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VBaxaeMble ynuTaTesu!

HacTosmmii cOOpHUK COACPKUT MaTEPUANIBI TOKJIAI0B YIACTHUKOB
24-o1t MexyHapoJHOH HayyHOH KoH(pepeHIH «CaxapoBCKUE YTSHUS
2024 roga: sxonoruyeckue npodnemsr XXI Bekay. Kaxplii rox yuapex-
neHne oOpa3oBaHUS «MeXTyHapOIHBIN TOCYTapCTBEHHBIA JKOJIOTHYC-
ckmii uHCTUTYT UMeHu A.J[. CaxapoBa» benopycckoro rocymapcTBeH-
HOTO YHHBEpCUTETa B 3-i JeKaje Mas IMPOBOAUT 3Ty KOH(EPEHIHIO,
KOTOpasi SBJISIETCA HAI[MOHANBHBIM M MHTEPHAIMOHATIBHBIM 3KOJIOTHYE-
ckuM hopyMoM TSt 00CYKISHUST HanbosIee BAKHBIX TIPOOJIEM HE TOJIBKO
PecnyOnukn Benapych, HO ¥ cTpaH Kak OJMKHEro, Tak W JJAJIILHETO 3a-
pyoexss. [l mpoTHBONEHCTBHS TIIO0ATBHBIM YKOJIOTHIECKIM YyIpo3aM
HEeoOXoMMa KOOIepalysi BCEX YUYEHBIX M dKcreproB. B xoHdepeHmn
2024 roga npuUHSIM y4acTHe, KpOME OTEUECTBEHHBIX aBTOPOB, JOKIa-
gk u3 Poccun, Kazaxcrana, CepOun, Y30ekucrana, TaKHMKUCTaHa,
Typuun.

Kak u B mpouwible Tompl, mporpaMma KOH(EPECHIIMU BKIIFOYACT
OOIIUPHBIA CHEKTP aKTyaJbHBIX DKOJIOTHUYECKUX MpOoOIeM B 00IacTsIX
paAMalMOHHOW OWOJOTHH M PaJMO3KOJIIOTHH, MEIUIIMHCKOW SKOJIOTHU
W JMHIEMHUOJIOTHH, METUIIUHCKOW (DU3HUKH, YKOJIOTHUYESCKOH XUMUU U OMOXWMUHU, OMO(PHU3NKH U MOJICKYJISIpHas OWo-
JIOTHH, peaOMIUTALNN YKOCHCTEM U YKOJOTHYSCKOrO MOHUTOPHHTA, IPOMBIIIJICHHON U arpapHO# AKOIIOTUU, MOHUTO-
pUYHTa, yIPaBIEHUS OTXOJAMH, SJIEPHBIX TEXHOJIOTHH U paIallMOHHON 0€30MaCHOCTH U 3alTUTHI, SHEPTOdP(HEKTUBHBIX
TEXHOJIOTHH M IHEPreTHYEeCKOr0 MEHEIKMEHTa, HH()OPMAIIMOHHBIX CHCTEM M TEXHOJIOTHUH B OLICHKE W YIIPABICHUU
KaueCTBOM OKpY’KaroIIel cpepl, PHIOCOPCKUX U COMMAITbHO-IKOIOTUIECKHUX MPOOIeM COBPEMEHHOCTH, MMOATOTOBKU
CICIMATIICTOB YKOJOTHYECKOTO MPodHiIs K MpodecCHoHaTbHON M MEKKYJIBTYPHOH KOMMYHHKAIIUH.

Opranmusaropsl KOH(EpPeHINN BRIPa)KAIOT MPU3HATEIHFHOCTh beropycckoMy ToCyaapCTBEHHOMY YHHBEPCHUTETY,
MunnctepetBy obpasoBanus Pecryonmuku berxapych, MUHHCTEPCTBY MPUPOIHBIX PECYPCOB M OXPaHBI OKPYKAIOMIEH
cpensl Peciyonuku benapyce, JlemaprameHTy 1o siIepHON M paguaIiioHHON 0e30macHOCTH MHUHHCTEPCTBA M0 Ypes-
BbIUaHBIM cutyarusaM Pecriyomuku benapycs, HanmonansHo#t akagemun Hayk benmapycu, yHuTapHOMY NpEIPHSTHIO
«Koxka-Kona bespumxus benopyccusm», OAO «benarpompombank», OAO «Konaurepckas gadpuxa « Caomsra» 3a Mo-
palibHYI0 U MaTepHaAIIbHYIO HOAICPXKKY, 0e3 KOTOPOH HEBO3ZMOXKHO IPOBEICHUE MEX/YHAPOJAHONW HAaydYHOH KOH(EpeH-
1un «CaxapoBCKUe YTEHHS: SKoJIornueckue npoonemsl X XI Bekay.

Xody MpHUIIIACHTh BCEX, KTO 3aMHTEPECOBAH B PEIICHUH MPOOJIEM SKOJIOTHIECKON 0€30ITacHOCTH KaK BaKHEHIIIETo
(bakTOpa, ONpeneNsIoIIero yCTOHUYMBOE pa3BUTHE denoBedeckoro coobduiectsa B XXI Beke, yuacTBoBaTh B Oyayliem
B MEXKIyHApPOTHOM HaydyHOU KOH(pepeHnn «CaxapoBCKUe YTeHHUS: dKoJlorndeckue mpooeMbl XXI Bekay.

JlupekTop yupeskaeHus 00pa3oBanust « MeKayHAPOHbINA TOCYIapCTBEHHBIN
aKkonorudeckuit nHCTUTYT uMernu A. J[. Caxaposay bemopycckoro
TOCYIapCTBCHHOTO YHUBEPCUTETA, JOKTOP OMOJIOTHYECKUX HAYK O.U. Ponbkun



3aknoueHue. CpaBHUTENIbHAS XapaKTePUCTUKA Pe3yIbTaTOB MOHUTOPHHTA MTO3EMHBIX BOJ MTOKa3ana J0BOJIBHO
CYIIECTBEHHBIE PA3JIMUMs O00PE aHAIM3UPYEMBIX ITapaMeTpax, Tak U B pesyibrarax u3Mepenuii. B bemapycu HaGmo-
JIaeTCsI TIPEBBIIIICHUE OPTraHOT€HHBIX 3arPsA3HUTENeH, UTO CBSI3aHO ¢ (DUIBTpanueil BEmecTB, BO3HUKIINX B pe3yibTare
XO3SWCTBEHHOMH IS TEIFHOCTH (TPyHTOBBIC BO/bl). B ABToOHOMHOM Kpae BoeBomuna (PecyOnuku CepOust) akIeHT jie-
JlaeTcs Ha OIICHKE apTe3MaHCKUX MCTOYHHKOB (ITyomnHa 100 M u 6ornee). 3aech CyIIECTBEHHOE PETHOHAIBHOE 3HAYCHNE
MMEET 3arpsi3HEHNE TSDKEIIBIMHE METAJIIaMU, 0COOCHHO MBIIIBSIKOM, YTO BHOCHT CYIIIECTBEHHbBIE OIPaHUYECHUS B HCTIOJIb-
30BaHME MOA3EMHBX BOJ B KAYECTBE MUTHEBOI BOIBI.
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IIpobnema 3arpsi3HEHUSI OKPYKAIOLICH CPEeIbl COCTUHCHUSMH TSDKEIBIX METAJUIOB SIBIISICTCS OIHOW U3 Hau-
0oJiee 3HAYMMBIX, TaK KaK 3arpsS3HUTEIN MOTYT HHTEHCUBHO HAKaIUIMBATHCS B MPOU3BEACHHON npoayKuuu. OTHUM
W3 HaNpaBlICHUN PEIICHUS SBISETCS METO (hPUTOpEeMennaIiy WM UCIIONb30BaHue pacTeHui. [loxydenHas ¢ 3a-
TPSI3HEHHBIX TEPPUTOPHUI OHOMacca HE MOKET UCIIONIB30BATHCS KaK MPOIOBOIILCTBHIE HIIM KOPM, HO MPHUTOIHA JUIS
TEXHUUYECKUX WJTU SHEpreTHuecKux meneil. [IpencraBiennbie B MyONUKaIlliy UCCIeIOBAHMSI HAIIPABICHBI Ha OIICHKY
3¢ EKTHBHOCTH HCITOIB30BAHMU OBICTPOPACTYIINX KIOHOB UBHI IS (PUTOPEMEIUAINN 3arPSI3HEHHBIX TSDKEITBIMU
MeTaJUIaMU [T0YB.

The problem of environmental pollution with heavy metal compounds is one of the most significant, since
pollutants can intensively accumulate in food products. One of the solutions is the phytoremediation method or
the use of plants. The biomass obtained from contaminated areas cannot be used as food or feed, but is suitable for
technical or energy purposes. The studies presented in the publication are aimed at assessing the effectiveness of
using fast-growing willow clones for phytoremediation of the soils contaminated with heavy metals.

Knioueswie cnosa: Tshxenble METAIUIbL, 3arPsi3HEHHbBIC [TOYBBI, (UTOPEMEHAIHS, HBA, ONOJIOTHYECKOE HAKOITLICHHE.
Keywords: Heavy metals, contaminated soils, phytoremediation, willow, accumulation.

https://doi.org/10.46646/SAKH-2024-2-165-169

3arpsi3HEHNE OKPYKAIOIIeH Cpe/ibl 00yCIIaBIMBAeT YBEIHUCHNE COMCPIKaHUS BPETHBIX COSANHEHUN B MOYBE, BO3-
JyXe U BOJIE, a CJIEIOBATENILHO B PACTEHUSAX U IPOAYKTAaX MUTAHUS, KOTOphIe MOTpedsaeT yenoBek. Hanbomnee HeratuBHOE
BO3/ICHCTBHE Ha OPTaHU3M CBS3aHO C TSDKEIBIMU MeTayutaMu. OTHUM U3 MEPCHEKTUBHBIX PEHICHUH JaHHOW MPOOIeMBI
ABJISIETCS IPUMEHEHHUE PACTCHUI /171 peaOMINTaIUY 3arPSI3HEHHBIX MeTaJlJIaMU TEPPUTOPHUIA, TO €CTh CO3/IaHUE B TAKHUX
MECTOOOMTAHUSAX YCTOWYHUBEIX OMOIIEHO30B, KOTOPHIC 00SCIIEYNBAIOT (PUTOPEMEAHAIINIO, TO €CTh BOCCTAHOBJICHHE TI0-
YBCHHBIX XapaKTEPUCTHK, a TAKKe MO3BOJISAIOT 3((EKTHUBHO NCIIONB30BaTh MOTyUeHHYO Guromaccy [1].

Ha3Banue MeTona MPOUCXOAUT OT TPEUYECCKOTO CI0Ba «(HUTOH» (PacTeHHE) U JJATHHCKOTO «peMeInyM» (BoccTa-
HaBIUBaTh). CKOPOCTH BOCCTAHOBJICHUS MJIM PEMEINaIliy MTOYB OyJIeT TeM BBIIIE, YeM ObICTpee pacTeHHE CIIOCOOHO
AKKYMYJIUPOBATh 3arpsi3HUTEIH. [[pHHIKIINATBFHO BAXKHBIM (PAKTOPOM JIJIsi PUTOPEMETUAIIUH SIBIISICTCS BO3MOXKHOCTh
JaTbHEeHIero 6e30macHOro WCIONB30BAaHUS WM yTHIN3anuu Onomaccel. Hamprumep, Xopomunii MOTEHIHMAN C TOY-
KM 3pEHHS] HaKOTUICHUSI TSDKEJIBIX METaJUIOB UMEIOT PacTEHHsI CeMeCTBa KPeCTOLBETHBIX, KaK JUKOPACTYIIUX, TaK
¥ KyJIBTYpHBIX BHIOB. Ho, B 3TOM cirydae ocraercs mpobiema 3¢ (HEeKTHBHOTO HCIIONB30BAHMS MOTyUYEHHOH 3arpsi3-
HEHHOW OMoMacchl, MOTEHIMATIBHO 3arPSI3HEHHON COSAMHEHUSIMH TSDKEIBIX MeTajuloB. Mcnonap30BaHue Takoi Ouo-
Macchl Ha TIPOJOBOJILCTBEHHBIC MIIM KOPMOBEIC IIETTH YBEITHYMBACT PUCK HAKOIUICHHS 3arpsA3HHUTENCH B IIPOTYKITHH
B [TUIICBBIX ICTISIX.

Takum 00pa3om, Mpu OIeHKe dPPEKTUBHOCTH (PUTOPEMEIUAIINN HAJI0 YUUTHIBATH P SKOJOTHYCCKHUX, a TaKKe
1 SKOHOMHYECKUX (DakTOpPOB. AKTHBHAS aKKyMYJISIMS 3aTrPSA3HATENS U BEICOKHH YPOBCHB €TI0 COAEpKaHHsI B broMacce
B COYCTAHHH C MHTCHCHBHBIM POCTOM KYJIBTYPBI 00SCICYHT OBICTPBIC TEMITBI Je3aKTHBAIMK 1o4B. Ho ecim Gmomaccy
HEITb3s MCIONIB30BaTh, TO €€ YKOJIOTHYECKH Ieslecoo0pasHas yTHIN3alns CONPsDKeHa ¢ JOTONHUTEIHHBIME SKOHOMH-
YECKUMH 3aTpaTaMi. B MPOTHBHOM citydae, HampuMmep, IpH 3allalike OMOMacChl € 3aXOPOHCHHH Ha TOJIHUTOHAX HITH
C)KATaHUU Pedb WIET TOIBKO O MepepacipeaeseHNH 3arpsA3HUTENIeH B 3KOCHCTEMaX, U KPOME TOTO TaKas JesTeIbHOCTD
SIBIISICTCS PKOHOMHUYECKHU HeleNecoo0pa3Hoil.

B cBsi3u ¢ aTM Ooriee 3((HEKTUBHBIM SIBIISIETCS HAIIPaBIeHHE (PUTOPEMETUAIIIN KOTOPOE TTO3BOJISIET MOCTETICHHO HE
TOJIBKO YITy4IlIaTh IIOYBEHHBIC XapaKTEPUCTUKH, HO U OJHOBPEMEHHO 00ECIIeunBaTh HCIoNIb30BaHue Oromacchl. C aToi
TOYKH 3PCHUST OTHOCHTEIHHO HEBBICOKASI CKOPOCTh aKKyMYJISIIMHU 3arpsi3HUTEIICH B IPOIYKIIMH ITO3BOJISIET MEHEE HHTCH-
CHBHO, HO HEYKJIOHHO OYHCTHTH ITOYBY U PAllMOHATIBHO UCTIOJIB30BATh BhIpAIIEHHYI0 Onomaccy. OIHNM U3 HAIIPaBJICHUII,
OTBEUAIOIMIAX TaKUM TPEOOBAHUSIM, SIBIISICTCS BBIPALIMBAHUC «IHEPTETHYCCKUX» KYIBTYp, OMOMacca KOTOPBIX MOXKET
OBITH NCTIONB30BaHA KaK BO3OOHOBIISIEMbIH HCTOYHHK JUIS IPOU3BOICTBA 3€JICHOM YHEPTUH.

TepMuH sHEPreTHYECKIE KYJIBTYPBI BKITFOYACT TPaBBI, ACPECBbsI K KYCTAPHHUKH, BRIPAIIIMBAESMBIC JIJISl JHSPTETUICCKIX
HyX1. Takne KyJasTypbl XapaKTepU3yIOTCs 3HAUNTEIHHON OMOMAccoil M BBICOKHMMH TeMIaMHu pocTta. Cpean TpaBsHU-
CTBIX KYJIBTYp MOTCHIUAN Il PUTOPEMEIHALINN UMEIOT KaK KyJIBTYPHBIC BUABI (MUCKAHTYC), TaK H TPOCTHUK, U JPYTHE
BHJBI €CTECTBEHHON 00710THOI pacTuTensHOCTH. C 70-X TOZOB MPOIIIOTO BEKa, MPOBOAATCS MCCICIOBAHMS 110 OIIEHKE
3¢ GEKTHBHOCTH UCIONIB30BaHUS OBICTPOPACTYIIMX MOABHIOB U THOPUIOB APEBECHBIX PaCTCHHUN (MBBI, TOIOJIS, OCHHBI,
SBKAJIMIITA U APYTHX) IS SHEPTETHIECKUX IeNeil. BrICTphIe TeMIIBI pOCTa TaKMX BHIOB BO3MOYKHBI TIPH CENEKITIH U HC-
T10JIb30BAHUM CIICIMAIBHBIX OBICTPOPACTYIMX COPTOB MJIM KJIIOHOB. DHEPreTHYECKHE UM KOPOTKOLMKIIOBBIC TTOCAJIKU
JIPEBECHBIX KYJIBTYp (Tak KaK OHH MOTYT OBITh MCIIOJNIE30BAaHbI yKe Ha 2-3 TOJ IOCIe MOCAIKN) TITaBHBIM 00pa3oM Hc-
TIOJIB3YIOT JUTSI MOTy4eHUs! OMOTOIUINBA JUIA Iiefiei BO30OHOBIIEMON SHEPIeTUKH.

VBoBBIC TUTAHTANINH, YTO YCTAHOBJICHO PSIOM HCCIICIOBAaHHN MOTYT BBIPAIIUBATHCS HA 3eMJISX, 3aTPA3HCHHBIX TsI-
JKEJIBIMU MeTalaMy. PacTeHns BBl He 0071a/1af0T BEIPAXKEHHBIMH aKKyMYIHPYIOIIMMHI CTIOCOOHOCTSIMHU, HO BCIIEACTBUE
OBICTpPOTO MpHpPOCTa OMOMACCHI CTOCOOHBI AP (PEKTUBHO OUHIIATH ITOYBHI 3arpsi3HeHHBIC Pb, Cd 1 ipyruMu anemeHTaMu.
Hanpumep, ¢ oqHOTO TeKTapa MalHU MPY BBIPANIMBAHUH TUIAHTAIINH Ha 3aTPSI3HEHHBIX 3€MIIIX C MMPOU3BECTKOBAHHBIX
TOYB, C IPeBECUHOM MBBI BbIHOCHUIIOCH 170 rpamm kaamus U 13,4 Kr LIMHKA 3a TSATh JIET, a ¢ KUCHbIX Mo4YB 47 T KaJAMHUS
u 14,5 xr uHKa 3a 18a roja [2].
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B TakcoHOMHNYECKOM OTHOIIEHUH POJI UBBI Salix IpecTaBisieT co00i OOBIIOI KOMIUIEKC U 110 HEKOTOPBIM JaHHBIM
BkimogaeT 350—-370 BumoB [3], Toraa Kak MO APYTHM JINTEpaTypHBIM JaHHBIM OTMEUYaeTCs, YTO HAaCUUTHIBAeTCA Jaxe 0o-
nee 400 BunoB uBbI ¢ 6oee yem 200 rudpugamu [4].

WBa, ucnonb3yemas JUisi TIPOU3BOJICTBA OMOIHEPTHH, N3y4YaeTCs KaKk BO3MOXKHasi (pUTOpEeMeHallMOHHasl KyJIbTypa
¢ 1990-x ronos [5]. UccnenoBanus Mokas3aiy BECbMa BRIPRKEHHYIO CIOCOOHOCTD 9THX BUJIOB ITOIVIOIIAT U HAKAIUINBATh
OompIe KoaudecTBa uHKa (Zn) u kagmust (Cd), ¥ B TO jxe BpeMsl pacTeHHsI MBI 00ECIIeUNBAIOT 3HAYNTEIBHBIN BBIXO]T
OHroMacchl C €IMHMIIBI IIJIOIIA/IH.

ITo pesynbraTam OOJBIIOTO KOJIMYECTBA MCCIICNOBAHUN MOXKHO CHEIATh BBIBOJ, YTO KAXKIBIM OTACNBHBIN CiTydaid
3arpsi3HEHHS TEM WJIM WHBIM TSDKEJIBIM METAJUIOM ITPEAIoaraeT MCIONb30BaHHe OIPe/IeJICHHbIX TeHOTUIIOB UBbI. Tak,
UCCIIEOBAHUSI, TPOBEJCHHBIE B PA3IMIHBIX KOJOTHUECKHUX YCIOBHSAX, ITOKA3aJIN, YTO KIOHBI BUIOB Salix alba n Salix
dasyclados, a Taxoxe ruOpuns! Salix aurita u Salix dasyclados SBIAIOTCA TEPCIEKTUBHBIMH YHEPTETHYECKUMH PACTCHUS-
MM JIJIs TPOM3BOJICTBA OMOMAcChl HA IErPaJMPOBAHHBIX, B TOM YMCIIC 3arPsI3HEHHBIX 1MOo4Bax [5].

B Hacrosiiiee BpeMsi B JIOCTYITHON Hay4HOH JIUTEpaType He Tak MyOJHKalii MOCBSILEHHBIX BIMSHHUIO TSDKEIBIX
METaJJIOB Ha (PU3NOJIOTHUECKHE 1 MOP(OMETPHUYECKHE ITOKA3aTeIN PACTCHNI NBBI PA3JIMYHBIX BHJIOB.

[enpro HAMUX MCCIIEOBaHNI OBUIO M3yYeHHE TIOTEHITHAIa TEHOTHUIIOB M COPTOB MBHI Ha OCHOBe BUAa Salix alba
B OTHOLIECHUH (PUTOIKCTPAKLINK U aAANTAMH K TPUCYTCTBHUIO B TIOYBE PsiJia TSHKEJIBIX METaJLIOB.

Venosus, obvexmul u memoow! uccnedosanuii

B xadecTBe 00beKTa HCCIIEIOBAaHUI MCIIOJIB30BAINCH COPTA U NEPCIIEKTHBHBIC KJIIOHBI UBbI Oenoit Salix alba

Pactenust nBBI 3TOTO BHA Bee OOJIee aKTUBHO UCTIONB3YIOTCS B CEIEKIIMOHHOM ITPOIIECCE MOy IEHHsI OBICTPOPACTY-
LIMX KJIOHOB, KOTOPbIE MOT'YT ObITh 3()()eKTHBHO MCIOJIB30BaHbI JJIsl DHEPreTHYECKUX 1iesell. B yacTHocTH, TpH copra
SHEPreTHUECKON UBBI, TOJTyUYEHHBIE HA OCHOBE cOpTo00pa3noB Salix alba cepockoii cenexkunu (bauka, Bonmsaka, pu-
Ha) BKJIIOYEHBI B HAIIMOHAIBHBIN peecTp Pecriyonuku benapyck. MccnenoBanus 1o oneHke ko3 OUIMeHTOB HAaKOIIICHUS
TSDKEJIBIX METAJIOB B (PUTOMACCE ATUX COPTOB MBBI ITPOBOIMIINCEH B YCJIOBUSIX BETETAIIMOHHOTO HKCIICPUMEHTA KOTOPBII
OBLIT 3aJI0’KEH Ha OIBITHO-IKCIIEPUMEHTAIILHOH Ttomanke Mucturyra npupononons3osanust HAH bemapycn.s MI'OU
nm. A. JI. CaxapoBa. B xauecTBe 1OYBEHHOTO CyOCTpara MCIIOIb30BAIH MIOBBIE OCA/IKH CTOYHBIX BOJ KOTOPBIE UMEIOT
MOBBILICHHbBIC KOHIEHTPALMN TAKKX TSDKEJIBIX METAJIOB KaK KaJMUii, CBUHELl, HUKEIIb, IIMHK, XOpOM. PacTeHust Beipariu-
BaJIM B BEreTAlMOHHBIX cocynax oobemom 0,019 m3 [6].

B nccnenoBaHMsIX, MPOBEINCHHBIX Ha (DaKyJIBTETE JIECHOTO XO3SHMCTBAa benrpanckoro yHHBEpCHTETa, M3ydasluCh
NepcreKTHBHbIE KIOHBI Salix alba: B-44, 347 n NS 73/6. Pactenust BbICOXMBAINCHh Ha JIBYX y4YacTKax: KOHTPOJb —
He3arpsi3HeHHas [10YBa 1 ITI0YBA 3ar PA3HEHHAS TSDKEITBIME MeTaIaMu. J{i1st JOTIOTHUTEILHOTO 3arpsI3HEHMUS NCTIONb30BaIN
BOZIHBIE PAcTBOPBL COJEl pAna TsHKeIbIX MeTawio, a umMenHo: CA(NO,), , CuSO,, K, Cr, O,, Na,HAsO,, NiCl,6H,0
u PbNO, B xonnentpamusax 10 - mons/ qm® nnn B nepecyere Cd -112,4; Cu — 63; Cr — 104; As - 74,9; Ni - 58,7 u Pb -
207,2 mr/kr. Pactenus BeIpanyBaiy B KOHTeiHepax oobemom 10 1. [7].

B kauecTBe KOHTPOJIILHOTO 00BEKTa B 000MX SKCIIEPUMEHTAX MCIONB30BAIN PACTEHUsI UBBI Salix viminalis. Pacre-
HUSI ATOTO BU/1a HAM00JIee MHTEHCUBHO MCIIONB3YIOTCSI P CEJIEKIMN SHEPIeTHYECKOi BBl B HACTOSILEE BPEMSL.

Peszynvmamor uccnedosanuii u ux oocysicoenue. Tsokelple METaIIBI, KaK yCTAHOBJICHO B MHOTOUHCIICHHBIX HCCIIENI0-
BaHISIX OKa3BIBAIOT HEOIATONIPUATHOE BO3ACHCTBIE Ha MOP(OJIOTMUESCKIE TTOKA3aTeNH PacTeHUH. DTo Bo3/eiicTBIE B OC-
HOBHOM BBIP2XAETCs B HapyIICHUH CTPYKTYpPbI XJIOPOILUIACTOB, CHHTE3a XJIOPO(HILIA, KAPOTHHOUIOB, JIECTPYKTHBHOM
JICVCTBUN Ha MUTMEHT-OCIIKOBBIE KOMIUIEKCHI, KOHPOPMAIIUIO U aKTUBHOCTH (DEPMEHTOB, MEPEHOC IEKTPOHOB B TPaHC-
MOPTHBIX LEISIX JIbIXaHHsl U (POTOCHHTE3a U JPYTHE ITPOLIECCHI.

Boree nHTEHCHBHOE HAKOTUICHHE KaIMUSI 1 HUKETISI B MOJIOZIBIX JINCTBSIX MBBI IPHBOAUT K HAPYIICHUIO (DOTOCHHTETHYE-
CKOT'0 M JIbIXaTeIbHOTO 00MEHa. DTOT yPOBEHb COXPAHSIETCSI HEKOTOPOE BPEMSI, a [0 MEpe CTAPEHMS JICTa OH HAaYMHACT CHHU-
JKaThCsI, B PE3YIIBTATE YETO CTAphIC JIMNCThSI BHOCAT MEHBIINH BKJIa/ B IPOIYKIINIO OPraHWIECKOTO BEIIECTBA, YeM MOJIOZBIE.

B pesyinbrare 9KCIIepUMEHTOB Ha OIBITHOM ydacTke B CepOHM yCTAHOBJICHO, YTO MO CPEHUM 3HAYCHUSIM pacTte-
HUSI BCEX KJIOHOB, ITOJyYEHHbIE HAa HE3arpsi3HEHHOI 1OYBE, IO BBICOTE M JIPYTHMM MOP()OIOTHUECKUM IapaMeTpaM Ha
70-90 % mpeBOCXOANIN PACTEHHUS, BRIPAIIICHHBIC HA TIOYBE 3aTrPSI3HEHHOW TSDKENTBIMU MeTauiamMH (Tabmuma 1).

Tabmuna 1
Buvicoma k10106 uebl na He3acpsA3ZHeHHOU U 3a2PA3HEHHOU NoY6e
KoHTpoub - He3arpsi3HeHHas ToYBa

2019 roxg 2020 rox 2021 rox
1 - Salix viminalis — VIa nmpyToBHHAS 104.2 187.7 206.9
11 - Salix alba — xnon b-44 106.8 191.3 216.9
111 - Salix alba — xnon 347 140.4 272.3 293.5
1V - Salix alba — xnou HC 73/6 129.1 162.3 177.4

3arpsi3HeHHAsI TOYBa

2019 rox 2020 rox 2021 rox
1 - Salix viminalis — VIBa mpyToBUIHAS 56,5 114,8 122,1
II - Salix alba — xinou b-44 43.8 111,2 1104
IIT - Salix alba — xnon 347 61,4 132,8 125,5
IV - Salix alba — xmon HC 73/6 66,1 119.4 119.8
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ITomyueHHble pe3ynbTaThl NOKA3bIBAIOT, YTO PACTEHUS, BBIPAIEHHBIE HA 3arPsA3HEHHON MO4YBE, IIOYTH B JIBa pasa
MeHbIre 1o Beicote (Hsr =120 cm), uem KoHTpoIbHBIE (He3arps3HeHHoH mouse) pactenus (Hsr =223 cwm). IIpu stom
HaOmoanack cnenn(pUIHOCTH KIIOHOB K YCJIOBHSIM ITpou3pacTanus. Ecian Ha He3arps3HEHHOM MOYBE BBIICISUINCH pac-
TeHus BapuaHTa Ne 3, To Ha 3arpsiI3HEHHOM pacTeHusl 4-T0 BapUaHTA.

Crienin(pu4HOCTH COPTOB MBBI K HAKOTUICHHIO TSHKEJIBIX METAJIOB MOATBEPIKIACTCS PE3yIbTaTaMH SKCIIEPHMEHTOB,
TIPOBEJCHHBIX B yCIOBHSIX bemapycn (pucyHok 1). B cooTBeTCTBHM ¢ MONMyYEHHBIMU PE3yabTaTaMH MOXKHO KOHCTaTH-
pOBaTh HAJIMYNE COPTOBOM CEHU(PUIHOCTH K HAKOIJICHUIO TSKEJIBIX METAJUIOB HA TIOUYBEHHBIX CyOCTparax Ha OCHOBE
TBEPJBIX OCAJKOB CTOYHBIX BOA. bolee HU3KHE MOKa3aTeNu COAEpKaHHUA KaJMHUs, CBUHIA, HUKEIA U XpOMa YCTaHOB-
nensl st copra [lpuna. Coneprxanue B Ouomacce copra J[puHa IMHKa HE3HAYMTENIFHO OTIMYAIoCh OT copra bauka.
Haubonee nHTEHCHBHAS aKKyMYITSLIUS TSDKEIIBIX METAJUIOB HaOIIo1anach y copra MHrep, KOTOpbIii OTHOCHTCS K cCOpTam
HMHTEHCHUBHOTO THIIA.

0,14

0,12
2
= 0,
S
o 0,08
S|
3
g 0,006
)
g 0,04
O

0,02

Wurep Bbauka Bonmsinka Hpuna
mB-1 ®mB-2

Pucynox 1 — Codeporcanue kadmust 8 humomacce copmos ugbl Ha 08YX MUNAX NO46bl

KoadduimeHTs! 610I0rnuecKoro HakoIICHUs! TSKENIbIX METAJIJIOB TAKKe 3aBUCAT OT copra pactenuil. Hanbosnee
HU3KHE KOAPPHUIINEHTHI OHOIIOTHIECKOT0 HAaKOTUICHUS XapaKTepHbI i copta JpuHa (Tabnuma 2).

Tabmuna 2
K03d)d7ul/[uel'lmbl 6140]102”‘{667('020 HAKONJI@HUA MAINCENbIX Memajljlos 8 d)umOMaccepacmeHuﬁ uenl
C Cd Pb Ni Cr Zn

opT Bl | B2 | Bl | B2 | B | B2 | B1 | B2 | Bl | B2
WHrep 0,066 | 0,050 | 0,058 | 0,068 | 0,057 | 0,059 | 0,262 | 0,131 | 3,013 | 4,600
Bauka 0,055 | 0,041 | 0,049 | 0,057 | 0,069 | 0,071 | 0,160 | 0,080 | 1,808 | 2,849
Bonmsirka 0,061 | 0,033 | 0,044 | 0,063 | 0,046 | 0,047 | 0,058 | 0,029 | 1,904 | 2,907
Tpuna 0,033 | 0,025 | 0,019 | 0,023 | 0,034 | 0,035 | 0,044 | 0,022 | 1,570 | 2,551

Hawnboiee BeICOKHE KOS(l)(l)I/ILII/ICHTLI OHOJIOrUYECKOrO HAKOILIICHHS Ha6J'IIOI[a.]'II/ICL I copTa Wur <p. Paccunrannbie
MOKa3areIu OMOJIOTMYECKOTO HAKOTICHHUS TIO3BOJISIOT IIPOTHO3MUPOBATE COACPIKAHUEC TAKEIIBIX METAJIJIOB B Oouomacce pac-
TUTEJILHOMN OpoaAyKIUH. O‘ICBI/IHHO, YTO 3TOT (I)aKTOp HeO6XO,Z[I/IMO OPUHUMATh BO BHUMAHUE ITPU IIJIaHUPOBAHUU UCIIOJIb-
30BaHUsA Cy6CTpaTOB Ha OCHOBE TBEPABIX OCAAKOB CTOYHBIX BOI JJIA IMOJTYYECHUA OroMacchl Pa3INYHOrO HA3HAYCHUA.

3axnouenue. OCHOBHBIM (haKTOPOM, OIIPEACIISIONINM OUCK aIbTCPHATUBHBIX TEXHOJIOTHI PEKYITBTHBALINN, B TOM
qucie GUTOpeMeInaliy SBISIETCS CTOUMOCTh. Heo0Xoaumo, Takke, 4ToO0BI mporierype GUuTopeMeualiy MpeamecTBo-
BaJl y4eT TaKuX (PaKTOPOB, KAK CBOWMCTBA ITOYBBI, HAJTMYUE U THII 3aTrPS3HSIOIINX BEIIECTB, KIIUMAT, TUI PACTCHUH U T. II.

B cootBeTcTBHE ¢ NpEACTaBICHHBIMHU MO pe3yibTaTaM SKCIIEPUMEHTOB JAaHHBIMH MOXKHO CIENIaTh CIICAYIOIIHE
BBIBOJIBI:

- BricTpopacTymme KI0HBI BB MOTYT 3(p(peKTHBHO NCTIOTBH30BATHCS VIS TIOTYICHUST ONOMACCHI Ha 3arPSI3HEHHBIX
TSDKEJIBIMU METaJllIaMH 3eMJISIX, HO HEOOXOIMMO yUUTBIBAaTh (PAKTOP CHUIKEHHS MPOILYKTUBHOCTH, BEJIMYMHA KOTOPOTO
3aBHCHT OT KJIOHA ¥ BU/Ia pacTeHuH. [1oydeHHbIe pe3ynbTaThl HOKA3hIBAIOT, UTO PACTEHHUS, BEIpAIICHHBIC Ha 3arPSI3HEH-
HOM MmoYBe, IOYTHU B JiBa pa3a MeHsbIIe 1o Beicote (Hsr =120 cM), ueM KOHTpOIbHBIE (He3arpsi3HEHHOH ITOUBEe) paCTEHUs
(Hsr =223 cm). Tem He MeHee pyOKy (YOOPKY) MOJKHO IIPOW3BOUTE Y PACTEHHUI ITOCIIE BTOPOTO Toa )KU3HM Ha 000UX
BAapUaHTaX — 3arPA3HCHHON U HE3arpsi3HEHHOM I104YBE;

- Koa¢pummenTsr OMomorndaeckoro HakOIDICHUS TSHKEITIBIX METaJUIOB B (PUTOMACCE PACTEHUH MBBI TAK)KE 3aBHUCAT
OT Bufa pacteHuil uBbl. [IpoBeaeHHbIN quckpuMUHAHTHBIN aHanu3 (KJ{A) Ha comepxaHue TSDKENBIX METAJIOB (MI/KT)
B OpraHaxX pacTHTEIBHOIO MaTepHaja YeThIpeX I'eHOTHIIOB MBHI CBUICTEIBCTBYIOT O TOM, YTO CIIOCOOHOCTH HaKaIUIU-
BaTh TSDKEJIBIX METAJUIOB Y OMOMAcCHl Ha He3arpsI3HEHHOM 1 3arpsI3HEHHOM 3eMIISIX Pas3iIHuuii MKy aHAIN3UPYEMBIMU
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OpraHaMiu ¥ TeHOTHIIAMH UBBI. DTOT (PaKTOp HEOOXOANMO YUHUTHIBATh b IIPU OLIEHKE BO3MO)KHOCTH XO35IICTBEHHOTO HC-
MTOJIb30BAHNSI OMOMACCHI B TOM YHCIIE B SHEPTETUICCKUX IIEIIAX.

- st aphexTHBHON pEKyJIBTUBAINY 3arPSI3HEHHBIX TSHKEIBIMH METAJIIIAMHU MIOYB C YYETOM HCIIOJIB30BAHMS HAll-
3eMHOI1 OnoMacc HeoOXOANMO YUHUTHIBATE P SKOJOTHUECKUX W SKOHOMHUYECKHX (akTopoB. K sxomormaecknm ¢akro-
paM OTHOCHTCS Jie3aKTHBALIUsS [TOYB OT 3arpsi3HUTENEH, KOTOPYI0 PEKOMEHYETCs! OCYIIECTBISTh IPU OAHOBPEMEHHOM
UCTIONIb30BAaHUN PACTUTENILHON OMOMAcChl. BBICTpBIE TEMITHI AE3aKTUBALINH TTOYB MOJKET 00ECTIEUNTh MHTCHCHUBHAS aK-
KyMYJISLIUS 3arpSI3HUTEIISE B OMOMacce KyJIBTYypbl B COYETaHUH C OBICTPBIMH TEMIITAMH POCTA M HAKOIUICHHEM OHOMACCHI.
DKOJIOTHYECKH Iesieco00pa3Has yTHIM3alusl HECMOTPSI Ha JOMOJIHUTEIbHBIE SKOHOMUYECKHE 3aTPaThl MO3BOJIUT IIPO-
M3BOJUTH MPOAYKIUIO HA OCHOBE OMOMACCHI JJIs AaJIbHEHIIIeTO UCTIONb30BaHUS,

- OgHNM W3 HanpaBlICHWH, OTBEYAIOIIMX TAaKUM TPEOOBAHMSM, SIBISICTCS BBIPAIIMBAHHE «IHEPIETHUCCKHX)
KyJIBTyp, OMOMacca KOTOPBIX MOXKET OBITh UCIIONIb30BaHa KaK BO30OHOBIISEMBIN HCTOUHUK UIS IPOU3BOICTBA 3€JICHOM
sHepruu. IlepcrneKTHBHBI HaNpaBlICHUEM OHMOIHEPIeTHKH SIBISICTCS HCIOJIB30BAHUE KOPOTKOIMKIIOBBIX IIIAHTALUI
JIPEBECHBIX KYyJIBTYp UL HeJed peKyIbTHBALNH, 3()(HEKTHBHOCTh KOTOPOTO OOYCIIaBIMBACTCS OBICTPBIMU TEMITAMHU
pocTa ¥ COOTBETCTBEHHO HAKOIIICHUSI OMOMACCHI M TEM, YTO OJTHOKPATHO 3aJI0KEHHAs! TUIAHTAIMS MOXKET PACTH Ha TOM
xe Mecte Oonee 20 €T He Tepsis MPOLYKTUBHOCTH, IIPHU 3TOM yOOpKa OMomMaccsl OCyHIECTBIsIETCA KaxKable 3-4 roxa.
CrnenoBarenbHO, IepepacipeiesieHle 3arpsAa3HuTeNell B Apyrue SKOCUCTEMBI 3a ITOT Hepuoj OyJeT MUHMMAaIbHBIM.
Kpome TOro0, 3KCIIEpHMEHTANFHO YCTaHOBIIEHO, YTO CEOECTOMMOCTh EAWHUI] PHEPTUM MPOM3BOAMMO M3 OHMOMAcCh
KOPOTKOLUKJIOBBIX TIAHTALUI UBBI CYIIECTBEHHO HIDKE MO CPAaBHEHHIO C APYTUMH YHEPreTHUECKUMHU KyIbTYPaMH.
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3ABUCUMOCTb AJNIUTENBbHOCTU MEXJTMHOYHbIX MHTEPBAJIOB
OT MACCBbI TEJIA Y MPAMOPHOI'O PAKA PROCAMBARUS VIRGINALIS

DEPENDENCE OF THE LENGTH OF THE INTER-LARVAL INTERVAL ON THE BODY
WEIGHT OF THE MARBLED CRAYFISH PROCAMBARUS VIRGINALIS
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E. A. Ulashchyk, Zhu Yu

YypexdeHue obpasosaHusi «MexdyHapOoOHbIl 2ocydapcmeeHHbIU 3Koroau4eckuli uHcmumym
umeHu A. []. Caxaposa» bernopycckozo eocydapcmeeHHo20 yHusepcumema, MIrOW um. A. []. Caxaposa 6I'Y
2. Munck, Pecnybniuka benapycb
ulasikekaterina@gmail.com

International Sakharov Environmental Institute of Belarusian State University, ISEI BSU
Minsk, Republic of Belarus

B nacrosmei paboTe onrcaHa 3aBUCHMOCTb JUTHTSIIFHOCTH MEKIIMHOYHBIX MHTEPBAJIOB OT MACCHI TeJla y ped-
HBIX PAaKOB, Ha MPUMEpPEe MPaMOpPHOTro paka Procambarus virginalis, KOTOPBIil OBICTPO pPacHIpPOCTPAHSIETCS IO Ipe-
cHBbIM BoioeMaM EBpaszun u Adpuku ¢ Hayana X XI croneTusi. Bpiio BEISICHEHO, YTO UTUTETFHOCTh MEXIIMHOUYHBIX
HMHTEPBAJIOB BO3PACTACT C YBEIMUCHIEM MACCHI TeJla 0COOCH M COKPAIIAeTCs C POCTOM TeMITEPaTypHI.

This paper describes the dependence of the duration of interfinal intervals on body weight in river crayfish using
the example of the marbled crayfish Procambarus virginalis, which has spread rapidly in freshwaters of Eurasia and
Africa since the beginning of the 21st century. It has been found that the duration of interfinal intervals increases with
the body weight of the individuals and decreases with increasing temperature.
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