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N PEABUJTINTALUNA SKOCUCTEM

T he STUDY

AND REHABILITATION OF ECOSYSTEMS

YK 595.753;632.75:635.918(476)

KoOKumnabl (COCCOIDEA) BAKPbITOIO NINPYHTA BEJTAPYCMW.
BWAOBOW COCTAB N XAPAKTEP HAHOCWUMbIX MOBPEXAEHWW

4. . >)KOPOB

bBenopycckuii rocygapCcTBeHHbIN YHUBEPCUTET,
np. HesasucumocTwu, 4, 220030, r. MuHck, benapycb

B unccnegosaHuu npegctasneHa MHMopMaumsa 0 61MoNorMYecKnX 0CO6eHHOCTAX, reorpanyecKom NPoUCXoXaeHmn, Tpo-
(hryecKoli cneymann3aumm, Xxapakrepe MHALMMPYeEMbIX MOBPEXAeHWI YepBeL,amMmn 1 LLIMTOBKaMM B YC/I0BUAX 3aKPbITOMO FPYH-
Ta Benapycn. B HacTosiiee Bpems 13 39 BugoB Coccoidea, 0TMeYEHHbIX B pervoHanbHoi tayHe Benapycu, ana 15 sugos
cemeiicTB Ortheziidae, Pseudococcidae, Coccidae n Diaspididae xapakTepHoO 06MTaHWe B YC/IOBMSAX 3aKPbITOr0 FPyHTa, YTo
cocTassiseT 38,5 % 0T 0611ero BUAOBOro coctara. MpeobnagatoLee 601bLINHCTBO (7 BUAOB; 46,7 %) NpUHaAIeXUT CEMENCTBY
Pseudococcidae. K npeactasutensam Diaspididae oTHocuTca 5 BUAOB, UTO cocTaBnseT 33,3 % oT obuero yucna. B ycnosu-
AX 3aKpbITOro rpyHTa cemeiicteo Coccidae npeAcTaBneHo ABYMS BMAAMW: JIOXHOLLUTOBKON MArkoin (Coccus hesperidum
Linnaeus, 1758) n nonywapoBugHoi (Saissetia coffeae (Walker, 1852)). EAMHUYHBIM BULOM - YepBELLOM MIaCTUHYATbIM
opaHXepeiHbIM (Insignorthezia insignis (Browne, 1887)) npeactaBneHo cemericTBo Ortheziidae. B ycnoBusix 3akpbIToro
rpyHTa 60/1bLLUMHCTBO YePBELOB M WMTOBOK (11 BMA0B) MO TPOMMUECKO creumanmnsauny NpuHagiexaT K ymicaiy Hecneunanm-
31poBaHHbIX ruTocharos (nonmdaru), 4To coctasnseT 73,4 % 0T CNUCOYHOr0 COCTaBa.

O6pasey UUTMpPOBaHUA:

Xopos A6 Kokunapsl (Coccoidea) 3akpbIToro rpyHTa benapycu.
BuaoBoli cocTas 1 xapakTep HAHOCUMbIX MOBPEXAeHNI. XKypHan
Benopycckoro rocyfapCcTBEHHOIO yHMBepcUTeTa. JKOMorus.
2024;2:4-14.
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OmuTpuii Teopruesny XXopoB - KaHAMAAT GMOMOrMYECKUX
HayK, [OLIeHT; 3amecTWTenb HayalbHuKa [NaBHOro ynpasne-
HWS - HayanbHWK OTAEeNa acMMPaHTYpPbl U JOKTOPaHTYPbI.
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M3yuyeHune 1 peabunmntaLmsa sKOCUCTEM
The Study and Rehabilitation of Ecosystems

K cneuvannsnposaHHbIM (0n11rogaru) 1 yskocneyunannmsMpoBaHHbIM (MoHoaru) gutodaram 0THOCUTCA MO 2 BUAQ, UTO CO-
cTaBnseT No 13,3 % cooTBETCTBEHHO. XOPOIOrMUECKNIA aHaIn3 KOKLMA, 06MTaloLLMX BYCMI0BMAX 3aKPbITOro rpyHTa benapycy,
nokasas, YTo 60/bLLUMHCTBO NpeacTaBuTeNe (6 BUA0B) MMEKOT eCTECTBEHHO-UCTOPUYECKN CIOXKMBLLVECS apeasibl B CeBepHO,
LleHTpanbHoli n KOxHoli AMepuke, 4To cocTaBnsieT 40 % 0T CNUCOYHOIO cocTaBa. Bbixoauamu n3 agpoTponmMyecKoro permoHa
ABNAOTCA TPU BUAa KoKumg - Vryburgia amaryllidis, Saissetia coffeae nAspidiotus nerii. Tepputopusa ABCTpannumn ABNSAETCA
pPernoHoOM NMPOUCXOXAEHMA 415 YepBeLa MyYHUCTOro LmTpycoBoro (Pseudococcus calceolariae), CpefnseMHOMOpPLE - ANA
LWMTOBKM naBpoBoii (Aonidia lauri), KOro-BocTouHasa Asusa - 4nsa WMTOBKM NasioukoBuaHoW (Lepidosaphes gloverii). Ans
[BYX BU0B KOKLMA (TOXKHOLMTOBKM MArkoi (Coccus hesperidum) v LUMTOBKM po3aHHOM (Aulacaspis rosae)) npegnonaraet-
CSl, YTO PErMOHOM MX MPOUCXOXKAEHNSA ABNAETCA TeppUTOPUSA A3NN.

B paboTe npriBefieH nepeyeHb KapaHTUHHBIX BUAOB KoKumg (Coccoidea) A1 0CyLLECTBIEHNA (PUTOCAHUTAPHOI 0 KOHTPONA (Haf-
30pa) NoAKapaHTUHHOM NPOSYKLMM 1 06BEKTOB C LIeSIbIo HeAOMYLLIEHNS BBO3a U PaCNpPOCTPaHeHus nxX No Tepputopumn benapycu.

KntoueBble ClOBa: BpeanTev; MHBA3VBHbIE BUbI; KapaHTUHHbIE BUfbI; KOKUMABI; (UTohary; 3aKpbITbili FPYHT; (hayHa.

COCCOIDEA OF THE INDOOR SOIL OF BELARUS. SPECIES COMPOSITION
AND NATURE OF DAMAGE CAUSED

D. G.ZHOROV

Belarusian State University,
4 Niezalieznasci Avenue, Minsk 220030, Belarus

The paper presents information on biological peculiarities, geographical origin, trophic specialisation, nature of initiated
damage by cutworms and shields in the closed ground conditions of Belarus. At present, out of 39 Coccoidea species recorded
in the regional fauna of Belarus, 15 species of the families Ortheziidae, Pseudococcidae, Coccidae and Diaspididae are
characterized as living in indoor conditions, which is 38.5 % of the total species composition. The predominant majority
(7 species; 46,7 %) belongs to the family Pseudococcidae. Representatives of Diaspididae include 5 species, which is 33,3 %
of the total number. Under indoor conditions, the family Coccidae is represented by two species: soft spoonworm (Coccus
hesperidum Linnaeus, 1758) and hemispherical worm (Saissetia coffeae (Walker, 1852)). A single species - greenhouse
lamellar worm (Insignorthezia insignis (Browne, 1887)) is represented in the family Ortheziidae.

Under indoor conditions, the majority of cutworms and cutworms (11 species) belong to non-specialized phytophages
(polyphagous) by trophic specialization, which is 73,4 % of the list. Specialized (oligophages) and highly specialized
(monophages) phytophages include 2 species each, accounting for 13.3 9%, respectively. The chorological analysis of
coccids inhabiting in the indoor conditions of Belarus showed that the majority of representatives (6 species) have natural-
historically developed ranges from North, Central and South America, which is 40 % of the list composition. Three species
of coccids - Vryburgia amaryllidis, Saissetia coffeae andAspidiotus nerii - are native to the Afrotropical region. Australia
is the region of origin for the citrus mealybug (Pseudococcus calceolariae), the Mediterranean for the laurel worm (Aonidia
lauri), and Southeast Asia for the stick worm (Lepidosaphes gloverii). Fortwo coccidian species (the soft spoonbill (Coccus
hesperidum) and the rose borer (Aulacaspis rosae)), Asia is assumed to be the region of origin.

The list of quarantine species of coccids (Coccoidea) for phytosanitary control (supervision) of regulated products and
objects in order to prevent their import and spread in Belarus is given.

Keywords: pests; invasive species; quarantine species; coccids; phytophages; closed ground; fauna.

BeepgeHue

VIHTEHCU(MKALMSA TOProBO-PbIHOYHBIX OTHOLUEHWIA MEXY CTpaHamy MuUpa U akKTWBHBIA UMMOPT OBOLLHON,
LIBETOYHON M AEeKOPaTUBHON NPOAYKLUMM CO34anun onpefefieHHble NpeanocbiNkn 418 NPOHUKHOBEHUS YyXXepoa-
HbIX NHBA3MBHbIX BUJ0B HACEKOMbIX-BPeAUTENEN BO BCe CTPaHbl EBPOMLI, BKAOYasA Y TEPPUTOPUIO COBPEMEHHOI
Pecnybnuku benapyce.

Oco60 onacHbIM ABMSETCA NPOHWKHOBEHWE BpeauTeselt B 3aKpbITbld TPYHT (Tenauubl v opaHxepewn) [1],
TaK Kak B HEM CO3Jat0TCA ONTUMa/IbHble YCN0BUA (TEMMNEPATYPHbLIA PEXUM, BNaXHOCTb) A1 KPYraorofMyHo-
ro pasMHOXEHUS N Pa3BUTUSA HACEKOMbIX-BPEAUTENeid, NPEUMYLLECTBEHHO TPOMMUYECKOro U Cy6TPONMYeCKoro
npoucxoxaeHus. CTpeMUTe/IbHOMY YBEIMUYEHWNIO KOMMYECTBA 0COOEN pacTUTENIbHOALHLIX BpeauTeneil Takxke
CNoCcO6CTBYET OTCYTCTBME B YCN0BUAX 3aLLULLEHHOrO FPYHTA CTECTBEHHbIX PErynsaTopoB YNCeHHOCTH [2]. Xa-
pakTepHbIM A1 OpaHXepen 1 TennuL, sBnseTcs npeobnagaHue puTogaros ¢ COCYLLMM TUMNOM POTOBOrO annapa-
Ta (TennnyHas 6enoKpbIIKa, HEKOTOpbIe BUAbI T/ei, 6axpoMyaToKpbIibIX, KOKUug 1 ap.) [2].

Cpean MHOro4YMC/IEHHbIX BUA0B HACEKOMbIX-BpeAuTeNel AeKOPaTUBHbIX PACTEHWI CaMbIMU TPYLHOUCKOPEHU-
MbIMU ABMISKOTCA KOKLUMAbI, NN YepBeLbl 1 WwnToBkK (Coccoidea). B cuny cBoei 3KONOrMYecKoi N1acTUYHOCTHK,



>KypHan benopyccKoro rocyfapCTBeHHOro yHUBepcuTeTa. dkonorus. 2024;2:4-14
Journal of the Belarusian State University. Ecology. 2024;2:4-14

He60NbLUMX Pa3MePOB, CKPLITOr0 06pasa XM3HW, OTCYTCTBUS B HOBbIX MECTOOBUTaHUAX Pa3/INUHbIX BULOB XULLHbIX
HaceKOMbIX 1 NapasuTonioB, TECHON TPOMUUECKO CBA3M C KOPMOBLIMW PACTEHUAMM OHY Yalle ApYruX 3aHOCATCA
M NPOHUKAIOT C 3apPaXEHHbIM MOCAL0YHLIM MaTepuanoM 3a npefenibl CBOMX MEPBUYHbLIX apeanoB. MNpoHuKas Ha
HOBbIE, paHee He3aceNleHHbIE TEPPUTOPUN, OHW MOTYT BbICTYNAaTb B KAUECTBE IKOHOMUYECKMN 3HAUUMbIX BpeauTeNein
KOCTOYKOBbIX U CEMEYKOBbIX MI0LOBbIX, ATOAHBIX, TEXHUYECKIMX, NOSIEBbIX, OFOPOAHBIX 1 CYOTPONNYECKUX KyNbTYP,
OpaHXeperHbIX 1 KOMHATHbIX pacTeHuid [1].

UepseLbl U LMTOBKM ABAISIIOTCA OCHOBHBLIMU BPEAUTENAMU OPaHXXEPEMHbIX 1 KOMHATHbIX pacTeHuid. MuTtasck Ha
KOPMOBbIX PacTeHUsX, OHWU NOTPe6NAOT 3HAUMTENIbHOE KOMYECTBO NIACTUYECKUX BELLECTB, YTO MPUBOAUT K He-
KOHTPOMPYEMbIM MaTONOrMYECKUM U3MEHEHMSIM B TKaHsAX pacTeHuli (06pa3oBaHMe pasniniHOro poga HoBoo6paso-
BaHWiA, UK Tepar), yCbIxaHne OTAe/bHbIX BETOK 1 CTBO/IOB, MPEXAEBPEMEHHbIN OMaf MMCTLEB U N1040B. B MecTax
nUTaHNs (HOPMUPYIOTCA XNOPOTUYHBIE YYaCTKM. CaMKU N IMUYMHKM KOKLMA NPOAYLMPYHOT 3HAUYUTENIbHOE KOoMnye-
CTBO MeZBSIHOW POChI, ABNSAIOLLENCSA Cy6CTPaTOM /15 Pa3BUTUS CanpPOUTHBIX CAXKUCTLIX FPUBOB, KOTOPbIE NPUBOAST
K HapyLUEHWO acCCUMUSLMOHHBIX MPOLIECCOB B INCTbSX U CHYDKEHWIO AEKOPATUBHbLIX CBOWCTB pacTeHuid [3; 4].

K HacTosiLLemMy BpeMeHU B pervoHanbHol thayHe Benapycu KoHCTaTMpoBaHo npucyTcTeme 39 Buaos Coccoidea
13 31 poga v 11 cemeiicTB [5; 6], KOTOpblE BLICTYNAKOT B KAUECTBE Cepbe3HbIX BPeAuTeselt AeKOpaTUBHbIX, MNJ0-
[OBbIX, ATOAHLIX W NecHbIX KynbTyp. And 15 Bugos m3 12 popos u 4 cemeiicts Ortheziidae, Pseudococcidae,
Coccidae n Diaspididae xapakTepHO 06UTaHMe B YCNOBUAX 3aKPbITOro rpyHTa [5].

B HacTosLeli paboTe NPMBOAATCA faHHbIe O 6UONOrMYECKUX OCOBEHHOCTAX, FreorpauyecKoM NponUCXoXxae-
HUK, TPOPMYECKOIA creLmanm3alLmm, xapakTepe MHULMMPYEMbIX MOBPEXAEHWI YepBeL,aMmun 1 LNTOBKaMU B yC/10-
BMSAX 3aKpbITOro rpyHTa benapycu.

MaTepuanbl U MeTOAbI UCCNef0BaHUA

B ocHOBY paboThl MONOXEHbI JaHHbIE aHanM3a paboT nNpeablayLLmX NeT U pe3ynbTaTbl COBCTBEHHbLIX UCCe-
[oBaHuii. HomeHknatypa Coccoidea COOTBETCTBYET KnaccuuKkalmu, NpneeaeHHOR B 6ase gaHHbIX ScaleNet [7].

Pe3ynbTaTbl UCCNefOBaHUM U NX 06CYXaeHMe

Mo pesynbTaTam NPOBEAEHHbLIX MOJMIEBLIX UCCNEA0BAHUIA N 0606LLEHNS faHHbIX IMTEPaTYPHbLIX NCTOYHUKOB
npeablaywmnx neT cocTaBieH aHHOTMPOBAHHBIA CMMCOK YepBel0B M WMTOBOK (Coccoidea), pa3BuBaroLLmMXCS
B YCMOBMSX 3aKPbITOro (3aWULEHHOro) rpyHTa Benapycu, ¢ yKasaHWeM GMOMOrMYeCKMX 0COBEHHOCTEN, reo-
rpagnyeckoro NPONCXoXAeHNs, TPOMYECKON CneLmanmnsaLmm, Xxapakrepa UHNLUMPYeMbIX NOBPEXAeHWIA. Mpu-
BeJEHbl KOPMOBbIE PaCTEHMSA U CCbIIKM Ha 6UbMorpaguyeckme NCTOYHUKN, B KOTOPLIX MpeAcTaBieHa MHgopma-
LMS O perucTpaLum gaHHbIX BUAOB (MTO(aros Ha Tepputopumn benapycu.

CewmeiictBo Ortheziidae (IMnacTnHuaTble YepBeLbl)

UepBel, nnacTuHYaTbIl opaHXXepelHblid (Insignorthezia insignis (Browne, 1887)). Teno B3poc/oii
camkm . insignis oBasbHOe WX KPYyrnoe, AfIMHOK Ao 1,5 MM, WNpUHOA A0 1,3 MM, TEMHO-KOPUYHEBOIO MK
TEMHO-3€/IeHOr0 LiBeTa C YETKOWN cermeHtauuein. [opcanbHas CTOpOHa Tena rofas, 3a MCKIIHUYEHWEM [ABYX
Y3KUX NPOLOSbHBIX PALOB U3 12 MafeHbKMX BeflbIX BOCKOBbLIX OTPOCTKOB, PACMOIOXEHHbIX N0 06€ CTOPOHbI OT
cpefHell NIMHUK; JopCasbHble BOCKOBLIE OTPOCTKU AOBOJIbHO KOPOTKME, Camble 4JIMHHbIE U Hanbosee N30THYTbIe
pacnosnoXeHbl 6MKe K 3agHeMY KoHLy Tena [8-10].

PernoH nponcxoxaeHms - KOxxHas Amepuka [11]. Mo Tpodhmyeckoit cneymanvsaumn NpUHaLNeXuT K unucny
nonngaroB 1 ABISETCS BPeAUTENEM MHOIMX BMAOB OPaHXEpeNHbIX PacTeHWid, Cpean KOTOpbIX CTPOOWAAHTLI
(Strobilanthus sp.), 6urwHuKn, nnn 6MHLOHUK (Bignonia sp.), a*HTbI, UK akaHTyCbl (Acanthus sp.), ageHoKanu-
mbl (Adenocalymna sp.), puttoHnn (Fittonia sp.), Dipterocanthus sp. v gp. [1; 4; 12].

B3pocnble caMKu U IMUYMHKK L. insignis NOKanu3ytoTca Ha cTeb/ie U NMCTOBbIX NaacTUHKax. Mpu maccoBoM
PasMHOXEHNM YepBeLa HabaeTcs 3a4epXKKka B POCTe 1 PasBUTUN PACTEHWIA, a MOBPEXAEHHbIE INCTbS MPEX-
[EBPEMEHHO XKENTEKT M onajaloT. Hacekomble MPOAYLMPYIOT 3HAUYMTE/IbHOE KOMMYECTBO Naau, UNN MeABSHOM
pocCbl, KOTOpas BbICTyMNaeT B KayeCTBe CybCTpaTta Ans pasBUTKSA CanpoPUTHBIX CAXUCTbIX rpmooB [13]. Xo3sii-
CTBEHHOTIO 3HaYeHWs B KAYECTBE BPeAUTENS B YCNOBUAX 3aKPbITOro rpyHTa benapycu oHn He umetoT [5].

CewmeiictBo My4HuCTbIe YepBeLbl (Pseudococcidae)

UepBel, My4yHUCTbIN LMTPYycoBbl (Pseudococcus calceolariae Maskell, 1879). Teno B3pocnoil camku
P. calceolariae oBanbHOe, A MHOW A0 4,5 MM ¥ LUMPUHOIA A0 2,5 MM, CBETN0-Ma/IMHOBOIO LBeTa, NOKpbIToe Ge-
NbIM BOCKOBbLIM HasieToM. o Kpato Tefa pacnonaratoTcs TONCTble BOCKOBbIE HATU B Konnu4yecTBe 17 nap [14].

PernoH npoucxoxaeHus - Asctpanus [8; 14]. Mo Tpoduyeckol cneumanmnsalmm NPUHALNEXMUT K YACY NO-
Nnaros 1 NoBpexaaeT cBblille 250 BUAOB CYyOTPONUYECKMX KYNLTYP WU OpaHXepeilHbIX pacTeHWiA, B TO BpeMst
KakK OCHOBHbIMW KOPMOBbLIMW pacTeHUaMY sBastoTcs uutpycosble (Citrinae) [4; 14]. B ycnoBusx TeNnL, MOXET
BpeauTb BUHOrpagy [2].
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B3pocnble caMKu 1 nnunHkn P calceolariae nokanunsyoTcsa Ha CTBONax, BeTKax, noberax, MMCTbAX 1 Nnogax
MHOFOYNCAIEHHbIX AEKOPaTUBHbIX CYBTPONUYECKNX pacTeHWA. 3aceneHHble BpeauTeneM Mosofble noberu mc-
KPVBNAKOTCSA, a IMCTOBbIE NMACTUHKY AethopmupyroTcs (CKpyumsatoTes). C nosBieHneM MnaojoB KONOHUN Yep-
Bella LUTPYCOBOro MUrPUPYHOT K OCHOBAHWMIO MNOJOHOXKW U Ha nnofbl. MuTasack Ha NNOA0HOXKax, utodar
CNOCOBCTBYET UX 3HAUUTENIbHOMY 0CNab/ieHNto, YTO NPUBOAUT K MacCOBOMY OMafeHMUI0 NI0L0B, KOTOPOE MOXET
pocturatb 4o 90 % ypoxas [1; 14]. Ha 3aceneHHbIX LUTPYCOBbIM YepBeLOM Nnogax 06pa3yoTcst NATHa C Xen-
TO-6YpbIMU U3bABNEHNAMMW. HepeLKo OTMEYAETCH, UTO OMePTBEBLUAA KOXMLA NI0L0B pacTpecKuBaeTcs, a B 06-
pa3oBaBLUMECS TPELLMHbLI MPOHMUKAIT MUKPOOPraHW3Mbl, KOTOpbIE MPUBOAAT K UX 3arHuBaHuio. Mpy mMaccoBoit
KONOHU3aLMW pacTeEHUI dmTodharom HabNKAAETCA NPEXAeBPeMeEHHbIA nucTonag [1; 4]. Boligensiemas camkamu
Me/BsAiHaa poca CNY>XWT cybcTpaToM 415 pa3BUTUS CanpoUTHBIX CAXUCTbIX TPUO0B, KOTOPbIE CYLLECTBEHHO 3a-
rpA3HAT Naogbl, Nobern n nuctba [14].

UepBel, MyYHWUCTbI LUTPYCOBbIA, YKasaHHbIA Kak Pseudococcus gahani [15], B yCNoBuMsIX OpaHXepei
Benapycu BcTpeyvaeTcs pegko [15; 16].

UepBel, MyYHUCTbIW LWeTUHUCTBIA (Pseudococcus longispinus Targioni-Tozzetti, 1867). Teno B3pocnoi
camku P longispinus yannMHeHHO-0BaNbHOE, AVHOWA A0 3,5 MM, WMPWUHOA Ao 2,0 MM, 3e1eHOBATOro LBETA, MO-
KpbITOE MO CpefHel NMHUN LOPCaNbHON NOBEPXHOCTM TOHKMM, a N0 60KaM TOACTLIM CNOeM Bocka. 10 Kpato Tena
pacnosnioXeHbl TOHKNE Genble BOCKOBbIE HUTK B KonmyecTee 17 nap [14; 17].

PernmoH nponcxoxaeHus - Tponuueckuii [8; 14; 18]. Mo TpodhmyecKoi cneunannsaumm NPUHaANeXmnT K Ync-
Ny nonudaros 1 NoBpexaaeT okono 270 B1AoB pacTeHuid [19]. B 0651acTax ¢ yMepeHHbIM KIMMaTOM BCTpeYaeTcs
TO/IbKO B TEN/INLLAX U OpaHXepesX, rae HAHOCUT NOBPEXAeHWS PALY AeKopaTUBHbIX TPONUYeCKue 1 cyb6Tponmnye-
CKWe BWAOB pacTeHuid [3], cpean KoTopbix acnaparycbl (Asparagus sp.), unknameHbl (Cyclamens sp.), KodeiiHoe
aepeso (Coffea sp.), rapgeHun (Gardenias sp.), ruéuckycol (Hibiscus sp.), ¢gunogeHapoHsl (Philodendrons sp.),
BUHorpagbl (Vitis sp.), 6eroHnmn (Begonias sp.), ApaueHsbl (Dracaena sp.), opxuaHble (Orchidaceae), 6pomenve-
Bble (Bromeliaceae), uutpycosble (Citrinae) [2].

B3pocnble camKky 1 M4nHKK P longispinus NOKanm3yoTcs Ha CTBOMAx, BeTKax, noberax, MMCTbAX U NNo4ax,
06pasys CKOneHus, nokKpbITble BOCKOM. HacekoMble, M3biMas NniaacTUYecKue BellecTBa, NPUBOAAT K nobype-
HUIO IUCTOBbIX MMACTUHOK, WX YBALAHUIO U MpeXaeBpeMeHHOMY 0Magy, YTo CNocoBCTBYIOT NOTepe eKopaTuB-
HbIX CBOWCTB. ¥ MOBpPeXAeHHbIX P longispinus pacTeHniA HabnogaeTcs 3afepXXka pocTa noberos, a Npyu mac-
COBOM 3aceneHumn - rnbenb MOMOAbIX pacTeHWil. Ha npogyuupyemoi camkamy nagu passBrvBalOTCA CaXMUCTbIe
canpouTHble TPU6BLI, KOTOPbIE 3arpA3HAKT NUCTbA U BETBU, YTO NPUBOAUT K HapyLUeHWIO 06MeHa BELLECTB
y pacTeHwuii [2; 19].

B ycnosusax benapycn oTmedeH Kak Pseudococcus adonidum [19; 20] B opaHxepee LleHTpanbHOro 60ta-
Huyeckoro caga HAH benapycu, rae nospexgaeT oneaHap (Nerium oleander), koneyc (Coleus sp.), apaueHbl
(Dracaena sp.), repaHu (Geraniums sp.), 6eroHmn (Begonias sp.), nanbMoBble (Arecaceae), apongHble (Araceae)
1 MHOTVe Apyrue Buabl pacTeHuii [19].

UepBel, My4YHUCTbIA npumopckuii (Pseudococcus maritimus (Ehrhorn, 1900) (=Pseudococcus affinis
(Maskell, 1894)). Teno B3poc/noii camkin P maritimus oBasibHOE, A/IMHOI OKOMO 5 MM, LLMPKHOW Ao 3,0 MM, po30-
BATOro LBeTa, PaBHOMEPHO NMOKPLITOE BOCKOBbLIM HaleTOM. [0 Kpato Tefa pacrosioXXeHbl TOHK/ME BOCKOBbIE HATK
B Konu4ecTse 17 nap, 3afHAs napa A/MHHee OCTallbHbIX M paBHa NoMoBMHe Tena camku [14].

PernoH npoucxoxpaeHus - LleHTpanbHaa Amepuka [14]. Mo Tpodmyeckoil cneumannsaumm npuHaanexXmuT
K Uncny LIMPOKMX MmonudaroB v noepexaaeT 6onee 300 BMAOB pacTeHuMin [19]. ABnseTcs OAHUM U3 LLUMPOKO
pacnpoCcTpaHeHHbIX 1 OMAaCHbIX BPeauTenel Cy6TPONUYECKNX U TPOMMUYECKMX OPaHXXepPeHbIX PacTeHWIA, B TOM
yncne orypua (Cucumis sativus), Tomata (Solanum lycopersicum), rep6epbl (Gerbera sp.), marHonun (Magnolia
sp.), dmkyca (Ficus sp.), nyaHceTTun (Euphorbia pulcherrima), BuHorpaga (Vitis sp.), KakTycoBbix (Cactaceae)
n untpycosbix (Citrinae). YacTo HaHOCMT Cepbe3Hble MOBPEXAEHUS NYKOBMULAM HApLMUCCOB W THO/IbMAaHOB Npu
XpaHeHuun [2]. B ycnoBusax OTKpbITOro rpyHTa nospexxgaet a6noun (Malus sp.), wenkosuubl (Morus sp.), TyH-
rn (Aleurites sp.), 60apbilwHUKK (Crataegus sp.), naBpoBuWwHIO (Prunus laurocerasus), akauuto IeHKOPaHCKYHo
(Albiziajulibrissin), nHxup (Ficus carica) n apyrve ApeBecHble 1 TpaBAHUCTbIE pacTeHns [14].

B3pocnible caMkKv 1 MYMHKKA P maritimus N0KanusyoTcs Ha BETBAX, noberax, CTBOMAX, UCTbsX, Maogax
M KopHeniogax. puM MaccoBON KONOHW3aUMW PacTEHWI UHWLMMPYIOT AeOpMaLMi0 IMCTOBLIX MAACTUHOK
1 onafeHve nnogoB. B mecTax cKonieHns YepBeLa Kopa pacTpecKuBaeTcs, rae hopMUpyoTea A3Bbl, B KOTOPbIE
nonagatT MUKPOOPraHN3Mbl, YTO MPUBOAMUT K YCbIXaHWI BETBEN 1 rmbenn Bcero pacteHms. Ha npogyuupyemoit
camKamuy nagu pa3BuBatoTCA CanpoUTHbIE CAXUCTbIE FPMObI, KOTOPbIe 3arpA3HSAOT IMCTbA U BETBU, YTO CMOCO6-
CTBYET HapyLUeHMIO 06MeHa BELLLECTB Y pacTeHwuii [2; 4; 14; 19].

Ha Tepputoputo benapycu Bug MHTPOAYLMPOBaH BMeCTe C TPOMUYECKUMU 1 CYBTPONUYECKUMU PaCTEHUAMU
1 NONYYNN LWMPOKOE pacnpocTpaHeHre B opaHepeax LieHTpanbHoro 6otaHnyeckoro caga HAH Benapycu, rae
nospexgaet Cactaceae, mHorme suapl Liliaceae, Araceae, Palmae, Moraceae u gp. [19; 20].
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UepBel, MYYHUCTbIA KanuHHbIA (Pseudococcus viburni (Signoret, 1875)). Teno B3poc/oii caMKu
P viburni oBanbHoe, AnvMHOM A0 2,5 MM, WKXPUHOI A0 1,5 MM, PO30BOr0 UM CBETN0-(PNONETOBOrO LIBETA, MO-
KPbITOE TOHKUM MYYHUCTO-BOCKOBbLIM Ha/leTOM. [0 Kpato Tesna pacnonaratTcs BOCKOBbIE HUTU B KOIMYECTBE
17 nap [11; 17; 21; 22].

PeroH npoucxoxgeHus - HOxkHaa Amepuka [11; 16; 18]. Mo Tpoguueckoit cneumannsaumm npuHag-
NeXUT K yucny nonugaros. OAMH M3 CaMbIX ONACHbIX BpeAuTeNneil KOMHATHBLIX U OpaHXXeperHbIX pacTeHuH,
B umcne Kotopbix 6eroHunn (Begonia sp.), Kode apasuiicknii (Coffea arabica), monouaii (Euphorbia sp.), ¢art-
cna snoHckaa (Fatsia japonica), mkyc KayuykoHocHblin (Ficus elastic), rep6epbl (Gerbera sp.), KanaHxo3
Bbnoccthenbga (Kalanchoe blossfeldiana), nasp 6naropogHbiii (Laurus nobilis), marHonms kpynHougeTKoBas
(Magnolia grandiflora) un gpyrue [23]. B ycnoBusx oTKpbITOro rpyHTa Hanbosnee 4acTo BpeauT nocagkam rpyLiu
(Pyrus sp.), a6noHn (Malus sp.) u BuHorpaga (Vitis sp.) [24].

B3pocnble caMky v nMYnMHKK P. viburni n10Kanu3yloTca Ha KOpHAX, Naojax, MMCTbsX, CTe6NAX, a Takke NoA
KOO ipeBeCHbIX pacTeHUit. MNoBpexXeHHbIe pacTeHMs OTCTalOT B pOCTe, M10A4bI 0nafatoT. Mpu BCbILLKax Mmac-
COBOr0 PasMHOXEHUA UHWULMUPYIOT UCKPUB/IEHUE MOBEroB, yCbixaHWe OTAefbHbIX BETBEN Y MONOAOro pacTe-
HYA B LenoM. CaMKy NPoAyUMpYIOT 3HAUYUTE/IbHOE KOMIMYECTBO MeBSAHOM pOChI, KOTOPas Bbl3blBaeT Cepbe3HbIe
BTOPUYHbIE NOBPEXAEHUS, NOCKO/bKY CMOCOBCTBYET POCTY CanpOUTHbLIX CAXUCTLIX FPUOO0B, YMEHbLUIAIOLLUX
WMHTEHCUBHOCTb (hOTOCKHTe3a [7; 25]. ABNsAOTCA NepeHocHMKaMmn Bupyca BUHorpagHow nossl (GRLaV-3) [26].

Mo nuTepaTypHbIM AaHHbIM [5], Pseudococcus viburni npucyTcTBYeT Ha TeppuTopumn benapycu.

UepBel, My4YHUCTbI amapunnuncoBbiii (Vryburgia amaryllidis (Bouche, 1837)). Teno B3poc/nioi CaMKu
\ amaryllidis yanmHeHHoe, AnvHOA A0 5,0 MM, LWWMPWHOI A0 2,2 MM, TEMHO-(OMONIETOBOrO LIBETA, MOKPbITOE TOH-
KM cnoem 6enoro Bocka. Ha fByx nocnefgHuX cermeHTax GproLLKa pacrnofioXKeHo No nape KOPOTKMX, TOMCTbIX
BOCKOBbIX HUTEl [7; 14].

PernoH npoucxoxeHus - AdpoTtponunyeckuii [11]. Mo Tpodunyeckoi cneymanmauum NPUHAANEXMNT K YnUCIy
MOHO®aroB, KOTOpble 3acenaoT U nospexgatot nykosuubl Amaryllus sp. [14]. VimetoTcs gaHHble O perncrpaunm
amapuanmncoBoro Yepeelia Ha Agapanthus sp. [27]. B pernoHax ¢ yMepeHHbIM KIMMaTOM aMapuIMCcOBbLIA MyY-
HUCTbI YepBeL, BpeauT B Tenanuax [7].

B3pocnble camku 1 nnumHkK V. amaryllidis nokanu3yroTca Ha NyKoBMLAX PacTEHWUI nof vellyiikamu. 3bi-
Masi M1acTUYeCKMe BELLECTBa, YepBeL, NOBPeXAaeT Yellyiikn 1 BepXyLUKu iykosuy Amaryllus sp., 4To npusogut
K MacCOBOMY 3aCbIXaHWtO pacTeHunin [1; 12; 14].

Bnepsble Vryburgia amaryllidis (kak Pseudococcus amaryllidis [19; 20]) 6bin oTmedeH B 1963 . Ha Amaryllis
hybrid.f B opaHxepee LleHTpanbHOro 6otaHmuyeckoro caga HAH Benapycu. B pe3ynbtaTe 06paboTKu pacTeHwit
amynbcueit TModoca BpeanTenb 6bin cTpebneH [19].

UepBeL, 06bIKHOBEHHbI KakTycoBbI (Rhizoecus cacticans (Hambleton, 1946)). Teno B3pocnoi camKu
Rh. cacticans oBasibHOe, 4/IMHOW A0 2,3 MM, LUMPUHOM A0 1 MM, 3e/IeHOBATO-XKEeNTOro LBeTa, NOKPbITOe TOHKUM
C/I0OEM MYYHMWCTOro Bocka [17; 21].

PernoH npoucxoxgeHus - KOxHaa Amepuka [11; 16]. Mo Tpoduueckoi cneynannsauum NnpuHagIexnT K Ynuc-
ny nonudaros [11; 21]. PernctpmpyeTtcs B YCI0BUAX 3aKPbITOro rpyHTa [4], rae MoXeT HaHeCTU CYLLECTBEHHbIN
yuiep6 [28]. BbicTynaeT B Ka4ecTBe Cepbe3HOro Bpeautens kaktycos (Cactus sp.) v Apyrux CykkyneHToB [23].

B3pocsble camky 1 numnHKKM Rh. cacticans 3acefifitoT KOPHU pacTeHUin, KOTOpbIe MOKPbIBAKOTCA 6e/bIM MYLUNCTLIM
BOCKOBbIM HaneToM. MouBa BOKPYT pacTeHWin XxapakTepusyeTcs 6enoBaTbIM OTTEHKOM. 3biMast NUTaTe/bHbIE BeLecTBa
13 KOPHEW, MHULIMMPYIOT UX OTMUPaHUE, B Pe3y/bTaTe Yero pacTeHue TepseT TYProp, XXeNTeeT 1 3aMes/IfeT pocT.

B pa6otax G. Pellizzari & J.-F. Germain [11; 16] yka3biBaeTca npucyTcTBue Rhizoecus cacticans Ha Teppu-
Topun Benapycu.

UepBel, MyYHMCTbIN KaKTycoBblin (Spilococcus mamillariae Bouche, 1844 (=Pseudococcus mamillariae
Bouche, 1844)). Teno B3pocnoii camki S. mamillariae LWVpokooBanbHOeE, AANHONA OT 3 A0 3,5 MM, LUIMPUHOA A0
2 MM, po30BaToro ueTa. Mo Kpato Tena pacnonoxeHo 10-14 nap BOCKOBbIX HUTeN [1; 14; 17].

PernoH npoucxoxaeHusi - CeBepHas Amepuka [11; 16]. Mo Tpothuryeckoin cneumanisaumn NpUHaANeXnT
K umcny moHoaros, KoTopble 3acenstoT mammunnapum (Mammillaria sp.), kaktycbl (Cactus sp.), 3XMHOKaKTYyCbl
(Echinocactus sp.) n gpyrue Buabl 4eKopaTUBHbIX CYKKYneHToB [1; 12; 14].

B3pocnble caMKy 1 nnunMHKK S. mamillariae noKann3ykoTcs Ha MPUKOPHEBOI YacTu CTe6Nel U Ha KNagoansax
KaKTYyCOB, UTO NPUBOAUT K OTMMPaHMIO NMPUKOPHEBO YacTn cTebns. MpefcraBnseT yrposy Ans 60TaHUUYECKMX
OpaH>XepeiHbIX KOMNEKLUMUIA N NMPOMbILLNEHHON KyNbTypbl KakTycoB [18].

B Benapycwu Spilococcus mamillariae (kak Phenacoccus mamillariae) 4yacTo BCTpevaeTcsi B OpaHXXepesx Kak
BpeanTenb KakTycoBbIx (Cactus sp.) [15].

CewmeiictBo Coccidae (JIo)KHOLMTOBKM U1 MogyLlieyHnLbl)
JNoxxHowmToBKa MaArkaa (Coccus hesperidum Linnaeus, 1758). Teno B3pocnoii camkm C. hesperidum
MI0CKOE WM CcnaboBbIMyKoe, ALEBUAHO-aCCUMETPUYHOE, A/IMHON OT 2,5 A0 4 MM, XXeJTOBaTO0-3e/1eHOro,
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3e/1eHOBaTO-KOPUYHEBOTO, KOPMYHEBOTO LIBETA C KOPUYHEBOI MYHKTUPOBKOW 1 nofocamn. VIHorga nurmeHTanms
MOXET 0TCYTCTBOBaTb. [opcanbHasa NOBEPXHOCTb Tefa 31acTUYHas UM cnerka cknepoTusnpoBaHa. Popma Tena
HaCeKOMOr0O CM/IbHO BapbMpyeT OT MecTa NMUTaHWs 1 HEPOBHOCTE MOBEPXHOCTM KOPMOBOIO pacTeHust (MNCTbs
NN BeToUKM). LLLMTOK Bonee MArKuiA, YeM y HacTOALMX LWMTOBOK [2-4; 17].

KpuntoreHHoblin Bug [16]. Mpegnonaraetcd, uto C. hesperidum aBAseTcA BbIXOALEM U3 TPOMUYECKMX
1 cybTponuueckux permoHoB Asum [18]. Mo TpodhuyecKoi cneunanmsaumm NPUHALAIEXUT K YACAY WNPOKMX
nonndaros. BcTpeyaeTcsi NOBCEMECTHO B OpaHXXepesx, rae BpeAMT MHOFQUMCIEHHBIM eKOPaTUBHLIM PacTEHUAM,
a TaKkKe MapasMTMpyeT Ha KOMHaTHbIX pacTeHusix [4]. Mo gaHHbIM [29], NOXHOLWIMTOBKA MsrKas MOXET
noBpexaaTb 0ko/0 320 BMAOB pacTeHMIA. ABNAETCA ONaCHbLIA BpeAUTENEM LUTPYCOBLIX. K uncy noBpexaaemMbix
B 3aKPbITOM FPpyHTE PacTeHUn MOXHO npuuncnuTb uutpycosble (Citrinae), opxugen (Orchidaceae) u mHorue
Jpyrvie BuAbl CyBTPOMMYECKMX U TPOMUYECKNX PACTEHUIA, K YNCAY KOTOPbIX NpuMHagnexuT naow, (Hedera sp.),
oneaHap (Nerium oleander), qukyc (Ficus sp.), kpoToH (Crotons sp.), moHcTepa (Monstera sp.), po3a (Rosa sp.),
Kogpe (Coffea sp.), pykcus (Fuchsias sp.), nanopotHuku (Polypodiophyta) [2].

B3pocsnble camkun 1 nndnHky C. hesperidum noKanusyoTcs Ha BepXHEN CTOPOHe NUCTOBbLIX NAACTUHOK BLOJb
LIeHTPaNbHOM XUKK, YepellKax 1 cTebnsx. Mpu MaccoBOM 3aceneHnn pacTeHuA NOXHOLUTOBKOM HapyLuaeTcs
MX HOPManbHbIN PoCcT, CTe6M AehopMUPYIOTCS, IMCTbS 06eCLBEUMBAIOTCA U MPeXAEBPEMEHHO OMNajatoT, UTo
MOXET NPUBOAUTL K FMbenn pacTeHni, 0CO6eHHO MOMoAbIX. HacekoMble NPoAyLMPYIOT 3HAUMTE/IbHOE KOMNYe-
CTBO ME[BSIHOW POCbI, Ha KOTOPOI pa3BMBalOTCA CanpoUTHLIE CAXMWCTbIe TPUOLI, YXyALalowme GoToCuHTE3
N Pe3KO CHVKAKOLLME [EeKOPaTMBHOCTbL pacTeHuii [2-4; 18].

Coccus hesperidum peructpupyetcs B opaHxepesx LleHTpanbHoro 6otaHnyeckoro caga HAH benapycwm, rae
NoBpeXaaeT MHOrOYMC/IEHHbIE BUAbI pacTEHUIA, 0cobeHHO LMTpycoBble (Citrinae), apanmesble (Araliaceae), u-
Kycbl (Ficus sp.), oneaHap (Nerium oleander L.), nnoww (Hedera sp.) n gpyrue [19; 20; 30; 31].

JToxxHowmMToBKa nonywapoBngHas (Saissetia coffeae (Walker, 1852)). LLluTok B3pocnoii camku S. coffeae
BbINYK/bI, Ha FNaKoi NOBEPXHOCTM NMMCTOBOM NAACTUHKM KPYI/bliA, a Ha TOHKOI BETKe - NPOAONroBaThIi, Ana-
MEeTPOM OKO0J10 2 MM. Teno B3pOC/0i CaMKM KOPOTKOOBa/IbHOE, CUIbHOBLIMYK/0e, NOYTU NONyKpyrioe. Monogble
0C00U XEeNToro LBeTa, TOrAa Kak crapble - XenTo-KOpUYHEBbIE NN KOPUYHEBLIE, TNAfKMe C AMAMETPOM LUUTKA
0T 2 go 5 Mm. Ha gopcanbHoli CTOpOHe pacnoniaratloTCst CKAePOTU3MPOBaHHbIE 0Ba/TbHON (HOPMbI SUEKK, KOTO-
pble 00pa3yOT XapaKTEPHbIA PUCYHOK, HaNnOMUHatoWwnia wnem [2; 3; 17; 32].

PernmoH npoucxoxgaeHus - AdpoTponuyecknii [11; 16; 18]. Mo wmpoTe TPOPUYECKOW creumanmsauun
NPUHAANEXUT K uncny nonudaros. Mpu BCnblKax MaccoBOro pasmHoXeHus, Kak 1 C. hesperidum, sBnsetcs
ONacHbIM BPESUTENIEM MHOTMX OPaHXEPEMHbIX N TaKUX KOMHATHbIX LBETOYHO-AEKOPATUBHBIX KyNbTyp [2], Kak
acnaparyc (Asparagus sp.), ryaea (Psidium guajava), kamenusa (Camellia sp.), kpoToH (Codiaeum sp.), kodeii-
Hoe gepeBo (Coffea sp.), mupT (Myrtus sp.), oneaHgp (Nerium oleander), opxugewn (Orchidaceae), nanbmoBble
(Arecaceae). OcobeHHO cunbHO BpeanT nanopoTtHMkam (Polypodiophyta) n carosHmkam (Cycas sp.) [3].

B3pocnble camkn 1 nnumHkK S. coffeae nokanusyroTca Ha yYepelukax U IMCTbAX, CTe6NAX, TOHKUX BeTKax
1 Nnofax pacTeHnin. B mecTax nuTaHMsl 06pasyoTCcs XIOPOTUYHbIE Y4acTKK, HabnoaaeTca aehopMalnsa noberos
N MUCTbEB. IHTEHCKBHAA 3aCeNleHHOCTb PaCTEHUA BpeauTenieM Croco6CTBYET MOIHOMY MOXE/TEHUIO U YCbIXa-
HWIO INCTbEB, OTMUPAHWIO MOGEr0OB 1 BETBEN, TaK)Ke BO3MOXHA rMbesib BCero pacteHms. Camku NpogyuupyroT
3HaYMTENIbHOE KO/IMYECTBO MEABSAHOI POChI, KOTOPas CAYXMWT Cyb6CTpaTOM ANs Pa3BUTUA CanpoOUTHBLIX CaXu-
CTbIX rpnéos [2; 3].

Bnepsble Saissetia coffeae (kak Saissetia hemisphaerica) 6bi1a oTMedeHa B 1963 r. B opaHxepesx LieHTpanb-
Horo 6oTaHnyeckoro caga HAH Benapycu, rae cunbHO Bpefmna nanopoTHMKaMm. OHa 3aperucTpupoBaHa Ha Kie-
pogeHapymax (Clerodendrum sp.), ruéuckycax (Hibiscus sp.) [19; 20].

CewmeiicTBo Diaspididae (LUnToBKM)

LLinToBka naspoBas (Aonidia lauri (Bouche, 1833)). LLLuTOK B3pocnoi camku A. lauri Kpyrablid unu wmpo-
KO OBaJ/lbHbIA, BbINYKAbINA, gnameTpom 0,9-1,3 MM, KOPUYHEBOrO LiBETA C OAHWUM OpPaHXEBbIM CYOLEHTPaSIbHbIM
NNYMHOYHBIM 3K3yBUeM [12; 33; 34].

PernoH npoucxoxaeHus - CpegusemHomopbe [18; 34; 35].

Mo Tpodmnueckoii cneymanmsaLmm NpUHaLNEXUT K YACIy MOHOMAroB, KOTopble NoBpexaatoT Laurus nobilis,
0TMeYaroTCs TakxKe HaLaurus novocanariensis un gpyrux sugax naspa. LLInpoko pacnpocTpaHeH Ha Ky/nbTUBUpPY-
emom naspe [33].

B3pocsble camku 1 inunHKK A, lauri 3acensitoT CTBOAbI, BETBU U IUCTbSA. KONOHUM LWMTOBKM paccenstoTcs no
cTe6n1aM (0COBEHHO B y3naxX 60KOBbLIX NOGEroB) U pefiko 3aceNfoT camm NUCTbsA. Mpu MacCoBOM pasMHOXEHUM
LMTOBOK CTE6/IM CTAHOBATCA CePbIMU. B MecTax NUTaHUA NOABAAKOTCA XENTble NATHA, IMCTbS ONafatoT, KycTbl
HepeaKo NONHOCTBIO 3ackiXaloT [35].

Aonidia lauri oTmMeueHa B opaHxepesix LieHTpanbHoro 6otaHnyeckoro caga HAH Benapycu HaLaurus noibilis,
HO LUMPOKOrO pacrnpocTpaHeHus He nony4yuna [19; 20; 33].
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LLinToBKa nntowleBas, unu oneaHaposas (Aspidiotus nerii Bouche, 1833). LLLnuTok B3pocnoii caMku A. nerii
MAOCKWIA, TOHKMWIA, OKPYT/bIA, AMamMeTpoM 1-2 MM, XKeNTOBaTOro MM 6eno-ceporo LgeTa, COCTOUT U3 ABYX CBET-
NO-XKENTbIX IMYNHOUHBIX 3K3YBUEB, PACMO/IOXKEHHBIX B LLEHTPE U JIErKO OTAeNsSeTCA OT Tefia. Teno B3pOoC/oi cam-
KW rpyLUeBUAHOM (hopMbl, CBET/IO-KENTOro LBeTa [2; 12; 33].

PernoH nponcxoxaeHus - Adgpotponunyeckuii [11; 16; 18]. Mo Tpodunyeckoi cneunannsaumm NPUHaANeXNT
K YACY LWMPOKMX NONMGaros, 3acensowmnx Lenbii pag AeKopaTuBHbIX, NI040BbIX N OPaHXXepenHbIX pacTeHui,
B uncne Kotopblx acnaparyc (Asparagus sp.), opxugesa (Orchidaceae), nanopoTHuk (Polypodiophyta), nntouy
(Hedera sp.), azanua (Azalea sp.), ruémuckyc (Hibiscus sp.), po3a (Rosa sp.), untpycosble (Citrinae) n mHorme
Apyrue BUibl pacTeHuia [7].

B3pocnble caMKn 1 IMUMHKK A. nerii TOKaM3ykTCs Ha BETKax, CTBOMAX, NA0Aax, a Tak)Ke HUXKHEN CTOpoHe
NNCTOBbIX NNACTUHOK. 3aceNeHHble pacTeHNs CTaHOBATCA 0CNabNeHHbIMU, UX POCT 3aMeANfeTcs, B MecTax nura-
HWS 06pa3yroTCs XenTble, CBET/I0-3eNeHble UNN 3eNeHble NATHA, B pe3y/ibTaTe Yero INCTbSA XeNTelT 1 ONajatoT,
noberun fedopMUpyOTCs, BETBU YCbIXaOT, a NI0AbI NPEXAEeBPEMEHHO OnagatoT. [pu BbICOKOW NAOTHOCTH Bpe-
[NTEenNen BCe pacTeHMe MOXET YCOXHYThb [2; 4; 18; 36].

Aspidiotus nerii oTMeuyeH B opaH>epesx LleHTpansHoro 6oTtaHuMyeckoro caga HAH benapycu, rge speaut
acnaparycam (Asparagus sp.), (mkycam (Ficus sp.), >xacmuHam (Jasminum sp.), ayky6am (Aucuba sp.), oneaH-
apam (Nerium oleander) n apyrum opaHXepeiHbiM cy6Tponuuecknm pacteHmam [19; 20]. Takke BpeauTesb
OTMeueH Ha cTpenuuum Koponesckoli (Strelitzia reginae), nponspacTatoLleii B opaHxepesx LieHTpanbHoOro 60Ta-
Huyeckoro caga HAH Benapycu n KYT «LiBeTbl cTonuubi» [36].

LLinToBKa po3aHHas (Aulacaspis rosae (Bouche, 1833)). LLLMTOK B3pocnoin camkun A. rosae OKpYr/blid Unm
LUIMPOKOOB&/IbHLINA, AnameTpoM 1,5-2,8 MM, 6e/10ro uam cepoBartoro LgeTa. JIMUMHOUHbIE SK3YBUM XKENTbIE WK
CepoBaTO-0paHXeBble, PacrnonaraloTcs B LEHTPe WMTKa. Teo B3POCoi CaMKU YA/IMHEHHOE, XXeTO-MaJMHOBOE
NN KpacHOBaTO opaHyKeBoe. NepeHss YyacTb Tena 3aMeTHO LuMpe 3aaHeli yactu [1; 2; 37; 38].

PervoH npovcxoxpaeHus - CybTponuueckuii. Bo3amMoXXHO, pErMOHOM NPOMCXOXAEHUA BULA ABNSETCS TePpPU-
Topusi Asum [39].

Mo Tpogmyeckoii cneymanu3auny NPUHAAIEXUT K YUCTY ONUrodaroB, Tak Kak B KayecTBe KOPMOBbIX
pacTeHuWin ncrnonb3yeT NpeacTaBuTeneli cemeiicTBa PosouBeTHble (Rosales). B ycnoBmax Tenauy 3acens-
eT 1 nospexpgaet exesuky (Rubus fruticosus), manuHy (Rubus idaeus), 3emnaHuky (Fragaria sp.), po3bl
(Rosa sp.) [1; 2; 4; 37].

B3pocnble CaMKuU U IMUMHKKU A. rosae NOKaJIM3ytTCA Ha BeTKax ¥ noberax pacTeHuid, hopMupys npy 3ToM
KPYMHbIe KOMOHWUW. B pe3ynbTaTte nNUTaHWUs NPUBOAMT K 0CNabneHnIo pacTeHns, 3aMe/IeHNI0 Pa3BUTUSA IMCTLEB.
LLlnToBKa NpoayuMpyeT 3HaUMTEIbHOE KONMYECTBO NaAu, KOTOPOI 3arpsasHAeT MNCTbs U CTe6n, UTO NPUBOAUT
K MoTepe AeKOpaTUBHbIX CBOWCTB pacTeHunit [1; 2; 4]. EAMHUYHan peructpaums Buaa Ha Rosa sp. npu uccnefosa-
HMUW LiBETOBOAYECKMX XO3ANCTB I. MuHcKa [40].

LLintoBka ByagtoBans, unu nanbmoBas (Diaspis boisduvalii Signoret, 1869). LLLuTok B3pocnoii camku
D. boisduvalii KpyrnbliA, TOHKWIA, NNOCKWIA, NONYNPO3paYHbIin, AnameTpom 1,5-2,2 MM, 6efioro nnu ceposaTo-6e-
NOro LBeTa Cco CBETN0-KOPUYHEBLIMMW, PACMNONOXEHHbIMW B LEHTe LWWTKA, IMUMHOYHBLIMUK 3K3YBUAMU. B3pocnas
camKa Kpyrnas, nnockasl, B AnameTpe OK0M0 2 MM, CEpOBaTo-XenToro ygeta [1; 3; 12; 17].

PervoH npoucxoxgeHus - KOxHas Amepuka [11; 16; 18]. Mo Tpoduueckol cneumanmsalmn NPUHALANEXNT
K 4ncny WNMPOKUX NONMUKaros, NOBPEXAIOLLMX MHOTOUUCIEHHbIE BUbI CYyOTPONUYECKUX U TPOMMYECKUX pac-
TEHW, a TaKXKe BbICTYMNaeT B KAYECTBE CEPbE3HOr0 BPeAMTENs MHOTUX OpaHXepeiHbIX pacTeHUi, B TOM Ynce
umtpycosbix (Citrinae), nansm (Arecaceae), opxugeit (Orchidaceae), 6aHaHoBbIX (Musaceae sp.), MacnuH (Olea
sp.), oneaHgpa (Nerium oleander) n apyrux [1; 3; 17; 41]. Oco6eHHO cTpagatoT OT AeATENbHOCTA WMTOBKN MO-
nofble NNCTbS BeepHbIX NasbM [3].

B3pocnble camky 1 nnumnHkK D. boisduvalii nokanusyotcs rnaBHbIM 06pa3oM Ha HVDKHEW, pexe BepXHel,
CTOPOHE /IMCTOBLIX MACTUHOK, a TaKXKe BETOUKAX M Yepellkax. B mecTax CKOMNMeHus WMTOBOK BUAeH 6enblil ny-
LLOK, & B MeCTax UX NuTaHus 06pa3ytoTca XeNToro LBseTa NaTHa. JINCTbA pacTeHWld NpeXaeBpeMEHHO YCbIXatoT
1 onagatoT. MNpu BbICOKOW YACNEHHOCTU LWATOBOK Pa3BUTUE NIUCTLEB MPUOCTAHABUBAETCS, U PacTeHUs, B YacT-
HOCTM, NanbMbl, Hepeako nornéatoT [3; 18].

D. boisduvalii oTmeueH B opaHxepeax LleHTpanbHOro 6otaHmnyeckoro caga HAH Benapycu, rae cepbesHo
BpeaunT opxugeam (Orchidaceae), a Takxxe nanbmam (Arecaceae), 6pomennessiM (Bromeliaceae) n gpyrum opaH-
XepemnHbIM cyb6Tponuyecknm pacteHusam [19; 20]. OTMeueH KakK BpeauTenb CTpenuumm Koponesckoi (Strelitzia
reginae), npom3pacratoLleli B opaHxepesx LieHTpansHoro 6otaHudeckoro caga HAH Benapycu n KYT «LigeTbl
cTonmubl» [36].

LLinToBKa nanoukoBmaHasn (Lepidosaphes gloverii (Packard, 1869)). LLLuTok B3pocnoit camkm L. gloverii
YLA/VHEHHBIA U NapannensHOCTOPOHHWIA, CNaboBbINYKIbIA, HE CUBHO CYXKEHHbIN K 3K3YBMaIbHOMY KOHLLY, fu1a-
MeTpoM 2,5-3,5 MM, XXeNTbIi UK CBET/I0-KOPWYHEBLIA. Teno camMmKu Y3Koe, ¢ napannesbHbIMU 60KaMm1, HEMHOIO
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pacLUMpeHO Ha YpPOBHE MepBOro cermMeHTa Oprolika. MepBas MMUMHOUHAA LLIKYPKa XeNnTas, BTopas - XenTo-Ko-
puyHeBas [1; 4; 41].

PervoH nponcxoxzaeHus - FOro-BoctouHas A3us [18]. Mo Tpohnueckoii cnieumanm3anm NpUHagIexuT K Ynuciy
nonngaros 1 ABASETCS O4HWMM M3 OCHOBHbIX BPEAUTENEN LMTPYCOBbIX KylbTyp. BCTpeuaeTcs Takke Ha MarHoamsx
(Magnolia sp.), nanbmax (Arecaceae), macnmnHax (Olea sp.), delixoa (Acca sellowiana), naspe (Laurus nobilis) [42].

B3pocnble camku 1 anumMHkM L. gloverii nokannM3ytoTcs CTBOJME, BETKAX, IMCTbSAX M MAofax. 3acefeHHble
LMTOBKOW BETKM U MOBGErN 3aChbIXaloT, /INCTbS XKENTEKT U MPeXAeBPEMEHHO OMafjatoT, HapyLualTCs npoLec-
Cbl TPAHCMMpaLuMmn. PacTeHnsi CTaHOBSTCA CabbIMW 1 CHXKAKOT MPOAYKTMBHOCTL. Mpy MacCoOBOM pa3MHOXEHWU
BpeauMTeNs nnofbl MOKPbIBAOTCA CNOEM LUMTKOB, AeDOPMUPYHOTCS, YTO NPUBOAUT K NOTEPE TOBApPHbLIX Ka4yecTB
[43; 44]. Mo paHHbIM caliTa Arthropods of Economic Importance Diaspididae ofthe World [39], oHa npucyTcTBy-
eT Ha TeppuTOopuK Benapycu.

B fononHeHWe K aHHOTMPOBaHHOMY CMUCKY YepBELLOB U LMTOBOK PELEHTHOM thayHbl Benapycm 6bin nogroTos-
NeH nepeyeHb KapaHTUHHbIX BZ0B Kokumg (Coccoidea) Ha OCHOBaHUM aHa/IM3a HOPMATMBHbIX MPAaBOBbLIX aKTOB 0
KapaHTUHHbIX BUAX pacTEHWUA 1 XMBOTHbLIX [45; 46]. Bcero HacunTtbiBaeTcs 12 Bugos Coccoidea, cpefin KOTOPbIX
Aonidiella aurantii (Maskell) - wmToBKa NOMepaHLeBas kKpacHas, Ceroplastesjaponicus Green - 0XXHOWMUTOB-
Ka BOCKOBas snoHckas, Ceroplastes rusci (Linnaeus) - N0OXHOWMTOBKa BOCKOBasi MHXmMpoBsas, Chrysomphalus
dictyospermi (Morgan) - wnTOBKa KOpnyHeBas, Lopholeucaspisjaponica (Cockerell) - wuToBKa ANOHCKasA nanouy-
koBugHasi, Maconellicoccus hirsutus Green - yepBel, kecTKoBosiockIin, Margarodes vitus (Philippi) - yepBsew, toX-
HOamMepMKaHCKMI LcToobpasyroLmin BUHorpagHblin, Pseudaulacaspis pentagona (Targioni-Tozzetti) - WMTOBKa
TyTOBas, unn 6enas cnneosas, Pseudococcus citriculus Green - yepBew, MyYHUCTbIV BOCTOUHBIA, Quadraspidiotus
perniciosus (Comstock, 1881) - wmToBKa kanudopHuiickas, Pseudococcus comstocki (Kuwana) - yvepel, Kowm-
cToKa, Rhizoecus hibisci Kawai & Takagi - yepBeL, KOHEBOI MMBOUCKYCOBBIIA.

MpPOHUKHOBEHWE MEPEUNCIEHHBIX BbILLIE KapaHTUHHBIX BUAOB KoKumz (Coccoidea) Ha TEppUTOPUMIO CTPaHbl BO3-
MOXXHO BMECTE C MOAKapaHTUHHOM MPOAYKLWMEN: CaXKeHLaMM, NOABOSAIMU M YepeHKaMM NI0LOBbIX Ky/bTyp, CaXKeH-
Lamm, NOABOSIMU 1 YepPEHKaMM ArOAHbIX KY/bTyp, CaKeHLaMu, MOABOSIMM U YepeHKaMM BUHOTPaga, AePEBbSIMM 1 Ky-
CTapHMKaMKN LEKOPATUBHBIX KyMbTyp, FOPLUEYHLIMI PACTEHUAMU PA3NIMYHBLIX KyNbTYp, PaCTEHUAMU TPOMUUECKUX
KynbTyp [45]. C Uebo orpaHUYeHnst MPOHMKHOBEHWSI KapaHTUHHBIX BUA0B Ha TeppuToputo benapycu Heo6xoanmo
CO6/MI0AEHNE KapaHTUHHBIX (PUTOCAHWTapHbIX TPebOBaHMA. TaK, pa3peluaeTcs BBO3 CaXKEHLIEB, NOABOEB U YEPEH-
KOB M/10[0BbIX Ky/IbTYP U3 30H PacnpoCTPaHEHUs) KapaHTUHHBIX BAOB TO/bKO MOCe 06e33apaXmBaHNs PacTeHWii
B CTpaHe-3KCnopTepe C NPOCTaB/IEHWEM COOTBETCTBYHOLLEN 3anncKn 06 o6e33apaxmBaHUn B (DUTOCAHUTAPHOM cep-
TnrkaTe. BBO3 CaKeHLIEB, MOABOEB N YEPEHKOB ArOAHbIX KY/bTyp, CaKEHLIEB, MOABOEB U YEPEHKOB BUHOMpaja,
[EPEBLEB M KYCTapHUKOB AEKOPATMBHBIX Ky/IbTYP U3 30H PacnpoCTpaHeHUs KapaHTUHHBIX BUAOB AOMyCKaeTcs npu
YCM0BMM 06€e33apaXKnBaHna NapTUM NOAKapPaHTUHHOW NPOAYKLUM C MPOCTaBNEHNEM COOTBETCTBYHOLLEN 3amMcu 06
06e33apaxnBaHn B hToCaHUTapHOM cepTudumkate [45].

3aK/IloYeHune

B HacTosiee Bpemsa 13 39 BmaoB Coccoidea, OTMEYEHHbIX B permoHanbHoM tayHe Benapycu, ana 15 BuaoB
cemelicTB Ortheziidae, Pseudococcidae, Coccidae n Diaspididae xapakTepHO 06MTaHME B YCNOBUSAX 3aKPbITOroO
rpyHTa, 4To coctasnset 38,5 % oT 06LLUero BMAoBoOro coctasa. Mpeobnagatollee 60bWNHCTBO (7 BUAOB; 46,7 %)
npuHaanexxuT cemeictey Pseudococcidae. K npeactaButensm Diaspididae oTHocuTcs 5 BUAOB, YTO COCTaBAsSeT
33,3 % OoT 06ulero yncna. B ycnoBmsix 3akpbITOro rpyHTa cemeiicteo Coccidae npeAcTaBfieHO ABYMS BUAaMU:
NoXHowWMToBKOW Markoin (Coccus hesperidum Linnaeus, 1758) n nonywapoBuaHoii (Saissetia coffeae (Walker,
1852)). EAVHWMYHBIM BMAOM - YepBeLOM MnacTMHYaTbiM opaHXepenHbiM (Insignorthezia insignis (Browne,
1887)) npeactaBneHo cemeiictBo Ortheziidae.

B ycnoBumsx 3aKpbITOro rpyHTa 60/bLIMHCTBO YepBeLoB U WUTOBOK (11 BMAOB) NO TPOhMYECKON crneymnannsa-
L1V NpUHaZIexXar K Yucny HecneunanusmpoBaHHbIX utodaros (nonudgaru), 4To coctaBnset 73,4 % oT CNMCOYHO-
ro coctasa. o 2 Bnga 0THOCUTCS K Cneuvann3npoBaHHbIM (oimrodarn) 1 y3kocnewumaamsmpoBaHHbIM (MOHogarmn)
thmTocharam, 4To cocTtaBnset no 13,3 % COOTBETCTBEHHO.

Ha ocHoBaHMM NPOBEAEHHOr0 XOPOIONMYECKOro aHaim3a KoKUma, 06MTaloWwmux B YCN0BUAX 3aKPbITOro rpyHTa
Benapycu, ycTaHOBNEHO, 4YTO OO/bLUMHCTBO MpeacTaBuTeneid (6 BMAOB) WMEHT €CTeCTBEHHO-UCTOPUYECKM
cnoXuBlunecs apeanbl B CeBepHoW, LleHTpanbHoW n HOXxHOW Amepuke n cocTasnsieT 40 % OT CMMCOYHOrO
cocTaBa. Bbixoguamu M3 apoOTPONMYECKOro pervoHa sBAsOTCA TpW BuAa Kokumg - Vryburgia amaryllidis,
Saissetia coffeae n Aspidiotus nerii. TeppuTtopus ABCTpannn ABNSETCA PErMOHOM NPOUCXOXAEHMS ANS YepBela
My4YHMCTOro unTpycoBoro (Pseudococcus calceolariae), Cpean3eMHOMOPbE - AN WMTOBKK NaBpoBoit (Aonidia
lauri), KOro-BoctouHas A3ns - Ans WMTOBKK NanoykoBuaHoii (Lepidosaphes gloverii). Ons ABYyX BUAOB KOKLMA
(noxHowmToBKM MArkoi (Coccus hesperidum) u WKUTOBKM po3aHHON (Aulacaspis rosae) npeanonaraeTcs, yYto
PernoHOM NPOUCXOXAEHUA ABNIAETCA TeppuTopmna Asmu.
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B paboTe npmBeseH nepeveHb KapaHTUHHBIX BUA0B Kokuug (Coccoidea), KOTOPbIA HEOO6X0AMMO UCNO/b30BaTh
Ana OMTOCAHUTAPHOrO KOHTPO/S (HaA3opa) MoAKapaHTUHHOW npoAyKuumn (fpy3bl, MaTepuanbl, TOBapbl) 1 Noa-
KapaHTUHHbIX 00BEKTOB C Lieflblo HeJOMYLLeHNs BBO3a U pacrnpocTpaHeHns Ux rno Tepputopumn benapycu.
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MEPEAHWMNE TONEHWN XYKA-HOCOPOIA OBbIKHOBEHHOIO (ORYCTES
NASICORNIS (LINNAEUS, 1758) KAK BUOHVWYECKWWN MPOTOTWU
OANAMOALENNPOBAHNMA CTPEJ/IbYUATBLIX JTATT KYJIbTUBATOPOB

0. B. CMHUYK1,A4. I >)XOPOB1

DBenopycckunil rocyfapcTBEHHbI YyHUBEPCUTET,
np. HesasucumocTwu, 4, 220030, r. MuHck, Benapycb

PaccMOTpeHbl OCHOBHble NMPUHLUMMbLI 6MOHMYECKOTr0 MOAEIMPOBaHMSA M MPOEKTUPOBaHWSA KaK BaXKHOM YacTn 3KOoruYe-
CKOr0 3HaHWA. YKaszaHa BaXXHOCTb MCMO/b30BaHUS 6MOHMYECKOr0 An3aiiHa B Ka4eCcTBe pereHepaTMBHOIO MoAxofa B MpoeK-
TMPOBaHWUW fieTaneit n Ux 0TAeNbHbIX 31eMeHTOB. MoguepKMBaeTCA 3HAUNMOCTb MCMOb30BaHNA MPUPOAHBLIX 06BLEKTOB ANS
CO34aHnsA NPUHUMMNANIBHO HOBbIX TEXHUYECKMWX PeLLeHNiA 1 afanTaummn 0TAeIbHbIX 3/1EMEHTOB B Y)Ke CO3AaHHble TeXHOI0rMn
B Ce/IbCKOM X03sicTBe. [pMBOAATCS CBEfEHNS 0 BO3MOXXHOCTW MCMONb30BaHWA rosieHel XXyKa-Hocopora 06bIKHOBEHHOIO
(Oryctes nasicornis (Linnaeus, 1758) ans 6MOHNYECKOro MOAENIMPOBAHUSA CTPeNbYaTbIX Nan KyibTuBaTopoB. C 3TOW Lenbio
paccMOTpeHbl YacTW HACEKOMOTO - MepefHUe roNeHn, KOTOPbIe UCMbITbIBAOT HAMBO/bLUYIO Harpy3Ky npu ABUXeHUN B opra-
HMYeCKOM cybcTpaTe pacTUTEIbHOMO MPOMCXOXAEHMS K hopMUPYIOLLElics NoUYBeHHOW cpefe. Bbi6op 6MOHMYeCKOro aHa-
nora o6ycnosneH nogobvemM BbIMOMHAEMbIX PYHKLUUA U M3HOCOCTOMKOCTLIO. py 3TOM MpuBeAeHbl CBEAEHUS O MexaHnKe
nepemMeLLieHs HACEKOMOr0 Y HEKOTOPbIX 0COBEHHOCTAX 6MONOrNnN. PacCMOTPEHbI YHUKaSIbHbIE MOPJO/IOrMyecKme 0CoBeH-
HOCTW TOJIeHN XXYyKa-HOCOopora, B YaCTHOCTU NX afanTUpoBaHHasA opMa 1 yHKLUNOHa/IbHbIE XapaKTEPUCTUKN. YKa3bIBAETCA
Hanmuuve y paboyei 4acTu rofieHe 3aKpyreHHbIX K BepLUnHe 3y6L0B. B npocTpaHcTBe Mexay 3ybLuammn MMetoTcs OKpyriible,
YMIOLWEHHbIE K KpPalo BbleMKW. OfIEKTPOHHAA CKaHMPYIOLLAA MUKPOCKOMNWSA MO3BOJIA/IA YCTAHOBUTL CKY/bNTYPY MOBEPXHO-
CTW 3ybyaToro Kpas roneHeii. Mopdonornsa noBepxHoOCTV paboyeid YacTy FONEHN UMEET MOPUCTOe CTpoeHMe. OTAeNbHble
NMHUN POPMUPYIOT M3BUTbIE KaHa/lbLbl Pa3fIMYHON ry6uHbL. AHaNU3 3/1eMeHTHOr0 CoCTaBa MO3BOMN/ BbISIBUTL HamMume
QTIOMVHUS B CTPYKTYPe BHELLHEro CKeseTa 3ybyatoro Kpas roneHei. [ns 06beKTUBHONM OLEHKM M paspaboTKu Hambosnee
APPEKTUBHBIX TEXHONOTMYECKUX PeLleHWi NpeanaraeTcs NpoaHaIn3MpoBaTh aHaNorMYHbIe YacTu HOT npescTaBuTenei ce-
MmelicTBa Scarabaeidae. Mo pesynbTartam nccnefoBaHU BbIABUIaeTCA rmnoTesa no UCcrosb30BaHUIO 3y6UaToro Kpas rosneHel
YKyKa-Hocopora npu NpoeKTUPOBaHUN CTPe/bYaThbIX fan Ky/NbTUBAaTOPOB, MyTeM CO3[aHWA HarnaBKy UNN HaKMNafoK U3 13-
HOCOCTOMKMX MaTepuasioB Ha pabouyto MoBepxHOCTb. Mpu 3ToM 06LLias CTPYKTYpa FofIeHN MOXET CIYXWUTb 00beKTOM A/1s
aganTauum 1 co3gaHna NPUHLUUNMAILHO HOBbIX PELLEHNIA B 3eM/Iefe/IbHeCKOl MeXaHVKe, XapaKTepusysacb Npy 3TOM BbICOKOM
3pheKTUBHOCTbIO, M3HOCOCTOMKOCTBIO U 3KO/IOFMYHOCTbIO.
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BnarogapHocTb. VccnegoBaHust NPOBOAMIUCE B paMKax BbinofHeHWst HUP «lMccnefoBaHne M3HOCOCTOMKUX GUOUHCTN-
PVPOBaHHbIX PaGoUKX MOBEPXHOCTEN CTPebYATbIX /lan Ky/IbTUBATOPOB /151 yX0Aa 3a N0CajKaMu OBOLLHbIX KynbTyp» MTHW
«CenbCKOX039MCTBEHHbIE TEXHOMOTUM 1 NPOAOBONLCTBEHHAs 6e30MacHOCTb». ABTOPbI NPUHOCAT 6rarogapHocTb LleHTpy
KO//IEKTVUBHOTO MO0/b30BaHUS YHUKA/IbHBIM HayuHbIM 060pyA0BaHMeM «BeflopycCKUii MeXBY30BCKUI LIEHTP 06CY)KBaHWS!
HayUHbIX UCCMEeA0BaHU» (PU3MUecKoro gakynbTeTa Y 1 NMYHO BeAylUeMy MHXEHepY pajvaLMoHHOW 1 BakyyMHol anna-
paTypbl CEKTOPA 06CY>XMBaHUS Hay4YHbIX UccnefoBaHuii C. B. MycakoBoii 3a 0KasaHHYH NOMOLLb B MPOBEAEHUN UCCNef0Ba-
HUWiA MeTOjaMW 3N1IEKTPOHHO MUKPOCKOMUMU.

THE FRONT TIBIA OF THE EUROPEAN RHINOCEROS BEETLE
(ORYCTES NASICORNIS (LINNAEUS, 1758) AS A BIONIC PROTOTYPE
FOR MODELING THE ROW CROP CULTIVATOR SWEEP

A. VSINCHUKaD. G.ZHOROV

Belarusian State University,
4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: A. V. Sinchuk (aleh.sinchuk@ gmail.com)

The basic principles of bionic modeling and design as an important part of ecological knowledge are considered. The
importance of using bionic design as a regenerative approach in the design of parts and their individual elements is pointed
out. The importance of using natural objects to create fundamentally new technical solutions and adaptation of individual
elements into already created technologies in agriculture is emphasized. Information is given about the possibility of using the
tibiae of the european rhinoceros beetle (Oryctes nasicornis (Linnaeus, 1758) for bionic modeling of lancet legs of cultivators.
For this purpose, the parts of the insect - the anterior tibiae, which experience the greatest load during movement in organic
substrate of plant origin or forming soil environment, were considered. A bionic analog was chosen due to the similarity of the
functions performed and wear resistance. Information on the mechanics of insect movement and some peculiarities of biology
is given. The unique morphological features of rhinoceros beetle tibiae are considered, in particular, their adapted form and
functional characteristics. The presence of teeth rounded to the apex at the working part of the tibia is indicated. In the space
between the teeth there are rounded, flattened to the edge notches. Electron scanning microscopy allowed to establish the
sculpture of the surface of the serrated edge of the tibiae. The morphology of the surface of the working part of the tibiae has
a porous structure. Individual lines form tortuous tubules of different depth. The analysis of elemental composition allowed
to reveal the presence of aluminum in the structure of the external skeleton of the dentary edge of the tibiae. For an objective
assessment and development of the most effective technological solutions, it is proposed to analyze similar parts of the legs of
representatives of the family Scarabaeidae. Based on the results of the research, a hypothesis is put forward to use the serrated
edge of the tibiae of the rhinoceros beetle in the design of lancet feet of cultivators, by creating cladding or overlays of wear-
resistant materials on the working surface. In this case, the general structure of the tibia can serve as an object for adaptation
and creation of fundamentally new solutions in agricultural mechanics, characterized by high efficiency, wear resistance and
environmental friendliness.

Keywords: bionics; eco-innovation; agricultural mechanics; applied biology; agriculture; Scarabaeidae.

Aknowledgements. The research was carried out within the framework of the research work «Study of wear-resistant
bioinspired working surfaces of the row crop cultivator sweep for planting vegetable crops» State Research Program
«Agricultural Technologies and Food Security». The authors are grateful to the Center for Collective Use of Unique
Scientific Equipment «Belarusian Interuniversity Research Service Center» of the BSU Faculty of Physics and personally
to the leading engineer of radiation and vacuum equipment of the research service sector S. V. Gusakova for her assistance
in conducting research by electron microscopy methods.

BBegeHune

B HacTosilee Bpems BCe 0OMblUee BHMMaHWE YAENSETCA PasBUTUHO OWOHUYECKUMX uccnegoBaHmin [1].
MpUHUMMBI M NOAX0AbI BMOHNYECKOTO NPOEKTUPOBAHWS HanpaB/ieHbl HA COAENCTBME KaK CYLLECTBYIOLWMUX Lienei
YCTONYMBOr0 pa3BUTWS, TaK U BO3HMKAIOLWMUX Liefieil pereHepaTUBHOIO AmsaiiHa [2]. B kayecTBe anbTepHaTMBSI
paspyLLatoL MM 3KOCUCTEMbI TEXHOMOTUAM WHAYCTPUILHOW 3MOXM MOSABAAKTCA 3KONOrMYeckue MNoLXOAbI
K TEXHOMIOTUSM U MHHOBALMAM, KOTOPbIM Ha MPOTSXKEHUN YXKe MHOTUX NeT yaenseTcs Bce 60/blue BHUMaHus [3].
BUOHMKa ABMSETCA NPMMEPOM TakKoro 3KOMOrMYeCKoro noaxoja K TEXHOOrMSAM M WHHOBaLMsAM, K KOTOPOI
npuberatoT yUyeHble, U3yyas yCTPOMCTBO NPUPOAHBLIX CUCTEM U 3aTEM UMUTUPYS 3TV KOHCTPYKLMMW 4151 peLleHmns
XO035IACTBEHHO BaXHbIX Npo6sieM v 3aday [4-6]. Mprpofa paccmaTprBaeTcs 34eCh Kak BLOXHOBAAOLWMIA UCTOUHMK
3HaHWIA, KOTOPbIA NO3BOMSIET CO34aBaTb TEXHONOrMYECKMEe WHHOBALWMW, CO3faHHble MPUPOACKA. o MHeHMIo
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Ibk. M. BeHbloca, «rapMOHWA pyka 06 pyKy» WAeT C MNPUPOLHbIMU CUCTEMaMW, B KOTOPOW «OpraHu3Mbl
nprcnocabnnBaroTCs K CBOEMY MECTOOOUTAHMIO U APYT K ApYTy» [7], 4TO ABNSIETCS rNaBHbIM YPOKOM, KOTOPbIN Mbl
MOXEM U3BJieYb U3 MPUPOAbI Y KOTOPbIA MOXET CTaTb BAOXHOBEHUEM A1 BYAYLIMX 3KONOTMYECKMX pa3paboToK
1 601ee HafeXHbIX TEXHOMOMMIA U MHHOBaLWI [3].

CoBpeMeHHas npakTnKa GUOHNKWN BK/IKOYAET TPU K/KOUEeBbIX YPOBHA [2; 8]. MNepBblii ypoBeHb BMOHUKHK CTpe-
MUTBCA K UMUTaLMK ecTeCTBEHHON topMbl (6MoHMYeckoe nogobue) [9]. BTopoli ypoBeHb uccnegyet 6mono-
rmyeckre NpoLecchl 1 To, Kak UX MOXHO MMUTUPOBATb B Au3aiiHe U UHXeHepun [10; 11]. TpeTuid - MOXeT
BO3HMKATb HAa CUCTEMHOM YPOBHE, KOrja UccnefoBaHus cocpefoTaumBaloTCca Ha NpUHUMNax, MOLensx u cTpa-
Terusx, NPUHATBLIX B 3KocucTemax [9]. MHorune nccnefosatesiv NOAYEPKUBAIOT BO3MOXHOCTb Mepexofa K npak-
TUKe OMOHWKM Ha ypoBHe akocucteMbl [9; 12; 13], oTMeyas, UTO NOAXOAbl HA YPOBHe (hOpPMbI U npoLecca He
06513aTeNIbHO MPUBOAAT K pa3paboTke YCTONUMBOrO peLleHus, 0CO6EHHO C YYETOM CKOHHOCTM K NOAPaXaHUo
HEKOTOPbIM M36paHHbIM YepTaM KOHKPEeTHOro opraHu3ma. BMecTo 3Toro oHu npegnaratot 60see LefloCTHYIO
NHTEpNpeTaLmio U NPaKTUKY BMOHMKKM, KOTOpas paccMaTpuBaeT NpUMeHeHUe 6UOHUYECKMX PeLLEHWI B pa3finy-
HbIX NPOCTPAHCTBEHHbLIX, BPEMEHHbIX ¥ OpraHM3alMoHHbIX MaclwTabax [13-15]. B cBA3M ¢ Yem paccmatpuBa-
€TCA He TONbKO BMOHMYECKOe NofobMe OTAEe/bHbLIX OPraHoB, HO U X (DYHKLUMOHaNbHOE Ha3HauYeHWe, MexaHuKa
N CTPYKTYypa.

C y4eTOM yKa3aHHbIX M0AX0A0B GMOHMYECKOE MPOEKTUPOBAHME LLUMPOKO NPUMEHSOTCS NpU pa3paboTke KOH-
CTPYKTUBHbIX CXEM U 060CHOBaHWM NapameTpoB Pas3/iIMUHbIX CeNbCKOX03AMCTBEHHbLIX U NOYBOOOPabATLIBAOLLMX
MalwuH [16; 17]. B kayecTBe GMOHUYECKMX MPOTOTUNOB MOTYT BbICTYNaTb Pa3NYHbIE NMOYBEHHbIE XUBOTHbIE:
nX (hopma Tena, OTAeNbHbIE YaCTU 1 faxe Lefble opradbl [16-19]. Mcnonb3oBaHMe NOYBEHHBIX XMBOTHbIX B Ka-
yecTBe OMOHMYECKOrO NPOTOTMNA CBA3AHO C UX aHTUAATe3UOHHLIMU CMOCOOGHOCTAMU U (DYHKUUAMU CHUKEHNS
CONPOTUBNEHUS B 3dadnueckoin cpefe. OHU TakXXe XapaKTepu3yoTCs UCKOUNTEIbHLIMU U UAeaNbHbIMU MeXa-
H/M3MamMun 6opbObI C NPUANMAHUEM Pa3/IMYHbIX BELLECTB K Ux Tenam [19].

B KauyecTBe 6UMOHMYECKUX MOJENEN Mpu MPOEKTUPOBAHUU CTPenbYaThIX fan Ky/fbTUBaTOPOB paccMaTpuBa-
I0TCA MaHAMOYMbl YepHOro cafoBoro Mypasbs (Lasius niger (Linnaeus, 1758) [20; 21], konate/ibHble LWETUHKM
06bIKHOBEHHOI0 MypaBbMnHOro nbea (Myrmeleonformicarius Linnaeus, 1767) [22]. Takxke Hamu npeanonaraeT-
CSt BO3MOXKHOCTb MCMO/Ib30BaHUA AN 3TUX Liefeid roneHew XyKa-Hocopora 06blkHOBEHHOT0 (Oryctes nasicornis
(Linnaeus, 1758).

YKyK-Hocopor 06bIKHOBEHHbIN - NpeAcTaBuTeNb 0TpsAAa XecTKokpblible (Coleoptera), xapakTepusyowuiics
Hannumem KonatesibHbIX FOfieHel nepeHMX HOr, KOTOPbIE MOXHO MCMO/b30BaTh B KA4YeCTBe NpoToTMNa A4Ns 6mo-
HMYECKOro MOLENNPOBaHUS B 3eM/efle/Ib4ECKON MeXaHUKe.

O. nasicornis - >KeCTKOKpbI/Ioe HacekoMoe 3anafHo-naseapkTMYeckoro apeana [23], WMPOKO pacnpocTpa-
HEHHbIV no Tepputopumn KOXHOW 1 LieHTpanbHoi EBponbl, CeBepHoli AQpukn. Bug Takke oTmeuaetcs B Boc-
TO4YHON Cnbupun 1 Ha fansHeM BocToke Poccun. B npouecce cnyyainHoin MHTPOAYKLUM YeTOBEKOM XKYK-HOCOpOr
06bIKHOBEHHbI NOCTENEHHO U3MeHSeT (B CTOPOHY pacLUMPEHNs) CBOKO CEBEPHYIO 1 BOCTOUHYIO rpaHuLy apeana
[23-26]. XKyk-HOocopor 06bIKHOBEHHbI MOXET BbICTYNaTb Kak CUHAHTPOM, UCMNOMbL3Ya 419 PasBUTUS NIMUUHOK
MecTa CKOMJIeHNs pasnaratolmxcs pacTUTeNIbHbIX OCTATKOB (MapHUKWM, KOMMOCTbI, HABO3HbIE Kyun U T. 4.) [23;
24; 27; 28]. O. nasicornis 0THOCUTCA K Yncny Hanbonee KpynHbIX, 4OCTUras B AnnHy 6onee 4 cM, BUAOB XeCT-
KOKpbIbIX (hayHbl benapycu [29]. MNpeanoynTaeT 3acensTh YBAAKHEHHbIE YYaCTKU, LOSIUHBI, PeYHble MONMbI.
B ycnoBusx Halleii CTpaHbl BUZ BCTPEYaeTCs MOBCEMECTHO.

NnumHkm O. nasicornis ABNAIOTCA Kcuaogaramu 1 canpoaraMmu - NUTaKTCs paspyLuatoLwMmucsa apeBecuHoii
N APYTUMU pacTUTeNbHbIMU OCTaTKamu. PasBUTUE IMUYMHKW COCTaBNAEeT 2-4 roga. B3pocsble XXyKn 0TMevatoTes
pPsLOM C MeCTaMU pasBUTUA INYUHOK. [HEM XKYKU 0ObIYHO Ma/l0aKTUBHbIE, HE IETAIOT U CKPbLIBAIOTCA Ha 3eM/le,
B Aynnax fepesbeB. AKTUBHOCTb HAaUYMHAETCS B CyMepKaxX U C HACTYMN/IEHNEM NONHON TEMHOTbI, NPOLO/IKASACH
MOYTK BCKO HOYb. B3pocnble XyKu XUBYT 1-2 Mecaua. XKyKu NeTatoT ¢ BECHbI O CEpeAuHbl fieTa, MHorga Ao
Hauana oceHn. [na gilleknagkyM camka 3apbiBaeTca B Aynna AepeBbeB (b6epecTa, Ay6a, MBbI U APYruX NOPOA),
a TaKkXKe B MepernpeBLUNA HABO3, MYCOPHbIE KY4U, KyUu U3 CTPYXKEK U ONUOK.

Teno HacekoMOro yMepeHHO MpOAO/roBaToe, BbIMYKIOE, JOBOMLHO LUMPOKOe. Vmaro 6necTtswiee, TeMHO-
6ypo-kpacHoro ugeTta. ['0noBa He6obLWaA. HaIMUHUK MMEET TPeyrofibHyt0 (POpM, C NOYTU NPAMbIMU 6OKaMK.
Y camuoB 60/1bLUas YaCTb r0/I0BbI 3aHATA POrOM, KOTOPbI NOCTEMEHHO YTOHYAETCA N0 HANPaB/IEHMIO K BepLLUHE,
MMeET TpexrpaHHoe ceyeHue, paBHOMEPHO U30MHYT M HafpaB/ieH 0T CaMOro OCHOBAHWSA BBEPX M Hasal. Y caMoK
por pa3suT cnabo. Camubl ANNHON 26-43 MM, WUPUHON - 13,5-21,3 MM; caMKW A/IMHOM - 26-41 MM, LUIMPUHON -
13-21 mm [23].

MouckoBble UCCNef0BaHNSA CYLLECTBYIOLUX BUONOrMYeCKUX NPOTOTUNOB XXUBOTHbLIX-3EM/1EPOEB MOKa3au,
4YTO 0C000r0 BHUMaHWS 3acnyXusaeT 000CHOBaHWE MapameTpoOB MepefHUX TOJIeHeR >KyKa-Hocopora
06bIKHOBEHHOT0. OH NOCAYXWN OCHOBHOW A1 6UOHUYECKOro MPOEKTUPOBAaHUSA POTALMOHHOIO PbIXINMTeNs
nousbl [30], Konb4aTo-pexyLlero noysoobpabaTbiBatowlero katka [31], s-06pa3HOl CTOWKW C PErynnpyemoit
YKECTKOCTbIO Ky/NbTMBaTOpa-naockopesa un gap. [32].
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Llenblo HACTOSILLIETO WCCNEAOBaHNUS SBNSETCS BCECTOPOHHEE W3YueHWe rofeHellt nepeaHUX KOHeyHocTei
O. nasicornis AN UCNONb30BaHMS UX B KAYECTBE GUOHMYECKOro NPOTOTUNA A1S MPOEKTUMPOBAHNS CTPE/bYaThbIX
nan KynbTUBaTOpPOB.

MaTepuansl N MeToAbl UCCNefoBaHUA

B ocHoBY HacToAleid paboTbl NMonoXeHbl coopbl MMaro QOryctes nasicornis, npoBefeHHble B 2021-
2022 rr. (leg. A. V Sinchuk) Ha TeppuTopun benapycn. NaeHTudmnkaumsa BUAOBOW NPUHAANEXHOCTU Ma-
Tepuana ocyLlecTBasNack C UCNOAb30BaHNEM CreLunanu3npoBaHHbIX onpefenutenein [23; 33; 34] nog cTe-
peoMumKkpockonom MBC-10 1 TpuHoKynapHOM MuUKpockone Optec SZ780, CHa6XXeHHOM LU(PPOBOI Kamepol
Canon 1100d.

CobpaHHbIX HAaCEKOMbIX MOMeLLanN B NAaCTUKOBbIE U CTEK/AHHbIE EMKOCTW pa3/IMyHOro obbema, a 3atem
(hmkcuposanu B 40-96 % pacTeope 3TUIOBOrO cnupTa. anee HACEKOMbIX NMPenapupoBasn C LEeNbo U3yYeHns nx
nepeaHnx Hor. CbeMKY rofieHeld mepefHUX HOT XyKa-HOCOpOora 0CyLLecTB/SAAN C UCMO/b30BaHMEM CKaHUPYHOLLe-
ro 31eKTPOHHOro mukpockona LEO —1455 VP (c npuctaBkamu) Ha 6ase LleHTpa KONNEKTUBHOIO MOb30BaHMS
YHUKaNbHbIM Hay4YHbIM 060pyAoBaHNEM «Benopycckuii MeXKBy30BCKUI LIEHTP 06CNYXMBAHWUS HaYUHbIX Uccne-
[l0BaHWiA» thnsmnyeckoro takynbteTa bI'yY

M3mepeHuns npoBoAgvAUCL MpU NOMOLLKM CBOBOAHOrO nporpaMmMHoro obecneyeHus Image.J. B pabote npuBso-
[ATCA 3HAYEHNA: MUHUMYM - MakCUMyM, CpefHAs apuimeTnyeckas ¢ LOBepUTENbHbIM MHTEPBAIOM - CTaH4apT-
HO OLLMBKOIA.

Pe3ynbTaTbl UCCNEA0BAHUS U UX 06CYXKAEHME

WccnepoBaHms CyLecTBYHOLWMX GMOHNYECKUX MPOTOTUMNOB XMUBOTHbIX, 06MTAIOLMX B MOYBE, MOKa3anu, 4To
0c060€e BHUMaHMe 3aCNy>KMBAET U3yUeHVe NePEeAHMX HOT XXYKa-HOCOPOra 06bIKHOBEHHOTO KaK BO3MOXHOI YacTu
A1 CO34aHUS Pa3NNYHbIX MO PYHKLMAM NOYBOO6pabaThbiBAKOLLMX OPraHoB.

Horu B3pocnoro xyka cubHble, HO He AAWHHbIE. ToneHn (puc. 1a, 6) NepegHWUX HOT LUMPOKME, CHapyXwu
C TPEMS LUMPOKMMU, NPUTYNIEHHBIMI HA KOHLLAX 3ybLamu, pasgeneHHbIMU 3aKpYTIeHHbIMU BbleMKaMu, MpUyem
cpefHuiA 3y6eL, 3aMeTHO NPUBAMXKEH K BEPLUMHHOMY, Ha BEPLUMHHOM Kpae, MPOTMB 3afiHero Kpas cpefHero 3youa,
C CUNbHO NPSIMONA LLNOPOIA, CHU3Y 6e3 3ybua.

ala 6/b

Puc. 1. MoneHb nepefHeii Horm Oryctes nasicornis (Linnaeus, 1758): Bug caepxy (a), Bug cHusy (6)

Fig. 1. Tibia of the front leg of Oryctes nasicornis (Linnaeus, 1758): dorsal view (a), ventral view (b)

oneHn nepefHMX HOT XKYKa-HOCOPOra BbIMOMHAKT KOMaTeNbHY0 (PYHKLMIO ¥ NOMOralT MepemeLLaTbes
B pa3/IM4HOM MO KOHCUCTEHUMW cybCTpaTte, YTO MOXET CMYXWUTb OCHOBOW WX WCMOMb30BaHWA B KauyecTse
6MOHNYECKOro NPOTOTUMA 19 NPOEKTUPOBAHNSA CTPe/bYaTLIX Nan Ky/nbTUBaTOPOB.

B TeueHue xn3Hu nmaro O. nasicornis nepeMeLLaeTcs B LOCTaTOUYHO PbIX/IOM C/10€, KOTOPbIA COCTOUT
M3 OTMepLIMX TKaHel pas/iMYHbIX BUAOB APEBECHbIX PacTeHWi, HaBO3e, MYCOPHbIX KyyaX W 6oratbix
pacTUTENbHOW oOpraHMKoi noysax. TBepAOCTb Takoro cy6cTpaTta MUHUManNbHa, 4TO NO3BONAET ANnA
nepemMeLleHns Xyka 3(heKTUBHO WMCNOMb30BaTh MepegHuMe HOru. pyu 3TOM OCHOBHYKO Harpysky npwu
KONaHUM UCNbITbIBaeT 3ybyaTas roneHb. 18 3TOro XYyK COBEpLUAET BO3BPATHO MOCTYNaTe/IbHOE ABUXEHUE
KaXkJoli nepeaHeli HOro.

[JeTanbHoe paccMOTpeHUe FOMeHM XyKa-HOCOpOra Mo3BO/seT KOHCTaTUPOBaTb Haauuuve Mexay 3youamu
3aKpYyr/eHHbIX BbIEMOK (puc. 2 @, 6). Bce NpocTpaHCTBO Mexay 3y6LaMu UMeeT YNIOLLeHNE K KPato CTPOEHMe.

[nvHa nepeaHeit BbleMku (61mxe K nanke) BapbupyeT oT 1,35 MM go 1,38 mm (1,37 £ 0,02 Mm), AnvHa cpefHeit
BbleMKkM - 0T 1,82 fo 1,84 (1,83 = 0,01 mm). Bce n3aMepeHns NPoM3BOAUINCH OT LieHTpa 3y6ua.

Mpu 6onbLieM ysenuyeHun (200* 1 500%) (puc. 3 a, 6) 0TMeUaeTcs YNOLWEeHHas CTPYKTypa 1 cammx 3y6L0B,
KOTOpble XapakTepusyloTcs [ABYXCTOPOHHEW YNMOLWEHHOCTbIO, YTO HarnomuHaeT nojobue paboumx opraHoB
no4YBo06padbaTbiBaOLLNX MALLUMH.
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ala

Puc. 2. FoneHb nepegHeii Horu Oryctes nasicornis (Linnaeus, 1758) Bua cBepxy npu yBennyeHun: 50* (a), 100* (6)

Fig. 2. Tibia of the front leg of Oryctes nasicornis (Linnaeus, 1758) dorsal view at magnification: 50* (a), 100* (b)

ala

Puc. 3. OTenbHbI 3y6el, Ha roneHmn XyKa-Hocopora npu ysenuueHunn: 200* (a); 500* (6)

Fig. 3. An individual tooth on the tibia of a european rhinoceros beetle at magnification: 200* (a); 500* (b)

BbicoTa nepsoro 3y6unka (6nmxe k nanke) coctaenset 0,49+ 0,01 mm, BToporo - 0,76 + 0,02 MM, TpeTbero -
0,60 + 0,01 MM (M3MepeHUs OT BEPLUMHbI 3y6UmnKa O OCHOBaHWA 3y6UMKa - rpaHuLa BblEMKN).

CKynbnTypa NoBepxHOCTN pabounx opraHoB MMeEeT NOpUcToe cTpoeHue (puc. 4). OTaensHbIe AMHUN (HOPMU-
PYHOT U3BUTbIE KaHa/bLbl Pa3IMYHON ry6uHbl. OTMeYeHo Hannyne Al (1IIOMUHUS) B TKAHSAX 3yOUMKOB FOMIEHN.
Ha rnagkmx yyacTkax roneHn oTMeyaeTcs OTCyTCTBUE aTOMOB KpeMHus (Si).

Puc. 4. CKynbnTypa NOBEPXHOCTM 3y6UMKa rofieHn Xyka-Hocopora (ysenuyeHune - 5000%)

Fig. 4. Sculpture of the surface of the tibia of a european rhinoceros beetle (magnification - 5000%)
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[nvHa oTAenbHbIX AUHWIA, HOPMUPYIOWUX UCHEPUYEHHOCTb CKY/bNTYPbl MOBEPXHOCTU 3yGUMKOB rONEHN,
Bapbupyet 1,46-16,28 mkm (7,65 + 1,86 MKM), winpuHa - oT 0,73 MKM 0 1,35 MkMm (1,13 £ 0,12 MKM).

MopucTOCTb NO3BOMSET, MO-BUAMMOMY, JlIerye OCYLLECTBAATH CLEMNAeHMe C CybCcTpaToM W apdeKTnBHee
BbINOMHATL KONaTe/lbHY0 (DYHKLMIO HACEKOMOTO.

MprYMeHNTENBHO K Pa3pbIXNAoLWnM paboymm opraHam NoMCKoBbIe UCCef0BaHUA MO3BOMUANYCTAHOBUTD, YTO
roneHn 06bIKHOBEHHOTO XXYKa-HOCOpOra COBepLUaT 3(EKTUBHOE MEPEBMKEHNE B NMOYBE MEPEAHUMMI fNanamMu
C 3yObAMM LUMPUHOI b 1 pacnonoXeHHbIMU C ONpeAeneHHbIM LWAroM S, o4Ha 13 KOTOPbIX NMOKa3aHa Ha puc. 5.
Ha ocHOBe COOTHOLLEHWS pasMepHbIX XapakTepUCTUK 3TUX YacTell MOXET ObITb paccuMTaHa MaTemaTuyeckas
MOAE/Nb NOTEHLUMANbHON BMOHMYECKOR MOaenn.

Puc. 5. FoneHb nepefHeli Horu Oryctes nasicornis (Bug ceepxy)

Fig. 5. Tibia of the foreleg of Oryctes nasicornis (dorsal view)

Ocob6eHHOCTM MOP(OIOrnM rofieHeld Apyrux npeacTaBuTenein cemeiictea Scarabaeidae MOXeT 6bITb NpoaHa-
NN3MPOBaHa C LieNbio MoTyYeHNs 00bEKTUBHOM MH(opMaL MK AN pa3padboTkn Hanbonee aPQPeKTUBHBLIX TEXHOSO-
TMYECKNX PELLIEHWNA MNPy NPOEKTMPOBAHMMN BUOHNYECKNX PeLLeHni B 3eMefenbyeckoii mexaHmke. Kak u B cny-
yae roneHn measeaku [35], roneHb XyKa-Hocopora (ee 3y6uaThlil Kpail) MOXET ObITb UCMO/Ib30BaHa A1 MPOEKTU-
poBaHus paboyeli NOBEPXHOCTM CTPeNbYaThIX f1an KyNbTMBATOPOB. V3 NoNyYeHHbIX AaHHbIX NpeanonaraeTcs uc-
NoNb30BaHWe 3y6UaToro Kpas rofieHei Xyka-Hocopora npu NpoeKTUPOBaHUK CTPebYaTbIX fan KybTUBATOPOB,
nyTem CO3[aHMs HaKNagoK M3 M3HOCOCTOMKMX MaTepuanoB Ha pabouyyrd MoBepxHOCTb [36]. Mpwn aToM 06LLas
CTPYKTYpa roNeHn MOXET CNYXXMTb NOSTHOLEHHbIM BMOHMYECKMM NPOTOTUMNOM A1 aganTalmm n co3haHns NpuH-
LUMNUaIBHO HOBbIX PELLUEHWNIA B 3eMNefeNbYeCKo MeXaHMKe, XapaKTepu3ysach BbICOKOW 3((heKTUBHOCTbIO U n3-
HOCOCTOIMKOCTbI0. ITO ONpefenseTcs TeM, YTO BHYTPEHHSAS CTPYKTypa rofeHn CBUMAETEIbCTBYET O COOTHOLLEHUN
TBEPAOro XMTUHCOAEPXKaLLLEro €nos ¢ 601ee MArKUM 1M NOPUCTLIM, Kak 1/4-1/8 no nnHMM paguyca, a 0CTabHOIA
y4acTOK npefcTaBneH NonocToio. Mpu co3faHny NPUHLMNNANLHO HOBbIX PELLUEHWIA AN NPOEKTUPOBAHUS Cefb-
CKOXO3AACTBEHHBIX OPYAWIA CTOUT YUUTBIBATL JaHHYHO NMOMOCTh KakK BaXKHYHO 4acTb paboyero opraHa.

3aKJ/IloyYeHune

Pa3BuTve BUOHNYECKUX NCCNe0BaHNIA pacCMaTPUBaETCA He TOMbKO Kak 3MEKTUBHBIA MHCTPYMEHT AN1s pe-
LUEHNS XO3SIMCTBEHHO BaXKHbIX 3afa4y, HO W ABASETCH YaCTbl0 3KOMHHOBALMIA U pereHepaTMBHOrO Au3aiiHa.
O6was cxema 6MOHMYECKOr0 MPOEKTUPOBAHUS BKAKOYAET B Ce6S HE TONbLKO aHann3 reoMeTpun, UCMbIThbIBa-
IOLLMX OCHOBHYK Harpysky y4acTKOB (DYHKLMOHaNbHOrO OpraHa, HO U M3y4YeHne UX 371EMEHTHOr0 COCTaBa,
006LLei BHYTPEHHER N QYHKLNOHaNbHOW CTPYKTYpbl. [N 3TUX Leneil NpoaHann3npoBaHbl NepeaHne roneHu
XyKa-Hocopora. OnpejeneHo Hanmyme ocoboi reoMeTpumn YacTu rofeHun, UCMbITbIBaKOLLEeA HanBOoNbLLYIO Ha-
rPy3Ky, pacCMOTPeHbl 0COBEHHOCTWN MUKPOCTPYKTYPbl NOBEPXHOCTU 3y6L0B roneHeid. OCHOBY 31eMEHTHOrO0
coCTaBa MCCeAyemMoid 4acT HaCeKOMOro COCTaBAAIOT YINiepos, KMCnopog v as3or. O4HaKo OTMe4aeTcs He-
3Ha4YMTe/bHbIN NPOLEHTHbIN cocTaB (MeHee 0,5 %) antoMUHKA. Ha rnagkmx y4acTkax rofneHu oTMmedyaeTcsa oT-
CYTCTBME aTOMOB KpemMHUs (Si). [aHHbliA hakT MOXET BbITb PACCMOTPEH KaK (PaKkTop, KacatoLMiics YCUneHus
CTPYKTYPbl MOBEPXHOCTH HACEKOMbIX, & TaKXKe KayecTB, CBA3aHHbIX C M3HOCOCTOMKOCTbLI rofeHeid. BHyTpeH-
Hee CTPOeHWe rofieHei NoKasblBaeT, YTO TBEPAbIA XUTUHCOAEpPXKaLW M CNOW COOTHOCUTCA C 60/ee MATKUM
N nopucTbiM, Kak 1/4-1/10 no nuHum paguyca (B pasnn4HbIX YacTAX FOMEHN), B TO BPEMS KaK OCTasIbHOM
y4acTOK MpeAcTaBfieH MOMoCThi0. Kak 1 B cnyyae roneHn MefBefKu, TOMEHb Xyka-Hocopora (ee 3y6uaTblii
Kpaii) MOXeT 6bITb MCMONb30BaHA ANS MPOEKTUPOBAHMA paboyeil MOBEPXHOCTU CTpenbYaTbiX nan KynbTuBa-
TOpOoB. IpW 3TOM CTOUT OTMETUTL CEPbE3HbIV MOTeHLMan MCNOMb30BaHUS TEXHOMOMMM HanlaBK1 U HaKnag-
KW 415 YBEMYEHNS AONTOBEYHOCTU N COOTBETCTBYHOLWMUX pabounx opraHoB. Mpu co3gaHny NpuMHLMNNab-
HO HOBbIX peLEeHNli ANa NPOEKTUPOBAHMUSA CENbCKOXO3AWCTBEHHbIX OPYAUIA CTOUT YYNTbIBaTb BHYTPEHHIOH
MOMOCTb KaK BaXHYI0 4aCTb paboyero opraHa. 3T0 NO3BOANT MaKCUManbHO MPUBAN3NTLCA K NMPUPOSHOMY
«PeLUeHNO» MO COXPaHEHUO PYHKLMOHANTLHOCTU M M3HOCOCTOMKOCTU MUCCeAYyeMbIX YacTell Y HaCceKOMbIX.
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PaccmaTtprBaeMblii MOAXOA BK/IOYaeT B cebs uaen GMOHMKM Kak Mpouecca U3yyeHus NpUpOAHbIX CUCTEM
 NPOLLECCOB A/ CO3AaHMS HOBbIX MaTepPUanoB, CTPYKTYP W TEXHOMOT WA
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YK 504.064.2:330.15

OUEHKA 3KOJIONT'MYECKOTIO COCTOAHUA N SKOCUCTEMHDbLIX YCNYT
O3ENNEHEHHbIX TEPPUTOPUI OBWENFO NMO/MIb30OBAHUA I XKOAWHO

nN. N. CHACTHAA), ¥.A. POHAAK]))

JBenopycckuii rocysapcTBeHHbI YHUBEPCUTET,
np. HesasucumocTu, 4, 220030, r. MuHck, Benapych

B uvccnegoBaHun npefcTaBfieHbl pesynbTaTbl OLEHKM 3KOMOrMYECKOro COCTOSIHUS 03e/IeHEHHbIX TeppuTopuid 06Lero
nonb3oBaHuA (3 napka, 25 ckeepos, 2 6ynbBapa) r. XKoAnHO (CpefHero NPOMbILLIEHHOr0 ropofa 06/1acTHOro MogYMHEHUSA
B MUMHCKOI 06/1.) 1 pacyeToB NX 3IKOCUCTEMHbIX YCyT. OLEHKa 3KOI0rMYeCKOro COCTOAHMSA 3e/1eHbIX HACaXAeHW I BbIMOHEHA
B NIeTHWIA nepuog 2023 1. B rpaHnuax 03eIeHEHHbIX TePPUTOPUiA, nnowageto 49,71 ra, 3anoxeHo 30 NaowafokK, B npegenax
KOTOpbIX 06c/egoBaHo 966 fepeBbeB, NPEVMYLLECTBEHHO NIMCTBEHHbIX MOPOA. AHA/IN3 1 OLEeHKA HacaxjeHWlii NPoBOAUINCH
Ha 0CHOBe NOMy4YeHHOro Habopa feHAPOMeTPUUECKMX NokasaTeneid (M3PeXXeHHOCTb KPOHbI; LBET IMCTLEB/XBOW; YCbIXaHue
NINCTLEB/XBOW; YCbIXaHue BETBEN, MexaHNYeCKne NOBPEXAEHNS; OKOPeHWe CTBOMA) C MOCMeYIOLLMM pacyeToM MHAEKca Co-
CTOSIHWUA 4PEBOCTOEB M OMpefesieHNs KaTeropun >XM3HEHHOr0 COCTOSHUS HacaX[eHuii B pamKax 3a/10)KeHHbIX MoLWwagok.
BbISIBIEHO YeTbIpe KaTeropum nx coctosiHus: 20 % 380poBbIix, 30 - 340poBbIX C Npu3Hakamu ocnabneHus, 40 - ocnabneHHbIX
n 10 % noBpexaeHHbIX. Ha ocHoBe nHhopMaLyy 06 3KONOrMYecKOM COCTOSIHUM 03e/1eHEHHbIX TEPPUTOPUIA, a Takke AaHHbIX
0 BO3PacTHOM U BMAOBOM COCTaBe HacaXeHWiA BbINOMHEHA OLEHKa MX 3KOCUCTEMHbIX yCAyr (MHTerpasibHas v NoafieMeHT-
Has). CoBpeMeHHbIe NpefcTaBneHns 06 9KOCUCTEMHbIX YCyrax 0CHOBaHbI Ha NOAX0Aax, COr/lacHO KOTOPbIM NPUPoAHas cpeja
(PYHKLMOHUPYET KaK CUCTeMa, MPUHOCALLAA 3HaYMTENIbHYIO M0/b3Yy 06LLIECTBY, BK/OYas NPUPOLHbLIe pecypcbl. B Pecny6nvke
Benapycb NopsaoK NpoBeAeHUsI CTOMMOCTHOW OLEHKM 3KOCUCTEMHbIX YCAYT HacaKAeHWA 1 onpejeneHns CTOMMOCTHOM LieH-
HOCTW 6MONOrMYecKoro pasHoobpasusa AN NPUHATUA YNpaBIeHYeCKMX PeLLUeHN B 3Konormyeckoli cdepe onpegeneH TKI
17.02-10-2013 (02120). PacueTbl, BbIMNO/IHEHHbIE B COOTBETCTBUM C 3TUM JOKYMEHTOM M afanTUpoBaHHble AN BbISABEHNS
YCAYT 3eN1eHbIX HacaXKAeHWA ropoja, NoKasaau, YTo MHTerpasibHas CTOMMOCTb YCAYT 3e/IeHbIX HacaXKAeHWI 06LLero nosb3o-
BaHus T. )KoguHo paBHa 12 271,3 py6./rof, npy 3TOM OCHOBHO BK/af B 3Ty CyMMY BHOCAT napku (8 646,7 py6./rog). O6bem
aKKyMynauum anokcnaa yrniepoga coctaBnsieT 418 1/rof, 34ecb Takxke JOMUHMPYIOT HacaxieHus napkos (281,5 T/rog). Mo-
NyYeHHble pesynbTaTbl UCCef0BaHNA MO3BONNAM JaTb PEKOMeHAAL MU MO ONTMMU3ALUN CUCTEMbI 03e/IEHEHHbIX TEPPUTOPUIA
06LLEero nosb3oBaHusA r. XKoguHo.

KntoueBble cnoBa: 3KO/IOMMYECKOE COCTOAHME; XXN3HEHHOE COCTOSAHUE; IKOCUCTEMHbIE YCTYTU; CUCTEMA 3e/1eHbIX Hacax-
,quVIVI; 03€e/1IeEHEHHbIE TeppUTOpUN 06LLI.EFO NMob30BaHNA.

BnarogapHocTb. Pa6oTa BbinosHeHa B pamkax MTTHW «MpupofHble pecypebl 1 OKpyXKatoLwas cpefa» nognporpaMmmbl
«[MpupogHble pecypcbl U UX paumoHasibHoe ucnonb3oBaHme (2021-2025 rr.) 1 ncnonb3oBaHa Npy paspaboTke rpajocTpou-
TeIbHOr0 NPOEeKTa CreLnanbHOro NiaHMpoBaHna «CxeMa 03e/1eHeHHbIX TeppMTopuiA 06LLero nonb3oBaHMsA ropoga XKoauHo»
(AKT 0 BHeApeHUN pe3ynbTaToB Hay4HO-UCCNeA0BaTeIbCKOM paboThl 0T 25.10.2023 T.).
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ASSESSMENT OF PUBLIC GREEN SPACES' ECOLOGICAL CONDITION
AND ECOSYSTEM SERVICES IN ZHODINO CITY

1.1. SHCHASNAYAa U.A. RONDAK

Belarusian State University,
4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: 1.1. Shchasnaya (schastnaya@ tut.by)

The article presents the results of public green spaces’ (3 parks, 25 squares, 2 boulevards) ecological condition assessment
in Zhodino city (a medium-sized industrial city of oblast subordination in the Minsk region) and calculations of plantings’
ecosystem services. Public green spaces’ ecological condition assessment was carried out in the summer of 2023. In the
territory of green spaces, covering an area of 49.71 hectares, there were 30 plots, within which 966 trees, mostly deciduous
species, were surveyed. The analysis and assessment of the plantings’ state were carried out based on a set of dendrometric
indicators (crown tracery, leaves/needle color, leaves/needle drying, branch drying, mechanical damage, bark abscission)
with subsequent calculation of the stand condition index and determination of the category of the plants’ life condition within
the established plots. Four categories of their condition were identified: 20 % healthy, 30 - healthy with signs of weakening,
40 - weakened and 10 % damaged. Based on information about green spaces’ ecological condition, as well as data on the
age and species composition of the plantings, the evaluation of their ecosystem services (integral and elemental) was carried
out. Modern concepts of ecosystem services are based on approaches according to which the natural environment functions
as a system that brings significant benefits to society, including natural resources. Inthe Republic of Belarus, the procedure
for conducting a cost assessment of plantings’ ecosystem services and determining the cost value of biodiversity for making
management decisions in the environmental sphere is defined in TCP 17.02-10-2013 (02120). Calculations conducted in
accordance with this document and adapted to identify the services of urban green plantings showed that the integral value
of the ecosystem services of public green spaces in Zhodino city is 12,271.3 rubles per year, with parks contributing the
most to this amount (8,646.7 rubles per year). The carbon dioxide sequestration volume is 418 tons per year, with park
plantings also dominating (281.5 tons per year). The results of the research have allowed recommendations to be made for
optimizing the system of public green spaces in Zhodino city.

Keywords: ecological state; living state; ecosystem services; green spaces system; public green spaces.
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BBeneHue

BraronpusTHOE 3KOMOIMMYECKOE COCTOSIHME OKPYXKaloLLeld cpefbl ABASETCA HEOTHEMIEMOI YaCcTbO YCTONYM-
BOr0 pa3BMTKS COBPEMEHHbIX FOPOAOB, MO3TOMY TakK BaKHO BCECTOPOHHE M3YUNTb BCE €6 KOMMOHEHTbLI U PaKTo-
pbl NX 06pa3oBaHMs. O4HUM 13 TaKUX KOMMOHEHTOB AB/AKOTCA 3e/1eHble HacaXeHus. B ropogax oHW 3aHUMalOT
3HAYUTE/IbHYHO M/0WaAb, CTAHOBATCS YaCTblO TOPOACKONM CPefbl U BbIMOMHAKT He3aMeHUMble PYHKLUW 4N1st ee
YCMELWHOro yHKUMOHMPOBaHWS. PacTeHNs NrpatoT 3HaUNTENbHYIO POk B (DOPMUPOBAHMU OKPYXKaoLLeld vyeno-
BeKa cpefpbl, TakK Kak CMOCOOHbI U3MEHAThL ee XapaKTePUCTUKN B IyULLYHO CTOPOHY. Co3faHue 3eMeHbIX Hacaxe-
HWI He TOMbKO YNydLIaeT CaHUTapHO-TUTMEHNYECKME YCOBMS XN3HW, HO U MPeobpasyeT apXMTEKTYpYy ropoja,
AB/AACH €e He3aMeHMMOW YacTbio [1]. YacTo m3-3a nporpeccrpyroLein ypoaHmsaLmm KoMYeCcTBO 3e/1eHbIX Ha-
CaKAEHWUI YMEHbLUAETCA, a Y)Ke CYLUECTBYIOLNE aKTMBHO MOABEPrarTCA HEraTVBHOMY B/IMSIHUKD aHTPOMOTeH-
HOWA cpefibl, YTO MPUBOAMUT K YXY/LLEHWIO 3KOMOMMYEeCKO 06CTaHOBKM ropoga. [03ToMy 3KO0rM4eckoe cocTos-
HWe 3e/1eHOro ()OHAA - BOMPOC 3KONOrMYecKoin 6e30MacHOCTUN HaCeeHNS.

JKocUCTeMHbIe ycnyrn (3Y) - 3TO BbIrOAbl, KOTOPbIE NKOAM MOMAYYAKT OT 3KocucTeM [2]. CMbICN KOHLen-
UMm QY COCTOMT B TOM, YTOObI Nyyllle yuMTbIBaTb 3KOM0OrMYecKue ycnyru (becnnaTHble NPUPOLHbLIE PECYPChI)
B npoLeccax NPUHATASA PeLleHnin 1 06ecrneunTb YCTOWUMBOE 3eM/1EN0/b30BaHME C Lie/Ibl0 MPOTMBOAEACTBOBATbL
nepeHanpsHXKeHWI0 1 ferpagaLmmy eCTeCTBEHHbIX YCI0BUIA X13HU. COBpPeMeHHbIe MpeacTaB/ieHns 06 3Y ocHoBa-
Hbl Ha NOAX0AAX, COrMacHO KOTOPbIM NpUpoaHas cpega hyHKLUMOHMPYET KakK CUCTeMa, MPUHOCALLAsA 3HAYUTESb-
HY0 MO/Ib3y 06LLECTBY. DKOCUCTEMHbIE YCYTU 3e/IeHbIX HACAKAEHWI MOHMMAKOTCA KaK Mose3Hble A1 YesoBeKa
1 6uoctepbl GyHKLUMKW, BbIMOHAEMble 61MOTON. Hanbonee BaXKHbIMU CPean HUX SIBNAIOTCA CPeaoobpasyoLine
(caHvpytoLime, caHUTapHO-TUTMEHUYECKNE, KIMMATMYECKUe) 1 cpefo3allinTHble (BOO-, MOYBO-, LUIYMO3ALLNT-
Hble) YHKLUMW. B KOHTEKCTE 3KOHOMUYECKOI TEOPMM 3KOCUCTEMHbIE YCYTI PaCCMaTPUBAOTCA Kak YacTb Npu-
poaHoro kanmtana. COOTBETCTBEHHO, KOTAAa 3TV YCyru 6yayT Npu3HaHbl, MAEHTU(PULMPOBaHbI U 3KOHOMMUYECKU
OLeHEHbI, UHOPMaLMI0 06 3TOM MOXHO MCMO/b30BaTh B NPOLECCE MPUHATUSA PELLEHWIA Pa3fIMYHOrO YPOBHS
C LieNIb0 MOBbIWEHNA UX 3P ¢EKTUBHOCTK [3].
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B kauecTBe 00beKTa MCCNEJ0BAHNS 3KOIOTMYECKOTr0 COCTOSAHMS U 3KOCUCTEMHBIX YCYT 3eM1eHbIX HACKAEHUIA
r. )KOAMHO NPUHATHI 03e/1IEHEHHbIE TEPPUTOPUM OBLLEr0 MNOML30BaHMS - MapKu, CKBepbl, 6ynbBapbl. [15 BbisiBMe-
HWS1 3KONIOTMYECKOT0 COCTOSHUA U OMNpefeNieHnst Bbirofbl (LLEHHOCTM) 3e/1eHbIX HacaXAeHW ropoja NpoBefeHbI
NCcCnefoBaHNs 1 BbIMOHEHbI COOTBETCTBYHOLIME OLEHKN. C LieNbio N3yUYeHWst 3KOIOTMYECKOr0 COCTOAHMS 3efe-
HbIX HacaXfeHuii . YXOAMHO MPOBeAEHbI MOJEBbIE NCCNEA0BAHNS 03e/IEHEHHbIX TEPPUTOPUIA, PACMONTOXKEHHbIX
B pasHbIX 4acTAX ropoja, 411 nccnefoBaHna u huKcauum XXN3HEHHbIX NoKasaTeneid 4peBocToeB. [MonyYeHHble
JaHHble MOCMY>KNIN OCHOBOW OLLEHKM MX 3KOIOMMYECKOro coctosHus. CpefCcTBOM A1 y4YeTa BbIrOfbl WW LiEH-
HOCTW 3KOCUCTEMHbIX YCNYT BblopaHa MOHeTapHas (3KOHOMUYeCKas) oueHKa. /IMEeHHO MOHeTapHas OLeHKa Bce
60nbLUe NMPUHMMAETCH B KAUeCTBE OCHOBbI B MPOLIECCE MPUHATUSA PELLEHNI Ha BCEX YPOBHSX, YTO MOKAa3blBaOT
MHOXXECTBEHHbIE UCCNef0BaHMs 3TOl TeMbl [4].

MaTepuanbl U MeTOAbI UCCNef0BaHUSA

B cTpyKTypy 03eneHeHWs TeppuTopuii . XXOAMHO BXOAAT HaCaXAEeHMWS 06LLEero Nosb30BaHNs, OFPpaHUYEHHOr 0
M0/Ib30BaHWSA 1 CMELManbHOr0 HasHaveHus. Mpy 3TOM HaMbOoNbLUYH LLIeHHOCTb A/19 FOPOZaA M ero XUTeNei nrpatot
HacaXXeHNs 06LLEero Nonb30BaHUSA: Mapku, CKBepbl 1 By/bBapbl CyMMapHoii nnowagsto 50,02 ra. B HacTosLee
BpEMS Ha TEPPUTOPMU FOPOJa HaXOAMTCS 3 MapKa FOPOACKOro 3HaveHms o6Lielt nnowagbo 29,45 ra: ropogckoi
napK KynbTypbl 1 oTAbIxa (14,2 ra), napk um. 50-netna benA3a (6,75 ra), napk y memopuana-komnnekca «Mate-
pu-naTproTKm» (8,5 ra), 26 CKBEPOB rOPOACKOro 3HauYeHust 06Lei nnowaasto 20,07 ra n 2 6ynbBapa ropoackoro
3HauveHuns obuieli nnowagsto 0,5 ral 3 NpoLeHTHOro COOTHOLLEHNSA 06LEKTOB 03e/1eHEHNS BUAHO, YTO OCHOB-
HY0 pos/ib B hOPMMPOBAHMMN CUCTEMbI HACXKAEHWIA T. XKOAMHO UrpatoT NapKu 1 CKBepbI.

Han6onee KpynHble 03e/leHEHHbIE TEPPUTOPUM CKOHLEHTPUPOBaHbI B 3aMafHO YacTu ropoja, OKann3ysch
67vKe K LeHTpYy. B BOCTOYHOI e 4acTu MO3aM4HO PAacrosioKeHO 60/bLIOe KOIMYECTBO HeBO/bLUMX CKBEPOB.
CeBepHble 1 HXHble y4acTKM paccMaTprBaemMoro yp6aH1M3MpoBaHHOIO NPOCTPAHCTBA B Lie/IOM XapaKTepusytoTcs
OTCYTCTBMEM 03€/IEHEHHBIX TEPPUTOPUIA 06LLIEr0 NOMb30BaHWA. [ogo6Has TeEHAEHLMS B pacnoN0oXKeHNN 00 bACHS-
eTCA 0COBEHHOCTAMM 3aCTPOIKM ropofa: CEBEPHbIE W KOXKHbIE YYACTKM 3aHATbI XKUOW ycaleOHO 3aCTPOIKOIA,
B TO BPEMS KaK Ha 3anafe 1 BOCTOKe NpeobnafaeT MHOrOKBapTMPHas Xunas 1 06LLECTBEHHO-XWas 3acTPoliKa.
B ueHTpa/bHbIX pailoHax ropofa pacnpocTpaHeHa NPeuMyLLecTBEHHO NPOM3BOACTBEHHAsA 3acTPoiKa ¢ 06beKTa-
MU 03e/leHEHUS OrPaHUYEHHONO MO/b30BaHMS.

Cpeav fpeBecHbIX Nopos, Npeobnafatolimx B 03e/IeHeHUN I. XKOAMHO, Yallle BCEro BCTPeYatoTCs KneH 0CTPO-
nucTHbIin (Acer platanoides L.), nuna menkonucTHas (Tilia cordata Mill.), 6epesa nywwncTaa (Betula pubescens
Ehrh.), kawTaH koHckuin (Aesculus hippocastanum L.) n gp., 601bLUINHCTBO N3 KOTOPbLIX BXOASAT B MEpPeYeHb pe-
KOMEH/yeMbIX /15 TOPOACKOro 03efeHeHns2. 1o BUAOBOMY M YMCNEHHOMY COCTaBy npeobnafatoT SIMCTBEHHbIE
NopoAbl, OAHAKO XBOMHbIE BCE e UrPatoT 3HAUMTESIbHYIO POJib B CTPYKTYPE HacaxAeHWiA ropoga.

B KauecTBe OCHOBbI OLEHKU 3KOJIOTMYECKOr0 COCTOSHUS 03e/IeHEHHbIX TEPPUTOPUIA B3ATa MH(OpMaLus 06
obcnenoBaHnn 966 nepeBbeB, B UMCNe KOTOPbIX KNeH OCTPOAUCTHbLINA (Acer platanoides L.) (279), nuna men-
konucTHast (Tilia cordata Mill.) (267), 6epesa nywwucTaa (Betula pubescens Ehrh.) (119), KawTaH KOHCKMWiA
(Aesculus hippocastanum L.) (109), siceHb 00blKHOBeHHbI (Fraxinus excelsior L.) (69), Tononb KaHaacKuii
(Populus x canadensisMoench.) (33), enb eBponeiickas (Picea abies (L.) Karst.) (17), "UCTBEHHULIA eBPONeicKas
(Larix decidua Mill.) (14), enb kontouas (Piceapungens Engelm.) (12), ay6 KpacHblin (Quercus rubra L.) (9), uea
6enas (Salix alba L.) (8), 6epesa nosucnas (Betulapendula Roth) (7), kneH cepebpucTblid (Acer saccharinum L.)
(5), onbxa vepHasa (Alnus glutinosa (L.) Gaertn) (4), psbuHa 06biIkHOBeHHas (Sorbus aucuparia L.) (4), Tononb
apoxaiunii (Populus tremula L.) (4), Tononb yepHbliA (Populus nigra L.) (3), po6uHus ncespoakaums (Robinia
pseudoacacia L.) (2), ay6 yepeluyatblii (Quercus robur L.) (1). B BO3pacTHOM COCTaBe OCMOTPEHHbIX HacaX-
JeHWiA NpeobnajaloT npucneBatolwne aepeBbs (63,5 %), NOUTW pPaBHYHO 4O 3aHMMAKOT CpPefHEBO3PACTHbIE
(15,4 %) n cnenbie (15,2 %), B MeHbLLIEN CTENeHN NpeacTaBneH MOTOAHAK (4,1 %). Mpu NoneBbIX NCCeA0BAHNAX
3K0/0rMYECKOro COCTOSIHUA 3eNeHbIX HacaXKaeHUIA 6bino 3anokeHo 30 NoWwaAokK ¢ He MeHee Yem 30 AepeBbAMU
Ha KaXXI0M.

B paMKax KnHOUYeBbIX YYaCTKOB U3YUYaIMCb U aHaIM3UPOBaNNCh CNefytoLLMe NoKasaTen: CTeneHb U3PEeXeH-
HOCTW KPOHbI (KO/IMYECTBO MPOCBETOB B MPOLIEHTAX), HA/IMUMe YChIXaHWs IUCTLEB UM XBOW U BETBENA, LBET /n-
CTbEB W/IN XBOW, OKOPEHWE, HaZIMumne TPELLWH 1 APYTUX MeXaHUYeCKNX NOBpeXaeHni cTBona. 10 COBOKYMHOCTY

110.23-00.113-2 SKonormyeckunii 4oknag no cTpaTermnyeckoi aKonornyeckoii oueHke. «Cxema 03eNeHeHHbIX TEPPUTOPUIA 0OLLETO NOb30-
BaHMA I. XKognHO». Hay4YHO-NpOeKTHOe rocyaapcTBeHHoe yHUTapHoe npeanpuatue «<bETHUNMTPALOCTPONTENBCTBA». MUHCK:
MWHUCTEPCTBO apXUTEKTYpPbI U CTpOUTeNbCTBa Pecny6nunku Benapycb, 2023.

"MocTaHoBNeHMe MUHMCTEPCTBA MPUPOAHBIX PECYPCOB M OXpaHbl OKpYXKatoLei cpefbl Pecnybnnku benapycs ot 18.07.2017 Ne 5-T. O6
YTBEPXKAEHNMN IKONOTMYECKNX HOPM 1 MpaBu. [3neKTpoHHBbIA pecypc]. URL: https://pravo.by/document/?guid=12551&p0=W21732307p
(nata obpawieHuns: 09.03.2024).
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AaHHbIX NPU3HAKOB NPOBOAM/ACH OLiEHKa, KOTOpas BKIOYAEeT pacyeT MHAEeKca COCTOSAHMA LPeBOCTOsA W onpeje-
NEHNE KaTEropun XXM3HEHHOTO COCTOSIHUSA OTAENbHbIX AEPEBLEB.

VI3yueHue 3e/1eHbIX HaCaX4EeHW MPOBEAEHO B COOTBETCTBUM CO LLKA/OW COCTOSHMS aepeBbeB B. A. Anekce-
eBa, COr/IacHO KOTOPOIA BblAeNseTca 6 KNaccoB HacaXaeHui: 6e3 Npu3HaKoB 0cnabneHms, ocnabneHHble, CUIbHO
ocnabnieHHble, yCbiXatoLine, CBEXUA CyXOCTOI, CTapblili CyXOCTOM C NOCNefyoLWen rpynnupoBKoi COCTOAHMUS
[PeBOCTOS, TO €CTb COBOKYMHOCTY AepeBbeB [5]. KaTeropus )XW3HeHHOr0 COCTOSIHWS APEBOCTOS OMpefefieHa Ha
OCHOBaHWW pacyeTa MHAEKCA COCTOSHMS APEBOCTOS AOCTATOYHOIO KONMYecTBa (Mpy Hanuuum He mMeHee 30) cny-
YaiiHO 0TOGPaHHbIX AEPEBLER M3 AOMUHUPYIOLLNX B HACXKAEHUN. PacueT MHAEKCA COCTOSHUSA APEBOCTOEB NPo-
BefleH no qopmyne:

Ln= (100M + 7014 + 4014 + 514) / N, (1)

roe Ln- OTHOCMTE/NbHOE XXM3HEHHOE COCTOSIHME APEBOCTOS; Ni - KONMYECTBO 340P0BbIX (6€3 Npn3HakoB ocnabie-
HWS) AePeBbEB, N2- OCNAabNEHHbIX, N3 - CUILHO 0CNabneHHbIX, Na- yebixatowmx; N - o6Llee KoNM4ecTBO AepeBLEB
(BKNKOYAs CyXOCTOIA).

[JanbHelwee 0THeCEHME HaCAXKAEHWI K KAaTEeropusiM XXM3HEHHOTO COCTOSIHWS OCYLLECTB/IEHO Ha OCHOBE MO-
AnduumnpoBaHHoi Wwkanbl B. A. AnekceeBa [5]. [peBocTon ¢ MHAEKCOM cOCTOAAHMA 90-100 % OTHOCSTCA K Ka-
Teropuu 3gopoBble, 80-89 % - 340poBble € NpuU3Hakamu ocnabneHns, 70-79 % - ocnabneHHsle, 50-69 % - no-
BpexaeHHble, 20-49 % - cunbHO NoBpexaeHHble, MeHee 20 % - paspyLUeHHbIe.

[ns npoBeaeHus pacuyeTa CTOMMOCTHOM OLEHKU 3KOCUCTEMHBIX YCIYT 03€/IEHEHHbIX TEPPUTOPMIA 06LLEro
No/b30BaHNA I. XXOAUHO B pamMKax y>Ke 3a/10KEHHbIX YHaCTKOB HE0OX0AMMO 6blf10 ONPeaenunTh MOPOAHbIA U BO3-
PacTHOW COCTaB HaCaXEHWI, a TaKKe 3aHNMMaeMy UMK MJioLab. MonyyYeHHble B X04€e UCCNeA0BaHMS AaHHble
MO3BOJIU NPOBECTU UHTErPasbHYO Y NO3NEMEHTHYIO CTOMMOCTHYHO OLEHKY SKOCUCTEMHbIX YCNYT.

JKOHOMUYECKas OLeHKAa SKOCUCTEMHbIX YCAYT 3e/1eHbIX HacaXaeHul T. XKoAuHO npegnonaraeT NpoBeAeHne
CTOMMOCTHOI OLEHKM 3KOCUCTEMHbIX YCAYT - [EHEXHOr0 BbIPaXXEHUSI SKOHOMUYECKON LIEHHOCTW 3KO0rnYe-
CKUX pecypcoB, 06ecneynBaroLLMX YAOBETBOPEHME 3KOOMMYECKUX NOTPebHOCTel 06LecTBa U COXpaHeHne
3K0/0rM4eckoro paBHoBecus. Takas oLeHKa 6a3upyeTca Ha CTOMMOCTHO OLEHKe 3KOMI0MMYecKoro pecypca pas-
NNYHBIX TUMNOB ECTECTBEHHbIX 3KO/IOMMYECKNX CUCTEM W NPOBOAUTCA B COOTBETCTBUM € TexHuYeckuMm Kogekcom
ycTaHoBmBLLenca MpakTukn (TKIM) 17.02-10-2013 (02120) «OxpaHa OKpY»Katollleid cpefbl M NPUpPOAOoNo/b30Ba-
Hue. MopsgoK onpefeneHns CTOMMOCTHOI OLEHKM 3KOCUCTEMHbIX YCYT 1 6MON0rMYeckoro pasHoobpasus (yT-
BEPXX/EH U BBEAEH B AENCTBME NOCTAHOBEHNEM MUHUCTEPCTBA NPUPOSHBLIX PECYPCOB M OXPaHbl OKPY>KatoLL el
cpeabl Pecny6nnkn Benapych oT 15 mapta 2013 . Ne 3-T)»s: B 3aBUCMMOCTHM OT LieNeil CTOMMOCTHOM OLIEHKN
1 cthepbl NPUMEHEHNS ee Pe3yNbTaTOB UCNOMb3YIOTCA CleaytoLLie MeTOLNYECKMNE NOAXOAbI:

- WHTerpanbHas oueHKa NpuMeHseTcs A1 060CHOBaHUA afibTepHATUBHBLIX BApUaHTOB MCMOMb30BaHUS 3KO-
NOTNYECKMX CUCTEM U BUOOTUYECKNX pecypcoB. OHa 6a3upyeTcs Ha TEOPUM 3KOIOTMYECKON PEHTbI 1 MEXaHU3-
Me €€ BbIPOXXEHUS - a/lbTEPHATNBHON CTOMMOCTM C Y4eTOM 3(h(heKTUBHOCTY BOCNPOM3BOACTBA B 3KOHOMUYECKOWA
1 3KONOrMYecKom cepax.

- MoanemMeHTHas OLeHKa UCMNOb3yeTcs B NPUKNALHbIX UCCNEA0BAHUSAX, CBA3AHHbIX C YYEeTOM LIEHHOCTU He-
TOBapHbIX 3KOCUCTEMHbIX ycyr. OHa 0CHOBaHa Ha OLeHKe BefIMUMHbI AeNOHUPOBaHWS ABYOKMCU Yriepoja Ko-
NOTNYECKMMU CUCTEMAMU.

PacuyeT CTOMMOCTHOI OLeHKM 3KOCUCTEMHBIX YCYT NPOWM3BOAUTCA B TPU 3Tana:

1 MNpefBapuTe/bHbIA 3Tan - NOyYeHNe NePBUYHON MHPOPMALMKU O TEPPUTOPKM, Ha KOTOPOI AaeTcs OLEeHKa
3KOCUCTEMHbIX YCNYT.

2. MNoneBoe 06cnefoBaHMe NPOBOAUTCA B C/lyYae HeLOCTaTOMHOCTM UM OTCYTCTBUS BCE HEOOXO0AMMON Ans
BbIMO/IHEHUSA PacyeTOB MH(OPMALMN.

3. MNpoBeaeHNe pacyeToB CTOMMOCTHOI OLEHKM 3KOCUCTEMHBIX YC/IyTr. PacyeT MHTErpasibHOl CTOMMOCTHOM
OLLEHKM 3KOCUCTEMHbIX YCNYT OnpeaensieTcs no gopmyne:

Ll,srd'= Red *Sb (2)

roe R” - Tekyluas (exkerogHas) oLleHKa yCNyr 3KONOMMYeckol cucTeMbl 1-ro Tuna, py6./ra; Si- nnowaab Teppu-
TOpuK | TMMNa 3KONOTMYECKOIN CUCTEMBI, Ta.

TekyLan oueHKa akocuctTeMHbIX yenyr (R”) gaetca B pacyeTe Ha 1ra no gopmyne:

@)
roe Ri - yaenbHas TekyLwas (exxerofHas) oueHka (AudepeHumansHas peHTa) 4ns | TMna skofornyeckoin cucre-
Mbl, py6./ra; f» - KanuTanm3aTop 3KOHOMUYECKON cdiepbl (NpUHAT Ha yposHe 0,05); - KanuTtanusaTop unu

3TKM 17.02-10-2013 (02120). OxpaHa OKpy>KatoLieid cpeabl U NPMPOAONONb30BaHNe. MopsAAOK onpefeneHns CTOMMOCTHON OLEHKMU
9KOCUCTEMHbIX YCYT 1 6MON0rMyeckoro pasHoobpasms. MuMHCK: MUHNCTEPCTBO NPUPOLHbLIX PECYPCOB M OXPaHbl OKPYXKatoLLeii cpefpl;
2013.
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KO3(hhMLMEHT ANCKOHTMPOBAHMS, 3HaYeHWe KOTOPOro 06paTHO MPOMOpPLMOHabHO CPOKY BOCMPOM3BOACTBA MO-
Tpe6sieMOro NPUPOAHOTO BELLECTBA, COCTAB/ISAIOLLENO OCHOBY €CTECTBEHHOI 3KOMOMMYECKOi cucTembl | TUNa.

PacyeT yfenbHol TekyLlein (exerogHoi) oueHkn (RI) ana NecHbIX 3KONOrMYECKUX CUCTEM OCYLLECTBNSETCS
no chopmyne: u-Ko

1+P+ K “)

roe Ll - pbiHOYHAs LieHa OCHOBHOMO MpOAyKTa NPMpOoAoMonb3oBaHus (Mo nuaomaTtepranam XBOWHbLIX MOPOS),
py6./M3. OnpeaensieTcsa Ha OCHOBaHWUW CPeaHUX BMPXKEBbLIX KOTMPOBOK MO MTOram TOProB (Ha BHELUHEM PbIHKE)
Benopycckoii yHBepcanbHO ToBapHO GUPXKM 3a 6 Mec., NPeALLECTBYIOLLMX MOMEHTY OLEeHKM; p = 0,3 - Koag-
hnumeHT athheKTUBHOCTU (peHTabenbHOCTN) NPOU3BOACTBA NPOAYKLMM B pe3y/bTaTe aKCrayaTauny 0CHOBHOMO
npogykTa npmpogonons3osaHns; KR= 0,3 - KO3hpULMEHT 3PPEeKTUBHOCTM BOCNPOMN3BOLCTBA OCHOBHOMO Mpo-
AyKTa MprMpoaonosib3oBaHmns; Kxui- KO3(UUMEHT X03AACTBEHHONM LIEHHOCTW FNaBHOM JpPeBECHON Mopoabl Ha
OLleHMBAEMOM Yy4acTKe. B ciyyae paBHbIX fo/eii MOPOA B COCTaBe HacaXAeHWI pacyeT NPOBOAMTCS MO Haunbonee
LIeHHOI4 (ToM, y KoTopoit KxnBbiwe); Km= 1,25 - Ko3h(hULUMEHT, OTpaXKaroLLMii CTOMMOCTb MPOAYKLMN NOB6OYHO-
ro necononb3oBaHmus; Kek= 0,7 - KO3(PULNEHT BbIXO4A KOHEYHOW OCHOBHOM MPOAYKLMN NPUPOLOMNO0/b30BaHNS
C €AVHMLIbI NPUPOAHOTO Cbipbsa (Mo Nunomatepranam); K = 1- KoahuUMEHT 3KONOrMYECKOA 3HAYMMOCTN nec-
HbIX 3KONIOrMYECKUX CUCTEM; P - exerogHas npoAyKTMBHOCTb pecypca OCHOBHOMO NPOAYKTa NpUMpoA0nob30Ba-
HWs B pacyeTe Ha 1ra nnowaan, m3ra B rog,

Mo3neMeHTHas CTOMMOCTHAs OLEHKA 3KOCUCTEMHbIX YCYT NPOBOANTCA B COOTBETCTBMM C YI/IEPOA0AENOHN-
pytoLeii cnoco6HOCTM 03e/1IEHEHHbIX SKOMOTUYECKUX cnucTeM. CTOMMOCTHAs OLEHKa eXerofHoro noraoLeHmns
JMOKcrAaa yrnepoga anst 03e/IeHeHHOM 3KoN0rmyeckoin cuctembl (Oym py6.) paccunTbiBaeTcs No hopMyne:

Oyan—LIC2 mA, ()

roe A - akkymynaums guokcumga yrnepoga (C02 necHoii 3konormueckoii cuctemoi, 1/rog; LLco2_ cpegHas Mmupo-
Bas LieHa KBOTbI Ha Bblibpoc 1T C02 pyo6.

PacueT OLEHKW EXEerofHo yrnepofoLenoHMpyoLLeil CNOCOGHOCTY NIECOB B HATYPasibHOM BbipaXKeHum (A, T)
nposoaguTcsa No opmyne:
A=IMj-Ko.K.-Kn-I-Ko-Sij, (6)

rae Vii- 06beMHbIN NMoKasaTeNb CpefHero M3MeHeHns 3anaca CTBOI0OBOI APEBECUHbBI - CPEeAHWNIA eXXeroiHbli Npu-
pocT (onpeaenseTca Kak OTHOLLIEHNE [PEBECHOr0 3arnaca i-oi necoobpasyoliLeil Nopopl j-0i BO3pacTHOMR rpyn-
nbl (B paspese | n Il rpynn neca) K akTnyeckomy Bo3pacTy HacaxgeHus); KOK - 06beMHO-KOHBEPCMOHHbIE
Koah(huLMeHTI 418 nepeBoja 06beMHOro 3amaca (M3MeHeHWs 3anaca) CTBOMI0BOW apeBecuHbl (M3ra) B mMaccy
OTAeNbHbIX hpakuuii dimtomacchl (T/ra) - ApeBeCMHa, Kopa CTBOMIOB, BETBU, KOPHU, NCTbS, NOAPOCT, NOANECOK,
Hano4BeHHbI MOKPOB, T/M3;, Kn- nepeBoAHON KO3hgUUMeHT (Ans nepeBoja 06bemMa KOMMOHEHTbI IECHOMO pe-
Cypca B KOMYECTBO MOF/IOLLEHHOr0 yriepoda, npuHuMaeTcs pasHbiM 0,5); | - KO3(hduLMeHT nepeBoja nysnos
yrnepoa B KO/IMYeCTBO AMOKcmAaa yrinepoga (MpuHMMaeTcs Ha ypoBHe 3,67); K®- KoaththULUMEHT, YUMTbIBAIOLLMIA
3anac yrnepoga B OpraHM4eCKOM BELLECTBE MOYBbI U MOpTMacce (MPUHMMaEeTCs Ha ypoBHe 2,04); Si- naowagb
OLeHMBAEMOro y4yacTka HacaXKaeHWiA i-ii mopoAbl j -ro Tvna neca, ra.

Pe3ynbTaTbl UCC/IEA0BAHNS U UX 06CYXAeHMe

[ns BbISABNEHMA 3KOMOMMYECKOT0 COCTOAHMA HaCaXKAEHWUI NapKoB, JOMVHUPOBABLUMX MO M/I0WAaAN Ha Teppu-
TopuK ropoAa, 6bino 3anoxeHo 3 NoOLWagKK, B Npedenax KoTopbix 06¢cnegosaHo 108 aepesbes (puc. 1). ccnepo-
BaHWA CBYWJETe/IbCTBYIOT, UTO OCHOBHas 4acTb 06CNe0BaHHbIX AepeBLEB Ha TEPPUTOPUM NapKoB . XKOAMHO Xa-
paKTepu3yeTCcs U3PEXEHHOCTLIO KPOHbI B Anana3oHe oT 10 10 40 %, CBET/I0-3e/1eHbIM M €CTECTBEHHbIM 3€/1EHbIM
OTTEHKaMW IMCTBbI 1 XBOW. B MeHbLLIE CTeNeHN BCTpeYaroTCs fepeBbs ¢ 60/1ee BbICOKMM MOKa3aTe/ieM aXypHO-
CTW, MPAKTUYECKMN HE OTMEYEHbI JepeBbs ¢ KonyecTsom npocseToB 40 10 1 o1 90 %. Okosno 20 % 0CMOTPEHHbIX
[lepeBbLEB XapaKTePU3YOTCA HAIMYMEM JINCTBLI UM XBOW C XKENTO-3e/IeHbIM OTTEHKOM, OKO/O 5 % - C XenTbIM.
Cpefyn HexapaKTepHbIX OKPacOoK WU MOBPEXAEHUIA NCTLEB OTMEYEHO MMLIb Hanuuve 6enoro Hanetay 8 %
HacaXXAeHWi, YTO ABNAETCS UHANKATOPOM UMEIOLLErocs Y AepeBbeB FPUOKOBOIO 3a060/1eBast - NPeSNoN0oXKUTE N b-
HO MYYHWUCTOR pocbl. [ 60bLLIMHCTBA OCMOTPEHHbIX AEPEBLEB XapPaKTEPHO OTCYTCTBUE YCbIXaHWS SINCTHEB
nnu xeou, npu aTom y 6onee 20 % AepeBbeB NPUCYTCTBYIOT NMOMHOCTBIO YCOXLUIME SINCTbA MU XBOS. [puyem
y 50 % OCMOTPEHHbIX [epeBbeB HabMOAAOTCA OTAENbHO ycoXLumne BETKN.CTOUT OTMETUTb, YTO B BbIBOPKe OT-
MEYEHO NNLLbL 0KO/0 9 % AepeBbEB C MOMHLIM OTCYTCTBMEM YCbiXatoLmx BeTBel. OKOpeHye CTBONA HaboaaeTcs
y 19,4 % Bcex OCMOTPEHHbIX AepeBbeB. Cpean APYTrMX MeXaHUYeCcKnX MOBPEXAEHUIA Yallle BCEro BCTPeYarTCs
TpewmHbl (73,1 % OCMOTPEHHbIX AepeBbEB), HapocThl (18,5 %) ny 10,2 % aepeBbLEB OTMEYEHO CMOSIOTEUEHME.
bonee yem y 25 % fepeBbeB MeEXaHNYECKUE MOBPEXAEHNS OTCYTCTBYIOT.

28



M3y4yeHune 1 peabmamrauma sKocucTeM
The Study and Rehabilitation of Ecosystems

ala 6/b

cnepbl Hacekombix 0,0 %
Genbiit HanET 8.3 % OTCYTCTBUE YChIXaHUs 61,1 %
opaHxeBble naTHa 0,0 %
Ha/In4me NOMHOCTLI0 YCOXLUMX
*énTble NaTHa 0,0 % XBOVHOK/NNCTbEB

yépHble natTHa 0,0 %
4,6 % Hann4yne XBOUMHOK/NMNCTLEB,

HENTLIA YCOXLUMX HaNoMoBUHY
KE/ITO-3e/1eHblii 194 %
CBET/I0-3e/NEHbIiA 435%  anmane YCbIXaoLLX KOHLI0B 14.8 %
y ANY A 0 o
3e/1eHblit 1M 324%
[ons nepesbes [onsa fepesbes
B/C r/d
oTCyTCTBYeT 9.3 % KonunyecTtso npocsetoB 0T 90 % 0,0 %
KOnMuecTBo npocseTos 80-90 % 2,8 %
oKOn0 3/3 BeTeel  12.8 % KOAMYecTBO npoceeToB 70-80 % 93 %
KonmuecTBo npocseToB 60-70 % 4,6 %
OKOMO 2/3 BETBEI 250 % KO/IMUeCTBO npoceeTos 50-60 % = 111 %
Konnyectso npocsetos 40-50 % 4,6 %
Koo 1/3 BeTaeli 13.0 % KonunyecTso npocsetos 30-40 % ™ 241 %
KonmnyecTBo npocseTos 20-30 % 20,4 %
OTAENbHbIE BETKM 50.0 % KonmuecTso npocseToB 10-20 % \ 23,1 %
' KonmMyecTBo npocseTos 40 10% 0,0 %
[onsa nepesbes [onsa nepesbes
Ale e/f
otcyTcTeytoT | m 250%
OTCYTCTBYE 80,6 %
apyrve 0,0 %
ycbixaHue ctBona 0,0 % 5% 9,3 %
HapoCTbI 18,5 %
nospexgeHve 0,0 % 10% O 5,6 %
HacekoMbIMU
CMOnoTeyeHme 102 %
TPELMHBI Ha CTBOSE 73,1 % 15%  408%
[ons nepesbes [onsa nepesbes

Puc. 1. leHapoMeTpuyeckue nokKasaTeny epesbes Ha TepPUTOPUI NapKoB I. XKOAMHO: & - LBEeT XBOW/NNCTBLI; 6 - yCbiXaHue
XBOW/NUCTBbI; B - YCbIXaHME BETBEIA; I - U3PEXEHHOCTb KPOHbI; [ - MeXaHU4YeCcKue MOBPeXAeHWUs CTBONA; € - OKOPeHue CTBoNa

Fig. 1. Dendrometrie characteristics of trees within parks’territory of Zhodino city: a - color of leaves/needles;
b - drying of leaves/needles; c - drying of branches; d - crown tracery; e - trunk mechanical damages;f - bark abscission

[nsa BbIABNEHNS 3KONOrMYECKOro COCTOSHUA HacaXAeHW CKBepOB M OyNbBapoB ropoja 3alokKeHo 27 nno-
WanokK, B npefenax Kotopbix 06cnenosaHo 858 fepeBbeB (pUC. 2). BOMBLIMHCTBO U3 OCMOTPEHHbLIX [epeBbeB
XapaKTepu3yeTcs 3eNeHO N CBET/0-3e/1eHOI OKPacKOW NMCTBbI 1 XBoW. Cpeamn MOBPEXAEHNA NNCTBbI Yallle BCe-
ro BCTPEYaOTCS OpaHXeBble NATHA - NPUMePHO Y 13 % fAepeBbeB, TakXKe BbICOKA 0N HACAKAEHWUIA C XKeNTbIMU
¥ YepHbIMW NATHamW. [N NofasnstoLero 60MbLLNHCTBA OCMOTPEHHbIX AePeBbEB XapakTepHO OTCYTCTBMUE YCbl-
XaHWA NUCTBbI NN XBOW, O4HAKO NpumepHo y 15 % aepeBbeB 3aMeyeHO YyCbiXaHWe KOHUYMKOB, Takxke y 15 % -
yCbiXaHWe HanonoBuHy 1 ewe y 15 % - nonHoe ycbixaHue. bonee YeM y MOMOBUHLI OCMOTPEHHbIX [AepeBbeB
HabnoJaTCA 0TAENbHO YCOXLUNE BETKM.

Mpy 3TOM AepeBLEB C MOJSIHBIM OTCYTCTBMEM YChIXalOLMX BETBEW B Bbi6Opke 60nee 25 %. OKopeHue CTBOMA
Habnogaetca npumepHo y 15 % Bcex OCMOTPEHHbIX fepeBbeB. Cpean ApYrux MexaHWUeCKUX NOBpexXaeHul
yallle BCEro BCTPeyaroTC TPELLMHbI, HAPOCThI U NOBPeXAeHns HacekoMbiMu. Ons 40 % fepeBbeB BbIGOPKM Xa-
paKTepHO OTCYTCTBME KaKUX-N1M6G0O NOBPEeXeHWi CTBONA.
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Puc. 2. [leHapoMeTpUYEecKe NoKasaTenm AepeBbeB Ha TEPPUTOPUM CKBEPOB U By/IbBAPOB I. XXOAMHO: a - LBeT XBOW/JIUCTBLI; 6 - YCbIXaHne
XBOW/MINCTBbI; B - YCbIXaHWe BETBEN; I - U3PEXEHHOCTb KPOHbI; [ - MEXaHWUYECKe MOBPEXAEHUS CTBO/A; € - OKOPeHMe CTBO/A

Fig. 2. Dendrometric characteristics of trees within squares and boulevards’territory of Zhodino city: a - color of leaves/needles;
b - drying of leaves/needles; ¢ - drying ofbranches; d - crown tracery; e - trunk mechanical damages; f - bark abscission

Mpun cpaBHEHUM MOMYYEHHbIX MOKasaTenell NapkoB C AaHHLIMK B CKBepax W Gy/bBapax, NMPOCNEXMBaOTCS
cnefytowve pasnnumns. KonnuecTso [epeBbeB C HOPMasbHO OKPAcKOW IMCTBbI B FPpaHMLax pasHbIX 03e/1eHeH-
HbIX TEPPUTOPMIA CyMMapHO paBHbl. OfHAKO B Mapkax HabnofaeTcsl 60/blle PacTUTENbHOCTU C HE340POBbLIM
L{BETOM NIUCTBbI, MPY 3TOM B CKBepax 1 6ynbBapax BenMKa 0151 HACAKAEHWIA C pa3fMyHbIMU NOBPEXAEHUAMU NN~
CTOBOI NNacTUHbI. [aHHble 06 YCbIXaHUM NACTLEB PA3NNYAIOTCS HE3HAUMTENBHO, a BOT YCbIXaHue BETBEN Goree
pacnpocTpaHeHO Cpeaw HacaxeHuii NapkoB. Bonee BbICOKME NOKa3aTe M aXXypPHOCTU KPOHbI TaKXKe XapaKTepHb!
ANs MapKoB, NMpuYeM 34ecb BUAEH 60/1bLLIOI pa3bpoc nokasaTeneil, B TO BpEMS Kak OCHOBHasi Macca pacTUTebHO-
CTM CKBEPOB 11 ByNbBapoB MMeET aKypHOCTb MeHee 30 %. PaccMOTpeHMe MeXaHUYecKMX NOBPEXAeHUli CTBOMOB
HaCcaXX/AeHW 03eN1eHEHHbIX TEPPUTOPUIA MOKAa3bIBAET €r0 MeHee 61aronpUATHOE COCTOsIHME B Napkax. Mpu 3Tom
MoKasaTeNn OKOPEHWs CTBO/IA HA TEPPUTOPMM MapKOB, CKBEPOB 1 GYbBAapOB NPaKTUUYECKN UAEHTUYHBI.

Mo MonyuyeHHbIM AEHAPOMETPUYECKMM MOKa3aTensM BbIMOSIHEH pacyeT WHAEKCOB COCTOSIHUS [4pEeBOCTOEB
cornacHo topmyne (1), nocne Yero HacaXAeHWs GbINM OTHECEHbI K Pa3/IMYHbIM KaTeropusiM KW3HEHHOTO CO-
CTOSIHYS.
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pynnupoBKa MoyYeHHbIX Pe3ynbTaToB PacyeToOB M OLEHKa XXU3HEHHOro COCTOSIHUA HacaXAeHW NapkKos
r. >KofMHO No y4acTKaM nokasasna, YTo Cpeamn ApeBOCTOEB NAPKOB BblAeNeHO TPY FPyMMbl, 3aHUMaloLw e paBHble
fonn (no 33,3 %) cpean M3yYeHHbIX: 3[40POBble C MPU3HaKaMu 0cnabneHns, ocnabneHHble Y MNOBPEXAEHHbIE.
Cpefm cKBepoB U OynbBapoB BbIAEMEHO YeTbipe rpynnbl: 22,2 % 340p0oBbIX, 29,6 - 340POBLIX C MPU3HaAKaMK
ocnabnenus, 40,7 - ocnabneHHbIX U 7,4 % noBpexfeHHble. B COBOKYMHOCTN OLIEHKA XXW3HEHHOr0 COCTOAHUA
BCEX 3eNeHbIX HacaXaeHWi T. XKOAMHO BbisBMIA YETbIPE FPYNMbl HacaaeHWid: 20 % 340poBbIX, 30 - 3[,0pOBbIX
C npu3Hakamu ocnabneHus, 40 - ocnabneHHbIX 1 10 % noBpexaeHHbIX (puc. 3).

40,0 %
| 3poposebiii 3popoBblii | OcnabnenHblii |  MoBpeXaeHHbII
C Npu3Hakamu
ocnabneHus

Puc. 3. X)Ku3HeHHOE cOCTOsIHME APEeBOCTOA 00bEKTOB 03eNeHEHNS 06Lu,ero Nno/sib30BaHuA . XKOAMHO

Fig. 3. Tree stands living condition index of public green spaces within territory of Zhodino city

AHann3 NpocTPaHCTBEHHOrO M3MEHEHMUS 3KONOMMUYECKOr0 COCTOAHUSA 3eM1eHbIX HACAXKAEHWIA MO TEPPUTOPUN Fopo-
[ia CBUAETENbCTBYET, UTO HamXyfLlee COCTOSHME PaCTUTENbHOCTY XapaKTepHO A1 03e/IeHEHHbIX TeppUTOpUIA, pacno-
NOXEHHbIX B 3aMafHO yacTu I. XKoauHO, rae CKOHLEHTPYPOBAHO HaMbOo bLUIEE KOMYECTBO 0CabNEHHbIX U 30POBbIX
C Npu3HaKamu ocnabneHuns ApeBOCTOeB. Takoe MX COCTOSHWME OOBACHAETCA HECKOMbKUMU (hakTopamu. Bo-nepsblXx,
CBOVIM PacrosioXKeHWEM B 30He 0OLLECTBEHHO-XKW/ON 3aCTPONKM, ABNSAOLLECA OCHOBHBIM MECTOM MPUTSHKEHMSA Kak
MECTHBIX XWUTeNei, Tak U TYPUCTOB, NMOCeTMTeNeR ropoga. MomMmumo 6a130CTY K KpYMHOM aBTOMO6UBLHO Tpacce P-53
(MuWHCK - BOpuWCOB), fiaHHas YacTb ropofa B Lie/IOM OT/IMYAETCH MHTEHCUBHBLIM TPAHCTMOPTHLIM [BVKEHUEM B CUTY
CKOHLIEHTPUPOBAHHOCTM 3[1€Ch B0/bLLION0 KONMMYECTBA 06bEKTOB 0OLLIECTBEHHOI 3aCTPOMKM. TakuM 06pa3om, 415 3TOW
4acTy ropofa XxapaKTepeH 3HaUMTEbHbIA BbIOPOC 3ar PA3HAILLMX BELLLECTB U MbINEBOE 3arpsi3HEHME OT TPAHCMOPTHBIX
00bEKTOB, 0Ka3bIBAOLLIMX HEraTUBHOE BO3EWCTBUE Ha 3KONOMMYECKOE COCTOSHME 3e/eHbIX HacaxaeHWin. Ha akonoru-
UECKOM COCTOSIHUM MOXKET CKa3blBaTbCSA BO3PACT M BUAOBOI COCTaB HacaXaeHuWiA. Hanprmep, B 3anafHol YacTu napka
y Memopuana-komMmnaekca «Matepu-naTpuoTki» pacnpocTpaHeHbl KalTaHbl KOHCKMe (Aesculus hippocastanum L.),
OT/IMYaKOLLMECH [OCTATOYHO HU3KOM YCTOMUMBOCTBIO K 3arpsA3HAIOLLMM BELLECTBaM, HO BbiCaXMBaeMble Brarogaps
CBOVIM BbICOKUM [eKOpPaTVBHbIM NOKasaTensiM. B BOCTOUHO e YacTu napka SJOMUHUPYIOT XBOIHbIE, OCOBGEHHO NU-
cTBeHHMLA eBponelickas (Larix decidua Mill.) 1 enb eBponelickas (Picea abies (L.) Karst.), oTanyatoLimecs 60/1bLwUnM
BO3PACTOM HaCaXAEHWIA U NIOX0IA NepeHOCUMOCTbIO 3aCyLLINBLIX IETHUX NeprooB.

Bonee 6naronpuaTHOE 3KOIOMMYECKOE COCTOSHME 3e/1eHbIX HacaXKAeHWIA HabogaeTca B BOCTOYHOM YacTu ro-
poja. 34ecb BCTPEYarTCS 03€/1EHEHHbIE TEPPUTOPMM CO BCEMU OMUCAHHLIMU KaTErOpusaMK APEBOCTOEB, OAHAKO
npeobnajatoT 340pOBble U 3[40POBbIE C NPU3HaKamy ocnabneHus. [JaHHble 06beKTbl 03eN1eHEHNUS PACNONOXKEHbI
B 30He MpeobnafaHuns XNNoi 3aCTPONKN; 34eCb MeHbLLE KOHLIEHTPALMUS NIOAEN B CpaBHEHWM C 3anafHbIMUW paiio-
Hamu, cnabee TPaHCMOPTHbIV MOTOK M HE TaK MHOMO KPYMHbIX aBTOMOGOW/IbHbLIX AOPOT.

Takum 06pasom, MOXHO CAenaTb BbIBOA, YTO 3KOMOrMYECKOe COCTOSHWE 3e/eHbIX HacaXAeHwi r. XKoau-
HO OLeHMBAETCS KaK YMEepeHHO YAO0BNeTBOPUTENbHOE, HO TpebyloLlee yayuULleHns, a Takke Neproguyeckoro

31



JKypHan benopycckoro rocyapCTBeHHOro yHUBepcuTeTa. 3konorusa. 2024;2:24-34
Journal of the Belarusian State University. Ecology. 2024;2:24-34

MPoBeLeHNS MOHUTOPUHIA M OCYLLECTB/IEHUS Pa3/IMYHbIX MPOPUNAKTUYECKNX PabOoT CaHUTapHO-3alMTHOIO
XapakTepa npu BbISBAEHUN BO3HMKaOLWMX Npobnem. MNpoBefeHHas OLEHKA 3KONOrMYECKOro COCTOAHMS Hacax-
LeHWiA KpaiiHe BaXKHa ANs fanbHelLlein yacTu uccnefoBaHus, Tak Kak OT COCTOSHUS paCTUTENbHOCTM ByaeT 3a-
BMCETb 3DEKTUBHOCTb BbIMOMHAEMbIX €/ (YHKLMIA.

Mony4yeHHas B xofe NOMEBbIX UCCNEA0BaHUIA MH(OpMALMS MO3BOMUAA NPOBECTU UHTErpasibHY0 U Noane-
MEHTHYI0 CTOMMOCTHYIO OLEHKY 3KOCUCTEMHBIX YCayr. [ns KaXAoi 03eneHeHHOl TeppuTopun 6bin NonyyeH
CneayroLWwmii nepeyeHb AaHHbIX: paccUMTaHbl MOKa3aTen UHTErpabHON CTOMMOCTHOM OLEHKM 3KOCUMCTEMHbIX
YCAYr cornacHo dopmyne (2), TeKyLLei OLEHKN 3KOCUCTEMHBIX YCYr cornacHo gopmyne (3), yaenbHOR Te-
KyLLEelr OLEHKN An5 NECHbIX 3KOIOMMYECKMX CUCTEM cornacHo dopmyne (4). Mo pesynbTaTtam pacyeToB, UHTe-
rpasibHas OLEeHKa 3KOCUCTEMHBIX YCNYT 03e/IEHEHHbIX TEPPUTOPUIA 06LLEro Nob30BaHMA I. YKOAUHO coCTaBnseT
12 271,3 py6./rog (B gonnapoBom skBuBaneHTe 3 760,86 USD/rog), B Tom uncne 8 646,7 py6./rog (70,5 %) Bknag
napkos; 3 219,7 py6./rog (26,2%) - cksepos; 404,9 py6./rog (3,3 %) - 6ynbBapos.

CornacHo topmynam (5) n (6), npoBefeH pacyeT MO3/IEMEHTHON CTOMMOCTHOW OLEHKM 3KOCUCTEMHbIX
YCNyr 03eIeHEHHbIX TeppUTOpMiA 06LLEro Monb3oBaHWsA . XKOAMHO, KOTOpas MO03BOMWMNA YCTaHOBUTL 0Ob-
eMbl aKKyMy/n[uuy QUOKCUAA Yriepoga feCHbIMW 3KOCUCTEMaMU W OMPEAennTb MX PbIHOYHYH CTOMMOCTb.
Mo pesynbTaTam pacyeToB MO3NEMEHTHas CTOMMOCTHAA OLEHKA 3eNeHbIX HaCaKAEHWIA I. XKoAauHO cocTaBnset
42 637,8 py6./rog (13 067,46 USD/ropg), B Tom umcne 28 716,1 py6./rog - napku (67,3 %); 12 746,5 py6./rog -
ckBepbl (29,9 %);1 175,2 py6./rog - 6ynbBapbl (2,8 %).

Mpun aTOM pacueTbl NOKasanu, YTo 06bEM akKyMynaUMW SUOKcuAa yriepofa coctasnseT 418 1/rog, (B TOM
yucne 281,5 T/rof 3eneHbIMU HacaxaeHUAMY napkos; 125,0 T/rog - ckeepos; 11,5 T/rof - 6ynbBapoB). AHanm3
MPOCTPaHCTBEHHOIO PacnNpPOCTPaHeHNs aKKyMyMpOBaHWUs AUOKCKAA YTiepoaa nokasas, YTo HanbonbLUNiA BKag,
B peasin3aumio 3KOCMCTEMHBIX YCYT BHOCAT 00BEKTbI 03€/IeHEHNs, PACNONOXKEHHbIe B 3anafHO YacTh ropoja,
Y NapKu, 4To 06BACHSETCA BONLLLOW NAOLAALI0 UX HACAXAEeHUI (puc. 4).

Puc. 4. OueHKa AenoHMPOBaHUsA YINEKNCIOro rasa 3eN1eHbIMU HacaXaeHNaMN . XXoauHo (T/rof)

Fig. 4. Assessment of carbon dioxide deposition by green spaces within territory of Zhodino city (t/year)
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OueHKa 03e/1eHEHHbIX TEPPUTOPWIA MO3BONMNA BbISIBUTL OTAE/bHbIE CKBEPbI, HE OT/MYatOLLMECH 6ONMbLIMMM
MNAOWAASMMN HACAXKAEHWI, HO NPY 3TOM BHOCALLMMY 3HAUNTENbHBIN BKNad B (hopMMPOBaHNE MHTErPa/IbHOW CTO-
MMOCTU 3KOCUCTEMHbIX YCIYT W OTAENbHO - 06bEMbI aKKyMYNsUmMM AnoKeuaa yrnepoga. B o6oux ciydasx no-
[06HbIE BbICOKME NOKa3aTeNN 06bACHAOTCA NOPOAHBLIM 1 BO3PACTHBIM COCTABOM HAaCXAEHWIA, KOTOPbIE BaXKHbI
MpuW pacyeTax CTOMMOCTYW UX 3KOCUCTEMHbIX YCAYT.

3aK/IloYeHune

B uccnegoBaHWM npeAcTaBneHbl pesynbTaTbl OLEHKU 3KOIOFTMYECKOr0 COCTOSHWA 3efIeHbIX HacaXAeHWi
r. )KOAVHO 1 pacyeToB CTOMMOCTHOM OLEHKM NX 3KOCUCTEMHbIX YC/YT, KOTOPbIe BbIMOHEHA HA OCHOBE U3YyYeHUs
OEeHAPOMETPMYECKMX NOKasaTeseid ApeBOCTOEB B MPOLLECCe MOMEBbLIX NCCeL0BaHNI 1 faNbHEeRLWNX pacyeToB X
>KW3HEHHOT0 COCTOAHMSA Mo MeToAuKe B. A. Anekceesa.

BbISIBNEHO, UTO COCTOSIHME BCEX 3€/1EHbIX HACXKAEHWUI 03e/IeHEHHbIX TEPPUTOPUIA 06LLEro Mosb30BaHWS
r. >)KOAMHO OLeHMBAETCA KaK YMEPEHHO YAO0B/ETBOPUTE/IbHOE, HO TpedytoLLee TLaTelbHOro KOHTpons. Boeinon-
HEHHas OLeHKa 3KOMOTMYECKOr0 COCTOSHNSA 3e/IeHbIX HaCaXKAEHWIA MOKAa3bIBAET, YTO XOTS MPY COOTBETCTBYIOLLEM
yX0fe OHW ByayT cnoco6CTBOBATb YMEHbLUIEHUIO 3KOMI0rMYECKMX PUCKOB U YYYLLIEHUIO 340P0BbS FOPOLACKOro
HaceneHms, 04HaKO Cama CMCTeMa 03e/IeHEHHbIX TEPPUTOPUIA HY)XXAAeTCS B ONTUMU3ALMOHHBIX MEPONPUATUAX.
B nepByo o4yepeab HEOOX0AMMO 06paTWTh BHMMaHWE Ha HaCaXAEeHMs 3amagHoi 4acTu ropofa, rge oTMeuveHa
Hamb0/bLUas KOHLEHTpaLMs 0cnabieHHbIX U MOBPEXAeHHbIX peBoCToeB. OCHOBY 03€/1eHEHWS AaHHON TeppuTo-
PUM COCTaBASAIOT NAPKK, COCTOSHME KOTOPbIX MOXHO YNYULINTL NPOBELEHNEM PsALA CAHUTAPHO-3aLMTHBLIX paboT
M0 YXO0Zy 3a paCTUTENbHOCTLIO, (JOPMUPOBAHMEM YCTONUYMBOIO KOMIIEKCA 3€/1EHBIX HACAXKAEHWIA. Y CTONUYNBOCTb
B JaHHOM cnydyae OyaeT focTurartbes ABYMS MyTsMu. Bo-nepBbiX, HE06X04MMa ONTUMU3ALUA MOPOLHOro CO-
crtaBa. O6UIMe HEYCTOMUMBBLIX K 3arpssHAOLLMM BellecTBaM KalliTaHOB KOHCKMX (Aesculus hippocastanum L.)
N HEYCTOMUMBBIX K XXapKNM NIETHUM TemnepaTypam XBOWHbIX HaCaXXAeHWUA NMCTBEHHMLbI eBponeickoi (Larix
decidua Mill.) n enun eBponeiickoii (Picea abies (L.) Karst.) Heo6xoanMo 3aMeHWUTL Ha 60nee NOAXoAsALLME ANns
rOpPoOACKMX YCnoBuiA Buapl. Tak, Hambonee yCcTONUMBLIE KOMMIEKCHl MOXHO (POPMUPOBAThL MPU BblCAXKMBAHUN
nunbl MenkonuctHow (Tilia cordata Mill.) unn rmHkro gsynonactHoro (Ginkgo biloba L.)4. Bo-BTOpbIX, B NapKax
KpaiiHe Heobxo4MMa ONTMMU3aLMSA BO3PACTHOrO COCTaBa: YeM CTaplue CTaHOBMTCA AEPeBO, TeM CU/IbHEE OHO
nofBepraTbes pasiMyHbIM 3a0601eBaHNAM, TepsieT YCTONUMBOCTL U 3CTeTMYECKMe KadvecTBa. VIMEHHO Mo3ToMy
BaXKHO MPOBOAWTL MOCaLKy 60/1ee MOMOAbIX HACAXKAEHUI, TeM caMblM 06ecrneunBas 61aronpuMsTHOE COCTOSIHME
03€e/IleHEHHbIX TeppuTOopuii B ByayLLeMm.

BonbLuoi 610K caHMTapHO-3aWMTHbIX PA60T HEOBX0AMM A8 HACaXKAEHWUIA CKBEPOB 1 BynbBapoB. Takune, He-
60/MbLUME MO NIOWAAM HACAKAEHNS, XY)XKe CMPaBNSIOTCA C He61aronpuATHbIMK (haKTopaMn ropOACKOR cpefbl
13-3a OTCYTCTBMS 6OMbLIONO KOMNYECTBA NepudepuitHbiX NOCagokK, YTO MPUBOAUT K YXYALUEHUIO UX 3KONOrn-
YecKOro COCTOSHWUA HaMHOro 6bicTpee. MOMUMO CaHUTapHbLIX 0BPe30K UKW OUUCTKM OT MbIAU NOCPeLCTBOM
OMpbICKMBAHUA BOAHbLIMY PacTBOPaMy OCMOTPEHHAsA PacTUTENIbHOCTb PAfa CKBEPOB HYXAAeTca B MPOBEAEHUM
paboT Mo 60pbbe C BpeAUTENAMU 1 BO3BYAMTeNnsImMN 60ne3Heil. OTMETMM, YTO HaCaXKAEHUS CKBEPOB M OynbBa-
POB LO/MKHbI COCTOSATH M3 Hambosiee YCTOWUMBBLIX K 3arpssHsOLWMM BeLLecTBaM pacTeHusM. MpuyeM BaXHO
YNOMSIHYTb 1 HEO6XOLMMOCTb MCNONb30BaHWSA COMEBLIHOC/IMBOrO acCOPTUMEHTA: K/eHa ocTponucTHoro (Acer
platanoides L.), 6epe3y nosucnyto (Betulapendula Roth) n 6epesy nywuctyto (Betulapubescens Ehrh.)5.

HacaxfeHns BOCTOYHON 4acTu oT/nyatoTes 6o/ee 61aronpuATHBLIM 3KOMOMMYECKUM COCTOSAHMEM. OfHaKo
30€eCb U B LeHTpaNbHbIX paiioHax ropofa BbliAensietcs nHasa npobsema - HeAoCTaTOUYHOE KOMIMYECTBO 3e/1eHbIX
HacaXXJeHWii 1 He focTuraroLLas HOpMaTMBHbLIX NOKasaTenell 06ecneYeHHOCTb HaceNeHNs 03e/IeHeHHbIMMW Tep-
puTopusmMu. Habntogatowasca B ropoge HepaBHOMEPHOCTb pacnpefeneHust HacaX4eHWUid co3haeT BULMMOCTb
cobMt0eHMS HOPMATUBOB MO 03efieHeHUI0. OBecneyeHHOCTb XuTenei r. XKOAMHO 03e/1leHEHHbIMU TeppuUTo-
prsMK 06LLEr0 MOMb30BaHNA COCTaBnseT 7,82 mM2uen, npu HopMaTnee 3-5 M24en ANnA 00BLEKTOB PaliOHHOrO
3HayeHns 1 6-8 m24en ana 06HLEKTOB rOPOACKOro 3HavyeHMs6. OfHaKo B OTAeNbHbIX YacTAX ropoda, 0CO6eHHO
B LleHTpa/ibHbIX, AaHHble NOKa3aTen Ha CaMOM fiefle HAMHOMO HUXKE.

PelleHne JaHHON NpobiemMbl MOXET 6bITb NPOM3BEAEHO TAKXKEe MOCPESCTBOM BHEAPEHWS OHOWN M3 MHHO-
BALMOHHbIX FPafoCTPOUTESNIbHbIX MPAaKTUK - BEPTUKA/IbHOTO O03efIEHEHUs. DTOT MO3BOMIUT HE TOMbKO YBE/N-
YWUTb MOKa3aTe/in 03e/IEHEHHOCTU TEPPUTOPUN U 0B6ECMEYEHHOCTU 3e/IeHbIMU HacaXKAeHUSMU HaceNeHuns, Ho
M YIyYLUTb 3KOOTMYECKOe COCTOsSIHME FOPOACKON cpefbl. Takas (hopma 3e1eHOr0 CTPOUTE/bCTBA NCMOMb3YeT

4lMocTaHoBNEHNe MUHMCTEPCTBA NPUPOAHBIX PECYPCOB 1 OXPaHbl OKpYXKatoLelt cpeabl Pecny6nuku Benapycb ot 18.07.2017 Ne 5-T. O6
YTBEPXAEHNM 3KONOTMYECKNX HOPM U NpaBuA. [3neKTpoHHsbIA pecypc]. URL: https://pravo.by/document/?guid=12551&p0=W21732307p
(mata o6pauweHmns: 09.03.2024).

5Tam xe.

6TKIM 45-3.01-116-2008 (02250). TexHWYECKNIA KOLEKC YCTaHOBMBLLEWCA NPaKTUKK. MpagocTponTenscTBO. HaceneHHble MyHKTbI. Hop-
Mbl NAHWPOBKM N 3aCTPOIKN. MUHCK: MUHNCTEPCTBO apXMTEKTYpbI 1 CTpouTenbcTBa Pecny6avkn Benapych; 2018.
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B KauyeCTBe 03e/eHseMOli OCHOBbI BePTUKa/lbHble MOBEPXHOCTW 3[4aHWUiA, YTO NO3BOMSET PacLUMpUTL CUCTEMY
03en1eHeHNs 6e3 BblAeNeHNs ONOHNTENbHON TeppPUTOpUN.

OLEeHKa 3KOCUCTEMHbIX YCNYT 3eMeHbIX HacaXAeHWi BbiMoAHeHa B cooTBeTcTBMM ¢ TKI) 17.02-10-2012
(02120) «IMopsigoK onpeaeneHns CTOMMOCTHO OLEHKM 3KOCUCTEMHbIX YCNYT 1 6MOMOrMYECKOro pasHoobpasus».
VIHTerpasibHas CTOMMOCTHAas OLieHKa 3KOCUCTEMHbIX YCNYT 3e/1eHbIX HacaXAeHWI I. XXoanHo - 12 271,3 py6./rog
(3760,86 gonn./rog).

Mo3anemeHTHasa CTOMMOCTHAA OLEHKa No3BO/MMA OLEHUTL 06BEMbI aKKYMYNALUN AMOKCUaa yriepoja 3ene-
HbIMW HaCaXAeHUAMU N OMpefennTb UX PbIHOYHYHO CTOMMOCTb. YCTaHOB/MEHO, UTO 06BEM akKyMynauuu Au-
OKCWfAa yrnepoja 3efeHbIMU HacaXeHNaMu cocTasnseT 418 1/rof, a ero pbiHOYHasA CTOMMOCTb OMNpejeneHa
B 42 637,8 py6./rog (67,46 gonn./ron).

BbINO/THEHHbIE OLLEHKM 3KOTOMMUECKOTr0 COCTOSHUSA 1 9KOCUCTEMHbIX YCAYT 3e/IeHbIX HacaXAeHui B I. XKogu-
HO MOATBEPXKAAIOT, UTO OHU UMEIOT CYLLECTBEHHbIN 3KONOTMYECKUA N aCCUMUAALUOHHDIA NOTEHLMAN, KOTOPbINA,
OHaKo, HeflOCTaTOYeH A/ PacCMaTpMBAEMOro MPOMbILLIEHHOrO ropoja ¢ HaceneHwem 64 Toic. Yen. (Mo AaH-
HbIM HalMoHanLHOro ctaTucTuyeckoro komuteta Pecny6anku benapycs Ha 01.01.2023 1.) 1 Hy)XAaeTcs B CyLLue-
CTBEHHOM YBENYEHNN.
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CPABHUTENBbHAA XAPAKTEPNCTUKA COOAEPXAHWA TAXE/bIX
METANNOB B TKAHAX PA3/TMYHbLIX BNAOB MOJIZTKOCKOB BOJOEMOB
r. TOMENA N NPUNEFAKOWNX TEPPUTOPUN

T.B. MAKAPEHKODA. N. MAKAPEHKO2

[T omMenbCKuii rocyfapCcTBEHHbI yHUBEPCUTET UM. D paHuncka CKOpUHbI,
yn. CoseTckas, 108, 246028, r. Fomens, benapych
2 oMenbCKWiA rocyaapCcTBEHHbI MeAUUNHCKNA YHUBEPCUTET,
yn. Naure, 5, 246000, r. Fomens, Benapycb

M3yyeHO cofiep)KaHve U HaKOM/eHNe HeKOTOPbIX TSXKENbIX METAI0B B MATKUX TKaHAX U pakoBUHaX GPHOXOHOTUX
(Gastropoda: npygoBrK 06bIKHOBEHHbI Limnaea stagnalis L. 1 nBopogka peyHast Viviparus viviparus L.), a Takke gBy-
cTBOpYaTbIX MOJI/TOCKOB (6e33y6Ka 06bIKHOBEHHasi Anodonta cygnea L. 1 nepnosuua 0bbikHOBeHHast Unio pictorum L.). Ha
OCHOBaHWN HabNIOAEHWI YCTaHOBMEHO 60/ee BbICOKOE COfepXaHWe Mefu, XpoMa U HUKENSA B MATKUX TKaHAX 6POXOHOrNX
MOJI/IIOCKOB. Y XpOMa MakcMmasibHOe cofepXXaHue XapakTepHO 4151 TKaHel NpyfoBUKa, TOrja Kaky XUBOPOAKM OHO MUHK-
MasibHoe. CofepyXaHue CBUHLA, UMHKaA, MapraHua 1 KobanbTa Bbllle y IByCTBOPYaTbIX MOJITIOCKOB. B pakoBUHaxX MONOCKOB
KOHLIEHTpaumsa CBUHLA, KobasibTa, XpoMa 1 LMHKa Bblna HUXe npefena obHapyxeHnsa. Medb NpenmyLLecTBEHHO KOHLEHTPU-
pyeTcs B MATKUX TKaHSIX MOJI/IFOCKOB, HUKe/Ib PABHOMEPHO PacrnpefenseTcs Mexxay MArkuMmn TKaHAMuU 1 pakoBuHamun. Copep-
»XaHve MapraHua B TKaHAX [ByCTBOPYATbIX MOJI/TIOCKOB MPEBbILLIAET KOHLEHTPALMWI0 B PAKOBUHAX, Y 6PHOXOHOr X MOJIIIOCKOB
O0TMeYeHa NPOTUBOMOJIOXKHAA TeHAEHUUSA. TpeACTaBNeHHbIe PSAAbI HAKOMNIEHUS U3yYaeMblX MeTas1/10B f/1 racTponos v ABY-
CTBOPYATbIX MOJI/IIOCKOB MMEKT 3HaUUTESIbHblE OTAMUMS, YTO MOXET OMpPeAensaTbCsA pas/IMYHON [OCTYMHOCTHIO MeTas/ioB
B abMOTMYECKMX KOMMOHEHTaxX BogoeMa A1 0co6eli pasHbIX K/1acCoB MOJIIIOCKOB. YPOBEHb HaKOM/eHNs 0TAeIbHbIX MeTas-
JI0B B TKaHAX 6PHOXOHOrMX MOJIIFOCKOB B KOHTPO/IbHOM BOJOEME MPEBbILLIas TAKOBbIE BE/IMYMHbI, PACCUUTAHHbIE 41 TOPOS-
CKWUX BOJ0EMOB, Yero He Ha6/1104anock y ABYCTBOPYATbLIX MOI/IFOCKOB. Ha 0CHOBaHMW MOyYeHHbIX AaHHbIX 47151 KOMIMIEKCHO
OLIEHKM BO/0EMOB B OTHOLLUEHWUW OMNPeAesieHNs CTENEHN 3arpPsA3HEHNS abMOTUYECKMX KOMMOHEHTOB TSKENbIMU MeTas/1laMu
MOXHO PEKOMEH[O0BATb XWBOPOAKY Kak WHAWKAaTOpa MeAV N HUKENS AN ONPefesieHns 3arpsasHeHust LMHKOM, MapraHLuem
N KO6a/TIbTOM - MEPSIOBULLY, XPOMOM - MPYLOBMKA, CBUHLIOM - 6e33yOKy. OfHAKo ONpeaenunTb CTeMeHb 3arps3HeHns BOA0EMOB
TSXKENbIMW MeTa/11aMu, UCMO/b3YS TOMTbKO MATKME TKaHW MOJITIOCKOB U Be/IMYMHBLI KO3(W(ULMEHTOB HAKOMIEHNS METa/10B
B TKaHAX, M0 JOHHbLIM OT/I0XEHUAM CMIOXHO, MO3TOMY HE06X0AMMO npuberaTb K CneunanbHbIM UHTErpasibHbIM MoKasaTenam
3arpssHeHus.

KntoueBble crnoBa: TsXKeNble METa//b; 6pr0x0Hor|/|e N ABYCTBOpYaTble MO/ITIOCKN; MEXBUAOBbIE Pas/inynA; BoAHblE 3KO-
CUCTEMDI, KOS(*)(bMMMEHT HaKOomMn/1ieHnA.
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COMPARATIVE CHARACTERISTICS OF HEAVY METALS CONTENT
IN THE VARIOUS TYPES OF MOLLUSKS" TISSUES
IN GOMEL WATER BODIES AND ITS ADJACENT TERRITORIES

T. V.MAKARENKOgA. I. MAKARENKO®»

& rancisk Skorina Gomel State University,
108 Saveckaja Street, Gomel 24602, Belarus.
bGomel State Medical University,
5 Lange Street, Gomel 246000, Belarus.
Corresponding author: T. V. Makarenko (tmakarenkol1968@ bk.ru)

The content and accumulation of some heavy metals in the soft tissues and shells of gastropods (Gastropoda: Limnaea
stagnalis L. and Viviparus viviparus L.) and bivalves (Anodonta cygnea L. and Unio pictorum L.) were studied. Based on
observations, a higher content of copper, chromium and nickel in the soft tissues of gastropods has been established. In
chromium, the maximum content is typical for the tissues of the pond snail, while in the viviparus it is minimal. The content
oflead, zinc, manganese and cobalt is higher inbivalves. Inshellfish shells, the concentrations of lead, cobalt, chromium and
zinc were below the detection limit. Copper is predominantly concentrated in the soft tissues of mollusks; nickel is evenly
distributed between the soft tissues and shells. The manganese content in the tissues of bivalves exceeds the concentration
in shells; the opposite trend is observed in gastropods. The presented series of accumulation of the studied metals for
gastropods and bivalves have significant differences, which may be determined by the different availability of metals in the
abiotic components of the reservoir for individuals of different classes of mollusks. The level of accumulation of individual
metals in the tissues of gastropods in the control reservoir exceeded those values calculated for urban reservoirs, which
was not observed in bivalves. Based on the data obtained, for a comprehensive assessment of water bodies in relation to
determining the degree of contamination of abiotic components with heavy metals, we can recommend the viviparous as an
indicator of copper and nickel, for determining contamination with zinc, manganese and cobalt - pearl barley, chromium -
pond snail, lead - toothless. However, it is difficult to determine the degree of pollution of water bodies with heavy metals
using only the soft tissues of mollusks and the values of the coefficients of metal accumulation in tissues based on bottom
sediments; it is necessary to resort to special integral indicators of pollution.

Keywords: heavy metals; gastropods and bivalve molluscs; interspecies differences; aquatic ecosystems; accumulation
coefficient.

BeepgeHune

OueHKa 06LLEero ypoBHA 3arps3HeHUs BOAOEMA TSHXKENbIMM MeTannamu Jo/HKHA BKKOYaTb aHanu3 cogepxa-
HUS 3TUX 3N1IEMEHTOB B TKaHAX GUOTbI, CPeAV KOTOPO OAHUMM 3 OCHOBHbIX MHAMKATOPOB MOTYT BbICTYNaTb Npe-
CHOBOZHbIE MONIMKOCKK. [Ns onpefeneHns UHAUKATOPHbIX BUAOB, B HAMBOMbLUE CTENEHN OTpaXKatoLLMX 06LLYHO
KapTUHY COfepXKaHUs 3arps3HUTeneld B BOAOEME, BXXHO OMpPeAenTb 06LLMIA YPOBEHb HAKOMIEHMS TSXKENbIX Me-
Ta/N0B B TKAHAX MOJITOCKOB Pas3/IMyHbIX BOAOEMOB, KOTOPbIA MOXET ObITb BUAOCNELUDUNYEH U B CYLLECTBEHHOIA
CTeneHn BapbMpyeT B 3aBUCMMOCTU OT K/lacca W BUAa MOJIJIKOCKOB ¥ YCNOBUIA TOFO MW MHOFO BOAHOTO 06bEKTA.

Lienb nccnefoBaHms: n3yunTb BUAOBbIE 0COBEHHOCTY COAEPXKAHNS TAXKENbIX METINI0B B MSAITKMX TKAHAX MOJI-
NOCKOB B BOAOeMax I. FoOMens v npunerarwmnx TeppuTopuii, a TakKe yCTaHOBUTb BUAbl, BOSMOXHbIE AN UC-
MOMb30BaHMS MPY U3YYeHUN 3arPs3HEHNS BOAHbBIX 3KOCUCTEM TSXKEbIMU MeTalaMu.

MaTepuanbl U MeTOAbI UCCNef0BaHUA

[aHHble, npeAcTaBieHHble B paboTe, MOAyYeHbl B UCCNef0BaHUAX, NPOBOAUMBIX B TedeHue 2016-2019 rr.
B 3TOT nepuof fOXAeBble W Tanble BOAblI MOCTYNann B BOAOEMbl B HE3HAYMTENbHbIX KOMMYeCTBax, MO3ITOMY
YPOBeHb BOfbl B BOAHbIX 3KOCUCTEMAX, MO AaHHbLIM FMAPOMETEOLEHTPa, CHU3UACSA 6oniee Yyem Ha 1 M1 OT6Op
nNpo6 MOMNOCKOB MPOBOAM/M C NMOMOLLLID AHOYepnaTens U NPUMEHAM py4yHoi c6op B BofoeMax r. Fomens,
pasnuualroLLMxca No XapakTepy aHTPONOreHHOW Harpysku. [ns npoBefeHWst CPaBHUTENLHOW XapaKTepUCTUKK
6b1N1 BbIOPaH KOHTPO/IbHBIA BOLOEM - CTapUYHbIA KoMMneke p. CoX, KOTOPbIA He UCMNbITbIBAET BUAMMON aHTPO-
MOreHHOM Harpysku u pacnonoxeH Ha 10-12 KM Bbllle ropoga no TedeHuto p. Cox. Markme TKaHW MOJIOCKOB
OTAENANN OT PaKOBMH W Ajaniee aHaNU3upoBay oTAeNbHO. MpocyLlwmBany B CyLUNAbHOM LLKaQy npu TeMnepartype
105 °C 00 NOCTOSAHHOM Macchl, 3aTeM MOABepraayv CyxoMy 030/1eHUI0 B MydensHoi neun npu 450 °C [1]. Co-
JepxXaHue MeTannoB B 30/1€ PACTEHUA U AOHHbIX OTIOXEHWUI Onpesensivn aTOMHO-3MUCCUOHHBLIM CNeKTpasb-
HbIM METOZOM Ha criekTpodoToMeTpe PGS-2 B nabopaTopmm GrU3NKO-XMMMUYECKOTO aHanm3a PecrnybMkaHCKOro

1YpoBeHb 1 TemnepaTypa BoAbl B p. CoX Mo rugponocty r. Fomens cerogHs [OnekTpoHHbIi pecypc]. URL: https://allrivers.info/gauge/
sozh-gomel (gata o6pawexmns: 16.07.2022).
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YHUTApHOro npegnpusatns «benopycckuii HayYHo-UccnefoBaTeNbCKUA re0n0ropasBefoyHbli MHCTUTYT». [na
aHanusa Bbl6paHbl CnesytoLive BUabl MONIOCKOB U3 Knacca 6ptoxoHorux (Gastropoda) - npyAoBUK 06bIKHOBEH-
HbI (Limnaea stagnalis L.), >xuBopogka peyuHas (Viviparus viviparus L.); u3 knacca gsyctsopyatbix (Bivalvia) -
6e33y6Ka 06bIKHOBeHHas (Anodonta cygnea L.), nepnosuua o6bikHOBeHHas (Uniopictorum L.).

CratnucTnyeckas 06paboTka faHHbIX MPOBOAMIACH OBLLENPUHATLIMU METOAAMMW C UCNO/b30BaHUEM Tab/inu-
HbIX MPOLECCOPOB M NPOrpamMmM CTaTUCTUYECKOrO aHaIM3a KOMMUYeCTBEHHBIX JaHHbIX MNP NPoBepKe Ha MX Co-
OTBETCTBME 3aKOHY HOPMa/IbHOro pacnpegeneHus. MNapHblid ABYXBbIGOPOUHBIiA t-TECT A8 CpeAHUX NOATBEPAUN
rmnoTesy 0 LOCTOBEPHOCTU Pa3fiMunii Mexay cofepXXaHueM MeTa1I0B B MArKUX TKaHAX MOJIIFOCKOB MpescTaB-
NeHHbIX BUAOB M3 Pas/iMyHbIX BOAOEMOB, YTO YKa3ano Ha Hanuume OTAMYMIA MeXAy BblOOpKamu Mpu ypoBHe
3Haummoctmnp = 0,01.

PesynbTaTbl UCCNefoBaHNM U X 06CyXaeHMe

AHanus BMAOBOro cocTaBa MOJIIFOCKOB BOLOEMOB I. [[OMeNsi NokKasas, YTo SOMUHUPYHOLLMMU ABNSKOTCS fBa
BUAa Knacca 6prOXOHOMMX MOMMOCKOB (XKMBOPO/KA pPeYHas 1 NpyaoBMK 00bIKHOBEHHbIR) 1 ABa BMAa ABYCTBOP-
YyaTblX MONOCKOB (6€33y6Ka 00bIKHOBEHHAs U MepnoBuMLa 06bIKHOBEHHaS).

[aHHble No cpefHeMy COepXaHUKo TSXKeNblX METaNI0B B MAMKUX TKaHAX MOJIJIIOCKOB BOAOEMOB . FomMens
npvBeAeHbl B Tabn. 1, 2, U3 KOTOPbLIX CNeAyeT, UTO MaKCUMa/bHbIM YPOBHEM COAEPXKaHWS XapaKTepusyeTcs map-
raHew, (Ha 04WH-[Ba NOPsAKa BblLle, YeM Y APYTrMX METANI0B), & MUHUMa/bHLIM - KOGabT. MapraHeL, BbINOHSA-
eT BaXKHble (IM3n0Nnornyeckme QyHKLMM B OpraHu3me MOJIIFOCKOB: aKTMBATop psija (PepMeHTOB, y4acTBYET B Npo-
Lieccax AblxaHus, 6MOCUHTE3e HYKNENHOBbLIX KUCOT, BMSIET HA MUHepasbHbI 00MeH [2]. BbiCOKOe cofepykaHue
MapraHLua B TKaHsX MOJTIOCKOB, 0COOEHHO ABYCTBOPUATLIX, TAKXE XapaKTepu3yeT BUSHNE TEPPUreHHOro CTOKa
Ha BOfAHble 3KocucTeMbl [3].

Tabnuya 1

CpefHee cofepxaHue (Mr/Kr CyXoii Macchl) TsKE/bIX META/INIOB B MSAITKUX TKaHSAX MOJITHOCKOB,
06UTAIOLLMX B BOAOEMAX I. TOMefIsi M OKPeCTHOCTel

Table 1

Average content (mg/kg dry weight) of heavy metals in soft tissues of mollusks inhabiting water bodies of Gomel and its environs

MecTo oTbopa MapameTp Pb Cu Zn Mn Co Cr Ni
CpepHee 0,66 6,32 26,60 247,85 0,11 0,46 0,32

[opoackue BOLOEMBI MwuH 0,03 0,51 2,12 24,00 0,02 0,02 0,05
Makc 3,42 28,60 65,30 1000,00 0,25 2,86 0,82

CpepHee 0,10 4,00 24,16 489,75 0,06 0,08 0,10

CTapuyHbIi KOM-

MuH 0,06 0,54 3,62 60,00 0,03 0,05 0,06
nnekc p. Cox

Makc 0,18 12,60 65,40 1056,00 0,08 0,13 0,18

BbICOKOe cogepXaHWs B MAFKMX TKaHAX MOJI/IIOCKOB XapakTepHO Takxke ana mean (4,00-6,32 Mr/kr)
N UMHKa (24,16-26,60 Mr/Kr), Torga Kak KOHLEHTpauMmn KobanbTa, XpoMa, HUKeNs U CBMHLA He MPEBbIWAT
1,00 mr/kr. 6eflyeT OTMETWUTb, YTO CamblM BbICOKMM YPOBHEM KOHLIEHTPUPOBaHUS B TKaHSX MOJIOCKOB
OT/IMYAIOTCS BMOTEHHbIE 3/1EMEHTBI, 415 KOTOPbIX 40Ka3aHa BAXXHOCTb B OCYLLECTBIEHNM XXMN3HEHHBIX (YHKLWIA
(MapraHeu, UMHK M Mefb), YTO 3HAYMTENbHO HMXKE COAepXKaHMe Takoro GMOreHHOro 3feMeHTa, Kak KobasibT
(0,06-0,11 Mr/Kr), M TaKX 3N1EMEHTOB, KaK XpOM W HAKENb, 3HaYeHWE KOTOPbIX B 06eCNeYeH NN XKN3HEAEeATENbHOCTH
[0 KOHLA He n3ydeHOo [4]. Mo gaHHbIM HEKOTOPbIX aBTOPOB [3], MeAb U LUMHK B TKaHAX MO/IOCKOB SBAAKOTCS
MHAMKATOpaMy X03A/ACTBEHHO-ObITOBOTO 3arps3HeHUs, HKeMb - MOKa3aTeNnb TEXHOreHHOro BO34encTBus. Pag
COAepPXXaHua MeTansioB Ans 6POXOHOMMX 1 ABYCTBOPYATLIX MOJTOCKOB BbIFNAAMT Cliefytowmm obpasom: Mn >
>Zn>Cu>Cr>Pb>Ni>ConMn>Zn>Cu>Pb>Ni>Cr>CoCcooTBeTCTBEHHO. PAabl COAepP>XaHWNA MeTaN/10B
Yy MOMIOCKOB MpPefCTaB/ieHHbIX KNacCOB pasnnyatoTcs MOMOXEHWEM METa/I0B, 0Ka3blBalOLMX TOKCUUECKOe
[eCTBME Ha XMBble OpPraHM3mbl - XPOM, CBMHEL, U HUKeMb. B ABYCTBOpKax HOXXHOIO BbeTHama, Takxke, Kak
My NPecHOBOAHbIX [BYCTBOPYATLIX MOJJIIOCKOB BOJ0EMOB benapycu, HanbosbLlas cpein BCeX UCCef0BaHHbIX
3M1EMEHTOB KOHLeHTpauuu onpefeneHa A4g mapraHua, 3a)MKCUPOBaHHbIE YPOBHU LIMHKA OblN BbICOKUMU
OTHOCWTENbHO CBMHLA, Meaun 1 HKens [5]. Tak, NpefcTaBieHHbI psg cofepXXaHUs MET/IIOB B MSATKNX TKaHAX
yepHomopckoit muann Mytilus galloprovincialis Lamarck Zn > Mn > Cu > Pb > Co > Ni [6] cx0ox ¢ TakoBbIM AN15
npefcTaBMTE/El ABYCTBOPYATBLIX MOJIIFOCKOB BOZOEMOB [omens.
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Tabnuuya 2

CpaBHUTe/IbHasi XapaKTepUCTUKA COAepXKaHusl (MI/KI Cyxoii Macchl) TSXKesbIX MeTa/1/10B
B TKaHsIX GPHOXOHOTMX 1 ABYCTBOPUATbLIX MOJIIFOCKOB BOZOEMOB T. ["oMens

Table 2

Comparative characteristics of the content (mg/kg dry weight) of heavy metals in the tissues of gastropods
and bivalve mollusks of water bodies in Gomel

Knacc MapameTp Pb Cu Zn Mn Co Cr Ni
CpefiHee 0,45 9,76 22,09 78,43 0,10 0,71 0,40

BptoxoHorue MwuH 0,03 0,51 2,12 24,00 0,02 0,02 0,13
Makc 1,63 28,60 65,30 195,00 0,25 2,86 0,82

CpegHee 0,90 2,32 31,87 445,50 0,12 0,18 0,23

[BycTBOpYaThie MuH 0,06 0,86 6,84 103,00 0,02 0,04 0,05
Makc 3,42 4,93 62,50 1000,00 0,22 0,48 0,51

ConocTaBfieHne yCpeLHEHHbIX NokKasaTtesnell KOHUEHTpaLMm MeTanoB B TKaHAX MOJIIOCKOB B FOPOACKUX
BOJ0EMax OTHOCUTENIbHO CTapUUHOro Kommnaekca p. CoX nokasano, YTo cofepXKaHune 60/bLUMHCTBA U3YUEHHbIX
3/1EMEHTOB Obl/I0 BICOKMM B FOPOACKUX BOAHbLIX 00bekTax. OCOO6EHHO YeTKue OTAMYUA B CTOPOHY MpeBblLlle-
HUSA B rOPOLCKMX BOJOEMax onpefeneHbl 41 CBMHLA, XpoOMa U HUKens (npesbieHune B 6,60; 5,75 u 3,20 pasa
COOTBETCTBEHHO). Pa3nuua no KOHUEHTpauum mMmeamn U KobasbTa He CTOJb CYLLECTBEHHbI U COCTaBAAOT NULLb
1,58 n 1,83 pa3a COOTBETCTBEHHO. [N LMHKA He OnpeAeneHo 3HaAYMMbIX OT/IMYMIA COLEPXKaHWUA B CTapUYHOM
Komnnekce p. CoX 1 BOAHbIX 06BEKTAX B rOPOACKON YepTe. B TO e BpeMsi KOHLeHTpauusa mMapraHua B ropoj-
CKMX BOAOeMax okaszanacb noyty B 2,00 pasa HUXeE, YeM B CTapMUYHOM KOMI/IEKCE, YTO TPebyeT AasbHeLero
n3yyeHuns. CTOMT OTMETUTL, YTO NOXOXKNE 3aKOHOMEPHOCTU MO COAePXaHWI0 MapraHLua Oblin 0OTMeYeHbl 1 B UC-
CfefoBaHusAX, MPOBOAMMbBIX HA AaHHbIX BOLOEMaX paHee2 [ofyyeHHble JaHHbIE MOATBEPXKAAIOT BO3MOXXHOCTb
MCMO0/b30BaHNSA CTAPUUHOIO KOMMeKca B KavyecTBe (DOHOBOr0 BOJOEMa CpaBHeHUs NpW NpoBeLeHUN MOHUTO-
PVHIOBbIX UCCNef0BaHWIA 3arpsA3HEHNS MOJIIOCKOB BOAHbIX 3KOCUCTEM [FOMens U npuneraroLimnx TeppuTopuii
TAXeNbIMU MeTannamu. OfHAKO B pas/inyHble BPeMeHHbIe NMPOMEXYTKM KOHLEHTPaL WA UCCnefyemblX COeanHe-
HUIA MeTaNI0B B MATKUX TKaHAX MOJI/IFOCKOB CTapUYHOIo KOMMNJeKca 6bifa cpaBHMMA C COAePXKaHUEM TSXKENbIX
MeTa/iNoB y 0Co6ei ropoAcKknx BogoeMoB. oaTomy ans 601ee TOUHON OLEHKM 3arpsA3HEHHOCTU BOAHBIX 3KO-
CUCTEM HEOOXOAMMO YCTaHOBNEHWE (DOHOBbLIX KOHLEHTPaLUMIA B MATKUX TKaHAX MOJIIOCKOB C UCMO/Ib30BaHWEM
CTaTUCTUYECKOr0 METOoja.

C uenbio BbIiIBNEeHNA BUAOB-UHAMKATOPOB MOJIIKOCKOB AN ONPefesieHns 3arpsisHeHNs BOSOEMOB TSXKENbIMU
MeTannamu 6blna NpoBeeHa AeTaslbHas OLEHKa 3arpsi3HEHHOCTU MAMKMX TKaHel U3yUYeHHbIX BULOB MOJIIKOCKOB
no Kaxpgomy Tskeniomy metanny (puc. 1, 2). Ha BUAoByto cneunuky akKyMynsaumum meTasnioB MOJSIIIOCKaMW,
a 3HAuUT, M BO3MOXXHOCTb MCMO/b30BAHUA MOJITHOCKOB /19 OLEHKWN CTereHu 3arpsi3HeHus BOAHbIX 3KOCUCTEM
COeiHEHUAMU META/OB YKa3bIBaOT pas/inyHble asTopbI3 [1-3; 5-8]. Ho HekoTOpble BUALI MOMMOCKOB He 06-
NnafalT Tako 0COOGEHHOCTLIO. Tak, yCTpuLbl 136MpaTeslbHO HakananBalT B CBOMX TKaHAX BbICOKME KOHLEH-
Tpaumn LMHKA N Mean, TorAa Kak MUANN He CKJTOHHbI KOHLEHTPUPOBATb B TKAHAX COEANHEHNS BbllLeHa3BaHHbIX
meTannos [9].

Oco06yt0 3Ha4YMMOCTb B NPOBELEHHOM aHan3e NMEeET U3yUYeHNEe KOHLEHTPALMM B TKAHAX MOJIJIIOCKOB CBUHLA,
KOTOPbI/ ABNseTCA Hambonee onacHbIM TOKCMKAHTOM U 3arpsisHuTenem sogoemos [7; 10; 11]. Kak cnegyet u3
puc. 1, MaKCMManbHbIM YPOBHEM COLEPXaHus CBMHLA OTMYaeTca 6e33y0OKa, KOHLUEHTpaunusa metania B MArkmx
TKaHAX KOTOPOI gocTuraeT 1,31 Mr/Kkr, 4To NpeBbILIaeT 3HaYeHUs, NONYUYEHHble 418 NPYA0BUKa (CNeayoLLero no
YPOBHIO cofilepXXaHus cBuHLa), B 2,01 pa3a. Takue pe3ynbTaTbl OblIM HEOXKULAHHBIMU, TaK Kak B UCCNef0BaHUSX,
MPOBOAUMBIX paHee, BbICOKMM YPOBHEM COLEPXaHWA MeTasina OT/Mdanca npyaoBuK, Ha BTOPOM MeCTe pacrno-
naranach >XXMBOpPoAKad. 3HauMTeNlbHOE NPEBbILWEHNE KOHLEHTpaLMM CBUHLA B TKaHAX 6e33y6KM B cCpaBHeHWU
C ApYrMmMU BUAamMm1, a 0COBEHHO C XXMBOPOAKOM 1 NPYLOBUKOM, Ob1/10 OTMEUEHO MPaKTUYECKM BO BCeX BOAOEMax
ropoga. OfHOl 13 NPUUYNH MOXET BbITb BbICOKasA LOCTYNHOCTb COEAMHEHUI MeTanna B KOMNOHEHTaX BOAHbIX
3aKocucTeMm Ans ee 0cobei.

2MakapeHko T. B. PacnipegeneHue TSXKeNbIX METaNN0B B 6BUOTUYECKUX 1 aBMOTUHECKNX KOMMOHEHTaX BOAHbIX 3KOCcMcTeM Fomens n npu-
Nnerarowmx TeppuTopuin: auc. ... KaHa. 6uon. Hayk: 03.02.08. MuHck, 2010.

3YpoBeHb 1 TemnepaTtypa Bogbl B p. Cox no rugponocty r. Fomens cerogHs [dnekTpoHHbIi pecypc]. URL: https://allrivers.info/gauge/
sozh-gomel (gaTta obpawieHus: 16.07.2022).

4MakapeHko T. B. PacnpegeneHue TAXenblX METaNI0B B 6MOTUYECKNX 1 aBMOTUYECKNX KOMMOHEHTaX BOAHbIX 3KocucTeM Fomens n npu-
Nerarowmx TeppuTopuin: auc. ... KaHg. 6uon. Hayk: 03.02.08. MuHck, 2010.
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Puc. 1. CogepkaHue CBMHLA, HUKeNs, KobanbTa 1 Xxpoma (Mr/Kr cyxoit macchbl)
B MAFKMX TKaHAX pas/iMyHbIX BUAOB MOJIHOCKOB, 06MTalOLWMX B BogoeMax . Fomens

Fig. 1. The content of lead, nickel, cobalt and chromium (mg/kg dry weight)
in the soft tissues of various types of mollusks inhabiting the water bodies of Gomel

N3MeHeHWe [OCTYNHOCTW COeAMHEHUI CBUHLA ANl MOMIJIOCKOB Pa3HbIX BUAOB B aGMOTUYECKMX KOMMOHEH-
Tax M3y4yaeMblX BOLOEMOB CBS3aHO C U3MEHEHMEM TVAPONOTMYECKOTO PEXMMA U 3HAUNTENbHBIM CHUXXEHUEM
YPOBHS BOAblI B BOAHbIX 3KOCUCTEMaxX U3y4yaemoii Tepputopun. OUeBUAHO, UTO MMEHHO 3TOT BWZ MOOCKA
B HacTosllee BpeMsi Hambonee LienecoobpasHO UCMOIb30BaTh B KaUeCcTBE MHAMKATOPHOrO NPU OLEHKe O6LLEro
3arpsi3HeHNst BojoeMa CBMHLOM. HeaocTaTok 3TOro BuAa ABYCTBOPYATOro MOJJIKOCKA B TOM, YTO OH 06WTaeT
He BO BCEX BOJOEMax M3y4yaeMoi TEppUTOPKM, a €CIN N BCTPEYAETCS, TO B GO/bLLUEN CTEMNeHU, Ha ry6oKoBos-
HOVA YacT¥ BOOEMA, YTO 3HAUYNTENbHO 3aTPYAHAET 0TGOP NPo6. HauMeHblUas KOHLEHTpaUUs 4aHHOro MeTanna
onpefeneHa B TKaHsx xuBopoaku (0,18 mr/kr), uto 6onee YemM B 7 pa3 HUXe, NO CPAaBHEHMIO C MoKasaTensmu
6e33y6KuN. B TO e Bpems cofepXkaHue APYTUX TSXKeNblX MeTanoB B TKaHAX 6e33y0KM He OTMYaeTCs CTO/b
BbICOKMMY MOKa3aTeNsMU.

Puc. 2. CogepxaHue Meay v LMHKa (MI/KF CyX0il Macchl) B MATKMX TKaHAX PasinyHbIX BUA0B MOJITHOCKOB,
o6uTaloLMX B Bogoemax . Fomens

Fig. 2. The content of copper and zinc (mg/kg dry weight) in the soft tissues of various species of mollusks inhabiting the water bodies of Gomel
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KoHUeHTpaLms HUKens 1 Meau MMeeT HaubosbLIne 3HAYeHNSA B TKaHAX XMUBoOpoaku (puc. 1, 2). Tak, cogep-
XaHue Meau y XXMBOPOAKK gocTuraeT 10,52 Mr/Kr 1 npeBbIlLaeT noKasaTenn NpyoBKKa, 3aHMMaloLLEro BTOpoe
MECTO M0 YPOBHIO KOHLIEHTpaL MK AaHHOro MeTanna, Ha 14 %. CofepxxaHve Meau, B OTIMUME OT CBMHL, B TKa-
HAX 6e33y6KK, HA060POT, UMEET MUHUMa/IbHBIE 3HaYeHUs (2,23 MI/Kr), 4TO B 4,72 pa3a H/XKe MakCUMalbHOro
3HayeHus. OfHaKO 3aMeTHO YeTKOe NPEeBbILLEHNE COAEPXaHUA COefUHEHNI Mean 'y GPHOXOHOTMX MOJTOCKOB MO
CpaBHEHWIO C ABYCTBOPYaTbIMM (Tabn. 2). Mo Noay4YeHHbIM paHee faHHbIM XXMBOPOLKa aKTUBHO aKKyMYnupoBana
B TKaHSX Meflb, CBUHEL, U LLUHKS.

M0 KOHLEHTpaLUm HAKeNs MeXXBULOBbIE PA3NNYMAY MOHOCKOB BbIPaXKEHbI B eLLLe MeHbLUeli cTeneHm (puc. 1).
YKvBopoaka oTnnyaeTca HamboNbLLIUMM YPOBHEM cofepxaHuns meTanna (0,46 Mr/Kr), KOTOpbIA NpeBbILaeT Hau-
MeHbLUWIA NoKa3aTesb, OnpefenieHHbIA Y nepnoBuLbl, B 2,73 pasza. Takke 3aMETHO OTHOCUTENLHO 60/ee BbICOKOE
COflepXKaHue [aHHOro 3/IeMeHTa y OPHOXOHOMMX MO CPaBHEHUIO € ABYCTBOpYATbIMU MofOcKamu (B 1,74 pasa),
O/IHAaKO pas3nunumne He CTOMb CYLLECTBEHHO, KaK A1 Meay.

Puc. 3. CogepxkaHne MapraHua (Mr/Kr Cyxoii Macchbl) B MAFKMX TKaHsX PasfiMuHbIX BUAOB MO//IIOCKOB, 06UTAIOLLMX B BOgOEMaX T. FoMesis

Fig. 3. The content of manganese (mg/kg dry weight) in the softtissues of various species of mollusks inhabiting the water bodies of Gomel

Hanbonee 3HauMmMble 6BUOreHHble aneMeHTbl (LMHK, MapraHew, 1 KobaibT) MakCUMaibHO KOHLEHTPUPYHOTCH
B TKaHAX nepnosuupl (puc. 2, 3). Tak, B OTHOLEHWMN UMHKA CNeayeT OTMETUTL, YTO ero CoAepXKaHue y nepioBu-
ubl B 2,01 pasa Bbllle N0 CPABHEHUIO C APYTMMU BUAAMW, TOrAa Kak y XWBOPOLKM, 6e33y6KM 1 NpyLoBMKa OT-
NNYAETCA He3HAUMTENbHO. B 3TOW CBA3M MMEHHO NEPNOBULLY MOXHO CUMTATb MHAMKATOPHBLIM BUAOM NO JaHHOMY
anemeHTy (puc. 2). B uccnenoBaHuax, NPOBOAMMbIX paHee, akTUBHbIM aKKyMYNSTOPOM LUHKa bblna onpegeneHa
XuBopogka6. MyTn NocTynneHns MeTannoB B TKaHW GPHOXOHOMMX W ABYCTBOPYATLIX MOJIOCKOB PasfinyHbl,
N U3MEHEHUA aKKYMYNATUBHON aKTUBHOCTN Y MOJJIIOCKOB, BEPOSTHEE BCErO, CBA3aHbl He CTO/bKO C U3MEHEHM-
€M YPOBHS 3arpsi3HeHMSt KOMMOHEHTOB BOAHbIX 3KOCUCTEM, KaK C U3MEHEHUEM (DOPM HaXOXJeHUs U3yyaemblX
MEeTa/I/I0B B KOMMOHEHTaX BOJOEMOB, TakK U C Pa3HO AOCTYMHOCTbI COeAVHEHWI METaNI0B B abMOTUYECKMX
KOMMOHEeHTax Bof0eMOB. Kak U3BECTHO, B OPraHn3m ABYCTBOPYATbLIX MOJIIOCKOB MWL NOCTYNaeT nNpu usb-
TPOBaHUN NPUAOHHbBIX CMI0EB BOAbI, COAepXaLlnX opraHoMnHepasbHble KOMIMIEKChI TAXENbIX METa//10B.

B oTHOWeHUN mMapraHua HeobXoAMMO OTMETUTb BeCbMa 3HAYMMOE MNPEBbILIEHWE ero COAepXaHus y ABy-
CTBOPYATBLIX MOJIIOCKOB, KOTOPOE B 5,68 pa3a BbILle MO CPaBHEHWIO C BproxoHorumu (Tabn. 2). MNpwu atom, co-
[lepXkaHve mMapraHua B TkaHsx nepnosuubl (542,00 mr/kr) B 1,55 pasa Bbllle nokasaTens gpyroro Asycrsopya-
TOro MON/OCKa - 6e33y6ku (349,00 mr/kr), 4yto B 8,12 pa3a NpeBbIWAET 3HaYEHNe, NONYUYEHHOE AN NPYLOBKKa,
Yy KOTOPOro CojepXaHue MapraHua MUHUManbHO. MonyyeHHble faHHble COrNacytoTes ¢ nnTepatypHbiMu [12],
rAe yKasaHo, 4TO CoJepXXaHne MapraHuay npecHOBOAHbIX ABYCTBOPOK MOXeT gocturaTte 5 537,00 Mr/Kr cyxoi
macchl. AHanormyHas 3aKOHOMepPHOCTb Oblfia 0TMeYeHa U B UCCNeoBaHWAX, NPOBOAMMBIX PaHEe Ha AaHHbIX
BOAOEMaxX: MakCMMasbHasd KOHLEeHTpaumMs afeMeHTa 3aiMKCMpoBaHa Ans 4BYCTBOPYATLIX MOJIIKOCKOB, KOTOpas

BMakapeHko T. B. PacnpegeneHue TSXKenblX MeTannoB B GMOTUYECKMX M aBMOTMYECKMX KOMMOHEHTax BOAHbIX akocucTem [omens
N NpUeranLWwmx TeppuTopuii: gnc. ... KaHg. buon. Hayk: 03.02.08. MuHck, 2010.
6Tam >e.
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NPakTUYecKn Ha NOPAAOK Bbllle, YeM Y OPHOXOHOrnx7. HekoTopble uccnegosatenu [12; 13] 06bACHAKOT 3HaUK-
TeNbHOE HAaKOMMeHVe MapraHLa B TKaHAX BbICOKOW hMNbTPYIOLLeli CNOCOGHOCTbLIO ABYCTBOPYATbIX MO//OCKOB
N 3HAUYUTESIbHBIM 3arpsA3HEHNEM BOAbl BOLOEMOB aHHbIM 3/1EMEHTOM.

CofepxaHue KobaibTa 'y pas3/iMyHbIX BULOB MOJIKOCKOB BapbUpyeT HE3HAUUTENbHO: Pa3/iMyns Mexay Hau-
60nblLUeli KOHUEHTpaumein (y nepnoBuLbl) N HaMMeHbLUEl (Y XWBOPOAKM) cocTaBnseT 1,44 pasa (puc. 1). Ans
KobanbTa B M3y4yaemblX BOLOEMAX U paHee O0TMeyasiocb He3HauyuTeNlbHOEe BapbUpOBaHME COAEPXKAHWUSA B TKaHAX
paccmatprBaeMbIX BULOB.

B oTHOLWEHWM cofepaHnsa XpOMa MOXHO YETKO BbIAENNUTL NPYAOBMKA Kak BUAa-MHANKATOPA 3arps3HeHNS BO-
[0EMOB [iaHHbIM 3/1eMeHTOM. KOHLeHTpauus Xxpoma B MArKMX TKaHAX NPYLOBMKA, B CPefHeM, B 9 pas3 Bblille, YeM
y LpYrux BUA0B MOMIOCKOB (puc. 1). B To e Bpemsl, y Apyrnx MONIHOCKOB BapbMpPOBaHME COAEPXKaHUsA AaHHOro
MeTasn1a He3HaumTenbHo: oT 0,13 Mr/Kry »>ueopogku Ao 0,19 mr/kry 6e33y6kn. BbICOKNIA ypoBeHb CofepXaHus
MeTasiNa B TKaHAX NPYyL0BMKa OTMEYascs B aHHbIX BOAHbIX 3KOCUCTEMaX U paHee§ OfHaKO Takmnx pasnuuunii ansa
KOHLeHTpaLmii XxpomMay npeAcTaBieHHbIX BUAOB MOJIKOCKOB 3athMKCMPOBAHO He BbIno.

Ha puc. 4-5 npefcTasfieHbl pe3ynbTaTbl OMPefeneHns Mean, MapraHua v HUKens B pakoBMHAaX MOJITHOCKOB,
obuTalroLmMx B ropofckux Bogoemax. CofepxxaHvie CBUHLA, LIMHKA, KobanbTa U XpOMa B pakoBUHAX 6bIN0 HUXKe
npegena nx o6Hapy>keHus. B nccnefoBaHusx, NpoBOANMbIX COTPYAHUKaMM Ky6aHCKOro rocyHnBsepcuTeTa c Mop-
CKUMUN MUOMAMU, NONYYEHbI NMOXOXNME Pe3ynbTaTbl: COAep)KaHWe CBUHLA, KOBanbTa, HUKENA U XpoMa B PakoBu-
Hax 6bl10 HWXe npefena obHapy>keHus [14]. OAHaKo LMHK, Medb U MapraHel, 6b111 06Hapy>KeHbl B CTBOPKax
YCTPUL, B KOHLEHTpauusx, coctasnsaowmx 0,61; 0,69 n 6,01 mMr/kr cooTBeTCTBEHHO. Cofep>KaHne Meamn 1 LMHKa
B paKOBMHAX MOPCKUX [BYCTBOPOK Ha NOpsAA0K, a MapraHua - Ha fiBa Nnopajika HXe, YeM Y NPecHOBOAHbIX [ABY-
CTBOPYATbIX MO/JTHOCKOB M3y4aemblX BOLOEMOB. BO3MOXHO, Ha aKKyMYyNALMIO METANI0B B PAKOBUHAX OKa3blBaeT
B/INSIHNE MOHHBIA COCTaB BOAbI.

YCTaHOB/IEHO, YTO HaMbO0MbLLAA KOHLEHTPpAUUA Meau U MapraHLa XxapakTepHa Ans pakoBWH NnpynoBuka 6,36
n 1036,00 mr/kr (puc. 4, 5).

8 ---

>Kusopogaka Mepnosuua MpynoBnk Be3sybka
H Cn O Ni

Puc. 4. CogepxaHue Meay v HUKens (MI/Kr CyXoil Macchl) B pakoBMHAX pas3/IMUHbIX BUAOB MOJIOCKOB, 06UTAIOLMX B BOAOEMAX T. 0-
Mens

Fig. 4. The content of copper and nickel (mg/kg dry weight) in the shells of various species of mollusks inhabiting the water bodies of
the city of Gomel

W3 puc. 4 cnepyet, 4TO B pakOBMHAX MPYLOBMKA BbliB/IeHa [OCTATOYHO BbICOKAsA KOHLEHTpauusa HUKeNs
(4,95 Mr/Kr), HO MakcMMasbHbI YPOBEHb COAEPXKaHUA AaHHOr0 MeTanna 06HapyXXeH Yy Xuneopoaku (5,17 mr/kr).

AHann3 COOTHOLIEHMS KOHLEHTPaLWiA «MArKMe TKaHW/pakoBWHbI» CBUAETENIbCTBYET, YTO MMEKTCA 3Ha-
YuTeNbHbIE PA3IMUMA KaK MeXay MeTannamu, Tak U Mexay BuaaMy MOJSINKOCKOB NO [aHHOMY MOKa3aTesto
(tabn. 3).

MakapeHko T. B. PacnpegeneHue TSXenblX MeTanfioB B GMOTUYECKUX M abMOTUYECKMX KOMMOHEHTax BOAHbIX aKocucTem [omens
N NpUNerawvLnx TeppuTopuin: guc. . Kaug. 6uon. Hayk: 03.02.08. MuHck, 2010.
8Tam xe.
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Puc. 5. CogepxxaHve mapraHua (Mr/Kr cyxoii Macchl) B pakOBMHAaX PasnnyHbiX BUAOB MOMTOCKOB, 06UTAlOWMX B BOAOEMAX T. Fomens

Fig. 5. The content of manganese (mg/kg dry weight) in the shells of various species of mollusks inhabiting the water bodies of Gomel

Tabnuua 3

COOTHOLLIEHME KOHLEHTPAaUUM TAXeNbIX META//I0B B TKAHAX N PaKOBUHAX MOJIFOCKOB BOLOEMOB T. [oMens

Table 3
The ratio of the concentration of heavy metals in tissues and shells of mollusks of water bodies in Gomel

OTHOLWeHNe «TKaHb/pakoBMHa»
Bug monntocka

Cu Mn Ni
Xwusopogka 8,66 0,26 0,54
MpypoBuk 2,50 0,42 1,80
BproxoHorue, cpegHee 5,58 0,34 1,17
Be3syb6ka 1,75 3,93 1,25
Mepnosuua 2,58 5,78 0,59
[BycTBopuaTble, cpegHee 2,17 4,90 0,92
CpefHee no BceM Bujam 3,87 2,61 1,05

Taknm 06pa3om, yCTaHOB/IEHO, YTO Mefb NMPENMYLLECTBEHHO KOHLEHTPUPYETCS B MATKMNX TKaHSX, FAe ee KOH-
LleHTpaums B cpegHem 3,87 pasa Bbllle MO CPaBHEHMIO C pakoBUHaMW. HanpoTuB, HUKeNb PaBHOMEPHO pacnpe-
[ensieTca Mexay MArkummy TKaHAMM U pakoBMHaMU MOJINIIOCKOB (CpefHee OTHOLLEHMe «TKaHb/pakoBUHAa» 6IU3KO
K eauHuue). MNpoTrBOpeUmnBble faHHbIe MOAYYeHbl A1 MapraHua: ero CofepXxaHve B TKaHAX ABYCTBOPYaTbIX
MO/IIIOCKOB MPeBbILLAET KOHLEHTPaLUWIO B pakoBMHaX B cpefHeM B 4,95 pasa, ay OpHOXOHOMMX MOJIIKOCKOB KO-
4eCTBO MapraHua B TKaHsx B 3,11 pa3a H/e 0THOCUTE/TbHO KOHLEHTPaLuM MapraHLa B pakoB1HE.

[ns Hanbonee NONHOrO NpefCcTaBeHNs 06 YPOBHE 3arpsi3HEHHOCTU BOAOEMA TSXKENbIMU MeTaniamu Heo6xo-
AMMa OLeHKa MHTEHCUBHOCTW NOCTYNNEHUS TSXKEbIX METaNNIOB B TKAHW MOJIMIKOCKOB M3 BOAbI U AOHHbLIX OT/O-
YKEHWWIA, KOTOpas NPOU3BOANTCS C NMOMOLLBIO BbIYUCNEHNS OTHOLLEHNS MEXAY COAepXKaHue MeTaifIoB B XMBbIX
OpraHmsmax u B abUOTUYECKMX KOMMNOHEHTaxX BOLOEMA - AOHHbIX OTNIOXKEHUAX U BOZE.

YpoBeHb NOrAoWeHNs NOAMKTaHTOB BOAHLIMY OpraHu3mMamuy NPUHATO XapaKTepusoBaTb «KO3M(ULNEHTOM
6ronorunyeckoro nornouwieHns (KBM)» nnm «koapduuymeHtoMm HakonneHus (KH)». BenuumHa koaduumeHTa
HaKOM/EHNS PaCcCUMTbIBAETCA KaK OTHOLLIEHWE COAEPXaHWA 3N1eMeHTa B XXMBOM OpraHn3Me K TakoBOMY B NuLLe,
cyb6eTpaTe (cpeae o6utaHus) [1]. B Tabn. 4 npuBefeHbl pe3ynbTaTbl pacieToB KO3(h(hULMEHTOB BUONOMMYECKOro
NOrNoLEeHNa HabNIOAaEMbIX METANINIOB TKAHSAMUW GPIOXOHOTMX U BYCTBOPYATHIX MOIKOCKOB 13 BOAbLI M JOHHbIX
OT/IOXKEHUIA.
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Ta6nuuya 4
Koath(hmLmMeHTbI HAKOM/IEHUS TSXKENbIX METa10B TKaHSAMU MOJI/IFOCKOB M0 AOHHBIM OT/IOXKEHUSAM
Table 4
Coefficients of accumulation of heavy metals in mollusc tissues on bottom sediments
KoathhmumeHTbl HakonneHns
Boaoem Pb Cu Zn Mn Co Cr Ni
BEproxoHorue
03. Y-06pasHoe 0,040 0,155 0,033 0,109 0,053 0,109 0,025
03, BonoTtoBCcKoe 0,007 0,058 0,148 0,189 0,009 0,001 0,018
03. Wanop 0,010 0,337 0,334 0,505 0,033 0,007 0,031
03. [legHo 0,082 0,630 0,344 0,331 0,120 0,074 0,052
03. BonogbknHo 0,019 2,521 0,084 0,092 0,019 0,007 0,055
P. Cox, HMXe ropoga 0,013 0,064 0,126 0,034 0,010 0,003 0,014
P. Cox, BbllWe ropofa 0,070 0,375 0,275 0,171 0,083 0,028 0,033
CpefHee no ropojckum Bofoemam 0,032 0,740 0,189 0,245 0,047 0,040 0,036

®0oHOBbIV BOgOEM (CTapuyHbIii KOMnnekc p. Cox) 0,012 0,281 0,367 0,053 0,029 0,008 0,009

[BycTBOpUaThHIE

O3. Wanop 0,012 0,069 0,301 1,502 0,037 0,004 0,023
03. flegHo 0,036 0,047 0,477 2,869 0,073 0,004 0,007
03. BonogbknHo 0,172 0,595 0,233 0,594 0,038 0,020 0,031
P. Cox, HMXe ropoga 0,236 0,190 0,259 0,626 0,054 0,010 0,042
P. Cox, BbllWe ropofa 0,018 0,068 0,246 2,364 0,067 0,004 0,007
CpefHee no ropofckum Bofoemam 0,073 0,237 0,337 1,655 0,049 0,009 0,020

®0oHOBbIV BOgOEM (CTapuyHbIii KOMnnekc p. Cox) 0,008 0,061 0,147 0,752 0,029 0,005 0,006

Paf HakonneHns MeTannoB y 6POXOHOrMX MOJIIIOCKOB UMeeT BuA: Zn > Cu > Mn > Co > Pb >Ni >Cr u cy-
LLeCTBEHHO OT/IMYAETCA OT PASA, COCTAB/IEHHOTO NO COAEPXaHWI0 MeTanNoB, NPeACTaBNeHHOMY B CTaTbe paHee.
Kak 1 B psgy cofilepXaHusi, Tak 1 B pafy HAKOMIeHUs 61UoreHHble MeTanbl (UMHK, MeAb U MapraHeL) onepexxaroT
MeTanbl C HEBbISCHEHHOW GMONOrMYECKO (hyHKLKE.

Y ABYCTBOPYATLIX MOJIHOCKOB MOJYYEHbI UHbIE 3aKOHOMEPHOCTU KOHLEHTPUPOBAHNSA TAXENbIX METANN0B U3
[LOHHbBIX OT/IOKEHWIA: CaMblidi BbICOKMIA KO3((ULMEHT HaKONEHNA onpeaeneH Ans MapraHua, OH ABASEeTCA Mak-
CUMaNbHBLIM Cpean BCeX MOMYYeHHbIX 3HayeHWid (1,655). M3yvaemble MeTan/bl COCTABNAKOT CNefyroLWnin psg
HakonneHus B nopsigke yobiBaHusa: Mn > Zn > Cu > Ni > Pb > Cr > Co.

Y 6pPIOXOHOIrMX MOSIIFOCKOB HAKOM/IEHME N3YyUYaeMbIX MeTas1/1I0B B CTaPUUYHOM KOMIM/IEKCE MPEBbLILIAET TaKoBble
BE/IMYMHBI, paCCUMUTaHHbIe N5 FOPOACKMX BOLOEMOB, 3a UCKMOYEHNEM HUKENS. [1oyYeHHble fJaHHbIe NOAYEPKU-
BalOT HEOOXOAMMOCTb M3YYeHUS BOLHbIX 3KOCUCTEM 6e3 BUANMBIX aHTPONOreHHbLIX HArPY30K M PacrofioXXeHHbIX
Ha 3Ha4YWUTeNbHOM YaasieHU M OT FOPOLCKMX arfioMepaLuii.

B oT/Mume oT GpPHOXOHOTMX MOJMIOCKOB, Y ABYCTBOPYATbLIX OnpejaeneHbl 6ofee BbICOKME KHBCEX TsXKenbIX
MeTanI0B B FOPOACKMX BOLOEMAX OTHOCUTENbHO CTapUUHOr0 KOMIEKCa.

BblgennTb BOJOEM C MAaKCUMabHbIM MW MUHUMASIbHBLIM YPOBHEM HaKOMeHWUs BCeX U3yYaeMblX METasN0B
JaXe 419 OQHOTO BUAA MOMOCKOB CNOXHO. Tak, y 6pHOXOHOrMX MO/KOCKOB B 03. ¥Y-06pa3Hoe paccyMTaHO Mu-
HUMa/IbHOe 3HayeHWe KO3 (ULMEHTA HAKONIEHNS LMHKA Y MaKCUMa/bHasa BeMUYMHA 15 HAKOM/IEHUS XPOMa.
TonbKo B 03. Bon0OTOBCKOE Y GPHOXOHOIMX MOKOCKOB HAabN0AaeTCd MUHUMabHOE HAKOM/EHUe CBUHLA, Meaw,
KobanbTa 1 Xxpoma. B 03. JefiHO, NPMHUMAIOLLEM 3arPA3HEHHbI MOBEPXHOCTHBIN CTOK, pacCUMTaHbl MaKCUMab-
Hble 3HaYeHNs KO3(MMLUEHTA HAKONIEHNSA Y BPHOXOHOMMX MOJSIIFOCKOB A/151 CBUHLA W LIMHKA, Y ABYCTBOPYATbIX
MOJI/IIOCKOB - A1 UMHKA, HUKeNs U KobasnbTa. BbICOKMI YpOBEHb HAKOMNEHWS B TKAHAX GPHOXOHOMMX MOJIIFOCKOB
Mefun U HUKeNns, a'y ABYCTBOPYATbIX MOIKOCKOB - MeAU M XpoMa OTMeYeH B 03. BOM0OAbKMHO, XOTS BOLOEM He
NCMbITbIBAET 3HAYNTEILHOW aHTPOMOreHHOM Harpy3ku. BbICOKNI YpOBEHb HAKOMNIEHNA METa/1/I0B B TKAHAX MOJI-
NIOCKOB B OTAE/IbHbIX BOL0EMaX MOXeT ObITb CNeACTBMEM HAXOXAEHNUSA UX COEAUHEHWNIA B KOMMOHEHTaxX BOLOEMa
B 6MONOrnYecKkmn JOCTYMNHON (opme.
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B Lienom, cpaBHeHMe BENMUMHBI KOIPMULMEHTA HAKONNEHUS TSHXKENbIX METANNOB Yy GPHOXOHOTMX U ABYCTBOP-
yaTblX MOJ/I/IOCKOB MOKAa3as10 OTCYTCTBME 3HAUNMbIX OTIMYMIA TONbKO MO KOGabTy. CyLLECTBEHHO Bbille Y 6pto-
XOHOTUX 3HaYeHne Koa(hULMEHTA HAKONNEHNS XPOMa, HUKENS U Meay. HakonneHve CBUHLA, MapraHua v LyHKa,
Haob0pOT, BbILLE Y ABYCTBOPYATHIX MO/HOCKOB.

Mo Nony4YeHHbIM CPeLHUM 3HAUYEHMSM KOIDMULMEHTA HAKOMIEHMSA TSHXKENbIX META/INIOB U3 AOHHbIX OT/0Xe-
HWIA GPOXOHOTE MONOCKU ABNAKOTCA AEKOHLIEHTPaTOpaMu Beex anemeHToB (KH< 1). [IBycTBOpYaTble MO/O-
CKV SIBNAKOTCA KOHUeHTpaTopamu MapraHua (KH> 1) 1 ieKoHLeHTpaTopaMiu BCeX OCTaslbHbIX 31eMeHTOB (KH< 1).

3aK/IloyeHune

MoABOAA NTOr BblLLECKa3aHHOMY, CrnefyeT OTMEeTUTb, YTO A/ TSHKE/bIX MeTaN10B YCTaHOB/EHbI 3HAUMTE/b-
HblE Pa3NNUNA MEXAY NX COLEPXKaHWEM U HAKOM/EHWEM Y ABYCTBOPYATbIX 1 OPHOXOHOMMX MOJIIKOCKOB, TaK Kak
npescTaBUTENN 3TUX KNacCOB OT/IMYAKOTCA APYr OT Apyra no pagy (u3nonornyecknx ocob6eHHOCTel u Tuny
nUTaHus. B 4aCTHOCTM, yCTaHOB/IEHO 60/1ee BbICOKOE COAEpXKaHue Meau, XpoMa 1 HAKENS B TKaHAX GPHOXOHOrMX
MOAOCKOB. Mpun 3TOM Hanboee YeTKME OT/INUMA XapaKTepHbl 4N Meau. Y Xpoma onpegeneHa ocobas LuHaMu-
Ka KOHLIEHTPMPOBaHMA B TKaHAX: MaKCMMa/lbHOE COLepXKaHWe XapakTepHO AN TKaHel NpyaoBYKa, Y XKUBOPOL-
KU - MuHUManbHoe. CogepXXaHue CBMHLA, LMHKa, MapraHua v KobanbTa Bbllle Yy ABYCTBOPYATHIX MOJITHOCKOB.
OfHako, YeTKNe pasnyns MOXHO OMPefenuThb NNLWb B KOHLEHTPaLMU MapraHua M MeHee BblPaXEeHHbIE - A1
KobanbTa. TakuM 06pa3oM, COAEpXKaHUe TSHKENbIX MET/I/IOB B 3HAYUTE/IbHON CTEMEHU 3aBUCUT OT BUAA MOJHO-
CKOB. B pakoBMHax MO/TOCKOB KOHLIEHTpaLMs CBMHLA, K0balbTa, XpOMa M LMHKa Oblna HUKe npegena obHapy-
XKEHUS.

HaunbobLuee BapbMpoBaHMe KOHLEHTPaLUK TSHXENbIX META/IIOB OT MaKCUMabHOTO K MUHUMAaIbHOMY Onpe-
JeneHo Ans Xxpoma. Takke 3HauMTe/bHble KONebaHUs nokasaTenei yCTaHOBMEHb! 411 MapraHua, KOHLeHTpaums
KOTOPOro 3HAYMTE/IbHO BbILIE Y ABYCTBOPYATbIX MO/IKOCKOB. CyLLECTBEHHbIE OTIMUUA B COAEPXKaHUW onpege-
NeHbl AN8 CBUHLA, YTO, OYEBMAHO, FOBOPUT O HA/IMYMU UCTOYHMKA 3arPA3HEHNS JaHHbLIM TSXXENbIM METa/1/10M
OTAeNbHbIX BOAOEMOB I. ['omens. HavMeHbLLlee MeXBULOBOE BapbMpOBaHWE KOHLEHTPaLWii BbISBIEHO /15 KO-
6anbTa U UMHKa.

Megb NPenMMyLLecTBEHHO KOHLEHTPUPYETCS B MATKUX TKaHSX MOJI/IIOCKOB, HUKeNb PaBHOMEPHO pacrpege-
NAETCA MEXAY MATKMMU TKaHAMMW U pakoBuHamu. CogepXKaHue MapraHua B TKaHsaX 4BYCTBOPYATbIX MOHOCKOB
NpeBbILLAaeT KOHLEHTPaLUio B paKOBMHAX, Y BPHOXOHOTMX MOJIIKOCKOB OTMeYeHa obpaTHas TeHAeHLMS.

JloCTaTOuHO CNOXHO BbISBUTL CPEAU U3YUEHHbIX MOJTHOCKOB BUA, KOTOPbIA Obl OTIMYANICA HAUMEHLLUNM Ha-
KOMSIEHWEM N3YYaeMbIX TSXE/bIX MeTa10B.

Psabl HAKOMMEHNs M3yvaeMbIX METaNI0B, COCTaB/EHHbIE A/ BPHOXOHOTMX U ABYCTBOPYATHIX MOJ/IKOCKOB,
MMEIOT 3HaUYNTE/bHbIE PA3IMyYMS, YTO MOXET OMpPeAensThecs PasNMUYHON AOCTYMHOCTLIO METannoB B abnoTtuue-
CKMX KOMMOHEHTaX BOAOEMA A/t 0CO0eli pasHbIX K1acCoB MOJTHOCKOB.

BbISIBUTL Hanb0ee YMCTbIV U 3arpsi3HEHHbIA BOLOEMbI, UCNOMb3Ys TOMbKO COAEpXKaHue MeTa/IIoB B MATKMX
TKaHAX MOJIHOCKOB U BENNUMHLI KOI((PULMEHTOB HAKOMNEHUS METAN0B B TKAHAX NO AOHHbLIM OTIOXEHUAM,
CNOXHO, HEOBX0AMMO WMCMO/b30BaThb /11 3TOr0 CrneuuanbHbie MHTerpanbHble NoKasaTenu 3arpsasHeHns, yumnThl-
BalOLLMe BKNaj K&XA0ro MeTanna B COCTOSAHME BOAHOW 3KOCUCTEMbI. Y POBEHb HAKOMNEHWS OTAENbHbIX METa/I0B
B TKaHsAX OPHOXOHOIMX MOJIIIOCKOB B CTAPUUYHOM KOMMEKCe (KOHTPO/bHbIN BOLOEM) NPeBbILLA BEIMYUHDI, pac-
CUMTaHHbIE 415 FTOPOACKMNX BOJOEMOB, Yero He Habnaanock y ABYCTBOPYATbIX MOJITKOCKOB.

[ns onpegeneHuns cTeneHy 3arpsisHEHMs abMOTUYECKNX KOMMNOHEHTOB BOLOEMOB MEAbH 1 HUKENEM MOXHO
PeKOMeHA0BaTb XWBOPOAKY, 411 OMpeAeneHuns 3arpsisHeHUs LMHKOM, MapraHLem 1 KobanbTom - nepiosuly, 4ns
3arps3HeHns XpoMoM - MpPYAOBUKA, CBUHLIOM - 6e33y0Ky.

Bubnuorpanyeckme CCblsIKM

1 HukaHopoB AM, Xynugos AB, MokapxxeBckunii ALl. BUOMOHUTOPUHT MeTannoB B NPECHOBOAHbIX 3KOcMCTeMax. JIeHMHrpag:
mopomeTteonsgat; 1991. 311 c.

2. Myp 0xB, Pamamyptu C. Ta>kenble MeTanibl B NpUpoAHbIX Bogax. Mocksa: Mup; 1987. 288 c.

3. XpucTtodoposa HK, MHeTeyknii AB. Cofep)aHune TsSXeNblX MeTanN0B B AONITOXMBYLMX MATUANAAX Y CCYPUIACKOTO 3anmBa AMNOH-
ckoro mops. buonorusa mops. 2022;1(48):30-37.

4. [lobpoBonbeknii BB. OcHoBbI 6uoreoxmmnn. Mocksa: Bbicwas wkona; 1998. 413 c.

5. foHey MM, LbiraHkos BHO, Kynblosa BU, dnxypu X, bosposa M/[], M'ymosckuiit AH, M'ymoBsckas KO, Boratos BB, Mpo3opoBa
NA, YepHosa EH, Jlbicenko EB, Hro KK. Muuieas 6e30nacHOCTb ABYCTBOPYATLIX MONNOCKOB HOXKHOro BbeTHaMa: xnopopraHuyeckme
COELIMHEHUS N THXKENbIE MeTaNNbl Kak PaKkTopbl pUcka 415 340p0Bbs Yenoseka. MeanUMHCKMIA akafemuyeckuii >xypHan. 2020;20(2):45-58.

6. Mocnenosa HB, Mpuiimak AC, Pabywko B./. CogepxaHne MUKPO3NEMEHTOB B MATKMX TKaHAX W pakoBMHax mMuauun Mytilus
galloprovincialis, KynbTuBMpyemoin Ha B3Mopbe I CeBacTonons. Jkonornyeckas 6e3onacHOCTb NPUOPEXKHOI U LWeNbgoBO/ 30H MOpSI.
2021;4:67-80.

7. Epwosa TC, 3aiiues B®, YannbiruH BA. Oco6eHHOCTV MUTpaunm CBUHLA B 3KocucTeme Kacnminickoro mopsi. Y4eHble 3anucku
Kpbimckoro efepansHoroyHusepcuTeTa umenn B. V. BepHaackoro. Buonorus. Xumus. 2021; 4(7):3-22.

44



V3yyeHune 1 peabunmntaLmsa sKocucTeM
The Study and Rehabilitation of Ecosystems

8. Xonogkesuy CB, LWapos AH, Uyiiko 'M, Ky3HeuoBa TB, Maneesa MB, JToxknHa PA. OueHKa KayecTBa NPeCHOBO/AHbIX 3KOCK-
CTeM Mo (hyHKLUMOHASIbHOMY COCTOSIHWIO ABYCTBOpYATbIX MOMTHOCKOB. BofHble pecypcebl. 2019;2(46):214-224.

9. CunkuH KOA, CunknHa EH, Cunkud MKO, Cton6os A, CunkuHa AKD. Oco6eHHOCTU HAKOMIEHWUS TSHKENbIX METAN0B B MSATKUX
TKaHfX CpeM3eMHOMOPCKOA MUAMW U TUTaHTCKOM YCTPpULLbl, BblpalLleHHbIX B MPUBPEXHON 30He H0ro-BocTouHoro Kpeima. BogHoe xo-
3s1icTBO Poccumn. 2017;4:99-109.

10. Xomunu BC, Kakapeka CB, Kyxapunk TW. 9Koreoxumms ropofckux naHawadTos benapycn. MuHck: PY T « MUHCKTUNNPOEKT»;
2004. 260 c.

11. BonkoBa BW, YbloHr BT. HakonneHue ceuHua (Pb) n kagmusa (Cd) monntockamum corbicula sp. B ycTbax pek ropoga XawoHa
(BbeTHam). CoBpeMeHHbIe Npo6neMbl Hayku 1 obpasosaHus. 2017;5:356.

12. BpeHb HB. B1ONOrNYECKNA MOHUTOPUHT 1 06LL1E 3aKOHOMEPHOCTW HAKOMAEHUSA TAXENbIX MeTaN0B NPECHOBOAHLIMYU LOHHbIMU
6ecno3BoHOYHbIMU. MMapobuonornyecknin >xypHan. 2008;44(2):96-115.

13. Ctonsp OB, Mpybuko BB, Mebixaiinue PJ1, Muwyk EB. BnvsHne ycnoBuii cyLiecTBOBaHUA Ha CBA3bIBaHME TSXKE/bIX MeTann0B
N OKUCNUTENbHYIO AeCTPYKLMIO 6MOMONEKYN B TKaHAX NPECHOBOAHOrO ABYCTBOpYaTOro MonntockaAnodonta cygnea. Mmapo6uonoruye-
cKuin >xypHan. 2003;39(6):73-82.

14. Temeppgawes 3A, Eneuxnin O, KayHoBa AA, Kopnakosa UM, OnpegeneHune Tsaxxenbix metannos B MuaunMytilus galloprovincialis
Lamarck metogom NCM-A3C. AHanMTuKa 1 KoHTponb. 2017;2(21):116-124.

References

1. Nikanorov AM, Zhulidov AV, Pokarzhevskij AD. Biomonitoring metallov v presnovodnyh ekosistemah [Biomonitoring of heavy
metals in freshwater ecosystems]. Leningrad: Gidrometeoizdat; 1991. 311 p. Russian.

2. Mur DzhV, Ramamurti S. Tyazhelye metally v prirodnyh vodah [Heavy metals in natural waters]. Moscow: Mir; 1987. 288 p.
Russian.

3. Hristoforova NK, Gneteckij AV Soderzhanie tyazhelyh metallov v dolgozhivushchih mitilidah ussurijskogo zaliva Yaponskogo
morya [The content of heavy metals in long-living mytilids from Ussuriisky bay] Biologiya morya. 2022;1(48):30-37. Russian.

4. Dobrovol’skij VV Osnovy biogeohimii [Fundamentals of biogeochemistry]. Moscow: Vysshaya shkola; 1998. 413 p. Russian.

5. Donec MM, Cygankov VYu, Kul’shova VI, Elhuri Zh, Boyarova MD, Gumovskij AN, Gumovskaya YuP, Bogatov VV, Prozorova
LA, Chernova EN, Lysenko EV, Ngo KK. Pishchevaya bezopasnost’dvustvorchatyh mollyuskov Yuzhnogo V etnama: hlororganicheskie
soedineniya i tyazhelye metally kakfaktory riska dlyazdorovya cheloveka [Food safety ofbivalves from the south vietnam: organochlorine
compounds and heavy metals as risk factors for human health]. Medicinskijakademicheskijzhurnal. 2020;20(2):45-58. Russian.

6. Pospelova NV, Prijmak AS, Ryabushko VI. Soderzhanie mikroelementov v myagkih tkanyah i rakovinah midii Mytilus
galloprovincialis, kul tiviruemoj na vzmor e g. Sevastopolya [Chemical Composition of Mussel Mytilus galloprovincialis Cultivated
at the Seashore of Sevastopol (Black Sea)]. Ekologicheskaya bezopasnostpribrezhnoj i shelfovojzon morya. 2021;4:67-80. Russian.

7. Ershova TS, Zajcev VF, Chaplygin VA. Osobennosti migracii svinca v ekosisteme Kaspijskogo morya [Features of lead migration
in the ecosystem ofthe Caspian Sea] Uchenye zapiski Krymskogofederalhogo universiteta imeni V I. Vernadskogo. Biologiya. Himiya.
2021; 4(7):3-22. Russian.

8. Holodkevich SV, Sharov AN, Chujko GM, Kuznecova TV, Gapeeva MV, Lozhkina RA. Ocenka kachestvapresnovodnyh ekosistem
pofunkcionalhomu sostoyaniyu dvustvorchatyh mollyuskov [Assessment of the quality of freshwater ecosystems based on the functional
condition of bivalved mollusks]. Vodnye resursy. 2019;2(46):214-224. Russian.

9. Silkin YuA, Silkina EN, Silkin MYu, Stolbov AYa, Silkina AYu. Osobennosti nakopleniya tyazhelyh metallov v myagkih tkanyah
sredizemnomorskoj midii i gigantskoj ustricy, vyrashchennyh v pribrezhnoj zone yugo-vostochnogo Kryma [Features of the accumulation
ofheavy metals in the soft tissues of Mediterranean mussels and giant oysters grown in the coastal zone of southeastern Crimea]. Vodnoe
hozyajstvoRossii. 2017;4:99-109. Russian.

10. Homich VS, Kakareka SV, Kuharchik TI. Ekogeohimiya gorodskih landshaftov Belarusi [Ecogeochemistry of urban landscapes
of Belarus]. Minsk: RUP «Minsktipproekt»; 2004. 260 p. Russian.

11. Volkova VI, Chyong VT. Nakoplenie svinca (Pb) i kadmiya (Cd) mollyuskami corbicula sp. v ustyah rekgorodaHajfona (V etnam)
[accumulation of cadmium (Cd) and lead (Pb) in the mollusc Corbicula sp at estuary of Hai Phong city (Vietnam)] Sovremennye problemy
nauki i obrazovaniya. 2017;5:356. Russian.

12. Bren’ NV Biologicheskij monitoring i obshchie zakonomernosti nakopleniya tyazhelyh metallov presnovodnymi donnymi
bespozvonochnymi [Biological monitoring and general patterns of accumulation of heavy metals by freshwater benthic invertebrates].
Hydrobiological Journal. 2008;44(2): 96-115. Russian.

13. Stoljar OB, Grubinko VV, Myhajliv RL, etal. Vliyanie uslovijsushchestvovaniya nasvyazyvanie tyazhelyh metallov i okislitelhuyu
destrukciyu biomolekul v tkanyah presnovodnogo dvustvorchatogo mollyuska Anodonta cygnea [Influence of living conditions on the
binding of heavy metals and oxidative destruction of biomolecules in the tissues of the freshwater bivalve mollusk Anodonta cygnea].
Hydrobiological Journal. 2003;39(6): 73-82. Russian.

14. Temerdashev ZA, Eleckij 1'Yu, Kaunova AA, Korpakova IG. Opredelenie tyazhelyh metallov v midii Mytilus galloprovincialis
Lamarck metodom ISP-AES [Determination of heavy metals in Mytilus galloprovincialis Lamarck mussels using the rcP-AES method].
Analitika i kontrol”. 2017;2(21):116-124. Russian.

CTaTba nocTynuna B pegkonnernio 11.05.2024.
Received by editorial board 11.05.2024.



Pagnonorma m pagnoé6mnonorus,

PAANALNOHHAA BE3OINACHOCTb

R adiologyand radiobiology,
RADIATION SAFETY

YK 502:628.4.047

PONMb MNKPOOPITAHN3MOB OCHOBHbIX 3KOJIOTO-TPOPNYECKINX
rPYMM B NOCTYNMJIEHWW 137CS N3 AEPHOBO-NOA30/INCTOW
CYNECUYAHOW MOUYBbLI B BMUOMACCY AVENA SATIVA L.

E.A. TAHKEBMWY\A. H. HUKNTUH2,l0. K. CUMOHY UMK\ N. N. KOHLUEBAAJ

) WHcTUTYT paguobuonornm HaunoHansHoih akagemun Hayk benapycu,
yn. ®epgoHuHckoro, 4, 246007, r. Fomens, benapych
2 WHcTuTyT Mukpobuonorum HaynoHanbHo akagemun Hayk Benapycu,
yn. Akagemuka B. ®. Kynpesuua, 2, 220084, r. MuHck, benapycb
J omenbCcKuii rocyaapcTBeHHbI yHUBepcUTeT UM. dpaHuucka CKOpPUHBI,
yn. CoseTckas, 104, 246019, r. Fomens, Benapych

B unccnegoBaHUn paccMaTpyBaeTCs BAUSHUE MOYBEHHbIX MUKPOOPraHU3MOB OCHOBHbIX 3KO/10r0-TPOMPUUECKNX rpynmn Ha
nepexof 137Cs 13 AepHOBO-N0OA30/INCTON CynecHaHon MoYBbl 30HbI 0THYXAeHUS YUepHobblibckon ASC B 6uomaccy oBca no-
ceBHOro (Avena sativa L.). Kpome Toro, oLeHeHO BO3JeACTBUE AaHHbIX MUKPOOPraHN3MOB Ha CoAep)kaHue B Uccreayemori
nouse cTabubHbIX M3oTonos K, Ca, Sr, Cs B 61M040CTYMHbIX hopMax.

O6pasely UUTUPOBaAHMUA:

TaHkeBny EA, Hukutnn AH, Cumonunk HOK, KoHuesas UA.
Ponb  MWKPOOPraHM3MOB  OCHOBHbIX — 3KOM0r0-TPO(UYECKMNX
rpynn B noctynnenmun 13ICs n3 fepHoOBO-NoA30NUCTON cynecya-
HOW no4Bbl B 6uomaccy Avena sativa L. XXypHan Benopycckoro
rocyapcTBEHHOIo yHuBepcuTeTa. dkonorua. 2024;2:46-56.
https://doi.org/710.46646/2521-683X/2024-2-46-56

ABTOpbLI:

EneHa AnekcaHapoBHa TaHKeBUY - HayUHbIA COTPYAHUK na6o-
paTopumn pafno3Konoruu.

AnekcaHap Hukonaesny HUKNTUH - KaHAWAAT CENbCKOXO-
3AMCTBEHHbIX HaykK; 3aMecTUTe/b AMPeKTOopa MO Hay4yHoi pa-
6oTe.

O nna KoHcTaHTWHOBHA CUMOHYUMK - HayUHbI COTPYLHUK
nabopaTopuu pasno3Kooru.

MprnHa WnbnHuyHa KoHLeBas - KaHAMAAT GMONOrUYecKUX
HayK, AOLEHT Kacheapbl 61M0N0rMmM 6MoNOrnyYeckoro akynbTeTa.

46

For citation:

Tankevich EA, Nikitin AN, Simonchyk YuK, Kantsavaya IlI.
The role of microorganisms of the main ecological and trophic
groups in the transfer of 137Cs from soddy-podzolic sandy loam
soil into the biomass ofAvena sativa L. Journal o fthe Belarusian
State University. Ecology. 2024;2:46-56. Russian.
https://doi.org/Z210.46646/2521-683X/2024-2-46-56

Authors:

ElenaA. Tankevich, researcher at the laboratory of radioecology.
elena.karpoval991@mail.ru

Aleksander N. Nikitin, PhD (agriculture); deputy director for
research.

nikitinale@gmail.com

Yuliya K. Simonchyk, researcher at the laboratory of
radioecology.

simonagomel@gmail.com

Irina |. Kantsavaya, PhD (biology), associate professor at the
department of biology, faculty of biology.

ikantsavaya@mail.ru


https://doi.org/710.46646/2521-683X/2024-2-46-56
https://doi.org/Z10.46646/2521-683X/2024-2-46-56
mailto:elena.karpova1991@mail.ru
mailto:simonagomel@gmail.com
mailto:ikantsavaya@mail.ru

Paaunoakonorusi u pagno6bmonorus, paguaumoHHas 6e3onacHocTb
Radioecology and Radiobiology, Radiation Safety

Y CTaHOBEHO, YTO BHECEHUE B IEPHOBO-NOA30/IUCTYO CynecyaHy NoYBy aMUN0ANTUUYECKNX BaKTepuii n cnopoobpasyto-
W MX aMMOHN(NKATOPOB yCUnMBaeT TpaHcnoKaumio 137Cs n3 nof43eMHbIX OpraHoB 0BCa B Haf3eMHble B 1,8-4,3 pa3a. Mpu atom
cofepXXaHue paguoHyKnmMga B ero nof3eMHbIX opraHax ymeHbliaetcsa Ha 29,5 % npu BHECEHWM B NOYBY CMOPO0O6Gpa3yo LW nx
aMMOHMU(NKaTOPOB. BHeceHWe B AepHOBO-MOA30AMNCTYH CynecyaHyl Mo4YBY KOHCOpUMyMa MUKpoopraHwamoB EM-1 cHu-
31Mno HakonneHune 137Cs B Haf3eMHbIX OpraHax oBca Ha 71,8 %, coxpaHeHAs NpW 3TOM YPOBEHb COAEPXXaHUA paguoHykKnmga
B KOPHEBOW cucTeMe. B aKcnepuMeHTaNbHOW cUCTeMe, BKAOYaK W el epHOBO-NOA30NCTYO CynecyYaHy NO4YBYy, pacTeHMA
0BCa MOCEBHOr0 M Takme PU3N0N0rnYeckme rpynnbl MUKPOOPraHM3MOB, KakK aMUI0NMTUYECKME MUKPOOPraHU3Mbl Uamn cno-
poo6pasytolyme aMMOHMDUKATOPbI, MPOMCXOANT CYLLECTBEHHOE yBeNnYeHne cogepXanus 131Cs B BogopacTBOpumoli hopme
B 1,5 1 3,5 pa3a COOTBETCTBEHHO, YTO MOXET 0O6BACHUTbL POCT HAKOMNAEHNS PafgUOHYKNNAA B HAA3EMHbIX OpraHax pacteHus.
BHeceHue B fepHOBO-NOA30ANCTYH MOYBY KOHCOpLUMYMa MUKpoopraHnamoB EM-1 cHu3uno cogepxaHue 131Cs B BogopacTBo-
pumoii hopme Ha 32,6 %. AHanornMyHble MO HaNnpPaBNEHHOCTU N3MEHEHUS HAbGNOAATCA U B OTHOWEHWN BOAOPACTBOPUMOIA
hopmbl K: ammnnonnTmyeckme MMKpOOpraHm3Mbl U cnopoobpasytolie aMMOHUMDUKATOPbl YBENNUYMBAKOT faHHbIN MoKasaTesnb
Ha 49,9 n 67,5 % COOTBETCTBEHHO, @ MUKpPOGMONornyecknin npenapat EM-1 cHuxaeT Ha 52,9 %.

KntoueBble C/IOBA: MOYBEHHbIE accolualnm MUKPOOPraHM3MOB; PaAM0aKTUBHOE 3arps3HeHue; 30Ha OTUYXAeHUs YepHo-
6biNbCKOVi ASC; 6MONOrnYeckas JOCTYMHOCTb TEXHOTEHHbIX PAAUOHYKINAOB; Le3Nii-137; MaKpoaNeMeHTbl; MUKPO3IEMEHTbI.

BnarofapHocTb. MccneaoBaHms BbINOAHEHbI B paMKax rpaHTa AN BbINONHEHWSA HAYYHO-UCCNe0BaTeNbCKUX paGoT cpe-
AV 0OKTOPAaHTOB, acMMUpPaHTOB U couckaTeneit HauMoHanbHOW akaieMumn Hayk Benapycu «3HaueHne OCHOBHbIX (U3NONOTN-
YeCKUX rpynn NOYBEHHbIX MUKPOOPraHU3MOB B MU3MEHEHUUN 61M0N0TMYECKOI JOCTYNHOCTN TEXHOTEHHbIX PAANOHYKINA0BY.

THE ROLE OF MICROORGANISMS OF THE MAIN ECOLOGICAL AND
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In this work, we investigated the influence of soil microorganisms ofthe main ecological-trophic groups on the transition
of cesium-137 from the soddy-podzolic sandy loam soil of the Chernobyl nuclear power plant exclusion zone into the
biomass of oats (Avena sativa L.). Changes of K, Ca, Sr, Cs bioavailable forms, concentration in the soil under impact of
these microorganisms investigated also. It has been established that the introduction of amylolytic bacteria and spore-forming
ammonifiers into soddy-podzolic sandy loam soil enhances the translocation of 137Cs from the underground organs of oats to
the aboveground ones by 1,8-4,3 times. Atthe same time, the radionuclide contentin the underground organs of oats decreases
by 29.5 spore-forming ammonifiers are added to the soil. The introduction ofthe consortium of microorganisms EM-1
into the soddy-podzolic sandy loam soil reduced the accumulation of 137Cs in the above-ground organs of oats by 71,8 %,
while maintaining the level of radionuclide content in the root system. In an experimental system including soddy-podzolic
sandy loam soil, oat plants and such physiological groups of microorganisms as amylolytic microorganisms or spore-forming
ammonifiers, there is a significant increase in the content of 13/Cs in water-soluble form by 1,5 and 3,5 times, respectively,
which can explain the increase in accumulation radionuclide in above-ground plant organs.

The introduction of the consortium of microorganisms EM-1 into the soddy-podzolic soil reduced the content of 137Cs
in water-soluble form by 32,6 %. Changes similar in direction are observed in relation to the water-soluble form of K:
amylolytic microorganisms and spore-forming ammonifiers increase its concentrationby 49,9 and 67,5 %, respectively, and
the microbiological preparation EM-1 reduces itby 52,9 %.

Keywords: associations of soil microorganisms; radioactive contamination; exclusion zone of Chernobyl NPP;
bioavailability of technogenic radionuclides; caesium-137; macroelements; microelements.

Acknowledgments. The research was carried out within the framework of a grant to carry out research work among
doctoral students, graduate students and applicants of the National Academy of Sciences of Belarus «The importance of the
main physiological groups of soil microorganisms in changing the bioavailability of technogenic radionuclides».

BBeneHue

B ycnoBusax Hanps»KeHHOR 3KOM0rMYeckoi cuTyaummn, CKnafdblBatoLleiics B MUpe, O4HOM M3 Hambosnee ak-
TyanbHbIX MPO6/EM SBNAETCS 3arpsi3HEHWE HA3eMHbIX 3KOCUCTEM TEXHOTEHHbIMW pafuoHyknugamum [1].
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Pafnoskonornyeckas cutyaums B 30He OoTUYXAeHUs UepHoObIIbCKo ASC B OCHOBHOM ONpeaenseTcs 3arpss-
HeHMeM OKpy>KatoLLein cpeabl 906r, 131Cs, Z82024hu 1 1AM, U3MeHSACh He TONbKO C eCTECTBEHHbLIM pacnafom
pagnoHYKNNAOB, HO U C MEPEXOLOM UX B Apyrue (hU3NKo-XMMUYECKUE COCTOSHUSA [2].

MoyBeHHbIE MUKPOOPTraHWU3Mbl ABAIAKOTCA UCTOUHNKAMU 60/bLLIOI0 pa3Ho06pa3na HU3NKO-XUMUYECKUX 1 610-
NOrNYECKNX MEXaHM3MOB, OCYLLECTBASIOLLMX NPEBPALLEHNS MeXAY PaCTBOPUMbIMU 1 HEPACTBOPUMBIMY (hazamu
pagnoHyKNnaoB. YyBCTBUTENbHOCTb U BbICOKAA MHAMKALMOHHAA CMOCOOHOCTL MUKPOOPraH13MOB MO3BONAIOT
BblIOpaTh MX B KayeCcTBe MHCTPYMeHTa MOHUTOPUHIA aHTPOMOreHHbIX M3MeHeHuin 6uocgepsl [3]. BosgelicTaue
accoumaumin MMKpoOOpraHU3MoB Ha JOCTYMHOCTb PaAnNoHYK/IMAOB AN KOPHEBOrO NOCTYM/IEHUS B pacTeHus Tec-
HO CBAI3aHO C GMOreOXMMUYECKMMUK NpoLieccamu, NPoTeKaroW MMM B nouse. MOXXHO Bblge/IMTb [iBa OCHOBHbIX
HanpaBneHWs NPOTEKaHWA AaHHbIX NPoLeccoB. Bo-nepBbix, 6narofaps AesTeNbHOCTU NOYBEHHbIX MUKPOOPra-
HW3MOB HepacTBOPUMbIE COeMHEHNS PaSUOHYKIIMA0B NEPEXOASAT B PpaCTBOPUMYHO OpMy, Takum 06pa3om yBe-
NNYNBAETCH UX NOTeHLMaIbHAasA TOKCUYHOCTL. BO-BTOPLIX, paCTBOPUMbIE PaANOHYKINAbI 3aKPEnAsTCA MUKPO-
opraHusmamMu U CTaHOBATCA HefOCTYMNHbIMU 415 KOPHEBOro NornoLleHns. OTHOLLEHE MeXAy UMMOo6uImn3aLmu-
el n mobunusauueli HeNOCPeCTBEHHO 3aBUCUT OT PaAUOHYKINAA, BUAA, PU3MKO-XMMUYECKUX YCNOBUIA cpegbl
1 cocTaBa MUKpPO6MOLIEHO3a NoyBbI [4].

Mpo6nema nepexofa TEXHOrEHHbIX PaAMON30TOMOB M3 MOYB C MOBbILIEHHLIM YPOBHEM PAafMOaKTUBHOIO 3a-
rps3HeHWs B pacTeHUs OCTaeTCs LOCTATOYHO CEPbe3HOM M B HacTosllee Bpems. M3ydeHWe ponm NOUBEHHbIX
accoumaumin MMKpOOPraHW3MOoB MO3BOJIMT NPEA/IOKUTL HOBble METOAbI peabunmtauumn 3emenb, NOABEPTLLNXCS
pagnoakTUBHOMY 3arpsa3HEHUIO.

Llenb paboThbl: nccnefoBath BAUSHWE OCHOBHbIX 3KOOMO-TPOMUYECKUX Py NOYBEHHbLIX MUKPOOPraH13MoB
Ha M3MeHeHVe PU3NKOo-XUMmUUYecknx opm 131Cs 1 cogepkaHue B 6UOLOCTYMHbIX (POPMaxX CTabubHbIX M30TOMOB
K, Ca, Sr, Cs B 1lepHOBO-MOA30/UCTON CynecyaHo Noyse 30HbI 0TUYXXAeHUs YepHoObIIbCKon ASC (B YCNOBUAX
BereTalMOHHOro 3KCNepuUMEHTa), a TaKKe Ha nepexof pagnonsortonos 137Cs 13 noysbl B 61omaccy 0Bca Nnoces-
Horo (Avena sativa L.).

MaTepuanbl U MeTOAbI UCCNef0BaHUA

OO6beKTOM MCCNefoBaHWS ABNANUCH OCHOBHbIE 3KOMOrO-TPOPUUECKME TPpynibl NOYBEHHBLIX MUKPOOPraHu3-
MOB, OKasblBaloLMe CYLLEeCTBEHHOE B/MSHME Ha GMOMOrMYECKYI0 AOCTYNMHOCTb TEXHOrEeHHbIX PaAUOHYKIUA0B
N cofepXKaHue Makpo- M MUKPO3MEMEHTOB B [ePHOBO-MOA30/MCTON CyMecyaHOW MoYBe C BbICOKUM YPOBHEM
paavoaKTUBHOIO 3arpsA3HEHNUS.

[epHoBO-NoA30ANCTYIO CynecyaHyr noyBy oToupanu ¢ rny6uHbl 10-15 cM B 30He 0TUYXAeHUA YepHOObIb-
ckoin ASC B 4aCTHOM MoABOPbE ObIBLLEr0 HaceNeHHOro NyHKTa bopueBka (Fomenbckas 06:., benapyce, Monec-
CKWIA TOCYfapCTBEHHbI pafnaLMOHHO-3KOM0TMYecKuid 3anosegHuUK). MoyBy npeaBapuTenbHO oUnLany OT Had-
3eMHbIX YacTei pacTeHUiA 1 NpocenBaIv Yepes CMTO C JMaMeTPOM OTBEPCTUIA 2 MM, TLLATE/IbHO NepeMeLLBau,
3aTeM MoMeLlany B cneuuasibHble NNacTUKOBble COCYAbl AN BblpaliBaHNsA pacTeHMn o6bemom 1 71, KOTOpble
pa3meLLany Ha NIacTUKOBbIX NOAA0HaX COr/IaCHO CXeMe 3KCNepUMeHTa.

[na BereTauMoHHOro sKcnepyuMeHTa 6binn 0To6paHbl Hanbonee 3Ha4YMMble (PU3MOOTUYECKME TPYMMbI MO-
YBEHHbIX MWUKPOOPraHW3MOB, OKa3aBLUMEe CYLLECTBEHHOE B/IUSHWE Ha W3MEHEHWEe (PU3NKO-XUMUYECKUX (OpM
TEXHOTeHHbIX PALVMOHYKIUAO0B M0 pe3ynbTaTtam npefblayLLlero sKkcrnepumMeHTa [5].

B pesynbTaTe MOCEBOB Ha 3M1EKTVBHbIE arapu3oBaHHble NUTATE/IbHbIE Cpefbl OblN NOMyYeHbl CheaytoLime
HaKonuTeNbHble KynbTypbl:

1) aMnIoNUTUYECKE MUKPOOPTaHU3MbI;

2) cnopoobpasytoLme aMMOHNNKATOPSI.

TaKxe B 3KCMepUMeHTe OblN0 MCCNef0BaHO BAUAHWE MUKPO6Monornyeckoro ygobpeHms EM-1, Kotopoe
paspaboTtaHo npodeccopom Tepyo Xura (University of the Ryukyus, AnoHns) n BkovaeT B cebs TP OCHOB-
Hble rpynnbl MUKPOOPraHW3MOB: MOJIOYHOKKUCAbIE 6akTepun (Lactobacillus plantarum, L. casei, Streptococcus
lactis), oTocuHTesmpytowme baktepun (Rhodopseudomonas palustris n Rhodobacter sphaeroides), 4poxoku
(Saccharomyces cerevisiae 1 Candida utilis). Kpome Toro, B He60/1bLINX KOIMYECTBAX Npenapat BKAKYaeT akTh-
HomuueTbl (Streptomyces albus u S. griseus) n thepmeHTupytowne rpnbsl (Aspergillus oryzae, Mucor hiemalis).

B akcnepumeHTanbHbIX paboTax 1CMoNb30BaM ceMeHa 0Bca nocesHoro npomssoactea OAO «MuHckCopT-
CemOBoLy». Bce paboTbl No 0T6OpY NOCaf04HOro MaTepuana, NoLroToBKe K nocajke ceMsiH NPOBOAWAN COrnac-
Ho TOCTy 12308-841 B kaxblii ropLIOK BbiceBan No 15 ceMsiH BbIOPaHHOW KynbTypbl Ha rNyouHy 1cMm, 3aTem
B MOYBY MpW 3aKnafke aKCnepumMeHTa v yepes 15 AHei nocne BbiceBa pacTeHWUA BHOCMAM No 340 M cycneH3wnit
KaXXA0W 13 nccnefyemMblx 3K00ro-TpoPuUecKnx rpynn noYBeHHbIX MUKPOOPraH13mMoB (cogepawux npuéam-
3ntenbHo 1,5x10s KOE/Mn). OueHKy TUTPa MUKPOOPraHn3MOB BbIMOMHANN COrnacHo [6]. B KOHTpO/bHble 06-
pasubl BHOCUAN N0 340 M1 MACO-NENTOHHOrO 6yNbOHA 6€3 MHOKYNALMN MUKPOOPTraHW3MOB.

TOCT 12038-84. CemeHa CelbCKOX03MCTBEHHbIX KynbTyp. MeTofbl onpefeneHmns Bcxoxectn. Mocksa: CtaHgapTuHgpopm, 2011.28 c.
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CycneH3nmn noYBeHHbIX MUKPOOPraHW3MOB FOTOBW/IM Ha OCHOBE MACO-NEenTOHHOro 6ynsoHa (MIMB). Ans
3T0ro B MIMB BHOCMAW M3 Yawlek [eTpn CTepunbHO MUKPOBMONOrMYECKO NeTnell MHOKYNAHT, NpeacTaBns-
IOLWMIA OfHY U3 BblAENEHHbIX FPYMN MOYBEHHbLIX MUKPOOPraHn3MoB. lMonyyeHHble 6akTepuanbHble KynbTypbl
nomMeLlany B TepMocTaT 1 MHKybuposanu npu temnepatype 37,0 £ 0,1 °C B Te4eHUe CYTOK [0 NOSBNEHNA BU3Y-
anbHOW MyTHOCTW. lNMepef BHECEHMEM B NOYBY MYTHOCTb XMAKNX Cped AOBOAWAN A0 CTaHAapTa BBL (cTtaHaap-
Ta MyTHOCTM Ne 0.5, no Mak®apnaHgy) - npv A/sivHe BOJIHbI 625 HM ONTUYecKas NJAOTHOCTb 6akTepuasnbHbIX
cycneHsnid coctasnsana 0,08-0,10 [6]. ONTMYeCKYO MNAOTHOCTb U3MEPSNN Ha crnekTpodoTomeTpe M3-5300 BA.
Mo mMepe HeO6XOAUMOCTY Ha NPOTAXEHUMN BCEr0 IKCNEPUMEHTA B Cy6CTpaThbl C pacTeHUAMU BHOCUAWU AUCTUA-
NNPOBAHHYIO BOAY AN NOAAepXKaHWs BNaxHOCcTH 70 % OT NoMHOW BNaroeMkocTu. Kaxzblil U3 BapuaHTOB Onbl-
Ta BbINOHAAN B NATUKPATHOM NOBTOPHOCTW. MPOAOMKNTENIbHOCTL BEreTaLMOHHOMO 3KCNePUMEHTa cocTaBma
30 cyToK.

[ng nocTaHOBKMW BereTaLMOHHOIO 3KCMepuMeHTa 6bli1a UCNoNb30BaHa PUTOKOMHATA C PerynpyeMbiM K-
matom (puc. 1). B paboyem npocTpaHCTBe (DUTOKOMHATbI MOCTOAHHO NOAAepXMBanacb TemnepaTypa BO34y-
xa 24 = 1 °C, BnaxHocTb Bo3fyxa 55 + 5 %. [Mpofo/mKMTeNbHOCTL MCKYCCTBEHHOIO CBETOBOMO AHA COCTa-
Buna 16 4 npu notoke ®AP 100 mMkmonb/(M2 cek). [na OCBeLeHUs UCMO/b30Ba/IMCL CBETOAMOLHbIE NlaMIibl
NA-27-25W-1200- YX/14.

Puc. 1. BereTaunoHHbI1 3KCNEPUMEHT B (DMTOKOMHaTe

Fig. 1. Vegetation experiment in the phytoroom

M0 OKOHYaHWIO BEreTaLMOHHOIO 3KCNEePUMEHTA Cpe3an Haa3eMHbIe YacTW PacTeHWA. DUTOMACCY BbICYLIN-
BaM 40 abCOMKOTHO CyXOro COCTOSHUA, U3Menbyanu 1 B3gelumnsany. O6pasLbl nomeltany B 100 mn cocyfbl Ans
nocneayoLmnx nsmepeHnii Ha ramMa-crnekTpomeTpuyeckom komnnekce CANBERRA Packard.

O6pasLbl MoA3eMHOI 4acTN pacTeHWn akKypaTHO OTPAXMBANW OT MOYBEHHOW CMeCK, KOpHW NpoMbIBanu [0
OTAeNeHNs KOMOYKOB MOYBbI, BbICYLLIMBANN 40 abCONMOTHO CyXOro Beca, a 3aTeM MOMeLLanu B cocyAbl AN no-
CneayroLmx N3MepeHWii.

[ns xapakTepucTuKM YpoBHA HakonneHns 131Cs B 06pasLax pacTeHWin U cofiepxaHns paguoHyKuia B nouse
MCMO0/b30BaN BEMUYUHY YAENbHOW akTUBHOCTU (YA, BK/KT). Mpu N3yvyeHUW BAUSAHUSA KaXA0M 13 (hu3monornye-
CKMX TPy NOYBEHHbIX MUKPOOPraHN3MOB Ha U3MeHeHWe 61ofocTynHbIX hopm 137Cs onpefensnu cogepxaHue
BOZOPACTBOPUMOI U MOHOOOMEHHO (hopM pasnoHYKNMAA MeTOAOM NocnefoBaTeNbHOR akeTpakuuy [7; 8].

MocnefoBaTeNlbHaA IKCTPaKLMA BKOYana cnefytoLine aranbi:

1 BogopacTBopuMyto (hopMy BblAENsNN NOCPELCTBOM 3KCTPakLuM B AUCTUNNMPOBaHHON Boge. Obpasel,
noysbl 20 r nomewwanu B 200 Mn AUCTUNNNPOBaHHON BoAbl. CycreH3unto B36anTbiBaAn Npy KOMHATHOM Temne-
paType Ha MPOTSXeHUU 24 4. DKCTPAKT OTAENANN OT MoYBbl PUAbTPOBaHMEM. MoYBY MPOMbIBANU HA (DUNLTPO-
Ba/ibHOl 6ymare 200 M1 AUCTUNNMPOBAHHOM BoAbl. XXnAKyto (hasy nomewianu B cocyf emkocTbio 100 ma ans
n3MepeHus Ha y-cnekrpometpe n ICP-MS.

2. IoHOOOMeHHY10 (hopMy BbIAENANM NOCPEeSCTBOM SKCTPaKLMM B pacTBOPE aleTata aMMOHWS. TBepayto (hasy
C nNpefblayLiero wara nomewany B 200 mn 1 M pacteopa auetata ammoHus ¢ pH goeegeHHol fo 7,0. Cycnen-
3110 B306aNTbIBa/IM NPU KOMHATHOI TeMnepaType Ha NPOTSHXKEHWN 24 4. KCTPaKT OTAENAAN OT NouUBbl (hUAbTPO-
BaHMeM. MouBy npombiBaiv 200 MA AUCTUNNMPOBAHHON BOAbl. YXXMUAKYH (hasy NoMelany B COCyf eMKOCTbIO
100 mn ona nsmepeHus Ha y-crnektpometpe u ICP-MS.

M3mepeHnsa Ha ramma-cnexktpomeTpuyeckom komnsekce CANBERRA Packard ¢ koakcuasibHbIM MOJynpo-
BOAHWKOBbIM [eTeKTOpoM Ge(Li) pacliMpeHHOro 3HepreTMYeckoro fAuanasoHa MpOBOAUIN B COOTBETCTBUU
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C NPUHATLIMU METOANYECKUMW peKOMeHAaLmamn2. OTHOCUTENbHAS ONMOKa U3MepeHNs yaenbHON akTUBHOCTU
131Cs B npobax cocTtasnana ot 5 4o 10 % B 3aBUCMMOCTU OT aKTUBHOCTM 06pasua. 3mepeHne KOHLEHTpaLum
MaKpo- 1 MUKPO3/IEMEHTOB B K&X/OM OMbITHOM BapvaHTe NPOBOAWUAN B NATUKPATHOW NOBTOPHOCTU Ha ICP-MS
Elan-DRCe (Perkin Elmer) cornacHo CTb 1SO17294-1-2007 un CTb I1SO 17294-2-200734 Mukpo6uonorunde-
CKYI0 MHAMKALMIO MOYBbI BbINOJHANN COMNacHO O6LLENPUHATLIM B NMOYBEHHOW MUKpOGMonormm metogam [9;
10]. ArpoxvMnyecKunin aHann3 NOYBEHHOro 06pasua BbiNoAHANM cornacHo MTOCT510.

PesynbTaTbl UCCNeL0BaHUA N UX 06CYXAeHME

B xoae nccneaoBaHnMii yCTaHOBNEHO, YTO YeNbHas aKTUBHOCTb MCCNeAyeMOin 1epHOBO-NOA30ANCTON Cynec-
yaHol noyBsbl cocTaBuna 13949 + 837 BK/Kr.
ATpOXMMMNYECKNE MOKa3aTeNn AaHHOW NOYBbI NpeACTaB/eHbl B Tabn. 1

Tabnuuya 1

ATrpoxXnuMmn4eckue rnokasarenum 1CMoNb30BaHHOM B IKCNEPUMEHTE ,D.epHOBO-I'IOASOﬂVICTOVI cynecanof/’l Nno4Bbl

Table 1
Agrochemical indicators of sod-podzolic sandy loam soil used in the experiment

ATpoXuMnYecKre nokKasaTenn NoyBbl, e4UHULLI U3MEPEHUSA

pH (8 KO), ea. 6,4

Ca (06m), mr/kr 2430
Mg (o6m, nogB.), Mr/Kr 83,6
P205(nogg), mr/kr 3021
OpraHuyeckoe BewecTso (rymyc), % 3,56

S, CyMMa NOrNoWeHHbIX OCHOBaHWA, MM0nb/100r 42,0
Hr, rmaponutuyeckas KUCAOTHOCTb, MM0bL/100r 0,99
T, eMKOCTb nornouieHns, Mmmonb/100r 42.99
V, CTeneHb HACbILWEHHOCTM NOYB OCHOBAHUAMU, % 97,7
K20 (06m), mr/kr 617

YpoBeHb pH 6/1130K K HeliTpanbHOMY. B MoaenbHOM nouBe Habn04anoch 0YeHb BbICOKOE CofepykaHue 06-
MEHHOIO KanbLus, HU3KOe cofepXaHne o6MeHHoro marHua. CogepxkaHue nogsuxHoro gocpopa (P205 B aep-
HOBO-MOA30/IMCTOM MOYBE COOTBETCTBYET OUEHb BbICOKOMY 3HayeHuto. O6ecneyeHHOCTb fepHOBO-MOA30/IMCTOM
nouBbl 06MeHHbIM KaimeM (K20) coOTBETCTBYeT TakXKe O4YeHb BbICOKMM MOKasaTensM. 3HauMTenbHOe cofep-
)KaHWe Ka/vsl B MOYBe MO3BOMMIO WMCKHOUUTL BAMSIHUE MEXaHW3MOB YCUIEHWNS KOPHEBOrO NoTpe6nieHns Cs n3
MOYBbI B YC/IOBUAX AedmunTa JaHHOTO MakpoanemeHTa. CofepXaHue rymyca COOTBETCTBYET OYEHb BbICOKOMY
ypOBHI0. CyMMma MOr/0LWeHHbIX OCHOBaHWiA (S) B LepHOBO-NOA30/MCTON NMOYBE OYEHb BbICOKAS.

2MBW. MH 3421-2010: MBW 06beMHO 1 yeNbHOM akTUBHOCTM FraMMa-n3nyyaroLMx pagnoHyKIMaoB Ha raMMa-cnekTpomMeTpax ¢ no-
NlYyNpoBOAHUKOBbIMY feTekTopamu: yT1B. Benll MM 28.05.10. MuHck: Benl'IM, 2010. 35 c.

3CThb I1SO 17294-1-2007 KayecTBO BoAbl. MpUMeHeHMNEe Macc-CNeKTPOMETPUM C MHAYKTUBHO CBSi3aHHOW nnasmoi. Y. 1. O6ume Tpebo-
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B Tabn. 2 npecTaBneHbl JaHHbIE MO OLEHKE BIMSIHWS MOYBEHHbIX MUKPOOPraHW3MOB UCCeayEMbIX 3KOMOr0-
TPOPUYECKUX TPYMN Ha 6MONOrMYECKYHO JOCTYMHOCTL 13/Cs B 1epHOBO-MO/A30/IMCTON CyMnecyaHoii nouBe.

Tabnuuya 2

OueHKa BMAHUA NOYBEHHbBIX MUKPOOPraHU3MOB OCHOBHbIX 3K0]'IOF0-Tp0qJVILIeCKVIX rpynn Ha HakornieHve 13/Cs 0BCOM MOCeBHbIM

Table 2
Assessment of the influence of soil microorganisms of the main ecological-trophic groups on the accumulation of 131Cs by oats

YpenbHast akTUBHOCTb, BK/KT
BapunaHTbl onbiTa

Mopj3eMHas YacTb HazaseMHas YacTb
KoHTponb 9539,6 + 1471,0 1334,8 + 216,5
AMUNONNTUYECKNE 11071 £ 2334,2 2769,8 + 1522,8*
Cnopoob6pasytoume amMoHUMKaTOPbI 6730 £ 1797,5** 4081,4 + 2017,2**
EM-1 10225,6 £ 1594,7 376,3 + 140,4**

MpumeyvaHune.Pa3nmumna LOCTOBEPHbI MO OTHOLLEHUIO K KOHTpOAO *p < 0,05; **p < 0,01.

BHeceHue B nousy Cnopoobpasylolmx aMMOHU(UKATOPOB MPUBENO K CHUDKEHWUIO YAeNbHOW aKTUBHOCTU
13\ s B NoA3eMHbIX opraHax pacTeHusi Ha 29,5 %, a B Hafl3eMHbIX - MPaKTUYECKMN K TPEXKPATHOMY YBEIUYEHUIO.
[aHHble pe3ynbTaTbl CBUAETENLCTBYET 00 YCUNEHUM TPaHCNOKaLMUW paguoHYKIMAa B Hafl3eMHble OpraHbl Mog
BO3[eiCTBMEM COPO06Pa3yoLL X aMMOHU(NKATOPOB.

AheKT BHECEHMS aMUNONNTUYECKMX BaKTEPUA B NOYBY Ha HakonieHue 13 s B KOPHSX 0BCa OKa3ascs Hecy-
LecTBeHHbIM. OflHaKO faHHas rpynna MUKPOOPraHM3mMoB NPUBESa K MOBbILUEHWUIO COAEPXKaHUA paguoHyKInaa
13\ s B HaA3eMHbIX YacTAX pacTeHusi. CnefoBaTeNbHO, Kak aMUN0IUTUYECKME MUKPOOPraHU3MbI, Tak 1 Cnopoo-
6pasytoLie aMMOHM(UKATOPbI CYLLLECTBEHHO YBEMUYMBAIOT TPAHC/IOKALMIO Lie3ns U3 NoA3eMHbIX OpraHoB pac-
TeHWs B HaA3eMHble. [laHHOe ABMeHMe MOXET ObITb CBSA3aHO C BblAeNeHUeM MUKPOOPraH13MamMm aHHbIX 3KO/O-
ro-TpohMyeckmx rpynn 61onornyeckn akTUBHbIX COEANHEHWNIA, YCUIMBAIOLLNX aKTUBHOCTb Ka/IMEBbLIX KaHA/I0B
BbIxoAsLero BoinpsmaeHus (SKOR), obecneunBatoux Bolopoc K, a BMecTe ¢ HUM U Cs, U3 KNETOK NapeHXnMbl
KOpHS B Kcunemy cTebns. Mukpobuonoruyeckoe yaobpeHve EM-1 He oKa3ano 3HaUMMOro BAUSIHWS Ha HakKo-
nneHve 13‘'s MNoA3eMHbIMU YacTAMU pacTeHUAMU. XOTs cpeHeapuMeTUYECKOe 3HAUYEeHUE OKa3anoCb B 3TOM
BapuaHTe Ha 7,2 % BblLLe, YeM B KOHTPOJIE, CTATUCTMYECKAsA 3HAYUMOCTb 3TOr0 U3MEHEHUS HEBbICOKA BCeACTBUE
BbICOKOI BapnabesibHOCTM MoKasaTens.

Bonee BbIpaXeHHbIA 3PYPEKT 0Kasan KOHCOPLUMYM MMKpoopraHusmoB EM-1 Ha nepexof 13‘'s B Haf3emMHble
opraHbl 0Bca NOCeBHOr0. CHMXEHME HaKOMIeHUs PaguoHYKNNAA B 3TOM BapuaHTe OnbiTa coctasuno 71,8 % oTHO-
CUTENIbHO KOHTPO/IA. TaknuM 06pa3oMm, JaHHbIA KOMMNIEKC MUKPOOPraHU3MOB He CTONLKO MPUBES K CHVXKEHUIO Kop-
HEBOro NOCTYMN/IEHNSA PaAUOHYKNA], CKOMbKO CHU3W ero TPaHCN0KaLuio 13 NoA3eMHbIX OPraHOB B Haf3eMHbIE.

B pesynbTate oueHKU cofepXaHus 13's B BGMOAOCTYMHbLIX POpMax B LepHOBO-MOA30UCTON CynecyaHoi
nouse Nnocse 3aBepLUeHNs BereTalMOHHOM0 3KCNepuMeHTa YCTaHOB/IEHO, YTO CNOPO06pasytoLe aMMOHUDMKaE-
TOpbl YBENNYMAN KOHLEHTPALMIO PagMoHyKMaa B BogopacTeopumoin opme B 3,5 pasa (1abn. 3).

Tabnuya 3

BnvsiHYE NOYBEHHBIX MUKPOOPTaHU3MOB OCHOBHbIX 3K0/I0F0-TPOMUUECKMX TPy Ha CofepaHuie
BOJ0PACTBOPMMOIA 1 MOHOO6MeHHOI (hopMbl 137Cs B AepHOBO-M0A30/IMCTOI CynecyaHoli noyBe

Table 3

The influence of soil microorganisms of the main ecological-trophic groups on the content of water-soluble
and ion-exchange forms of 13Cs in soddy-podzolic sandy loam soil

BapuaHTbl onbiTa BopopactBopumas popma 13ICs, Bk/Kr  MloHoo6meHHasa dopma 137Cs, BK/Kr
KoHTposnb 278+ 45 1180,5 + 145,6
AMUNONNTUYECKMNE 42,2 + 9,7** 1151,2 + 94,0
Cnopoo6pasytoume aMMmoHUUKaTOPbI 126,6 £ 67,9** 1259,1 + 322,9
EM-1 18,7 + 4,3** 1253,8 £ 53,0

MpumeyaHune. Pa3nnuuns LOCTOBEPHbI N0 OTHOLLEHMIO K KOHTpoOsO *p < 0,05; **p < 0,01.
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CnegyeT OTMETWUTb, 4YTO B MOfE/NbHOM 3KCMepUMeHTe CrnopoobpasytoLine aMmMOHUPUKATOPbI HECKO/b-
KO YMeHbLINAKN codepxaHme 13 s B BogopacTBopumoli topme [5]. OaHako B 60/iee eCTeCTBEHHON CUCTEME,
BK/1KOYAIOLLEI MOMHBIA KOMMIEKC MOYBEHHbIX MUKPOOPraHW3MOB M BbICLLIEE pPAaCTEHME, YBE/TMUYEHWNE B MOYBEHHOM
o6pasLie KonmyecTBa MUKPOOPraH13MOoB, OTHOCALLMXCS K AaHHOW rpynne, Ha060poT, CNOCO6CTBYET MOBbLILLIEHWIO
KOHLIEHTpaLMn pagnoHyKnmaa B 6MoAaoCTyMHON hopme Mo CPaBHEHUIO C KOHTPO/IbHbIM BapnaHToOM. [aHHbIl pe-
3yNbTaT COrnacyeTcs ¢ MakCUMaibHbIM YBEIMYEHEM HAKOMNEHWS PaanMoakTUBHOIO 130ToNa Le3uns B Ha3eMHbIX
opraHax oBca NpW BHECEHMM pacCMaTpUBaeMol rpynnbl MMKPOOPraHM3MOB B noysy. Mpu 3TOM cpefgHeapugme-
TUYECKOE 3HaYeHue akTUBHOCTM 13/CS B MIOHOOGMEHHOW (hopmMe Mpu BHECEHUIM CNOPO06pasyoLL X aMMOHU(UKaA-
TOPOB YBENNYMAOCH Ha 6,7 %, HO pa3Nnumns ¢ KOHTPOIEM CTaTUCTUYECKN HeJOCTOBEPHDI.

AMNNONNTUYECKME MUKPOOPTraHU3Mbl TaKXKe MOBAUSAN Ha YBENNYEHWNE YAENbHON akTUBHOCTM 137Cs B BOO-
pacTeopvMoit opme. [aHHbI NokasaTesb yBenmunncs Ha 51,6 % oTHOCMTEeNbHO KOHTpons. Mpu aTom codepxa-
HMe pagMoHYKNnaa B MOHOOBGMEHHO (hopMe 0CTasioCb Ha KOHTPObHOM YpoBHE. [oBbILLEHNE aKTUBHOCTM 13Cs
B BOAOPacTBOPMMON (hopMe MpU BHECEHWUW aMUIONNTUYECKNX BaKTepuii B fepPHOBO-NOA30/IMCTYHO CyMecyaHyto
MoYBY OTPa3NIOCh HA YCUNEHUN NEPEX0/a PaaMOHYKMAA B HaA3eMHbIe opraHbl. Cpeam rpynn MUKPOOPraHn3MoB,
BK/IIOUYEHHbIX B CXEMY 3KCMEPUMEHTA, TOMbKO KOMMNEKC, BXOAALWMIA B EM-1, cHM3MN akTMBHOCTL 131Cs B BOAO-
pacTBopuMoli dopme. CHmKeHMe cocTtaBuno 32,6 % OTHOCUTENbHO KOHTPOMbHOrO BapuaHTa onbiTa. MageHue
aKTUBHOCTY pafMOHYK/IMAA B BOLOPACTBOPUMON (hOpMe OTPasnIoCh Ha CYLLEeCTBEHHOM YMeHbLUEHWUMN ero nepe-
X0[a B HaJ3eMHble OpraHbl 0BCa NOCEBHOr0. TakuM 06pa3oM, B YC/IOBUSAX BbICOKOW 06eCrneyeHHOCTH pacTeHWIA Ha
[epHOBO-NOA30MNCTON CyrnecyaHOW NoyBe Kasvem, HakonseHve 137Cs B Ha3eMHbIX OpraHax 0Bca COOTBETCTBYET
€ro cofepXXaH1o B BOAOPacTBOpMMOii chopme. IMocKoNbKY coepxaHne pagnoHyKMaa B JaHHO! hopMe MOXHO
paccmaTpuBaTb B Ka4eCcTBe NoKasaTens ero KOHUEHTpaLuy B NOYBEHHOM pacTBOpe, HabnogaemMblii athhekT corna-
CYeTCs C M3BECTHLIMU 3aKOHOMEPHOCTSAIMM KOPHEBOI 0 MOCTYM/IEHWS PafMOM30TOMNOB Lie3Ust pacTeHUSMM.

Ha puc. 2 nokaszaHo BAUSHUE UCCeAYEMbIX 3KOM0Tr0-TPOPUYECKUX FPYNN MUKPOOPraHN3MOB Ha CoAepKaHue
NEerkoAocTynHoro (BoAopacTBOPMMbIA + MOHOOOMEHHBIN) 137Cs B 4epHOBO-MOA30/MCTON CynecyaHon nouyee.
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MnaHK NorpeLLIHOCTel YKa3biBatoT JOBEPUTENbHbIE MHTEpPBaNbI ¢ a = 0,05
BapuaHTbl onbiTa: KoHTponb (K), amunonntuyeckue (3), cnopoobpasytouine ammoHmgukatopsl (7), EM-1 (EM)
Error bars indicate confidence intervals with a = 0.05
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)

Puc. 2. CoaepkaHue nerkofocTynHoro 13Cs B 1epHOBO-MNOA30AMUCTOl CynecyaHoi nouse

Fig. 2. The concentration of readily available 13CCs in soddy-podzolic sandy loam soil

CpefHee 3HayeHMe cofepXKaHus nerkofocTynHoro 13Cs npy BHECEHUM B MOUBY pas/IMUHbIX QuU3nonornye-
CKUX Fpyrnn MUKPOOPraH13MOB YBENNYMIOCH B CEAYIOLLMX BapMaHTax onbiTa: crnopoobpasytoLlme aMmmMmoHUgu-
Katopbl - Ha 14,7 %, mukpobuonoruyeckuii npenapat EM-1 - Ha 5,3 %. AMUIonuTUYecKas rpynmna MUKpo-
OpraHv3MoB 0Kasasia B/INAHWE Ha CHUDKEHWE COLepXKaHus NerkofocTyrnHoro Lesna-137 Ha 2,2 % no cpaBHEHUIo
C KOHTPO/IbHbIM BapuaHTOM OrbITa. OAHaKO AaHHbIE U3MEHEHUS He ABMAKOTCA CTAaTUCTUYECKU 3HAUUMBIMU.

BnusHve noYBeHHbIX MUKPOOPraHW3MOB Pas/IMUHbIX 3KOIOro-TPOPUUECKMX TPYIN Ha COAepXkaHue B 61oA0CTyN-
HbIX (hOpMax TaKMX MakpoasieMeHTOB, Kak Ca 1 K B JepHOBO-M0A30/MCTO CynecyaHoi NoyBse, NpeacTaBneHo B Tabn. 4.

B ycnoBmsix BEICOKOIO COAEPXKaHWs Kanns B 4epHOBO-MOA30/IMCTON Cyrnec4aHoi No4Be BHECEHVE MUKPOOMO-
NOrnyeckoro yfobpeHns EM-1 cHM3WN0 cogepkaHue 06CyXAaemMoro MakpoanemMmeHTa B BOLOPacTBOPUMONA hop-
Me Ha 52,9 %., 4TO AEeMOHCTPUPYET TEHAEHLMIO K €ro YMEHbLUEHNIO B 3TOM BapuaHTte onbiTa. OfHAKO 3T0 He
MPUBENO K NOBLILLIEHWNIO YPOBHA HakonneHus 131Cs B Hafj3eMHOI 6romacce 0BCa NOCEBHOTO.
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Tabnuuya 4
CogepxaHue Ca n K B o6pasuax 4epHOBO-MOA30UCTON CyrnecHaHom noyBbl
Table 4
Concentration of Ca and K in the samples of soddy-podzolic soil
Ca K
BapuaHTbl onbiTa BopopactBopumas  VIoHOOGMeHHast BopgopacTBopumas MoHoo6MeHHas
thopma, Mr/kr thopma, Mr/Kr thopma, Mr/kr thopma, Mr/Kr
KoHTponb 1167,6 + 282,0 8406,7 + 561,6 696,9 + 53,8 837,9 + 127,3
AMUNONNTUYECKNE 1120,4 + 307,3 9300,9 £+ 943,0* 10445 + 137,8** 951,3 + 120,1
Cnopoob6pasytoume aMmMmoHUDUKaTOpPbI 1083,1 + 162,6  9427,6 + 1025,2* 1167,0 £ 164,7** 969,1 + 256,7
EM-1 522,8 + 54,2** 8917,3 + 332,9* 328,3 + 75,8** 768,2 + 157,8

MpumeyvaHune.Pa3nnuna LOCTOBEPHbI MO OTHOLLEHUIO K KOHTpOAO * - p <0,05; ** - p < 0,01.

B BogopacTBoprMOli (hopMe KOHLEeHTpaums K yBenuuumnack B BapraHTe onbiTa ¢ aMUI0IMTUYECKUMU MUKPO-
opraHusmamu - Ha 49,9 % 1 cnopoo6pasyow MMy aMMoHU(pUKaTopamu Ha 67,5 %. TeHAeHUNS K CXOLHOMY 3(-
(heKTY MMeeT MeCTO U B OTHOLLEHUN MOHOOOMEHHOW (hOPMbI Kanus.

Ha puc. 3 nokasaHo BAUAHWE UCCNeLyeMbIX 3KOM0ro-TpohMUeCKUX rpynn MUKPOOPraHM3MOB Ha CofepxaHune
NerkofocTynHoro (BOLOPacTBOPUMbIA + MOHOOBMEHHbI) K B lepHOBO-NOA30/UCTON CynecHaHoi nouyse.

2500 -
&
T 2000
a
kK
1500
§
1000
§
Y
4 500 L
K 3 7

BapuaHTbl onbiTa

MnaHKM NorpeLIHOCTel YKa3biBaloT fOBEPUTENbHbIE MHTEPBabl ¢ a = 0,05.
3HauMMble OTIMUNSA OT KOHTPOS OTMeYeHbI 3Be3fouKamu (**p < 0,01)
BapuaHTbl onbiTa: KoHTponb (K), amunonutnyeckue (3), cnopoobpasytouine ammoHmgukatopsl (7), EM-1 (EM)
Error bars indicate confidence intervals with a = 0.05.
Significant differences from the control are marked with asterisks (**p < 0.01)
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)

Puc. 3. CoaepxaHue nerkofoctynHoro K B 06pasuax [jepHoBO-MoA30/MCTOl CynecyaHoii NoYBbi

Fig. 3. The concentration ofreadily available K in samples of soddy-podzolic sandy loam soil

YBenuyeHune nerkogoctynHoro K Habnwogann B BapuaHTe € aMWIOIUTUYECKUMWU MUKPOOPraHM3MaMu Ha
30,0 %, cnopoobpasytoL MM aMMoHUGpUKaTopammn Ha 39,2 %, CHUXeHMe cogepXXaHna K oTmedyanu B BapuaHTe
onbiTa EM - Ha 28,6 %. Bo Bcex uccrnegyembix rpynnax onpegeneHbl 4OCTOBEPHbIE pa3iMYymna OTHOCUTENBHO
KOHTPONLHOro o6pasua. Hanbonee cyllectBeHHOe cHMxeHWe Ca B BOLOPACTBOPMMON (opme HabnwoLanmn B Ba-
pvaHTe onbiTa EM-1 - Ha 55,2 %. [ns MOHOOBMEHHOW (hOPMbI XapaKTEPHO XKe YBeNUYeHne Uccieayemoro Ma-
KpOafieMeHTa BO BCeX BapuMaHTax onbiTa. 3HaUYMTEIbHO BO3POCNO cofepxaHume Ca B MOHOOOMEHHON thopme nog,
BIMSIHUEM CNOPOo06pasyoLLNX aMMOHU(NKATOPOB - Ha 12,1 % OTHOCUTEIbHO KOHTPO/IbHOTO BapUaHTa.

Ha puc. 4 nokasaHo BNUAHWE UCCNeLyeMbIX 3KOM0ro-TPohMUECKMX rpyrnn MUKPOOPraHM3MOB Ha CofepxaHune
NerkoaocTynHoro (BoAopacTBOPMMbIN + MOHOOOMEHHbI) Ca B 4epHOBO-M0A301MCTON CynecyYaHo nouyBe.

CogepxxaHue nerkofoctynHoro Ca noBbICM/IOCH B BapvaHTe ¢ aMUIOAUTUYECKUMIU MUKPOOPraHu3mMamy Ha

8,8 % 1 B BapMaHTe OMbITa CO CNOPo06pasyoWMMM aMmMOHUGpKaTopammn Ha 9,8 % Mo CPaBHEHUIO C KOHTPO/Ib-
HbIM 06pasLoM.
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MnaHKn NorpeLlHOCTel YKa3biBaloT LOBEPUTENbHbIE MHTepBasbl ¢ a = 0,05.
3HauMMble OTIMYKSA OT KOHTPONSA OTMeUeHbl 3Be3goukamm (*p < 0,05)
BapuaHTbl onbiTa: KoHTponb (K), amunonutuyeckue (3), cnopoobpasytouine ammoHmgukatopsl (7), EM-1 (EM)
Error bars indicate confidence intervals with a = 0.05.
Significant differences from the control are marked with asterisks (*p < 0.05)
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)

Puc. 4. CoaepkaHue nerkofocTynHoro Ca s 06pasiiax fepHOBO-MOA30MCTON CynecyaHoi noysbl

Fig. 4. The concentration of readily available Ca in samples of soddy-podzolic sandy loam soil

B Tabn. 5 npeactaBneHbl faHHbIe O COAepXXaHWUM CTabubHbIX M30TonoB 133Cs 1 8Sr B BereTayMoOHHOM 3KC-
NepyMeHTEe C BHECEHUEM Pa3/INYHbIX 3KOMOrO-TPOPUUECKUX TPYNN MUKPOOPraHU3MOB B [IepHOBO-NOA30NCTYIO
CyrecyaHyto rouBy.

Tabnuua 5
CogepxxaHue Cs u Sr B 06pasLax 4epHOBO-MOA30MCTON CyrnecHaHon noyBbI
Table 5
Concentration of Cs and Sr in the samples of soddy-podzolic soil
Cs Sr
BapunaHTbl onbiTa BogopacteBopumas MoHoo6MeHHas Bogopacteopumas IoHoO6MeHHas
hopma, MKr/Kr thopma, MKr/Kr thopma, MKr/Kr thopma, MKr/Kr
KoHTposnb 0,4+0,1 59,4 + 5,3 9428 + 1959,4 59595,5 + 3730,6
AMUNONNTNYECKNE 0,4+0,1 55,5+ 47 10117,2 + 1519,2 60272,5 + 3296,7
Cnopoobpasyluine amMmoHUprKaTopsl 05+01 51,8+ 7,9* 8815,8 £+ 1087,6 56004,6 + 7636,5
EM-1 0,2 £ 0,1* 53,0 £ 1,0** 4698,9 + 581,6%* 48963,4 + 694,9**

MpumeyaHue. Pa3nuuma [OCTOBEPHbI MO OTHOLLEHUIO K KOHTpoto *p < 0,05; **p < 0,01.

CHmxeHune coaepxxaHus Cs B BOJ0OPacTBOPMMOIA (hopMe 0TMeYanu B BapnaHTe onbiTa EM-1 - Ha 42,8 %, npu
3TOM HabNKJaeMble pa3nnuunsa ABAAKTCA SOCTOBEPHbIMU. CXOAHLIA 3DEKT YCTAHOBMEH U B OTHOLLIEHUW Pafno-
aKTMBHOro mM3otona 13fCs nNpu BHECeHWW B AepHOBO-NOA30/IMCTYIO CyNecyaHyto MoYBy [aHHOro KOHCopLuuyma
MMKPOOPraH13moB. B NOHO06MeHHOW hopMe 0TMeYanmn CHKeHMe Konmyectsa Cs Mpy BHECEHUM CMOPO06pasy-
FOLLMX aMMOHU(MKATOPOB - Ha 12,7 %, EM-1 - Ha 10,8 %.

Ha puc. 5 nokaszaHo BAUsHUE UCCeAYEMbIX 3KOM0r0-TPOPUYECKNX TPYMNN MUKPOOPraHN3MOB Ha CoAepKaHue
NerkoaocTynHoro (BoA0pacTBOPUMbIli + MOHOOOMeHHbI) Cs B IePHOBO-NOA30NNCTON CynecyaHoli NoyBe.

Bo Bcex OMbITHbIX BapuaHTax OTMEeYa/li CHUDKEHWE COAEpXKaHUs NerkofoctynHoro Cs: aMuionuTuyeckue
MUKPOOpraHu3ambl - Ha 6,5 %, cnopoobpasytolne ammoHMMKaTopbl - Ha 12,6, EM - Ha 11,0 %.

Ha ymeHblUeHWe cofepXXaHns Sr B BOAOPAcTBOPMMOL (hopMe OKasanu BAUSHWE CNOpo06pasytoLime aMMOHU-
thukatopbl - Ha 6,5 % u Mukpobuonornyecknii npenapat EM-1 - Ha 50,2 %. AMWUIOANTUYECKNE XKEe MUKPO-
OpraHu3Mbl CNOCOGCTBOBA/IN YBEIMUEHNHO KOHLEHTPALMWU JaHHOTO MUKPO3/ieMeHTa B BOAOPacTBOPUMON hopme
Ha 7,3 % OTHOCUTENbHO KOHTPOJIbHOrO BapuvaHTa onbiTa. AHa/IOrMUYHOe [eliCTBUE OKasain Uccnefyemble rpyn-
Mbl U Ha COAEPXKaHWE AaHHOT0 MUKPO3/leMeHTa B MIOHOOOMEHHOI hopMe: Cnopoo6pasytoLLe aMMOHN(MKATOPbI
1 MMKPOOMONornyeckmnin npenapat EM-1 noBAMSAM Ha yMeHbLLEHNE coaep>xaHns Sr- Ha 6,0 u 17,8 % cooTBeT-
CTBEHHO. CTaTUCTMYECKM 3HAUYMMbIe pa3nnynsa HabnoaaInChL TONBKO B BapuaHTe onbiTa Npu BHeceHUn EM-1 kak
B BO/I0PACTBOPUMOIA (hopMme, TaK 1 B MIOHOOOMEHHOIA.
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BapuaHTb! onbita

MnaHKK1 NOrpeLHOCTel yKasblBaloT OBEpUTeNbHbIE UHTepBasbl ¢ a =0,05.
3HauMMble OTIMYMS OT KOHTPONA OTMeYeHbl 3Be3go4ukamm (* - p < 0,05; ** - p < 0,01)
BapuaHTbl onbiTa: KoHTponb (K), amunonutnyeckue (3), cnopoobpasytouine ammoHmngukatopsl (7), EM-1 (EM)
Error bars indicate confidence intervals with a = 0.05.
Significant differences from the control are marked with asterisks (* - p < 0.05; ** - p < 0.01)
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)
Puc. 5. CogepxxaHue nerkogoctynHoro Cs B o6pasiuiax 4epHOBO-NOA30/IMCTON CynecHaHow noyBbl

Fig. 5. The concentration of readily available Cs in samples of soddy-podzolic sandy loam soil

Ha puc. 6 nokasaHo BAUAHWE UCCNeLyeMbIX 3KOM0ro-TPoMUECKMX rpynn MUKPOOPraHM3MOB Ha CofepxaHune
NerkofocTynHoro (BOLOPacTBOPUMbIA + MOHOOOMEHHBIA) Sr B epHOBO-NOL30/IMCTON CyrnecyaHo noyse.
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BapuaHTb! onbIma

MnaHKM NorpeLIHOCTel YKa3biBaloT fOBEPUTENbHbIE MHTEPBanbl ¢ a = 0,05.
3HauMMble OTIMUUS OT KOHTPOAS OTMEYEHbI 3Be3goukamu (** - p < 0,01)
BapuaHTbl onbiTa: KoHTponb (K), amunonutnyeckue (3), cnopoobpasytouine ammoHmgukatopsl (7), EM-1 (EM)
Error bars indicate confidence intervals with a = 0.05.
Significant differences from the control are marked with asterisks (** - p < 0.01)
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)

Puc. 6. ComiepyxaHue NerkofocTynHoro Sr g 06pastiax AepHOBO-NOA30MCTON CynecyaHoi NoyBkl

Fig. 6. The concentration of readily available Srin samples of soddy-podzolic sandy loam soil

HanbonbLUemMy CHUXEHUIO COAepXXaHMs NErkofoCTyYMHOro Sr cnocobCTBOBa/T KOHCOPLUYM MUKPOOPTraHn3-
MOB MUKpoburonornyeckoro npenapata EM-1 - Ha 22,3 % no cpaBHEHUIO C KOHTPO/IbHbIM BapuUaHTOM OnbITa.

3aK/1loYeHune

WccnenoBaHo BAKSIHWE OCHOBHBIX 3KOIOFO-TPOMMUYECKMX TPy MUKPOOPraHN3MOB Ha G1ONOTMYECKYHo [0-
CTYnHOCTb 13fCs 4/1i KOPHEBOTO MOT/IOLLEHMS PaCcTEHNAMMI, @ TaKXKE CoAepXKaHue B 61OAOCTYMHbIX (hopMax He-
KOTOPbIX MaKpo- 1 MUKPO3/IEMEHTOB B 1epHOBO-NOA30MNCTON CynecyaHol noyBe.

B BeretauMoHHOM 3KCMEPUMEHTe BHECEHWE B AePHOBO-MOA30/MCTYIO CynecyaHyo NoYBYy aMmUI0NUTUYECKNX
6aKTepnii 1 cnopoobpasyoLmx aMMOHU(UKATOPOB YCUMBAET TpaHcnoKaumio 131Cs 13 noA3eMHbIX OpraHoB
0BCa B Haa3eMHble B 1,8-4,3 pasa. Mpu 3TOM coaepKaHve paguoHyKnAa B KOPHAX OBCa JaXKe YMEHbLLAeTCa Ha
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29,5 % npu BHECEHMM B MOYBY CMOPO06Pa3yOLWMX aMMOHN(MKATOPOB. BHECEHME B AepPHOBO-NOA30ANCTYIO CY-
MecyaHyto Noysy KOHCOpLMyMa MUKpPoopraHu3mos EM-1 cHM3nno HakonneHve 131Cs B Hafj3eMHbIX OpraHax oBca
Ha 71,8 %, Npu COXpaHeHWUN YPOBHS COLEePXXaHWs PaanoHYKINAa B KOPHEBOW CUCTEME.

B 3kcrnepuMeHTabHOM cuCTeMe, BK/KOUAKOLLE epHOBO-MOA30/INCTYHO CynecyaHyto nouBy, pacTeHMs oBca no-
CEBHOrO W Takue rpynnbl MUKPOOPraHU3MOB, KakK amMWUIONNTUYECKMe MUKPOOPraHuW3Mbl WM cnopoobpasytoLime
aMMOHU(MKATOPbI, NPOUCXOAUT CYLLECTBEHHOE BO3pacTaHue cofepxaHus 13Cs B BogopacTBopumMol (opme B 1,5
1 3,5 pa3a COOTBETCTBEHHO, YTO MOXET OOBACHUTL YBeNMUYEHNe HAKONNEHUA PaavoHYKINAa B Ha3eMHbIX OpraHax
pacTeHus. BHeceHWe B IepHOBO-NOA30/UCTYHO MOYBY KOHCOPLIMYMa MUKpoopraHn3mMos EM-1 cHu3uno cogepxxaHve
13Cs B BogopacTBOpuMOiA thopme Ha 32,6 %. AHanormyHble No HanpaeneHHOCTU M3MEHeHMs HabMAAI0TCS U B OT-
HOLLEHMW BOLOPaCTBOPUMONA (hopMbl K: aMMI0IUTUYECKE MUKPOOPraHW3Mbl 1 CNOPoo6pasytoLie aMMOHUPUKATO-
pbl YBEMUMBAIOT faHHbIA NokasaTenb Ha 49,9 1 67,5 % COOTBETCTBEHHO, @ MMKPOBUONOrnyeckuin npenapat EM-1
CHVXaeT Ha 52,9 %.

MonyyeHHbIe pe3ynbTaTbl MOKa3blBAOT BO3MOXHOCTb PerynvMpoBaHus nosefeHns 131Cs B CUCTEME «MOYBa - pac-
TeHUWe» 3a CHeT BO34eNCTBUSA Ha COCTaB NOYBEHHOIO MUKPO6MoMa. OHM MOTYT C/TyXWUTb OCHOBOI 151 pa3paboTKu HO-
BbIX NPMEMOB (UTOpPEMeaLuy NOYB, 3arpA3HEHHbIX JOMTOXUBYLLIMMU NPOAYKTaMU AeNeHNs YpaHa, a TakxKe 40K-
Hbl YUUTLIBATLCA NPU BeAEHNUN PaCTEHNEBOACTBA Ha 3arpa3HeHHbIX TEXHOreHHbIMW PagoHYKNnAaMu TEPPUTOPUSX.
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OCOBEHHOCTWN HAKOTNNEHWNA 13)CS PACTEHUAMW TPABAHWCTbIX
COOBUWECTB B BZIMNXXHEW 30HE YEPHOBbINIbCKOW A3C HA 3TAMME
OTOANEHHbLIX MOCNEACTBUA PAOUALVMOHHOW ABAPUN

A.H HNKNTWNH)2 O. A. HYPAHKOBA \ C. A. KATIMHNYEHKO3,E.B. MUWLEHKO \ I A. TE®EPA)

D) WHcTnTyT pagmobuonorun HaumoHanbHoi akagemuun Hayk Benapycu,
yn. ®depoHuHcKoro, 4, 246007, r. Fomens, benapych
2 WHCTUTYT Mukpobuonorun HaunoHansHol akagemun Hayk benapycu,
yn. Akagemuka B. ®. Kynpesuua, 2, 220084, r. MuHck, benapycb
3JMonecckmnit rocyaapCcTBEHHbI pagnaLMoHHO-3KONOTNYeCKNiA 3anoBegHUK,
yn. TepewkoBow, 7, 247618, XoitHnkun, Fomenbckas o6n., benapycb

PafnoakTyBHbIe 130TOMbI CS B 3HAYUTE/ILHOM CTEMEHWN OMPeaensioT TSHXKECTb pagralMOHHbIX aBapuid ¢ BbIGPOCOM paamo-
AKTUBHbIX BELLECTB B OKPYXXatoLLyto cpefy. [103TOMY aKTya/ibHbIM B/ISIETCA BbISIB/IEHVE 3aKOHOMEPHOCTEN NX MOBeAEHNS B pas-
JINYHBIX 3KOCUCTEMAX, MEPEX0 Mo MULLEBLIM LIENSIM, a TakKe MOUCK 3PMEKTUBHBIX METOAOB BO3AENCTBMSA Ha 3TW MPOLECChHI.
Llenb nccnegoBaHUs - MOMCK 3aKOHOMEPHOCTEN HakomieHust 131Cs TpaBAHUCTLIMU PacTEHUAMU eCTECTBEHHbIX 3KOCUCTEM Ha
3Tane OTAa/leHHbIX MOCNeACTBUI KaTacTpodbl Ha YepHobblibekoit AQC. PaboTbl MPOBOAUANCE HA TPEX 3KCMEePUMEHTa/IbHbIX
NoSINroHax, PacrosioKeHHbIX Ha paccTosiHUM 13-16 KM OT anuueHTpa aBapun. Ha KaXk4om MosIMroHe 3a/10)KeHbl MPO6HbIe N1o-
LWAaAKK, Ha KOTOPbIX U3yYeHa XapaKTepucT1Ka pacTUTE/IbHOM0 NOKPOBa 1 Nnousbl. [1719 NOATBEPXAEHUS BIIUAHUSA PEXMMA YBaX-
HeHMs Ha HakoneHue 137Cs pacTeHUsIMY Takke 6bl/1 MOCTaB/1eH MUKPOBEreTaLMOHHbIN OMbIT. AHa/IM3 pe3yibTaToB HaBMOAEHWIA
B TPaBAHMCTbIX 3KOCUCTEMAX He MO3BO/N/ BbISBATL HEMOCPEACTBEHHYIO CBA3b MEX/Y NMOoKasaTe/1IsiM/ Ba/I0OBOr0 3ar Psi3HEHUS Mo-
uBbl 137Cs, copep>kaHveM ero pacTBOPMMOiA, MOHOOBMEHHOI U TabUbHON (hOPM HaX0X/AEHWS B MOYBE C HAKOM/IEHVMEM PaaMOHY-
KNnaa HaasemMHbIMU yacTsamMu Elytrigia repens (L.) Nevski, Calamagrostis epigejos (L.) Roth, Poapratensis L. n Carex brizoides
L. Cpean Komnekca afamyeckux hakTopoB Hambosee TECHYH CBS3b C YAe/bHOW aKTUBHOCTbIO 131Cs B HAaA3eMHbIX YacTsIX
3/1aKOBbIX pacTeHWii UMelT 06beMHAsA 4018 BOAb! B MOYBE, COAepXXaHune B Heli nogBumkHoro K20 1 nabunbHOM, 13BIeKaeMoii
TeTpadeHnn6opaToM, hopmMbl pagmoHyknnaa. O6paTHbIN SKCMOHEHUNaIbHBIV XapaKTep CBS3M 3TUX NapaMeTPOB C HAKOMJIEHVEM
131Cs onocpefoBaH K-3aBUCUMbIMU MeXaHU3MamMu MornoweHns Cs u CHKeHeM 3ththeKTUBHON anddysmm K 13 noYBeHHOro
pacTBopa K NOBEPXHOCTM KOPHS NPV YMEHbLLIEHWW BMIRXKHOCTY MouBbl. [ns Carex brizoides K-3aBUCUMbIV MEXaHU3M perynsiuum
KOPHEBOro nornoLleHnst Cs He NOATBEPXKAEH. DKCMEPVMMEHT B KOHTPOIMPYEMbIX YCI0BUSIX MOATBEPAW CYLLEECTBEHHOE YBENN-
yeHre HakoneHns 137Cs 31aKoBbIMU PaCTEHUSIMU NMPY CHKEHUU BNaroobecneyeHHOCTU, 00YC0B/IEHHOE aKTMBaLe MepeHoc-
unkoB K ¢ BbICOKOI apPMHHOCTBIO KaK K 3TOMY 3/1EMEHTY, Tak 1 K Cs.
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TPaBSHUCTbIX COO6LLECTB B OAMKHEN 30He YepHOObINLCKON
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ABTOpbLI:

AnekcaHap Hukonaesny HWKMTUH - KaHAWAAT CENbCKOXO-
3A/CTBEHHbIX HayK; 3aMecTUTe/b AMPeKTopa MO Hay4yHOM pa-
6ore.

Onbra AnekcaHfipoBHa LLlypaHKoBa - Hay4HblIli COTPYAHUK Na-
6opaTopun pPasno3KoNorum.

Cepreii AnekcaHipoBuy KanuHMYeHKo - KaHaugaT 6uonoru-
YecKMX Hayk, [OLEHT; 3aBefytoluii nabopatopueii cnekTpome-
TPWMN 1 PagNOXUMUN.

MuuweHko Erop BukToposuu - 3aBeaytowuii nabopatopueii
pasvo3KoNormu.

Nedepa MFanuHa ApkajbeBHa - HayuHbIA COTPYAHMK nabopaTo-
pUK pPasno3KoNormu.
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BnarogapHocTb. PaboTa BbiNoNHeHa Npy noagepXKe FocyapCTBEHHON NPOrpaMMbl HayUYHbIX ccnefoBaHuii «Mpupoao-
nonb3oBaHMe 1 akonorma» Ha 2016-2020 rogbl.

PATTERNS OF 13/CS ACCUMULATION IN HERBACEOUS PLANT
COMMUNITIES NEAR THE CHERNOBYL NUCLEAR POWER PLANT
IN THE AFTERMATH OF THE ACCIDENT

A. N. NIKITIN'Q O. A. SHURANKOVAQ S. A. KALINICHENKOCc,E. V. MISHCHANKAQ G. A. LEFERDO

dnstitute o fRadiobiology ofthe NationalAcademy o fSciences o fBelarus,
4 Fiadzyuninskaga Street, Gomel 246007, Belarus
institute ofMicrobiology ofthe NationalAcademy ofSciences ofBelarus,
2Academician V. F. Kuprev” Street, Minsk 220084, Belarus
°Polessie State Radioecological Reserve,
7 Tserashkovai Street, Khoiniki 247618, Gomel region, Belarus
Corresponding author: A. N. Nikitin (nikitinale@ gmail.com)

Radioactive cesium isotopes often significantly determine the severity of nuclearaccidents with the release ofradioactive
substances into the environment. Therefore, identifying the patterns of their behavior in various ecosystems, their transfer
in food chains, and design effective methods for regulation of these processes are of current interest. The aim of this
work was to find the patterns of 13/Cs accumulation by herbaceous plants in natural ecosystems at the stage of the remote
consequences of the Chernobyl NPP disaster. Three experimental sites were selected at a distance of 13-16 km from the
accident epicenter. At each site, sample plots were established to study the characteristics of the vegetation cover and soil.
To confirm the impact of the moisture regime on the accumulation of 13/Cs by plants, a vegetation experiment was also
conducted. The analysis did not reveal a direct link between the gross soil contamination indicators with 13fCs, its soluble,
ion-exchange, and labile forms in the soil with the accumulation of the radionuclide by the above-ground parts of Elytrigia
repens (L.) Nevski, Calamagrostis epigejos (L.) Roth, Poa pratensis L. and Carex brizoides L. Among the complex of
edaphic factors, the closest relationship with the specific activity of 13/Cs in the aboveground parts of cereal plants is
associated with the volumetric water content in the soil, the content of mobile K20, and the labile form of the radionuclide
extractable with tetraphenylborate. The inverse exponential character of the relationship between these parameters and the
accumulation of 13/Cs is mediated by K-dependent mechanisms of Cs absorption and a decrease in the effective diffusion
of K from the soil solution to the root surface as soil moisture decreases. For the sedge, the K-dependent mechanism of
regulating the root absorption of Cs was not confirmed.

An experimentunder controlled conditions confirmed a significant increase in the accumulation of 137Cs by grass plants
with a decrease in moisture availability, caused by the activation of K transporters with high affinity for both this element
and Cs.

Keywords: cesium-137; soil; soil moisture; radionuclide speciation; potassium; cereal plants; sedge
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BBeneHue

PagnoakTuBHble n3otonbl Cs (1ACs, 13HCs, 131Cs) MMEKOT TEXHOMEHHOE MPOMCXOXAEHME M MOryT nonagatb
B OKPY>KaoLLYH0 cpeay npu WTaTHOM (DYHKLMOHUPOBAHWM 1 aBaPUIHBIX CUTyauUmMsaX Ha 06beKTax sfepHoro To-
NIVBHOIO LUMK/A, a TaKXe NPW UCMbITaHWAX ALepHOro opyxus. 131Cs [1] 4acTo CTaHOBUTCSH OCHOBHbLIM [0300-
6pasyoLWwnm paguoHyKINLOM AN15 YenoBeKa U 6MOTbI Ha MPOTSXKEHUW NPOAO/MHKUTENIBHOIO NEPUOLA OTAANIEHHbIX
NOCNeACTBUI pajuaLMOHHbIX aBapuii. B Ha3eMHbIX 3KOCUCTEMAax OH COCPeA0TayMBaeTCsl MPEeVMYLLECTBEHHO
B MOYBE, OTKYJa MOXET MOCTynaTb B NULLEBbIE Lenu, BegyLme K Yenoseky. OfHOI 13 Hanbosnee ah(heKTUBHbIX
Mep CHWKEHUS [,03 BHYTPEHHEr0 06/1y4eHNs HaceneHus oT 131Cs ABNfeTCA orpaHUYeHme ero nepexoja B cucteme
«ro4yBa - pacteHue» [2].

[na paspaboTkn 1 ahheKTUBHOIO MPUMEHEHNA Mep PavalMOHHON 3alWnUTbl Heobxoanma WHGopMaLUs
0 BAUSIHUN Pa3IMYHbIX (hakTOPOB Ha NoBefeHNn RCs B CUCTeME «MOYBa - pacTeHue». Mo3ToMy eCTECTBEHHO, UTO
60/1bLLIOE BHMMaHWe UccneaoBaTenein yaensetcs aTomy sonpocy [3-10]. Bbiio ycTaHOBMEHO, YTO AaNeKO He BECb
3anac RCs B nouse 40OCTYMNeH A1 KOPHEBOrO NOT/OLWEHNS, NOCKO/bKY OH MNOCTYNaeT B PaCTEHUA NPEUMYLLLECTBEH-
HO 13 MoYBeHHOro pacTeopa [11; 12]. CooTHOLIeHME Mexay copbuueit Cs B TBepAoi hase 1 KOHLIEHTpaLueli ero
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B MOYBEHHOM pacTBOpe BbipaXkaeTcs KO3(h(MLMEHTOM pacnpeaeneHus, coctasnstowmum nopsigka 10:105 [13],
1 NOCTENEHHO yBENMUMBAKOLLMMCA CO BpEMEHEM MOC/e NonajaHns paguoHyKIvMaoB B noysy. B TBepoit hase no-
yBbl CS TaKXKe MOXXET HAXOAUTCA B PasfIMUHbIX COCTOAHUAX: B MOYBEHHOM MOT/IOLAI0LLIEM KOMI/IEKCe, Ha y4acT-
Kax cenekTuBHOW copbumn (FES) 1 Ha yyacTKax BbICOKOCENEKTUBHON copbuun [14; 15]. C TeyeHWeM BpeMeHU
npomcxouT nepepacnpegeneHve RCs mexay sTMMu popMamu, NPUBOASLLEE K CHUXKEHWUIO ero 6MoNornyeckoin
[JOCTYNHOCTU («3aKPenieHnio»). BaXKHYIO posib B 3TUX MpoLeccax UrparoT TakuMe (akTopbl, Kak cofepxaHue
B MOYBE IMIMHUCTLIX MUHEPANIOB, Ka4eCTBEHHbIE U KOMIMYECTBEHHbIE XapaKTEPUCTUKN OPraHNYecKoro BeLlecTsa
nousbl, pH, KoHueHTpauuna K+ NH4+B nouseHHOM pacTsope [6; 16]. B cnydyae BbinageHuii RCs B cocTase To-
NIMBHbIX YaCTUL,, CNeayeT TakKe YUMTbIBaTb AMHAMUKY X pacnaga v Beixoga RCs 13 nx coctasa [14].

mapatupoBaHHble MOHbI Cs+ 6/IM3KM MO CBOUM XapaKTepUCTUKaMm K rmapaTupoBaHHbIM MOHaM K+ 1 moryT
NPOXOAUTL Yepe3 KaHaslbl U HEKOTOpble TpaHCMeMOpaHHble NepeHOCUUKM MOC/efHero, no3aTomy mMeTabonnsm
Ka/ims y pacTeHUI BNUAET Ha nornoLLeHre noHos Cs 1 X nepepacrpes/ieHne no opraHam v Tkavam [11; 12; 17).

B cBA3K ¢ 0CO6EHHOCTAMM MOBeLEHNSA B NOYBE 1 KOPHEBOro nornoweHns RCs, 3aBUCMMOCTb UX HaKoMNIeHUs
B pacTeHMaX OT (PaKTOPOB OKPYXAIOLLEN cpefibl UMeeT CNOXHbIA XapakTep, U3MEHAIOLWMIACA BO BpeMeHW. Bme-
CTe C TeM BblsiBfIEHNE [aHHbIX 3aKOHOMEPHOCTEN BAXHO A1 OLLEHKM 1 NPOrHo3a pagno3aKonornyecknx nocnes-
CTBWIA aBapuii ¢ BbIGPOCOM pafoakTUBHBLIX BELLECTB B OKPYXKAIOLLYIO cpedy Y 3PMEKTUBHOIO NPUMEHEHUS Mep
pagmaLMoHHON 3aLnThl.

Bbln0 Nogo6paHO TPY 3KCNEPUMEHTASIbHBIX MOAUIOHA. Ha KaXKA0M 13 HUX 3a10XeHbI NPOBHbIE NIOLLaAKN,
Ha KOTOpbIX U3y4YeHa XapaKTepucTuKa pacTUTeNbHOr0 NOKPOoBa 1 NoyBbl. A8 NoATBEPXAEHNUS BNAHUS PEXMMA
yBNXHEHWS Ha HakonneHue 131Cs pacTeHMsAMM Obl1 NOCTaB/IEH MUKPOBEreTaLMOHHbIN OnbIT. CobpaHHbIn Habop
[aHHbIX NOCNYXXWUN OCHOBOW ANS aHanM3a 3aBUCUMOCTU HakonieHus 13Cs Haf3eMHbIMW YacTAMMW PacTeHU OT
3patmyecKnx (hakTopoB 1 (HOPM HaXOXKAEHUA pafuoHYKNUAa B MOYBe.

Pe3ynbTaThbl BbINOHEHHOIO aHa/IM3a PacKpbIBalOT BUAOCNELUDUYECKYIO peakLmto HakonneHns RCs Hafa3eM-
HbIMW YacTAMMW PacTeHMIN Ha AeACTBME TaKUX (haKToOpoB, Kak obecneveHHOCTb K, BnaroobecrneyeHHOCTb, coaep-
XaHue 06MeHHbIX Ca, Mg B Mo4Be, COAepXXaHne OpraHMYecKoro BeLLecTBa, fONS FIMHUCTON pakuum.

MaTepuanbl U MeTOAbl UCC/e0BaHUA

JKCnepuMeHTalbHble NONUIOHbI. 19 NPpoBefeHNs UCCNef0BaHNS ObIN0 3a/10XKeHO TPU SKCNePUMEHTaNbHbIE
nonuroHa (J1M-1, 1MN-2 n JIMN-3) B eCTeCTBEHHbIX 3KOCUCTEMAxX CYXOAOMbHbIX NYroB, PacnofiOXKEHHbIX Ha
paccTosHUK 13-16 KM OT YeTBEPTOro 3Heproboka UepHoOObINLCKOW aTOMHOM 3/1eKTPOCTaHLMUW, B OKPECTHOCTAX
6bIBLLE AepeBHM MacaHbl. [Mo4YBa Ha BCeEX SKCNepUMEHTaNbHbIX y4acTKax 4epHOBO-M0A30/11CTas cynecyaHast. Ha
KaXXOM 3KCNepMMEHTa/IbHOM NMOANTOoHe 6b110 BblgeneHo 20 NPo6HbIX Naowaaok 2°2 M. Nonesble UccnefoBaHuUs
NpPoBOAMANCEL BeCHOMR-neTom 2020 r., HemocpeACTBEHHO OTOOP 06pasL0B PacTeHWid M MOYBbLI OCYLLECTBAANCA
B UIOHe.

CpefiHee NPOEKTUBHOE MOKPbLITUE PACTUTESILHOrO MOKPOBA Ha SKCMEPUMEHTASbHBIX NOMUIOHAX COCTAaBANO
100 %, 75 n 60 % Ha JIM-1, JIM-2 n J1M-3 cooTBeTCTBEHHO. [N BbISABNEHNS 3aKOHOMEPHOCTel HakonneHus 13Cs
Ob111 BblGpaHbl Hanbonee pacNpoCTPaHEHHbIE Ha MOMIOHaX BUAbI pacTEHWIA: Nbipeit nonsyuunii (Elytrigia repens
(L.) Nevski), BeliHuK HaseMHbIii (Calamagrostis epigejos (L.) Roth), matnnk nyrosoii (Poapratensis L.) n ocoka
TpacyHkoBugHas (Carex brizoides L.). Kpome 3Tux BUAOB, paCTUTENbHOCTb Ha 3KCNEPUMEHTaNbHbIX NOANTOHAX
6blna npeactaBneHaAgrostis canina L., Calamagrostis arundinacea (L.) Roth, Deschapsia cespitosa (L.) Beauv.,
Corynephorus canescens (L.) P. Beauv, Trifolium hybridum L., Artemisia vulgaris L., Polygonum orientale L.,
Rumex acetosa L., Asarum europaeum L., Melandrium album (Mill.) Garcke, Viola arvensis Murr., Ranunculus
acris L., Lupinus polyphyllus Lindl., Veronica chamaedrys L., Equisetum arvense L. 1 gpyrux TpaBsHUCTbIX
pacTeHuil. B cocTaB O4eHb paspeXXeHHOro ApeBecHOr0 spyca BXOAAT Takune BUAbl, Kak 6epesa nosucnas (Betula
pendula Roth), ay6 yepelwuyatbiii (Quercus robur L.) n cocHa 06bikHoBeHHas (Pinus sylvestris L.).

MuKpoBere TalUnoHHbI onbIT. B KauecTBe MOAENLHOIO PacTeHNS MCMO/b30BaHa NiLeHNLa ApoBast. PacTeHus
BbIpaLMBaINCL B KOHTeNHepax 06beMOM 1 f, HaMOJIHEHHbLIX MOYBOIA, OTOOPAaHHOW B YAaCTHOM MOABOPbE Ha
TeppuTopmm BbIBLLIErO HACeNIeHHOro NyHKTa boplueska. MoyBaxapakTepru30Baiach O4eHb BbICOKUM COAEPXaHNEM
opraHmnyeckoro BellecTBa (4,27-6,33 %) 1 HeliTpanbHON KMCMOTHOCTbIO (6,6-6,7). Coaep)KaHne MOABMXKHOIO
thocthopa (P25 oueHb BbicoKoe (1552-3245 mr/kr), nogsmxHoro Kanusi (K20) - Bbicokoe (224-372 Mr/Kr).
CofepxxaHue 06MEHHOro MarHus M KaibUWs NOBbIleHHOe. MouBa XapakTepusyeTcs CPefHVMMW 3HAYEHUSMM
rMaponnTMYeckoi kucnotHocth (0,89-1,20 MM/100 r), emkocTu nornouieHmns (41,2-68,9 mM/100 r), cTeneHn
HacbILWEHHOCTN OcHoBaHuAMYK (97,1-98,7 %) 1 CyMMOI1 NOrNOLLEHHbIX OCHOBaHuiA (40,0-69,2 mM/100 ).

Ona  uccnefoBaHMS  BAMSHUA peXUMa YBNAKHEHWA B OMbiTe Obl10 NPeaycMOTPEHO 3 BapuaHTa:
1) onTManbHOe YBaXXHEHWE - BblpallMBaHWe pacTeHWi Npy BAXKHOCTY NoyBkl 70 % OT MO/THOM BAaroeMKoCTy
(MB); 2) NMOHWXeHHas BAaroobecrneyYeHHOCTb - BblpalMBaHWE PacTEHWIA MpyU BAaXHOCTKU nouBbl 40 % OT
MB; 3) nepemMeHHOe YBNaXXHEHWe - BblpallliBaHWe pacTeHWiA Mpyu BNaXXHOCTU nousbl 40 % oT B B nepBble
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21 cyTKuM 1 nocnegytollee gosefieHne BNaxXHOCTM Ao 70 % ot MNB. OnbIT BbINOAHANCA B 4-KPaTHO MOBTOPHOCTU
B (PMUTOKOMHaTe C MOCTOAHHO TeMnepaTypoli Bo3ayxa 18 °C v ocBeLleHVeM Ha NPOTsXeHUN 18 4 B cyTku ¢ AP
100 MM c-1m-2 BnaXKHOCTb MOYBbI KOHTPONPOBAaCb BECOBLIM METOAOM.

OT60p 06pa3yos M mamepeHns. O6pasubl NOYBbI Ha NPOOGHLIX MaoWagKax OoTéupanncb CTaHAAPTHLIM
Npo600T60PHMKOM gnameTpom 4 cM Ha rinybuHy 20 cm. C Kaxkgoro npobHoro yvyactka otémpanocb no naTb Npoo
MEeTO0M KOHBepPTa, KOTOpPble CMELLMBAUCH B O4HY U YNAaKOBbLIBA/IUCH B NONUITUNEHOBbIE NakeTbl. OJHOBPEMEHHO
C NOYBOWA 0TOMpanMcb 06pasLbl HaA3eMHbIX YacTeli BbIOpaHHbIX BUAOB PACTEHUIA NyTeM Cpe3aHWs CEKaTOPOM Ha
BbICOTe 3 CM OT NMOBEPXHOCTU MOYBLI. B MMKpPOBereTaLMOHHOM OMbITE pacTeHUs cpe3annch Ha BbicoTe 0,5-1 cmM,
noyBa A4n1s aHaM3a 0ToMpanach M3 Kaxgoro cocyga. O6pasubl pacTeHWi YNakoBbIBAUCL B MOMUITUIEHOBbIE
NakeTbl.

Mpob6bl pacTeEHWA M MOYBLI B3BELLUMBANMCH Ha 3MEKTPOHHbLIX Becax B feHb 0T6opa Mpob6 (cbipas macca)
M MOoC/e BbICYLUIMBAHMA MPU KOMHATHOI TemnepaType (BO3L4yLUHO-Cyxas Macca). Cofep)kaHue Biarv B royse
N pacTuUTeNbHbIX MPo6ax PaccUMTbIBA/IOCh MO PasHULE MeXAY CbIPOA M BO3AYLUIHON Maccoi. BbiCylleHHble
Npo6bl NOYBbI MPOCENBASIUCH YEPE3 2-MUIUMETPOBOE CUTO W NEPEMELLNBAINCD.

YnenbHas akTUBHOCTL 131Cs onpefensnachk ¢ UCNONb30BaHMEM ramma-cnekTpomeTpa Canberra Packard ¢ Ge
JeTekTopom GX2018. OTHOCUTeNbHAs OWNOKA M3MepeHuin coctaBnana 5-10 %. CTaHAapTHbIMU MeTOdamu
B 06pasLiax nousbl ONpefensnnch Takue MNokKasaTenn, Kak CofepXxaHue rNnHbl B MeXaHM4YecKom cocTase; pH
(8 KCI); cogepxaHne obmeHHOro NH4+ cogep>XaHne OpraHMY4eckoro BELLEeCTBa; CofepKaHune NnogBuXHbIX P205
n K20; cogepxxaHue MOHOOOMEHHbIX Kanus, KaslbLms, MarHus, Lesus (cmecu n3otonos u 13(Cs); cofepxxaHue
pacTBOPUMbIX Kanus, KanbLus, MarHus, Lesms (cMecu n3oTonos v 13(Cs); cofepxaHue nabunbHbIX (U3BNEKaEMbIX
TeTpatheHnN6opaToOM HaTpUs NPM IKCNO3ULMK 24 4) Kanusa 1 Lesns (cMmecu nsotonos v 131Cs); o6bemMHas [0Ns
BOAbl B MOYBE.

AHanu3 AaHHbIX. AHan3 AaHHbIX U NPeAcTaBNeHne pPe3ynbTaToB OCYLLECTBASANCL C MOMOLLLI0 6UBMOTEKN
Python Pandas, Geopandas, numpy, Sklearn, Pyplot n Seaborn. INMpu onucaHuM uccnefyemblX Mokasarenei
Haxo4unn cpefHeapuMeTUUECKOe 3Ha4YeHUe, CpefHEKBAAPATUYHOE OTK/IOHEHWE, MefuaHy, MeXKBapTU/bHbINA
pa3max. OLEeHKY CBA3U MeXY NnokKasaTensaMu onpeaensnm no KoadduumeHTaM paHrosoin koppenauumn CnmpmeHa
(RS. Ans aHanm3a BAUAHUS OTAeNbHbLIX PAKTOPOB Ha HaKOMeHWe pafMoHYKAuAa pacTeHWsMU UCNO/b30BaIn
KpuTepuin Kpackena - Yonnuca (H), a 3HauMMOCTb pas3fiMumii MeXZay BapuaHTamu OnbiTa yCTaHaBAUBaIM Mo
t-kpuTepuio CTblofeHTa. BbISBMIEHHbIE CBA3M 1 Pa3nnuyums Mexay nokasarensMu cumTany 3HaumMbiMum npup < 0,05.

Pe3ynbTaTbl UCCNeA0BaHUA U UX 06CYXAeHMe

XapakTep 3arpA3HeHus 3KCNepUMEHTaNbHbIX NOAUIOHOB 137Cs. NOTHOCTb 3arps3HeHus nousbl 131Cs
(M3) Ha NpobHbIX NAoLaKax BapbUPYeT B LUMPOKUX Npefenax: oT 980 ao 5327 KbK/M2co cpefHUM 3HaYeHu-
em 2973 KBk/M2 B npegenax aKcrnepyMeHTa/IbHbIX NOMMUIOHOB 3arpssHeHne 131Cs xapakTepusyeTcs BbICOKUM
YPOBHEM MO3an4yHOCTU. OOBACHEHUEM 3TOMY SIB/SETCA CYLLECTBEHHbIWA BKaA TOMAMBHbIX YacTuL, BbiNafeHUs
KOTOPbIX HOCUAWN AVUCKPETHbI BEPOATHOCTHbLIW XapakTep, B OTIMUMe OT 6onee paBHOMEPHOrO BbINAAEHUA KOH-
[eHCaLMOHHOW KOMMNOHEHTbI 3arpasHeHuns [18]. Pa3nuums B cpefHMX nokasaTensx M3 131Cs mexay nccnefosa-
TeNIbCKAMM NONIUTOHaMMN He NPOSBNAIOTCA.

CopepxxaHue 13fCs B BoZopacTBOpUMOiA hopme B MoYBe MPOOHLIX NAOWAA0K He npesbiwaeT 0,55 % oT Bano-
BOro 3anaca. B moHoo6mMeHHOI dopme HaxoguTea 1,9-155 % BanoBoro 3anaca paguoHyknuga. 3snekaemble
TeTpadeHnnbopatom Cs n K 06b14HO 0603HAYal0T Kak nabusbHble POPMbI M paccmMaTpuBatoT UX B KayecTBe Mo-
KasaTens 3anaca, JOCTYMHOro 15 aKTUBHOI0 KOPHEBOrO MOT/IOWEHNS Ha NPOTSXXeHUM BereTalMoHHOro nepuosa
[19-21]. CnycTa 35 neT nocne aBapum Ha YepHob6blibCckoit ASC B 6/IMXKHEN 30HE 3arps3HeHUs cofepXkaHue
[aHHOM hopMbl pafMOHYKNNAA B MOYBE COCTaBNSET OT 6,7 40 83,8 % OT Ba/10BOro 3anaca co CpefHNM 3Ha4YeHVEM
41,6 % 1 MeXKBapTWUIbHbIM pasmaxom 32,8-48,4 %.

Pa3nnuus B cofep>kaHuy BOLOPACTBOPMMOIM U MOHOOOMeHHON hopM 131Cs Mexay 3KCNepUMeHTaIbHbIMU NO-
NIMTOHaMW He BbIpaXKeHbl Ha (hOHE CUbHOW BapuabenbHOCTN 3TUX NoKasaTenei (puc. 1). CoaepxxaHme nabunbHOM
thopmbl 137Cs B NoYBe 3KCMEPUMEHTaNbHOIrO nonuroHa JIr-1 (Hambonee 6113K0 PacnosioXXeHHOro K 4 3Hepro6o-
Ky YepHobbinbekoli A3C) UMeeT CyLLeCTBEHHO 60/ee BbICOKUIA pa3Max U MeAuaHHOe 3HauyeHne No CPaBHEHMIO
¢ 1MN-2 n Nn-3.

HakonneHue 137Cs pacTeHUsAMU Ha 3KCNepUMeHTanbHbIX NOAUIOHAX. YenbHas akTuBHOCTb 137Cs B Haf-
3eMHbIX OpraHax uUccnefyembix BULOB TPABAHUCTLIX PaCTEHUIA HA NPOOHLIX NaowaakKax coctasnsna or 130 go
2294 bk/kr (puc. 2). CpefHuve 3Ha4eHUs JaHHOMO nokasatens coctasnstoT 997,1, 735,3, 691,6 n 469,8 ana oco-
KW TPACYHKOBUAHOW, MATAIMKA NIYTOBOrO, Nblpes nofi3yyero v BeiHMKA Ha3eMHOr0 COOTBETCTBEHHO. Pe3ynbTaTbl
aHanm3sa c ucnonb3oBaHWeM Kputepus Kpackena - Yonnuca CBUAETENbCTBYIOT, UTO B HakonneHun 13Cs Buia-
MW pacTEHWA OTCYTCTBYIOT 3HaYMMble pasnnumns Mexay sKcnepumeHTanbHbIMK nonuroHamun (H = 0,43-5,98;
p =0,050-0,513).
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ala 6/b B/C
nn-1 nn-2  nn-3 nn-1  nn-2  nn-3 nn-1 nan-2  nan-3
[MonuroH MonunroH

MonuroH
Puc. 1. OueHka cogepxxaHuna 13Cs B 6M0L0CTYNHbIX (hOpMax B NOYBE IKCNEPUMEHTASIbHbIX MOIMTOHOB

Fig. 1 Speciation of 131Cs by bio-available forms in soils of experimental polygons

Puc. 2. YpenbHas akTMBHOCTb 13[CS B Hafj3eMHbIX 4acTAX TPABAHUCTbIX PACTEHUIA Ha 3KCMEPUMEHTaNIbHbIX MOINTOHAX:
1- ocoka TPACYHKOBMAHAS; 2 - MSATIUK NYroBoiA; 3 - Mblpeil MoN3yunid; 4 - BeMHUK Ha3eMHbIiA

Fig. 2. Activity concentration of 13fCs in aboveground parts of the herbaceous plants on the experimental polygons:
1- C. Brizoides; 2 - P.pratensis; 3 - E. 4 - C. epigejos

AHanus ¢ MCrnonb3oBaHWeM Ko3(hguLmeHTa paHrosoii Koppenauuu CrnvpmeHa (Tabn.) nokasan, YTo Hako-
nneHune 137Cs B HaA3eMHbIX OpraHax 0COKW TPACYHKOBUAHOM MMEET NONOXUTENbHYIO CBS3b BbICOKOW U CPeAHE
CUJTbI C KOHLLEHTpaLMel B NoYBe 0OMEHHbIX KanbLWs, MarHus 1 aMMOHUSA, MOABUXHOIO pocdopa, a Takxke ¢ co-
JepXXaHneM rymyca v eMKOCTbIO MOTNOWeHNs. YBenuyeHe 40nn MHUCTBIX YacTUL, B MeXaHUYeCKOM COCTaBe
MOYBLI COMPOBOXAAETCA CHIDKEHNEM HakoneHns 137Cs B HAA3EMHbIX YaCTAX OCOKW TPAACYHKOBUAHOIA.

KoaththmumeHTbl paHroBoi Koppensiumm CnvpmeHa yaenbHOM akTUBHOCTY 131Cs B HaA3eMHbIX YacTsixX BUAOB
TPaBAHUCTbIX PACTeHUI C NOKasaTeNsIMU 3arpsi3HEHNS!, CBOMCTBAMU MOYBbI 1 HEKOTOPbIMUW APYrMU hakTopamu

Spearman’s Rank correlation coefficients of activity concentration of 131Cs
in aboveground parts of the herbaceous plants with indexes of contamination, soil properties, and other factors

Ocoka Mbipeii BeiiHuk MATAnK
TPSACYHKOBUAHAS nonsyuuii Ha3eMHblii Nyrosoi

M3 1BCs, kKbk/m2 - 0,090 0,021 0,056 0,190
Ay 137Cs nouBbl, BK/KF 0,168 0,098 0,062 -0,048
-0,450 -0,456* -0,247 0,619

PacctodaHune go YHAC, Km
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OKOHYaHue Tab6n.

Ending table

Ocoka Mblpeii BeiHuk MATank

TPACYHKOBMHas nonsyuunia Ha3eMHbI NyroBoii
PacTBopumsblin 131Cs, BK/Kr -0,106 -0,219 0,124 0,524
MoHoOOMeHHbIW 131Cs, BK/Kr 0,071 -0,012 0,206 0,524
NabunbHbln 131Cs, BK/Kr 0,387 0,215 0,112 0,071
pH coneBoii BbITSHXXKMK 0,201 0,206 0,209 0,071
Ca 06MeHHbI, MMONb/100r 0,661** 0,272 0,074 -0,429

Mg 06MeHHbIR, MMONb/100r 0,669** -0,055 -0,316 -0,916**
P205n0aBMXHBINA, MT/KF 0,657** 0,267 0,056 0,167

K20 noaBWXHbIW, MT/KT -0,018 -0,213 -0,610* -0,922**
NH406MeHHbIA, MT/KT 0,620** 0,043 -0,547* -0,667
rymyc, % 0,636** 0,048 -0,350 -0,683
EmkocTb nornowenus, mr/100 r 0,707** 0,142 -0,150 0,024
CTeneHb HaCbIWEHHOCTW OCHOBaHUAMM, % 0,352 0,178 0,001 0,071
Jona rnnHuCcTbIX YacTul, -0,568* -0,365 -0,395 -0,247

O6bemHan fons Bogbl -0,084 -0,585** -0,709** -0,905**
CopepxaHue K B pacteHuu, % -0,094 -0,077 -0,350 0,098
CofepxaHue BoAbl B pacteHun, % 0,209 0,207 0,182 0,119

MpumeyaHuna. *- pasnmuusa Mexay BapuaHTaMu LOCTOBEPHbI Ha YpoHe 3HaummocTyn 0,05, ** - pasnunumnsa mexay sapuaHTamu focTo-
BEPHbI Ha YPOBHE 3HauumocTu 0,01.

Mpy 06BACHEHNN HABMOAAEMBIX KOPPensuuii Hago NPUHSATL BO BHUMaHWeE, YTO aMMOHUIA BbiTecHseT Cs u3
Yy4acTKOB cOp6LMM BbICOKOW creuntmyHocTn [22], Ca2+r 1 Mg2+ BbITECHSAIOT [JaHHbIA 3/1EMEHT 13 MOYBEHHO-
ro nornoLaloLLero Komnnekca [6]. OpraHmMyeckoe BeLLECTBO MOYBbI 3aTPYAHSET hukcauuto 131Cs B nouse [16].
YMeHbLUEHWE A0NW TAVHUCTBIX YacTUL, B MEXaHUYECKOM COCTaBe MOYBbl CHVKAET eMKOCTb Creundmryeckoi
1 Hecneuugmueckoi copbumm Cs. COBOKYNHOCTL BbISB/IEHHbLIX B3aUMOCBSA3€el faeT OCHOBaHUE MPeAnoIoXuUTb,
4TO OCHOBHOE B/IMSHNE Ha HakonneHne 13fCs 0COKOM TPACYHKOBUAHO OKa3bIBaeT coflepxaHue 13Cs+B noYBeHHOM
pacTBope.

B OTHOLIEHNN BCEX 3/1aKOBbIX PACTEHWIA XapaKTepHO MafeHue YAenbHON akTUBHOCTM 13[Cs B Haf3eMHbIX
4acTsAX C pOCTOM COAepXXaHus BoAbl B MoyBe (Ha MOMEHT 0T60pa 06pa3uoB). B 0THOWeEHUN MATAMKaA NyroBoro
BbISIB/IEHbI OTPULLATE/IbHbIE KOPPENSALMOHHbIE CBA3U OYEHb BbICOKOW CUJIbI MEXAY HaKOMIeHWEM PagnoHyKInaa
N cofepXxaHnem NOABMXHOMO Kasvs U MarHua B noyse. [ns BeliHMKA Ha3eMHOro yCTaHOBNEHa OTpuLaTe/ibHas
KOPPEeNsLMOHHas CBA3b CPeAHEN Ch/bl MEXAY HAKOMIEHNEM PagUOHYKANAA U MOABMKHBIM KaIMEM.

Pe3ynbTaTbl HACTOALWMX HABOAEHUIA He NO3BOINAN 06HAPYXKMNTb CYLLLECTBEHHYHO CBA3b YENbHOM aKTUBHOCTY
13Cs B Haf3eMHbIX 4acTAX WUCCMef0BaHHbIX BMAOB PacTeHW C Ba/IOBbIMU MOKa3aTeNsiMy 3arpsisHeHUs MOYBbI
[AaHHbIM PafUOHYKIMAOM 1 C COLepXXaHUeM ero 61MofoCTYNHbIX POPM. BbINOMHEHHbIV aHaWM3 CBUAETENIbCTBYET,
4TO 4119 OCOKM He XapakTepeH K-3aBUCUMbIA MeXaHW3M PerynsiuMm KOpHeBOro MOCTYMIEHUS PagnoaKTUBHbIX
M30TOMOB Lie3usi, TOrAa Kak A/15 3/1aK0B AaHHbIA MeXaHU3M MacKMpYeTCs BIMSAHWEM BAAXHOCTU NoYBbl. COracHo
[23], cCHWXeHMe BNaXXHOCTM NOYBbI NPUBOAMT K AetnuynTy K+B prsochepe 3a CHET CHMKEHUSA CKOPOCTU Anthdy3nm
anemeHTa B noyse. M03TOMy MexaHU3M yCuaeHus HakonsieHns 13fCs npu gedmunTe BAarm B noYse MOXeT 6bITb
aHa/I0rMyYeH MexaHn3My, OTBETCTBEHHOMY 3@ YCWU/IEHUE HAKOMIEHMA PagnoHyKAnaa npu geduunte Kanms.

[ns OUEHKM COBMECTHOTO B/IMSHWUSA BMAXHOCTU MOYBbl (0ObEMHAs [0/8) U COAEpPXKaHWUs B Hel Kaams
(noaBwHbIA K20, Mr/Kr) Mbl 4ONYCTWAN BO3MOXHOCTb MCMO/b30BaHNS NPOM3BEAEHNS 3TUX ABYX MOKa3aTenei
B Ka4ecTBe napameTpa f/11 NporHo3a HakonneHus 13fCs B HaA3eMHbIX OpraHax 3/1aK0BbIX pacTeHui. Pe3ynbTathl
noKasa/iv, YTO AaHHbI/ MapameTp MMeeT 60/ee TECHYHO SKCMOHEHLMANbHYHO CBA3b C HAKOM/IEHWEM PaAVOHYKN-
[la pacTeHusMu (puc. 3, 6), Yem cofiepXKaHue B NoYBe MOABMXKHOIO Kanua (puc. 3, a). Cpefmn Bcex Mokasarenei
3arpsasHeHuns nousbl 131Cs, HanbObLUErO YYYLLEHNUS MOLENN YAaN0Ch OCTUYb 3a CHET BK/THOUEHMS B Hee cofep-
YXaHWsa pagnoHyKnnaa B nabunibHol (M3BNeKaemoli TeTpadeHnN60paToM HaTpusi) thopme (puc. 3, B).
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Puc. 3. 3aBUCUMOCTb yfieNlbHO aKTUBHOCTY 13/Cs B HaZ3eMHbIX OpraHax 3/1aKoBbIX pacTeEHWI 0T NOABVKHOIO Kanus (a),
npov3BeAeHNS COAEPXKaHUA NOABMXHOIO Kanus U 06beMHOI 01 BOAbl B NoyBe (6), OTHOLIEHUA KOHLEHTpauun nabunabHow
thopmbl 131Cs K NPOM3BEAEHNIO COAEPXKAHMS MOLBUXKHOIO Kains U 06BbeMHOI J0NW BOAbI B nouse (B):

1- MATAVK NyroBoii; 2 - Mbipeil MoN3yumii; 3 - BeHUK Ha3eMHbIN

Fig. 3. Dependence of 13TCs activity concentration in aboverground parts of cereal plants on mobile potassium (a), product of mobile
potassium and volumetric soil moisture (b), and ratio of labil 137Cs to product of mobile potassium and volumetric soil moisture (c):
1- P.pratensis; 2 - E. repens; 3 - C. epigejos
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Puc. 4. 3aBNCUMOCTb COAEPXKaHNSA Kans B Haf3eMHbIX OpraHax 3/1akoBbIX PacTEHUI OT coAepXaHms
MOABVKHOIO Kanus 1 Bfaru B noyse: 1- MATAWK NYroBoOR; 2 - Mblpeil NoN3yunii; 3 - BeHUK Ha3eMHbIi

Fig. 4. Dependence of potassium concentration in aboveground parts of cereal plants on mobile potassium and soil moisture:
1- P pratensis; 2 - E. ; 3- C. epigejos

MSATAMK NYroBoit N BeMHWK Ha3eMHbIi UMEKT efMHO06Pa3HY0 CBA3b MEeXAY HaKOM/AEeHMEeM paguoHyKnuaa
N aHanu3MpyeMbIMi napameTpamun. Peakuus nbipes Nonsyyero HeCKONbKO Apyrasi, YTo CBA3aHO C ero 6onee
BbICOKO NOTPEOHOCTbI0 B Kanum (CPegHas KOHLEHTpauus 3femeHTa B HaA3eMHbIX OpraHax AaHHoOro Bupa
paBHseTca 0,79 %, y BeiHMKa HAa3eMHOro 1 MATAKMKa nyrosoro - 0,50 n 0,57 % COOTBETCTBEHHO).

AHanu3 nonyyYeHHbIX AaHHbIX He BbISBUA 3aBUCMMOCTb HakomnneHus K Hafg3eMHbIMW OpraHamu pacTeHul
OT BNAXHOCTM NOuYBbl. BMmecTe C TeM MPOABNSAETCA TEHAEHUMA K YBE/NMYEHUIO KOHLEeHTpauum [aHHOro
MaKpO3/sieMeHTa B pacTeHUAX OT ero cofep>kaHus B noyse (puc. 4). Mpu 3TOM NONOXKUTE/NbHbIE OTK/IOHEHUSA OT
NNHUN TpeHa 6onee xapakTepHbl AN NNOLWaf0K C 601ee HU3KOW BNaXXHOCTbO. [aHHbIA pe3ynbTaT YKasbiBaeT
Ha cxofHoe ¢ 13Cs COBMECTHOE B/IMSIHWE COAep>KaHusA MOABUXHOIO Kanus 1 BOAbl B Mo4YBe Ha HakonneHue K
Haf3eMHbIMW OpraHamu 3/1aK0BbIX PaCTEHWIA.

HakonneHue 131Cs n K nweHunLeid SpoBoi Npu pasanyHoli BAaXKHOCTMW NOYBLI B MUKPOBEre TaLMOHHOM
onbiTe. [ NOATBEPXKAEHUS PO PEXMMA YBNAKHEHUS MOYBbI B U3MEHEHUU HakornneHus 13[Cs 31akoBbIMU
pacTeHuAMU Oblf1 3a/10)KEH MUKPOBEreTaLMOHHLIA onbIT. py oNTUManbHOM peXxume yBnaxkHeHus (70 % ot MB)
HakonneHve 13(Cs B HaA3eMHbIX OpraHax MieHnLbl APOBOI Ha 26-e CYTKM MOC/e NOSBMEHNS BCXO40B COCTaBUNO
76,2 + 28,0 bK/Kr, a Ha 33-1 CyTKM - yBennumnocb ao 133,1 + 39,1 bk/Kr (puc. 5). Mpu NOHWXEHHOM COAEPXXaHNM
Bnaru B nouse (40 % ot INB) HakonneHve pagMoHyKnuaa Ha 26-e CyTKu Bo3pacTaeT Ha 106 %. K 33-m cyTkam aTta
pasHuMLa HECKO/IbKO CHMXKaeTca 1 cocTasnseT 66,9 %.

[JonoNHWTEeNbHO B 3KCNEPUMEHT BKJIOYEH BapMaHT C WU3MEHAKOLWLEACA BNaXHOCTbO nouysbl: 40 %
oT MNB [0 26 cyT. nocne MNosBfieHUA BCXOLOB C pe3kum ysenuyeHuem fo 70 % ot B nocne. CpefHee
cofepxxaHue 13[Cs B HaA3eMHbIX OpraHax pacTeHW B 3TOM BapuaHTe KaK Ha 26-e CyTKMW, TakK 1 Ha 33-e
MMeeT NMPOMEXYTOUHbIE 3HAYEHUA Mex[y BapuaHTaMy C OMTUMAabHbIM W MOHMKEHHbIM COLEpPXaHMEM
Bnarv B nouse.

OueHka cogepxaHusi K B ICTOBOM annapate MLUeHWLbl SPOBOI MOKa3ana, YTo MOHWKEHHOE COAepKaHue
BNarn B noyese MPMBOAWUT K CYLLECTBEHHOMY YBENMYEHMIO HaKoOMneHWs 3Toro anemeHTta (¢ 3,09-4,64 % po
6,18-8,09 %). M3BecTHO, 4YTO Kanwii SBNSETCA OAHWM M3 OCHOBHbLIX OCMOMPOTEKTOPOB Y BbICLUMX pacTeHWUI
[24]. MoaToMy nNwieHnLa B OTBET Ha HEAOCTATOYHYIO BfaroobecnevyeHHOCTb aKTUBUPYET HaKoMNIeHne AaHHOro
KaTuoHa. MOCKO/bKY MCMOoMb3yeMblil B 3KCMepUMeHTe cybCTpaT cofepykan [OCTaTOUHO BbICOKME KOHLEHTpa-
Luy nogsmkHoro K20, To NPOUCXOANN0 MHTEHCUBHOE HAKOMNJ/IEHUE 3/1EMEHTA B HA/13eMHbIX OpraHax MiIeHnLbI.
Mimes BbICOKYHO aihMHHOCTb K Cs+, BbICOKOaththHHbIe nepeHocumku Kanus (HAK) Takxke o6ycnosunu n 6onee
BbICOKYH MHTEHCUBHOCTb HakonieHus 13Cs pacteHneM. B eCTeCTBEHHbIX TPaBAHUCTBIX CO0OLLeCTBaxX Ha (PoHe
JehmumnTa Kanusa B Moyse CHWKEHWe BnaroobecnevyeHHoCcTn akTnsnpyet HAK-NepeHoCUMKKN, YTO MOBbILLAET
WHTEHCMBHOCTbL nornoweHus 13Cs pacTeHNAMU, HO O 3aMETHOM YBE/MYEHUWN HaKOMeHUs K pacTeHUaMU yT-
BepXaTb Hefb3s.
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ala 6/b

Puc. 5. CogepxaHue 137Cs 1 K B HaA3eMHbIX OpraHax niueHuLbl Ap0BOiA B MUKPOBEreTaLOHHOM OMbITe C Pa3/IMyHbIMW YCNOBUAMMU
YBNAKHEHUA: * - pas3nyua Mexay sapuaHTamm OCTOBEPHbI Ha YpoHe 3HauMmocTu 0,05, ** - pasnnuma mexay BapmaHtamu
[OCTOBEPHbI Ha YPOBHE 3HaYMMOCTM 0,01; NS - TUNOTE3a O HANUUYUM PA3NNUNIA MEXY BapuaHTamMu He NoATBepXAeHa

Fig. 5. Accumulation of 131Cs and K in aboverground parts of spring wheat in the experiment with different soil moisture:
* - difference betwen options is significant on significance level 0.05, ** - difference betwen options is significant
on significance level 0.01; ns - difference betwen options is insignificant

3aKJ/IloYeHune

BbINONHEHHbIE HA OTAaNIEHHOM 3Tane pafnMoakTUBHbIX BbiNafeHWi HabNAeHUs B TPaBAHUCTLIX 3KOCUCTEMAX,
pacrnonoXeHHbIX B npefgenax 13-16 KM OT 4 3Hepro6noka YepHobbinbCckoit ASC, He MO3BOMWAW BbISBUTb
HerocpeLCTBEHHYIO CBA3b MeXY MoKasaTesIaMy BaSIOBOTO 3arpsa3HeHns noysbl 131Cs, a TakXKe ero cofep>kaHmem
B pacTBOPMMOMI, MOHOOBMEHHON 1 NabunbHOW (hopMax ¢ HaKoMnieHWeM pagvoHyKInaa Haf3eMHbIMU YacTAMM
pacTeHWUin Ha (hOHe LUMPOKOI BapnabenbHOCTU AaHHbIX MoKasaTeneil.

Cpean Komnnekca 3fauyecknx (HakTopoB Hambosnee TeCHYH CBA3b C YAeNbHOW aKTUBHOCTbIO 13(Cs
B HAZ3eMHbIX YaCTAX 3/1aK0BbIX PACTEHWNIA MeeT BNAXXHOCTb MOYBbI, @ TAKXKE NPOu3BeAeHVe 06BEMHOM 0NN BOAbI
B MOYBe 1 cofiep>kaHue B Held noaBmkHOro K.O. O6paTHbIN 3KCMOHEHLMabHbIA XapaKTep CBA3U 3TUX NapameTpoB
C HakonneHvem 13Cs onocpefoBaH K-3aBUCUMbIMU MexaHU3MaMu NOroweHns Cs pacTEHUSAMM U CHUXKEHVEM
apekTuBHON Andhy3nm K 13 NOYBEHHOrO pacTBopa K MOBEPXHOCTWM KOPHS MPU YMEHbLUEHWN BAAXKHOCTU
nousbl. CoaepxaHue 13fCs B nabunbHOM hopme ABNSETCA NOKa3aTe/ieM 3arpsisHeHNs, Hauboee TeCHO CBA3aHHbIM
C HaKoNJIeHVeM PaguUoHYKANAa pacTeHEM MPY yYeTe BAXKHOCTH NOYBbI U COAEPXKAHWSA B HEil LOCTYMHOro Kaus.

[ns ocokm TpACcYHKOBUAHON K -3aBUCMMbI MEXaHN3M perynsLmMmu KOPHEBOTO NOrNoLLeHns Cs He NOATBEPXKAEH.
HakonneHnue 13[Cs B HaA3eMHbIX 4acTAX JaHHOrO BMAa BO3pacTaeT Mpu BO3AEWCTBUM 3gadmueckux (pakTopos,
06YCNOBMMBAIOLLMX BbITECHEHNE PAAMOHYKIMAA B MOYBEHHbIV pacTBOP M3 pas3IMYHbIX Y4acTKOB ero copoumm
B TBEpAOM (hase NouBbI.

JKCNEepMMEHT B KOHTPOJSIMPYEMbIX YCNOBUSAX MOATBEPAUS CYLLECTBEHHOe YBenuyeHue HakonneHus 13Cs
3N1aKOBbIMW PacTeHUSMU MPU CHKEHUW BNaroobecnevyeHHOCTH, 06YCNOB/IEHHOE aKTMBaLMel nepeHocUnkos K
C BbICOKOI a)HHOCTBLIO KaK K 3TOMY 3/ieMeHTY, Tak 1 K Cs.
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BocnanuTtenbHble 3a60neBaHusA KuwwedHrka (B3K), K KoTopbiM 0THocATCsA 60ne3Hb KpoHa (BK) u sa3BeHHbIN konuT (AK),
NpeacTaBnsAloT 3HaUUTe/IbHblE AMArHOCTUYECKME U TepaneBTUYeCKMe CAOXKHOCTW. MatoreHe3 B3K BkoyaeT B ce6s1 Hanu-
Yme TaKMxX NaToreHHbIX )akTopoB, Kak aHOMaslbHasi MUKPOGIopa KULLEYHMKA, HapyLLeHVe perynsuum MMMYyHHOrO OTBETa,
N3MEHEHUS OKpY>KatoLleld cpefbl N BapuabenbHOCTb OMNpeAeieHHbIX FreHoB. HecMoTpsa Ha yeunus uccnegosarteneli B BbisiB-
NEHNM HOBbIX 3TUOMIOTMYECKUX (haKTOPOB, KOTOPble CBA3aHbl C (haKTopaMu OKpY>KatoLlei cpefbl, reHeTU4eCKMMU, MUKPO-
6M0NOrNYECKMMN U UMMYHHbIMUW peakumsaMm, NosiHoe NoHWMaHue naToreHesa B3K ocTaeTcs HesicHbIM. LINTOKUHBI nrparot
peLLaroLLyto ponb B natoreHese B3K, NOCKONbKY OHN KOHTPOAMPYIOT MHOXECTBO acneKTOB BOCNaIuUTe/IbHOW peakumn. Ponb
LMTOKMHOB, BblpabaTblBaeMbIX K/eTKaMn BPOXAEHHOI0 M afanTMBHOIO UMMYHUTETa, a Takke MX 3HadeHue Ans OygyLuiein
Tepanuun B3K ouyeHb BaxkHbl. Bnarogapsi BCECTOPOHHEMY aHa/IM3y NnTepaTypbl NOLYEPKMBAOTCSA BEXKHOCTb aHTUTeN NpoTuB
Saccharomyces cerevisiae (ASCA) 1 NepuHyKeapHble aHTUHENTPOGUIbHBbIE LuTonNasmaTnyeckune aHtutena (PANCA) ans
pasnnyenuns BK n AK, nporHo3vpoBaHus TeveHus 3a6oeBaHMSA U NPUHATAA PeLleHniA 0 fiedeHnM. HecMoTps Ha JOCTuWr-
HyTbIli Mporpecc, NOTPe6HOCTb B MapKepax C NOBbILLEHHOM CNeLMMUYHOCTBIO U YYBCTBUTE/IbHOCTBIO O4eBMAHA. B cTaTbe
paccmaTpmBaeTcss MMMYHONATOreHE3 1 PO/ib CEPOSIOrMYECKMX MapKepoB B fiedeHnmn B3K, obcyxxaaroTes TekyLume Npo6rembl
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M HameyarTca HanpaefeHus 6yAywmnx nccnefoaHmnii. O630p 3aBepLIaeTcs aKLLEHTOM Ha PONN MUKPOBMOThLI U LMTOKUHOB
B naToreHese B3K, noTeHlMane HoBbIX 6MOMApPKEPOB, NEPCOHANU3NPOBAHHOW MeAULIMHE U MHTETpaL UM NepeaoBbiX TeXHOO-
rMii AN ycoBepLIeHCTBOBAHMA MeTO0B NeveHuns B3K.

KntoueBble cnoBa: BocnanuTenbHble 3aboneBaHunsa knwevHmka (B3K), 6onesHb KpoHa (BK); A3BeHHbIn kKonuT (AK); um-
MyHOMaTOreHe3; MUKPO6GMOTA; LMTOKMHbBI; aHTUTeNa NpoTUB Saccharomyces cerevisiae; NepuHyKneapHble aHTUHEATPO(Ub-
Hble LMTONNA3MaTUYECKMe aHTUTeNa; 6uomMapKepbl.
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Inflammatory Bowel Diseases (IBDs), encompassing Crohn’s Disease (CD) and Ulcerative Colitis (UC), presents
significant diagnostic and therapeutic challenges. The pathogenesis of IBDs, including CD and UC, involves the presence
of pathogenic factors such as abnormal gut microbiota, immune response dysregulation, environmental changes, and
gene variants. Although many investigations have tried to identify novel pathogenic factors associated with IBDs that are
related to environmental, genetic, microbial, and immune response factors, a full understanding of IBDs pathogenesis is
unclear. Cytokines have a crucial role in the pathogenesis of IBDs, where they control multiple aspects of the inflammatory
response. Therole ofcytokines producedby innate and adaptive immune cells, aswell as theirrelevance to the future therapy of
IBDs are very important. Through a comprehensive analysis ofthe literature, we highlightthe importance of antibodies such
as Anti-Saccharomyces cerevisiae Antibodies (ASCA) and Perinuclear Anti-Neutrophil Cytoplasmic Antibodies (PANCA)
in distinguishing between CD and UC, predicting disease behavior, and guiding treatment decisions. Despite the progress,
the need for markers with improved specificity and sensitivity is evident. This review explores immunopathogenesis and the
role of serological markers in IBDs management, discusses current challenges, and anticipates future research directions.
The review concludes with an optimistic outlook on the role of microbiota and cytokine in pathogenesis of IBDs, potential
of novel biomarkers, personalized medicine, and the integration of advanced technologies to transform IBDs management.

Keywords: Inflammatory Bowel Diseases (IBDs); Crohn’s Disease (CD); Ulcerative Colitis (UC); Immunopathogenesis;
Microbiota; Cytokines; Anti-Saccharomyces cerevisiae Antibodies; Perinuclear Anti-Neutrophil Cytoplasmic Antibodies;
Biomarkers.

Introduction

The inflammatory bowel diseases (IBDs), represented mainly by ulcerative colitis (UC) and Crohn’s disease
(CD) but also including noninfectious inflammations of the bowel. IBD is thought to be the result of a disorder
in the immune system of genetically susceptible individuals. IBD has become a global disease, with the highest
prevalence in Westernized countries and the fastest growing incidence in newly industrialized countries [1].

In recent years, the focus of IBDs research has shifted towards. An ideal biomarker should be non-invasive,
sensitive, disease specific, easy to perform, and cost-effective [2]. To date, there isno ideal biomarkerthat possesses
all of the above qualities to accurately diagnose 1BDs, differentiate between IBDs subtypes, or monitor disease
activity. IBDs biomarkers have been found in colon tissue, blood, stool, urine and breath. Blood-based biomarkers
are non-invasive, can be easily obtained, are not susceptible to contamination, and are the most widely used.
Serological markers are mainly related to antimicrobial antibodies, antinuclear antibodies, and anticarbohydrate
antibodies [3; 4].

Despite the increasing number of treatment options for IBDs in recent years, the quality of life of patients
declines due to nonresponse to or loss of response to existing therapies. Thus, the understanding of the disease
etiology and the exploration of its pathogenesis can provide new insights into the treatment strategies for IBDs.
A large amount of evidence shows that IBDs are the result ofthe interaction of genetic/epigenetic, environmental,
immune and microbial aspects (Fig. 1). Large-scale genetic study provides important insights into the pathogenesis
of IBDs and highlights shared and unique genetic risk factors for CD and UC [5]. The common phenotypes of
UC and CD include chronic inflammation and immunoinflammatory dysregulation. Therefore, most ofthe current
studies on the pathogenesis of IBDs focus on the immune system, which may involve genetic factors, changes in
the gut microbiome, and immune response cells, including cytokines and immune cells.
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Fig. 1. Pathogenesis of inflammatory bowel disease

Here, we aim to review the immunological pathogenesis, diagnostic and serological markers of IBDs, with
a view to providing new ideas for the diagnosis and treatment of IBDs.

Background of Inflammatory Bowel Disease. IBDs is a group of intestinal disorders of unknown etiology
characterized by inflammation and caused by complex interactions between genetics, environmental factors, and
immune responses. Current paradigms for classifying patients with Crohn’s disease and ulcerative colitis classify
them as having mild, moderate, or severe active disease [6]. These classifications are most typically based on
a moment in time, with attributes describing recent disease symptoms and objective findings. This is very helpful
for tracking a patient’s disease course and clinical trials. However, it does not tell us about the severity of the
disease or the patient’s prognosis. Current assessments of disease activity would be more instructive if past disease
complications and surgeries were included, as they are undoubtedly powerful reflections of disease burden and
may influence future outcomes. A scoring system has been developed to assess the overall severity of disease [7].

Since 2011, the concept of precision medicine has become increasingly popular and attracted much attention.
Xin-Yu Liu discusses strategies for classifying IBDs patients and biomarkers for identifying these subgroups at
World J Gastroenterol 2023 January. Suggested application of multi-omics and artificial intelligence approaches
can facilitate precise management of IBDs patients [8]. In the study of Xin-Yu Liu, it was shown that ASCA
biomarkers and pANCA biomarkers in serum samples may be specific for the diagnosis of CD and UC (Table 1).

Table 1
Biomarkers of inflammatory bowel diseases
Sample Biomarker Outcome Characteristic

More aggressive fibro stenosing and

ASCA internal penetrating disease behaviors CD specificity
Serum pANCA UC disease activity UC specificity
G-CSF, IL-1Ra Endoscopically active disease -
Vitamin D Vitamin -
Higher sensitivity than
Monitor disease activity and mucosal CRP;
Feces FC . S . .
healing; early prediction of relapse risk confounding of

non-1BD gut inflammation

Note. ASCA: Anti-Saccharomyces cerevisiae antibody; CD: Crohn’s disease; CRP: C-reactive protein; FC: Fecal calprotectin; G-CSF:
Granulocyte colony-stimulating factor; IL-1Ra: Interleukin 1receptor antagonist; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

Pathogenesis of IBDs. IBDs is the result of a complex series of interactions between susceptibility genes,
the environment, and the immune system. Multiple components of the mucosal immune system are involved in
the pathogenesis of IBDs, including intestinal epithelial cells, innate lymphoid cells, cells of the innate immune
system (macrophages/monocytes, neutrophils, and dendritic cells), and the acquired immune system (T cells and
B cells), as well as their secretory mediators (cytokines and chemokines).
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Genetic IBDs risk factors. Over the past few years, genome-wide searches for IBDs susceptibility loci
have been very successful in identifying genes that contribute to disease susceptibility. In an initial screening
effort, two groups used positional cloning and candidate gene approaches to identify NOD2 (also designated
CARD15 and IBD1) as a CD susceptibility gene. Since then, several more susceptibility genes have been linked
to inflammatory bowel disease and confirmed by replication: IBD5, IL23R, and ATG16L1. The identified genetic
variants associated with CD risk demonstrate the importance of innate immunity, autophagy, and phagocytosis in
the pathogenesis of CD. In particular, some genes associated with CD (IL23R, PTPN2) are also associated with
other autoimmune diseases, suggesting that a subset of CD patients share common triggers with these diseases.
Additionally, multiple disease-associated intergenic segments have been identified and replicated in genome-
wide association studies [9]. These intergenic regions hint at novel genes and pathways - possibly including
genes expressed within these regions and others that are remotely regulated to alter disease phenotypes. Further
understanding of regulatory elements and gene-gene interactions within non-coding genomic regions will lead
to a better understanding of the underlying mechanisms leading to disease. Genome-wide association studies
(GWASs) have identified approximately 240 genetic loci associated with IBDs susceptibility [10]. Some studies
use genetic profiling of blood samples to identify gene panels that may help differentiate IBDs from healthy
controls [11], active from inactive CD [12], and CD from UC [13]. A different gene panel was also found in
peripheral blood samples from pediatric IBDs patients in clinical remission compared with healthy controls.
Other studies performed gene expression analysis on mucosal biopsies from IBDs patients, and identified distinct
gene panels for IBDs versus healthy controls [14] and UC versus healthy controls. The use of genetics to identify
loci associated with IBDs can potentially define causal disease mechanisms, which could, in turn, advance the
biomarker discovery process.

Gut microbiota and IBDs. Bacteria associated with IBDs include Escherichia coli, bacillus fragile,
ruminococcus, prevotella and rosetta. E. coli is a Gram-negative facultative anaerobic bacterium that is a normal
inhabitant of the human gut. The bacteria found to be associated with IBDs include Escherichia coli, Bacteroides
fragilis, Ruminococcus gnavus, Faecalibacterium prausnitzii, and Roseburia (Fig. 2). The gut microbiota
of patients with IBDs showed an increased number of adhesive invasive Escherichia coli (AIEC) [15]. It can
adhere to and pass through the intestinal mucosa of patients with IBDs, induce inflammation, and increase the
permeability of the intestinal epithelium. After AIEC is engulfed by macrophages, it can survive and replicate,
leading to the secretion oftumor necrosis factor (TNF), which leads to inflammation [16]. Bacteroidesfragilis is
an opportunistic pathogen with proinflammatory properties and is closely related to the development of IBDs. It
can express zinc-dependent metalloproteinase called Bacillusfragilis toxin (BFT) [17].

BFT can affect WNT, NF-kB, STAT3 and MAPK signaling pathways, leading to the production of pro-
inflammatory mediators. And it can activate STAT3 transcription factor, increasing Th17 and T regulatory cells
(Treg), promoting the increase ofmucosal permeability [19]. BFT can also induce the production ofreactive oxygen
species (ROS) and DNA damage by inducing the expression of spermine oxidase in colon cells. Ruminococcus
gnavus is also associated with IBD. A. B. Hall, etal. found that in patients with severe CD, the content ofR. navus
is very high. R. navus can produce glucorhamnanol, and then induce dendritic cells (DC) to secrete inflammatory
cytokines, such as TNF-a [20; 21]. Faecalibacteriumprausnitzii is one ofthe mostimportantbutyric acid-producing
bacteria found in the gastrointestinal tract and has played an important role in the prognosis of IBDs patients [22].
F. prausnitzii mediates anti-inflammatory effects by inhibiting the NF-kB pathway in intestinal epithelial cells
and producing butyrate, which maintains Th17/Treg cell balanceln addition, F prausnitzii also stimulates the
production of anti-inflammatory cytokines (such as IL-10) and inhibits the production of inflammatory cytokines
(such as IL-12 and interferon-y), to affecting the balance of inflammatory response and immunosuppression [23].
Candida albicans is a disease-causing fungus, and studies have reported increased numbers of Candida in IBDs
patients, with the same results in animal models. There is growing evidence that Candida albicans can enhance
inflammation by increasing the production of IL-17 and IL-23, leading to an increase in IBDs [24; 25].

IBDs-related immune cell andcytokines/chemokines. Immune cells secrete products that are actively involved
in the initiation and preservation of inflammation, leading to gut tissue damage. In IBDs patients, colonic lesions
show excessive immune cell infiltration and tissue devastation. Many cytokines and chemokines are associated
with IBDs development [26].

In experimental colitis and IBDs, IL-6 production by lamina propria macrophages and CD4+T cells is
increased. In particular, CD14+CD33+CD68+CD163I°myeloid cells that express some macrophage-associated
and DC-associated markers were found to produce high amounts of IL-6 and IL-23. IL-6 binds to soluble
IL-6R (sIL-6R), and the complex activates intestinal target cells by binding to gp 130 surface molecules.
Therefore, IL-6 can exert its pro-inflammatory function by activating multiple target cells, including APC
and T cells. In addition, IL-6 may also play a role in homeostasis by stimulating the proliferation and
expansion of intestinal epithelial cells (IEC).
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Fig. 2. Microbes involved in inflammatory bowel disease and their molecular mechanisms

Note. Figure created with BioRender: B. fragilis, Bacteroidesfragilis; E.faecium, Enterococcusfaecium; E. coli, Escherichia coli;
F. nucleatum, Fusobacterium nucleatum; F prausnitzii, Faecalibacterium prausnitzii; M. stadtmanae, Methanosphaera stadtmanae;
R. gnavus, Ruminococcus gnavus; TLR4, Toll-like receptor 4; BFT, B.fragilis toxin; TNF, tumor necrosis factor; ETBF, enterotoxigenic
B. fragilis; AhR, aryl hydrocarbon receptor; IL, interleukin; PLC, phospholipase C; DAG, diacylglycerol; PKC, protein kinase C [18]

ILCs (intraepithelial lymphoid cells) are a recently discovered group of cells that control innate immunity
at mucosal surfaces. These cells are now recognized as an important source of IFNy and of IL-23-inducible
pro-inflammatory cytokines, such as IL-17A and IL-17F, which mediate experimental innate immune-mediated
colitis. In addition to IFNy and IL-17, IL-22 is produced by mucosal ILCs via signaling events that involve the
tyrosine-protein kinase LYN [27]. Moreover, IL-22 is produced by neutrophils, DCs, y5 T cells and effector aP
T cells in experimental colitis. IL-22 induces the production of antimicrobial peptides, such as defensins and
regenerating islet-derived (REG) proteins, by IECs and thus influences the colitogenic potential of the microbiota
and also affects intestinal barrier function. The functional relevance of IL-22 was shown by the finding that the
administration ofrecombinant IL-22 protected mice from DSS-induced or trinitrobenzene sulphonic acid (TNBS)-
induced colitis [28]. However, the pro-inflammatory effects of IL-22 were recently noted in innate immune-
mediated colitis, which suggests that IL-22 may have multifaceted roles in mucosal inflammation.

T cells are implicated in the pathogenesis of IBDs because of the large number of T cells detected in the
inflamed intestinal wall, the secretion of large amounts of T-cell-derived pro-inflammatory cytokines, and the
need for T cells in various animal models of chronic intestinal inflammation. Interestingly, laminae propria T cells
in IBDs respond poorly to T cell receptor stimulation and therefore rely heavily on costimulatory factors such
as IL-6 and TNF signaling to prevent apoptosis. T / cells are present in the intestinal lamina propria of patients
with CD, and T-bet and STAT4 are key factors regulating Thlcell differentiation. STAT4 defects in T cells protect
mice from experimentally induced colitis, while overexpression of STAT4 exacerbates colitis. In contrast to the
lamina T cells in CD, lamina propria T cells from patients with ulcerative colitis produce the Th2 cytokines IL-5
and IL-13 and express the TH2-associated transcription factor GATA binding protein 3 (GATA3) [29]. Studies
have shown that ulcerative colitis is associated with the presence of non-classical natural killer T (NKT) cells that
have an atypical cytokine response and can secrete Th2 cell-associated cytokines such as IL-13. IL-13 promotes
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fibrosis and causes changes in IEC tightjunction function and apoptosis, leading to mucosal ulceration. There are
studies have shown that there is increased production of Th17 cell-associated cytokines, suchas IL-17A and IL-17F,
by lamina propria T cells in both CD and UC [30]. Functionally, TH17-type cytokines, such as IL-17 and IL-21,
were found to mediate pro-inflammatory functions including the upregulation of TNF, IL-1P, IL-6 and IL-8, the
recruitment of neutrophils and the secretion of matrix metalloproteinases by intestinal fibroblasts, which suggested
that TH17-type cytokines may induce tissue destruction in IBD. Consistent with this, the increased expression ofthe
Thl7 cell-associated cytokine IL-26 has been noted in patients with Crohn’s disease and this cytokine augmented
pro-inflammatory cytokine production. Th17 cells may also produce anti-inflammatory cytokines, such as I1L-22,
that control epithelial cell proliferation, wound healing and the production of antimicrobial proteins - such as
defensins, mucins, and REG3P and REG3y proteins by via STAT3 activation [31].

Studies using tissue from patients with IBDs and animal models of IBDs have identified cytokines as potential
new targets for the therapy of intestinal inflammation. Relevant targets include pro-inflammatory cytokines, such
as IL-6, IL-12, IL-23 and IL-21, as well as anti-inflammatory cytokines, such as IL-10 and transforming growth
factor-P [32] (Fig. 3).

CD103* DC

Fig. 3. Cytokines in inflammatory bowel disease [32]

The imbalance between pro-inflammatory and anti-inflammatory cytokines that occurs in IBDs impedes the
resolution of inflammation and instead leads to disease perpetuation and tissue destruction.

Serological Profile ofAntibodies in IBDs. In recent years, many studies have shown that fecal and serum
biomarkers can be used in the diagnosis and treatment of inflammatory bowel disease. Doctors can treat patients
with blood tests, radiology and endoscopy, and other tests. These diagnostic tests can be used to identify patients
with IBD, determine prognosis, assess disease activity, and determine optimal treatment strategies.

A multitude of fecal markers can potentially be used to determine the likelihood that a patient has IBDs
[33; 34]. In studies using a fecal calprotectin threshold concentration of 50 pg/g, the estimated sensitivity and
specificity values for identifying IBD patients compared with non-1BDs patients were 89 and 81 %, respectively;
in studies using a fecal calprotectin threshold concentration. In the 100 pg/g study, these values were 98 and
91 %, respectively. However, these estimates come from a combination of different studies rather than testing
at different threshold levels in a single study. Lactoferrin is an iron-binding protein found in neutrophil granules
and serum and secreted by the mucosa. It is resistant to degradation and proteolysis (although not as well as
calprotectin), making it a useful marker of intestinal inflammation. Gisbert, et al. compiled data from multiple
studies and 1001 patients. The lactoferrin test is estimated to have an average sensitivity of 80 % and specificity
of 82 % in identifying patients with IBDs. Most but not all studies reported similar performance for calprotectin
and lactoferrin tests [35].

Blood-based biomarkers may be superior to stool-based tests for several reasons. C-reactive protein (CRP) is
one of several acute-phase proteins increased in the serum of patients with acute-phase IBDs. Studies dating back
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decades found that nearly 100 % of patients with CD and approximately 50% of patients with UC have elevated
CRP levels. The reason why patients with CD have higher rates of elevated CRP levels compared with UC is
unclear. Furthermore, many patients with established CD do not have elevated CRP levels despite evidence of
active disease, so these studies may have overestimated the sensitivity of this test in detecting CD [36].

Previous studies have found that the detection of several specific antibodies against well-defined antigens is
a serologic signature of IBDs patients. Serological antibodies, including autoantibodies and microbial antibodies,
arise as a result of excessive autoimmune responses, intestinal barrier damage, and loss of immune tolerance
to bacterial antigens [37]. These antibodies have been shown to be useful biomarkers for the diagnosis and
classification of IBDs. In recent years, some serological antibodies have been found to have clinical value in
predicting disease activity or treatment response. These new findings will also be reviewed in this section.

Various serological tests have been used to try to improve the diagnosis of IBDs and differentiate between
CD and UC, such as perinuclear antineutrophil cytoplasmic antibodies (pANCA) and anti-Saccharomyces
cerevisiae antibodies (ASCA) tests. Perinuclear antineutrophil cytoplasmic antibodies (p)ANCA) are antibodies
that react with lysosomal enzymes in the cytoplasm of neutrophils and monocytes. Serum pANCA has been
extensively studied and is considered to be UC specific and thus can differentiate between UC and CD. Although
pANCA is currently relatively consistent in UC patients, p ANCA titers in UC patients vary with disease activity
(Table 2) [38]. However, the sensitivity of p ANCA in the evaluation of patients with suspected UC is rather
low [39]. pANCA was significantly increased in UC patients and CD patients with «UC-like» features. Nearly
25 % of CD patients with left-sided colitis have symptoms similar to UC and elevated pANCA levels through
endoscopic or histopathological examination, which limits the application of pANCA in IBD subclassification.
Neutrophil protease 3 (PR3) autoantibodies, one of ANCA, may be a useful serological marker to differentiate
IBDs subgroups. The positive rate of PR3-ANCA in UC patients is 15-40 %, and the positive rate of PR3-ANCA
in CD patients is 0-10 % [40].

Table 2

Serological markers in inflammatory bowel diseases

Biomarker Association
DANCA IBD subclassification (UC-specificity), lower response rate to
IFX therapy
ASCA I!SD subcla_ssificatiop (Cp-specificity), ea_rly di.sease onset, _
fibrostenosing behavior, internal-penetrating disease behavior
) ) Anti-GP2 IBD subclassification (CD patients with ileum involvement)
Antibodies Anti-CUZD1 CD patients with structuring behavior
Anti-CHI3L1 IBD subclassification (CD patients)
Anti-GM-CSF !BD subclassification (CD patients), aggressive disease, ileal
involvement
Anti-ACA Diagnostic potential
CRP Surv_eil_lance_ofdisease activity, indicator of active disease,
predicting clinical response
LL-37 Sur_veillance of disease activity, stricture disease in CD
patients
TFF3 Surveillance of disease activity
Cytokines IL-tp, IL-6, IL-8, IL-9, IFN-y, TNF, Pred_iction ofthe response to biologics therapy and mucosal
CCL2, IL-22 healing
IL-2, IL-6 Disease relapse

Note. IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; pANCA, perinuclear anti-neutrophil cytoplasmic
antibodies; ASCA, anti-Saccharomyces cerevisiae antibodies; anti-GP2, anti-glycoprotein 2 pancreatic antibodies; CUZD1, CUB and zona
pellucida-like domains 1; anti-CHI3L1, anti-chitinase-3-like protein 1; anti-ACA, anti-cardiolipin; TFF3, trefoil factor 3; IL, interleukin;
IFN-y, interferon-y; TNF, tumor necrosis factor

Serological markers in UC. Many serological markers have been tested for potential correlation with UC
disease outcomes. These include perinuclear antineutrophil cytoplasmic antibodies (pANCA), which are
considered to be associated with a moderate prognosis for frequent relapses and a more severe course. In contrast,
interleukin (IL) 1p, IL6, IL15, and serum inflammatory marker c-reactive protein (CRP) have no correlation with
prognosis. Subsequent studies challenged this assumption and showed that pANCA was not a reliable predictor
of overall disease outcome[7]], although high levels of pANCA seemed to indicate the development of chronic
pouchitis after ileal pouch-anal anastomosis in postcolectomy patients. There are similar reports of elevated serum
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anti-flagellin antibodies (anti-CBirl) [41]. Furthermore, serum granulocyte macrophage colony-stimulating factor
autoantibody (GM-CSF Ab) may be a promising candidate for early identification of CD and UC patients at risk
of disease recurrence [42]. Mucosal TNF-alpha expression combined with histological disease activity scores at
the point of diagnosis have been reported to be predictive of a severe outcome in UC with a positive and negative
predicate values of 0.89 and 0.87 respectively [43]. However, such parameters are very difficult to implement in
routine clinical practice and results are still pending validation in larger, independent patient cohorts.

Serological markers in CD. Over the last decades, several attempts have been made to identify serological
markers prognostic of more aggressive phenotypes. Among those one ofthe most promising have been antibodies
against Saccharomyces cerevisiae antibody (ASCA) [44]. Since then, several studies have shown ASCA to be
associated with a more complicated disease course (albeit definition of ‘complicated’ varies as outlined above).
Anti-Saccharomyces cerevisiae antibodies (ASCA) are antibodies to the mannan protein of S. cerevisiae, which
have high specificity but low sensitivity in identifying CD owing to a genetic susceptibility of CD patients.
The expression of ASCA is relatively low in patients with isolated colonic CD [45]. Moreover, it should be
noted that the expression of ASCA varies in different ethnic populations: the prevalence and titers of ASCA are
significantly lower in Asian CD patients than Caucasian CD patients [46]. Another field entirely and by definition
not a serological marker is the characterization ofthe microbiome in IBDs patients for disease prognosis. Whereas
data is still rare compared to genomic, epigenomic, transcriptomic, proteomic, and metabolomic data, first results
seem to be promising. In a recent study on 143 patients for example IBD phenotype and the risk of surgery could
be predicted on the basis of 16S and 18S rRNA sequencing data [47].

Otherfunctions of biomarkers. In patients with UC or CD, mucosal healing in response to medical therapy
correlates with a less severe future course of disease. There is potential to use biomarkers to assess mucosal
healing following medical therapy or surgery and to predict the likelihood of relapse.

Roseth, et. al. demonstrated that patients with CD or UC who had remission following medical therapy had
large reductions in levels of fecal calprotectin, (to below 50 pg/g) [48]. Several additional studies have shown
similar results in response to therapy. Sipponen et al. performed one study of patients treated with anti-tumor
necrosis factor (TNF) agents and another study of patients treated with other therapies. Among 5 patients that
had mucosal healing after treatment with reagents other than anti-TNF agents, 4 (80 %) also had normalized
levels of fecal calprotectin and lactoferrin. Among 9 patients with no mucosal improvement after therapy, 8
(89 %) had increased levels of calprotectin and 6 (67 %) had increased levels of lactoferrin [49]. Eleven patients
that responded to anti-TNF therapy (based on endoscopic appearance), had significant decreases in levels of
fecal calprotectin and lactoferrin, whereas 3 non-responders did not have decreased levels ofthese markers [50].
Despite the consistency of these results, the studies were limited by small sample sizes and an inability to define
an optimal cut point for predicting mucosal healing. However, within the range of cut points tested, there does not
appear to be a difference between tests for calprotectin and lactoferrin in determining treatment response.

There are limited data regarding the use ofbiomarkers to assess CD recurrence following ileocolonic resection;
and the results for fecal biomarkers demonstrated only modest sensitivity and specificity. A possible explanation
for these observations is that the initial, asymptomatic recurrence of CD results in limited mucosal injury. This
small amount of injury, particularly to the ileum, is not likely to increase biomarkers to levels that can be detected
in fecal samples.

Existing and emerging serum markers have been studied extensively in IBDs, thus providing valuable
information into the prediction of disease course. Different kinds of antibodies against microbial components,
neutrophils, and exocrine pancreas such as anti-Saccharomyces cerevisiae (ASCA), anti-outer membrane protein
C (anti-OmpC), anti-neutrophil cytoplasmic antibodies (ANCA) and anti-glycoprotein 2 (anti-GP2) have been
found in the serum of IBD patients. They are more likely to be detected in IBD patients in comparison with
healthy controls, suggesting a possibility of differentiating IBD and controls by them [51]. One of the major
goals oftreatment for CD is to prevent complications such as perforation and formation of abscesses, fistulas and
strictures. Biomarkers might be used to identify patients who are at high risk for a complicated disease course.
Approximately 50 % ofthe patients with CD would be expected to have a relatively uncomplicated course during
a period of 10-20 years and might be candidates for less aggressive therapy, whereas the remaining 50 % would
be candidates for more aggressive therapy. The challenge is to identify these populations before the complications
have occurred and to find therapies that can effectively prevent these complications.

Biomarkers might also be developed to identify patients that are likely to experience disease recurrence after
treatment. Several studies have shown that in patients with quiescent disease, increased concentrations of fecal
calprotectin predict disease relapse within 12 months, particularly in patients with UC [52]. Early studies reported
that increased concentrations of fecal calprotectin identified patients that underwent relapse within 12 months
with approximately 90 % sensitivity and 82 % specificity [53]. Costa, et al. reported that increased levels of fecal
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calprotectin had a positive-predictive value of 81 % and a negative-predictive value of 90 % for relapse of UC; in
patients with CD, the positive predictive value was 87 % and the negative-predictive value was 43 %.

In addition to predicting disease relapse, biomarkers might be used to predict response to therapy. For example,
ASCA, pANCA and other antibodies have also been tested for their association with responses to specific
therapies. Taylor et al. demonstrated a lower response rate among patients with CD treated with infliximab who
had positive results from a test for pANCA [54]. Most recently, in a study of children with either CD or UC,
presence of a positive test for pANCA was again associated with a lower likelihood of responding to infliximab.
Results of tests for anti-12, but not ASCA, pANCA, or OmpC, were associated with response to fecal diversion
(94% response among patients with anti-12 antibodies vs. 18 % response among those without anti-12 antibodies).

Medical therapy does play a critical role in the treatment of patients with IBDs, and biological drugs such
as infliximab, adalimumab, vedolizumab and ustekinumab targeting different signaling pathways have brought
a revolutionary influence on the treatment of IBDs. To achieve the goal of precision treatment, studies regarding
new therapeutic agents, optimal therapeutic targets, different disease patterns, and patients’choices are in desperate
need. With the increasing understanding ofthe pathogenesis of IBDs, new pathophysiology has been found. What’s
more, considering different healthcare systems and financial structures around the world, more multidimensional
prediction and monitoring tools integrating multi-omics data should be developed. Thus, an interdisciplinary
collaboration between medical scientists, bioinformaticians, economists and manufacturers is encouraged. By
achieving these endeavors, we are getting closer and closer to the goal of precision medicine in IBDs.

Conclusion

IBDs encompassed a variety of phenotypes that affect individuals to varying degrees. Differences in gut microbiota
composition between IBDs patients and healthy individuals have been found, with reduced biodiversity of commensal
microbes and colonization of opportunistic microbes in IBDs patients. Beyond innate immunity, adaptive immunity
also has a direct role in the pathogenesis of IBDs. An overwhelming number of effector cells, such as Th17 cells and
ILCs, induce self-destructive immunity; therefore, a cure for IBDs would involve understanding how immunological
balance is controlled. Because correct IBDs management is important for disease prognosis, non-invasive serum
biomarkers have been extensively investigated to discover new features for disease diagnosis, subclassification, and
disease prognosis. Markers useful for monitoring disease activity and predicting treatment outcome and complications.
Despite extensive research, current IBDs biomarkers are far from ideal. Since individual biomarkers lack specificity
or sensitivity, the combination of different biomarkers can improve the validity of assessing disease course. On the
other hand, future directions in IBDs management may rely heavily on the development of multi-omics analyses. A
large number of data processing workflows require the help of artificial intelligence. Further research is needed to
identify new biomarkers with lower cost and better availability. Attention should be paid to predicting complications
before disease progression and assessing the risk of readmission and postoperative recurrence. Ofnote, methods for
identifying new biomarkers and clinical trial endpoints should be rigorous and standardized. Assessment of disease
activity and treatment response needs to be objective. Newly discovered markers should be confirmed in multicenter
international collaborations before being used in clinical practice.

References

1 Bunker JJ, Flynn TM, Koval JC, Shaw DG, Meisel M, McDonald BD, Ishizuka IE, Dent AL, Wilson PC, Jabri B, Antonopou-
los DA, Bendelac A. Innate and Adaptive Humoral Responses Coat Distinct Commensal Bacteria with Immunoglobulin A. Immunity.
2015;43:541-553. DOI:10.1016/j.immuni.2015.08.007.

2. Vermeire S, Van Assche G, Rutgeerts P. Laboratory markers in IBD: useful, magic, or unnecessary toys? Gut. 2006;55:426-431.
DOI:10.1136/gut.2005.069476.

3. Torres J, Bonovas S, Doherty G, Kucharzik T, Gisbert JP, Raine T, Adamina M, Armuzzi A, Bachmann O, Bager P, etal. ECCO Guidelines
on Therapeutics in Crohn’s Disease: Medical Treatment. Journal o fCrohns & Colitis. 2020;14(1):4-22. DOI:10.1093/ecco-jcc/jjz180.

4. Gisbert JP, Chaparro M. Clinical Usefulness of Proteomics in Inflammatory Bowel Disease: A Comprehensive Review. Journal
ofCrohn$ & Colitis. 2019;13(3):374-384. DOI:10.1093/ecco-jcc/jjy158.

5. Nakov R, Velikova T, Nakov V, laniro G, Gerova V, Tankova L. Serum trefoil factor 3 predicts disease activity in patients
with ulcerative colitis. European Review for Medical and Pharmacological Sciences. 2019;23(2):788-794. DOI:10.26355/
eurrev_201901_16893.

6. Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson LB, Sands BE. ACG Clinical Guideline: Management of Crohn’s
Disease in Adults. The American Journal ofGastroenterology. 2018;113(4):481-517. DOI:10.1038/ajg.2018.27.

7. Rubin DT, Ananthakrishnan AN, Siegel CA, Sauer BG, Long MD. ACG Clinical Guideline: Ulcerative Colitis in Adults. The
American Journal o fGastroenterology. 2019;114(3):384-413. DOI:10.14309/ajg.0000000000000152.

8. Huang JY, Lee SM, Mazmanian SK. The human commensal Bacteroides fragilis binds intestinal mucin. Anaerobe. 2011;17(4):137-
141. DOI:10.1016/j.anaerobe.2011.05.017.

9. Hampe J, Franke A, Rosenstiel P, Till A, Teuber M, Huse K, Albrecht M, Mayr G, De La Vega FM, Briggs J, et al. A genome-
wide association scan of nonsynonymous SNPs identifies a susceptibility variant for Crohn disease in ATG16L1. Nature Genetics
2007;39(2):207-211. DOI:10.1038/ng1954.

76



MeaunumHcKas 3Konorus
Medical Ecology

10. de Lange KM, Moutsianas L, Lee JC, Lamb CA, Luo Y, Kennedy NA, Jostins L, Rice DL, Gutierrez-Achury J, Ji SG, Heap G,
et al. Genome-wide association study implicates immune activation of multiple integrin genes in inflammatory bowel disease. Nature
genetics 2017;49(2):256-261. DOI:10.1038/ng.3760.

11. Mesko B, Poliska S, Szegedi A, Szekanecz Z, Palatka K, Papp M, Nagy L. Peripheral blood gene expression patterns discriminate
among chronic inflammatory diseases and healthy controls and identify novel targets. BMC Medical genomics. 2010:3(15):1-13.
DOI:10.1186/1755-8794-3-15.

12. Burakoff R, Hande S, Ma J, Banks PA, Friedman S, Makrauer F, Liew CC. Differential Regulation of Peripheral Leukocyte
Genes in Patients with Active Crohn’s Disease and Crohn’s Disease in Remission. Journal o fclinical gastroenterology. 2010;44(2):120-
126. DOI1:10.1097/MCG.0b013e3181a9ef53.

13. Burakoff R, Pabby V, Onyewadume L, Odze R, Adackapara C, Wang W, Friedman S, Hamilton M, Korzenik J, Levine J, et
al. Blood-based Biomarkers Used to Predict Disease Activity in Crohn’s Disease and Ulcerative Colitis. Inflammatory Bowel Diseases.
2015;21(5):1132-1140. DOI:10.1097/M1B.0000000000000340.

14. van Lierop PP, Swagemakers SM, de Bie Cl, Middendorp S, van Baarlen P, Samsom JN, van ljcken WF, Escher JC, van der Spek
PJ, Nieuwenhuis EE. Gene Expression Analysis of Peripheral Cells for Subclassification of Pediatric Inflammatory Bowel Disease in
Remission. PLoS ONE. 2013;8(11):1-8. DOI:10.1371/journal.pone.0079549.

15. Palmela C, Chevarin C, Xu Z, Torres J, Sevrin G, Hirten R, Barnich N, Ng SC, Colombel JF. Adherent-invasive Escherichia coli
in inflammatory bowel disease. Gut. 2018;67(3):574-587. DOI:10.1136/gutjnl-2017-314903.

16. Chervy M, Barnich N, Denizot J. Adherent-Invasive E. coli: Update on the Lifestyle of a Troublemaker in Crohn’s Disease.
International Journal o fMolecular Sciences. 2020;21(10):1-34. DOI:10.3390/ijms21103734.

17. Boleij A, Hechenbleikner EM, Goodwin AC, Badani R, Stein EM, Lazarev MG, Ellis B, Carroll KC, Albesiano E, Wick EC, Platz
EA, Pardoll DM, Sears CL. The Bacteroides fragilis toxin gene is prevalent in the colon mucosa of colorectal cancer patients. Clinical
Infectious Diseases : an Official Publication ofthe Infectious Diseases Society o fAmerica. 2015;60(2):208-215. DOI:10.1093/cid/ciu787.

18. Pandey H, Jain D, Tang DWT, Wong SH, Lal D. Gut microbiota in pathophysiology, diagnosis, and therapeutics of inflammatory
bowel disease. Intestinal research. 2024;22(1):15-43. DOI:10.5217/ir.2023.00080.

19. Chung L, Thiele Orberg E, Geis aL, Chan JL, Fu K, DeStefano Shields CE, Dejea CM, Fathi P, Chen J, Finard BB, Tam AJ,
McAllister F, Fan H, Wu X, et al. Bacteroides fragilis Toxin Coordinates a Pro-carcinogenic Inflammatory Cascade via Targeting of
Colonic Epithelial Cells. CellHostMicrobe. 2018;23(2):203-214. DOI:10.1016/j.chom.2018.01.007.

20. Henke MT, Kenny DJ, Cassilly CD, Vlamakis H, Xavier RJ, Clardy J. Ruminococcus gnavus, a member of the human gut
microbiome associated with Crohn’s disease, produces an inflammatory polysaccharide. Proceedings of the National Academy of
Sciences ofthe United States o fAmerica. 2019;116(26):12672-12677. DOI:10.1073/pnas.1904099116.

21. Hall AB, Yassour M, Sauk J, Garner A, Jiang X, Arthur T, Lagoudas GK, Vatanen T, Fornelos N, Wilson R, Bertha M, Cohen
M, Garber J, Khalili H, Gevers D, et al. A novel Ruminococcus gnavus clade enriched in inflammatory bowel disease patients. Genome
Medicine. 2017;9(1):103. DOI:10.1186/s13073-017-0490-5.

22. Pittayanon R, Lau JT, Leontiadis GI, Tse F, Yuan Y, Surette M, Moayyedi P. Differences in Gut Microbiota in Patients
With vs Without Inflammatory Bowel Diseases: A Systematic Review. Gastroenterology. 2020;158(4):930-946. DOI:10.1053/j.
gastro.2019.11.294.

23. Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermudez-Humaran LG, Gratadoux JJ, Blugeon S, Bridonneau C, Furet JP,
Corthier G, Grangette C, Vasquez N, et al. Faecalibacterium prausnitzii is an anti-inflammatory commensal bacterium identified by
gut microbiota analysis of Crohn disease patients. Proceedings o f the National Academy ofSciences ofthe United States ofAmerica.
2008;105(43):16731-16736. DOI:10.1073/pnas.0804812105.

24. Saunus JM, Wagner SA, Matias MA, Hu Y, Zaini ZM, Farah CS. Early activation ofthe interleukin-23-17 axis in a murine model
of oropharyngeal candidiasis. Molecular Oral Microbiology. 2010;25(5):343-356. DOI:10.1111/j.2041-1014.2010.00570.x.

25. Conti HR, Shen F, Nayyar N, Stocum E, Sun JN, Lindemann MJ, Ho AW, Hai JH, Yu JJ, Jung JW, Filler SG, Masso-Welch
P, Edgerton M, Gaffen SL. Th17 cells and IL-17 receptor signaling are essential for mucosal host defense against oral candidiasis. The
Journal o fExperimental Medicine. 2009;206(2):299-311. DOI:10.1084/jem.20081463.

26. Lee SH, Kwon JE, Cho ML. Immunological pathogenesis of inflammatory bowel disease. Intestinal Research. 2018;16(1):26-
42. DOI:10.5217/ir.2018.16.1.26.

27. Bishop JL, Roberts ME, Beer JL, Huang M, Chehal MK, Fan X, Fouser LA, MaHL, Bacani JT, Harder KW. Lyn activity protects
mice from DSS colitis and regulates the production of IL-22 from innate lymphoid cells. Mucosal Immunology. 2014;7(2):405-416.
DOI:10.1038/mi.2013.60.

28. Zindl CL, Lai JF, Lee YK, Maynard CL, Harbour SN, Ouyang W, Chaplin DD, Weaver CT. IL-22-producing neutrophils
contribute to antimicrobial defense and restitution of colonic epithelial integrity during colitis. Proceedings o fthe National Academy of
Sciences ofthe United States o fAmerica. 2013;110(31):12768-12773. DOI:10.1073/pnas.1300318110.

29. Heller F, Florian P, Bojarski C, Richter J, Christ M, Hillenbrand B, Mankertz J, Gitter AH, Burgel N, Fromm M, Zeitz M, Fuss
I, Strober W, Schulzke JD. Interleukin-13 is the key effector Th2 cytokine in ulcerative colitis that affects epithelial tight junctions,
apoptosis, and cell restitution. Gastroenterology. 2005;129(2):550-564. DOI:10.1016/j.gastro.2005.05.002.

30. Dambacher J, Beigel F, Zitzmann K, De Toni EN, Goke B, Diepolder HM, Auernhammer CJ, Brand S. The role ofthe novel Th17
cytokine IL-26 in intestinal inflammation. Gut. 2009;58(9):1207-1217. DOI:10.1136/gut.2007.130112.

31. Leung JM, Davenport M, Wolff MJ, Wiens KE, Abidi WM, Poles MA, Cho I, Ullman T, Mayer L, Loke P. IL-22-producing
CD4+ cells are depleted in actively inflamed colitis tissue. Mucosal Immunology. 2014;7(1):124-133. DOI:10.1038/mi.2013.31.

32. Neurath MF. Neurath. Cytokines in inflammatory bowel disease. Nature Reviews Immunology. 2014;14(5):329-342. DOI:10.1038/
nri3661.

33. Angriman I, Scarpa M, D’Inca R, Basso D, Ruffolo C, Polese L, Sturniolo GC, D’Amico DF, Plebani M. Enzymes in feces:
useful markers of chronic inflammatory bowel disease. Clinica ChimicaActa. 2007;381(1):63-68. DOI:10.1016/j.cca.2007.02.025.

34. Gisbert JP, McNicholl AG, Gomollon F. Questions and answers on the role of fecal lactoferrin as a biological marker in
inflammatory bowel disease. Inflammatory Bowel Diseases. 2009;15(11):1746-1754. DOI:10.1002/ibd.20920.

35. Joishy M, Davies I, Ahmed M, Wassel J, Davies K, Sayers A, Jenkins H. Fecal calprotectin and lactoferrin as noninvasive
markers of pediatric inflammatory bowel disease. Journal o fPediatric Gastroenterology and Nutrition. 2009;48(1):48-54. DOI:10.1097/
MPG.0b013e31816533d3.

7



>KypHan benopycckoro rocyfapcTBeHHOro yHuBepcuteta. dkonorus. 2024;2:68-78
Journal of the Belarusian State University. Ecology. 2024;2:68-78

36. Lewis JD. C-reactive protein: anti-placebo or predictor of response. Gastroenterology. 2005;129(3):1114-1116. DOI:10.1053/j.
gastro.2005.07.041.

37. Mitsuyama K, Niwa M, Takedatsu H, Yamasaki H, Kuwaki K, Yoshioka S, Yamauchi R, Fukunaga S, Torimura T. Antibody
markers in the diagnosis of inflammatory bowel disease. World Journal ofGastroenterology. 2016;22(3):1304-1310. DOI:10.3748/wjg.
v22.i3.1304.

38. Smids C, Horjus Talabur Horje CS, Groenen MJM, van Koolwijk EHM, Wahab PJ, van Lochem EG. The value of serum
antibodies in differentiating inflammatory bowel disease, predicting disease activity and disease course in the newly diagnosed patient.
Scandinavian Journal o f Gastroenterology. 2017;52(10):1104-1112. DOI:10.1080/00365521.2017.1344875.

39. Peeters M, Joossens S, Vermeire S, Vlietinck R, Bossuyt X, Rutgeerts P. Diagnostic value of anti-Saccharomyces cerevisiae and
antineutrophil cytoplasmic autoantibodies in inflammatory bowel disease. The American Journal o f Gastroenterology. 2001;96(3):730-
734. DOI:10.1111/j.1572-0241.2001.03613.x.

40. Schulte-Pelkum J, Radice A, Norman GL, Lopez Hoyos M, Lakos G, Buchner C, Musset L, Miyara M, Stinton L, Mahler
M. Novel clinical and diagnostic aspects of antineutrophil cytoplasmic antibodies. Journal o fimmunology Research. 2014;2014:185416.
DOI:10.1155/2014/185416.

41. Fleshner P, Ippoliti A, Dubinsky M, Vasiliauskas E, Mei L, Papadakis KA, Rotter JI, Landers C, Targan S. Both preoperative
perinuclear antineutrophil cytoplasmic antibody and anti-CBirl expression in ulcerative colitis patients influence pouchitis development
after ileal pouch-anal anastomosis. Clinical Gastroenterology and Hepatology. 2008;6(5):561-568. DOI:10.1016/j.cgh.2008.01.002.

42. Dabritz J, Bonkowski E, Chalk C, Trapnell BC, Langhorst J, Denson LA, Foell D. Granulocyte macrophage colony-stimulating
factor auto-antibodies and disease relapse in inflammatory bowel disease. TheAmerican Journal o fGastroenterology. 2013;108(12):1901-
1910. DOI:10.1038/ajg.2013.360.

43. Florholmen JR, Johnsen KM, Meyer R, Olsen T, Moe 0K, Tandberg P, Gundersen MD, Kvamme JM, Johnsen K, Loitegard T,
Raschpichler G, Vold C, Sorbye SW, Goll R. Discovery and validation of mucosal TNF expression combined with histological score - a
biomarker for personalized treatment in ulcerative colitis. BMC Gastroenterology. 2020;20(1):321. DOI:10.1186/s12876-020-01447-0.

44. Quinton JF, Sendid B, Reumaux D, Duthilleul P, Cortot A, Grandbastien B, Charrier G, Targan SR, Colombel JF, Poulain
D. Anti-Saccharomyces cerevisiae mannan antibodies combined with antineutrophil cytoplasmic autoantibodies in inflammatory bowel
disease: prevalence and diagnostic role. Gut. 1998;42(6):788-791. DOI:10.1136/gut.42.6.788.

45. Annese V, Piepoli A, PerriF, Lombardi G, Latiano A, Napolitano G, Corritore G, Vandewalle P, Poulain D, Colombel JF, Andriulli
A. Anti-Saccharomyces cerevisiae mannan antibodies in inflammatory bowel disease: comparison of different assays and correlation
with clinical features. Alimentary Pharmacology & Therapeutics. 2004;20(10):1143-1152. DOI:10.1111/j.1365-2036.2004.02258.x.

46. Prideaux L, Kamm MA, De Cruz P, van Langenberg DR, Ng SC, Dotan I. Inflammatory bowel disease serology in Asia and the
West. World Journal o fGastroenterology. 2013;19(37):6207-6213. DOI:10.3748/wjg.v19.i37.6207.

47. Malham M, Lilje B, Houen G, Winther K, Andersen PS, Jakobsen C. The microbiome reflects diagnosis and predicts disease
severity in paediatric onset inflammatory bowel disease. Scandinavian Journal o fGastroenterology. 2019;54(8):969-975. DOI:10.1080
/00365521.2019.1644368.

48. Roseth AG, AadlandE, Grzyb K. Normalization of faecal calprotectin: apredictor ofmucosal healing in patients with inflammatory
bowel disease. Scandinavian Journal o f Gastroenterology. 2004;39(10):1017-1020. DOI:10.1080/00365520410007971.

49. Ferrante M, Henckaerts L, Joossens M, Pierik M, Joossens S, Dotan N, Norman GL, Altstock RT, Van Steen K, Rutgeerts P, Van
Assche G, Vermeire S. New serological markers in inflammatory bowel disease are associated with complicated disease behaviour. Gut.
2007;56(10):1394-1403. DOI:10.1136/gut.2006.108043.

50. Sipponen T, Bjorkesten CG, Farkkila M, Nuutinen H, Savilahti E, Kolho KL. Faecal calprotectin and lactoferrin are reliable
surrogate markers of endoscopic response during Crohn’s disease treatment. Scandinavian Journal o fGastroenterology. 2010;45(3):325-
331. DOI:10.3109/00365520903483650.

51. Zhang H, Zeng Z, Mukherjee A, Shen B. Molecular diagnosis and classification of inflammatory bowel disease. Expert Review
ofMolecular Diagnostics. 2018;18(10):867-886. DOI:10.1080/14737159.2018.1516549.

52. Walkiewicz D, Werlin SL, Fish D, Scanlon M, Hanaway P, Kugathasan S. Fecal calprotectin is useful in predicting disease
relapse in pediatric inflammatory bowel disease. Inflammatory Bowel Diseases. 2008;14(5):669-673. DOI1:10.1002/ibd.20376.

53. Tibble JA, Sigthorsson G, Bridger S, Fagerhol MK, Bjarnason I. Surrogate markers of intestinal inflammation are predictive of
relapse in patients with inflammatory bowel disease. Gastroenterology. 2000;119(1):15-22. DOI:10.1053/gast.2000.8523.

54. Taylor KD, Plevy SE, Yang H, Landers CJ, Barry MJ, Rotter JI, Targan SR. ANCA pattern and LTA haplotype relationship
to clinical responses to anti-TNF antibody treatment in Crohn’s disease. Gastroenterology. 2001;120(6):1347-1355. DOI:10.1053/
gast.2001.23966.

CTaTbd nocTynuna Bpegkonneruto 28.05.2024.
Received by editorial board 28.05.2024.



[T pomMbiwwneHHasn

N AT PAPHAA 3KOJ1I0I NHA

|l ndustrial

AND AGRICULTURAL ECOLOGY

Y[K 330.15+502.173

9KOCUCTEMHbLIVA YYET IECOB B YCTOMNUYMBOM
NMPMPOAOTNMONBL3OBAHUN: OCHOBHOE COAEPXAHWE N PA3BUTUE

X.A. BAXEL, B. M. ALLYXHO2)

Dbenopycckuit rocyfapcTBeHHbIN TEXHONOTNYECKNIA YHUBEPCUTET,
yn. Csepanosa, 13a, 220006, r. MuHck, benapycb
2benopycKnii rocygapCcTBEHHbIA YHUBEPCUTET,
np. HesasucumocTwu, 4, 220030, r. MuHck, bBenapycb

B nccneoBaHMM paccMaTpuBaloTCs akTyasibHble BONPOChl OPMUPOBAHNSA 3KOCMCTEMHOTO yueTa 1ecoB B KOHTEKCTE CTa-
HOB/IEHMS M Pa3BUTUSA MPUPOAHO-IKOHOMUYECKOTO yueTa. [aHHO Nnpo6ieme NoCBALLeHbl MHOFOUNCIEHHbIE HayUHble PaboThl
Kak 6e/10pYCCKNX, TaK 1 3apy6eXKHbIX yueHbIX. OJHAKO 3KOCUCTEMHBbI yUeT 1eCOB C NO3ULMIA NPUPOAHOTO U (HOPMUPYIOLLETO
3K0/I0TMUYEeCKOro yueTa UcCneayeTcs He B NOMHON Mepe. MpeanpuHATa NONbITKA ONPeAeNuTb KOHLENTyanbHble U METOA0M0TU-
Yeckne 0CHOBbI MOCTPOEHMNS 3KOCUCTEMHOTO yueTa 1ecoB Kak (hYHKLUM NeconoNb30BaHNsa U CTPYKTYPHOTO 3/1eMEHTa CUCTEMbI
HauMoHanbHbIX cyetoB (CHC). O6pauaeTcs BHUMaHUe Ha apryMeHTaLuio aBTOPOB B OTHOLWEHWN PAacCMOTPEHUS CoAepXa-
HUS M OTAUYNTENbHBIX YEPT 3KONOTMUYECKOro yueTa, 06beKTOM KOTOPOro SBAAOTCA 9KONOTUYECKUI KanuTan u 3KOCUMCTEM-
Hble ycnyru. Pasnuume mMexay NpupoAHbIM MU 3KONOTUYECKUM YUeTOM UMEeeT NpUHUMNUANbHOE 3HaYeHne ANs pasfenbHoro
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BbIPaXKEHWS LLEHHOCTU NPUPOAHBIX PECYPCOB PasHbIX ciep (3KOHOMUUYECKON U 3KONOMMYECKOI), AMHAMUKN XXN3HEHHO BaX-
HbIX U He3aMEeHUMbIX 3KOCUCTEMHBIX YCNYT U B LIE/IOM 3KOM0rMYecKoro Kanutana. OTAe/bHO N3yyYeHo NoCcTpoeHMe 0606LLLeH-
HbIX CYETOB 9KOCUCTEMHbIX YCNYT Ha OCHOBE MPUHLMNOB CUCTEMbI MPUPOAHO-3KOHOMUYeCKOro yyeTa (CM3Y) [1]. AsBTopamu
npefnaraeTca MeTof PU3NYECKOro M CTOMMOCTHOIO y4yeTa /1ecoB. B KayecTBe OCHOBHOIO HOCUTENSA IKOCUCTEMHbIX YCNyr
N1eCOB BbICTYNaeT ApPeBeCHbIN 3anac 1 ero AMHammnKa Bo BPeMeHW, a B OCHOBE CTOMMOCTHOIO M3MePEHUS NEXUT 3KOIornYe-
ckast peHTa. JaHHbIA MeTOANYECKNIA NOAXO0A OCHOBAH Ha TeOpuW BOCMPOM3BOACTBEHHON PEHTbI U MeeT CBOe MpPaKTUyecKoe
BonnouleHme B TKIM 17.02-10-2013(02120) «MopsifoK npoBefeHUs OLEHKN 3KOCUCTEMHBbIX YCYT 1 OnpeaenieHNs LLeHHOCTY
610/10rMYecKoro pasHoobpasmsa», paspaboTaHHOM Moj Hay4YHbIM PYKOBOACTBOM fpodeccopa A. B. Heseposa.

Kntouyesble cioBa: 3KOCUCTEMHBbIE YCYTn; Neca; I'IpVIpO,CI.HO-SKOHOMVI‘-IECKVIVI YYeT; 3KO/IOFMYECKNIA KanuTan; NecHble pe-
CypCbl; 3KO/IOFMYECKNIA aKTUB.

ECOSYSTEM ACCOUNTING OF FORESTS IN SUSTAINABLE
ENVIRONMENTAL MANAGEMENT: BASIC CONTENT AND DEVELOPMENT
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The presented article examines the topical issues of the formation of ecosystem accounting of forests in the context of the
formation and development of environmental and economic accounting. Numerous scientific works by both Belarusian and
foreign scientists are devoted to this problem. However, ecosystem accounting of forests, from the formative environmental
accounting, is not fully investigated. In this paper, an attempt is made to define the conceptual and methodological
foundations for building ecosystem accounting of forests as a function of forest management and a structural element of
system national accounting (SNA). It is important to pay attention to the authors’ arguments regarding the consideration of
the content and distinctive features of environmental accounting, the object of which is environmental capital and ecosystem
services. The difference between economic and environmental accounting is of fundamental importance for the separate
expression of the value of natural resources using in different spheres and as well as dynamics of vital and irreplaceable
ecosystem services and, in general, environmental capital. The construction of generalized accounts of ecosystem services
based on the principles of the system environmental and economical accounting (SEEA) [1]. The authors propose a method
of physical and cost accounting of forests. The main carrier of ecosystem services of forests is the wood stock and its
dynamics over time and the cost measurement is based on environmental rent. This methodological approach is based on
the theory of reproductive rent and has its practical output in the TCP 17.02-10-2013(02120) «Procedure for conducting
valuation, ecosystem services and determining the value of biological diversity» developed under the scientific guidance
of prof. A. V Neverov.

Keywords: ecosystem services; forests; natural economic accounting; environmental capital; forest resources;
environmental asset.

Introduction

Recently, with the emergence of new priorities to achieve sustainable development goals, such as green
and circular economy, climate change mitigation, biodiversity conservation, and prevention of environmental
degradation, research and practical recommendations on the assessment and use of resource and ecological
potential, functions and services of ecosystems [2]. This is largely due to the negative consequences of the
transformation and disappearance of the latter, primarily forest ecosystems. The economic assessment of forest
ecosystems that has existed until now was determined only by the value removed from them and sold on the
timber market. At the same time, the valuable ecosystem services provided by forest vegetation and its ecotopes,
ensuring the conservation of biodiversity, climate regulation, soil protection from degradation, recreational,
aesthetic values, and the maintenance of natural, cultural and sacred heritage, were completely ignored. Often
these services significantly exceed the results of their production and operation. Thus, according to the UN FAO,
the share ofthe forest sector in global GDP exceeds 1.52 trillion. US dollars, and taking into accountthe ecosystem
services provided by forests, it is estimated at 7.5 trillion. US dollars [3].

The multifunctionality of forest ecosystems provides society with a variety of socio-economic and
environmental benefits and benefits, which are an economic category called «natural capital». Typically, this term
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refers to the economic value, including its value expression, of ecosystems, taking into account their resource
and environmental potential. However, taking into account the importance and specificity of the ecosystem
functions of forests, the authors ofthe article support the idea ofthe need for separate assessment of their natural
and ecological ecosystem accounting. Natural accounting covers the timber stock, its territorial distribution and
cost measurement, and environmental accounting records the values of the ecosystem, provisioning, regulating
and cultural services provided by forests [4]. In this regard, it is advisable to distinguish, along with natural
capital, environmental capital, which has an independent status. Thus, natural ecosystem accounting of forests
reflects a purely economic (commercial) approach to forest management, and ecosystem accounting reflects its
environmental and economic interest, which consists in determining the value of forest ecosystem services [5].
This methodological approach can be an effective tool for maintaining national accounts in the field of forestry
and environmental activities.

Materials and research methods

The main sources of information in preparing the article were the results of an analytical review carried out
by its authors of foreign and domestic literature on the methodological framework and assessment of ecosystem
services of forest resources. To determine indicators of the physical measurement of ecosystem services of
forests in Belarus, statistical information on the area, productivity and reserves of wood raw materials was used,
as well as their cost expression indices ofthe value ofthe forest as an ecological object [6; 7]. In order to use the
information and value of forest ecosystem services and their accounting in state statistics and forestry bodies,
they were harmonized accordingly with the requirements and methodology approved by the UN Statistical
Committee, the System ofNatural and Economic Accounting (SEEA) in relation to all biological assets, including
forest vegetation [1]. The calculation of the value of forest ecosystem services was carried out in accordance
with the recently approved Resolution ofthe Council of Ministers ofthe Republic of Belarus «On the economic
assessment of ecosystem services» [8]. The calculation is based on the rental approach to determining the value
of forest resources, separating from the economic (differential) rent the value of the ecosystem services they
provide [9; 10].

Results and its discussion

Among the priority measures to achieve the goals of sustainable development and the transition to a green
economy, along with measures to stimulate socio-economic growth and improve human well-being, is the
conservation and restoration of natural ecosystems, assessment, accounting and use of the ecosystem services
they provide. The latter modern economic science and practice understand non-market material and intangible
benefits and benefits that humanity receives from ecosystems to provide them with natural resources, a healthy
and comfortable living environment, regulation ofnatural processes, maintaining sustainability and environmental
protection, etc., which complement the economic the value of natural potential. In this regard, issues related to
the management of ecosystem services are currently becoming very relevant and practically in demand, namely:
their statistical accounting, functions performed, environmental and economic assessment, formation of a market
for such services, identification of potential sellers and buyers, as well as implementation mechanisms and tools
for their compensation.

The lack of indicators ofthe value ofthe entire complex of ecosystem services provided (providing, regulating,
supporting, cultural) leads to an underestimated reflection of environmental damage and external costs in price.
It is known that with adequate economic consideration ofthe environmental factor, the efficiency of resource use
is noticeably higher than when increasing the environmental intensity ofthe economy, which has been confirmed
by the development of a number of countries in the last few decades [11]. The prevailing opinion so far about
maintaining technogenic, nature-intensive development requires more and more funds for nature-exploiting
complexes and industries, the functioning of which is often accompanied by the depletion and degradation of
natural complexes and their individual components. Inturn, this requires additional costs to maintain the same level
of exploitation and extraction of natural resources, including forests. Other, resource-saving ways of economic
development are needed, which should be based on taking into account environmental factors. This is the goal
ofthe Millennium Ecosystem Assessment, developed under the auspices ofthe UN, UNEP, IUCN, FAO, and the
International Monetary Fund, developed in 2005, which emphasizes: «...Modern knowledge and technologies can
significantly reduce human impact on ecosystems. However, their potential is unlikely to be fully exploited until
then, but ecosystem services will continue to be viewed as free and infinite, and their value will not be fully taken
into account» [12].

This conclusion significantly expands the content of the concept «natural capital» used until recently, which
was interpreted only as a resource category with a value reduced to world prices for these resources. Today,
it is increasingly realized that natural capital includes not only a resource component, but also a wide range
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of ecosystem services provided, necessary not only for the self-sustainment of natural resources, but also for
anthropogenically sustainable use of resources at different levels of environmental organization [13].

Among a wide range of areas that require disclosure of the content and use of ecosystem services provided, the
most significant is the determination of environmental and economic value, including the valuation ofbenefits received
in the process of functioning of forest ecosystems with the subsequent integration of their assets into the system of
national accounts [14; 15]. It should be recognized that the last area is among the most poorly developed issues.

Despite the existence of many developed approaches and methodologies that could be used in assessing
ecosystem services, they have not been widely used. This is due not only to the complexity and complexity of
the problem being solved, the need to take into account ethical and cultural aspects, but also to the fact that the
services in question and their assets are not objects of market turnover. In this regard, non-market methods for
determining price parameters must be implemented and applied. The most famous is the assessment of ecosystems
based on total economic value, recommended by the UN Statistical Commission when maintaining the System
of Natural and Economic Accounts (SEEA-12) [1]. The latter serves as an internationally accepted method for
accounting for natural capital within national accounts. SEES-12 involves the development of ecosystem services
assessments and the inclusion of ecosystem accounts as a separate section. One of the motivations determining
the need to study natural resource assets, including forests, was the concern of the world community for the
continued intensification ofenvironmental management, leading to the reduction and degradation ofenvironmental
components and thereby reducing the value of natural resources. In the report from the previously existing system
of national accounts (SNA), which reflected only natural resource value, in SEES-12, environmental-economic
accounting expands the category of assets by including all ecosystems that perform environmental functions and
services provided in the form of material and intangible assets. This document is of a recommendatory nature,
but its main provisions are reflected in the practice of national accounting in many countries, including Belarus,
especially in terms of physical accounting of forest and water resources.

The initial category of ecosystem accounting is an ecosystem service, which determines the content of an
ecosystem asset and the multidirectional satisfaction of environmental needs (benefits - benefits, revenues,
income).

The relationship between ecosystem services, ecosystem assets and benefits can be schematically represented
as the following diagram (Fig.).

General diagram of the relationship between the structural elements of ecosystem accounting

As can be seen from the presented diagram (figure), flows of ecosystem resources (in the form ofan ecosystem
asset) are transformed into various types of benefits. There is an organic connection between the concepts of
«ecosystem service» and «ecosystem utility function».

An ecosystem service is the annual production of an asset, and an ecosystem useful function is the asset itself,
its ability to produce and «self-reproduce». Etymologically, these two words (service and function) express the
same meaning: the manifestation of the properties of a natural resource, the performance of useful work by it.
Depending on the set of utilities (benefits) of the ecosystem and their participation in meeting human needs, two
fundamentally different assets are formed: economic and environmental. Accordingly, there are two fundamentally
different accounts: economic and environmental.

Inthe system ofecosystem accounting, natural capital, expressed by its nominal value, is characterized by a dual
feature: onthe one hand, being a purely economic category ofeconomic activity, on the other hand, it is determined
by environmental values [16]. In this regard, in many scientific studies devoted to ecosystem services, the latter are
interpreted from the perspective ofthree characteristic functions of natural capital: 1) resource, according to which
the production of goods and services is ensured as a result of the use of natural resources; 2) ecosystem-providing
environment-forming and regulatory functions with natural components; 3) social - services of nature related to
its cultural, historical, scientific, recreational and spiritual aspects. Based on this, a classification of ecosystem
services was proposed, divided into 4 groups: providing, regulating, supporting and cultural. This classification
was first reflected in the International Program «Millennium Ecosystem Assessment» developed in 2005 [17].
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Other most used classifications include the one developed by The Economics of Ecosystems and Biodiversity
(TEEB) project [18], and the third one called the Common International Classification of Ecosystem Services,
CICES). The CICES classification was carried out under the auspices of the European Environment Agency
[19], has a 5-level hierarchical structure, consisting of sections, divisions, groups, classes and class types, and is
most consistent with and reflects the structural and functional features of Belarusian ecosystems and the services
they provide. According to the above classification, 83 types of ecosystem service classes are identified, which
are currently used in assessing the six most common ecosystems on the European continent: forest, agricultural,
wetland, marine, urban, soil ecosystems.

It should be recognized that despite the rapidly developing area of identification, assessment, mapping and
practice ofapplying the results ofecosystem services in foreign, including neighboring countries, in the Republic of
Belarus all these issues are at the initial stage oftheirimplementation. All the necessary prerequisites for intensifying
work in this area exist. First of all, this concerns the presence in the structure ofthe republic’s land fund of natural
complexes and ecosystems, which occupy 11.84 thousand hectares or 57 % ofthe country’s territory, represented
by forests, trees and shrubs, natural meadows, swamps, aquatic and agricultural ecosystems [20].

Some experience in assessment, including its monetary expression and accounting of ecosystem services, has
been accumulated in our republic. Thus, for the firsttime, it was recommended to calculate the value of ecosystem
services and biological diversity, regulated by a specially developed technical regulatory act: TKP 17.02-10-2013
(02120) «Environmental protection and natural resource management. The procedure for determining the valuation
ofecosystem services and biological diversity». Depending on the purposes ofthe valuation of ecosystem services
and the scope ofapplication of its results, two types were used: integral valuation and the cost value ofbiodiversity
used to justify alternative options for their use and element-by-element valuation related to taking into account
the value of specific ecosystems (forest, meadow, swamp, aquatic). In the above-mentioned TCP for a detailed
calculation of the cost of ecosystem services for the four main natural types of ecosystems and their individual
functional properties (carbon dioxide absorption, water treatment and their assimilative capacity), formulas are
provided by which the cost is determined such services.

This problem has been most fully solved in relation to forest ecosystems, the area of which in the Republic
of Belarus is 8.34 million hectares or 40.1 %, due to which a fairly high ecological asset is formed. Let us briefly
consider the main stages and approaches to the assessment, its content and the state of ecosystem accounting in
national statistical activities. First of all, in contrast to the SEEA recommendations, the forests of the republic
are considered as an independent natural complex, including, along with forest, tree and shrub vegetation, living
ground cover, wild animals and microorganisms within the forest fund [21].

This emphasizes the polystructural nature and multifunctional significance of forest ecosystems, which not
only have bioproductive potential, but are also characterized by water protection, climate regulation, protective,
recreational, aesthetic, scientific and educational properties and suppliers of non-wood by-products. In this regard,
forests are distinguished, taking into account their location in landscapes, into categories: operational, protective,
recreational and environmental. For each forest category, its own differentiation of ecosystem services according
to the degree of their importance is proposed, which made it possible, based on expert assessment, to determine
the importance of ecosystem services in each forest category (Table).

Preliminary expert assessment of ecosystem services of different categories of forests [22]

Forest category Ecosystem services Sum of
o . ) int Value factor
providing regulating cultural supportive points
Environmental + ++ + + ++ + + ++ + + 13 1,3
Recreational and health ++ 4 ++ t++ 4+ ++ 12 1,2
Protective ++ +++ +++ +++ 11 11
Operational ++++ ++ ++ ++ 10 1,0

Note. Nothigh (+); moderately high (++); high (+++); very high (++++).

As follows from the table, the initial basis for measuring the value of different categories are operational
forests with atotal score of 10. The ratio ofthe sum of points ofthe specified category of forests with the sum of
points with other categories of forests determines the coefficient ofthe value of ecosystem services of a particular
category of forests.

To perform a cost measurement of forest ecosystem services, the concept oftotal economic value is most often
used, combining the direct cost of using ecosystems, indirect cost of use, potential value, and cost of existence
[23]. The concept represents an integrated approach to assessing nature as a whole, including resource ecosystem
functions, regulatory functions and cultural services of nature.
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The formula for total economic value can be presented as:
TEV =DV + IV + OV + EV,

where DV is the direct cost of use, IV is the indirect cost of use; OV - value of deferred alternative (potential
value); EV - cost of existence.

The advantage of this technique is that, using cost indicators, it is possible to trace economic changes in
environmental services, i.e. perform an analysis of the costs and benefits obtained from them at all levels of
management. At the same time, the disadvantage ofthis approach is the combined use of both analytical methods
for calculating cost indicators and methods based on sociological research, which reduces the accuracy ofestimates.
In addition, the obvious shortcomings ofthe methods include the use of simple summation of the value of both
functions and ecosystem services, without taking into account the fact that in reality one function can provide
several ecosystem services. In addition, the concept of «general economic assessment» suffers from eclecticism,
incorporating economically incorrect summation as an expression ofthe value of a natural resource (for example,
wood, berries, mushrooms, etc.) and natural products obtained as a result of human labor and transformed into
finished goods. products, in particular wood. It is of interest to have other methods for economic assessment of
ecosystem services that determine the demand for a good or service in monetary terms, i.e. both the willingness
of consumers to pay for a particular benefit and the willingness of people to accept compensation for giving up
that benefit. Their list and contents are described quite fully in the published review [24]. In our opinion, the
rental concept of their value should be used as an integral valuation of ecosystem services, which is leading for
the environmental accounting system. According to this concept, the key category expressing the economic value
of ecosystem services is natural capital, in which the environmental effect is taken into account using a reduced
discount rate. The latter is used in determining the capital value of natural resource rent. This methodological
approach was used in the preparation of a technical regulatory legal act (TKP) dedicated to the mechanism for
calculating the valuation of forest ecosystem services and determining the value of biological diversity in relation
to the natural and economic conditions of the Republic of Belarus [7].

This manual provides formulas for calculating the value of forest ecosystem services (specific environmental
rent) in relation to their main object - the timber stock, as well as the regulating and socio-ecological services of
forest ecosystems. It has been established that, from the standpoint of the physical measurement of ecosystem
services, the timber stock of Belarusian forests as a producer of ecosystem services as a whole is 1.82 billion
m3 of which 1.14 billion m3 (62.6 %) are production forests, 332 are protective forests, 0 million m3 (18.2 %),
recreational and recreational 63.5 million m3 (3.5 %), environmental forests - 285.0 million m3 (15.7 %). The
recently published work [22] provides information on the results ofthe valuation of ecosystem services of forests in
Belarus, based on determining their total capital cost, which averaged 1.00 thousand rubles/ha. Its size ranges from
0.88 thousand rubles/ha in production forests to 1.64 thousand rubles/ha in conservation forests. The completed
capital assessment was then converted, taking into account the percentage of annual forest use, into the current
annual amount ofecosystem services. Their average annual cost was 25.5 rubles/ha. Atthe same time, its maximum
value is for environmental forests - 37.7 rubles/ha, the minimum for operational forests is 25.5 rubles/ha.

The completed valuation of ecosystem services of forests in Belarus, despite the fact that it is preliminary,
emphasizes the importance of ecosystem accounting and is an additional tool for justifying the strategic
development of forestry and an important argument for the environmental protection role of forest ecosystems and
sustainable socio-economic development. Considering the fact that in Belarus the identification and assessment of
ecosystem services of forest ecosystems is at an early stage, as well as the presence of some methodological gaps
and difficulties in accounting for them at the national level, a scientific solution to a number of priority tasks is
required. These include the justification and definition of key criteria and indicators characterizing the ecosystem
services of forest resources [25; 26]. These indicators should fully reveal the essence and characteristics of the
forest ecosystem assets of the republic, and also be adapted to international methods and recommendations and
harmonized with national legislation in this area.

Conclusion

In the context of the formation of a mechanism for sustainable environmental management, the system of
ecosystem accounting of natural complexes ofthe natural environment, where forests play a key role, is noticeably
updated and acquires practical significance. The concept of ecosystem accounting of forests is based on the
identification of forests as independent, but closely interrelated economic and environmental assets as part of natural
capital. The latter are determined by the variety of functions performed by forests and the wide range of ecosystem
services they provide in the form of tangible and intangible benefits and benefits. In this regard, it is advisable
to highlight the natural accounting of the forest as a source of its timber and secondary forest reserves, which
have a certain purely economic (commercial) value. At the same time, forests perform important functions in the
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form of regulated, environment-forming and socio-cultural ecosystem services that require separate environmental
accounting. To carry out the valuation of forest ecosystems, it is proposed to use a rental approach, the application of
which determines the profit due to the high level ofnot only their productive capacity, but also the savings in future
costs associated with the reproduction of the ecological functions performed by forests. Among the promising and
popular activities that contribute to a more complete and comprehensive reflection of the beneficial properties of
forest ecosystems and their reflection in the system ofecosystem accounting in national and international accounting
include the justification and definition of criteria and indicators of ecosystem services of forests ofthe Republic of
Belarus, their territorial manifestation and mapping at different levels of organization of the natural environment.
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CYWECTBYHOWWME BAPBEPbLI MNPV NMPUMEHEHWWN CNCTEM
AKTUBHOW AETCA3ALNKM MONTIMTOHOB TBEPAbIX KOMMYHA/IbHbIX
oTXoaoB AnAd PEWWHEHWA SKOJTIOTUNHECKUX U KITIMMATUYECKINX

MPOBJTEM B PECMNYBNUWKE BE/TAPYCb

E. N.BEPTOLUL, K. B. TOHYAP) 4. B. MENEXH N. M. HAPKEBNY1L |O. B. dYPCA))

Ben HUL, «3konorus»,
yn. Aky6osa, 76, 220095, r. MuHck, benapyco

CoBpeMeHHble ropoja ABASITCA KPYMNHbIM UCTOYHMKOM 06pa30BaHus TBePAbIX KOMMYHasIbHbIX 0TX040B (TKO), 06bem
KOTOPbIX U3 rofia B Fof pacTeT M13-3a YBe/IMYMBAIOLLNXCA TEMMOB 3KOHOMUYECKOr0 pasBuTus n ypbaHunsauun. Hanbonee pac-
npocTpaHeHHbIM MeToLoM yaaneHns TKO Bo Bcem Mype, B TOM umncie B Pecriybnvike benapych, ABNSETCA NX 3aX0POHEHNE Ha
nonuroHax. B HacTosiLlee BpeMs B Benapycu ans pasmewieHust TKO geiicteyeT 151 nonnroH (MMHM-NONNIOHbI OTCYTCTBYHOT),
rae 3axopaHuBaeTcs 0kosio 65 % obpasytowmxca TKO B cTpaHe [1], okasbIBalLWMX HEraTMBHOE BO3LENCTBME HA OKpPYXa-
IOLLYIO CPedy W U3MeHeHWe KaMmarta. B pamkax peanusauum mMexayHapoHbIX 0653aTeNIbCTB M0 BbIMOSHEHWIO MOIOXKEHWIA
Mapwxckoro cornaweHns K PamouHoii KoHBeHLMn OOH 06 nameHeHnn knmata CoBeT MuHucTpoB Pecny6nnkn Benapycb
NPUHAN NOCTaHoBMeHMe 0T 29 ceHTAGPA 2021 . Ne 553 «O6 ycTaHOB/IEHUN OMpPeseNsemMoro Ha HaLMoHaIbHOM YPOBHE BK/1afa
Pecny6nvkun Benapych B cOKpalleHve BbIGPOCOB NapHUKOBLIX ra3os Ao 2030 roga», B COOTBETCTBUM C KOTOPbIM CTpaHa 6epeT
Ha cebs 0653aTeNbCTBO MO COKPALLEHUIO BbI6POCOB NapHMKOBbLIX ra3os (M) go 2030 r. Ha 35 % K ypoBHt0 1990 T. ¢ yyeTOM
MOr/IOLWEHNST B CEKTOPe «3eMJ1enosib30BaHne, N3MeHeHWe 3eM/1enonb30BaHNA 1 IeCHOe X035MCTBO». Pecnybnuka benapycb
BbINO/HAET CBOW 0653aTeNbCTBA N0 MapyXXCKOMY COrnaLleHuto U MPUHUMAET Mepbl 4151 COKPaLLLeHMA BbIGPOCOB aHTPOMOreH-
HbIX M. Bbl6pocbl MapHUKOBbLIX ra3oB B ceKTope «OTxofbl» cocTaBuam 6,5 % oT 06wux BbibpocoB B 2021 T. u BbIpOC/N 3a
1990-2021 rr. Ha 32 % (c 4513,5 't B akBUBasieHTe CO210 5975,9 I'T) 3a cUeT yBeNIMYeHNS BbIGPOCOB MeTaHa OT MO/IMIOHOB
TBEpPAbIX KOMMYHa/IbHbIX O0TX0[0B. B unccnefoBaHMM pacCMOTPeH PsAf 3KOSIOMMYECKMX U COLMasIbHO-3KOHOMUYECKUX Mpe-
NMYLLIECTB NPMMEHEHUSI CUCTEM aKTUBHOW ferasaumy nonnroHoB TKO v MCnonb30BaHUE CBA/IOYHOrO rasa Anis npov3Boi-
CTBa 3/1eKTPUYECKON 3Heprun. OnucaHbl Hanbonee onacHble BO3AENCTBUS Ha pa3/INYHble KOMMOHEHTbI MPUPOAHONA cpefbl,
BK/THOYas NOA3EMHbIe N MOBEPXHOCTHbIE BOAbI, MOYBbI, aTMOCHePHbI BO3AYX, KOTOPbIe 0Ka3bIBaIOT TOKCUYECKMNE U AL0BUTbIE
BELLIECTBA, COZepXKaLLneca B XXMAKOM dunbTparte nonnroHos TKO, BXOAsALLME B COCTaB CBA/IOYHOrO rasa, Bblfe/19emMoro B pe-
3y/bTaTe aHaspPOBHOr0 PasnoXKeHNs 0TXOA0B. PacunTaHo KoMYecTBO NPeAoTBpaLleHHbIX BbIGPOCOB 3arPA3HALLNX BELLECTB

O6pasely UUTUPOBaAHMUA:

Beptow EW, ToHuap KB, Menex AB, Hapkesuu UMM, ®yp-
ca HOB. CyulecTBytowue 6apbepbl NpM NPUMEHEHUU CUCTEM
aKTUBHOW Aerasauuy NOAUIOHOB TBEPAbIX KOMMYHa/bHbIX OT-
XO[0B A1 peLleHNs 3KONOTMYECKUX U KMMATUYeCKUX Npobiem
B Pecny6vke Benapych. XXypHan benopycckoro rocyaapcTBeH-
HOroyHuepcuTeTa. Jkonorus. 2024;2:86-91.
https://doi.org//10.46646/2521-683X/2024-2-86-91

ABTOpbI:

EBrenuns MisaHoBHa bepTowW - 3amMecTUTeNb 3aBeAyIOLLEro OT-
[leNIoM MEeXAYHapOoLHOro Hay4YHOro COTPYAHWYeCTBa 1 Kmmara.
KpucTunHa BukTopoBHa OHYap - Hay4Hblil COTPYAHUK OT-
[lena MexxyHapoHOro Hay4yHoro coTpygHu4yecTsa v KnMmMara.
OMmuTpuin Bnagumuposuy Menex - 3aBefytowmii 0TAENOM
MeX/lyHapo4HOro Hay4yHoro CoTpyAHMYecTBa U KnumMara.

MBaH MeTpoBny HapkeBny - [JOKTOP TEXHUYECKUX HayK, [0-
LIeHT; CTapLuuii Hay4HbIli COTPYAHUK OTAena MeXAyHapoAHOro
Hay4HOro COTpyAHWYeCTBa U KnumMara.

KO nus BnagnmuposHa dypca - Hay4HbI COTPYAHUK OTAena
MeX[lyHapo4HOro Hay4yHoro CoTpyAHMYecTBa U KnumMara.
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3a CUeT UX y/IaB/IMBaHVSi CUCTEMaMU aKTUBHOW Jerasalyum Ha OfHOM U3 06beKTOB Pecny6iukm Benapyck. PaccMoTpeHbl HOp-
MaTUBHO-NPaBOBbIE aKTbl, NMOAAEPXKMBAOLLME PA3BUTME TEXHOOMMIA MO NPOM3BOACTBY U yAasieHUo Guorasa B Pecry6ivke
Benapycb, a Takke Mo MeXAyHapoAHbIM JOKYMeHTaM, OCYLLeCTB/ISIeMbIM CTpaHoli B paMKax rio6aibHol KNMMaTUyecKoi
MOBECTKM, BK/OUasi PaMOUHY0 KOHBeHUMO OpraHuzaumn O6bearHeHHbIX Hauuii 06 n3amMeHeHUM KnvmaTa v Mapukckoe
cornaLLeHye.

KniwoueBble cnosa: TBepAble KOMMYHasIbHbIE OTXO04bl; MO/IMIOH TBEPAbIX KOMMYHa/IbHbIX OTX040B; CUCTemMa aKTUBHOM
aerasayunn; CBa/1I04YHbI ra3; KMMar; MeXayHapoaHble cornialleHns.

EXISTING BARRIERS OF USING OF ACTIVE DEGASSING SYSTEMS
FOR MUNICIPAL SOLID WASTE DISPOSAL SITES TO SOLVE ENVIRONMENTAL
AND CLIMATIC PROBLEMS IN THE REPUBLIC OF BELARUS

E. . BERTOSHa K. V. GONCHARa D. VMELEKHal. P NARKEVICHa Yu. V FURSAa

Bel SIC «Ecology»,
76 Yakubava Street, Minsk 220095, Belarus
Corresponding author: Yu. V. Fursa (yuliiafursav@gmail.com)

Modern cities are a major source of solid municipal waste (MSW) generation, the volume of which is increasing from
year to year due to growing economic development and urbanization. The most common method of solid waste disposal
worldwide, including in the Republic of Belarus, is it’s landfilling. Currently, there are 151 landfills in Belarus for the
placement of MSW, where about 65 % of the generated MSW in the country is buried [1], which has a negative impact
on the environment and climate change. As a part of the implementation of international obligations to implement the
provisions of the Paris Agreement to the UN Framework Convention on Climate Change, the Council of Ministers of the
Republic of Belarus adopted a resolution dated September 29, 2021. No. 553 «On establishing a nationally determined
contribution of the Republic of Belarus to reduce greenhouse gas emissions by 2030», according to which the country
undertakes to reduce greenhouse gas (GHG) emissions by 2030 by 35 percent to the level of 1990, taking into account
the absorption in the sector «Agriculture, Forestry and Other Land Use». The Republic of Belarus fulfills its obligations
under the Paris Agreement and takes measures to reduce anthropogenic GHG emissions. Greenhouse gas emissions in the
Waste sector amounted to 6.5 % of total emissions in 2021 and increased by 32 % over the period 1990-2021 (from 4513.5
Gg in CO2 equivalent to 5975.9 Gg) due to growth of methane emissions from landfills of municipal solid waste. The
article considers a number of environmental and socio-economic advantages of using active degassing systems for solid
waste disposal sites and the use of landfill gas for the production of electric energy. The most dangerous effects on various
components of the natural environment, including groundwater and surface waters, soils, and atmospheric air, which have
toxic substances contained in the filtrate of solid waste disposal sites and included in the landfill gas released as a result
of anaerobic decomposition of waste, are described. The amount of prevented emissions of pollutants due to their capture
by active degassing systems at one of the facilities of the Republic of Belarus have been calculated. The normative legal
acts supporting the development of technologies for the production and utilization of biogas in the Republic of Belarus
and international documents implemented by the country within the framework of the global climate agenda, including the
United Nations Framework Convention on Climate Change and the Paris Agreement, are considered.

Keywords: solid municipal waste; landfill of solid municipal waste; active degassing system; landfill gas; climate;
international agreements.

BeegeHue

CBa/IOYHbIiA ra3 cocTouT 13 6onee 100 KOMMOHEHTOB C Pa3/IMUHbIMU HETaTUBHLIMMU CBOCTBaMU. J1t060V 13
HUX, BXOASALLMX B COCTAaB CBa/IOYHOIO rasa, MOXET KaK Mo OTAeNbHOCTH, TakK 1 B COYETaHMM CO3[aBaTh OMacHOCTb
ANs1 3[10pOBbS YENIOBEKA, EC/IN OHU NMPUCYTCTBYHOT B KOMYECTBAX, AOCTAaTOUHBIX /151 CO3faHUs Cpefbl C AehuLm-
TOM Kucnopogal B 6onblueli CTENEHN ONACHOCTM NOABEPXKEHbI OpraHbl AblXaHWUs, 0CA3aHNs U 3peHuns [2].

HanGonee onacHble BO3AEWCTBUS Ha Pa3/IMUHble KOMMOHEHTbI MPUPOAHOW Cpefdbl, BK/KOYas NOA3eMHble
“ MOBEPXHOCTHbIE BOAbl, MOYBbI, aTMOCKHEPHbIA BO3A4YX, OKa3blBAOT TOKCMYECKME W SAOBUTble BELLECTBA,
cofepxkallmecs B KMAKOM (unbTpaTe MOJMIOHA W BXOAALIME B COCTaB CB/IOYHOIO rasa, BblAeNsEMOro
B pesynbTaTe aHaspoGHOro pasnoxkeHns TKO. B cBOK ouepefp, HanMume BOCMIAMEHSIIOLMXCSA KOMMOHEHTOB
B COCTaBe CBa/IOYHONO rasa sIBASETCS NPUUMHOA BOSHUKHOBEHWS MOXAPOB, B Pe3y/ibTaTe KOTOPbIX BblAeNsAOTCS

TocyfapCTBeHHbI KafacTp aHTPONOreHHbIX BbIGPOCOB M3 UCTOYHMKOB 1 abCop6LMU NOTrNOTUTENSIMW NAapHUKOBLIX ra3oB (HaumoHanb-
Hbll foKnag o Kagactpe, 2023) [3nekTpoHHbIA pecypc]. URL: National Inventory Submissions 2023 | UNFCCC (gata o6palieHus:
28.05.2024).
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ypesBblYaiHO OMnacHble BELLECTBA - AMOKCUHbI U ypaHbl, UMEKLWMe BbICOKUI TOKCUYECKMIA NOTEHLMaN BO3-
[leCTBMS Ha OpraHM3M YefloBeKa W 3arpasHAILLME OKPYXKatoLyto cpefy. JUOKCUH - TSHKENblid, MefIEHHO pas-
nararowumiics ras, KOTOpbliA NPV NOCTYMNNEHUN B aTMOCHepy 6bICTPO 0CefaeT B OKPECTHOCTAX M NOCTENEHHO Ha-
KannuBaeTca B MOYBEHHOM NoOKpose [3].

CaMmbIM MOXapoonacHbIM KOMMOHEHTOM CBa/lOYHOrO rasa fBMSETCS MeTaH, COCTaBAAOLWMA cBbiwe 50 %
OT 06Llero o6bema 6rorasa. Kpome Toro, MeTaH - 370 MAapHMKOBLIA a3, N0 CBOEMY XapaKTepy OKasbIBatOLLWIA
B 25 pa3 60/blUee BO3AENCTBME Ha FN06anbHOE NOTENIeHNE, YEM AMOKCUA Yriepoaa.

[na nukengaumm n npegynpexmneHns nepeyuncneHHblX Heb6naronpuaTHbIX BO3AENCTBUIA OT NoMroHos TKO
Ha OKpY>Xalolyt cpedy M 3[40pOBbe HaceneHus B GOMbLUMHCTBE Pas3BUTbIX CTPaH BHEAPSKOTCSA pasnyHble
TEXHOMOIMM MO CHKEHUIO BbIGPOCOB CBa/IOMHOr0 rasa B atmocgepy. OAHON 13 TaKMX TEXHONOMUI ABNAETCS
NMPUMEHEHNE CUCTEM aKTMBHOM Aerasaumm nonnroHos TKO 1 ncnonb3oBaHme CBaNOYHOrO rasa Aans npov3BoacTBa
3MeKTPMNYECKON 3Heprun. [aHHble CUCTEMbI WUMEKT psf 3SKOMNOrMYECKUX W COLManbHO-3KOHOMUYECKMX
NPeMMYLLECTB KaK Ha MECTHOM, TaK M rnobasibHOM YPOBHSIX.

K Hambonee 3Ha4MMbIM 3KOIOTMYECKUM Bbirofam paboTbl 61MOras3oBbiX KOMMIEKCOB Ha nonuroHax TKO oT-
HOCATCS:

» Ctabunmsauna otxogos TKO A0 3KONOTMYECKN MPUEMIEMOIO YPOBHSI.

» CHWXeHNe BbIOPOCOB TOKCUYECKMUX W A4OBUTbIX KOMMOHEHTOB, BXOAALIMX B COCTaB CBa/IOMHONO rasa,
N YNyYLLIEHWE 3KOTOTMYECKON 06CTaHOBKM BOKpYT nonnroHos TKO.

* MNpepoTBpalLeHne BbIOGPOCOB MapHUKOBbLIX Fa30B U CMArYeHne NOCMeACTBUI M3MEHEHUA KNUMaTa Ha rno-
6abHOM U PErMOHA/IbHOM YPOBHSIX.

e MUHUMM3ALMSA PUCKOB, CBAI3aHHbIX C MOXapamu Ha nonmroHax TKO, u, kKak pe3ynbTaT, npefoTBpalleHme
BbIGPOCOB O4eHb OMACHbIX A5 XKMBbIX OPraHN3MOB BELLECTB.

CoLmanbHO-3KOHOMMYEeCKMe NpenmylLLiecTsa cbopa 1 SHepreTMYeCKOro 1Cnoab30BaHUA CB/IOYHOIO rasa:

* 3KOHOMWS NCKONaembIX BUA0B TOMNBA;

* NONyYeHNe foX04a OT NPOAAXKM NPOM3BELEHHOW 3NEKTPUYECKOI SHEPTUU;

* YBE/IMYEHWE HANOTOBbIX NOCTYMN/EHUI B OHOKET;

* CO3[laHMe HOBbIX Pabounx MecT;

* NpefoTBpaLLEHNE 3IKOHOMUYECKOTO YLep6a, BbI3bIBAEMOr0 POCTOM HEONAronpUATHLIX NOFOAHbIX ABNEHWIA
13-3a KNUMaTUYECKUX N3MEHEHWIA KNMMATa MyTEM CHVKEHUSI BEPOATHOCTW UX BO3AENCTBMS Ha Pa3/iMyHble Npo-
N3BOACTBEHHbIE U COLMabHbIE CEPLI, 340POBbE HACENEHNS 1 OKPYXKAKOLLYIO Cpefy.

MaTepuanbl U MeTOAbI UCCNeL0BaHUA

PacueT npefoTBpaLleHHbIX BbIOPOCOB 3arps3HAOLLMX BELLECTB B pe3ynbTaTe ynaBnMBaHUS Guorasa cucrte-
mMamu gerazaunn nonuroHoB TKO «TpocTeHel» U «TPOCTEHELKUIA» Obl1 OCHOBaH Ha MeTofmKe pacyeTa Konu-
YeCTBEHHbIX XapaKTePUCTUK BbIOPOCOB 3arpA3HAIOLLMX BELLECTB B aTMOC(EPY OT NOUIOHOB TBEPAbLIX KOMMY-
HaNbHbIX 1 NPOMbILWIEHHbIX 0TX0A0B (MO) [4]. AaHHas MeToAMKa NpefHa3HayeHa 1s UCNob30BaHWsA Npu nNpo-
BefleHNM MHBEHTapM3aLnn BbIGPOCOB BPeAHbIX (3arpsA3HAILLMX) BELLECTB B aTMOCHEPHbIA BO3AyX, pa3paboTke
MPOEKTOB HOPMATMBOB MpefeflbHO AOMYCTUMbIX U BPEMEHHO COrNacoBaHHbIX BbIGPOCOB AN noauroHos TKO
1 MO, KOHTpOse 3a CO6/M0AeHNEM YCTAaHOBIEHHbIX HOPMaTUBOB NpesebHO-L0MYCTUMbIX BbIGPOCOB U NPU OLEeH-
Ke BbI6poCcoB OT NonroHoB TKO 1 MO B NpefnpoekTHOW 1 NPOEKTHON JOKYMEHTALMN Ha pasMeLLeHne HOBbIX
1 paclUMpeHmne CYLLLECTBYHOLLNX 0OBEKTOB.

YKa3aHHasl BbllLe METOAMKA PACNPOCTPAHAETCA Ha OCHOBHbIE BUAbI ra3000pa3HbIX 3arps3HAOL X BELLECTB,
obpasytoLnxca B pe3ynbraTe 6UOTEPMUUYECKOro aHa3po6bHOro npoLecca pacnaja opraHuYeckux CoCTaBAOLLNX
TKO 1 Bblgenstowmnxcs ¢ NOBEPXHOCTEN MOANTOHOB OTXOAO0B B aTMOCHepYy.

B pacuetax NpuMMEHANUCb [aHHble N0 MOP(ONOrMYeCKOMY COCTaBy OTXO[OB, OCHOBaHHbIE Ha aHanuse pe-
3yNbTaTOB U3YYEHUS COOTHOLLEHNS OTAENbHbIX KOMMNOHEHTOB ((hpaKLinil) 0TXOAO0B, UMEIOLLMX ONpeaeneHHble 06-
Lye NpW3HaKuM 1 (UNK) CBOWCTBA, BbIPpaXXEHHbIE B MPOLEHTaX K 06LLel Macce 0TX040B KOMMYHa/IbHbIX OTX040B
B Pecnyb6nvke benapychb [5].

CokpalleHve noTpebeHns pasHbiX BUAOB TONAMBA M NpefoTBpaLleHe BbIGpOCOB napHMKoBbIX rasos (M)
OT WX CXKUraHnsi 6bi10 pacynTaHO B COOTBETCTBMU C MOMOLLIO METOAMYECKUX YKa3aHWI Ans MOLrOTOBKM Ha-
LMOHanbHoi oTyeTHocTH M [6].

PesynbTaTbl UcCNeLOBaHUSA U UX 06CYXAEHNE

CornacHo npoBefileHHOMY MCCNe0BaHMIO NO pacyeTy NpPefoTBPaLLEHHbIX BbIGPOCOB 3arpsA3HALLNX BELLECTB
3a CYET MX yNaBIMBaHUA CUCTEMaMM aKTWMBHOM Aerasauuu, COCTOALMX M3 7-MU GUOrasoBbiX OG/0K-CTaHLUIA,
3NEKTPUYECKON MOLLHOCTBIO B 1 MBT Kaxpgas, KOTOpble yCTaHOBMEHbI Ha monuroHax TKO «TpocTeHeuy»
N «TPOCTEHeLKN» B rpaHuLax r. MUHCKa, Macca npejoTBpaLLeHHbIX BbIOPOCOB 3arpA3HAOLLMX BELLECTB, B TOM
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yuncne A40BUTLIX U B3PbIBOOMNACHLIX KOMMOHEHTOB 6uorasa, B 2022 r. coctaBuna - 13 355 T B rog npu o6beme
n3BneYeHHoro 6uorasa 20,7 MAH M3,

Mog npefoTBpaLLeHHbIMY BbIGPOCAMU 3arPA3HAOLLMX BELLLECTB B JaHHOM UCC/eA0BaHNM MOHUMAIOTCA 06beM
YNOBMIEHHOTO (MCMNO/Ib30BaHHOI0 HAa 3HEPreTUYeCKre HYXAbl) 61orasa v cofepXallinecs B ero coctaBe BpefHble
3arpssHatoLLMe BellecTsa (Tabn).

MpefoTBpaLLeHHbIE BbIGPOCHI B COCTABE Y/I0B/IEHHOIO CBa/IOHHOIO rasa
cMcTeMaMy aKTVBHOM derasaumy nonuroHos TKO «TpocTeHew» 1 « TpocTeHeLKuii»

Prevented emissions in the composition of captured landfill gas
by active degassing systems of MSW landfills «Trostenets» and «Trostenetsky»

BecoBoe NpoLeHTHOe
HanmeHoBaHMe BellleCTBa cofiepXKaHve KOMMOHEeHTOB
B buorase, %

Macca ynoBneHHbIX BbIGPOCOB,

Knacc onacHocTu
T/roq

B3pbiBOONacHbIe N A40BUTLIE (TOKCI/ILIeCKVIe) KOMMNOHEHTHI

MeTaH 52,915 12787,4 4
Tonyon 0,723 174,7 3
AMMMaK 0,533 128,8 4
Kcunon 0,443 107,1 3
Yrnepojaokcupg 0,252 60,9 He HopMmupyeTcs
A[0BUTbIE N TOKCUUYHbBIE KOMMOHEHTbI
A30Ta inokcupg 0,111 26,8 2
dopmanbierng 0,096 23,2 2
AHTUAPUNA CEPHUCTbIN 0,07 16,9 3
3Tunb6eHson 0,095 23,0 3
CepoBogopog 0,026 6,3 2

CornacHo pacyetam, B pe3ynbTaTe paboTbl GMOra3oBbiX KOMIMIEKCOB Ha noauroHax TKO «TpocTeHeu»
N «TpocTeHeuKnid» B 2022 T. BbIGPOCHI 3arpsA3HAOLLMX BELLECTB B aTMOCHePHbIA BO3AYX OT SKCNyaTupyeMbIX
MOSIMrOHOB COKpaTUNUCL 6osiee Yem Ha 27 % (No cpaBHeHUIO ¢ BbIbpocamu B LLeNIOM OT NosnroHa 6e3 yyeTa cu-
CTeMbl Aerasaumm).

3a nepuog paboTbl KOMMNJIEKCA NO ferasauny yKasaHHbIX Bbllle NoauroHos, ¢ 2010 no 2022 r., Bbi6pockl CH4
3a CYeT ynaBuMBaHua 61orasa cCHU3MAUCHL 6onee, Yem Ha 1,4 MaH T CO23kB. BbI6pOCHI MapHWUKOBbLIX Fa30B 3a yKa-
3aHHbI/ Nepuog OT 3aMeLLeHMs UCKoNaembiX BULOB TOMMBA A1 BbIPabOTKM 3/1IEKTPUYECKON 3HEprum B 3aBUCHU-
MOCTM OT 3aMeLL,aeMoro TOmManMBa CoKpaTuancb ot 65,2 1o 159,3 maH T CO23KB. Npu 3aMeLLeHNN UCMO0JIb30BaHUS
NPUPOAHOIro rasa 1 Topga COOTBETCTBEHHO.

B pesynbTate ferasaumm nonuroHa TKO «TpocTeHew» Bbin JOCTUTHYT COLMaNbHO-3KOIOM MYECKN 3PPEKT 3a
cyeTero 61MoN0rMyecKol pekynbTBaL MK, B pe3ybTaTe KOTOPOW TEN0 NOMTIOHa CTabMNn3MpoBanoch, COKPaTMIOCh
BO3/eliCTBUE CBA/IOYHOrO rasa Ha KOPHEBYHO CUCTEMY 06BEKTOB PaCTUTESIbHOrO MUpa U, Kak CneacTBue, NoanroH
MOKPLIICSA TYCTON pacTUTENLHOCTLIO, MEpecTan BbIAENATLCA AYPHO NaxXHYLUWUIA ra3, U3MEHWNOCh 3CTETUYECKOE
BocnpusATue nonuroHa TKO. Cuctema akTUBHOW ferasauuy no3sBoanna He TONbKO YAYyUYLIUTb 3KONOrMYECKYHO
06CTaHOBKY B pailoHe pasmelleHus noaumroHa TKO, HO M nomorna CyW,ecTBEeHHO CHU3UTL 3aTpaTbl Ha
CTPOUTENLCTBO (Bn1aroycTpoicTBo) MemopuraibHOro KOMMnekca «TpOCTeHeL», MOCeL,aeMoro B TOM 4uche,
MeXAYyHapoHbIMU Aeneraunsmu.

Takum 06pa3om, Ha nprMepe paboTsl AeNCTBYIOLLEN CUCTEMbI aKTUBHOM fiera3auum nonmroHos TKO nokasaHo,
YTO 3TM YCTaHOBKMW ABNAIOTCA 3(W(IEKTUBHLIM 3aLUTHLIM COOPYXXEHMEM, YMEHbLUAIOLEM HEKOHTPOAUPYEMbIe
BbIGPOCHI AL0BUTBIX, TOKCUYHbIX 1 B3PbIBOOMACHbLIX BELLLECTB B aTMOC(EPHbIA BO3AYX, @ TAKXKE COOPY>KEHUAMU,
obecreynBatoLLMM BOCCTAHOBIEHWNE 3CTETUYECKOW 1 BMONOrMYECKON LLEHHOCTU OKPYXXatoLLei cpedbl.

Kak yXe 6bl/10 0TMeYeHO BbllLe, YCTAaHOBKM MO YAaNeHUI0 CBA/IOYHOrO rasa CyLIeCTBEHHO B/USKOT HA CHU-
YXeHVe BbIGPOCOB NapHWKOBLIX ra3oB, TEM CaMbliM MpefoTBpaLLas M3MeHeHWe KnumMaTa. B aToli cBA3M u3Bneve-
HMe CBAJIOYHOrO rasa Ha nonmroHax TKO umeeT BaXHOe 3HadeHWe Ans obecreyeHuns peanmsalmm 0653aTebCTB
Pecny6nukoii Benapycb No MexayHapoHbIM [OKYMEHTaM, OCYLLECTB/SEMbIM CTPAHOW B paMKax rnobanbHOM
K/IMMaTUYeCKON NOBECTKU, BKAOYas PaMOUHYH0 KOHBeHUM0 OpraHusaumm O6beguHeHHbIX Hauuii 06 n3MeHe-
HUM Knumarta u Mapuxckoe cornatleHue.

B cooTBeTCTBUM C LieN1IMU laHHbIX MeXAYHapoAHbIX CornalleHnid, Pecnybnvkabenapych peann3oBbiBaeT CBOKO
KMMaTUYeCKY0 NONUTUKY NOCPEACTBOM YCTaHOBNEHUS HaLMOHabHbIX LiefleBbIX NOKa3aTesiei o COKpaLLeHnto
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BbIGPOCOB NapPHUKOBLIX ra3oB. Tak, TekyLlas 06LLe3KOHOMUYECKas Lieflb N0 COKPaLLEHMIO BbIOGPOCOB NapHUKOBbIX
rasoB Pecny6avku benapych - cHmxeHne Bbibpocos B 2030 I. Ha 35-40 % no oTHoweHnto K 1990 r.2

Kpome ToOro, yfaneHve 6uorasa Ha 61MorasoBbiX YCTaHOBKaX, B TOM Yncie Ha nonuroHax TKO, sBnsetcs oa-
HMM U3 KNIOYEBbIX HanpaBneHW peanusalmm pasinyHbIX 0TPacaeBbIX NporpaMM pa3BuTus B 061acTn 3HEProc-
6epexKeHns 1 COBEPLLIEHCTBOBAHUA CYLLECTBYIOLLEN cucTembl 06paleHus ¢ TKO:

* Mporpammbl coLManbHO-3KOHOMUYECKOTr0 pa3sBuTus Pecnybnuku benapycb Ha 2021-2025 rofbl, YTBEpPX-
JeHHON Ykasom Mpe3ugeHTa Pecny6nnku benapyck o1 29 nions 2021 r. Ne 4292.

* [0CyapCTBEHHOM Nporpammbl MHHOBALMOHHOIO pa3snTusa Pecny6nuku benapych Ha 2021-2025 rofbl, yT-
BepXeHHON YKa3om MNpe3ngeHTa Pecny6nukun benapychk ot 15 ceHTabpa 2021 r. Ne 348.

* [ocyaapCcTBEHHOW NporpaMMbl «QHeprocbepexxeHme» Ha 2021-2025 rofpl, yTBEPXAEHHOW NoCTaHOBNEHW-
em Coseta MuHuctpoB Pecny6nuku benapych oT 24 despans 2021 r. Ne 103.

* [ocyfapcTBEHHON nporpaMmbl «KomgopTHOe Xunbe U 6naronpusatHas cpefa» Ha 2021-2025 rogsl, yT-
BepXxaeHHoI MocTaHoBneHnem Coeeta MuHmncTpos Pecnybnnku Benapycs ot 28 sHBaps 2021 Ne 50.

» KoHLeNumm co3gaHns 06beKTOB N0 COPTUPOBKE W UCMONb30BAHUIO TBEPALIX KOMMYHa/IbHbIX OTX040B U NO-
NUFOHOB AN151 UX 3aX0POHeHUs, yTBepXAeHHaa MocTaHoBneHnem Coseta MuHucTpoB Pecny6imku Benapych oT
23 okTA6psa 2019 r. Ne 715.

* KOHLeNLMM COBEPLUEHCTBOBAHUA W PA3BUTUSA XUANLLHO-KOMMYHa/ILHOTO X03sicTBa A0 2025 rofa, yTBepX-
JeHHoin MoctaHoBneHnem CoseTa MuHucTpoB Pecny6nmnkn benapych oT 29 fekabps 2017 r. No 1037.

» HaumoHanbHol cTpaTernm no obpalleHuto ¢ TBEPAbIMU KOMMYHaNbHbIMU OTX04aMU U BTOPUYHLIMU Ma-
TepuanbHbIMK pecypcamn B Pecny6nmke benapycb Ha nepwog Ao 2035 roga, yTBEPXKAEHHOW NOCTaHOBEHWNEM
CoBeTa MuHuctpoB Pecny6nuku benapych o1 28 ntona 2017 r. Ne 567.

Mpu TaKOM HaIMYMU HOPMATUBHO-MPaBOBbLIX aKTOB, NOALEPXKMBAIOLLMX PA3BUTNE TEXHOIOTMIA N0 NPOU3BOACTBY
1 yfnaneHve buorasas Pecny6nnke benapycb, MOXHO CAenaTh BbIBOA, YTO 3TO Hanpas/fieHWe JO/MKHO MOBCEMECTHO
BHeAPATbCA B CTpaHe. OAHaKo Hapsagy ¢ aTum B benapycu B 2022 1. 6b1IM NPUHATLI HOBOBBELEHUS B 3aKOHOLa-
TeNbCTBE B YaCTW PeryiMpoBaHnNs OTHOLLEHWIA B 06/1aCTW Pa3BUTUS BO306HOBISEMbIX UCTOYHUKOB 3Heprum (BNJ)
B CBA3U C UX UHTErpaLmeil B 3HeprocucTeMy B yC/IOBMUAX 3anycka benopyckoin aToMHOW 3NeKTpoCTaHUMN.

B yacTHocTU, nNpuHaTMe 3akoHa Pecny6nukn benapycb ot 30 mas 2022 roga Ne 173-3 «O perynmposaHumu
OTHOLUEHWIN B c(hepe NCNO/b30BaHNA BO30OHOBASEMbIX UCTOYHUKOB 3HEPTUM» NOBANAN0 HA CHUKEHUE Tapnu(oB
Ha NpuobpeTeHne 3NEKTPUYECKO aHeprum n3 BUS 6onee yem B ABa pasa, YTO CYLLECTBEHHO CHU3MI0 AOXOAbI
opraHusauuii OT NpPofaxwu MPOM3BeAeHHOW 3neKTpuyeckol aHeprun. o cux nop B Pecny6nuke Benapych
feincTeoBann 6onee BbICOKME Tapubl HA MOKYNKY 3N1eKTPO3HEPTMM 3HEProcHabXatoLWwmummy opraHusaunaMm us
BW3, cTumynupytoLne npuBiedeHe MHBECTULUIA B 3Ty cdepy.

CornacHo NpUHATLIM U3MeHeHWsM, BN0K-CTaHLMK, paboTatowmne Ha BINS, MOryT npmBnekaTbcs K y4acTuto
B perynupoBaHMmn CyTOYHOrO rpatka NOKPbITUA 3NEeKTPUYECKON Harpy3ku benopycckoi aHepreTuyeckon cu-
CTeMbI, YTO MoApasyMeBaeT OTK/IHOUEHWE 3TUX BIOK-CTaHLMI B YaCbl MUHUMA/IbHOW Harpy3Ku 3HeProcucTemsl u,
KaK pe3ynbTaT, CHDKEHUE BbIPYUKM OT NPOLAXKM 3NEKTPUYECKON SHEpPrmu.

[Mpn 3TOM MpeanosiaraeTcs, UYTO TaKOMYy PeryfimpoBaHUIO He MOABEPXEeHbl OpraHu3auuy, >kenawouime
ncnonb3oBatb BUS ans cOGCTBEHHbLIX XO3AWCTBEHHbLIX HYXA. Takke [N BCeX COOCTBEHHWKOB BW3I Bce
elle AeiCTBYIOT NbroThl B chepe Hanoroo6oKeHUs B BUAE CHUXXEHUS 3KONOrMYECKOro Hajiora Ha CymMmy
KanuTabHbIX 3aTpaT, CBSA3aHHbLIX CO CTPOMTENLCTBOM B3, a Takke 0CBOOOXAEHMA OT yniaTbl 3eMeslbHOro
Hanora u Hanora Ha J06aBfieHHY0 CTOMMOCTb MPU BBO3€ Ha TEPPUTOPUIO CTPaHbl 060PYA0BaHNS W 3anacHbIX
yacTeld, NpefHa3HauYeHHbIX 415 CTPOUTENLCTBA, IKCMAyaTalMm 1 PeMOHTa yCTaHOBOK, paboTaroLwmnx Ha BA3.

OfiHaKO HOBble YCNOBWS NPUBEIM K TOMY, UTO HEKOTOpPble NPOU3BOAUTENN 3NEKTPUYECKOWA 3HEPrun u3
BW3, a B 60nbLUeli cTeneHn U3 6uorasa Ha nomroHax TKO, Ans KOTOPbIX MHBECTULMOHHbIE 3aTpaThl elle He
OKynNuAUChb, paboTaloT B Y6bITOK U3-3a TOrO, YTO BbIPyYKa OT NPOLAXKU 3MEKTPUYECKON IHEPTUM HE MOKPbIBAET
BCe 3KCMJlyaTalMOHHbIE N aMOPTM3aLMOHHbIE 3aTPaThl, @ TAKXE MHbIE 3aTpaThbl M0 BO3BPATY KPEAUTHbLIX CPEACTB.
Kpome TOro, Ha yxe AeWCTBYIOLLMX MOAUIOHAX, 4S9 KOTOPbIX CTPOMTENbCTBO CUCTEM ferasaumu He 6bino
npeLycMOTPEHO A0 BBOAA UX B 3KCMayaTauuMio, MHBECTOPaM 415 MOMYUYeHWUs HaLeXHOW Npuobbliv HeobXoaMMo
MOCTOAHHO WHBECTUPOBATb B CTPOMTE/IbCTBO HOBbLIX CKBXWH U CUCTEMbl OYMCTKWU MOBEPXHOCTHbIX CTOKOB
N QUbTpaTa, HO B CNOXMBLUEACA CUTYaUUW pacluupeHne UHDPACTPYKTYPHbIX 00BEKTOB /18 CYLLECTBYHOLLUX
CUCTEM JerasaLmu NoIMroHOB 3SKOHOMUYECKU HeLenecoo6pasHo.

3aK/1loyeHune

CyuiecTBytoLasa TapuHas 1 orpaHnUnTeNIbHas NOIMTUKA B OTHOLEHUM B3 He cTuMynupyeT fanbHeliluee
pa3BUTUE TEXHOMIOTNIA yNaBnmMBaHus 6rorasa Ha otxogax TKO B Benapycu.

noctaHosneHue Coseta MuHucTpos Pecny6auku benapycb o1 29.09.2021 Ne 553 «O6 ycTaHOBNEHUN OMpPeAensieMoro Ha HalMoHab-
HOM YpOBHe BKnaga Pecny6nmkn benapych B COKpalleHmMe BbIGPOCOB NapHMKOBLIX ra3oB 4o 2030 rogax.
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OpHako 3TO BOBCe He 03HayaeTt, yto B benapycu He nnaHupyetcs passmaTb BUWO. lNMpegnonaraercs, 4Tto
CO3JaHHble MexaHu3Mbl AN1f BHeapeHus BUS 6yayT HanpasfieHbl UCKOYMTENBHO HA COOCTBEHHbIE HYX[b
Cy6BEKTOB X034MCTBOBaHMSA. YTO KacaeTcs cUCTeM Aerasauum noamroHoB, To aHepronoTpebnieHve ans obecneve-
HUSA XO3SMCTBEHHOM feATeIbHOCTW NOMUIOHA HEe3HAYUTE/bHO, & KanuTasbHble 3aTpaThl Ha 060pyA0BaHue CUCTe-
MaMu ferasalmm BbICOKW, W, MO NPUMEPHbLIM OLEHKaM, B 3aBUCUMOCTW OT TEXHONOMNWN YNaBNNBaHUA U yaaneHne
6uorasa cocTaBnsoT 3,5-4,7 MAH Aon/. B 3TOW CBSA3M CTPOMTENBCTBO YCTAaHOBOK MO MCMNONb30BaHUIO CBA/IOYHO-
ro rasa B TeKyLLel cUTyaLmMm 3SKOHOMUYECKUN He NPUBNEKATESLHO.

YunTbiBas COLMANbHYIO U 3KONOTMYECKY0 3HAYMMOCTb TeXHONOrMu ferasauuy noanuroHoB, ANA ee BHe-
LpeHnst HeobXoAMMbl PbIHOYHLIE WHCTPYMEHTbl. OUeBMAHO, YTO [ajbHeillee CTUMYNMPOBaHWE B pasBUTUE
Jerasaumm nonuroHos TKO B Benapycu MOXeT NPOM30NTH B pamMmKax peanm3aLmm KNMMaTU4ecKux npoekToB Kak
Ha MeX[yHapoAHOM, TaK U Ha HalMOHaNbHOM YriepogHOM PbiHKe, acrekTbl co3faHuna KOTOporo B HacTosLue
Bpems npopabaTbiBatoTcs [NpaBuTenscTBOM Pecnybnnku benapyce.

Bubnuorpagunueckune ccbiku

1. HaumoHanbHbIV cTaTUCTMYECKNIA KoMUTET Pecny6imkn benapych [VIHTepHET, npouuTpoBaHo 28 mas 2024]. URL: https://www.
belstat.gov.by/ofitsialnaya-statistika/makroekonomika-i-okruzhayushchaya-sreda/okruzhayuschaya-sreda/sovmestnaya-sistema-ekolo-
gicheskoi-informatsii2/i-othody/i-3-ispolzovanie-otkhodov/?ysclid=Ireoq2wdj878330357.

2. BaiicmaH AW, n gp. YnpasneHue oTxogamu. CTOYHble BOAbl W 61Ora3 noaMroHOB 3aXOPOHEHUS TBepAblX OblTOBbIX OTXOAOB.
Monorpadus. Mepmb: MepMCKUii HaLMOHaNbHBIA UCCNe[0BaTENLCKUIA NONUTEXHUYECKUIA yHUBepcuTeT; 2012. 259 c.

3. OcunosB BW. ¥YnpaBneHue TBepAbIMW KOMMYHa/lbHbIMWU OTXOZaMW Kak (hefepasibHblii 9KONOrMYecKuidi NpoekT. [eoakonorus.
MH>keHepHas reonorus. Muaporeonorus. Meokpuonorus. 2019;3:3-11.

4. A6pamoB HB, CaHHukoB 3C, PycakoB HB, Munses MB, XanesuH PI", ludaHos AB, BypeHuH HC, Typ6uH AC. MeToguka
pacyeTa KONMYECTBEHHbIX XapaKTepuUCTUK BbIOPOCOB 3arpA3HAILLMX BELECTB B aTMOCHepy OT MNONUIOHOB TBEPAbIX OblTOBbIX
1 NPOMBbILINEHHbIX 0TX0A0B. MockBa: AKafeMnsa KOMMYyHaibHOro xo3sincTea um. K. [. Mamdunosa; 2004. 20 c.

5. Tpyw AB, boTaH EA. AHann3 faHHbIX U3y4eHnss Mopponornyeckoro cocTasa KOMMyHanbHbIXx 0TX0A0B B Pecnybnuke Benapychb.
B: 9konoruyeckas 6esonacHocTb 1991-2021. C60pHMK MaTepnanoB 3a04HOW Hay4YHO-NMPAKTUYECKOA KOHdepeHunn. MuHck: BI'TY;
2021. c. 152-156.

6. PykoBoaswme npyHLMNbI MPOBEAEHUA HALMOHANbHbIX UHBEHTapPMU3aLUii NapHNKoBbIX rasoB MIT3NK 2006. Tom 2. SHepreTuka
[MHTepHeT, npountmpoBaHo 28 masa 2024]. URL: https://www.ipcc-nggip.iges.or.jp/public/2006gl/russian/pdf/2_Volume2/V2_2 Ch2_
Stationary_Combustion.pdf.

Reference

1 National State Committee of the Republic of Belarus. [Internet, cited 2024 May 28]. Available from: https://www.belstat.gov.by/
ofitsialnaya-statistika/makroekonomika-i-okruzhayushchaya-sreda/okruzhayuschaya-sreda/sovmestnaya-sistema-ekologicheskoi-infor-
matsii2/i-othody/i-3-ispolzovanie-otkhodov/?ysclid=Ireoq2wdj878330357.

2. Vaisman Yal, et al. Upravlenie otkhodami. Stochnye vody i biogazpoligonov zakhoroneniya tverdykh bytovykh otkhodov [Waste
management. Wastewater and biogas from solid waste disposal sites]. Perm: Permskij nacional’nyj issledovatel’skij politekhnicheskij
universitet; 2012. p. 259. Russian.

3. Osipov VI. Upravlenie tverdymi kommunalhymi otkhodami kakfederalhyi ekologicheskii proekt [Municipal solid waste manage-
ment as a federal environmental project]. Geoekologiya. Inzhenernayageologiya. Gidrogeologiya. Geokriologiya. 2019;3:3-11. Russian.

4. Abramov NV, Sannikov ES, Rusakov NV, Milyaev MB, Khalevin RG, Lifanov AV, Burenin NS, Turbin AS. Metodika rascheta
kolichestvennykh kharakteri-stik vybrosov zagryaznyayushchikh veshchestv v atmosferu otpoligonov tverdykh by-tovykh ipromyshlenny-
kh otkhodov [Methodology for calculating the quantitative characteristics of pollutant emissions into the atmosphere from solid domestic
and industrial waste landfills]. Moscow: Akademiya kommunal’nogo hozyajstva; 2004. 20 p. Russian.

5. Trush YaV, Botyan EA. Analiz dannykh izucheniya morfologicheskogo sostava kom-munalhykh otkhodov v Respublike Belarus
[Analysis of data from studying the morphological composition of municipal waste in the Republic of Belarus]. In: Ekologicheskaya
bezopasnost’1991-2021. Sbhornikmaterialov zaochnoi nauchno-prakticheskoi konferentsii. Minsk: BSTU; 2021. p. 152-156. Russian.

6. 2006 IPCC Guidelines for National Greenhouse Gas Inventories. VVolume 2. Energy [Internet, cited 2024 May 28]. Available from:
https://www.ipcc-nggip.iges.or.jp/public/2006gl/russian/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf.

CTaTbs nocTynuna Bpegkonneruto 28.05.2024.
Received by editorial board 28.05.2024.


https://www
https://www.ipcc-nggip.iges.or.jp/public/2006gl/russian/pdf/2_Volume2/V2_2_Ch2_
https://www.belstat.gov.by/
https://www.ipcc-nggip.iges.or.jp/public/2006gl/russian/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf

COAEPXAHWE

N3YUEHWME N PEABNJTTNTALNA SKOCUCTEM

>Xopos . I'. Kokumgsl (Coccoidea) 3akpbIToro rpyHTa benapycu. BuzoBoii cocTaB 1 xapakTep HaHOCUMbIX

(L0 =T 0 TCD T TSRS 4
CwnHuyk O. B., XXopos [ . " MNepefHue roneHn xxyka-Hocopora 06bIkHOBeHHOro (Oryctes nasicornis
(Linnaeus, 1758) kak 6MOHNYECKNIA NPOTOTUN /1 MOAE/IMPOBAHUSA CTPeIbYaThIX Nan KY/IbTUBATOPOB......covveeeeereienees 15

CuacTHas . N., PoHgak Y. A. OueHKa 3KO/I0OMMYeCKOro COCTOAHUA U 9KOCUCTEMHBIX YCYT 03e/IEHEHHbIX
TEPPUTOPUI 06LLETO MOSTB30BAHUS T HKOLMHO ..cve.eieeeeieieieieneseteteseseeeesesesessesesesesseseseseeseseeseesesensseasesesessesesesessesasensssesenssensesesensns 24

MakapeHko T. B., MakapeHko A. /. CpaBHWUTe/IbHasi XapaKTePUCTUKA COAEPXXaHUS TSHKENbIX METa/I/I0B
B TKaHSIX pPas/IMUHbIX BUOB MO/I/IHOCKOB BOAOEMOB T. [OME/ISt Y MPUMETAIOLLUX TEPPUTOPUM ..cevveeeererirereereeeseeseseee e 35

PAOVONOINA NPAONOBENONOTNA, PADMALUNOHHAA BESOIMACHOCTDb

TaHkeBuy E. A., HnkuTuH A. H., CumoHuuk tO. K., KoHuesasa . 1. Ponb MMKPOOPraHM3mMoB OCHOBHbIX
3K0M0ro-TPohMYeCKUX rpynn B nocTynneHmun 137Cs 13 gepHOBO-MOA30/IMCTOI cynecyaHoli NoyBbl B Griomaccy
AVENA SALIVA Lottt ettt e et e e e e te e e et b e e ebeeeeteeesabeeabeeeasseeeabeeeateeeastaeaabeeantee e nbeeeabeeanbeeeanbeeanbeseateeeanteeabeeateeean 46

HuknTuH A. H., LWypaHkoBa O. A., KanuunyeHko C. A., MuuieHko E. B., NNechepa I'. A. OCo6eHHOCTH
HakonneHus 137Cs pacTeHUAMN TPABSHUCTbLIX CO06LLECTB B 6/1v>KHel 30He UepHobblibekoin ASC Ha aTane
OTAANIEHHbIX MOCAEACTBUMN PALNALMOHHOM GBAPMIN. ....c.uiveuiriririuestsestatsesesesesesestaesesesesesesesesestsestsesesesesesesesesesesesenesesesesesesesenesesesenas 57

MEOVNUMNHCKAA 3KOJ/T0OIn4A

BeHuaHb Y>kaHb, Hu>keropogosaf,. b., 3ahpaHckas M. M. IMMyHonaToreHes n ceposiorn4yeckne Mapkepbl
NPY BOCMAINTENTbHbIX 3800/TEBAHMAX KULLEUHUIKA. ....c.euereeutreeseateaeeteseesesueseesessaesseseesessesessessesessensasessesessensasessestssensasesssnsssenessessenes 68

MPOMBIWNEHHAA N ATPAPHAA SKOJ1OI A

BaxeaX. A., AuyxHo B. M. DKOCUCTEMHbIV YUET /1eCOB B yCTONYMBOM MPUPOAOMNO/b30BAHUN: OCHOBHOE
COLEPIKAHME N PABBUITUIR. ....evieieeieeteeiteeeate st atease s it eseeseesb e besbesbeshees e e st e s e e s e e e e e e eE e e Ee 4R e e Re 4R e e R s e R e b e e b e A E e AR £ e ReeR e e R e e b e b e neenb e e b e e bt e b e ebeennennenenens 79
BepTow E. N, FoHuap K. B., Menex . B., Hapkesuu W. M., ®ypca tO. B. CyulecTBytoLyme 6apbepbl
npv NPYMEHEeHNN CUCTEM aKTUBHOW Jerasalmn NoMroHoB TBEPAbIX KOMMYHa/IbHbIX 0TX0J0B ANS peLueHmns
3KOJIOrMYECKNX U KITUMATUYECKUX MPOBIEM B PECMYONTUKE BEMAPYCD. .. .cuieiuiieiiiiieieeiieieesie ettt 86

92



CONTENTS

THE STUDY AND REHABILITATION OF ECOSYSTEMS

Zhorov D. G. Coccoidea of the indoor soil of Belarus. Species composition and nature of damage caused......

SinchukA. V, Zhorov D. G. The front tibia of the european rhinoceros beetle (Oryctes nasicornis

(Linnaeus, 1758) as a bionic prototype for modeling the row CTop CUltiVator SWEEP .......covvereeirieiine e

Shchasnaya 1.1., Rondak U. A. Assessment of public green spaces’ ecological condition and ecosystem

SEIVICES 1N ZNOOINO CITY ..ttt bbbtttk b bt et e bt e e a £ e e e Rt e bt e e e Rt e b e e e bt et e st e b et ebenb e e ebe e ebe e

Makarenko T V., Makarenko A. I. Comparative characteristics of heavy metals content in the various types

of mollusks’tissues in Gomel water bodies and its adjacent territOrieS.........cooiiiririnei e

RADIOLOGY AND RADIOBIOLOGY, RADIATION SAFETY

Tankevich E. A., Nikitin A. N., Simonchyk Yu. K., Kantsavaya 1.1. The role of microorganisms of the main
ecological and trophic groups in the transfer of 137Cs from soddy-podzolic sandy loam soil into the biomass
ofAvena sativa L

Nikitin A. N., Shurankova O. A., Kalinichenko S. A., Mishchanka E. V, Leferd G. A. Patterns of 13/Cs
accumulation in herbaceous plant communities near the Chernobyl nuclear power plant in the aftermath
of the accident

MEDICAL ECOLOGY

Wencan Zhang, Nizheharodava D. B., Zafranskaya M. M. Immunopathogenesis and serological markers

IN INFIAMMATOTY DOWET QISEASES .. ettt ettt e e b et e bt et et be st et e et et be et e b e sbe e ere s

INDUSTRIAL AND AGRICULTURAL ECOLOGY

Bahedh H. A., Yatsukhno V. M. Ecosystem accounting of forests in sustainable environmental
management: basic content and development

Bertosh E. I, Gonchar K. V, Melekh D. V, Narkevich I. P,, Fursa Yu. V Existing barriers of using of active
degassing systems for municipal solid waste disposal sites to solve environmental and climatic problems in

The REPUDIIC OF BRIAKUS......oeiieeee et b bbbt bbbt b e b et e b e e et e e b et et e b et e b et et e

93



YKypHan BkoueH Bbiclieil aTTecTalUOHHO! Komuceueii Pecny6aukn Benapych B MepeyeHb HayuHbIX
n3gaHuii ans ony6nnKoBaHUs pesynbTaToB AMCCEPTALMOHHbLIX UCCNEA0BaHUA N0 BUONOTMYECKUM, CeNbCKO-

XO35ACTBEHHbIM U TEXHUYECKNM (SKOI'IOFI/IFI) HayKam.

XypHan Bkno4YeH B 6ubanorpacdmueckyto 6asy AaHHbIX Hay4HbIX Ny6AMKaLWii «POCCUIACKMA WHAEKC

Hay4yHOro uuTumposanms» (PUHLL).

>KypHan benopycckoro
rocyfjlapCTBEHHOr0 yHMBepcuTeTa. SKO/orus.
Ne 2. 2024

Yupeautens:
Benopycckuii rocyjapcTBeHHbI yHUBEPCUTET

FOpuanyeckuii agpec: np. HesasncumocTw, 4,
220030, MUHCK.

MouToBbIN agpec: yn. Jonrobpoackas, 23/1,
220070, MuHCK.

Ten. 398-89-34, 398-93-44.

www.iseu.bsu.by

E-mail: jecology@bsu.by

«KypHan benopycckoro rocyapcTBeHHOro
YHVBepcUTETa. DKONOTNsA» N3[aeTcs ¢ CeHTAbps 2017 T.
[o asrycta 2017 r. BbIXOAWAN NOJ Ha3BAHNEM
«OKOMOrMYecKnii BECTHUK

(ISSN 1994-2087).

PepakTop J1. M. KopeHesckas
TexHunuyeckunii pegaktop M. HO. MolukoBa
KoppekTop M. HO. MoLukoBa

MognucaHo B neyats 24.06.2024.
Tupax 100 3k3. 3aka3 574.

Pecny6nukaHckoe yHUTapHoe npegnpusaTue
«VH®hOpPMaLMOHHO-BbIYNCNTENBHbIN LEEHTP
MuHucTepcTBa (hmHaHcoB Pecnybnnkm benapycb»
1M Ne 02330/89 oT 3 mapTa 2014.

Yn. KanbBapuiickas, 17, 220004, MuHcK.

© BI'y, 2024

Journal
of the Belarusian State University. Ecology.
No. 2. 2024

Founder:
Belarusian State University

Registered address: 4 Niezalieznasci Ave.,
220030, Minsk.

Correspondence address: 23/1 Dauhabrodskaja Str.,
220070, Minsk.

Tel. 398-89-34, 398-93-44.

www.iseu.bsu.by

E-mail: jecology@bsu.by

«Journal of the Belarusian State University. Ecology»
published since September, 2017.

Until August, 2017 named «Ekologicheskii vestnik»
(ISSN 1994-2087).

Editor L. M. Korenevskaya
Technical editor M. Yu. Moshkova
Proofreader M. Yu. Moshkova

Signed print 24.06.2024.
Edition 100 copies. Order number 574.

RUE «Information Computing Center of the Ministry
of Finance of the Republic of Belarus».
License for publishing No. 02330/89, 3 March, 2014.
17 Kalvaryjskaya Str., 220004, Minsk.

© BSU, 2024


http://www.iseu.bsu.by
mailto:jecology@bsu.by
http://www.iseu.bsu.by
mailto:jecology@bsu.by

