOB.
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AHATOMO-MOP®OJOI'NMYECKHUE U BUOXUMHNYECKHUE XAPAKTEPUCTHUKHU PINUS
SYLVESTRIS L. HA OTBAJIAX MECTOPOKIEHUSA TAJIBK-MATHE3UTA

N.V. Chukina, N.V. Lukina, E.I. Filimonova, M.A. Glazyrina, A.P. Uchaev

ANATOMICAL, MORPHOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF PINUS
SYLVESTRIS L. ON THE TALC-MAGNEZITE DEPOSIT DUMPS

AnHoTtanus. L{enpro uccinenoBannii ObLUIO U3yUEHUE

aHaTOMO-MOPQOJOTHUECKMX H  OHOXHMHYECKUX
XapaKTEePUCTHK Pinus sylvestris L.,
npomspacratonied  Ha ortBanmax [llaGpoBckoro
MECTOPOXAECHUS TaJbK-MarHe3uTa u B

ectectBeHHOM Mectoobutannu (Cpennuit Ypain) u
BBISBJICHUE BIMSHHUS Ha HUX CBOHCTB cyOcTpata.
AHaTtoMO-MOp(OJIOTHUECKHE — TapamMeTpbl  XBOU
M3y4alli Ha MONEPEYHbIX CPE3ax C UCIOIb30BAaHHEM
cucteMbl  00paboTkm  m3o0paxeHwit  «SIAMS
Mesoplanty. CoxepkaHue HHU3KOMOJEKYJISPHBIX
AHTHOKCHJIAHTOB, a TaKXe YPOBEHb IEPEKUCHOTO
okucnenus ymmuaoB (ITIOJI) B xBoe mcciemoBamm
CTaHJapTHBIMH CHEeKTPO(HOTOMETPUIECKUMHU
merogamu. Ilokazano, uto y P. sylvestris B
TE€XHOTEHHBIX YCIOBHAX IIPOUCXOJUIIO YMEHBILICHHE
BBICOTBI, TOJUYHOTO MNPUPOCTa, AMAaMETpa CTBOJIA
JIepEBBEB, a TaKKe JUTHHBI XBOH. B xBoe P. sylvestris
OTMEYEHO YMEHBIICHHE IO IIOIEPEYHOro
CeUeHMs, LEHTPAIbHOIO IWIMHIPA, Me30(huIa,
yrcia CMOJISIHBIX XOJIOB. BeisBneHo, uro B xBoe P.
sylvestris B ycCIIOBHSIX OTBaJOB IPOUCXOIMIIO
YCUIJICHHE HAKOIIJICHUSA IIPOJYKTOB [10JI,
CBOOOJHOTO NpOJIMHA, (PEHOIBHBIX COCTUHEHUHN U B
TOM uuciie (IaBOHOMJIOB, a TAaKKE yMEHBIICHHE
HaKOIUIEHUs1 a3otra u (ocopa Mo cpaBHEHUIO C
KOHTPOJIBHBIMU ~PAaCTEHUSIMH M3 €CTECTBEHHOTO
necHoro ¢uroneHo3a. [lokazaHo, 4To Ha aHATOMO-
Mopdonorudeckue  mapamerpel  P.  sylvestris
OomplIoe BIMSHHE OKa3blBAIM Takhe CBOMCTBa
cyOCTpaToB, Kak coJiepKaHue yriiepoia, TATPOBIIaru
n pH. VYBennuenue cuHTE3a B XBOE€ MPOJIMHA,
(henonoB, ¢uaBoHouaoB U MpoaykToB [1OJI ObLTO
CBSI3aHO c MOHW)KEHHBIMH 3HAYECHUSIMH
TUTPOCKOITUYECKON BJIard B cyOCTpaTax OTBAJIOB.
KaroueBble c10Ba: cocHa OOBIKHOBEHHAs!; aHATOMO-
MOp$OJIOruIecKoe CTPOCHHE; aAal THBHBIE PEaKLHH,
AHTHOKCH/JIAHTHI; TPOMBIIIUICHHBIE OTBAJIBI.
Cgenennss 00 aBropax: UYykmHa Hazmexna
Brnagumuporna, ORCID: 0000-0001-5517-0240,
KaHA. Owon. Hayk; Ypanbckuil ¢eaepanbHbIi
yHHUBepcuTeT uMeHu nepsoro [Ipesunenra Poccun

Abstract. The aim of the research was to study the
anatomical, morphological and biochemical
characteristics of Pinus sylvestris L. growing on
the dumps of the Shabrovsky talc-magnesite
deposit and in its natural habitat (Middle Urals) and
to identify the substrate influence on plants
features. The anatomical and morphological
parameters of the needles were studied on cross
sections using the «SIAMS Mesoplant» image
processing system. The content of low-molecular
antioxidants, as well as the level of lipid
peroxidation (POL) in the needles were studied
using standard spectrophotometric methods. Under
technogenic conditions a reduction of height,
annual growth of shoots and the tree trunk
diameter, as well as the length of the needles were
shown. In the needles of P. sylvestris, a decrease in
the cross-sectional area, central cylinder,
mesophyll, and the number of resin ducts also was
noted. It was revealed that in needles of trees under
waste dump conditions there were an increase POL
level, at the same time, the synthesis of low-
molecular  antioxidants  (proline,  phenolic
compounds, including flavonoids) has been
activated, the total phosphorus and nitrogen
content in the needls were significantly lower
compared to the control plants from the natural
forest phytocoenosis. It was shown that the
anatomical and morphological parameters of P.
sylvestris were greatly influenced by such
substrates properties as the total carbon content,
hygroscopic moisture, and pH. The increase of the
synthesis of proline, phenols, including flavonoids,
and POL products in the needles were associated
with reduced values of hygroscopic moisture in the
waste dump substrates.

Key words: Scots pine; anatomical and
morphological structure; adaptive reactions;
antioxidants; industrial waste dumps.
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Uykuna H.B., Jlykuna H.B., ®umumonoBa E.U., I'mazeipuna M.A., VYuae A.Il. Amnaromo-
Mopdoornyeckre U OHOXMMUYECKHE XapakTepucTuku Pinus sylvestris L. Ha oTBamax MeCTOPOKICHUS
TanpK-mMarHe3uTa // Bectauk HmxHeBapTOBCKOTO rocyaapcTBeHHOTO yHHBepcuTeTa. 2025. Ne 1(69). C. 46-
55. https://doi.org/10.36906/2311-4444/25-1/04

Chukina, N.V., Lukina, N.V., Filimonova, E.l., Glazyrina, M.A., & Uchaev, A.P. (2025). Anatomical,
Morphological and Biochemical Characteristics of Pinus Sylvestris L. on the Talc-Magnezite Deposit
Dumps.  Bulletin ~ of  Nizhnevartovsk  State  University, 1(69), 46-55. (in  Russ.).
https://doi.org/10.36906/2311-4444/25-1/04

Beenenne. J[o0Obua MoOJIE€3HBIX UCKOMAEMBIX MTPUBOAUT K KAaTaCTPOPUUIECKUM U3MEHEHUIM
SKOCUCTEM M COINPOBOXAAETCA pa3pyLIEHUEM JIMTOJIOTHYECKONM OCHOBBI, YHHUYTOKEHHEM
MOYBEHHOT'O M PACTUTENILHOTO MOKpOBOB [15]. I'myOuMHHBIE TOpHBIE MOPO/bI, BHIHECEHHBIE HA
JHEBHYIO MOBEPXHOCTb, UMEIOT HU3KUHI aKTyaJbHBI YpOBEHb IUIOJOPOAMS, YTO CBS3aHHO C
HE3HAYUTEJILHBIM COJICPIKAaHUEM B HUX 3JIEMEHTOB MUHEPAIBHOTO MIUTaHUs, 0COOCHHO a3oTa [21],
HeOnmaronpusTHble 3HayeHus: pH (M30bITOYHAS IIEIOYHOCTh MM KHUCIOTHOCTH), HAJIM4Yue
3aCOJIEHHS, BBICOKOE KOJIMYECTBO JIOCTYMHBIX [UIsl pacTeHUd QopM TSKENBIX METAJIOB,
Ype3MEpPHYI0 IUIOTHOCTh YKIAIKHW IOpOJ M HHU3KYI0 BIaroeMkocTtb [4]. Boccranosinenue
NOJOOHBIX TEPPUTOPHUNA NMPOUCXOAUT KpaiiHe MeaneHHo. OJHaKO HEKOTOpble BHUJbI PAacTEHUMH
CIIOCOOHBI 3aceNiATh HapylleHHble MECTOOOMTAHMSI U YCIENIHO aJalTUPOBAaThCA K YCIOBHSIM

IPOU3PACTaHHUSI.
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OaHMM U3 TaKUX BHIOB SIBISETCsS cocHa oObikHOBeHHas (Pinus sylvestris L., cemericTBO
Pinaceae Lindl.) — ocHoBHas IecooOpasyromas mopoaa Ha Ypaine. Kak BHI-TIHOHED,
TpeOOBaTENIbHBIN K CBETY, OH MOKET KOJIOHU3UPOBATh HAPYIICHHbBIE YYacTKH [§].

TexHOreHHOE 3arpsi3HEHHE OKPY)KAIOLIEH Cpeabl HECOMHEHHO HETaTHMBHO BIHIET Ha
COCTOSIHUE PACTEHUH M BBIHYXKIAET HMX «BKIIOYATh» Pa3UYHBIC 3aIUTHO-aalTallMOHHBIC
MEXaHHU3MBI JUIS BBDKHBAHMSI B CTPECCOBBIX yCIOBUSX. M3yueHnio MexaHn3MoB ycTouuBoctu P.
sylvestris k HeONAarompusITHBIM YCIOBHSIM TEXHOT€HHBIX MECTOOOHUTAHHUM IMOCBSAIICHO MHOIO
pa6ot [12; 13; u np.]. MI3BecTHO, 4TO XBOWHBIE PACTEHHUS] OUYEHb UYBCTBUTEIBHBI K YCIOBHIM
NpOM3pacTaHus, MMO3TOMY CTPYKTYpPHO-(YHKIMOHAJIbHBIC Xapakrtepuctuku P. sylvestris moryr
CIIy>)KUTh MH(OPMATHUBHBIMH IOKA3aTENIsIMHU, OTPAXKAIOUIMMHU COCTOSHHE PACTEHUN B YCIOBUAX
3arpsi3HEHUS U CTENEHb aJanTanui K HuM. OqHako paboThl, BKIIOYAIOIINE KOMIUIEKCHYIO OLIEHKY
aHAaTOMO-MOP(OJIOTHYECKUX U OMOXMMHUYECKUX mapameTpoB P. Sylvestris Ha mpoOMBINLICHHBIX
OTBajlaX, HEMHOTOYHMCIICHHEI [7; 19].

Leab padoThl — H3yueHUE aHATOMO-MOP(POTOTHIECKUX U OMOXUMUYECKUX XaPAKTEPUCTHK
Pinus sylvestris L. B ecTecTBEHHBIX U TpaHCHOPMUPOBAHHBIX MecTooOMTaHusIXx CpenHero Ypania
(oTBayBl TOCHIE MJOOBIYM TaJbK-MAarHe3WTa) ¥ OILGHKA BIIMSHUS CBOHCTB CyOCTpara Ha
MopodH3HOIOTHYECKIE TapaMETPHI.

OO0beKkThl U MeTObI HcciaenoBanusi. VcciaenoBanus npoBoawinchk B urosne 2022 u 2023
rr. OOBeKTaMHU KCCIICIOBAHUS SBISUTUCHh HacaxaeHus P. sylvestris ma orBamax IllabpoBckoro
MECTOPOXKJCHHS TaJbK-MarHe3WTa, paclolokeHHoro B 27 KM K rory oT r. EkarepunOypra B
MOA30HE 10XKHOM Tairu (56° 37' 45" c.mr. 60° 35" 59" B.1.).

Knumar paifona koHTHHeHTaNbHBINA. JIeTo Témmoe, cpenHeMecssyHasi TemrepaTypa Bo3ayxa
B utone +17°C. 3uma xononHas, JUIUTCS C HOSOpS MO MapT, CpeIHEMECSYHas TemrepaTypa
Bo3ayxa B sHBape -15,9°C. CpemneromoBast Temmepatypa Bosayxa +1°C. CpemHeromoBoe
KOJIMYECTBO OCAIKOB 577 MM (110 TaHHBIM MeTeocTaHIuu T. Criceptn) [18].

OTBaIbl MIaTOOOPa3HbIE TEPPACHPOBAHHEIE, BEICOTOH 10 30 M M MIOMAA6I0 OKoMo 1 kM2
CIIO)KEHBI IMYCTBIMA ¥  BCKDBIIIHBIMH  TMOPOJAMH, OCTaBIIUMHUCS TOCJIE Pa3pabOTKH
MECTOPOKIEHUS OTKPBITHIM KapbepHbIM criocoboM. Bo3pact orBanos Bapeupyet ot 55 10 70 ner.

[Topomabl, CKIagupyemMble B OTBajbl, CHJIbHOKaMeHHCThIE (kameHucTocTh 50-90%),
00€CIeYeHHOCTh a30TOM M JOCTYNHbIMH (ochaTaMu OYeHb HM3Kas, OOMEHHBIM KalueM —
cpenHsisi ¥ BeIcOKast. B mopomax nmoseimenHoe conepxkanue Mn, Cr, Cu, Mo, Co, Ni, Pb u ap. [9].

HccnenoBanust mokazamu, uYro Ha oTBamax [IlabpoBckoro TambK-MarHe3uTOBOTO
MECTOPOXKICHHS (POPMHUPYIOTCS JICCHBIE (PUTOIICHO3bI C JoMUHHpoBaHueM P. sylvestris u Betula
pendula Roth. B mommecke Bcrpeuanucer Salix caprea L., Salix myrsinifolia Salisb., Sorbus
aucuparia L., o01iiee mpoeKTHBHOE MOKPBITHE TPABIHO-KYCTAPHHUYKOBOTO sipyca oT 1 10 50% [17].

Monenbsubie aepeBbst P. sylvestris oroupanu Ha 4-x OnbITHBIX IIomiaakax (magee — OIN),
pazmepamu 10x10 M xkaxnas. Tpu n3 Hux (OII1 — OII3) 3anokeHbl Ha y4acTKax OTBAJIOB C Pa3HOU

CTeNeHblo0 KaMmeHucTocTH, oaHa (OIl4) — nHa Gopry Kapbepa «Crapas snuH3a». KoHTposbHas
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wiomanka (ganee — KIT) Obiia 3a0keHa B €CTECTBEHHOM JIECHOM (DUTOIICHO3€, PACIIONIOKECHHOM
psanoMm c roc. benopeuka B 65 kM ot ExkatepunOypra (57°20'14.50" c.mr. 60°1'51.21" B.71.).

Hns uccnenoanus Ha kaxaoi OIT u KIT y 10 MmogenpHBIX nepeBbeB (Bo3pacT 18—20 mer)
U3MEPSITH BBICOTY, TOAWYHBIN MPUPOCT CTBOIA (JTTMHY TOJIUYHBIX TOOETOB), AUaMETp (TOJIINHY)
CTBOJIa Ha BBICOTE 1,3 M, a TaK)Ke COOMPAIH MOTHOCTHIO C(HOPMUPOBAHHYIO ABYXJIETHIOO XBOIO C
I0’)KHOW CTOPOHBI KPOHBI. /{7151 M3yueHns aHaTOMUYECKUX IMOKa3aresei xBoro pukcupoBaiu B 70%
pacTBope ATHIOBOro cnupra. Ha 3amopaxuBaionieM Mukporome M3-2  u3roTaBivBaiId
NIOTIEPEYHbIE CPE3bl XBOU U MOMEIAIN UX B IIIMLEpUH. M3MepeHnst aHaTOMUYECKHUX [TapaMeTpoOB
XBoU (IJIOUIa[b TONEPEYHOT0 CEYEHUs, LEHTPATBHOTO LWIMHAPAa M Me30(HUIa, TOJNIIMHA
SNUAEPMbl U THUIOAECPMBI, YHCIO U AUAMETP CMOJSHBIX Xo0a0B) (N=30) mnpoBoauiIn ¢
UCIIOJIb30BAaHMEM CBETOBOIO MHKPOCKONMA U CHEHUATM3UPOBAHHOM CHUCTEMBI aHalIH3a
n3obpaxenuii «SIAMS Mesoplant» («KCUAMC», r. EkatepunOypr).

Jis m3ydeHus: OMOXMMHYECKUX TIOKa3aTelield WCIOIb30BAIH CBEKECOOPAHHYIO XBOIO.
Omnpenenenre THTEHCUBHOCTH MepekucHoro okucnenus nunuaos (I10JI) mpoBoaunu nmo peakuuu
¢ THOOAPOUTYPOBOI KHCIOTON cOryiacHO MeTojuke [29], cBOOOAHOrO MpojMHA — MO PeaKIuu
BOJIHOM BBITSKKU XBOU C allUJHUHTUJIPUHOBBIM PEAKTHUBOM Iocie kumsiueHus [3]. Jns ananusa
conepkaHusl (PEHOJIbHBIX COCTUHEHWH W (PIIAaBOHOMIIOB HMCIOJIB30BATH JTAHOJBHBIH IKCTPAKT
xBoH (200 mr B 10 M 70% sTHnioBoro cupra, 24 yaca SKCTpAKIUs TP KOMHATHON TeMIleparype,
B TemHOTe). Conepkanue (PEHONOB B XBOE OMNpEAETsUIM MO peakuuu ¢ peaktuBoM Donmna-
YokanpTey, pacu€T MPOM3BOAMIN MO TaJUIOBOW KHCIOTE, COAepXKaHWEe (PIAaBOHOMIOB — IIO
peakiu ¢ AlCl3, B mepecueTe Ha pyTHH, cOTIacHO MeToauKam [23; 27].

Copneprkanue o0I1ero a3ora onpeAessuld ¢ UCIONb30BaHUEM peakTuBa Hecciepa, obiero
dochopa — ¢ MOTMOIATOM aMMOHUS B CEPHON KHCIIOTE CIIEKTPO(YOTOMETPUIECKUM METOIOM [2]
10CJIE MOKPOTO O30JI€HHSI HaBECKH CYXOM H3MEIbUYE€HHON XBOM CMECHIO KOHIIEHTPHUPOBAHHBIX
kucinoT HoSO4 u HCIO4 (B cootromenuu 10:1).

Onpenenenre OHOXMMHUYECKUX MapaMeTPOB MPOBOAWIN B 4-KpaTHOW OMOJIOTHYECKON U 5
AHATUTUYECKUX MMOBTOPHOCTAX. Pe3ynpTaThl MpeicTaBICHBI B pacyeTe Ha CyXoil Bec (C.B.) XBOH.

Ha xaxnoit OIl u B koHTpoOJIE AJIs UCClIEOBAHUN OTOMpaiu 00pasiibl TpyHTa ¢ ITyOuHbI 0—
20 cm. O6uwmit oprannyeckuii yriepon (C) onpenensiau no merony Tropuna, pH aHanusupoBanu
noteHuuomerpudecku. OOmenHwiii Ca m Mg ycranaBnuBanu tutpoBanueMm [l]. 3HaueHus
YIETbHOU 3JIEKTPONPOBOIHOCTH, OOIIEe COAep)KaHUE COJied M3MEpPSIU B BOAHOM CYCHEH3UU
«cyoctpat:Bomga» (1:2,5; Bec/oObeM) ¢ TOMOIIBIO TOPTATUBHOTO MHOTOMAPAMETPUUIECKOTO
ananmzaropa HI98129 Combo (Hanna Instruments GmbH, ABctpus).

OO0paboTKy MONYYEHHBIX JAaHHBIX MPOBOIWIM C HCIIOJB30BAHMEM CTAaHAAPTHOTO MaKeTa
nporpamm Microsoft Excel 2019 u STATISTICA 10. JIocToBepHOCTh pa3iuvHii OIIECHUBAIHN C
ITOMOIIIBIO HENAapaMETPUUIECKOro KpuTeprst MaHHa-YUTHU NpH ypoBHE 3HauMMocTH p < 0,05.

Pe3yabTaThl ucciaeqoBaHus M o0cy:xaeHue. VccrnenoBaHus Mokaszaid, 4To CyOCTpaThl

orBanioB [llaGpoBckoro mecropoxkaeHusi Tanbk-maruesuta (OI11 — OII4) xapakTepu3oBauCh
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HelTpasibHOW M cIaOOKHCIONW peakiuel cpenpl, 0ojee HHU3KUM COJCpKAHUEM HIIEMEHTOB

MUHEPaJIbHOTO MUTAHUS PACTCHUI M TUTPOCKOMMYECKOM Biiaru 1o cpaBaeHuto ¢ KII (ta6m. 1).

Tabnuna 1

ArpoxuMHYecKHe NMoKa3aTeJu cy0cTpaToB HccjaeyeMbIX y4acTKOB Ha oTBajax Iladposckoro
TaJbK-MarHe3MTOBOI'0 MECTOPOKAeHUS H B KOHTPOJIBHOM MeCTOOOMTAHMHI

No OOt THrpo- Conepxanue, DACKTPONPO- OOuee

Of[ pH mo OpraHUYecKuil Bnarg o r/100 r cyberpaTa BOJHOCTb, coJiep)KaHue
yriaepon, % ) 7 Ca Mg MCu/cm coJIel, MI/J

OIll | 6,8-7,0 0,68 0,75 0,068 0,031 0,203 102

OIl2 | 6,8-7,0 2,39 1,94 0,052 0,022 0,325 162

OIl3 | 6,7-7,1 1,45 1,15 0,078 0,048 0,150 75

OIl4 | 6,36,8 2,78 3,11 0,104 0,066 0,223 101

KIT | 6,2-6,3 4,3 11,40 0,429 0,034 0,163 81

[To mokazaTeinto yueapHOU AICKTPONPOBOIHOCTH (3HaUueHUs: MeHee 2 MCu/cM) U o0meMy

COJIEP>KaHUIO COJIEH BCE MCCIIE0BaHHBIE CYOCTpaThl MOXKHO OTHECTH K ciabo3aconeHHbM [10].

CpaBuenue Mopdosorndeckux mapameTpos P. sylvestris, mpouspacraroieit Ha OTBaiax u B

€CTECTBEHHOM JIeCy IMOKa3aio, 4To Bbicota 18—20-meTHnx ocobeit Ha Bcex OIl BappupoBana ot

1,73 mo 4,25 m, a Ha KII — B cpemaem cocrasisuia 5,60 M (Tadm. 2).

Tabmuma 2

AHaTomo-mopdosiornyeckue moxkaszaresnu P. sylvestris, mpouspacraoieii Ha oTBajax
IIIa0poBCKOro TAJILK-MAarHE3UTOBOI'0 MECTOPOKAECHHUA M B KOHTPOJIBLHOM MeCTOOOMTAHUM

XOJI0B, MKM

TapameTpsl onlr [ om | O | OI14 KII
Mopdhonornyeckue mokazaTenu
BhICOTA CTBOJA, M 320+0,24b | 1,73+0,35a | 1,96+0,18a 425+0,21¢C 5,60+0,13d
Jluametp ctBoa, cM | 1,80£0,25¢ | 0,90+0,10a | 1,32+0,15b 9,0+0,25d 12,87+0,51¢e
[Tpupoct cTBona, cm | 13,60+0,70a | 8,43+2.36a 9,78+0,56a 17,10+1,10b 28,01+0,95¢
JlinHa XBoM, CM 3,74+0,04a | 4,73+0,11b | 4,40+0,06b 5,54+0,04c 6,59+0,058d
AHaTOMI/ILIeCKI/Ie ITOKA3aTCJIn XBOU
IImomane
TOMEPEYHOTO 0,49+£0,01a | 0,41£0,01b | 0,60+0,02c 0,89+0,02d 1,10+0,013¢
CCUYCHUA XBOU, MM2
IImomane
L[eHTPAILHOTO 0,12+0,003b | 0,10+0,003a | 0,15+0,001c | 0,24+0,001d | 0,27+0,002¢
LUIMHIPA, MM2
SunlSucer, % 25,54+0,34a | 25,10+0,39a | 25,67+0.48a | 27,20:030b | 25,77+0,28a
Inowanms 0,28+0,01a | 0,25+0,01b | 0,36+0,0lc | 0,55+0,01d 0,74+0,01e
Me30(huiia, MM
Tommuna 16,05+0,25b | 13,49+0,28a | 15,84+0,34bc | 15,25+0,25¢ | 19,32+0,24d
BHH,Z[epMBI, MKM
Tomuuna 10,41£0,14b | 9,7140,11a | 10,77£0,20b | 10,420,180 | 12,56+0.21¢c
FI/IHO}IepMBI, MKM
Hncno cmosIHEIX 6,48+0,19b | 3,68+0,21a | 6,19+0,21b 7,1+0,18c¢ 9,9+0,17d
XO040B, IIT.
Jluamerp CMONAHBIX | 11 go0 601 | 35,5240 83a | 46,8440,64c | 44.93+0,75¢ | 47,19+0,69¢

Ipumeuanmne. [Ipencrasnens! cpennue apupmerndeckue 3HaueHus + SE (n = 30). PasHpiMu naTuHCKUME OyKBaMH
OTMEYEHBI JOCTOBEPHBIE Pa3Indus MeXIy ydacTkamu npu p < 0,05.
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HccnenoBanus MOKa3aliy, 9TO B YCIOBHIX OTBAJIOB IPOUCXOMIIO CTATHCTUYECKU 3HAUNMOE
CHIDKEHHE MOP()OMETPUYECKUX TTapaMeTPOB: YMEHbBIIICHHE O JUIHOTO ipupocTa (B 1,6-3,3 pasa),
nuamerpa ctBoia jaepeBbeB (B 1,4-14,3 paza), a Takke anuHbl xBow (B 1,2—1,5 paza) mo
CPaBHCHHIO C JEPEBbSIMU M3 €CTECTBEHHOTO JIECHOTO (DUTOIIEHO3a, YTO SIBIISETCS OTBETHOMN
peakiueit pacteHuit Ha ctpecc [5] (Tadum. 2).

KoppensoHHbIi  aHAIM3 BBIABUI BBICOKOE BIIMSHUE arpoOXMMHYECKOTO COCTaBa
cybcTpaToB, a uMeHHO: coaepxanus C, rurposnaru u pH Ha Beicoty cTBoja (r = 0,69; r = 0,83;
r =-0,85 coorBeTcTBEeHHO), ero nuametp (r = 0,85; r = 0,88; r = -0,93), mpupocr (r = 0,85; r = 0,88;
r =-0,89) u Ha puny xBou (r = 0,98; r =0,91; r = -0,84).

M3BecTHO, 4TO CTPYKTypa JIMCTA B LIEJIOM, M OTIEIBHBIX €ro TKaHel OueHb IUIACTHYHA U
0oOHapy>KUBAET OOJIBIIYIO 3aBUCUMOCTh OT SKOJIOTUYECKUX YCIOBUH U B HAUOOJIBIICH CTCIICHH —
OT ypOBHS BOJIoCHa0eHus U ocBelieHus [14].

AHanu3 aHaTOMHYECKOTO cTpoeHust XBou P. sylvestris mokasain, uro ua OIl no cpaBHEHHIO
¢ KII Habnronanoch CTaTUCTUYECKH 3HAYMMOE YMEHBIICHHE TAKUX IMMOKAa3aTeleH, KaK IUIoalb
MIOTIEPEYHOT0 CEYCHUSI XBOH, IICHTPAILHOTO IIWJIMH/PA, ACCUMHUIISIIMOHHBIX TKaHEeH (Me30(huuia),
TOJIIUHBI IMHICPMBI H THITOACPMBI. UHCIIO CMOJISTHBIX XOJIOB B XBOE C OTBaIa OBLJIO MEHBIIIE, YeM
B KOHTpOJIC, HO CTAaTUCTHYECKH 3HAYMMBIX Pa3IUYHid JUaMeTpa CMOJISTHBIX XOJOB HE OBLIO
BBISIBIICHO (Tabi. 2). CaMbIM CTAaOMIIBHBIM M3 M3YYEHHBIX aHATOMHUYECKUX XapaKTEPUCTUK XBOU
SIBJISUICS TTOKA3aTeb OTHOLICHHUS ILIONIAN IEHTPAIBHOTO IMIMHAPA K TUIOMAAN MOTEPEYHOrO
cpe3a (Suu/Sncew). Ha Bcex mMcClieOBaHHBIX ydYacTKax JAHHBIM ITOKa3arellb BapbHPOBA
HE3HAUYMUTENbHO, B mpenenax or 25,1% mo 27,2%. D10 cBUIETEIbCTBYET 00 ONTUMAIbHOM
COOTHOIIEHUH MEXTy MMPOBOIAIIEH crcTeMoit XxBou P. Sylvestris n acCuMUIAIIMOHHBIMU TKAHSIMHU.

[TomyueHHble pe3ynbTaThl COTJIACYIOTCS C JTUTEPATypHBIMU JaHHBIMH. MHOTHE aBTOPBI
TaK)Ke OTMEUAIOT YMEHBIIIEHHE aHATOMO-MOP(OTOrHYSCKIX XapaKTepUCTHK XBou P. sylvestris B
HEeOJarONpUATHBIX YCIOBUSX cpeabl [7; 24].

KoppensiiioHHblif  aHamu3 MOKa3al BBICOKOE BIMSHHE AarpoXMMHYECKOrO COCTaBa
cyOcTpaToB, a UMeHHO: cofepkanusi C, rurposiard u pH Ha miomaab MOMEPEYHOrO CEYCHHUS
xsou (r = 0,81; r = 0,93; r = -0,97), uenrpanbroro mwmHapa (r = 0,79; r = 0,88; r = -0,81) u
mezo¢pma (r = 0,84; r =0,89; r = -0,95).

BoszneiictBue cTpeccoBbrix (DaKTOPOB Ha pPACTEHUS HEPENKO MPUBOAUT K YBEITUUYCHUIO
comepxanusi B kieTkax mpoaykra [1OJI — manonoBoro muanmpaeruma (M/IA), B cBsi3u ¢ yem
KOHIIEHTPAIUs JAHHOTO METa0O0JINTa MOXKET CIIY)KHTh HHIUKATOPOM YPOBHSI OKHCIHUTEIHLHOTO
cTpecca, KOTOPhIH HUCTIBITHIBAIOT PACTEHHSI B YCIOBUAX TEXHOTEHHOTO 3arpsisHeHus [26].

CornacHo mony4yeHHBIM pesynbraraM, Ha Bcex OIl B xBoe mccienoBaHHBIX ocoOeit P.
sylvestris ObuTO 3aperucTpupoBaHo yBenuuenue cojepxkanus MJIA no cpasuenuto ¢ KII, uro
CBUJICTEILCTBYET O HAIMYUHU OKHUCIMTEILHOTO CTPeCcca, U OTMeYaeTcs B pab0TaXx MHOTHX aBTOPOB
[11; 16]. Jns OopbOBI ¢ HEraTUBHBIMU IOCJEACTBUSMH OKHCIMTEIBHOTO CTpecca,
Pa3BUBAIOIIETOCS B YCIOBHSIX BBICOKMX TEXHOTEHHBIX HArpy30K, B PacTEHUSAX (YHKIIMOHHUPYET

CHCTEMA aHTHOKCHJIaHTHOﬁ 3allUThI, OJHHM K3 BaXXHBIX 3BCHLCB KOTOpOﬁ SABJISIFOTCSL
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HU3KOMOJIEKYJISIpHbIE aHTHOKCHIAHTHI, TAKHE KaK (DEHOIIbI, B TOM Yuciie (IaBOHOUIBI, IIPOJIUH U
np. JlanHble coelMHEHHS HMEIOT pa3IM4YHble MEXaHW3Mbl JIEHCTBUS M MOTYT Kak
HEMOCPEACTBEHHO MPENATCTBOBAaTh PA3BUTUIO  OKUCIMTENBHOTO CTpPEcca, WHAKTHUBUPYS
oOpasyromuecsi axkTHBHbIE (OPMBI KHCIOPOJA, TaK M Y4YaCTBOBaTh B YCTPAaHEHHH €ro
MOCJIE/ICTBH, HAPUMEP, CIOCOOCTBYS pernapaluy MOBPEXKACHHBIX MaKpOMOJIEKYJ [22].

YcranoBiieHo, 4To B XBoe pactenuii P. sylvestris, npouspacraromux uHa OIl Habr012710CH
3HauuTeNbHOE (B cpenHeM B 2,4 pa3a) yBeJIMYEHHE COJEp>KaHUS CBOOOJHOTO IMPOJMHA IO
cpaBuenmo ¢ pacrenusimu ¢ KI1 (tadu. 3). Ilpu Bo3aelicTBUM HEOIAronpuATHBIX (aKTOPOB, TAKUX,
HanpuMep, Kak BHICOKHE KOHLIEHTPAIIMH THKENBIX METAIOB B CyOcTpare, OOBIYHO HAOII01aeTCs
YBEJIMUEHUE COJIEP)KaHUs CBOOOJHOTO MPOJIMHA, YTO MOXHO paccMaTpuBaTh KakK 3allUTHO-
MPUCTIOCOOUTENBHYIO PEAKINIO K YCIOBHAM cpeabl [6; 25].

OOmiee comepkanue (EHONBHBIX coequHeHuid B xBoe P. Sylvestris, npouspacraroieit Ha
yuactkax orBaja [I[aOpoBCKOro MecTOpOXXKIEHUS, TAK)KE YBEJIWYUBAIOCH M0 CPAaBHEHUIO C
koHTpoiem B 1,5 pasza (tabn. 3). Ormeueno cymiectBeHHoe (B 2,1-2,8 pasa) yBenuueHue

KOHIOCHTpalusAa (1)J'IaBOHOI/I,I[OB B XBOC JICPCBLEB, IIPOU3PACTAOINUX HAa OTBAJIAX.

Tabmuua 3
Buoxumuyeckue nokasaresm xsou P. sylvestris, npouspacraromeii Ha orBasax IlladpoBckoro
TaJbK-MarHe3uTOBOI0 MeCTOPOKAEHHS M B KOHTPOJBHOM MeCTOOOMTAHUM

TTokazarenu OIT1 OI12 OI13 Ol14 KII
IIOJL, 'M 28537+5.13¢ | 368.414595¢ | 320,76:4.04d | 248.46+0.95b | 13549+4,79a
MJIA /t c.B.

?EOH“H’ Mr/T 34731+11,18c | 480,82+11,30d | 375,85+7,12¢ | 168.66+6,16b | 144,08+2.42a
?;Hom’" MIT 6484037 | 19,06£032¢ | 18.634025¢ | 2337+4037d | 12,80+037a
i}f}i“c":"m’l’ 5,09+0,12b 5.29+0,18b 6,1620,30¢ 6,67+0,53¢ 2.38+0,14a
Asor, % 0,97+0,02b 1,09+0,01¢ 0,93+0,01a 1,27+0,05d 1,60+0,03¢
Docdop, % 0,04+0,001a | 0,05£0,002b | 0,05£0,001b | 0,04£0,003a | 0,19+0,01c

Mpumeuanue. [Ipencrasnenst cpenuue apupmerndeckue 3HaueHus £ SE (n = 20). Pa3HpiMu naTHHCKUME OyKBaMU
OTMEUEHBI JOCTOBEPHBIE pa3Inyusi MeXKAy ydacTkamu mipu p < 0,05.

W3BecTHO, YTO Ha cojepaHue azora B xBoe P. Sylvestris Oosbiioe BIHsSHHE OKa3bIBAacT
00€eCreYeHHOCTh MOYBbI JOCTYMHBIMH (DOPMaMU 3JIEMEHTOB MUHEPAJbHOTO NMUTAHUS, a TaKkKe
KJIMMaTHYeCKHE YCIIOBUS M CTeneHb ocBereHHocTH [20; 28].

HccnenoBanust mokasanu, 4to B XBoe ocodeit P. sylvestris, mpouspacraromux B yCIOBHUSIX
OTBAJIOB, IPOMCXOIMIIO YMEHBIIEHHE COJEpKaHUs 00IIero azora u ¢ocgpopa Mo CpaBHEHUIO C
pacTeHUsIMH U3 HEHapyLIeHHOro MecTooouTanus: B 1,4 u 4,2 pa3za cooTBeTCTBEHHO (Tal. 3).

KoppensinonHnslil aHanu3 BeISBHI CTaATUCTHUECKU 3HAUMMoe BiusiHue conepxkanus C, Ca,
rurposiary, u Bennaunabl pH Ha komuaectBo N (r =0,94; r = 0,90; r = 0,95; r =-0,98) u P (r =0,80;

r=0,99; r =097 r =-0,92) B xBoe P. sylvestris, a Taxxe nmpoaeMOHCTPUPOBAIT 3aBUCUMOCTh
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COJIepKaHUsI B XBOE€ IpOJIMHA, (eHosoB, (uaBoHOMnoB u mpoaykroB IIOJI or kommyectBa
rurposiaru B cyocrpare (r =-0,70; r =-0,62; r =-0,85; r = -0,88).

JIMCKpUMUHAHTHBIA aHAU3, TPOBENEHHBIA C HWCIOIB30BAHUEM TAKHX OMOXWMHYECKUX
napaMeTpoB xBou, kak ypoBeHb [1OJI, conepkanue obmiero azora u ¢ocdopa, a Takxke 00ImUx
(deHOoNbHBIX coenuHeHHH, (uaBoHongoB W mponuHa, otaenmmn KIT or OII1-OIl4 mo
TUcKpuMUHAHTHBIM QyHKIMAM 1 1 2 (puc. 1). KoppeKTHOCTh OTHECEHHsI B TPYIIITBI COCTABIISIIA:
KII — 100%, OIT1 — 67%, OI12 — 78%, OI13 — 100%, OI14 — 58%.

JuckpuMuHaHTHAS QYHKITUS 2

-3 ° OIl
o OIl2
-4-10 5 0 5 10 15 20 25 O OIB
A Oll4

JuckpumuHaHTHAS pyHKIWS 1 e KII

Puc. 1. JMCKPUMHHAHTHBII aHAJIN3 U3YYeHHBIX HeHonmony sinmii P. sylvestris
no ouoxumuveckum nokaszaresasm xpou (Wilks' Lambda = 0,0096275, F=27,260, npu p < 0,0000)

3akarouyenue. HeOnaronpusTHble yCIOBUS MIPOMBIIIEHHBIX OTBAJIOB, CBSI3aHHBIE TIPEXKIE
BCEr0 C HU3KUM YPOBHEM IUIOJIOPOJUS M BIArOEMKOCTH CYOCTpaToB, a TaKXe BBICOKOH
KaMEHHCTOCTBIO M MOBBIIICHHBIMU KOHIICHTPALUSIMH Psifia TSHKEMBIX METAILIOB, BbI3bIBaHU y Pinus
Sylvestris cymiecTBeHHOE CHYWIKEHHE IOKa3arelieil BBICOTBI M JUMAMETpa CTBOJIA JIEPEBBEB,
BEJIMYMHBI TOAUYHOTO IPUPOCTA U JUTHHBI XBoU. OTBETHAs peaklys aCCHMUISIIMOHHOTO anmnapara
P. sylvestris Ha crpeccoBble YCIOBHSI 3akKiOYaliaCh B YMEHBIICHHHM TaKHX aHATOMO-
MOp(OJOTHUECKUX IOKa3zaTeNlell XBOM, KakK IJIONIaJb MONEPEYHOro CEYEHUs, IEHTPaTbHOIro
WIMH]pa U Me30(UIUIa, YUCIIO CMOJISIHBIX X0/I0B. B yCIOBHSIX BBICOKMX TEXHOTE€HHBIX Harpy30K
B xBoe P. sylvestris mpoucxoauino ymMeHbllleHHE HAKOIUICHHsI a30Ta 1 Gocdopa Mo CPaBHEHHIO C
KOHTPOJIbHBIMH PACTEHUSIMH U3 €CTECTBEHHOT'O JIECHOT0 coo01ecTBa. OTMEUEHO TaKKe yCUJICHNE
HAKOIUIEHUS B XBO€ IPOJYKTOB IEPEKUCHOIO OKUCIIEHUS JIMIHUAOB, YTO BBI3BIBAIO AKTHBALIUIO
CUCTEMbl AHTHOKCHUJAHTHOM 3alllUThl, & UMEHHO YCHUJIEHHE HAKOIUIEHUsI CBOOOJHOrO MpPOJIHMHA,

(eHONBHBIX COEAMHEHMH U B TOM uucie (raaBoHouaoB. IlokazaHo, 4To Ha aHaTOMO-
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Mopdostornueckre napamerpbl P. Sylvestris Oousbloe BiIMsIHME OKa3bIBaJM TaKUE CBOWMCTBA
cyOCTpaToB, KaK cojJiep>kaHue 00IIero OpraHuueckoro yriepoja, rurposnaru u pH. Coaepxanue
B XBO€ HU3KOMOJIEKYJISPHBIX aHTHOKCUAHTOB 3aBHCENI0 OT KOJIMYECTBA TUTPOBIIATH B CyOCTpaTe
OTBAJIOB. BhIsiBIIeHHBIC aHATOMO-MOPQOIOrniecKre U Onoxumuueckue u3mMeHenus P. sylvestris
SBIISIIOTCS 3aIUTHO-TIPUCTIOCOOUTETIHLHOM peakiueil Ha CTpece U CIIOCOOCTBYIOT alalTalliy BU/Ia

K aHTPOIIOI'€HHO HApYIICHHBIM MECTOOOUTAHUSIM.

Paboma evinoanena npu ghunarncosoii noddepaicke Munucmepcmea Hayku u svicuieco oopasosanus PO ¢

PamKax eblnoaHeHus 2ocyoapcemeenno2o 3adanus Yp@Y FEUZ-2023-0019.
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COOBUHIECTBA MEJIKUX MUIEKOIIMTAIOIIUX UCETCKO-IIBIIMUHCKOI'O

MEXIAYPEYbS (10 KHOE 3AYPAJIBE)

V.P. Starikov, O.Yu. Volodina, V.N. Kravchenko, S.E. Tarikulieva

SMALL MAMMAL COMMUNITIES OF THE ISET-PYSHMA INTERFLUVE

(THE SOUTH TRANS-URAL REGION)

AnHoTtamusi. B paGore BmepBeie naércs OIICHKA
COCTOSTHHSI COOOIIECTB MENKUX MJIIEKOIMHUTAIONIUX
noaraiiru  Mcetcko-IIbIIIIMUHCKOTO MEXIypeubs B
npenenax Kypranckoir obnactu. [lokazano, 9TO
BUJIOBOI COCTaB, TPYIIIBI (hOHOBBIX u
JOMHHUPYIOINX BHJOB, IIOKa3aTeIX CYMMapHOTO
oOWJIHMsI HACEKOMOSTHBIX WM TPHI3YHOB BO MHOTOM
OTpeNleNsINCh  ClenupuKod  meroma  yuéra
KUBOTHBIX. O (exkTuBHee padoTali KOHYCHI C
HANPaBISIONINMHA  CUCTeMaMH (JIOBUME KaHABKH,
3a00puYMKN W3 TONHATHIICHOBOW TuIeHKH). Bcero
yuaTeHO 19 BUIOB MENIKHUX MIICKOMHUTAIOMMX, 18 u3
HUX C TIOMOIIBIO JIOBUYMX KaHABOK (3abopumkoB), 14
BUJIOB — B YyUYeTaX JOBYIIKO-IIMHUSAMHU. [pymnmy
(hOHOBBIX BHJIOB IOJTANUTH COCTABUIIN OOBIKHOBEHHAS
u cpenHss Oypo3yOku, TONEBKM — OJKOHOMKA,
OOBIKHOBEHHAsI, TEMHAs (TIAIIEHHAs) U y3KO4YeperHasl.
IlepBble YeThlpe M3 HUX JOMHMHHPOBAIHN (YUETHI C
MIOMOIIBIO JIOBYMX KaHABOK, 3a00p4HKOB). B yuerax ¢
MOMOIIBIO  JIOBYIIKO-TMHUI (DOHOBBIX BHJIOB HE
YCTaHOBJIEHO, B OTOM cly4yae OOBIYHBIE W
MHOTOUYMCIIEHHBIE BHUJABI OTCYTCTBOBANH, TPYIILY
JIOMHHAHTOB COCTaBWJIA OOBIKHOBEHHAsI Oypo3yOKa u
Mayiasi JiecHas MbImb. Ha xapaktep COOTHOIICHHS
BUJIOB  MEJKUX  MIJIEKOMUTAIOMIUX  HM3YYEHHBIX
tepputopuii B 2021 1 2024 1T., HECOMHEHHO, OKa3aJI0
BJIMSIHUE Pa3JIMUHAs JOJIS 3aJ€CEHHBIX M OTKPBITBIX
moniaaeil. BHe 3aBUCUMOCTH OT MOTOJIHBIX YCIOBUM
JIET Y4YeTOB >KMBOTHBIX B BECEHHE-JIETHWUH MEPHUOJ

MEJKHUE MJIEKOITATAIOLIAE C HanOOoJIbIIIEN
TUIOTHOCTBHIO KOHIICHTPUPOBAIUCH B OKOJIOBOAHBIX U
3aJI€CEHHBIX onoromnax. B OeTHBIX 1o

MPOJYKTUBHOCTU COCHOBBIX JIECAX M Ha OTKPBITBHIX
MPOCTPAHCTBAX TIIOKA3aTEIH CYMMapHOTO OOWIHS
Hiwke. DayHUCTUUECKUM COCTaB HACENIEHUSI MEIKHUX
MJICKOMTUTAIONTUX TMoATairu FOxHOTO 3aypanbs Kak
M0 YWCIYy BHUJOB, TaK M TIO0 KOJUYECTBY oco0ei
€BPOIIEHCKO-TpaHCIaneapkTHeIA. Jlons cubupckux

Abstract. The article presents a new assessment
of the small mammal communities in the sub-
taiga of the Iset-Pyshma interfluve (the Kurgan
Oblast). It shows that the species composition,
groups of common and dominant species, and
indicators of the total abundance of insectivores
and rodents are largely determined by the
specificities of the animal recording method. The
use of ditches with pitfalls or polyethylene guide
fences is more effective than the use of trap-
lines. A total of 19 small mammal species were
recorded, including 18 that were captured using
ditches with pitfalls or polyethylene fences, and
14 that were recorded using trap-lines. The
common species group in the subtaiga included
the common shrew, Laxmann's shrew, root vole,
common vole, and field vole, while the dominant
species were the common shrew, Laxmann's
shrew, root vole, and common vole (recorded
using ditches with pitfalls and polyethylene
guides). In trap-line records, no common species
were identified. In this case, common and
abundant species were absent, and the dominant
species were the common shrew and the herb
wood mouse. The pattern of small mammal
species ratios in the study areas in 2021 and 2024
was influenced by the different proportions of
forested and open areas. Regardless of weather
conditions in spring and summer of a particular
year, small mammals were most densely
concentrated in near-water and forested
biotopes. Total abundance was lower in pine
forests and open spaces. The faunistic
composition of the small mammal population in
the subtaiga of the South Trans-Ural region is
European-Transpalaearctic, both in terms of
species diversity and individual numbers. The
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Benenue

Teppurtopus IOxnoro 3aypanbs (Kypranckas obimacTs) pacnosnoxkeHa Ha IpaHHIIe Jieca U
crenu. B cooTBETCTBUU CO CcXeMOH OOTaHMKO-reorpauueckoro pailOHUpOBaHUS 3arajHo-
Cubupckoil paBHUHBI 3/1€Ch BBIACISAIOT MOATAEKHYIO MOJ30HY JIECHOW 30HBI U JIB€ IOJI30HBI
CTEMHOW 30HBI — JIECOCTENb M Pa3HOTPAaBHO-ICPHOBHHHO-37akoByro crernb [1; 5]. Hamm
uccnenoBanust nposeneHbl B Mcercko-IIslmMuHCKOM Mexaypeube (moparaiira). OmHoit u3
BAKHEHMIIINX COCTABIISIIOIINX COOOLIECTB 3TOM TEPPUTOPHUH SBIIAIOTCS IIMPOKO MPEICTABICHHBIE
3/1eCh MEJIKME MIIEKOINHUTAIOLINE, TJIABHBIM 00pa3oM, HAaCEKOMOSJHBIE U TpbI3yHBL. B pabdote
MIOCTaBJIEHA L€JIb — BBIIBUTH BUI0BOM COCTaB, 0COOEHHOCTHU MPOCTPAHCTBEHHOT'O paclpeaAeIeH s,
oOmiusi, rpynnbl (OHOBBIX U JOMUHHUPYIOIIMX BHUAOB MEJIKUX MIIEKONMUTAIONIUX MOATANUTH
IOxHoro 3aypaibsi.

MarepuaJjbl 1 METOABI

B anpene-asrycre 2021 u 2024 rr. cO0Opbl METKUX MJIEKOIUTAIOLINX BBIIIOJHEHBI HA CEBEPE
u cesepo-3anane Kypranckoil obnmactu BOnm3u cena CamoxsanoBo IllatpoBckoro paiiona u
nepeBHu Jlykuna Kartalickoro paitoHa. YU€Tbl >KMBOTHBIX OCYIIECTBIISIIA B KOHYCHI C TTIOMOIIIBIO
Hanpasisiiomux cuctem [5; 13; 8] u metonom snoBymiko-nunwmii [3]. Beero orpadorano 24860
KOHYCO-CYTOK (k/c) u 21413 naBunko-cytok (x/c). Otnosneno 1711 ocoOeit HACEKOMOSAHBIX U

IpBI3YHOB. B 11emom 1o 3ot moa3oHe yureHo 19 BuaoB: 0ObIKHOBEHHAs1 0ypo3yOka Sorex araneus
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Linnaeus, 1758; tynapsinas Oyposybka S. tundrensis Merriam, 1900; cpennsis Oypo3yOka S.
caecutiens Laxmann, 1785; paBuo3ybas 6ypo3yoka S. isodon Turov, 1924; manas 6ypo3yoka S.
minutus Linnaeus, 1766; kpomieunas Oypo3yOka S. minutissimus Zimmermann, 1780;
obbikHOBeHHast Kyropa Neomys fodiens Pennant, 1771; asuatckuit Oypynayk Eutamias sibiricus
Laxmann, 1769; necnas wmbimoBka Sicista betulina Pallas, 1779; peokas monéska Myodes
glareolus Schreber, 1780; xpacuas monéska M. rutilus Pallas, 1779; y3kodepennas monéBka
Lasiopodomys gregalis Pallas, 1779; témuas (mamennas) monéska Agricola agrestis Linnaeus,
1761; monéska-sxonomka Alexandromys oeconomus Pallas, 1776; oObikHOBeHHasi MOJIEBKA
Microtus arvalis Pallas, 1778; mbims-mantrotka Micromys minutus Pallas, 1771; noneBast MblIiiib
Apodemus agrarius Pallas, 1771; manas necnas mbimb Sylvaemus uralensis Pallas, 1811 wu
nomoBas Mbimb Mus musculus Linnaeus, 1758. Pycckue W JIaTHHCKHME Ha3BaHUS BHUJIOB
MJIEKOITMUTAIONIUX TpUBeACHBI 10 A.A. JIncoBckoMy ¢ coaBropamu [4]. OOmIne HACEKOMOSTHBIX
U TPHI3YHOB OLIEHUBAIM ¢ MoMoIibio OamutbHO# mmikanel A.Il. Kysskuna [2] ¢ moGaBneHuem
BEPXHUX W HWKHHUX Tpamanuid [9]. s BbIABICHHS OTHOIICHHH CXOJICTBA-PA3IHYMs MEIKHUX
MJICKOTIMTAIOIIUX HUCCIIEOBAHHBIX TEPPUTOPHM HUCHOIB30BaNH  KOAPGUIUMEHT OOUTHOCTH
XKaxkkapa [14]. [TpuHaAISKHOCT MEIKHX MIICKOIMHUTAIONMX K TOMY WJIH HHOMY THITY (hayHbI
onpexaensu o JIL.U. TankuHoii (TmaHOE COOOIICeHNE).

Pe3yabTaThl U HX 00Cy:KIeHHE

Marepuaiibl M0 HAaCEICHUIO MEJIKHUX MIICKONMUTAIOMUX moararu 3a 2021 r. U310KEeHbI B
pabore B.II. CrapukoBa ¢ coaBropamu [12]. B 2024 r. yuéramu B KOHYCBHI C IOMOIIBIO
HAIPABIISIONIMX CHUCTEM W JIABWIIOK 3aperUCTPUPOBAHO COOTBETCTBEHHO 13 u 7 BHOB
HACEKOMOSITHBIX U IPhI3YHOB (Tabu. 1 u 2).

HezaBucumo oT crioco6a oTi0Ba )KMBOTHBIX, COOOIIECTBA MENKUX MJIEKOMHUTAIOIINX ObLIH
MOJIMJIOMUHAHTHRIMA. B y4€rax koHycamMu (B CpeIHEM IO CTAIlMOHAPYy) JOMUHHUPOBAIIH:
0OBIKHOBEHHAs1 Oypo3yOKa, y3KoUepenmHas U KpacHas 1mojéBku. Bce ydTeHHbIe BUABI OTHECEHBI K
OOBIYHBIM, TUOO pPEAKUM WIM O4YeHb penkuM. Camble HHU3KHE MoKazatenu obOwnus B 2024 r.
3aperucTPUPOBAHBI 7Sl JIECHON MBIIIOBKU (B HOpMEe OObIYHOTO BHIa i FOxHOro 3aypanbs).
[TpuunHOM, Ha HalI B3I, SIBUJIMCh METEOYCJIOBUS Masi 3TOr0 rojia, KOTOPbI ObUT aHOMAaJIbHO
XOJIOJIHBIM. DTO OTPHUIIATEIHHO OTPA3UJIOCh HA CAMUX 3BEPHKAX, YYTKO pPEarupyrolIMX Ha
nepenagsl TeMmrepaTypsl (C ampens MO aBrYCT BKJIIOYHTENHHO OBLI OTIIOBJIEH JIHIIL OJUH
B3pOCIBIA camelr). HecoMHEHHO, 9TO HEe MOTJIO HE CKa3aThCsl U HA KOPMOBBIX 00BEKTaX MBIIIOBOK,

CYIIECCTBCHHYIO JOJIO KOTOPBIX COCTABIIAIOT HACCKOMBIC.
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Tabmuna 1

Pacnpenenenne u oouaue (ocodeii Ha 100 KOHYCO-CYTOK) MEJKUX MJIEKOMUTAIONIUX MOATANRTH
KO:xnoro 3aypaassa (Kypranckas odactb, KaTaiickmii paiion,

OKp. A. JIyknna, anpesb-aBryct 2024 r.)
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Tabnuna 2
Pacnpenenenne u oounue (ocodeii Ha 100 1aBUIKO-CYTOK)
MeJIKHX MJIeKonuTaomux noarairu KOxuoro 3aypanbs
(Kypranckas obnacts, KaTaiickuii paiioH, okp. 1. JIlykuna, anpesas-aBryct 2024 r.)

Bunnr
S o
(%) 2 (SIS
Buororns § 3 '% % % -% % % L%
E | 5| 5| 2| c|5|® S
] = < ) © © 5 O
v | S| < | J| S| <] @
KOJIOK OCI/IHOBVI)II\/'I LIMTOBHUKOBO- — loss| — |019]010| — | 163 2,50
pa3HOTpaBHBIN 3a00J104eHHBIN
1. JlykuHa (HaJJBOpHBIEC MOCTPOMKH) — — — 10,090,128 | 0,53 0,80
UBHSIKOBO-0€pE30BbIE pa3HOTPABHBIC — lo20l020 — | — | — |o020 0,60
3apociu
MaJIMHOBO-CMOPOAMHOBEIC Pa3HOTPABHEIE 0351015 — | — | — | — |o012 0,59
3apociu
WBHSIKOBBIE Pa3HOTPABHBIC IPUPEUHBIE 023 — | — | — | — | — |o034 0,57
3apociu
KpanMBHO-Pa3HOTPABHBIE 3apPOCIIH — 1020| — | — | — | — 10,20 0,40
OCOKOBO-Pa3HOTPABHBIIN MPUKOJIOYHBINA IyT | — — | — | — |040| — | — 0,40
1. Jlykuna (oropon) — — — — — — 10,40 0,40
COCHOBBIH KaparaHoBO-0COKOBO- L S R S R R 0,14
pa3HOTPaBHBIN JieC
HBHSIKOBBIE OCOKOBO-Pa3HOTPABHBIE . e e R B R .
[IPHO3EPHBIE 3aPOCIH
0epE30BbIii 0COKOBO-Pa3HOTPABHBIH JieC — — — — — — — —
9KOTOH: OepE30BBI OCOKOBO-
Pa3HOTPaBHBIH JieC — 371aKOBO- — - | = | = | — |— — —
pPa3HOTPaBHBIN YBIAKHEHHBIN JTyT
3JIaKOBO-PA3HOTPABHBIN CYXOJOIbHBINA JIyT — — — — — — — —
B cpenneM 1o cranmpoHapy 0,04 | 0,08 | 0,02 | 0,01 | 0,05 0,01 | 0,27 0,48

B yuérax ¢ moMoImplo JaBWIOK COCTaB JOMHMHMPYIOIIMX BHJIOB HECKOJIBKO MHOW. boiee
1oJIoBUHBI (56,25%) 13 OTIOBJIEHHBIX XMUBOTHBIX MPUXOJWIOCH Ha MAyIO JIECHYIO MbIllb. B
IpynIy JIOMHUHAHTOB TAaK)Ke BXOIMIN OOBIKHOBEHHas Oypo3yOka M OObIKHOBEHHas moséBka. B
LIEJIOM YHUCICHHOCTh MENKHX Miekonurtaroumx B 2024 r. Obita odeHb HU3KOM. Hampumep, B
CPEIHEM II0 CTallMOHApy, CPEAU YUYTEHHBIX AABWIKAMM, )KUBOTHBIE OTHECEHBI TOJIBKO K PEAKUM
uim o4eHb peakuM BuaaMm. Kak m B 2021 r. MakcUMaibHBIC TIOKA3aTeTHd OOWIHS METKHUX
MJIEKOTIMTAIOIIUX 3aperUCTPUPOBAHBl B TPYIIE OKOJOBOIHBIX M 00JecEHHBIX OuoTomos. B
OeIHBIX 0 NMPOJYKTUBHOCTU COCHOBBIX JIeCaXx M HA OTKPBITHIX IMPOCTPAHCTBAX IOKA3aTeNn
CYMMAapHOT0 OOUJIHSI HUXKE.

[Ipu comocTaBneHUN pe3yabTaTOB yUETOB MeNKUX miekonuTaronmx B 2021 u 2024 rr. (B

CPEIHEM I10 CTAIlMOHAPHBIM YYaCTKaM ATOW MOJI30HbI) BRIIBHIIOCH cieaytotiee (Tadu. 3).
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Tabmuua 3
Oouine Meakux Mmiekonurawmux noaraiiru FO:xunoro 3aypanbs

Teppuropust y4€ToB
B OKp. C. gg;[l()?]sa,HOBo, okp. 11 Jykima, 2024 . Cpennee 3a 2 rona
ocobeii Ha | ocoOeil Ha ocobOeii Ha | ocoOeii Ha | ocoOeii HA | ocoOeli Ha
100 x/c 100 m/c 100 x/c 100 a/c 100 x/c 100 a/c

S. araneus 1,80 0,71 2,42 0,04 2,11 0,38
S. tundrensis 0,04 — — — 0,02 —
S. caecutiens 2,77 0,08 1,22 — 2,00 0,04
S. isodon 0,05 — — — 0,025 —
S. minutus 1,39 0,08 0,39 — 0,89 0,04
S. minutissimus — — 0,07 — 0,035 —
N. fodiens 0,08 — — — 0,04 —
E. sibiricus 0,05 0,02 — — 0,025 0,01
S. betulina 0,39 0,03 0,03 — 0,21 0,015
M. glareolus 0,31 0,10 — — 0,16 0,05
M. rutilus 0,32 0,04 1,61 0,08 0,97 0,06
L. gregalis 0,05 — 2,15 0,01 1,10 0,005
A. agrestis 0,83 0,10 1,43 0,02 1,13 0,06
A. oeconomus 1,63 0,12 1,26 — 1,45 0,06
M. arvalis 1,33 0,13 1,36 0,05 1,35 0,09
M. minutus 0,07 — 0,35 — 0,21 —
A. agrarius 0,09 0,03 0,52 0,01 0,31 0,02
S. uralensis 0,15 0,10 1,69 0,27 0,92 0,19
M. musculus — 0,05 — — — 0,025
Cymmaproe 11,35 1,59 14,50 0,48 12,96 1,05
oounue

B 2021 r. 3apeructpupoBatno 18 BU0B HACEKOMOSIAHBIX U IPbI3YHOB, B 2024 — 13. Unaekc
(ayHHCTUYECKOTO CXOJCTBA ITHUX TEPPUTOPUM B Mpezienax OJHON IMOA30HBI CPaBHUTEIBHO
HU3KUH U He mpeBblman 67%. B 2021 r. cnenuduky nmoxaraiiru omnpenensyii OueHb peaKue
paBHO3yOasi Oypo3yOka M a3uaTcKuil OypyHIyK, HE CBOMCTBEHHBIE JUIs Oosiee FOXKHBIX IOJ30H
OxHoro 3aypanes. B 2024 1. B cOopax oHu oTcyTcTBOBasd. [IprunHa, Ha HaIl B3I, KPOETCS
B COOTHOIIEHUU OOJIECEHHBIX M OTKPBITHIX OHOTONOB W3Y4YEHHBIX TeppuTopuil. Pacuér
COOTHOILIEHUS TUIONIa/Iel OTKPBITHIX U 007ecEHHBIX TeppuTopHii ceBepa IllarpoBckoro u cesepa
Karaiickoro paiionoB Kypranckoit obnactu mpoBomuics ¢ nomomsio ['MC Google Ilnanera
3emJisi U COOTBETCTBEHHO cocTaBuil 78 u 61% oOnecéHHOCTH 3TuX Tepputopuil. O4eBHIHO, HE
ciyyailHO B Okp. X. JIykuHa 3apeructpupoBaHa KpolleyHass Oypo3yOka, KOTOpas B YCIOBHSAX
[OxHOTO 3aypanbs TATOTEET K OTKPBITHIM U MOIYyOTKphIM OnoTonam [7; 11]. O0unue apyrux, —
TaK)Ke oOUTaTesel OTKPBITHIX MPOCTPAHCTB, — MOJIEBON MBIIIM U Y3KOUEPEITHOW MOJEBKU B OKP.
1. JIykuHa, 1o cpaBHEHUIO ¢ OKp. ¢. CaMOXBaJIOBO COOTBETCTBEHHO BhIIIE B 6 U 43 pa3a.

dayHHCTUYECKUN COCTaB HACEIEHUS MEJIKUX MJICKOMUTAIOIINX KaK I10 YHCITY BHJIOB, TaK U

M0 KOJIMYECTBY 0COOE — eBpoIeiiCKo-TpaHCaeapKTUIeCKuii (Tad. 4).
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Tabnuna 4
dayHHCTHYECKHIi COCTAB HACEJTEHUSI MEJTKHX MJIEKOMUTAIOIINX
Hcetrcko-IIbimmuuckoro Mmexkaypeubs, 2021 u 2024 rr.

Tun daynst
ITokaszarens v >
EBPONCHUCKNHN | CHOUPCKHIA | TPAHCIIONECAPKTHI | TYHAPO-JIECOCTEIHBIC PEIHKTHI
noitst BuoB (%) 47,37 15,78 26,32 10,53
nodist ocodeit (%) 54,65 7,87 28,83 8,65

Jonst cubUpCKUX BUIOB M TYHAPO-JIECOCTENHBIX PEJIUKTOB CYIIECTBEHHO HIIKE.
[Ipeobnaganue mpeacTaBUTENCH €BPOMEHCKOTo TUIa GayHbl BIOJHE 00bsicHUMO. Emé B mepBoit
nonoBuHe XX B. M.JI. Py3ckuii ykassiBan, uyto 3amagnas Cubups TecHee cBs3ana ¢ BocTounoit
EBpomnoii, To ecTh ¢ Ooiee 3anaaHbIMK YacTsiMu [laneapkTuku 1 mo3ToMy B Hel 3amajHbie (hOpMBbI
npeobyiajaroT HajJ BOCTOYHOCHOMPCKUMHM, TpHUaBas 3anagHOCUOUpPCKON (ayHe eBpomercKuil
orneuarok [10]. Takoe npeobiamaHre eBPONEHCKUX KUBOTHBIX OMPEICICHHO YKa3bIBacT Ha TO,
4yTO 3aceneHue 3anaaHoit Cuoupu B MOCIIENeTHUKOBBIN MEPUO/ IO MPEUMYIIIECTBEHHO C 3amaja,
IIPU 3TOM Y paJIbCKUE FOPbl HE MOIJIU CIIYXKHUTh CEPhE3HBIM MPENSTCTBUEM.

3akioueHue

Wrak, o pe3yibTataMm ABYX JieT uccieaoBanuil B Vcercko-IIpmmMuackoM MexIypeybe B
npenenax Kypranckoir o0JacTH  yCTaHOBJICHO OOWTaHHME TpeicTaBuTened 19  BuIOB
HACEKOMOSITHBIX M TPBI3yHOB. Cpelu UCTOIb3yeMBbIX METO/IOB OTJI0Ba A (deKTuBHEE padoTamu
KOHYCHI C HalpaBJIAIOIIMMU cUCTeMaMHu (JIOBYME KaHAaBKH, 3a00pPYMKH U3 TMOJIUITUICHOBOM
TJICHKH ), TIO CPAaBHEHHUIO C METO/IOM JIOBYIIIKO-JIMHUHN (Y4T€HO cOOTBeTCTBEeHHO 18 1 14 BumoB). B
MOCJIEIHEM Cllydae pa3HO€ OTHOUIEHHE >KMBOTHBIX K MPUMaHKE, UX pa3Mepbl HE MO3BOJIMIU
CPaBHMTEJIBHO TIOJHO BBIABUTH BHA0BON cocTaB. COOOLIECTBO MEJIKHX MJIIEKONUTAIOMINX
MOATAlIW MOJUAOMUHAHTHO. JTO YCTAHOBJIEHO KaK C MOMOLIbI0 KOHYCOB C HalpaBIISIOLIUMHU
cucreMaMu (OOBIKHOBEHHAs M Cpe/iHsAsa Oypo3yOKH, MOJIEBKM SKOHOMKA M OOBIKHOBEHHAs ), TaK U
JIOBYIIKO-JTUHUHN (OOBIKHOBEHHAs1 Oypo3yOKa 1 Majas iecHast Mbliiib). Ha xapakTep cooTHOIIEHUS
BUJIOB MEJKHUX MJIEKONUTAIOMIMX M3YyYEHHBIX MECT y4€TOB, HECOMHEHHO, OKa3bIBaJO BIUSHUE
COOTHOILIEHHE OOJECEHHBIX M OTKPBITHIX TeppUTOpUi, morojaHsle ycimous 2021 u 2024 rr.,
KOTOpBIE CYIIECTBEHHO OTINYaInuCch. OQHAKO, U B TOM U APYTOM CIIy4ae >KUBOTHBIE B OCHOBHOM
KOHILEHTPUPOBAJIUCh B YBIAXHEHHBIX U OOJECEHHBIX (3aKpHITHIX) OMOTONAaxX, I/€ YCIOBHS
CYIIECTBOBAHUS JIJIi MEJIKHX MiekonuTarommx B FOxHoMm 3aypanbe Oosiee CTaOWIBHBI, IO

CPaBHEHHIO C TPYIION OTKPHITHIX M MOJYOTKPBITHIX OMOTOIOB.
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TRENDS IN PHYSICAL DEVELOPMENT OF STUDENTS IN NORTH:

LONG-TERM DYNAMICS
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TEHAEHIIUU U3SMEHEHUSA ®U3NYECKOI'O PABBUTHUSA CTYJAEHTOB
B YCJIIOBUSAX CEBEPA: MHOI'OJIETHAA IUWHAMUKA

Abstract. The aim of the study is to determine
the main patterns of physical development (PD)
of students of a northern university. The
objectives included collecting data on somatic
and physiometric parameters of first-year
students of Nizhnevartovsk State University
(young men and young women aged 17-18
years), retrospective analysis of the indicators
obtained during annual examinations since 2003
(cumulative total: 1285 young women and 1065
young men). The study used standard methods
for assessing the level of physical development
and functional capabilities of the body.
Statistical data processing was carried out using
the Microsoft Excel, Statistica 10.0 software
package. As a result of the analysis, the
following features of PD were revealed: from
2003 to 2024, young men and young women
showed an increase in somatometric indicators,
such as body length and weight, which
corresponds to the secular trend of increasing
these parameters. Along with this, a decrease in
muscle strength of the leading hand is noted in
both young men and young women. A linear
trend of decreasing vital capacity of the lungs is
observed, correlating with  the chest
circumference indicators, which signals a
negative trend in the decline in the functional
capabilities of the respiratory system of the
younger generation. A significant deterioration
in strength capabilities among students in 2020
may be a consequence of a decrease in the level
of physical activity during the COVID-19
pandemic. The results of the study emphasize
the importance of continuous monitoring of the
physical development of students and the use of
comprehensive measures to maintain health and
increase the physical activity of student youth.

AHHOTaAIUA. Lensio HccleJ0OBaHUs SIBIIICTCS
ofpesiesieHne OCHOBHBIX 3aKOHOMEepHOCTEMN
¢msnueckoro pasputus (PP) crymeHTOB ceBepHOTrO
By3a. 3aJauu BKJIIOYAIM cOOp JaHHBIX COMATUYECKUX U
(U3NOMETPUUECKUX napaMeTpoB CTYJEHTOB-
MIEPBOKYPCHUKOB HwmxneBapTOBCKOrO
roCyJapCTBEHHOI'O YHUBEPCHUTETA (FOHOILU U JEBYLIKH
B Bo3pacte 17-18 5eT), peTpocneKTHBHBIN aHaIU3
MoKazaTenel, TOJyYeHHBIX B XOJE €XEroJHBIX
obcrmenoBanuii HaunHas ¢ 2003 roma (HAKOIUICHHBIHA
uror: 1285 neBymek u 1065 romomreit). B pamkax
HCCIIC/IOBaHUSl MTPUMEHUTUCh CTAHIAPTHBIE METOIUKH
OLIEHKM  YPOBHSI  ()U3MYECKOTO  pasBUTHA U
(YHKINOHANBHBIX BO3MOXKHOCTEH OpraHusma.
Craructrueckas 00paboTKa JaHHBIX OCYIIECTBIISIIACH C
moMoIIbIo0 MakeTa nporpamm Microsoft Excel, Statistica
10.0. B pesynmpTaTe NpPOBENCHHOTO aHajW3a OBLIA
BBISIBJIEHBI cienytomue ocodennoct ®P: ¢ 2003 mo
2024 rr. y roHOLIEH W JCBYIIEK HAOIIOAAICS POCT
COMAaTOMETPHUECKHX IT0Ka3aTeNnel, TakuX Kak AJIUHA U
Macca Tejia, YTO COOTBETCTBYET CEKYJSIPHOMY TpEHIY
yBEeNMUEHHUsS JaHHBIX MapaMeTpoB. Hapsity ¢ 3TmM,
OTMEYAETCs CHIDKEHHE MOKa3aTeNed MBIIICYHON CHIIBI
KHCTH BEAYLIEH PYKH, KaK y IOHOLIEH, TaK U y AE€BYIIEK.
[IpocnexxuBaeTcs JIMHEWHas TEHICHINS YMEHBIICHUS
J)KU3HEHHOW €MKOCTH JIETKHX, KOppenupylromas c
MOKa3aTesIMA  OKPYXKHOCTH TPYJHOH KIJIETKH, 4YTO
CHUTHAIIM3UPYET O HETaTUBHOW JMHAMHKE CHWYKCHUS
(DyHKIIMOHANBHBIX ~ BO3MOXKHOCTEH  JIBIXaTeNbHOU
CHCTEMBI MOJIOIOTO MOKOJICHHUS. 3HAYUMOE YXYALICHHE
CHWJIOBBIX BO3MOXHOCTEeH y cryaeHToB B 2020 roxmy
MOXET OBITh CJEJCTBHEM YMEHBIICHUS YPOBHS
¢u3nueckoil akTMBHOCTH B iepuoa nangemun COVID-
19. PesynpraThl  HCCIENOBaHHSA  MOMYEPKUBAIOT
Ba)XHOCTh TIOCTOSIHHOTO MOHHUTOPHHTA (H3MUYECKOTO
pa3BUTHS 00yYAIOMINXCS U MPUMEHEHUST KOMILIEKCHBIX
MEp  COXpaHEHUS  3/[0pOBbS W YBEIMYCHUS
JBUTaTeJIbHON aKTUBHOCTH CTYACHUYECKOU MOJOAEHKH.
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Introduction. The most important criteria for the level of health of the population are the
indicators of physical development. The health of young students continues to maintain negative
trends and requires attention from society [18]. Morphofunctional development, as well as the
health of children and adolescents are determined not only by the gene pool, but also largely
depend on various environmental factors [9], which is confirmed by long-term comprehensive
studies [1; 3; 4; 10; 15; 18].

A comparative analysis of the median length and body weight of young men and women
aged 17 to 21 years from different regions revealed not only regional specifics, which were
characterized by accelerated PD of young people from megacities (Moscow, St. Petersburg)
compared to peripheral regions, but also the influence of ethnic factors on the level of PD [11].

A study published in 2017 compared the morphofunctional parameters of the body of young
people living in the North Caucasus and Khanty-Mansi Autonomous Okrug — Yugra. It was found
that the functional state of the cardiorespiratory system of the subjects was due to the climatic and
geophysical features of the regions of residence [12].

The territory of the Khanty-Mansiysk Autonomous Okrug — Yugra is characterized by
unfavorable climatic and geographical conditions, which allows it to be equated with the regions
of the Far North. The features of the local climate include cold winters, short cool summers, lack
of ultraviolet radiation, significant seasonal changes in the length of daylight hours, strong
fluctuations in the magnetic field, as well as sharp daily changes in atmospheric pressure, which
together have a rather negative effect on the health of the population [5; 6; 16].
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Over the past few decades, there has been an increase in the number of children, adolescents
and young people with physical developmental disabilities and deterioration in the functional state
of the body [3; 7; 8; 13; 15]. Tendencies towards changes in the physical parameters of the younger
generation, as well as acceleration processes that began at the end of the 19th century and
continues until the beginning of the 21st century have been found throughout the world [10].
Health problems of the younger generation that arise during their studies can have many causes,
one of which is insufficient physical activity.

According to the RF Government Resolution of December 29, 2001 N 916 “On the all-
Russian system for monitoring the state of physical health of the population, physical development
of children, adolescents and youth”, the study of the PD of young people is significant and
contributes to the improvement of work to strengthen the health of the population. In this regard,
the issue of improving the physical development of the younger generation, in particular, living in
the harsh climatic conditions of the North, continues to be relevant [20].

The aim of the study: to determine the main patterns of physical development of students
of a northern university based on long-term observations.

Methods and organization of the study. This study was initiated in 2003 and is ongoing.
By September 2024, 1,285 girls and 1,065 boys aged 17-18, who are first-year students of
Nizhnevartovsk State University (NVSU), took part in the study. The study was conducted in
accordance with the generally accepted scientific principles of the Helsinki Declaration of the
World Medical Association (2013 edition). Standard methods for assessing physical development
were used in the study. Such parameters as body weight (kg), body length (cm) and chest
circumference (cm) were analyzed; muscle strength of the leading hand (kg) and vital capacity of
the lungs (VC, I) were measured. A spring hand dynamometer was used to assess muscle strength,
and a portable dry spirometer was used to measure the vital capacity of the lungs. Statistical data
processing was performed using the Microsoft Excel, Statistica 10.0 software package. The
arithmetic mean (M) and the error of the mean (m) were calculated for key somatic and functional
indicators; the significance of differences was assessed using Student's t-test.

Results and discussion.

Since 2003, the length and weight of the body of young men and young women has gradually
increased (Fig. 1 and 2), with slight fluctuations relative to the trend line. Such positive dynamics
correspond to the secular trend of increasing somatometric indicators of the PD of the younger
generation [10].

The survey revealed statistically significant differences in growth rates among young women
in 2024 (165.9+5.6 cm) compared to 2003 (159.2+2.4 cm), 2004 (160.4+2.7 cm), 2005 (159.3£2.6
cm), 2006 (160.842.9 cm), 2007 (161.5+2.8 cm), 2008 (162.0+2.5 cm), 2012 (169.3+2.1 cm),
2013 (168.9+2.5 cm), 2016 (162.5+2.4 cm), 2017 (160.7+2.3 cm), as well as 2022 (168.2+2.3 cm).
Despite the fact that according to the measurement results, in 2012, 2013 also in 2022, the weight
of young women was greater than in 2024, the trend line as a whole demonstrates the growing
dynamics of this indicator over the past 22 years (Fig. 1).
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In young men, statistically significant differences in body length indicators are observed for
2024 compared to 2003-2008, as well as in the period from 2015 to 2017. The lowest indicator
was recorded in 2003 and amounted to 169.4+2.2 cm. In general, males also show long-term
dynamics in increasing height (Fig. 1).
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Fig. 1. Change in body length of young men and young women (cm)

When comparing the anthropometric data of students of the Voronezh State Medical
University named after N.N. Burdenko for 2010 and 2020, a reflection of the general trend of
growth acceleration was revealed. In 2010, above-average growth rates were observed in 6.5% of
young men and 4% of young women, while in 2020 these figures increased to 38% and 22%,
respectively [19].

Belarusian scientists S.A. Sidorovich and Zh.A. Shavel also identified long-term dynamics
in the increase in average height, comparing the indicators of young people aged 17-25 years
living in the Grodno region with data for 1978 [17].

A comparison of the average height values of Belarusian students for 1995-2002 with the
height data of conscripts from Minsk 140th district for 1927, as well as with the indicators of
young men of Minsk in the pre-war and post-war periods confirmed a similar trend. Data analysis
demonstrated an increase in the body length of young men from Minsk from 1925 to 2002 [14].

Unlike young women, young men from NVGU show a pronounced long-term dynamics in
increasing weight indicators (Fig. 2).

In the period from 2003 to 2024, the lowest value of weight indicators in young men was
recorded in 2004 (65.4 + 2.5 kg), and the maximum was 81.8 + 2.1 kg in 2018. The second highest
value is observed in 2020 (81.5 + 2.7). The difference in body weight at the start of the study in
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2003 (66.1 + 1.9 kg) was statistically significant with the indicator obtained in 2024 (72.4 + 16.9
kg), while the difference was 6.3 + 15 kg (Fig. 2).
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Fig. 2. Change in body weight of young men and young women (kg)

In females, the dynamics of body weight indicators over a 22-year period is not very
pronounced. Statistically significant differences in weight indicators are noted only in the period
from 2018 to 2022 compared to the data for 2024. The range of indicators from 2003 to 2024 is
8.7 = 0.4 kg, with the lowest value observed in 2017 (52.0 £ 2.0 kg), and the highest in 2020 (60.7
+ 2.4 kg) (Fig. 2).

Presumably, the peak body weight of young men and young women in 2020 may be due to
a decrease in physical activity during self-isolation and distance learning, which caused weight
gain (Fig. 2).

Throughout the study period, chest circumference (CC) has been statistically decreasing
annually in both young men and their peers significantly. This trend is clearly concerning, since
the chest circumference indirectly characterizes respiratory function, and therefore, this trend may
signal a deterioration in the respiratory system of modern youth (Fig. 3).

The dynamics of somatometric indicators of young men (17-21 years old) and young women
(17-20 years old) of the Nizhny Novgorod region for the period from 1987 to 2018 has regional
characteristics and reflects gender differences. Young women show an increase in body length and
weight, as well as chest circumference, compared to their peers of the 20th century. At the same
time, young men show a decrease in height against the background of an increase in body weight

[2].
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The linear trend of decreasing VC in NVSU students of both sexes reflects a deterioration in
the function of external respiration and demonstrates a significant decrease in the indicators
recorded in 2024, compared to the results of 2003 (Fig. 4).
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Fig. 3. Changes in CC of young men and young women (cm)
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Fig. 4. Changes in vital capacity indicators of young men and young women (l)
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Throughout the study period, two declines in indicators were noted, which occurred in 2017
and 2020. The second negative peak can be explained by a decrease in the level of physical activity
during self-isolation (Fig. 4).

Somatic parameters of PD are associated with functional indicators, including the strength
capabilities of the body. The dynamics of the values of muscle strength of the leading hand from
2003 to 2024 has a descending character (Fig. 5).

There were also two significant peaks in the decline in strength capabilities in both young
men and young women during the study period. The first occurred in 2017, and the second decline
was observed in 2020. In the second case, the reason is probably the reduction in usual physical
activity due to the self-isolation regime introduced during that period (Fig. 5).
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Fig. 5. Changes in muscle strength of the leading hand indicators of young men and young women
(kg)

A similar trend in decreasing indicators was revealed as a result of a comparative analysis
of the right hand dynamometry (RHD) in young men (17-21 years old) and young women (17-20
years old) of the Nizhny Novgorod region. A significant decrease in indicators was noted over the
period from 1987 to 2018. Thus, in young men, the RHD values reliably decreased by 27.6%,
while in young women — by 25.4% compared to measurements taken in 1987-1988 [2].

The results of hand dynamometry obtained during the examination of 569 students aged 20-
22 years from VVoronezh also show a noticeable decrease in functional indicators in 2020 compared
to students who studied in 2010 [19].

Conclusion. The long-term dynamics of physical development of students at the northern
university has been studied. Since 2003, young men and women have shown an increase in
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somatometric indicators, which is consistent with the secular trend. The study revealed an
aggravation of negative trends in the physical development of students. Along with an increase in
body length and weight, there is a deterioration in the function of external respiration and a
decrease in strength capabilities that indicates a reduction in body functional reserves. The
indicated functional deviations have multiple causes, and one of the major risk factors is lack of
physical activity. In the conditions of the North, this is especially important, where young people
are often forced to spend a significant amount of time indoors due to adverse climatic conditions.
The results obtained identified the need for the development and implementation of exercise
complexes, including those suitable for independent performance aimed at maintaining the optimal
functional state of students’ respiratory system in the the northern region, given the decrease in
daily spontaneous motor activity due to extreme natural and climatic conditions and periodic
distance learning.
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PEI'’MOHAJIBHBIE OCOBEHHOCTH I'EOJKOJIOI'MYECKOT'O COCTOSAHUA
MOYBEHHOTI' O IOKPOBA BOCTOYHOM YACTU CUBUPCKHX YBAJIOB

E.A. Korkina, N.V. Moskvina, A.V. Shtogrina, B.A. Seredovskikh

THE REGIONAL FEATURES OF THE GEOECOLOGICAL STATUS OF THE SOIL COVER
IN THE EASTERN PART OF THE SIBERIAN UVALY REGION

AHHOTaLUS. BrisiBrieHb1 pETHOHAIIbHBIE
TE€OXUMHUECKHE OCOOEHHOCTH TIOYBEHHOTO IOKpPOBa
tepputropun npupogHoro mapka (III1) «Cubupckue
yBaibDy. lIpoBen€éH cpaBHUTENbHBIA aHaIU3 CBOWCTB
¢onoBeix  moyB  Cubupckux  yBanoB  (mOI301
S3BIKOBATHI  KproMeTaMOop(hUUecKuil, OoIUrorpodHas
Top(siHas TMOYBa, ANNTIOBHUANBbHAA [EPHOBAas TOYBA) U
TEXHOT€HHBIX MOBEPXHOCTHBIX oOpaszoBanuii (TIIO),
CKOHCTPYMPOBaHHBIX Ha MECTOPOXKICHHUSAX JOOBIYN
HepTH u ra3a. TpaguMOHHBIMHA aHAIUTHYECKUMU
METOAaMH 3KOJIOTHYECKOTO MOHHUTOPHHIa H3Yy4eHBI
XUMHUYECKHE CBOMCTBa OCHOBHBIX THUIOB mouB U TIIO:
peaxius cpesibl, co/iepykaHie OpraHMuecKOro BEUIeCTBa,
NOJBIKHBIX ~ coeanHeHHH  (docdopa, comepikaHue
OCHOBHBIX 3aCOJIIOLINX CYJIb(ATOB- U HOHOB-XJIOPUIOB
B BOJHOW BBITSKKE. YCTaHOBJIEHBI KOHLEHTpALUU
MOJIBIKHBIX (DOPM HEKOTOPBIX TKENBIX MeTauios (Pb,
Ni, Cr, Cu, Mn) u copepxaHue He(PTEIPOAYKTOB B
OCHOBHBIX THIAaX II0YB HCCIEAYeMON TEPPUTOPHH.
OrmpeaeneHsl peruoHaIbHBIC 0COOEHHOCTHU
Tre0XHMHYECKOTO ¢doHa MIPUPOIHOTO napka:
TTOBBIIIICHHOE coJiepKaHue HEPTETPOTYKTOB,
MOJIBMKHBIX ()OPM MapraHia ¥ [UHKa B OpraHOTE€HHBIX
TOPU30HTAX €CTECTBEHHBIX (OHOBBIX MOYB,
HaxoJIIIMECs] Ha TEPPUTOPUM 0CO00 OXpaHsSeMbIX
NPUPOJHBIX  TEPPUTOPUHA,  KOTOpBIE  SIBISIOTCS
CBOE0OOpa3HBIM pe3epBaTOM C (OHOBBIM COCTOSIHUEM
NpUpoHONH cpenpl. Hammume 3acondromux BeIIECTB,
MOTYT OBITH TPOSIBICHHEM IIEpEHOCAa MOPCKUX COJIeH
FO’)KHBIMU BETPAaMH, C OCAXJIEHHEM Ha BO3BBIIIEHHOCTH
CubHpCKUX YBAJIOB, a TAKXKE MOTYT OBITH PE3yJIbTaTOM
MEP3JIOTHBIX TPOIIECCOB TNPH BBHIMYYHBAHUN COJEH H3

OTJIOXKEHUI  MOpCKOro  reHesuca.  PesyinbraThl
WCCJIEIOBAaHUI MOTYT OBITH MCIIOJIb30BaHbI
OpeAnpUsITUsIMH  He(TerazoBoro KOMIUIEKCa  UIs

CpaBHCHUA HCXOHHOﬁ 3arpsA3HCHHOCTH JIMIICH3UOHHBIX
Y4aCTKOB C q)OHOBLIMI/I IIOKa3aTCIIsIMHA npu

Abstract. The regional geochemical
characteristics of the soil cover of the
“Siberian Uvaly” natural park’s territory have
been revealed. The comparative analysis of the
background soils properties in Siberian Uvals
(Podzol Arenic Turbic, Histosols Gelic and
Fluvisols) and technogenic surface formations
(TSF) constructed at oil and gas production
fields was conducted. The chemical properties
of the main types of soils were studied using
traditional analytical methods of
environmental monitoring: reaction of the
medium, content of organic matter, mobile
phosphorus compounds, content of the main
salinizing sulfates and chloride ions in the
water extract. Concentrations of mobile forms
of some heavy metals (Pb, Ni, Cr, Cu and Mn)
and the content of petroleum products in the
main types of soils of the study area were also
determined. Regional peculiarities of the
geochemical background of the natural park
were identified: increased content of oil
products, manganese and zinc in organogenic
horizons of natural background soils, located
within the territory of specially protected
natural areas, which act as a kind of reserve for
maintaining the natural environment in its
natural state. The presence of saline substances
in the area may be a consequence of sea salt
being transported by southern winds and with
deposited on the uplands of the Siberian
Uvaly. It could also be due permafrost
processes in the process, which release salt
from marine sediments. Oil and gas companies
can use the research results to compare the
initial contamination of licensed areas with
background indicators when planning field
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Beenenne

B ycrnoBusx yBenuyeHHs aHTPONOTEHHOW HAarpy3Kd Ha CEBEPOTAEKHBIE DKOCHUCTEMBI,
ONPENEIICHUE PErHOHAJIBHBIX JONYCTUMBIX YPOBHEU 3arpsA3HUTENCH Ui TIOYB  SBIISETCS
aKTyaJbHOU 3a/1a4eil. PeruoHabHbIE HOPMATUBbI KA4€CTBA MOYB JOJIKHBI YUUTHIBATHCS UCXOS U3
METOAMYECKUX PEKOMEHJALNM, YCTAHOBIECHHBIX MUWHUCTEPCTBOM NPUPOJIHBIX PECYPCOB U
skosiorun Poccuiickont @enepanuu, a TakKe UCXOAS U3 TUIIOB U CBOKCTB IIOYB, KOTOPBIE MOT'YT
3HAYUTETFHO BapbUPOBATh B 3aBUCUMOCTU OT T€OTpadUiecKOro MOJMOKEHUS U KIMMATHYECKUX
YCIOBUM. B 3TOM KOHTEKCTE Ba)KHBIM SIBJIAETCS MOAXO/, OCHOBAaHHBI Ha KOMIUIEKCHOM OIIEHKE
COCTOSIHMSI OKPYXKAIOIIEH Cpelbl, KOTOpBIM MO3BOJUT YYHMTHIBATH B3aUMOJECUCTBUE MEXKIY
Pa3IMYHBIMU KOMIIOHEHTAMH YKOCUCTEMBI.

[IpuponHO-KIMMAaTUYECKUE  YCIIOBHUS  CEBEPOTAENKHOM  30HBI

U IIUPOKUH  CIEKTP

3arpA3HAOIMNX BCHICCTB 3aTPYAHAIOT IIPOBCACHUC T€03KOJIOTHIECKOM OLICHKHU ITIOYBCHHOI'O
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MOKpOBa. B CBSA3M ¢ HHTEHCHUBHOCTBIO M CBOEOOpa3eM TeXHOTEHHBIX 3arpsi3HEHUH Ha 0OIIMpHON
tepputopun Ceepa 3amagnori CHOMpPH BOZHUKAIOT CJIOKHOCTH C BBISIBJICHHEM OTBETHOM PEAKIIUN
MPUPOTHBIX KOMILUIEKCOB DPAa3JIMYHOTO paHra Ha TEXHOTeHHOe BozieicTBUE. OYEeBHIHO, YTO
TEXHOT'€HHOE BO3/ACHUCTBUE NPUBOIUT K JErpajallii I'€OCUCTEM, B TOM YHCIIE HUX NOYBEHHOMU
COCTaBJIAIOLLEH.

K nHacrosiiemy BpeMeHH Ha PErHMOHAJIBHOM YPOBHE JIOCTHUTHYT 3HAUUTENBbHBINA YPOBEHb
3HAHUW, HAKOIUICHHBIM MpU HM3yYEHUH HSKOJIOTO-TEOXMMHUYECKHX MapaMeTpoB MPUPOAHBIX U
TEXHOTCHHO-U3MEHEHHBIX JIaHAmMAa(PTOB HedTerazoqo0sBalonMX paiioHoB 3anmaanoil Cubupm.
OnHako, HE BCE pPErHOHAIBHBIE OCOOEHHOCTH TI'€OXMMHUYECKOro (oHa XaHThI-MaHCHIICKOTO
aBTOHOMHOro okpyra — Orpsl mpezacraBieHsl B paboTax uccliiefoBatesiell; pabota B JaHHOM
HANpaBIeHUM  MpoJoDKaeTcs. M3BecTHO, UYTO TreoXxuMHuYeckuii (HOH  3aBUCHUT  OT
nanamadToodpasyrommx (akTopoB, M OITH OCOOCHHOCTH HEOOXOAMMO YYUTHIBATH TIPU
pPEruoHaIbHOM MOHUTOPHUHTE.

HccnenoBanus BIMSHUS TEXHOTeHe3a Ha MOYBHI 3anagHoi Cubupu, B OCHOBHOM KacajuCh
BO3JICHCTBUSI TEXHOTeHHBIX moTokoB [23; 31]. Hamuume B g00BIBa€MOM CHIpbE, B
TEXHOJIOTMYECKUX U COIYTCTBYIOLIMX BEIOPOCAX, B OTBOAMMBIX BOJlaX, B 00pa3yrOIIUXCsl TBEPIBIX
OTXO/1aX UIMPOKOrO Kpyra OpraHM4eCcKuX U HEOPraHMYECKHUX MOJUIIOTaHTOB, KOPEHHBIM 00pa3zoM
MeHAIT xumuueckuid cocrtaB nouB [24; 34]. H.II. Connuea [30] uccnenoBana BIHMsHUE
He(dTeno0bIBatoNIeH MPOMBINIIIEHHOCTH Ha MouBbl CpenneoOckoit HU3MeHHOCTU. OHAKO, B €€
UCCIICIOBAHMAX HE OXBau€Ha TEPPUTOpUS BO3BBIIEHHOCTH CuHOHMpCcKuX yBasoB. Takke He
OoXBaueHa wuccienyemas Teppuropus B padorax JILA. Uzepckoit m T.E. BopoOwéBoit [11],
J.B. Mockouenko u A.I. baOGymkuna [19]. U3yuuB copeprxkanue nonsuxHbsix Gopm Pb, Cu, Zn,
Ni, Cr, Mn, Fe, aBTops! BbIsiBUIH, 4TO ciyuau npessiienus [1/IK Takux snementos, kak Pb, Zn,
Cu, Mn u Ni gaie oTMe4aroTcst s IOYB ¢ BBICOKUM HAaKOIUJIEHHEM OPraHMYeCKOro BEIleCcTBa —
AJUTIOBUANIBHBIX U TOp(siHBIX 1ouB. B cBoeit Monorpaduu [1.B. MockoBuenko [ 18] akneHntupyer
BHUMaHHE Ha OCOOEHHOCTSX paauanbHOM TuddepeHnranuu MUKposieMeHToB Mn, Pb, Zn B
MOYBEHHOM IIOKpOBE BO3BbIIEHHOCTH CHOMpPCKHUX yBasloB. BMecTe ¢ 3TuMH ucclienoBaHUAMU
HEJ0CTAaTOYHO M3Y4YEeHbl COOTHOIIEHMsI HedTenpoaykroB, kak HasbiBaeT A.H. I'ennaauesn [4]
pas3IMYHBIX TPYIN YIJIEBOJOPOAOB B MOUBaX ¢ (POHOBBIMHU ITOUBAMH 30HAJIBHOTO psija. B HayuHoOMH
JUTEpaType O4eHb Majo paloT, e NPUCYTCTBYIOT AaHHBIE 00 YPOBHSAX COAEP)KaHUs, COCTaBE U
TeHE3UCE YIVIEBOAOPOAOB B MOYBE U HET MEK30HAJIbHBIX CONOCTABIECHUN U OLEHKU 3HAYEHUs
30HAJIBHBIX YCIOBUH 17151 POPMUPOBAHUS COCTaBa YIIIEBOIOPOIOB B IOYBAX.

B TO Xxe Bpems, BONpPOCHI, CBA3aHHBIE C MHUIpPAlUEl M KOHLEHTpalMEHd B I0YBAX
HEPTENPOAYKTOB, MHUKPOIJIEMEHTOB, TSKEIBIX METANIOB M OHMOTCHHBIX 3JE€MEHTOB H3yuYeHBI
cnabo, OCOOEHHO B 30HAX JIOKAIBHOTO U  OMNOCPEIOBAHHOTO  BIHUSHUSA  OOBEKTOB
HedrerazomgoObIBatomeli mpomeliiuieHHocTH  [6; 8; 27]. OCHOBHOE KOJWYECTBO HEPTH
COCpPEA0TAaunBaETCsl B MOACTUIKE M BEPXHEM MUHEPAIBHOM TOPU30HTE IOYBBI. 3arpsA3HEHHE
MOACTUIIKM BBI3BIBAET HEOOpAaTHMBbIE IOCIEACTBUA: YHHUTOXKEHHE OaHKa CEeMsH M 3a4arkKoB,

MPAKTUYCCKU ITOJHYIO ru0ens MOYBESHHOTO MI/IKpO6HOl"O " )KUBOTHOI'O HaCCJICHUS, BBIIIAACHUC
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MOXOBO-JIMIIAHUKOBOTO spyca [5; 24; 31]. B ycioBusix ceBepoTaEKHBIX pailloHOB 3aragHoun
Cubupy TEXHOI€HHOE BO3JEWCTBHE BBI3BIBACT PE3KOE M3MEHEHHE TaKUX MOP(OIOrHYECcKUX
IIPU3HAKOB IIOYBBI, KaK OKPACKa, CTPYKTypa U CIOXEHHUe. B "yacTHOCTH, 3aMETHO yXy/IIIAIOTCS
CTPYKTYpa U CIIOKEHUE I10YB, YCHJIMBAIOTCS IPU3HAKU IPOLECCA OIIEEHUS, NPOSIBIAIOIINECS B
OOWJIBHOM TOSIBICHMM CHU3BIX MATEH B BepXHEH 30HE mnpoduis, B HauOONbIIEH CTETCHU
MOJIBEPTHYBILIEHCS 3arpsiI3HEHUIO HEPThIO.

CreneHp HapyIIEHUS IPUPOJHBIX IKOCUCTEM 3aBUCUT KaK OT UHTEHCUBHOCTH TEXHOTCHHBIX
BO3JICUCTBUIM, TaK U OT YCTOMUMBOCTU CUCTEMBI, T. €. €€ CHIOCOOHOCTU COXPAHSTH CBOM CBOMCTBA
U IapaMeTpbl PEeXUMOB B YCIIOBUSAX WHTEHCUBHBIX aHTPOIIOI€HHBIX BO37eicTBHil. Bce 3TO
ornpeneseT 0co0yl aKkTyaJlbHOCTh JETAIbHOIO KOMILJIEKCHOTO MCCIIE0BaHMs, HALlEJEHHOTO Ha
[OJlydeHUE OOBEKTUBHOW OLIEHKU HKOJIOTO-T€OXMMHMUYECKUX OCOOCHHOCTEH TEeppUTOPHH,
HaXOSIIEHCS 10]] TEXHOTEHHBIM BO3elicTBUEM He(Teno0brau. CpaBHUTEIbHAS XapaKTEePUCTHKA
UJACHTUYHBIX THIIOB TIOYB U MMOYBOTPYHTOB, C(HOPMHUPOBAHHBIX B OJMHAKOBBIX I'€OIKOJIOTHIECKHX
YCIIOBHUAX, HEOOXOMMA Ul MOHMMAHUS PErMOHAIBHBIX 0COOEHHOCTEH (DPU3MKO-XUMHUYECKUX U
XUMHUYECKHX CBOUCTB IOUB.

Lenbto uccienoBaHusi SBISETCS BBIABICHUE PErMOHAJIbHBIX OCOOCHHOCTEH OCHOBHBIX
TUIIOB II0YB BOCTOYHOM uacTu npupopHoro mnapka «Cubupckue ysanel». B kauectse
MHGOPMALMOHHOW  0a3bl  MCCIENOBAHUSA  WCHOJIb30BaHbl  (POHIOBBIE  MaTepHalbl 110
reosKoorunyeckoMy MOHUTOPUHTY ¢ 2001 mo 2023 rr., pa3MenIeHHbIE B ApXUBE HAYYHOIO OT/AeIIa
npuponHoro mnapka «CuOMpckHe yBajbl», a TaKXKe pe3yJabTaThl MOJEBBIX U KaMepaJbHbIX
uccienoBanuii mous [9; 13]. MOHUTOPHUHT MOUBEHHOTO OKPOBA Ha TEPPUTOPUN BOCTOUHOU YaCTH
CubupcKux yBajiOB MPOBOAMIICS C LEJbIO YCTAHOBIEHUS! OCHOBHBIX (DOHOBBIX CBOWMCTB IMOYB U
OLIEHKH CTEIIEHU 3arpsi3HEHUs] IOUBEHHOIO ITOKPOBA OXPAHAEMOMN TEPPUTOPHUHN.

O0beKT ucc/ie10BaHuA

[TouBeHHblii mnOKpoB CHOUPCKUX yBalOB CGHOPMHUPOBAICS B XOJOAHBIX M CYXHX
KOHTHHEHTAJbHBIX YCIOBHUSX B KOHIE IIIEHCTOleHa — Hadane ronoueHa [1; 24]. Cucrema
BO3BBIIIEHHOCTeW CuOMpCKUE yBasibl, COCTOALIass M3 BOCTOYHOM M 3amajJHOW dacTei,
pacroyiaraeTcsi MeXxay napawiensMu 62° u 65° c.lI. 1 OTHOCUTCSA K CEBEpOTa&KHOU TMOJI30HE
3anaaHo-Cubupckoii paBHUHEI (puc. 1).

Cubupckue yBaiabl CPOPMHUPOBAHBI Cpeld YalleoOpa3HbIX 3a00JIOYEHHBIX BHAJUH U
npoctuparoTcs ot p. Enuceir 1o p. O6s Ha 1000 kM. AOcomroTHasi BBICOTAa BO3BBIIEHHOCTEH
onpenemnsiercss or 90 mo 175 m BC. 3meck chopMupoBaHbl YHUKAJIBHBIE TIO CBOEH JCTETHKE
na"madThl, BCTPEYAIOTCs BUbI PACTEHUN U )KUBOTHBIX, 3aHECEHHbIE B KpacHyro KHUT'Yy XaHThI-
Mancuiickoro aBToHOMHOro okpyra — IOrpsel. g coxpaHeHUs YHMKaJIbHOCTH IPUPOIHBIX
00bexToB B 1998 roay Oblia coznaHa 0co0o oxpaHsemas IPUPOJHAs TEPPUTOPUS — IPUPOTHBIN

napk «Cubupckue yBansl» (manee — I1I1).

" O



Becmuux HBI'Y. Ne 1(69) / 2025 OKOJIOI' A U IIPMPOJOIIOJIB3OBAHUE / ECOLOGY AND NATURE MANAGEMENT

e i 3$ ‘ v |
=& PABHUHA
eoseb/tue?mocmb Cuﬁupcxué yeansi
$642Z: 30Ha MEXHO2eHe3a (HehmsaHoe X03A.CMmeo)

Y npupodHbI napk "Cubupckue yearns!”

- Oyapbl nyyerus
—— - OXHAA 8paHUUM KDUOIUMO30HS!
2paHuya 30HsL! nepenemkoe (intergelisol) u pedxux Menkux yyacmxoe

I
MHO20MeMHeMep3keIX :’TO,DOd

Puc. 1. MecTomnoJio:keHre ToYeK 0TGOpa NMpod
HA TEPPUTOPHUH BOCTOYHOM yacTn CHOMPCKUX YBAJIOB

PactutenpHple accommanid B OCHOBHOM IPEJCTABICHBI COCHOBBIMH OpYCHUYHO-
JUIIAHHUKOBBIMH ¥ OpYCHHYHO-JIHMIIAHUKOBO-3€JICHOMOIIHBIME  JIECAMH Ha TOI30JIaX C
npu3HakamMu KpuoreHesza (puc. 2). Ocoboe 3HaueHHE B MNPUPOJOOXPAHHON JEATEIBHOCTH
OTBOJUTCSI MOXOOOPa3HBIM: aHTOLIEPOTOBHIHBIM U JIUCTOCTEOETBHBIM MXaM, pPaCIPOCTPAaHEHHBIM,
B TOM YHCJI€ Ha OJUTOTPOPHBIX U ME30TPOPHBIX CParHoBbIX OojoTax. YacTh BUIIOB SABISIOTCS
peakumu Ha Bceil Tepputopuun XMAO-KOrpsl. Hanpumep, Takue kak: Bryum cyclophyllum
Schwaegr., Polytrichum jensenii Hag., Sphagnum aongstroemii Hartm. [17]. B 3penbix
cooOlIecTBax CpeJHEro YpOBHS MOMM peK Ha auIIOBHAJBHBIX CIIOMCTBIX IMouyBax (puc. 2)
TpaBocToil  coctoutr w3  Calamagrostidetum  langsdorffii purum  (Link) Tzvelev,
Calamagrostidetum langsdorffii filipendulosum ulmariae, Equisetum arvense L., Tanacetum
bipinnatum (L.) Sch. Bip., Artemisia vulgaris, Senecio vulgaris L., Solidago virgaurea L., Galium
trifidum L., Cerastium jenisejense Hult., Hieracium subarctoum Norrl., Rumex thyrsiflorus L. [15].
HenmoctynHocTs TeppuTOpHH ONpeneisieT COXPaHHOCTh YHHKAJIBHBIX JaHamadtoB. OmgHAKO
WHTEHCUBHO pa3BUBAroImascs n00bua Hetu nmpudimxkaercs kK rpanumnaM [1I1 u pacmonaraercs B
60 kM k 3anazny ot ecrectBeHHbIX Ipanul [T «Cubupckue yBans» (puc. 1).

ABTOMOp(QHBIE MO3UIMU 00JAJAIOT XOPOIIUM JPEHAKOM, MPOMBIBHBIM THIIOM BOIHOIO
pexxuma. [10ToKH BiIaru U MUTPHPYIONIHE C Hel XUMHYECKUE JIEMEHTBI U COSTMHEHHSI OKa3hIBAIOT
BIMsSHUE Ha JUQQEepeHINPOBAaHHOCTh TOPH3OHTOB MMOYBeHHOTO mpodwii. Ilox BiwsiHEEM
OpPraHMYeCKHX KHUCJIOT XBOWHO-JIMIIAMHMKOBOrO omajna HuAET oOpa3oBaHHME MOJ30JIMCTOrO
ropu3oHTa [28]. OCHOBHBIM 3J€MEHTapHBIM I1OYBOOOPA30BATENBEHBIM IPOLIECCOM SBISETCA
anbperymycoBblii. PermonampHasi 0COOEHHOCTH OTMEUE€HAa B MOPQOJOTHYECKOM CTPOEHUU

noy130710B. [Tom3omer (Touka 1-IT) hopMupyroTcst moa Bo3AeiCTBHEM KPUOTEHHBIX MPOIECCOB, X
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MUHEpAIbHBIM CKEJIET COCTOUT U3 MOYBOOOPA3YIOMIUX MOPOA (UIIOBHOINISAIUAILHOTO TeHE3HCa,
MeCTaMU C MOPEHHBIM MaTepuaioM [26]. Byrpucro-3anaguHubiii penbed, 3aneraromniye B HIKHen
YacTU TOYBEHHOTO MpOQMiIs TPYHTOBBIE BOJABl U KPHUOTEHHBIE MPOLECCH (HOPMUPYIOT
Mopdonornueckoe cTpoeHue gaHHoro tuma mouB (puc. 2). IlouBeHHBIA TpodUIL MOA30a
SA3BIKOBATOI'O KpI/IOMeTaMOp(bI/I‘leCKOFO HUMCECT YCThIPC OCHOBHBIX 'OPU30HTA U OAWH HGpGXOIIHBIfI

TOPU30HT C 1ceBrodudpaMu OT WILTIOBUATEHO-KEJIE3UCTOr0 K MATEPUHCKOM MOpoze.

Puc. 2. OcHoBHbBIe TUIIBI T0YB CHOUPCKHX YBAJIOB: a) MO/A30J1 A3bIKOBATHIN
kpuomeramopduueckuii (touxu 1-11, 44-®, 97-®); b) oaurorpoduast TopdpsiHaa nouBa
(Touxu 5-11, 57-®); ¢) anaoBuaabLHasi AepHoBas nouBa (Touku 3-I1, 49-D)

[IputeppacHble MOBbINIEHUS c1a00 MPUMOTHATHI W BCXOIMIICHBI, 3aHSITHl COCHOBBIMH
JecaMu C TPUMEChI0 Keipa W JIMCTBEHHUIBI. Ha mpuTeppacHBIX MOBEPXHOCTIX IPOIECC
M0/130J1000pa30BaHusl BBIPAKEH CJIa00, AJIEMEHTAPHBIM IOYBOOOPA30BATEIILHBIM IPOIIECCOM
SBIISIETCS ANIOBUANBHO-TIIEEBhI [7]. B LIEHTpalbHBIX YacTsIX IJIOCKUX BOJOPA3ZeNioB, TJI€ CTOK
MOBEPXHOCTHBIX BOJI OCNA0NieH, MOSBISIETCS IMEpPeyBIaKHEHUE, CIIOCOOCTBYIOIIEE Pa3BUTHIO
0010THOTO TIporecca  (POPMUPOBAHHUIO TIOYB C OTOP(OBAHHBIM TTOBEPXHOCTHBIM TOPU30HTOM.
YMeHbIIIEHHE CTETeHH pPacwICHEHHOCTH penbeda, Onm3Koe 3aneraHne TPYHTOBBIX BOJ
crocobcTByeT TopdoodpazoBareIbHOMY MOYBEHHOMY MpoIeccy U (pOpMHUPOBAHHIO TOPQSHBIX
ONUTOTPO(HBIX MOYB.

Pazpe3 topdsHoit onurorpodHoit mouBsl (Touka 5-I1) 3amokeH Ha rpsae OIUTOTPOGHOTO
6onora monmuubl peku [myOokuit CabyH (puc. 2). I'psiapl mpencTaBistOT cOOOM IMOBBIIICHUS
OTHOCHUTEIILHO CpeAHero ypoBHs Oojora, BeicoTor 0,5—1,0 M, KOTOpBIE MOKPBITHI COCHOBO-
KYCTapHUYKOBO-C()arHOBBIMH HJIM KYCTaPHHYKOBO-C(arHOBBIMU cOO0OIIecTBaMU. J[peBecHbIi
SPyC peIKHii, 00pa3oBaH COCHOM, BRICOTA KOTOPOU He Oosee 5 M. Bo3pacT coCHBI HE TIPEBBIIIAET
180 meT, cpeanuii Bo3pact nmopsiaka 90—100 ner. KycTapHUYIKOBBIN SIpyC MPEICTaBIIEH B OCHOBHOM
Ledum palustre L., Chamaedaphne calyculata (L.) Moench, Andromeda polifolia L. Vaccinium

vitis-idaea L.. MOXOBOH sIpyC IMOYTH CIUIONIb 00pa3zoBaH Sphagnum fuscum (Schimp.) Klinggr.. B
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MOXOBOM TIOKPOBE HE3HAYHWTeNbHash mpumech Sphagnum magellanicum Brid. u S. balticum.
(Russ.) Russ. ex C.Jens. MouaxuHbI 3aHATHI 0COKOBO-C(harHOBbIMU coobiecTBamMu. Cpeid TakKux
ocok, kak Carex rostrata Stokes, C. lasiocarpa Ehrh., C. pauciflora Lightf., C. limosa L.,
Eriophorum vaginatum L., E. russeolum Fries, E. polystachion L.. B MOXOBOM sipyce — CILTOIIHOM
MOKPOB 00paszytor Sphagnum angustifolium (L.) Holub u S. riparium Aongst. [14]. Topdsuas
onurorpodHasi moOYBAa MMEET CIEAYIOMYI0 MOp(OIoruueckyro xapakrepuctuky. Ouéc,
MOIIHOCTBIO 20 cM, MpeAcTaBieH MOKPHIM C(harHyMOM CBETJIO-KOPHUUYHEBOTO 1[BETa, Ha NIyOnHE
20-80 cM BepxHHUH TOPQSIHON TOPU3OHT MPEACTABICH MOKPBIM, €1a00 pa3okKEHHBIM, CBETIIO-
KOPUYHEBBIM TOpP(POM, B TOPU3OHTE BKIIOUEHUS KOPHEBOH CHUCTEMBI KYCTapHUYKOBOU U
TpaBSIHUCTON pactutenbHocTu — 60%, Ha m1youHe 80-250 cm Topd ChIpoil, cpeaHeil cTeneHu
pa3’IOKEHHOCTH, Oypblii C BHIMMBIMH OcCTarkamu cTebneil mxoB. TopdsHas 3anexb
chopMHpOBaHa HA CH3BIX MTECYAHBIX OTIOKCHHUSX.

B noiimax pexu [my6okuii CaOyH 1 €ro MpUTOKOB Pa3BHBAIOTCS aJUTIOBHAJIBHBIE JEPHOBO-
cinouctele mouBbl (Touka 3-II) (puc. 2) mom MUCTBEHHUYHUYHO-KEIPOBBIM 3€JICHOMOIIHO-
MEJNKOTpaBHBIM JiecoM [7; 15]. Huskue mnoiimel p. Imybokuit Cabyn pasButbl crnabo u
NPEACTaBISIIOT co00i TEMHBIE MEeCYaHble IUIHKU C BKIFOYCHHEM Jnada3-0a3ajabToBOTO COCTaBa,
COCTOAIIIIME W3 OCHOBHOTO IUIarnoKJasza, MUPOKCEHa, MarHe3uanbHoro oyimBuHa [13]. 3penas
noiima p. Inmybokuit CaOyn umeer aOcomioTHyto BbicoTy 110 M. IloBepxHOCTH u3pe3aHa
CTapUyHBIMU J0OMHaMu 70 1,5 M. Mukpopenbed mpeacraBieH OMOreHHONW Oyrpuctocthio. B
nonpocrte: Pinus sibirica L., Abies sibirica Ledeb. )XuBoi#i HaAIIOUBEHHBIH TOKPOB TPECTABIICH:
TUTTHOBBIMU Mxamu, Linnaea borealis L., Equiesetum sylvaticum. TlouBeHHBIN TpoQIb
MPEACTABIEH MaJIOMOILIHBIM CEPOryMYCOBBIM TOpPH30HTOM — AY, €ro cpenHsisi MOIIHOCTb
cocraBnsgeT 5 cM. Okpacka OTHOpPOAHAsS, LIBET OypOBaTO-KOPHUYHEBO-cepblil. [OpH30HT TycTO
MpOHM3aH KOpHsAMHU pacTeHuil. Cepblii 1BET TOPU3OHTY WPHUAACT MUHEpaJbHas OCHOBA
NOMMEHHOI0 aJJIIOBMSI, TNpEACTaBICHHasl Cylechlo auada3-0a3anbroBoro cocrasa. CroxeHHe
peixiioe. Ilauka moiimeHHoro ammoBusi (ropu3oHT C™) TpeicTaBiIeHa NPOCIOMKaMH TecKa
0e’keBOoro I[BETa U CepoBaTO-TEMHOOEkeBOro 11BeTa. [lomock! pacnionaratorcs npuMepHo uepes 10
cM. Ha miybune 66, 78 u 85 cM (UKCHUPYIOTCS CIOM MOTPEOSHHBIX T'YMYCOBBIX TOPH30HTOB
MomHOCThI0 70 1 cm. KopHeobutaemsrii cmoit 1o 60 cMm. AJuloBHanbHAsl J€pHOBas MOYBa
chopmupoBaHa B ieHTpanbHOU Toitme p. [mybokuit CalyH.

B 30He TexHorenesa ObulM 00cieOBaHbl (OHOBBIE 30HAJIBHBIE IIOYBBI: TOA30JIBI
WJLTIOBHAIIBHO-)KEJIE3UCThIE Ha (IIIOBUOMISIIUANBHBIX Meckax — Toukd 44-O u 97-®; topdsnas
onurotpodHas mouBa — Touka 57-D; ammoBuanbHas oTopdoBaHHas AepHOBas — Touka 49-O.
[TouBsl (oHA CpaBHUBAIUCH C WACHTHYHBIMHA TunamMu mouB Ha Tepputopuu OOIIT. Taxxke,
€CTeCTBEHHBI TEOXUMUYECKUA (OH WCCICTyeMbIX II0YB CPAaBHUBAIM C TEXHOTEHHBIMHU
noBepxHOoCcTHBIME  oOpazoBanusimMu  (TIIO): HedTeszarps3sHeHHBIH mom301 — Touka 96-T;
HedTe3arpsi3HeHHBIH TOpd BEpXOBOro 00J0Ta — Touka 56-T; peKyITUBUPOBAHHBIA y4aCTOK —

Touka 98-T; mecuanas OTChINKA MHKEHEPHBIX KOHCTPYKIUHN — Touku 52-T, 45-T.
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MarepuaJjbl H MeTOAbI HCCIETOBAHMUS

['eosKonOrnYecKknii MOHUTOPUHT TTOYBEHHOTO TMOKpoBa Ha Tepputopuu III1 «Cubupckue
yBaJb» MPOBOJUTCS PETYISPHO C LIETbI0 YCTAHOBIIEHUS (POHOBBIX KOHIIEHTPAIMl OCHOBHBIX
XMMHUYECKHX BEIIECTB Ha TEPPUTOPUM, HE OTITOLIEHHOW AHTPONOINE€HHbIM U TEXHOTCHHBIM
Bo3zciicTBieM. llouBa sIBISiETCS KOHCEPBATHUBHOW, MAIUTENBHO (opMupyrOmehcs cpenoit
oOuTaHus, IOATOMY I'€0’KOJIOTHUECKUI MOHUTOPUHT Ha poHOBOM Tepputopuu [T mpoBomuTes ¢
epuoaInYHOCThIO 1 pa3 B 3 roga. Monutopunr mouB Ha tepputopuu 1 «Cubupckue yBab»
UL ONpEAETCHUs TCOXMMHUYECKOro (oHa BeleTcss Mo 3 OCHOBHBIM THIIAM IIOYB: IMOJ30JIbI
WLUTIOBUAIBHO-XKENIE3UCThIE,  aJUTIOBUANbHble TouBbl p. [nyOokmit  Cabyn, TOpdsHbIe
onmurorpodHsie. B HamieM ucciegoBaHUU MpOaHATM3UPOBAHbI JaHHbIE MOHUTOpUHTra 3a 2007,
2011 n 2023 rr.

[TouBennsie poOBI 0TOOpaHbl B COOTBETCTBUU € [Iporpammoii (MpoeKToOM) KOMILIEKCHOTO
sKosorndeckoro Mouutopunra B rpanute [1I1 «Cubupckue yBans» [21].

B 30He TexHoreHe3a ObLTM 0TOOpaHBI MPOOBI TUMMMYHBIX 30HATBHBIX MOYB, HAXOISIIHUECS
HEIOCPEACTBEHHO HA MECTOPOXKIEHUSX, U TPYHTHI C HAPYILIEHHBIX YYaCTKOB, IJI€ OCYILECTBIISIETCS
Hedrenoosrda. OTOOP MPOO ISt TEOIKOIOTHIESCKOTO MOHUTOPHHTA SIBIISIETCSI OTHUM M3 3HAYUMBIX
(hakTopoB IS CpaBHEHUs MMoKasareneid. [Ipu cpaBHEHHH CBOWCTB ITOYB HEOOXOIUMO YYUTHIBATH,
YTO BEPXHHE OPraHOTEHHbIE TOPU3OHTHI OyIyT pa3IUuHbl y pa3HbIX TUIOB MOYB. Y IO/A30JI0B
dbopmupyercsi, Kak NpaBUIO, MaloMoOlIHas JecHas mnoxactwika (1-5 cMm), BO3MOXKHO,
MOJCTHJIAIONIAsl CHU3Y MPOCIONKY YIVIs, UMEIOIIYIO0 MUPOr€HHOE MPOUCXOXKACHUE. Y TOpPSHON
OJIUTOTPO(HON TOUBBI OPraHOT€HHBIN CJIOH — TOpPQSHBIE TOPU3OHTHI, KaK MPaBUIO, UMEIOT
MolHocTh Oomnee 70 cMm.

C 1enbio BBISBIEHUS PETHOHAIBHBIX 0COOEHHOCTEN ObIIT 0TOOpaHbl 00pa3libl MOYB U3 BCEX
TFeHETUYECKUX TOpU30HTOB. Tak Kak TEXHOTE€HHbIE TPYHTHI MPEACTABISAIOT COOOH, KaK MpaBuUiIo,
MeCYaHble 3aMa3yyeHHbIE HACBIU WM PEKYJIbTUBHUPOBAHHBIE TOPPSHOW KPOILKOM IIOMIAIKH,
CpaBHUBAaTh TaKHe OOBEKThl C €CTECTBEHHBIMM IIOYBAMH HEOOXOAMMO C TOHUMaHUEM
koHcTpykiuu TTIO. OT60p mpob mpon3BoAuIICs MOCI0iHO. CI0KHOCTH aHAN3a BELIECTBEHHOTO
COCTaBa OIPENENSIOTCS MHOTHMHU pErMOHANIBHBIMU 0COOEHHOCTIMU 1TouB. Hampumep, npu or6ope
Top¢siHOi npoOsl oT 025 cM, B MpoOy MOXKET MOMNacTb 0OJbllIe KOpHEH, YrolbKH UM OCTATOK
JpeBECHBIX IOPOJ, YTO B WTOre JacT B MpoOe OOoNbIIMKA NPOLEHT YIVIEpOoAa, YeM YHUCTO
0TOOpaHHBIN MOXOBBIH OYeC.

Metoas! 0TO0Opa ¥ MOArOTOBKU Mpod ucnonb3oBaiuck B cootBeTcTBUU ¢ TOCT 17.4.4.02-
84. Amnamu3 mnpo6 mnouB u TIIO mpoBogwics TO METOAMKAM, AaKKPEJUTOBAHHBIM B
HwxneBaproBckoM otaene ¢unnana PenepaabHOro rocylapcTBeHHOro yupexkiaeHus «Llentp
71ab0paTOPHOTrO aHaIM3a U TEXHUYECKUX U3MEpeHUH 1o Ypanbckomy DenepalbHOMY OKPYTY» MO
XaHTbI-MaHCUICKOMY aBTOHOMHOMY OKpyry. Omnpenensin pH BOIHON BBITSKKH, YIEIbHYIO
ANIEKTPONPOBOAHOCTb, COIEPKAHUE XJIOPUIOB U cynb(aroB B BoaHOH BbeITskKe — [OCT 26423-
85, oomennsbIit ammonuit — 'OCT 26489-85, nutparsl — TOCT 26488-85, ¢pochop noaBmKkHbIN B

BhITsDKKE 1Mo KupcanoBy — ['OCT 26207-91, opraHuyeckoe BEUIECTBO TIPaBUMETPUUYECKUM

83 @@



Becmuux HBI'Y. Ne 1(69) / 2025 OKOJIOI' A U IIPMPOJOIIOJIB3OBAHUE / ECOLOGY AND NATURE MANAGEMENT

metogoMm — [OCT 26213-91, conepxxanue HedTenpoayktoB — PII 52.18.647-2003, conepkanue
MOJIBMKHBIX (hOopM cBHHIIA, MHKA, Meaun — MY 08-47/152, nonBwxkHoro mapranmna — [THI @
16.1:2.2.263-09, nogsuxxknoro vukens — [IHJ] @ 16.1:2.2.263-10, xpoma — [THJ] @ 16.1:2.2.263-
11.

['eoxumuueckue mokasarenu mous ¢ponoor Teppuropun [1I1 cpaBHUBaNM MO TOaM H IO
TUIIaM TI0YB C MTOKAa3aTeJIIMHU, IOJYYCHHBIMHM B IIOYBOIPYHTAX B 30HE TEXHOI€HE3a BOCTOYHOM
yactu CHOMPCKUX YBAJIOB. AHAIN3 JaHHBIX I03BOJIAET ONPEAETUTh HAPaBICHHOCTh TIOYBEHHBIX
IIPOLIECCOB, YPOBEHb BO3JEHCTBHSI TEXHOTE€HE3A U OLIEHUTD IKOJIOTUUYECKOE COCTOSIHUE IKOCHCTEM.

PesyabTarsl nccienoBanus

[TpucyrcTBHEe HEPTENPOAYKTOB B OPraHOI€HHBIX (IPEUMYIIECTBEHHO TOPQSHBIX)
ropusoHTax noys 111 Cubupckue yBabl, 10-BUAUMOMY;, SIBISETCS pErHOHAIbEHOW 0COOCHHOCTBIO.
Topdsiabie onurorpodusie mouBsl B XMAO — FOrpe sSBISIOTCS CaMbIMH PacpOCTPAaHEHHBIMU
TUIIAMH TI0YB. DTO OCHOBHOH THI IOYB Ha MECTOPOXKACHUSAX, M OH XK€ Hamboiee dYacTo
MIOJBEPraeTCs PeKyJIbTUBALIMY [TOCJIE TEXHOT€HHBIX BO3/IECHCTBUN.

CymectByer mnpoOiieMa KOPPEKTHOIO OIpeAeicHus He(TenpoayKToB B TOP(AHBIX U
OpraHOreHHbIX Mpobax. ['eTeporeHHOCTh OPraHMuYECKOro0 BELIECTBA HE IMO3BOJISIET ONPEIEIIUTh
rPaBUMETPUUYECKUM METOJIOM 3arpsi3HAIOIIME BEIECTBA — apOMaTUyYeCKHE YIIIEBOJOPOIbl B
OpraHoreHHbIX MnpobOax. Jlns mojydeHHs OLEHOK MHOTOJIETHEro TpeHaa usmeHeHus Copr
TpeOyroTcst cobOmroieHue yclioBuil kK oroopy npod u meronoB Copr onpenenenus [37]. B ogHoi
poOe BO3MOMKEH CHJIBHO PasHALIMICS IpaJueHT pe3yibrara, 3aBUCSIIUNA OT OOTaHMYECKOTO
cocraBa opraHoreHHoW mpoOsl [25]. [ToaTomy, OnHON M3 pervoHaNIbHBIX MPOOJIEM SBISETCS
orpejiesieHue peanbHOro kosnmyectBa Copr M HEPTENPOAYKTOB B IOYBaX C BBICOKHM
COZIep)KaHUEM OpPraHMYECKOro BellecTBa (B-Ba), K HUM OTHOCATCSA TOpP(sSHBbIE MOYBHI, BKIOUas
OJUTrOTPOGHBIE, 3YPOTPO(]PHBIE MOATHUIIBI ITOYB.

HeobOxonumo mnonumarb, uyto QonoBble mouBbl III1 «Cubupckue yBanbpl» HE HUMEIOT
UCTOYHHKA 3arpsi3HeHUs HePTepoayKTaMUu. MecTOpOXKIeH!s] HaXOATCS HIKE 110 penbedy U 1o
TEPPUTOPUSAM, OCBOCHHBIM T'HApPOrpadUuecKkoidl CeThlo, IMOITOMY HCKIIOYAeTCsl IepeHoc
3arpsizauTens. OgHako, B mpobax mouB [III ¢uxcupyercs conepkanue HedTENpoAyKTOB, B
HE3HAYUTEIBbHOM O0BeMe JUIsi MUHEpPaJbHBIX IMOYB M 3HAYMTENbHOE — JUII OpPraHOTE€HHBIX
ropu30HTOB TOp(dsHBIX MoyB. [Ipumepom MoxeT ObITh Touka 5-I1 — TopdsiHas omurorpodHas
MOoYBa C co/lepKaHuEM HePTEnpOoAyKTOB, BapbupyomuM oT 1409 1o 3790 mr/kr B pa3HbIie TOABI
uccienoBanus. Pesynbrarel omnpeneneHus copepkKaHus HEPTENPOJYKTOB M OPraHUYECKOTro
BEIlleCTBAa B MOYBAaX OTpakeHbl Ha rpaduke (puc. 3). 3mech NMpocMaTpUBACTCS B3aUMOCBS3b
CoZIep)KaHUsI OPraHUYECKOT0 BEIECTBA U HEPTEMPOAYKTOB B (POHOBBIX TOP(PSIHBIX OJIUTOTPO(HBIX
nouBax (57-D).
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Puc. 3. Cpeanee cogep:kaHue OpraHu4ecKoro BellecTsa u He()renpoayKToB B npodax (poHOBbIX
TOP(AHBIX 0JIUTOTPOPHBIX MOYB U TOPGAHBIX HeTe3arpA3HEHHBIX B 30HE TEXHOT€He3a

Pezynbrarel uccnenoanus nous [T «Cubupckue yBaibl» oka3aiu 3aMETHO Oosiee HU3Koe
coziepykaHue He(pTenpoyKTOB B MUHEPAIbHBIX TOPU30HTAX IO CPABHEHUIO C OPIraHOTCHHBIMU: B
QJUTIOBHANILHBIX TouBax (pa3pe3 3-II) oHo cocraBmsier 56,9—169 Mr/kr B pasHbie TOIBI
WCCIIEIOBAaHN; B MUHEPAIBHBIX Tropu3oHTax moa3onoB (1-IT) — ot 14,1 mo 168 mr/kr. B 30He
TEXHOTeHe3a OpPraHOTE€HHBIH TOPH30HT AJUIIOBHAJIBHON IOYBBI MMEET BBICOKOE COJCpXKaHUE
opranudeckoro BemectBa — 48,9% u HedrenpoayktoB — 19221 wmr/kr. IlpocnexuBaercs
B3aMMOCBSI3b MEXKIy COAEp)KaHHEM OpPIraHMYeCKOTO BEHmeCTBA M  HEPTENPOAYKTOB B
OpPraHOTEHHBIX TOPU30HTAX MOYB (PHUC. 4); OTYACTH ITO MOXKET OBITh CBSI3aHO C OCOOCHHOCTIMH
AHAJTUTUYECKOTO ONPEAETICHUs TOTO U APYroro MmoKa3aress.

IIpu ompenenenuu copepkaHusi HE(PTENPOIYKTOB B (POHOBBIX MOA30JaX U TEXHOTEHHBIX
MOBEPXHOCTHBIX ~ O00pa30BaHMSX, CKOHCTPYHMPOBAHHBIX W3 JIMTOJOTHMYECKOTO Marepualia
OTJIOKEHUH, CIararolMX MOBEPXHOCTh BO3BBIIEHHOCTH CHOMPCKUX YBAJIOB M 3arps3HEHHBIX B
nporecce HEPTSIHOrO XO3iHCTBa, OOHAPYXKHIM, YTO B IMpoOax MEeCYaHOro COCTaBa HHU3KOE
cogepxaHue opranndyeckoro BemiectBa (or 0 1o 2%); conepkaHue HePTENPOIYKTOB
CpaBHUTEIBHO HEBBICOKO (0T 50 1o 56 wr/kr). OTHOCHUTENBHO BBICOKOE CONEpIKaHUE
He(TenpoayKTOB ompeaensercs st HedTezarpszHénHoro moazona (96-T) — 3069 wmr/xr u

PEKYITBTUBUPOBOBAaHHOTO yuacTka (98-T) — 7424 mr/kr.
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Puc. 4. Conep:xanue opraHu4ecKoro BemecTsa u HepTenpoayKToB B MPo6ax moa30J10B,
asuToBHATbHBIX N0YB IIIT “Cudupckne yBanabl” U TeXHOT€HHBIX NOBEPXHOCTHBIX 00pa30BaHui
MecTOpOkIeHuil HedTH U raza

HedrenpoaykTel SIBISAIOTCS OCHOBHBIM 3arpsS3HUTENIEM B 30HE TEXHOTCHE3a CEBEPOTAEKHOM
30HbI. llomyTHBIMH 3arpsi3HUTENSIMM, HApyLIAIOUIMMH OHOJIOIMYECKHE MpPOLECChl B IOYBE,
SBISIFOTCSL CyAb(arhl, XJIOPUbI, KOTOPbIE MCHONB3YIOTCS B OypOBBIX pacTBOpax NpH A00bIYE
HE(TH U KAMUTAIBHOM PEMOHTE CKBaXXMH, a TaK)K€ MOTYT COAEP)KaTbCsl B MHUHEPATU30BAHHBIX
MIOJI3EMHBIX BOZAAX, MUCIOJIB3YEMBIX IS IMOAJEPKaHUA IIaCTOBOIO JABJICHHUS B CKBaXKuMHax. B
pe3yabTarte NpPOBEACHMSI PEKYIbTHBALIMOHHBIX PAa0OT TPAAUIIMOHHO J00aBISAIOTCA KaJIUHHO-
dochopHo-a30THBIE yn00peHus. Takum 06pa3oM, MPU COUYETAHUN TEXHOT€HHBIX U €CTECTBEHHBIX
IPOIIECCOB B NMOYBAX M3MEHsIETCs OajaHC TaKUX AJIEMEHTOB W MX COEAMHEHMH Kak Kajuii, a3o0rT,
docdhop, xmop, cepa u mp. 3HaTh (HOHOBYIO KOHIIEHTPALUIO JTHX JJIEMEHTOB BAXKHO JIJIS
MOHMMAaHHUA BKJa/la TEXHOT€HHBIX MpolieccoB. Pe3ynbTrarsl onpeaeneHus XJIOpUI0B U Cylb(paroB
B BOAHOMH BBITSDKKE (POHOBBIX 1OYB M TI1O HeTAHBIX MECTOPOXKIEHHH MTOKa3aHbl HA PUCYHKE 5.

PernonanpHbIit aCEKT JUIs TEPPUTOPUU BO3BBIIIEHHOCTH CHOMPCKUE YBAJIbl — IPUCYTCTBHUE
HMOHOB XJIOPUJOB M CYyIb(aroB B MOBEPXHOCTHhIX ropuszoHTax mnouB u TIIO. B mouBax c
IIPOMBIBHBIM BOJIHBIM PEXKHMOM JIETKOPACTBOPUMBIE COJIM, B YACTHOCTH XJIOPHUJIBI U CYIb(aThbl
HaTpHsl, Kajdus W MarHus, BBIHOCSATCS 3a Ipenesbl Mpoduis ¢ TOKOM IOYBEHHOM Biaru. B
6onpmHCTBE P00 MouB ¢ poHOBBIX Teppuropuii I1I1 «Cubupckue yBanbny 0OTMEUEHO KpaiiHe
HE3HAYUTEIbHOE COJIep KaHNe XJIOPHUIOB U CyIb(aToB B BOJHOU BBITSKKE. MckitoueHue orMedeHo
B MIOBEPXHOCTHOM TOP(SIHOM TOPU30HTE ONIUTOTPO(PHOI TopdsiHOM mouBkl pazpesa S-I1 (puc. 5) —
CyMMapHOE€ COfiep)KaHue HOHOB XJIOPHIOB U Cylb(haToB B mpode coctaBuiio 6oiee 400 MI/Kr, uTo

CPaBHMMO C AaHAJIOTUYHBIMU TOKa3areasiMu HeKoTopblx mpoO TIIO u3 30HBI TexHOreHe3a.
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[Tockoneky Ha Tepputopun III1 «Cubupckue yBampl» JIWIIL B OAHOM TOYBE, U3 BCEX
HCCIIEIOBAHHBIX OOHAPYXKEHO 3aMETHOE IOBBIIICHHE COAEP)KAaHUS MOHOB JIETKOPAaCTBOPHMBIX
cosiell B BOAHOM BBITSKKE, HEOOXOAUMO IIPOBECTH JIONOJHUTENbHbIE UCCIIE0BAaHUS, BO3MOXKHO,

HaHHLIfI (paKT CBs3aH C TUAPOICOIOTrMYCCKUMHA U KPUOJIOTHYCCKHUMU ITPOLCCCaMU.
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Puc. 5. Conep:xanue noHoB cyJib(}aToB, XJTOPUAOB U OPraHNYECKOro BellecTBa B mpodax mous 11
U TEXHOTeHHOW 30HbI BO3BbIIIEHHOCTH Cudnpckue yBaJibl

Coenunenus ¢ocgopa BXOIAT B COCTAB OPraHUYECKOro BELIECTBA MOYB; YacTh (hocdopa B
MIOYBE BXO/IUT B KPUCTAITINYECKYIO PEHIETKY MUHEPAJIOB (BUBHAHMT, allaTUT) U HAXOAUTCS B IOUBE
B 00MeHHOM cocTOsiHUU. Pochop opraHMUeCKUX COCTUHEHHUM MepexoauT B JTOCTYIHYIO GopMmy
nocjie MUHepalInu3aluu UX MUKpodaopoit. B MuHepanbHbIX OYBax, B OA307aX, €ro CoAepKaHue
HU3KOE, COCTaBIsIeT B cpeHeM 20 MI/KT, B OpraHM4YeCKUX FOPU30HTaX aJUTIOBUAIBHBIX [TOYB — B
cpeaem 50 Mr/kr, B TopdsHbIx nouBax — 70 mr/kr. Coxep:kaHue MOABMKHBIX Gopm ¢ocdopa
OCTaeTcs HU3KUM JUIsl NUTAaHUs PacTeHUH U MOKa3bIBA€T HU3KOE IUIOAOPOANE, OCOOEHHO IS
MOJ30JI0B  WJUTIOBHAJIbHO-KENE3UCThIX. OTMeuaeTcs  Hauboliee  BBICOKOE  COJEpKaHHe
OIIPENEIAEMBIX JIEMEHTOB B II0UBAX C BHICOKMM COJAEPKaHUEM OPraHMUYECKOIO BEIIECTBA B IIOUBE.

[TocTOsSIHHBINM KOHTPOJIb HaJ (POHOBBIM COCTOSIHUEM €CTECTBEHHBIX MOYB SIBISIETCS BaXKHBIM
3BEHOM B 00Illel OlleHKE FeOXMMHUYECKOro (poHa MPUPONHOM cperbl. Pe3ynprarsl onpeneneHus
COZIEpKaHMs MTOIBHKHBIX (POPM TSKENBIX METAJIIIOB B MOYBaX (POHOBBIX TEPPUTOPHM U B Mpodax

TCXHOT'CHHBIX ITOBECPXHOCTHBIX O6p3.30BaHI/II71 PE3KO OTJIMYAOTCA (Ta6ﬂ.).
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Tabnuma
Coaep:kaHue NOABMIKHBIX (DOPM CBHHIIA, IMHKA, HUKEJIsl, XpOMAa U MeIH B IPo0ax Mo4B H
TeXHOTreHHbIX MOBEPXHOCTHLIX 00pa3oBanuii TeppuTopuu «CudupcKue yBajabh»

MOHHUTOPHUHTOBBIC TOUKH TPUPOTHOTO
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Ipumeuanue: *BanoBoe copepixkanue nokaszaresneit B mpodax mous u TI1O.

B 30He TexHoreHesa (hpUKCHpyeTCsi BHICOKOE CONEp:KaHWE CBUHIIA, HO HE BBIXOIAIIEE 3a
npenensl [TJIK. [{ns pexynsruBupoBanHoro ydactka 98-T — 13,8 Mr/Kr, A1 OTCHITHOM TUTOMIAAKA
1o/l HHXKeHepHbIe KOHCTpyKiuu 52-T — 18,0 mr/kr. He3nauntensHoe conepkanue Meau — ot 1,5
110 3,6 MI/KT UKCUpPYETCS B €CTECTBEHHBIX (JOHOBBIX [TOYBAX, B 30HE TEXHOTeHe3a HIKE 1,2 MI/KT.
Conepxanue Hukens npesbimaeT HopMmbl OJIK mis mouBbl Ha BepxoBOM 00J10Te, re TopdsHas
noyBa MojBepIIach 3arpsizHeHuto HedThio. CpeqHee BalloBOE COMEp)KaHUE IIMHKA B IOYBAX
IPUPOTHOTO MapKa, 3aduKcHpoBaHHOE B Xxojne MoHuTopuHra B 2011 r. (Tabn.), cocraBiseT
48,3 Mr/Kr 17151 TOp(SHBIX TOYB BEPXOBBIX 6010T CHOMPCKUX YBAJIOB, B MUHEPAIBHBIX TIOYBAX €T0

COACPIKAHUC 3HAYUTCIIBHO MCHBIIIC 0,5—9,7 Mr/kr. OTMeueHHas 3aKOHOMCPHOCTB COXPAHACTCA U
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JUI TIOABMDKHBIX ()OPM LIMHKA: B TOPQSHON OIMTOTPOPHON IMOYBE €ro Coaep’kaHHe HaMHOTO
BBIILIC, YEM B MMHEPAJbHBIX W IOYBAaX U COCTaBIsAeT B cpeaHeM 13 mr/kr (tabn.). B 3o0mHe
TEXHOIeHe3a HU3KUE 3HAYEHUS COJEepKAHUS LIMHKA — He Oonee 1,0 MI/KI — UMEIOT OTChIIIaHHbIE
WH)KEHEPHBIE KOHCTPYKIMH. TeXHOTeHHBIE IIOBEPXHOCTHBIE 00pa30BaHus ¢ TOP(POM IMOKA3bIBAIOT
MOBBILIEHHOE COJEPYKAHUE LIMHKA, IPAKTUYECKH B J[Ba pasa.

PernoHanbHbIMH OCOOEHHOCTSIMH T'€OXMMHUYECKOTO (pOHA B IOYBAX SBISIETCS BBICOKOE
colepkaHue kene3a W Mapranua [29]. ns moa3oi0B colepiKaHUE IOIBUKHOIO Keje3a
356,7 mr/kr, uis TopdsaHbIX oMUroTpoHBIX Mo4B — 11390 Mr/kr. B TeXHOT€HHBIX MOBEPXHOCTHBIX
00pa3oBaHMAX CONEpKAHHE MOABIKHOTO jKene3a Hu3koe — 50 Mr/kr, B HedTe3arps3HEeHHOM
nonzodie pukcupyercs 84 mr/kr. CoaepikaHue MOABMKHBIX (OopM Maprasia s moa3oios oT 1,1
10 5,67 MI/KT, 1)1 aJUTFOBHAJIBHBIX IEPHOBBIX MOYB — 399,7 MIV/KT, JUIsl TOPQSHBIX OJUTOTPOGHBIX
moyB  5,49-6,46 MI/KI, TIOBBINIGHHOE COACp)KaHWE MapraHia QUKCHpYeTCs  JUIS
HedTe3arpsa3HeHHBIX TOP(IHBIX TPYHTOB 33,1-34,7 Mr/KT.

Oo0cyxneHue pe3y1bTaTOB UCCICAOBAHUS

ITouBeHHbIEe KOMOMHAIMK BO3BBILIEHHOCTH CHOUPCKHE yBajIbl 3aBUCAT OT OpOrpaduuecKkux
0COOEHHOCTEH M MOAUUHSIOTCS THAPOTEPMHUYECKUM pexknmam [28]. 3aeck chopMHpOBaHBI Ha
(ITIOBHOTIIAIIMAIBHBIX MTECUYAHBIX OTIOKEHHSX ITO30JIbI S3BIKOBAThIe KproMeTamoppuieckue. B
MEXypeubsiX, IJ1e U3MEHETCs BOJHO-MUTPALIMOHHOE HAIIPABJICHUE U MPOUCXOAUT UHTEHCUBHOE
TopdoobpazoBanue, (HopMHUPYIOTCS TOp(sSHBIE ONUIOTPOQHBIE IMOYBBL. B HMHTpa3oHaAIBHBIX
naaamadTax MOAYMHEHHBIX IMOWM peK (OPMUPYIOTCS AJUTIOBUANBHBIC JEPHOBHIC TIOYBHI, B
3aBHCHMOCTH OT ITOMMEHHOT0 peKuMa U APYrux (PakTopoB aJuIFOBUAIBHBIE TIOYBBI MOTYT OBITH C
6osiee OTOP(POBAHHBIMU OPraHOTEHHBIMU TOPU30HTAMM U C 00Jiee OITIEeHHBIMU MHHEPaIbHBIMU
ropuzoHTaMu. J[aHHble (hakTOphl HEOOXOAMMO MOHUMATh B XOJ€ OTOOPA MOYBEHHBIX MPOO IS
1[eJIel SKOJIOrMYecKOro MOHUTOpUHTA. ['eoxumuueckuii HoH 30HaNBHBIX OYB OYJIET OTIANYATHCS
JUIS pa3HbIX JIaHAMIA(QTHHIX TPOBUHIIMN B 3aBUCUMOCTH OT COCTaBa U T'eHe3Hca.

VYri1eBo0poibl — OCHOBHOW KOMITIOHEHT He(PTH M HEePTENpoaAyKTOB, HO HEOOXOIUMO
YUUTBIBATh, YTO OHU BXOIAT B COCTaB BEIIECTB, COAEPXKAIIMECS B IOYBEHHOM TIyMyce U
pacTuTenbHBIX ocTarkax [25; 37]. Pesynprarhl ucclieqoBaHUN TOKazaid, 4TO Ha (OHOBOM
tepputopun [l HepTenpoaykThl ONpEAENAIOTCS B IOYBAX C BBICOKMM COJEp)KaHHEM
OpPraHUYeCcKoro BellecTsa (TOpQsiHbIE OTUTOTPOQHBIE IOUBHI), TOATOMY PETHOHAIBHBIM ACIIEKTOM
SBJIIIOTCA OIpeiersieMble He()TePOAYKTHI B TOYBAX, HE3aTPOHYTHIX TEXHOTEHHBIM BO3/I€HCTBUEM
u HepTaHbIM x03siicTBoM. B XMAO-IOrpe neiictByer [loctanosnenue IlpaBurenscTBa okpyra
Ned446-IT ot 10 nexabpst 2004 1, KOTOPBIM YCTaHOBIJIEH pEerMOHANBHBIA HOpMAaTuB «/lomyctumoe
OCTaTOYHOE cojepkaHue HepTH U HePTEeNpoAyKTOB B TIOYBAaX IMOCIE MPOBEACHUS
PEKYIBTUBALMOHHBIX U UHBIX BOCCTAHOBUTEIBHBIX Pab0T». J{J1s1 BEpXHUX TOPPSHBIX TOPU30HTOB
MaKCHUMaJIbHBIC 3Ha4eHHs onyckatores 10 10000 mr/kr. [Ipn MOHUTOpPHHTE TOYBEHHOTO MMOKPOBA
B rpanuuax IIIl ompenenstorcs HePTENpOAYKTHI Ui TOPQSHBIX ONUTOTPOPHBIX TOYB B
koiuuecTse oT 1224,7 1o 3790,0 Mr/Kr, 4TO HE BBIXOJUT 32 JIOMYCTUMBIE MPEIEIbl PETHOHATBHOTO

HOpMaTuBa. Tak)Ke, BBICOKME KOHIIEHTpAIMd HE(PTENmpOayKTOB Ha TEPPUTOPUU OKpyra
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OTMEUAIOTCs UCCIEeOBATENsIMU B TOP(DAHBIX oauroTpodHsix nousax Cypryrckoro Ilonecesst — ot
1540 nmo 12882 wmr/kr [27]. I'paguieHT BeNMYMH OPraHUYECKOTO BEIIECTBA B TOPQSHBIX
ONUroTpoHBIX MOYBAX W €ro BIMSHHE Ha Ccolep)KaHue HEPTEHPOAYKTOB e€Ie MPEICTOUT
ONpEAEIUTh B JAJBHEHIIMX JEeTalbHbIX HcciaenoBaHusAX. K coxaneHuro, 1O cUX IOp HeE
ompeieNieHbl 0COOCHHOCTH TOPPOOOpa3oBaHUs U AIIEMEHTHBIN cocTaB Topda. Ha ceromusmHuit
JI€Hb METOAMKH IO OIPEICICHUI0 HePTEMPOTYKTOB MOKA3BIBAIOT X HAIMYKE B TOP(SHBIX OYBAX,
HE 3aTPOHYTHIX TEXHOT'€HHBIM Bo3zeiicTBUeM [12], Takxke 3TO mpocMmarpuBaeTcs Ha rpaduke (puc.
3). O4eBUAHO CYIIECTBYeT HEOOXOAMMOCTh KOPPEKTHBIX OLEHOK U cOOpa JIOCTOBEPHOM
pEerHoHaNbHON MH(pOPMAIMK ISl ONIPEeNICHUs COAepKaHUs HEPTEIPOAYKTOB B OPraHOTEHHBIX
npobax [22].

B oTnuumu oT opraHoreHHBIX Mpod, B MpoOax MECYaHOTro COCTaBa HU3KOE COAEpIKaHHE
oprannyeckoro Bemiectna (0t 0 10 2%) u conepkanue HePTENPOAYKTOB CPABHUTEIHLHO HEBBICOKO
(ot 50 1o 56 mr/kr). TexHOTEHHOE 3arps3HEHUE OMPEACISIeTCs sl HeTe3arpsa3HEHHOro Moa3071a
(96-T) — 3069 mr/Kr U peKyInbTUBUPOBOBaHHOTO yuacTKa (98-T) — 7424 mr/kr.

HccnenoBarenu mokas3bIBaloT, 4yToO 3arpsisHeHue Hedrenpoaykramu mous U TI1O mpuBogut
K YBEJIMYCHHUIO COMEpKaHUS TsHKENbIX MetayuioB [2; 3; 13; 16; 18; 32]. [us TopdsHbIX TOYB
ApxaHTenbCKoi 001acT HaOTIOMaeTCsl CHIDKEHUE KOHIISHTpauu st nemernToB Mn, T1, Co, Ni,
Pb nocrne ryOuHbI B 5 ¢M U BeIpaBHUBaHHE COEpKaHMs B ocieayromux ciosx. Ha one Bcex
AJIEMEHTOB CUJIbHO BbiemsieTcss Cd: ero KOHIeHTpalus cTabuibHa MepBhIe YeThIpe ci1os Topda, a
3areM yObiBaeT. OCTallbHbIE METAIUIBI PACIIPECTICHBI B CIIOSX Topda HEPAaBHOMEPHO U HE UMEIOT
BBIPAXKEHHOW 3aBUCUMOCTH [32].

Pe3ynbTarel Hamero ucciaeoBaHUS HE IO3BOJSIOT CAENIaTh OJHO3HAYHBIX BBIBOJAOB O
pacripeesIeHH JIEMEHTOB 10 MOYBEHHOMY Npoduitro. ['eoXuMu4eckuii aHaJIn3 MOBEPXHOCTHBIX
TOPU30HTOB BOCTOUHOM yacT CHOMpPCKHMX YBajOB IOKA3bIBAET pPErMOHalIbHbIE OCOOEHHOCTHU
MOYBEHHOTO MOKpoBa. HopMaTuBHOE copepxaHue MOJBUKHBIX (OPM HUKENS, IMHKA, MapraHla u
JKejle3a MOXKET MEHSThCS B 3aBUCHMOCTM OT MMHEpAJIOrM4ecKoro cocrasa mousbl, pH u
KJIMMaTHYECKUX OCOOEHHOCTel mepuona otOopa mpob. Tak, comepikaHue MOABMKHBIX (HopMm
HUKEJSI BO BCEX TPEX TUIAX MOYB 3a MepHoj HAOMIOAeHUH yMeHbIIanoch, a B 2023 rogy BooOuie
He 3aduKcupoBaHO, 4yTo TpeOyeT NHpoBeldeHHs Oosee TIIyOOKOro aHaiau3a MpUYUH. B 30He
TEXHOTeHe3a COJAEp)KaHWE HUKENsS HalpOTUB OTHOCUTEIBHO BBICOKO, B OCOOCHHOCTH IJIs
He(Te3arpsI3HEHHBIX Y4aCTKOB.

[{uHK sBASIETCS ONHUM M3 BOCBMH MHUKPOXJIEMEHTOB, HEOOXOAWMBIX AJIi HOPMAaJIbHOTO
3JI0pPOBOTO POCTa U Pa3MHOXKEHMsI pacTeHU. OCHOBHBIM HCTOYHMKOM LIMHKA B TIOYBE SIBIISIOTCS
MaTE€pUHCKHUE MTOPO/Ibl, BKIKOUYAOIIUE B CBOM MUHEPAJIOTHYECKUI COCTaB aKIIECCOPHBIE MUHEPAJIBI
— WIBMEHUT, MarHeTUT (0c060 XxapakTepeH /s noimsl p. Imybokuit Cabyn. Hanbonee akTHBHBIM
HAKOTUICHHEM OOJIBIIIMHCTBA JJIEMEHTOB oOTiau4aetrcsi Betula nana L., B KOTOpOHl OTMEYEHO
makcumanbHoe comepxkanue Ca, K, P, Mg, Zn, Ni. MHTeHCHBHOE HAKOIUICHHWE 3JEMEHTOB
KyCTapHUKaMU (KapJIUKOBOW Oepé3Koit M MBOM) ObLIO paHee oTMeueHo s TyHap Smana [19; 20].

CCbal"HOBI)Ie MX{ OTJIHYAIOTCA CJIA0LIM HAKOILUIEHHMEM KAaTHOHOTE€HHBIX OICJIOYHBIX U
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IETI0YHO3EMENBLHBIX 3JIEMEHTOB, MUTPUPYIOIIMX B OCHOBHOM B BUJIE MPOCTHIX KarnoHoB (Na',
K", Ca*", Mg*"). Kpome Toro, 0TMe4eHO GHOT€HHOE HAKOILICHHE MUKPO3JIEMEHTOB (B T.4. [IMHKA)
pacteHussMH 00i0T. LIMHK sBIsieTCs BaKHEHIIMM 53J€MEHTOM, Y4YacTBYIOIIMM B aKTHBALUH
(bepMeHTOB (POTOCHHTE3A U PETYISAIUHI TPAHCITUPAILIUHN Y pACTEHUIA.

Bricokoe copeprkaHue MOJBMKHBIX ()OPM LIMHKA ITOKA3bIBAIOT MPOOKI KIF0ueBOM ToukH 3-11
(moiimsl p. I'my6okuii CabyH). B npouecce BbIBETpHBaHUS MarHETUTOB B KUCJIBIX OKUCITUTEIBHBIX
cpeliax IIpM PacTBOPEHHH MHHEpANoOB 00pasyeTcsi MOABMkKHBIM MOH Zn>'. B ocamouHbIx
omiokeHuAX CHOMPCKUX YBAJIOB HW3yYEHHBIE OHJIEMEHTBHI 3aKpeIyIeHbl B pa3HbIX (dopmax
XUMUYECKHX COCTUHEHUH (OKCHIBI, TUAPOKCUIBI, U Ap.). B ¢opMe OKCHIOB U TMAPOKCHIIOB B
nopoaax npucyrcrByet Fe (remarut, retut, Maraetur) [33].

Takke HaMH BBISIBIIEHO IPUCYTCTBHE XJIOPHIa-MOHA U HUTpaT-uoHOB HOHOB Cl'u NO3™ B
konudecTBe 28 Mr/Kr u 118 MI/Kr COOTBETCTBEHHO B TIOBEPXHOCTHOM OPTaHOT€HHOM TOPH30HTE
AUTIOBUAIBHOW JIepHOBOW mouBe p. [n1yOokuit CaOyH M COOTBETCTBEHHO BBICOKHE YPOBHHU
YAEIBHOM 3JIEKTPONPOBOAHOCTU IIOYBEHHOIO pacTBopa B H3ydaeMoM paspese. ConeprkaHue
HUTPAaTOB B TAaKUX KOJIMYECTBAX MOXET OBbITh CBA3aHO C MpoleccaMu IpeoOpa3oBaHuUs
OpPraHUYECKOTO BEUIECTBA B OPraHOTEHHBIX T'OPU30HTAX aUIIOBHAJIBbHBIX MOYB. lIpucyrcrBue
XJIOPUJ-MOHOB B ITOBEPXHOCTHBIX TOPU30HTAX MOYB B L[EJIOM HE XapaKTEpPHO I IOYB TACkKHOU
30HBI C IPOMBIBHBIM BOZAHBIM PEKUMOM.

B o0co0GeHHOCTH BBIAEIAIOTCS MO HAJIWYMIO XJIOPUA-HUOHA U cynbdar-uoHa (GOHOBbIE
TopdsiHbe onurorpodHsie MouBkl Ha Tepputopuu 1111 1 B 30HE TeXHOTeHE3a BO3BBIIEHHOCTH
Cubupckue yBanbl. Kak wu3BecTHO, He(pTAHOE XO3AHCTBO CONPOBOKIAETCS MPUMEHEHUEM
JIETKOPACTBOPUMBIX COJIEH B KauecTBE KOMIIOHEHTOB OypoBbIX pacTBopoB [12]. Opnako,
npupoaHbIi mapk «CHOUpCKHE yBajibl» SBISETCS YHUKAIbHBIM MECTOM JUIs COXpaHEHHs
ATAJIOHHBIX T€OXMMHUYECKNX CBOMCTB MPUPOIHBIX 00BEKTOB. MUTparus XJ10puI0B U cylIb(paToB B
TophsHbie onurorpodHsie mouBsl ManoBo3MoxkHa. ConeBoe 3arps3HeHne B XMAO-IOrpe B
YUCTOM BHJE BCTpedaeTcss B cpeaHeM B 7—10 pa3 pexe MO CpPaBHEHUIO C HE(TECOIEBBIM U
HedTsHbIM [5]. OOas MuHepanu3anus NOoATOBAPHBIX BOJ B CpeAHEM cocTaBisieT oT 9 no 15 r/m,
OCHOBHBIE areHThl — XJIOPUbl HATPUS U KaJusl, 3HAYUTEIbHO MEHBIIE T0Js KalbLMsS U MarHus,
OTMEUaroTCs BeCbMa Majloe Coiep KaHue KapOOHATOB U OJIHOE OTCYTCTBHE Cyab(aros. [y Takux
BOJ] XapaKTepHa BBICOKAs KECTKOCTb, OOYCIOBJICHHAs COACPKAHNEM MOHOB KalbliUs U MarHus,
npesbimaromuM 8 Mmoib/ [34]. IToatomy, 31ech HEOOXOMMO paccMaTpUBaTh HAJIMYKUE COJel B
€CTECTBEHHOM TI'€OXMMHUYECKOM (oHEe 0cafouHbIX mopoi. OIHOBpeMeHHOe Halnyue cyibdar-
MOHAa M XJOPUI-MOHA SBIAIOTCS WMHIUKATOPAMM YYacTUS MOPCKOM BOIBI B (POpPMUPOBAHHH
0CaJIOUHBIX MOPOA YETBEPTHUUHOTO neproaa [35]. Panee, B HalMx ucciaea0BaHus ISl TEPPUTOPUH
Cubupckux yBajiOB ONUCHIBAJIUCH TOP(SIHBIE MAJEONOUBbI, B COCTaBE KOTOPHIX OMPEIEISIOChH
00J1bI110€ KOJIMYECTBO OPraHUYECKOTO BEIECTBA, C MPeodialaHieM T'YMUHOBBIX KUCIIOT, a TAKKe
TUIIC, 00pa30BaHHBINA B aHaYPOOHBIX YCIOBUAX U cynb(usl [1]. Tak kak Teppuropus Cubupckux
YBQJIOB OTHOCHUTCS K 30HE IEPEJIETKOB U YYAaCTKOB C PacIpOCTPaHEHHMEM MHOTIOJIETHEMEP3IIBIX

MOPOJI, C y4acTHEM OyTpoB ITydeHHUsI, 0COOCHHO B TOP(DSIHBIX OMUTOTPOGHBIX OOJTOTHBIX CUCTEMAX
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(puc. 1), HEOOXOmMMMO MOHMMATh, YTO Ha (HOPMUPOBAHME XMMH3Ma IIOYB MOTYT OKa3bIBaTh
BJIMSIHHE MEP3JIOTHBIE MPOIECCHl U BbIIABIMBAHUE PACTBOPOB MEP3JIOTON, a TAKXKE CTATMBAHUE
CE30HHOM MEP3JIOTHl U MHOTOJIETHEMEP3IIBIX MOPOJI B 3UMHMIA Nieprol. [lanpHelnmii MOHUTOpUHT
Ha TEPPUTOPUHU NIO3BOJIUT POBEPUTH JAHHYIO THIIOTE3Y.

[ToBbIIEHHBIE KOHIIEHTPAIIUH [TUHKA, CYAb(aT-HOHOB U XJIOPUI-UOHOB MOKHO OOBSICHUTD
eI11e OJTHOM TMITI0TEe30M, CBA3aHHOM C MOCTYIJIEHUEM 3THUX 3JIEMEHTOB Ha TeppUTOpHI0 CHOMPCKUX
yBaJIOB ¢ ceBepa. Ha 3To ykasbIBalOT pe3ynbTaTbl U3y4eHHs] XMMUYECKOTO COCTaBa a’po3oiiel Ha
ceBepe 3amanHo-CuOUpCkoil paBHHHBL. BBISIBIEHO YBENWYEHUE COJCPKAHMUS IIMHKA B
arMoc(epHBIX a’po30JsiX OT ceBepHOW Taiirm k Ilypckoit Hm3MeHHOCTH. [lOBBIIEHHOE
coJiepKaHUe UCCIIeIyeMbIX 3JIEMEHTOB MOXKET OBITh CJIEJICTBUEM MOCTYIJICHUS UX B aTMOocdepy ¢
MOPCKHX U KOHTHUHEHTAJIbHBIX MMOBepXHOCTEH. J[.B. MOCKOBUEHKO YyCTaHOBUII, UTO MTOYBBI TYHIPHI
Ha moimyocTpoBe SIMan, ¢GopMmHpyOUIIHEecs Ha MOPCKHX OTJIOXEHHUSX, OOraTbl MHOTHMH
XUMHYECKUMH JJIEMEHTaMH, B TOM UHCIIE TakUMH Kak Oop, ¢ochop, IMHK u gaxe
nerkopactBopuMbiMu colisiMu [20]. Takum 00pa3om, BO3MOXKEH adpalibHbIM MEPEHOC HEKOTOPBIX
BEIIECTB HAa TEPPUTOPUU HAIIUX HcCcIenoBaHui. Bo3MoxHO, ceBepo-3amaiHble BETPHI,
npeoOanaromue Ha ceBepe 3anaanoit CuOupH B TEII0€ BpeMs Tojia, IEPEHOCAT MOPCKHE COIH U
HK30TI'€HHbIE TIOYBEHHbIE YACTUIIBI U COJIM HA 1OT, oOoramas nouBbl CHOMPCKUX YBAJIOB MAaKpO- U
MUKpO3JIeMeHTaMU. Pe3ynbTarhl MCCleAOBaHUs MO3BOJIAIOT CJlIENaTh BBIBOJ O HEOOXOAUMOCTH
M3yUYeHUs JAHHOTO BOIIPOCa, AJIs JOKa3aTeIbCTBA TUIIOTE3HI.

JlunmepoM 1O CONEPKAHUIO OPTaHUYECKOTO BEUIECTBA SIBISICTCS TOPQsSHAs OIUTOTpOodHAas
M0YBa, 10 HAJMYHIO TyMyca — aJulIoBHalIbHAs AepHoBast ouBa. CopepxaHre aMMOHMIMHOTO a30Ta
B nouBax [1I1 «Cubupckue yBansl» konebdnercs ot 114,1 mMr/kr B TopdsHoit onurorpodHoii mouse
1o 412,3 mr/kr B noazode; B mpodax TIIO u3 30HbI TEXHOTEHE3a OHO COCTABIISIET OT 5 10 88 MI/KT.
ConeprxaHyue HUTPATOB BapbUPYET OT 2,4 MI/KI B aJUTFOBUAJIBHBIX ITOYBAX J10 5,3 MI/KT B OA30J1€
mr/kr B mouBax I1I1 u ot 1 1o 146 mr/kr B TTIO cooTBercTBeHHO. ECcTecTBeHHBIE ()OHOBBIEC TTOUBHI
C MOIIIHBIMUA OPTaHOT€HHBIMU FOPU30HTaMU Ha TeppuTopuu 111 nMErOT 0O4eHb BBICOKYIO CTENEHB
00€eCTeYeHHOCTH MUHEPAJIbHBIM a30TOM.

Mapranen; cBsi3aH ¢ HM30MpaTeNbHBIM MOIVIONIEHUEM JIPEBECHBIMH DPACTEHUSIMU U
KOHIIEHTpalnye B opraHmdyeckoMm BemecTtBe. [IpoBenennele Ha Tepputopun XMAO-IOrpst
WCCJIEZIOBAHUS TOKA3aJi, YTO B XBOE €JIM U COCHBI CPEJHEE COACPKAHUE MapraHla COCTABIISAET
244 wr/xr [10]. Beicokoe coaepskaHue KHUCIOTOPACTBOPUMOTO MapraHila TaKKe B TOI30J1ax
WJUTIOBHAJIBHO-KEJIE3UCTBIX TUATHOCTUPYET OKUCIMTEIbHO-BOCCTAHOBUTENIbHBIE YCIOBHS, 7€ B
YCIIOBUSAX KHUCIIOM peakuuu cpeipl MOHHAas ¢opma MapraHiia mepexoauT B okcuaq MnO2. B
HedTe3arpsI3HEHHBIX TEXHOTCHHBIX TPYHTaX COACPKAHHE MapraHIila MOXKET OBITh BBICOKO U MOXKET
JIOXOJUTh JI0 €CTECTBEHHBIX mpenenoB 1200 Mr/Kr, mo3TOMYy MPH MOHUTOPHUHTE ITOYBEHHOTO
MOKpOBa HEOOXOMMO YETKOE MOHMMAaHHE TUIIOBOW MPUHAAJIEKHOCTH K MOYBaM, UX (HOHOBOMY
COJIEpKaHUIO0 MapraHia U BO3MOXXHOMY TEXHOI€HHOMY 3arpsizHeHuto [30]. Maprasen cBs3aH c
M30MPATENIbHBIM TOTIIOMIEHUEM JPEBECHBIMH PACTEHUSIMU U KOHIIEHTpAlUeld B OPraHUYECKOM

BEIIECTBE.
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3akJ/roueHue

EcrecTBeHHbIll reoxuMudeckuii poH 1moyB 0cob0 OXpaHSIEMbIX HPUPOIHBIX TEPPUTOPHIM
ABJISIETCA STAJOHOM IPU H3YyYEHHM IOYBEHHOTIO IIOKPOBA, IMOIBEPIaIOLIErocs pa3HOro poja
TEXHOTEHHBIM BO3/ICHCTBHSIM, B TOM WYHWCIIE BO3HUKIIMM BCJIEACTBHE BEACHHUS HEPTSIHOTO
x03siicTBa. M3ydyeHue (OHOBBIX MOYB JISKUT B OCHOBE JKOJOTHYECKOTO HOPMHUPOBAHHS M
MO3BOJISIET OOBSICHUTh HEKOTOpPbIE PErHOHAJIbHbIE OCOOEHHOCTH HPEBBIMIEHHS IOIYCTHMBIX
KOHLEHTpAlMi W BEIECTB B II0YBAX M TEXHOICHHBIX IIOBEPXHOCTHBIX OOpa30BaHUSIX
MECTOPOXKICHUN 100bIuM HE(PTH U rasa.

Jlo cux 1op CIOXHBIMM IIPU MOHUTOPMHIE II0YB M TIE€OXMMHYECKOM aHajlu3e, B
METOIMYECKOM ILIaHE, OCTAIOTCS TOP(sIHbIE IOYBBI, COAEPIKAIIME 3HAYUTEIbHbIE KOJIMYECTBA
OpPraHUYeCKOro BEIIECTBAa B OPraHOI€HHBIX TOPU30HTAX. buoreoxumuueckue MpoOLECCHI,
IIPOTEKAIOLME B OOJOTHBIX CHCTEMaX, IOCTOSHHOE HAKOIUIEHWE OPraHWYECKOrO BEIECTBA U
cnabas rymMu(UKanus U Ap. MPOLECCHl SBISIOTCS OCHOBAHUEM Ul HAKOTUICHHS! OMO(MMIBHBIX
3NIEMEHTOB — MapraHua, ¢ocdopa, LUHKA, Xpoma. B mouBax ceBepoTaéKHOW 30HBI
IIPOCIJIEKHUBAETCS CBA3b BBICOKOIO COJIEPYKaHMsI OPraHMUYECKOTo BEllecTBa B TOP(AHBIX MOYBAX U
MOBBIIIEHHOTO conepkanust OnmopmibHbIX 3neMeHToB. Coxmepkanue P, Zn, Cr B momzonax
3HAYUTEILHO MEHBIIE, YEM B IPYTUX THIAX UCCIEAYEMBIX IOYB.

[ToBbllIeHHOE conlepKaHKUe XJIOPHUIOB U CYlb(}aToB B TOPPSHBIX MMOYBAX HA TEPPUTOPHU
BO3BBIIEHHOCTH CHOUpCKHE yBajbl MOTYT OBITh CBSi3aHbl C OCOOEHHOCTBHIO (DOPMHPOBAHUS
OCaJIOUHBIX MOPOJ B AMOXYy IJIEMCTOIIEHA M MEP3JIOTHBIMHU IPOLECCaMU, a TAKXKE BIUSHUEM
a’paluu 1 epeHoCcoM MOPCKHUX COJIEH Ha IOT ¢ ceBepa.

ITogzonsl  obnamaroT c1aboi T'yMYCHPOBAaHHOCTBIO U BBICOKOH HEHACHIIIEHHOCTBIO
OCHOBaHUSAMHU. OTHOCUTENBHO BBICOKOE COAEpKaHHE OOMEHHOIO aMMOHHUS W HUTPATOB B
OpPraHOT€HHBIX TOPU30HTAX OJUTOTPO(MHBIX TOP(PAHBIX MOYB, MOXKET OBITH CBSI3aHO C BBICOKHM
COJZIEp’)KaHNEM OPTaHUYECKOTO BellecTBa. PernoHaibHOM 0COOEHHOCTHIO (DOHOBBIX TMTOYB SBJISIETCS
INPUCYTCTBUE HE(PTENPOIYKTOB B IMOBEPXHOCTHBIX TOPU30HTAX C BBICOKMM COJCpKAHUEM
OpPraHUYECKOro BELIECTBa, OMpezenseMoe aHanuTudecku. HeoOXxoqumo ycoBeplIeHCTBOBAHUE
METOAMK Mpo000TOOopa JUIst TOP(AHBIX IOYB U OPraHOI€HHBIX TOPU30HTOB U onpeaeneHus Copr u

HE(PTENPOAYKTOB.

Hccneoosanue svinonneno npu gunancosoil noooepicke PH® 6 pamxax npoexma
Ne 22-17-20011 «Oyenrxa mpancgopmayuu 1anouwapmos 8 yCciosusax usmeHeHus: Kiumama

Ha meppumopuu Xanmol-MaHcuticko2o asmonomHo2o okpyea — FOepoiy.
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OIIEHKA ®UTOTOKCHYHOCTHU CBETJIO-KAIIITAHOBOM ITOYBBI ITPH EE
3ATPSI3HEHHUU ChIPOI HE®THIO U HCIIOJIb30BAHUU BUOIIPEINIAPATOB-

D.A. Shevtsov, E.A. lvantsova, V.V. Novochadov

HE®TEJAECTPYKTOPOB

ASSESSMENT OF LIGHT CHESTNUT SOIL PHYTOTOXICITY AFTER CRUDE OIL
POLLUTION AND THE USE OF BIOLOGICS-PETRODESTRUCTORS

Annorauusi. CBeTsio-KalITaHOBash Io4yBa oONagaeT
CrerM(pUIEecKOil  CTPYKTYpHOH  OpraHu3aiued o
XUMHUYCCKUM COCTAaBOM, ITO3BOJIAIOIIMMU ITPEAIIOJIararb
0CcOOCHHOCTH €€ HEraTWBHOTO BIUSHHS Ha PaCTCHHS
(bUTOTOKCMYHOCTH) TIPU Pa3UYHBIX 3arpsS3HEHHSAX, B
YaCTHOCTH, ChIPOi He()ThI0. PaccMOTpEeHBI 1 00CYKICHBI

pe3yapTaThl  MOJAEIBHBIX  JKCIEPUMEHTOB  TpH
UCKYCCTBEHHOM  3arps3HEHHMH  00pa3loB  CBETJIO-
KallTAaHOBOM  IOYBBI  HE(PTHIO, a TaKKe IpH

WCTIOJIb30BaHUU sl €€ OYMCTKH OHWompenapaToB Ha
OCHOBE accouuanuii YTIEBOJOPOIOKUCIISIOLTIX
Oaxrtepuit (HedremecTpykropoB). s ompeneneHHS
cogepkaHusi  HeTH B TOYBE  HCIOJNB30BaHA
uHpakpacHas  cnekrpomerpus, pH  mouBel  —
KOHIYKTOMETpHSA, JUId aHaiu3a (UTOTOKCUYHOCTH —
TECT-CHCTEMa, OCHOBaHHAS Ha MNPOPAIIMBAaHUH CEMSH
Raphanus sativus L. Iloka3ano, uto Ouompenapars
Multibac Active u DOP-UNI s¢ddextiBHO yaansror u3
nouBsl 3a 15 cyrtok cBeime 50% cebipoit HedTH, Tem
OoJbIne, YeM BhIIIE €€ WCXOAHAs KOHIEHTpalus. JTOT
MIPOIIECC COMPOBOXKAAETCA yMEHbIIeHHneM pH mmouBkI ¢
6,12 no 4,55-4,94. be3 ncnonb3oBaHUs OHOIIPETapaToB
cojepkaHue HeTH B MOYBE YMEHbIIAETCA IpH e
BBICOKHMX KOHIIEHTPALMAX B IIOYBE B cpeaHeM 7,5%, mpu
HU3KUX — He Ooniee uem Ha 4%. buonpenapats! 001agaroT
yMepEeHHOM!, a HePTh — 3HAYUTEIHEHOW (PUTOTOKCHIECKOM
aKkTUBHOCTHIO. [lOKa3aHO, 4TO TpH CpaBHEHUH JBYX
Ouornpenaparos Multibac Active obnasaer
CPaBHUTEIbHO  OOJbIIeH  (UTOTOKCHYHOCTBIO:  OH
YMEHBITIAET JTab0paTOPHYIO BCXOXKECTh ceMsH Ha 12%,
DOP-UNI - Ttombko Ha 4%. Celpas HedTh CHHXKAET
BCXOXeCTh B KoHIeHTparuu 2,0 r/kr Ha 56%, a B
KoHueHTpamu 4,0 T/KT TOJHOCTBIO  HOAABISET
npopactanue cemsH R. sativus. Hcmonb3oBaHue
OunonpenaparoB ¢ LENbIO OYHCTKU IOYBBI OT HE(TH
ycuuBaeT e€ GUTOTOKCHUecKe cBoiicTBa. [lonyueHHsle
pe3ynapTaThl HMEIOT MPaKTHYeCKOoe 3HAYeHHWE IS
pa3paboTKN M ONTUMM3AIMN TEXHOJOTHUH M CTpaTerhil
Onopemenuanuy IOYB, 3arps3HEHHBIX HEPTBIO H
HEPTENPOTyKTaMH.

Abstract. Light chestnut soil has specific
structural  organization and  chemical
composition, suggesting the features of its
negative effects on plants (phytotoxicity) in
various pollutants, in particular crude oil. The
article aimed to consider and discuss results of
model experiments with artificial
contamination of light chestnut soil with oil and
attempts of its purification using modern
biological products based on associations of
hydrocarbon-oxidizing bacteria (oil degraders).
One used infrared spectrometry to determine
the content of petroleum products in the soil,
and conductometry to measure soil pH. To
analyze soil phytotoxicity we used the test
system based on germination of Raphanus
sativus seeds. It has been shown for Multibac
Active and DOP-UNI to remove effectively
over 50% of crude oil from soil in 15 days, the
higher its initial concentration. This process is
accompanied by a decrease in the pH of the soil
to 4.55-4.94. Spontaneous utilization of oil is
7.5% at high oil concentrations of in the soil,
and it is no more than 4% at low concentrations.
Biological products have moderate
phytotoxicity, and oil has significant one.
Comparing two biologics, we show that
Multibac Active has a comparatively higher
phytotoxicity, it reduces laboratory
germination of seeds by 12%, and DOP-UNI
reduced laboratory germination by only 4%.
Crude oil reduces germination at a
concentration of 2.0 g/kg by 56%, and at a
concentration of 4.0 g/kg, it completely
suppresses germination of R. sativus seeds. The
use of biological products for the purpose of
soil purification from oil pollution enhances its
phytotoxic properties. These results and
findings are of practical importance for the
development and optimization of technologies
and strategies for bioremediation of soils
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BBenenne

CoBpeMEHHBIN TEXHOJIOIMUYECKUN YKJIaJl HEU30€KHO NPUBOAMT K IMOCTOSSHHOMY pPOCTY
BMEIIATEeNbCTBA YEJIOBEKAa B NPUPOJIHYIO CpeAy M HapyLIEHUEM 53KOCHCTEM IUIaHETHI.
3aKOHOMEPHBIM CIJIEJICTBUEM 3TOTO SIBISETCS BCE BO3PACTAIOIIAsl aKTUBHOCTH B HAIPABIICHUU
MUHHMMH3allUd HETaTUBHOI'O AHTPONOT€HHOIO0 BO3ACHCTBUS M BOCCTAHOBIICHMSI HapyIIEHHBIX
CTPYKTYp U cBsizell. B aTom (hopmare 3arpsi3aHeHus: BOAbI U MOYBBI HEPTHIO U HEPTEPOTYKTAMU
BXOJIAT B TPOMKY HanOoJiee aKTyaIbHBIX SKOJOTHYECKUX TpobiieM coBpeMenHoro mupa [3; 17].

HeGosbivie, HO MOBTOPSIOIIMECS TOCTYIUIEHUS HEe(PTH U HEPTENpOAyKTOB B IOYBY,
CBSI3aHHBIE C XO3SIICTBEHHOHN JI€ATEIbHOCTHIO 4YeNOBEeKa (IIPOMBIIIICHHBIC, TPAHCIOPTHHIE,
arpoMHIyCTpUAJIbHBIE), a, TeM OoJjiee, aBapuilHble pa3jMBbl, KpallHE HEraTUBHO BIMSIOT Ha
e€KayecTBO, CHIKAIOT TUIOI0POINE, YXYALIAIOT COCTOSIHUE pacTeHU U OuopazHooOpasue, MOryT
IIPEICTaBIATh YTPO3y AJI 340POBbsI UeI0BeKa. Bee 3T mporiecchbl UMEIOT KOMIUIEKCHBIN XapaKTep
U TpeOYIOT, COOTBETCTBEHHO, pA3HOCTOPOHHETO BMEIIATEIbCTBA JIJIs X ycTpaHnenus [4; 11; 13].

OavH M3 MOAXO0/I0B, IOCTENEHHO 3aHMMAIOLIUN OCHOBOIOJATAIOIINE MO3ULUU MPH
YCTpaHEHUH TOCIEICTBUIN MOMaJaHusl B MOYBY HEPTH U HEPTENPOAYKTOB — OmMopeMeauaius,
KOTOpass coueTaeT B ce0e METOAMKHM ONTHMHU3ALMHM YCIOBUHM i pocTa W Pa3sMHOKEHUS
abopureHHOW MHKPOGMIOPHl M BHECEHHs] B MOYBY IEJIEBBIX OHOIPENapaToB, COAEPKAIINX
YTJIEBOJIOPOJOKHUCIsIonre Mukpoopranu3Mel (YOM). B Hactosiee BpemMsi H3BECTHBI JIECSITKU
Oaktepuit u TpuOOB ¢ TakuM 3(P(HEKTOM, HA HX OCHOBE CO3JaHBl COTHH KOMMEPYECKUX

ouonpenapatos [16; 17; 22].
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Pesynpratrom nestensHoct YOM sBisieTcss BO3BpallleHHWE YIiepoja M BOJIOpOAa B
€CTECTBEHHbIE OMOT€OXUMHUYECKHUE IIUKIIbI, BOCCTAHOBJIEHME XUMUYECKOT0 COCTaBa, MUKPODIOPHI
HOYBbl U €€ OCHOBOIOJIATAIOLIMX CBOICTB B COCTaBE S5KOCHCTEM. OJTH CHOCOOHOCTH B
3HAUUTENIBHOMN CTENEHH 3aBUCAT OT UICXOAHOI'0 COCTAaBa MIOYBBI, a TAK)KE KIIMMATUYECKUX YCIOBUH,
B KOTOPBIX MPOU3BOAUTCS Onopemennanus [12, 18].

Ha mpakTtuke IOBOJIBHO OBICTPO CTajll0 MOHATHO, YTO MOHOKYJIbTypa YOM mnpu
IOCTYIUIEHUU €€ B IIOYBY, IO ONPEAEICHHUIO, HE B COCTOSHUU PEIIUTh KOMIUIEKCHYIO 3a7ady
Ouopemenualuy, Tak YTO BCE COBPEMEHHBbIE OHMOIIpenapaThl, UCIOIb3YEMbIE AJIS ITHX LIEJIEH,
MPEICTABISIIOT COO0M KOHCOPIUYMBI HECKOJIBKUX INTaMMOB pa3inuuHbix YOM, KaxIblid w3
KOTOPBIX BBIMOJHSAET CBOIO 33/1a4y MO YCTPaHEHHIO He(DTenmpoayKToB U3 ouBkl |8, 10].

YOM B COCTOSTHM YaCTUYHO WJIM MOJHOCTBIO YIAIUTh U3 ITOYBbI BCE KOMIOHEHTHI HEPTH
U HeTENPOIYKTOB: JIETKHE aTu(paTUIecKre OKUCIISIOTCS 0 YITIEKHCIIOro ra3a M BOIbI, Ooee
TSOKETBIE (PaKIUU HCIIONB3YIOTCS Ui CHUHTE3a COOCTBEHHOH Omomacchl. Jlmmaupyrommmu B
COCTaBe KOHCOPLUYMOB KOMMEpPYECKMX OHOIpenaparoB SBISAIOTCS  OakTepuud  poOJOB
Pseudomonas, Acinetobacter u Bacillus [3, 19, 22].

[Tpu nmpoBeneHun OHOpeMenUaIMK MOYBbl CHEIUATMCTHl OTMEYAIOT TaKO€ SBJICHUE, Kak
BTOpHYHAs (QUTOTOKCHYecKass akTUBHOCTH (DPTA) OuompemaparoB. B oTHOmeEHuUM omHO- H
JBYJIETHUX PACTEHUM MIOCIEACTBUS UX IPUMEHEHUS MOT'YT BBISBIISTHCS] HA MECTE IIPOU3OILEIIErO
3arpsA3HEHUs 10 JecaTu U 0oJjiee JIeT, a y JPEeBECHO-KYCTapHUKOBBIX pACTEHUI OHA MOYKET CTaTh
OCHOBOHI i1 HEoOpaTHUMOIO IOBPEXKICHUS, BTOPUYHOIO MMOPAXEHHUs] (UTONATOTEHAMU U
npuBecTd kK rudenu [15]. B 1o ke Bpems, 10 MOTHOM SICHOCTU B 3TOM BOIIPOCE €Ille JAJIEKO, 1
TpebyeTcst neTanu3upoBaTh eule MHorue Bompocsl @TA mnpumeHseMbx OuompenapaToB B
3aBHCUMOCTH OT MX COCTaBa, BUAAa M 00beMa HE(TAHBIX 3arpsA3HEHHH, a TaKKe MECTHBIX
MOYBEHHBIX U KIIMMaTH4YeCKUX ocoOeHHOCcTel. B paMkax HacTosiiel paboThl Mbl Oy/1eM TOHUMATh
1o (UTOTOKCUYHOCTHIO CBOMCTBO TOYBBI B OTHOIIEHWU pacTeHui, a mojg ®TA — cBoicTBO
pa3IMYHBIX XMMHUYECKHX BEILECTB BIMATH HA 9TO CBOMCTBO IIPU NOCTYIUIEHUH B IIOYBY.

Ilenp uccaenoBaHUs — OLEHHUTh B 3KCIEPUMEHTE (UTOTOKCHYECKHI MOTEHIMAT CBETIIO-
KalITaHOBOM MOYBBI IIPU BBEJCHUM Pa3IMUHbIX KOHIIEHTPAIMH ChIpOoil HE(PTH U UCTIOIB30BAaHUU
Ui e€ ynajeHus JAByX OMOIpenapaToB, COAEPIKALIMX acCOLMAIMK YIIIEBOAOPOAOKUCIISIONINX
MHUKpPOOPTaHU3MOB.

MarepuaJibl 1 METObI

OObexkTOM 11 MOJAETUpPOBaHUS BIMsHUS 3arpsisHeHud Ha DTA Obuin BbIOpaHbl HSATh
ciydaiiHbIX 00pa3IoB CBETJIO-KaIITaHOBOM MOYBKI, B3AThIX coTpynHukamu OHII arposkonorun
PAH B wurone 2024 roma Ha TeppuTOopuM KHPOBCKOro CENEKIIMOHHO-CEMEHOBOYECKOIO
KomIuiekca r. Bonrorpana (48.617218 N, 44.374706 E). ITepenannsie 1yist paboThl 00pa3iibl ObLTH
noyueHsl B cootBeTcTBHM ¢ [[OCT 17.4.4.02-2017 u TOCT 114642011 [1, 2] u aHHOTHPOBAHbI
C TOYKHM 3PEHHS XUMHUYECKOI'O COCTaBa, ONPENEICHHOIO B COOTBETCTBUM C HOPMATHBHBIMHU
JOKYMEHTaMH, HCIoib3yeMbIMi B Jabopatopun anamuza @OHIL arposkonoruu PAH: pHsox

6,80+0,07; marpuit 13,2+1,5 mr/kr; kammii 17,4+2,8 mr/kr; kameiui 114,8+13,2 Mr/kr; Maraui
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18,5+2,1 mr/kr; xmopunsr 18,1+£2,0 mr/kr; dpocdarter menee 3,0 mr/kr; cynbdarer 27,142,8 Mr/kr;
kap6onatel 0,06+0,03 mmoaws/100 T; Gukap6onarsl 0,41+£0,05 mMmonws/100 T; opraHuueckoe
BemectBo 1,14+0,16%; azor obmuii 0,23+0,05%; mutparer 70,5+£7,9 mr/kr. Ilepen Hauanom
00pa3iel 00BEIMHIIIN, TIIATEIIHHO TIEPEMEINIATN U ITOMECTIIIA B CTEKIISTHHBIC COCY/IBI U3 pacueTa
100 T cyxoi MOYBBI Ha KaX1YI0 MIPo0y.

[Ipu dopMupoBaHUU OMBITHBIX MPOO B KauecTBE MOJUIIOTAHTA MPUMEHSIU CHIPYIO HEPTh
ApUYEIMHCKOTO MECTOpOXKAeHus, Haxongmerocas B DponoBckom paiione Bonrorpaackoit
obnmactu, ucxonanoi mmorHoctd 0,852 r/cm® B Buae 3%-HOH AMyJIbCHH, JUIS OUMCTKH — JIBA
KomMMmepueckux Ouonpenapara: Multibac Active (Ecological Laboratories Inc., CIIA),
CozIepIKaluii coo0IecTBO MPpUPOAHBIX mTamMmMoB YOM npeumyniecTBeHHo ponaa Acinetobacter
[23], u DOP-UNI (OOO «JIabopatopusi MUKPOOHBIX TEXHOJIOTHI», Poccus), mpeacTaBisionmii
coboii korcopimym YOM poaos Candida, Dietzia, Rhodococcus, Pseudomonas u Acinetobacter.
Pabounii pactBop 3TOTO OHOIIpenapara roToBwIM U3 pacdera 40 mr cyxoro BemecTBa Ha 1 mi
IMCTUJLTMPOBAHHOM BOAbI [24].

Uro06sl 0o0ecnieunTh pa3sHOCTOpOHHee u3ydeHue BiausHUS Heptu u YOM nHa OTA 6b110
chopMUpOBaHO 12 pa3IUYHBIX CEPUH, YTO C YIETOM IIECTH MOBTOPHOCTEH B Ka)JIOH COCTABHIIO

B COBOKYITHOCTH 72 ONBITHBIX MpoObI (Tad. 1).

Tabnuna 1
MopaeupoBaHue U COCTaB P00 B IKCIEPUMEHTAIbHBIX CEPUSAX
JlobaBIieHHEe B ONBITHYIO P00
Cepus Hedrb = gl/lo}rllpenapaT
KonTponpHas — —
Multibac Active - 1 M
DOP-UNI — 1 ma
Hedrs 1 100 mr —
Hedrs 1 + Multibac Active 100 mMr 1 Mt
Hedrs 1 + DOP-UNI 100 mr 1 M
Hedts 2 200 mr —
Hedts 2 + Multibac Active 200 mr 1 M
Hedrts 2 + DOP-UNI 200 mr 1 M
Heds 4 400 mr —
Hedtb 4 + Multibac Active 400 mr 1 M
Hedrs 4 + DOP-UNI 400 mr 1 M

[lepen HavaoM cIenyrOIIEro 3Tana UCHBITAaHUNA Bce MpOoObl HHKYOMpOBanIu B TedeHue 15
cytok mnpu Temmeparype 24 °C, yBmaxHss KaXAble Tpoe CYTOK M3 pacdera S5 MI
JUCTHIUTMPOBAHHOM BOABI HA 1 cocya.

CopepxaHue B MOATOTOBICHHBIX MPoOax MOYBbI HEPTH U HEDTENPOIYKTOB OIpPEAesIn
metoioM HH(ppakpacHoit dypre-cnekrpomerpun Ha anmapate PCM-1202 (Mudpacnek, Poccns)
cormacuo [THJ @ 16.1:2.2.22-98 [6]. Benuunnbl meHee 1,5 T/KT COOTBETCTBOBAIU HU3KOMY
YpOBHIO 3arpsizHeHus, Mexay 1,5 r/kr u 3,0 r/kr — ymepeHHomy, cBbiiie 3,0 I/KT — BBICOKOMY

YPOBHIO 3arpsi3HEHUs MOYBbl He(ThI0. Pe3ynabTaThl NpEeaCTaBIsUIA B MI/KI CyXOW IIOYBBI
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Bonoponusriit nokazarens (pH) onpenensiiu cornmacuo I'OCT 26423—85 ¢ ucnonb3zoBanueM pH-
merpa Hanna HI 2211 (CIIA).

®OTA 10YBBI OLEHUBAIM C T[OMOIIBI YHHMBEPCAIbHOW MOJCIBHONH TECT-CUCTEMBI,
OCHOBaHHOI1 Ha aHaJIM3e BCXOkKecTH peauca nocesHoro (Raphanus sativus L.) [7, 9].

Hcnonp3oBanu cemena R. sativus copra «PaHHMIT KpacHBI», KOTOPbIE MOMEIIAIH 10 5 IIT.
B K@XKJIBI COCYJ] ¢ IPOOO# MOYBHI (25 MmIT. B KaXK10i ceprr ). K HopMaabsHO MPOPOCIIMM OTHOCHIIN
CEMEHa, pa3BUBIIME 3J0POBBIM KOPEUIOK HE MEHee HJIUHblI CeMEHH Oe3 MPHU3HAKOB
UHOHUIMPOBAHUS M THHEHUS. DHEpPrueil mpopacTaHusl CYUTAIN MPOLEHT CEMsH, MPOPOCIINX Ha
TPEThH CYTKH, TAOOpaTOpHOU BCXOkecThio — Ha 10-e cytku. MccienoBanue 3aBepiianyu Ha 21-¢
CYTKH, OIICHUBAJIA BBICOTY COXPAHUBIIMXCS IPOPOCTKOB B CM.

s cratuctudeckoid 00pabOTKH M BU3YaIU3allMK PE3yIbTaTOB UCIIOJIB30BAIU IIPOTPAMMY
Statistica 12.0 (StatSoft Inc., CILIA). Ilocne WHCKIOYEHUS HOPMAIBHOTO XapakTepa
pacripenienieHusi B BBIOOpKax IO KpUTepuio KonMoropoBa pacCcUMTHIBAIM MEIAHMAHBI, paz0opoc
MeXy IepBbIM U TpeThbuM kBapTuiieM (Me, Q1+Q3) u mokaszarenab CTaTUCTUYECKONW 3HAYUMOCTH
pa3nuuuii mo Kputeputo ManHa-YutHu. Pa3nuuus npusHaBaiu CTaTUCTHYECKHU 3HAUUMBIMH TIPU
YpOBHE JI0BEpUTENbHOM BeposiTHOCTH P <0,05.

Pe3yabTaTsl 1 HX 00CyKAeHHE

[lepen HayaioM OCHOBHOM YacTH dKCHEPUMEHTOB COJEp)KaHUE HEPTH B OMBITHBIX MpobOax
0e3 BO3JEHCTBUS OHMOIIpernapaToB OKa3aloch HUke ucxoaHoro Ha 4,0-7,5%, 4ro BIOJIHE
OOBSCHUMO OKHCJIEHMEM YIJIEBOJOPOAOB, MNPOUCXOASAIIMM B J1000M mnouBe. buomnpenapar
Multibac Active yransin u3 moussr ot 51,1% mo 57,3% ceipoit HedTH, B 3aBUCUMOCTH OT €
ucxonHoi kounentpauuu, DOP-UNI — ot 54,3% no 61,5%. oGaBneHue B mouBy HedTH
COIIPOBOXKIANOCh ~ yMeHbIleHMeM pH, ucnonb3oBaHue OuoIpenaparoB MPUBOAMIO K
JIOTIOJTHUTEIIFHOMY 3aKHCJICHHIO TIOYBHI, SBIsIOmEMycs KomrnoHeHToM DTA u 3HauuTEIHHO
6ouiee 3ametHoMy Jutst Multibac Active (Ta6ui. 2).

Taomuua 2
Conep:xxanne HeprenpoaykToB u pH mouBsl B MoaesbHBIX cepusix, Me (Q1+Q3)

Cepust Cpennee cofepikaHie HeTENPOILyKTOB, I/KT Cpennee pHsox

KontponpHas

0,08 (0,05+0,11)

6,12 (5,95:6,18)

Multibac Active

0,06 (0,04-0,10)

6,15 (5,98-6,22)

DOP-UNI

0,06 (0,04+0,09)

6,21 (6,06+6,37)

Heds 1,0 r/kr

0,96 (0,91+1,00) *

5,80 (5,72+5,91) *

Hedts 1,0 r/kr + Multibac Active

0,41 (0,37+0,45) *#

5,17 (5,09:5,32) *#

Heds 1,0 r/kr + DOP-UNI

0,37 (0,33+0,42) *#

5,71 (5,57+5,90) *

Heds 2,0 r/kr

1,85 (1,77-1,97) *

5,72 (5,60+5,82) *

Hedts 2,0 r/kr + Multibac Active

0,89 (0,78+0,98) *#

5,04 (4,86+5,23) *#

Hedts 2,0 r/xr + DOP-UNI

0,80 (0,69+0,89) *#

5,65 (5,45:5,74) *

Heds 4,0 r/kr

3,78 (3,62+3,91) *

5,11 (4,97+5,26) *

Hedts 4,0 r/kr + Multibac Active

1,85 (1,66+2,09) *#

4,55 (4,38+4,70) *#

HedTs 4,0 r/kr + DOP-UNI

1,73 (1,57+1,90) *#

4,94 (4,68+5,13) *

HpnMeanHe: 30€Ch M aJICC 3HAKOM * OTMEUEHLI CTATHCTHYECKH 3HAYMMbIE pazianiusa ¢ BCJIWYUMHAMHU B
KOHTpOJ’ILHOﬁ CCpUu, 3HAKOM #— pa3aninug MKy CEpUsIMU 0e3 6H0npenapaTa 1 C UCIIOJIBb30BAHUEM 6H0npenapaTa.

O
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Tectupyembie Ouomnpenaparsl B yMEPEHHOW CTEIIEHHU CHIDKAIN SHEPTUIO MPOpPACTAHUS H
71ab0paTopHYyIO BCX0oXkecTh ceMsH R. sativus. Hedtr oka3siBasia 6osiee cepbe3Hoe BO3CHCTBHE Ha
3TH Tpolecchl: NpH KOHUEHTpamusx 2,0 I/Kr Ha TpPeTbH CYTKH MPOPOCHIMX CEMSH He
oOHapyXuBaJd, a TpH KoHIeHTpamuu 4,0 I/Kr ceMeHa BOOOIe He mpopacrainu. BHecenwme
OuorpenapaToB B He(Te3arps3HEHHYI0 TMouBy, B Oonbmueir cremenu Multibac Active,
JIOTIOJIHUTEIBHO YMEHBIIAIO JHEPrHI0 pocTa U JIaOOpAaTOPHYIO BCXOXKECTh CEMSH, TaK 4YTO
MaKCUMaJIbHOE TOPMOXXCHHE BCXOXKECTH, Kak pesynbTaT cymmapHoi DTA ceipoit HehTH U
ouonpenaparta, coctasuio st Multibac Active 80%, s DOP-UNI — 72%.

Kak OGuomnpenapatsl, Tak U, B OOJNbBIICH CTENEHHU, Chipas He()Th BBHI3BIBAIM YMECHBIICHHE
BBICOTBI PACTEHUU Ha 21-€ CyTKHM HKCIIEpUMEHTA. Y MEHbBILICHUE ITOW BEIUYHUHBI OT BO3JAECUCTBUS
Multibac Active cocrasuiio 16,7%, or DOP-UNI — 7,7%. TlpucyrcTBre HehTH B KOHIICHTPAIIMH
1 /KT IPUBOJMIIO K CHIDKCHHUIO BBICOTHI IPOPOCTKOB R. sativus B 1,43 pa3a, B KOHIIEHTpanuu 2
r/kr — B 1,53 pasa, npu KoHIeHTpanuu 4 I/Kr MPOPOCTKOB MOJIy4YeHO He Obuio. Mcmonb3oBanue
OouomnpenapaToB IJii OYUCTKM IOYBBI B €mle OOINbIIEH CTENeHH CHW)KaIW BEITUYHHY STOTO
rmokasatess (Tadm. 3).

[IpoBenenHbIe HCcaeNOBaHUS TOATBEPAUIN (P(PEKTUBHOCTh BHIOPAHHBIX KOMMEPUYECKUX
OuonpenapaToB B OTHOIIEHUHN OYHCTKU MOYBBI OT CHIPOH He()TH, KOTOpasi, 0€3yCIOBHO SIBISAETCS
TOJIBKO YacThIO KOMILIEKCA OMOpeMeIuaIiiy Mocie Mporu3oLIeaero 3arpsasaenus |5, 20].

Tewm He MmeHee, Obua BoisiBIIeHa UX coOcTBeHHass DTA, koTopas HaciauBaiach Ha emie 6oiee
BelpakeHHYlI0 DTA cwipoii HedTH B mporecce €€ aecTpykuuu. lIpum cpaBHEHHH JBYX
ounonpenapatoB ®TA DOP-UNI oka3biBanach ssBHO MeHbIie, ueM Multibac Active.

Tabmmna 3
BexoxkecTh ceMsIH M CPEIHAS BHICOTA pacTeHMii B MoaeIbHBIX cepusix, Me (Q1 + Q3)

Cpenuss DHEPT U Cpennsis CpenHss BeICOTA
Cepus pei o p JaboparopHas ben .
pocrta, % o pacTeHHid, cM
BCXO0XECTh, %

KonTposbHas 44 84 4,68 (4,19+5,03)
Multibac Active 36 72 3,90 (3,57+4,15) *
DOP-UNI 40 80 4,32 (4,04+4,55)
Heds 1,0 r/kr 24 60 3,28 (3,02+3,63) *
Heds 1,0 r/xkr + Multibac Active 16 48 2,71 (2,44+3,10) *
HedTs 1,0 r/xkr + DOP-UNI 20 56 3,42 (3,09+3,98) *
Hedts 2,0 r/kr 0 28 3,05 (2,69+3,38) *
Heds 2,0 r/xr + Multibac Active 0 16 2,89 (2,57+3,08) *
Hedrs 2,0 r/kr + DOP-UNI 0 24 3,15 (2,80+3,42) *
Hedts 4,0 r/kr 0 0 —
Hedts 4,0 r/kr + Multibac Active 0 4 —
HedTs 4,0 r/xkr + DOP-UNI 0 12 2,51 (2,30+2,68) *

IpumeyaHue: mpoyepky B TAOIUIIE O3HAYAIOT OTCYTCTBHE PACTEHUIT I aHATH3a

HoBrie moaxoasl B 00€CITeYeHNH TTOTHOTHI 6H0peMeI[I/IaLII/II/I I104YB, B 0COOEHHOCTH 6CI[HLIX
" P MACCUBHBIX 3arpsA3HCHHUAX, BUAATCA B BO3BpPAlICHUH K CTApOMYy IpaBUITY: HCO6XOI[I/IMO

aKTUBUPOBATH COOCTBEHHBIE PE3E€PBHI MOYBHI, BBOJUTH B HEE HE TOJIBKO aCCOIHMAIINU OaKTepHii-
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He(TEAECTPYKTOPOB, HO U MUTATEILHYIO Maccy AJIsi CTUMYJISIUU aO0OpUTeHHOW W aJanTaiuu
BHECEHHOU MUKPO]IIOPHI B COCTaBE KOMILJIEKCHOW MOYBEHHON MukpoouoTsl [10, 14, 21].

Bo Bcex ciydasx ¢enomen @TA mouBbl ¥ 3aKOHOMEPHOCTH €€ TMHAMHKH T10J] JIEHCTBUEM
OworpenapaToB, a TakKe B 3aBHCHMOCTH OT COCTaBa IMOYBHI M KIMMATUYECKHX YCIOBUI
HEO0OXOIMMO YUUTHIBATH B MPOIIECCE TUIAHUPOBAHUS KOMITJICKCA OMOpeMeTHaITHH.

3akiroueHue

Bbuonpemnaparsr Multibac Active u DOP-UNI B MozeabpHBIX 3KcniepuMeHTax 3(h(HEKTHBHO
YAAJSIOT U3 CBETJIO-KAIITAHOBOM MOuBHI 32 15 cyTok cBbitie 50% chipoit HedTH, 3TOT mporiecc
COMPOBOXKAAETCS yMeHbIIeHHneM pH cpenpl. YMEHbIIEHUE cojep)aHUs HEPTH B IMOYBE B
OTCYTCTBHE MPUMEHEHUs OMoNpenapaToB cocTaBiseT He 6onee 7,5%, U TeM MEHbIIIe, YeM MEHbIIIEe
KOHIeHTpanus HedTu B mouBe. buonpenaparsl 0061a1a10T yMEepeHHOM, a He(hTh — 3HAUUTEITHLHOU
®TA. Multibac Active ymenbIiraeT 1abopatopHyo BcxoxecTh cemstH Ha 12%, DOP-UNI —na 4%,
ceipasi HepTh B KoHIEeHTparuu 2,0 T/kr — Ha 56%, a B koHueHTpamuu 4,0 T/KT — MOJTHOCTHIO
nojaBisieT npopacranue cemsiH Raphanus sativus. Hcronb3oBanue OuomnpenaparoB, yMeHbIIast
KOHIIEHTpaluu He(TH B TOYBE, OJHOBPEMEHHO YCHIUBaeT €€ (PUTOTOKCHUYECKHE CBOMCTBA.
[TomrydeHHbIE pe3yabTaThl UMEIOT MPAKTHYSCKOE 3HAUCHUE JUIS pa3pabOTKH U ONTHUMHU3AIUU

TEXHOJIOTUH U CTpaTeTHil OMOpeMeNaluy 0B, 3arps3HEHHBIX He(YTHIO U HEPTETIPOTYKTaMH.
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MICROPLASTICS IN FRESHWATER ECOSYSTEMS: SOURCES,

RESEARCH METHODS AND ENVIRONMENTAL CONSEQUENCES. EXPERIENCE
OF RUSSIAN RESEARCHERS AND PROSPECTS FOR POLLUTION CONTROL

IN KHANTY-MANSIYSK AUTONOMOUS OKRUG - YUGRA

Tomunoe A.C., Cmopuax T.B., I'ozou C.b., bumuep M.U., /ludenko H.A.

MHUKPOIIJIACTHUK B IIPECHOBO/IHBIX OKOCUCTEMAX: UCTOYHUKM,
METOAbI UCCJIEAOBAHUSA U DKOJOI'MYECKHUE ITOCJIEACTBUA.
OIbIT POCCUMCKUX UCCJEJOBATEJIEA U IEPCIIEKTUBHI
KOHTPOJIA 3ATPAZHEHUSA B XMAO-IOI'PE

Abstract. This article presents an analytical
review of scientific studies focusing on the
issue of microplastic pollution in freshwater
bodies in Russia. The study examines in detail
the primary sources of microplastic particles
entering aquatic environments, including
domestic and industrial wastewater, rainwater
runoff, urban dust, and diffuse sources such as
the decomposition of plastic waste in landfills
and natural environments. Special attention is
given to the methods of collecting water and
sediment samples employed by various
research groups. Contemporary approaches to
microplastic detection and identification are
described, including visual methods using
optical and electron microscopy, Fourier-
transform infrared (FTIR) spectroscopy, and
Raman spectroscopy. The review presents data
on the impact of microplastics on biological

organisms and  ecosystems, including
disruptions  in  trophic  networks and
impairments in the functioning of the

endocrine, reproductive, and immune systems.
Aspects of the mechanical and toxicological
effects of microplastics are considered, as well
as the processes of contaminant sorption onto
their surfaces. The conclusion highlights the
need for further standardization of research
methodologies and additional investigations to
gain a deeper understanding of the extent of
microplastic  distribution  in  freshwater
ecosystems, particularly in regions with
insufficient empirical data. The importance of
developing comprehensive strategies to
minimize microplastic pollution in freshwaters
is emphasized.

AHHoOTanmMsi. B crarbe mnpencraBiieH aHAIUTHUYECKUN
0030p HAay4YHBIX WCCIICIOBaHWH, HAMPABICHHBIX Ha
M3y4YeHHE TpoOJieM  3arps3HEHUS  MPECHOBOTHBIX
BOJ0EMOB Poccun MukpormnactukoMm. B ucciienoBanumn
MMOAPOOHO PACCMATPUBAIOTCS OCHOBHBIE HCTOYHUKHU
MTOCTYIUIEHUS YaCTUI] MUKPOIUIACTHKA B BOJHYIO Cpeay,
BKJIfOYasi OBITOBBIE M MPOMBIIUIEHHBIE CTOYHBIE BOJBI,
JOXKIEBBbIE CTOKH, TOpPOJACKYIO TbUIb, a TaKxke
mudGy3UOHHBIE WCTOYHUKH, TaKWe KaK pPas3lIoKeHUe
IJJACTUKOBBIX OTXOJIOB HA TMOJIMTOHAX U B MPUPOAHOM
cpene. Ocoboe BHHMMaHHE YACICHO MeTojxaM cOopa
00pas3IoB BOJBI U JOHHBIX OTIIOKEHUH, UCTIOIH3yEeMbIM
Pa3TUIHBIMH HCCIIEeIOBATEIHCKUMHU TPYIIIaMH.
OnwucaHbl COBpEeMEHHBIE TOAXOJbl K OOHAPYKCHUIO U
naeHTH(pUKAMA ~ MUKPOIDIACTHKA, B TOM  YHCIE
BH3YaJIbHBIE METOJbl C IMPUMEHEHUEM OITHYECKOH U
3JIEKTPOHHOM MHKPOCKOIIHH, Oypre-UK-
cnektpockormu (FTIR), a Taxke pamMaHOBCKOIA
cnekTpockonuu. B 0030pe mpencTaBieHbl JaHHBIE O
BIUSHUM  MHKPOIUTACTHKA  HAa  OWOJIOTHYECKUE
OpraHM3MBl M JKOCHCTEMBI B L€JOM, BKJIIOYas
HapyIIeHHS TpouaecKux CeTeid, cobomn B
(hyHKITMOHUPOBAHUH DHIIOKPHHHOH, PENPOAYKTUBHOU U
WMMYHHOM CHCTEM. Paccmotpenst ACIIEKTBI
MEXaHMYECKOTO W TOKCHKOJOTHYECKOTO BO3AEHUCTBUS
MHUKpOIUIACTHKA, a TaKKe IMpoLecchl  copOouuu
3arpsI3HAIONINX BEIIECTB HA €ro IOBEPXHOCTH. B
3aKJTFOYEHUHT MOTYEPKHUBAETCS HEOOXOANMOCTb
JanpHeHeld yHU(QUKAUH METOAUK HCCIIEOBaHUSI W
NIPOBEJECHUS  JONOJHUTENBHBIX  W3BICKAHUM IS
YTITyOJIEHHOTO TTOHUMAaHUS MacITaboB
pacnpocTpaHEHHsT MMKPOIUIACTHKA B TPECHOBOIHBIX
9KOCHUCTEMAaX, OCOOCHHO B PETHMOHAX C HEJOCTATOUYHBIM
KOJMYECTBOM dMIMPUIECKHX NaHHBIX. [lomgepkruBaercs
BaXHOCTh pPa3pabOTKH KOMIUIEKCHBIX CTpaTerdil 1o
MUHUMH3AIUN 3arps3HEHHUS] MPECHBIX BOJ| YacTHLIAMH
MUKpPOIIJIACTHKA.
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Introduction
The history of plastics began in 1862, when A. Parkes patented his invention — Parkesine,

which became the first artificial plastic and a cheap and colorful substitute for ivory [42]. Since
then, humanity has produced about 9 billion tons of plastic, and only 9% of it has been recycled
[33]. A substantial proportion of polymeric waste is directed to municipal solid waste landfills,
while a fraction becomes dispersed within the environment. It is estimated that approximately 13
million tons of plastic enter the world’s ocean basins annually [33]. The propensity of plastic
fragments to remain buoyant in aquatic environments is attributable to the low density of the
material, which approximates that of water. This characteristic increases the likelihood of their
presence both within the water column and at the water’s surface. The degradation and
fragmentation of plastics into smaller particles increases the probability of their ingestion by
aquatic organisms [3]. Of particular concern is the ability of plastic particles to accumulate metals
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and other contaminants on their surface directly from the water column or the surface microlayer
[1; 17; 39], thereby transforming microplastics into a secondary source of various pollutants. It is
important to note that microplastics represent an extremely heterogeneous group of particles,
exhibiting variations in shape, size, color, density, and chemical composition. Due to this
heterogeneity, researchers face a major challenge in quantifying microplastics in the environment:
the lack of reliable and standardized methodologies for sampling, preparation, and detection [39].

In this study, we attempted to consider the sources of microplastic in surface waters and its
impact on individual organisms and ecosystems. An analysis and generalization of scientific
publications on the presence of microplastic particles in surface waters of Russia and the Khanty-
Mansi Autonomous Okrug — Yugra were conducted. A review of existing methods and approaches
to sampling and identifying microplastic in freshwater bodies and watercourses is also presented.

Classification. Sources of microplastic input into surface waters
Microplastics are a heterogeneous group of plastic fragments, characterized by a size of less

than 5 millimeters, that are found in various environmental matrices [41]. From the perspective of
ecological research, microplastics are considered a complex stressor capable of eliciting a wide
range of adverse effects in the environment. While a universally accepted classification system for
microplastics does not exist, a convenient differentiation based on ten size classes is commonly
employed: class 1 (<20 um); class 2 (2040 pm); class 3 (40—-60 um); class 4 (60—80 um); class 5
(80—100 um); class 6 (100-500 pum); class 7 (500—1000 pum); class 8 (1000-2000 um); class 9
(2000-5000 pwm); and class 10 (>5000 um). Microplastics are also classified according to the shape
of the particles, i.e., fibers, films, or granules [24; 41].

When considering the ways in which microplastics enter the surface waters of rivers and
water bodies, the following should be highlighted:

1. Domestic Wastewater (Household Sewage). The reasons for the appearance of
microplastics in domestic wastewater are:

— cosmetic products with microplastic granules that have replaced natural exfoliating
agents and toothpastes with plastic microbeads for removing plaque and stains [27];

— washing synthetic textiles in industrial laundries and households creates microplastics
as a result of wear and tear and fiber separation [4; 28; 50]. It is estimated that about 35% of
microplastics in oceans are fibers from synthetic textiles [6];

— other consumer products that can release microplastics into sewage systems include
glitter and contact lens cleaning agents [27].

2. Stormwater Runoff. The reasons for the appearance of microplastics in stormwater
runoff are:

— wear and tear of road markings (paint, thermoplastic, polymer tape, and epoxy resin)
[5];

— wear and tear of vehicle tires during movement (tire particles consist of a matrix of
synthetic polymers, specifically styrene-butadiene rubber (approximately 60%), mixed with
natural rubber and many other additives) [5].
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3. Urban Dust. The reasons for the appearance of microplastics in urban infrastructure
(with subsequent entry into stormwater runoff) are:

— wear and tear of infrastructure (household dust, urban dust, artificial turf, paint and
plastic coatings) and high-pressure washing with abrasive particles [4].

In addition to the aforementioned factors, it is important to emphasize the significant
contribution of diffuse sources of plastic pollution, which represent the direct entry of polymeric
materials (such as packaging, disposable tableware, household items, etc.) into aquatic
environments and hydrological systems in the form of domestic waste. These materials can enter
not only directly into water bodies, but also accumulate in coastal zones, spreading over significant
areas. As a result of abiotic and biotic factors, the polymers undergo degradation and
fragmentation, leading to the formation of microplastic particles [49].

Microplastics can penetrate aquatic ecosystems through a multitude of diverse sources, and
researching the pathways of entry is an essential aspect for assessing the scale of this
environmental threat.

The impact of microplastics on organisms and ecosystems
Currently, the study of the impact of microplastics on biological organisms and ecosystems

Is becoming important and relevant in the field of scientific research. Microplastics can affect a
wide range of biological species, from microscopic life forms such as phyto- and zooplankton to
larger representatives of the fauna, including fish and mammals [9]. Research results indicate that
exposure to microplastics can lead to mechanical damage, toxic reactions and reproductive
dysfunction in organisms [19]. Microplastics have been found to exert effects on various systems
in animals and humans, namely:

— digestive system: microplastics can induce alterations in the gut microbiome, leading to
an imbalance between beneficial and detrimental bacteria.

— respiratory system: inhalation of microplastics can induce oxidative stress in the
respiratory tract and lungs, with observed effects including coughing, sneezing, and dyspnea due
to inflammation and damage.

— endocrine system: microplastic particles can interfere with the production, release,
transport, metabolism, and excretion of hormones.

— reproductive system: various endocrine disorders, including metabolic disorders, can lead
to changes in fetal development or reproductive disorders (such as infertility, miscarriage, and
congenital malformations).

— complex immunological effects: cumulative exposure to microplastics has induced
chronic inflammation and changes in homeostasis in animal experiments, and a study on human
lung cells showed that microplastics can regulate the expression of genes and proteins involved in
the immune response [19].

Microplastics have been shown to alter the composition of the gut microbiome, increasing
the diversity and abundance of microorganisms [20, 30]. Microplastics can disrupt the intestinal
barrier, inducing inflammation and allowing translocation into the bloodstream [30, 36].
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Furthermore, studies using digestion models have demonstrated that polyethylene terephthalate
particles undergo biotransformation, altering the composition of the microbial community in the
large intestine and forming biofilms [32]. Microplastic particles are capable of accumulating in the
lumen of the gastrointestinal tract, causing disruption of the intestinal microbiocenosis, leading to
dysbiosis. This process can trigger the development of systemic inflammation and serve as a
trigger for a range of chronic pathologies, including conditions such as obesity, diabetes mellitus,
cardiovascular diseases, and autoimmune disorders [4].

Microplastics affect not only individual species, but can also impact the ecosystem as a
whole. Changes in the population size of some species can lead to destabilization of food chains
and thus cause an imbalance in the structure of ecosystems. [9].

Microplastics exert an influence on “soil-plant” and “water-plant” ecosystems. The
incorporation of microplastics into the soil matrix can substantially modify the physicochemical
properties of the soil, such as particle aggregation, bulk density, and water-holding capacity.
Furthermore, the presence of microplastic particles in the aquatic environment is capable of
altering water quality parameters, including the total concentration of dissolved and suspended
solids, pH level, and dissolved oxygen content [9].

The accumulation of microplastic particles on the water surface is capable of modifying the
concentration of organic compounds and the rate of oxygen consumption, which potentially
impacts biological processes [14]. Zooplankton that consume microplastics can exacerbate the
decline in dissolved oxygen levels in the ocean through a number of mechanisms. These include a
reduction in the assimilation of primary production, an increase in the export of organic matter,
and enhanced remineralization processes, ultimately leading to a decrease in the oxygen content
of the aquatic environment [18].

Microplastics can adsorb toxic substances from the surrounding environment onto their
surface, increasing their potential hazard to organisms. Investigating these effects is crucial for
assessing the risk to ecosystem health [1; 17].

A comprehensive analysis of the impact of microplastics on biological organisms and
ecosystems requires an integrated approach, incorporating knowledge from fields such as biology,
ecology, toxicology, and even sociology.

Microplastic in freshwater bodies and watercourses of Russia
Research on microplastics in freshwater bodies and watercourses of the Russian Federation

deserves special attention. Within this analysis, publications both in domestic and foreign scientific
journals have been considered.

Ivanova E.V. and Tikhonov D.A. (2022) studied the content of microplastics in water and
bottom sediments of Lake Ladoga [40]. Yasinets S.V. with colleagues (2021) determined the
content of microplastics in water samples from the rivers Levinka, Kova, as well as springs and
tunnels near Nizhny Novgorod [34]. Pozdnyakov Sh.R. et al. (2020) studied the spatial distribution
of microplastic particles in water, bottom sediments, and soils of the coastal zone of Neva Bay of
the Gulf of Finland and the mouth of the Neva River [25]. Kaurova Z.G. (2021) in her work
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assessed the content of microplastic particles in the upper and middle reaches of the Neva River,
as well as in the Mga, Tosna, and Izhora rivers [43]. Frank Yu.A. and colleagues (2021) studied
the content of pollutants in water bodies in the Novosibirsk region and several populated areas of
the Tomsk region, as well as in the Tom River near the cities of Kemerovo, Yurga, and Tomsk
[12]. Another publication by Frank Yu.A. with colleagues (2021) is devoted to the study of water
resources of the Ob-Irtysh basin, as well as the Volga and Pechora basins [49]. The presence of
microplastics has been detected in the bottom sediments of the Kazanka River in Kazan [46].
Kolobov M.Yu. and Talanina E.B. focused their attention on analyzing the aquatic environment
of Lake Baikal [44]. Tomsk scientists expanded the scope of their research to include the study of
water and bottom sediments of the Tunguska River [50]. Subsequently, they continued this work,
covering the Lower Tunguska and Yenisei rivers [11]. Finally, Lisitsyna A.A. and her colleagues
undertook a large-scale project to study the water along the entire length of the VVolga River, from
Selizharovo to Astrakhan [21].
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Fig. Locations of microplastic studies in natural freshwaters within the territory of Russia.
Map constructed based on materials from scientific works by Russian researchers
[11; 12; 21; 25; 34; 37; 40; 43; 44; 46; 49; 50]

Figure 1 presents a map of Russia, indicating the regions where studies on the detection of
microplastic particles have been conducted. As can be seen, the rivers and water bodies of the
Khanty-Mansi Autonomous Okrug-Yugra (KhMAO-Yugra) have not, to date, been the subject of
investigation regarding microplastic content. The hydrographic system of the district is
characterized by the presence of approximately 290,000 lakes and more than 30,000 watercourses,
predominantly small rivers. The fundamental element of the hydrographic network is the Ob River,
which receives a number of large tributaries, such as the Irtysh, Vakh, Agan, Bolshoy Yugan,
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Severnaya Sosva, and Kazym. The total length of the hydrological network is approximately
172,000 km [45].

Given the paucity of research data regarding microplastic contamination in the aquatic
ecosystems of KhMAO-Yugra, and considering the significant number of surface water bodies
and watercourses characterized by substantial volumes of water mass, it is necessary to emphasize
the high degree of relevance of investigating this problem.

Methods and techniques for detecting microplastics in freshwater
One of the major challenges in quantifying microplastic particles in the environment is the

lack of reliable and standardized methodologies [39].

This review presents various techniques for the detection, identification, and classification
of microplastic particles in freshwater ecosystems. Particular attention will be paid to methods of
sampling and sample preparation of water samples, as well as soil samples, both benthic and
shoreline.

Let us consider the sampling methods used and described by researchers in their studies.
When sampling water from water bodies and watercourses, two approaches can be distinguished:
water samples are collected from the surface (depth 0-20 cm); and from the water column at
different levels (typically using a pump or submersible nets). For the collection of bottom
sediments, dredges of various designs are typically used. The collection of surface (shoreline)
sediments is carried out by collecting soil from the shoreline in different areas, taking into account
the area and depth.

For the extraction of microplastic samples from surface waters, the most frequently used
method is trawling with plankton nets. This approach involves the use of net structures of fixed
dimensions (e.g., 50 cm x 100 cm [35]), with specific mesh size parameters (e.g., 55 um [28]).
The net is dragged across the surface of the water body at a constant speed, with regular rinsing of
the net with the analyzed water at equal intervals of time (or distance) [22; 28; 35]. In some studies,
a specialized “Manta” trawl is used for these purposes [8]. Another common method is the
collection of specific volumes of water using glass samplers, after which the water is filtered
through stainless steel sampling probes and nylon plankton nets with defined mesh sizes [10; 16;
29]. Sampling is carried out manually using a stainless steel beaker with a diameter of 20 cm [10].
Collected samples are placed in glass containers [28; 29], which are further protected from light
exposure [10; 16]. Some researchers employ methods of sample preservation using 70% ethanol
solution or 5% metaldehyde [8; 35]. Water sampling from various levels of the water column is
performed using a submersible pump; before the start of each sampling event, the pump itself and
the hose are pre-rinsed with the water being investigated. The water obtained in this way is passed
through a portable plankton net [10].

It is worth noting that in most studies, researchers have strived to use plankton (nylon) nets
with a mesh size of approximately 300 um or less. Also, when discussing water sampling, it is
important to note that, at present, expert groups from AMAP (Arctic Monitoring and Assessment
Programme), GESAMP (Group of Experts on Scientific Aspects of Marine Environmental
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Protection), and HELCOM (Baltic Marine Environment Protection Commission) have
recommended only two methods of water sampling for monitoring microplastic pollution: from
the surface (0-20 cm) — using nets (neuston net, “Manta” trawl); from the subsurface layer (from
a depth of 1-6 m) — using a pump or a ship’s flow-through system with a filter system or cascade
of filters [47].

Sampling of bottom sediments was typically carried out using dredges of various designs.
In a number of studies, samples were collected using a Van Veen grab and placed in glass bottles
using a stainless steel spoon [10; 28]. In the work of our compatriots studying microplastics in
Lake Ladoga, an Ekman dredge was used. With its help, the surface layer of soil with a thickness
of 5-10 cm was removed, after which, using a metal spoon, the soil was placed in glass jars [40].

Sampling of surface (shoreline) sediments was carried out by collecting soil at different
sections of the riverbank, within a predetermined sampling area, by removing and transferring the
soil to glass samplers using steel spatulas or spoons [13].

The Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection
(GESAMP) proposes the following protocol for sampling from the shoreline of a water body: the
sampling site should be chosen randomly; the size of the site is determined by the researchers and
may be, for example, one square meter; the depth of soil extraction is 50 mm. It is recommended
to collect five samples, with a distance of at least five meters between sampling points [15].

Extraction of microplastics: sample preparation for analysis
When considering methods for extracting microplastics and preparing samples for analysis,

two approaches to sample preparation can be distinguished: preparation of water samples and
preparation of sediment samples (both bottom and shoreline).

Most researchers [2; 28; 29; 48; 49] utilize the methodology established by the National
Oceanic and Atmospheric Administration (NOAA) [23] for preparing water samples, as detailed
translations and overviews of this method have been provided by our compatriots from the P.P.
Shirshov Institute of Oceanology of the Russian Academy of Sciences [39]. However, in some
cases, this methodology is slightly modified [16; 22; 48]. In brief, the common features of the
applied methodologies can be summarized into three main stages of sample preparation: sequential
sieving (samples are initially passed through a series of sieves or a cascade of sieves and
thoroughly rinsed with distilled water), oxidation of organic matter using peroxide (the collected
fraction undergoes decomposition of organic material using hydrogen peroxide (30%) in the
presence of Fe?* ions), and density separation (conducted in a NaCl solution in a separating
funnel). Subsequently, particles are collected on membrane filters, which are then dried [2; 39;
49].

For the preparation of sediment samples, researchers employ similar methods that represent
a modification of the methodology developed by the National Oceanic and Atmospheric
Administration (NOAA) [28; 40; 48]. The aforementioned NOAA methodology proposes slightly
different approaches to the preparation of bottom and shoreline sediment samples. The preparation
of shoreline sediment samples begins with drying the sample, followed by density separation
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(which involves the collection and filtration of the surface layer of liquid). Subsequently, liquid
oxidation of the collected filtrate is performed to remove organic material, after which a second
density separation is conducted [23; 39].

The preparation of bottom sediment samples also begins with drying the sample, followed
by mixing and softening the dried sediment. The next step involves sieving the sample, after which
density separation is performed, followed by liquid oxidation using hydrogen peroxide, and the
collected material undergoes a final density separation [23; 39]. It is important to note that in either
case (regardless of whether it is bottom or shoreline sediment), the resulting sample is weighed
and subjected to visual analysis using a microscope [23; 39].

When discussing the difficulties associated with the preparation of water or sediment
samples, it should be noted that researchers face the problem of extracting microplastics from these
samples due to the presence on their surface of particles that can be mistakenly identified as calcite,
quartz, clay materials, or even diatoms. In this regard, the development of methods for the
destruction of biological material and the complete removal of mineral components from the
surface of particles without damaging the microplastic fragments themselves is required [29; 43].

Thus, despite the widespread use of the NOAA method, in a number of studies, it is applied
with certain modifications [28; 39; 48]. A critical analysis of the methods of sampling, preparation,
and analysis of samples used by various research groups around the world was presented in the
work of J.C. Prata et al. [26].

Detection and identification of microplastic particles
The method of visual detection is effective when working with relatively large particles (300

um and above). It is often used as a preliminary stage of investigation. Various types of
microscopes are employed for this purpose, including optical, digital, and fluorescent models
equipped with high-resolution digital cameras. Additionally, specialized software for image
analysis and data processing may be utilized [31]. Domestic researchers [11-13; 21; 25; 34; 37,
40; 43; 44; 46; 48-50] and foreign researchers [2; 8; 16; 29; 35] have resorted to visual detection
methods. In several studies, scanning electron microscopy was used to obtain images of the surface
structures of microplastics [28; 29].

Fourier-transform infrared (FTIR) spectroscopy is based on the interaction of infrared
radiation with molecules. Synthetic polymers, characterized by a regular repetition of monomeric
units in their structure, exhibit infrared spectra with distinctly defined absorption bands. This
property makes FTIR an effective method for investigating microplastics. Polymer identification
is performed by comparing the obtained absorption spectrum of the sample with reference spectra
[31; 38]. This method has been actively utilized by both foreign and domestic researchers [8; 10;
13; 25; 29; 35; 44].

Differential scanning calorimetry (DSC), which allows for the registration of phase
transitions in polymer materials, has been used to identify microplastics in 34 samples from the
Volga River [21].
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Raman spectroscopy shares several similarities with infrared (IR) Fourier spectroscopy but
differs in the mechanism of spectral band formation. In the case of Raman scattering, changes in
the polarizability of molecules under the influence of electromagnetic radiation lead to the
appearance of characteristic spectral lines, whereas in IR Fourier spectroscopy, the recorded
absorption is associated with changes in the dipole moment of the molecules. Molecular vibrations
in this method form observable bands (corresponding to energy transitions), and when the
transition energies are represented as a spectrum, they can be used for molecular identification by
comparing with reference spectra [31]. This method is actively used in both domestic research [25,
44] and international scientific literature [28; 29].

In addition to the previously discussed analytical approaches, it is important to note less
common methods characterized by high costs, lengthy analysis times, and complex equipment and
sample preparation [7; 31]:

— pyrolysis gas chromatography-mass spectrometry (Pyr-GC-MS);

— thermal extraction and desorption gas chromatography-mass spectrometry (TED-GC-
MS);

— scanning electron microscopy combined with energy-dispersive X-ray spectroscopy
(SEM-EDX);

— quantitative nuclear magnetic resonance spectroscopy.

Considering the diversity of methodological approaches employed in microplastic research,
it seems possible to systematize the data. For this purpose, a table is presented containing
information on sampling methods, identification, and types of polymer compounds detected in
studies by both Russian and foreign authors. When presenting data on polymer types and their
concentrations, it should be taken into account that the research results can vary significantly
depending on factors such as the environment and object of study, sampling methods, particle
identification methods, and the methodology of sample preparation. For example, the
concentration, types, and sizes of microplastics can manifest differently in various aquatic
environments, in bottom sediments, beach sands, and in body tissues. The choice of sampling
method, such as net trawls with different mesh sizes, manual collection, and water filtration,
influences which particles will be captured and, consequently, the results of the analysis. Different
methods may be more or less effective for sampling particles of different sizes. Sample preparation
steps, such as the removal of organic matter or individual particles by density, can introduce
systematic errors and affect the final results.

Most researchers prefer three main methods for the identification and chemical analysis of
microplastics: the visual method, Fourier-transform infrared (FTIR) spectroscopy, and Raman
spectroscopy. Other approaches are used less frequently or are practically not used due to the
significant costs of equipment, as well as the complexity and duration of the analysis. Some
methods allow only the determination of polymer type classes or have limitations on particle size.

@ ® 120



https://doi.org/10.36906/2311-4444/25-1/09 A.S. Tomilov, T.V. Storchak, S.B. Gogoi et al.

Among the detected types of polymers, polyethylene (PE), polypropylene (PP), polystyrene
(PS), polyethylene terephthalate (PET), and polyvinyl chloride (PVC) are most often encountered,
which reflects their widespread use as materials for the production of plastic products.

The conducted review of scientific studies presented in this article has allowed for the
systematization of current knowledge on the problem of microplastic pollution of freshwater
ecosystems in Russia. It has been established that the main sources of microplastic input into the
aquatic environment are domestic and industrial wastewater, storm water, urban dust, and also the
processes of plastic waste decomposition in landfills and the natural environment. However, the
absence of models describing the dynamics of microplastic input and distribution indicates the
need for further research in this direction.

The article considers modern methods of sampling water and bottom sediments, as well as
approaches to the identification and quantitative analysis of microplastics. Despite significant
progress in the development of methods, the need for the unification of approaches remains to
ensure the comparability of data obtained by various research groups.

Particular attention is paid to the ecological consequences of plastic pollution, including its
impact on biological organisms and the functioning of ecosystems. It has been established that
microplastics can cause disruptions in trophic networks, as well as have a negative impact on the
endocrine, reproductive, and immune systems of aquatic organisms. Furthermore, the sorption of
pollutants on the surface of microplastics enhances its toxicological potential.

In the context of Yugra, where the volume of surface waters is significant and data on
microplastic pollution are absent, the conduct of comprehensive studies appears to be extremely
relevant. This will allow for the assessment of the scale of the environmental threat and the
development of strategies to minimize the pollution of freshwater ecosystems. Overall, the article
emphasizes the need for further study of the microplastic problem, including the development of
methodological approaches, the conduct of monitoring, and the creation of effective pollution
control measures.
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Table
Identification and analysis of polymer types in microplastics:
a review of scientific studies and their results
Sampling Particle Detected
. Source Method Result (Concentrations, e

No | Research Object Identification Polymer

(and Mesh Form) M

) ethod Types
Size)

1. |Twelve beaches Manual Metals associated with | Inductively No specific
along a 40 km collection from | granules have been coupled plasma- |polymer
stretch of beaches detected. Metal mass types were
coastline in concentrations vary. spectrometry, specified.
southwest Shape: granules. Fourier- The work is
England transform devoted to

infrared (FTIR) |the analysis

spectroscopy of metals on
the surface
of
microplastic
particles

2. |Water from 29 Use of trawl Concentration: 0.05-32 | Visual Specific
tributaries of the nets with a 333 | particles/m?, with a identification, polymer
Great Lakes, pum mesh. mean of 4.2 particles/m>. | microscopy types not
North America Particle Size: Particle identified

sizes ranged from 0.33
mm to 20 mm.

Shape: fibers (mean
71% of particles) were
the predominant shape,
followed by fragments
(mean 17%).

3. |[Microplastic Collection of | Concentrations varied. |Fourier- PE, PP, PS,
accumulation on samples from | Fragments and fibers transform PET and
shorelines surface were detected; particle |infrared (FTIR) |others
worldwide sedimentson |size <1 mm. spectroscopy

beaches

4. |Microplastic Surface water |Concentration; 0.02— Microscopy and |PE, PP, PS,
pollution in sampling using |2.19 particles/m’. Fourier- LDPE,
surface water of a Manta trawl |Particle size: 0.3-4.9 transform HDPE and
Lake Victoria, net with a 300 |mm. infrared (FTIR) |others
Africa um mesh size. |Shape: microspheres, spectroscopy

fibers, and fragments.
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5. |Spatiotemporal | [10] |Surface water |Concentration: Fourier- PE, PP, PS,
distribution of sampling using | — Water: transform PET, PA
microplastics in a beaker, concentrations infrared (FTIR)
the Nakdong subsurface ranged from 293 to | spectroscopy
River, South water sampling 4760 particles/m>.

Korea (1-meter depth) | — Sediment: 1971
using a pump, particles/kg dry
and bottom weight.
sediment Particle shape
sampling using | distribution:
a Van Veen — Water: fragments
grab (69%), fibers (30%),
spheres and films (<
1%).
— Sediment: fragments
(84%), fibers (15%),
spheres and films
(1%).

6. | The Lower [11] |[Surface water |Concentration: Visual Specific
Tunguska River sampling using | — Water: 1.20 = 0.70 to | identification, polymer
(also known as a Manta trawl 4.53 £2.04 microscopy types were
the Katanga net with a 330 particles/m? not
River), a right um mesh size. | — Sediment; 235 + identified
tributary of the Bottom 83.0to 543 £ 94.1
Yenisey River, sediments were particles/kg dry
Siberia, Russia collected using weight

a steel spoon | Particle shape: irregular
microfragments,
microfibers, microfilms,
microspheres.

7. |Surface waters [12] |Surface water |Concentration: The Visual Specific
of the Ob and sampling using | mean concentration for |identification, polymer
Tom Rivers, a Manta trawl |both rivers ranged from | microscopy types were
Siberia, Russia net with a 330 |44.2 to 51.2 particles/m>. not

um mesh size | Particle shape: identified
microfibers, microfilms,
and microspheres.

8. |Beach sands of | [13] |Sand was Concentration: Microscopy, PE, PP, PS,
the Ob River, collected using | Microplastic Fourier- PET, PA,
Western Siberia, a clean concentration in the sand | transform PU
Russia stainless steel |samples ranged from infrared (FTIR)

scoop withina 480 + 413 to 2080 = 924 | spectroscopy,

625 cm? (25 x| particles/m* (mean 1067 |Gas

25 cm) + 929) by volume. chromatography-

stainless steel | Particle shape: irregular |mass

frame fragments, fibers, and spectrometry
films. (GC-MS)
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9. |[loBepxuoctHeie| [16] |Water samples |Concentration: Microscopy Specific
BOJIBI peku Boii, were collected |Microplastic polymer
Kurait using glass concentration ranged types were
Surface waters samplersand |from 0.40 to 1.20 not
of the Wei subsequently | particles/L. identified
River, China filtered through | Particle shape: fibers

a plankton net |were the dominant type
witha 64 pm | (83.4%).
mesh size
10.|Volga River, [21] |urface water  |Concentration: Microscopy, PVC, PE,
Russia sampling using | Microplastic Differential PS, PP
a Manta trawl | concentration ranged scanning
net with a 300 |from 0.16 to 4.10 calorimetry
um mesh size | particles/m?. (DSC)
Particle shape
distribution: Fragments
(41%) and films (37%)
were the most prevalent,
while fibers accounted
for 22%.
11.| Haihe River, [22] |Surface water |Concentration: Scanning PE, EPS,
China sampling using | Microplastic electron PA, PP
a Manta trawl | concentration ranged microscopy
net with a 333 |from 0.69 to 74.95 (SEM), Fourier-
um mesh size | particles/m?. transform
Particle shape: fibers, infrared (FTIR)
films, foam, fragments, |spectroscopy
and spheres.

12.| Coastal [24] |During low Concentration: The Microscopy, Various
mangrove tide, the top 3— | mean microplastic Fourier- polymer
ecosystems of 4 cm of concentration across transform types: PE,
Singapore sediment were |seven sites was 36.8 = |infrared (FTIR) |PP, PAG,

collected using |23.6 particles/kg dry spectroscopy PVC
a clean sediment.

stainless steel | Fibers were the most

spatula within |abundant type of

al.5msided |microplastic, followed

square by films and granules.

13.|Surface waters [28] |Surface water |Concentration: Mean Scanning PE, PP,
and sediments was sampled  |concentrations were 0.61 | electron LDPE,
of the Vaal using a + 0.57 particles/m® in microscopy HDPE and
River, South plankton net  |surface water and 4.6 x |(SEM), Raman |others
Africa witha 55 um | 102+ 2.8 x 102 spectroscopy

mesh size. particles/kg dry weight

Sediment in sediments.

samples were | Particle composition:

collected using | fragments and fibers

a 500 mL Van |comprised over 80% of

Veen grab the microplastics in both
water and sediment
samples.
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of the Tom
River, Russia

units/m?3.

Particle composition:
particles were primarily
composed of irregular
microfragments (10—
35%), fibers, and
spheres. In April,
spheres were the
predominant particle
type, constituting >63%
of the total.

14.| Surface waters [29] |Sediment Concentration: Visual PE, PP and
and sediments samples were | Microplastic identification, others
of the Vistula collected from |concentrations ranged Raman
River, Poland the riverbanks |from 1.6 particles/L to |spectroscopy

at a depth of  |2.55 particles/L in water
approximately |and from 190
0.5musinga |particles/kg to 580
stainless steel | particles/kg in sediment.
shovel within | Particle composition:

an area of fibers constituted 97%
approximately |and 93% of all particle
100 cm? (4-5 |types in the water and
cm deep). sediment samples,
Water was respectively.

filtered through

a stainless steel

probe equipped

with a plankton

net with a 55

pum mesh size

15.|Water in the [35] |Surface water |Concentration: Scanning PE, PS, PP
Three Gorges was sampled | Microplastic electron
Dam reservoir, using a concentrations ranged | microscopy
China plankton net  |from 3407.7 x 103 to (SEM), Fourier-

witha 112 um |13617.5 x 10° units per |transform
mesh size square kilometer inthe |infrared (FTIR)
main stream of the spectroscopy
Yangtze River, and from
192.5 x 10° to 11889.7 x
10? units per square
kilometer in the estuary.
Particle shape: spherical
particles were the most
abundant.

16. | Intra-annual [37] |Surface water |Concentration: Microscopy Specific
dynamics of sampling using | Microplastic polymer
microplastic a Manta trawl |concentrations ranged types were
pollution in the net with a 330 |from 0.70 + 0.20 not
surface waters um mesh size | units/m? to 8.67 £ 4.80 identified
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mesh size was
used. Sediment
samples were
collected using
an Ekman grab
sampler

Pitkyaranta Bay (353
particles/m?). The
highest concentrations in
sediments were
observed in the Volkhov
River (160 particles/kg).
Particle composition:
particles were mainly
composed of fibers,
fragments, and films.

17.| Assessment of [40] |Water samples |Concentration: The Visual PE, PP,
microplastic were filtered | mean microplastic identification, PET
particle content through a concentration in the Raman
in Lake Ladoga system with a |surface layer of the spectroscopy

metallic sieve |water column was 83 +

with a 60 um | 86 particles/m?, and in

mesh size. the bottom sediments,

Sediment 30 + 18 particles/kg dry

samples were | weight.

collected using |Particle composition:

an Ekman grab |fibers were the

sampler predominant particle
type, accounting for
98% of all microplastics.

18.| Water in the [43] [Microplastic |Concentration: Microscopy Specific
upper and samples were | Microplastic polymer
middle reaches collected from |concentration in the types were
of the Neva the water using |water ranged from 0.23 not
River, Russia a Juday + 0.04 units/L to 7.58 + identified

plankton net  |0.8 units/L.

with a 35 pm | Particle composition:

mesh size microplastics were
predominantly
composed of thin
filaments, granules,
irregular plastic
fragments, and
fragments

19.| Multi-year [44] |Specialized Concentration: The Microscopy, PE, PS, PP
dynamics of nets with a 300 | average microplastic Fourier-
microplastic um mesh size | concentration was transform
content in the were used 61,000 particles/km? infrared (FTIR)
surface waters during the period from |spectroscopy
of Lake Baikal, 2017 to 2020.

Russia Particle composition:
fibers were the
predominant type.

20. | Waters and [48] |A filtration Concentration: The Visual PE, PET,
tributaries of system with a | highest microplastic identification, PC
Lake Ladoga, metallic sieve |concentration in water |Raman
Russia with a 60 um | was recorded in spectroscopy
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21.| Screening for [49] |A Manta trawl |Concentration: The Microscopy Specific
microplastic net with a 330 | mean microplastic polymer
content in the um mesh size | content ranged from types were
surface waters was used for  [4.56 = 0.86 units/m? in not
of Russian sampling the Ishim River to 36.7 identified
rivers + 9.44 units/m? in the
Chusovaya River.
Particle composition:
microplastics were
composed of irregular
fragments, fibers,
spheres, and films.
22.|River ecosystem | [50] |Manta trawl Concentration: Microscopy Specific
of the Lower net with a 330 | Microplastic polymer
Tunguska River, um mesh size | concentration ranged types were
a tributary of the was used for | from 1.20 = 0.70 to 4.53 not
Yenisey River, water + 2.04 units/m?® in water, identified
Russia sampling. and from 235 + 83.0 to
Sediment 543 + 94.1 units/kg in
samples were | sediments.
manually Particle composition:
collected using | fibers were the
a metal spoon | predominant type.

Note: PE — polyethylene, PP — polypropylene, PS — polystyrene, PET — polyethylene terephthalate, PVC —
polyvinyl chloride, LDPE — low-density polyethylene, HDPE — high-density polyethylene, EPS — expanded
polystyrene, PU — polyurethane, PA6 — polyamide 6.
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