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KOKIMABI (COCCOIDEA) 3AKPBITOIO I'PYHTA BEAAPYCHU.
BUAOBOUN COCTAB 1 XAPAKTEP HAHOCUMBIX ITOBPEXAEHNU

A. I. 2KOPOB

benopyccruii cocyoapecmeennviii ynusepcumen,
np. Hezasucumocmu, 4, 220030, o. Munck, Benapyco

B uccnenoBanuu npencrasineHa nHGpopManys 0 OMOIIOTHYECKUX 0COOCHHOCTSIX, TeorpayiaecKoM IPOUCXOKACHHUH, TPO-
(rdeckoi crenuann3anmy, XapakTepe HHUIUAPYEMbIX TIOBPEKICHUH YepBejaMy M IIIMTOBKAMH B yCIIOBHSIX 3aKPBITOTO TPYH-
ta Bemapycu. B Hacrosmee Bpems u3 39 BumoB Coccoidea, 0OTMEUCHHBIX B pernoHaibHON (ayHe bemapycu, mis 15 Bumos
cemetict Ortheziidae, Pseudococcidae, Coccidae u Diaspididae xapakTepHO 0OMTaHHE B YCIOBHUSIX 3aKPBITOTO TPYHTA, YTO
cocraisieT 38,5 % ot 0011ero BUA0BOro cocrara. I1peodianaroriee 00mbImHCTBO (7 BUm0B; 46,7 %) NPUHAIICKUT CEMEUCTBY
Pseudococcidae. K npencrasutensim Diaspididae otHocuTest 5 BuzoB, uto cocrasisieT 33,3 % ot oOriero uucia. B ycnosu-
SX 3aKpbIToro rpyHra cemeiictBo Coccidae mpeacTaBineHo ABYMs BUAAMU: JIOKHOIIMTOBKON Msirkod (Coccus hesperidum
Linnaeus, 1758) u nomymaposunnoit (Saissetia coffeae (Walker, 1852)). EXUHUYHBIM BHJIOM — YEepBEIIOM IUIACTHHYATHIM
opamxkepeHsIM (Insignorthezia insignis (Browne, 1887)) mpeacrasneno cemeiictBo Ortheziidae. B ycioBHAx 3akpbITOro
rpyHTa OOJNBIIMHCTBO YepBELOB M MUTOBOK (11 BUIOB) M0 Tpodrdeckoil crieruanu3aniy IPHHAIISKAT K YUCTY HECTICIHAIHI-
3UpOBaHHBIX (uTodaros (mosudarn), 4to cocrasisieT 73,4 % OT CIIUCOYHOIO COCTAaBA.
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N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

K cnenmamimupoBanHbIM (0nuroari) 1 y3KoCIeaIn3npoBaHHEIM (MOHO(Darn) purodaram OTHOCHUTCS 1O 2 BHJIA, UTO CO-
craBiseT 1o 13,3 % cooTBeTCTBEHHO. XOPOIOTHYECKUI aHAIN3 KOKIH, OOUTAIOIINX B YCIIOBHSIX 3aKpBITOTO rpyHTa bemapycu,
TIOKa3aJl, 4To OOJIBIIMHCTBO NpezcTaBuTeNniel (6 BUI0B) UMEIOT €CTECTBEHHO-MCTOPUYECKH CIIOKHUBIIHECS apealibl B CeBepHOH,
HenrpanpHoii u FOxHON AMepuke, uto coctaBisieT 40 % OT CIIMCOYHOrO cocTaBa. BrixoaiamMu U3 apoTpoITHYeCKOro peruoHa
SIBJISIIOTCSL TP BUAA KoKW — Viyburgia amaryllidis, Saissetia coffeae n Aspidiotus nerii. Tepputopus ABCTpalliy SBISIETCS
PETHOHOM TIPOUCXOKACHUS TS YepBella MyJIHHCTOTO IUTPycoBoro (Pseudococcus calceolariae), Cpenm3eMHOMOpPbE — IS
IUTOBKHU JIaBPOBO# (Aonidia lauri), FOro-BocTounas A3us — Ui IMUTOBKH MANOYKOBUIHON (Lepidosaphes gloverii). {ns
JIBYX BUJIOB KOKITH (JIOXKHOITMTOBKHU MATKOH (Coccus hesperidum) v IMTOBKK po3aHHOM (Aulacaspis rosae)) mpearnonaraeT-
Csl, YTO PETMOHOM MX IPOUCXOKICHHS SIBIISICTCS] TEPPUTOPUST A3HUH.

B pabote npuBerieH nepeucHs KapaHTHHHBIX By10B KoK (Coccoidea) st ocyiecTriaeH s (PUTOCAHUTAPHOTO KOHTPOJIS (HaI-
30pa) MOJKAPaHTHHHOM MPOYKIIMHU 1 OOBEKTOB C LIEJIBI0 HEJIOITYIIEHHs BBO3A M PaCIIPOCTPaHEHHS UX 110 Tepputopuu benapycu.

Knrouesvle cnosa: BpenuTeIn; MHBA3UBHBIC BUJIBI;, KAPAHTHHHBIC BU/BI; KOKINABL, (GPUTO(ATH; 3aKPBITHII TPYHT; (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 %, 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 and Aspidiotus 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 (4onidia
lauri), and Southeast Asia for the stick worm (Lepidosaphes gloverii). For two 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.

BBenenne

WHaTercnrkamss TOproBo-peIHOYHBIX OTHOIIEHWN MEXY CTpaHaMH MHpa W aKTUBHBIA UMIIOPT OBOIIHOM,
[BETOYHOW ¥ JIEKOPATUBHOW MPOAYKIIUH CO3/IAIH OMpPEAETICHHbIE TPEATOCHUIKH /ISl TPOHUKHOBEHHSI TyKEPOI-
HBIX HHBa3UBHBIX BUJIOB HACEKOMBIX-BPEIUTENIEH BO BCe CTpaHbl EBPOIBI, BKITFOUas U TEPPUTOPHUIO COBPEMEHHOM
Pecrry6nmuku bemapych.

Oco00 omacHBIM SIBIISIETCSl POHUKHOBEHUE BPEIUTENICH B 3aKPBITHIA TPYHT (TEIUIHIBI M opamkepen) [1],
TaK Kak B HEM CO3/Ial0TCSl ONTHUMAJIbHBIE YCIOBUS (TEMIIEpaTypHBIN PEXXHUM, BIAKHOCTD) IS KPYTIIOTOAUIHO-
TO Pa3MHOXKCHHS W Pa3BUTHS HACEKOMBIX-BPEIUTENEH, MPEUMYIIECTBEHHO TPOIMYECKOTO U CyOTPOITHYECKOTO
npoucxokaeHns. CTpeMHUTEIHPHOMY YBEIMYCHUIO KOJMYEeCTBA 0COOEH pPacTUTENHHOSIHBIX BPEAUTENEH TakKe
CIIOCOOCTBYET OTCYTCTBHE B YCIIOBUSX 3alIUIIEHHOTO TPYHTA €CTECTBEHHBIX PEryasTOpPOB YUCIeHHOCTH [2]. Xa-
PaKTEpPHBIM IS OpAHKepel U TETIIHII SBIAETCS peodiananue GuToharos ¢ COCYIIMM THIIOM POTOBOTO arapa-
Ta (TeIUTHIHAsT OCIIOKPBIIKA, HEKOTOPBIE BUIBI TICH, 0aXpOMYaTOKPBIIBIX, KOKITHA U Ap.) [2].

Cpenu MHOTOYHNCIIEHHBIX BUIOB HACEKOMBIX-BPEIUTENEH TEKOPATHBHBIX PACTEHHA CaMBIMHU TPYAHONUCKOPEHH-
MBIMH SIBJISTFOTCSI KOKITUIBI, WiTH YepBelbl 1 muToBkH (Coccoidea). B criry cBoeli SKOIOrH4YecKol IMIacTHYHOCTH,
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HEOOITBIIINX Pa3MEPOB, CKPBITOr0 00pa3a JKU3HMU, OTCYTCTBHS B HOBBIX MECTOOOMTAHUSIX PA3THYHBIX BHJIOB XUIITHBIX
HACEKOMBIX M MIAPa3UTOUIOB, TECHOU TPOPHIECKOH CBI3M ¢ KOPMOBBIMHU PACTCHHUSMH OHH YaIlle APYTUX 3aHOCITCS
U TPOHUKAIOT C 3apaKCHHBIM MOCAIOYHBIM MaTEpPHAIIOM 3a TpeJelibl CBOMX MEePBUYHBIX apeasioB. [IpoHukas Ha
HOBBIE, paHee He3aceNICHHBIC TEPPUTOPHHI, OHA MOTYT BBICTYIIATh B KAYECTBE IKOHOMUYECKH 3HAUMMBIX BpEUTEICH
KOCTOYKOBBIX M CEMEUKOBBIX IIOJIOBBIX, SITOJIHBIX, TEXHUUECKHUX, TIOJIEBIX, OTOPOITHBIX 1 CYOTPOITUUECKUX KYJIBTY],
OpamKepeHHBIX 1 KOMHATHBIX pacTeHuit [1].

UYepgellpl U MATOBKH SIBJISFOTCS OCHOBHBIMHU BPEIUTEISIMU OPaHKEPEHHBIX M KOMHATHBIX pacTeHuid. [TuTasch Ha
KOPMOBBIX PACTEHHUSIX, OHH TOTPEONISFOT 3HAYUTETFHOE KOJMMYECTBO TUIACTUYECKHUX BEIIECTB, YTO TMPUBOMIUT K He-
KOHTPOJIUPYEMBIM MATOJIOTHYCCKIM M3MEHEHUSIM B TKaHSIX pacTeHui (00pa3oBaHUe Pa3IMuHOrO pojia HoBOOOpaso-
BaHWIA, WM TepaT), yChIXaHUE OT/EIBHBIX BETOK U CTBOJIOB, PEXKICBPEMEHHBIN OMaj JIMCTHEB U TUIOOB. B MecTax
NUTaHUsT GOPMHUPYIOTCS XJIOPOTHYHBIC yuacTKi. CaMKU U JIMUYMHKA KOKIIUJT POTYIIHUPYIOT 3HAYUTEILHOE KOJIUUe-
CTBO MEJIBSIHOH POCHI, SIBJISTFOILEHCSI CyOCTPATOM JIJIsl PA3BUTHS CAPOPHUTHBIX CAXKUCTHIX TPHOOB, KOTOPbIE MPUBOJISAT
K HApYIICHUIO aCCUMIJISIIIMOHHBIX TPOIIECCOB B JINCTHSIX W CHIKCHUIO IEKOPATUBHBIX CBOUCTB pacTeHuit [3; 4].

K nacrosimmeMy BpeMeHH B peTHOHAIBHOH (ayHe benmapycn korctarupoBano npucyrcrsue 39 Bumos Coccoidea
u3 31 poma u 11 cemeicTB [5; 6], KOTOpBIE BRICTYTAIOT B KAU€CTBE CEPhE3HBIX BPEAUTENCH TEKOPAaTUBHBIX, TUIO-
JTOBBIX, STOMHBIX W JECHBIX KynbTyp. s 15 BumoB u3 12 pomoB u 4 cemeiictB Ortheziidae, Pseudococcidae,
Coccidae n Diaspididae xapakTepHo 0OUTaHHE B YCIOBHUAX 3aKPBITOTO TPYHTA [5].

B macTosmiei paboTe IpUBOAATCS TaHHBIE O OMOJIOTHIECKUX 0COOCHHOCTSIX, TeorpadynIecKoM MTPOUCXOKIC-
HUH, TPOPHUIESCKON CHeIMAIN3AINHI, XapaKTepe HHUIIMUPYEMbIX IIOBPEKICHUH YepBeIlaMH U IIIMTOBKAMH B YCIIO-
BUSIX 3aKpbITOrO rpyHTa benapycn.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

B ocHOBY paboThI MOJIOKEHBI JIAHHBIC aHAIN3a PA0OT MPEIBIAYIIUX JIET U Pe3yJbTarbl COOCTBEHHBIX HCCIIE-
nmoBaawii. Homenkmarypa Coccoidea cooTBETCTBYET KiTaccu(UKAINH, IPUBEACHHON B Oa3e maHHBIX ScaleNet [7].

PesyabraTsl Hec/ieioBaHN U X 00CyKIeHHe

[To pe3ynbraTaM MPOBENICHHBIX MOJEBBIX UCCIEIOBAHUNA M 00OOMICHUS JJAHHBIX JINTEPATYPHBIX UCTOYHUKOB
MIPEIBIIYIINX JIET COCTABIICH aHHOTHPOBAHHBIA CITMCOK YepBeloB M MmUTOBOK (Coccoidea), pa3BHBAIOIINXCS
B YCJIOBHSIX 3aKPBITOTO (3aIIWINCHHOTO) TpyHTa bemapycH, ¢ ykazaHneM OHOJIOTHYECKHX OCOOCHHOCTEH, Teo-
rpaprUecKoro MPOUCXOXKICHNUS, TPOYUIECKOH crienMaTu3alii, XapakTepa HHUIIMUPYEMBIX TOBpekeHui. [Tpu-
BEJICHBI KOPMOBBIC PACTCHHUS M CCHUTKH Ha OMOIHOrpadruecKie NCTOTHUKH, B KOTOPBIX MIpeIcTaBIeHa HHpOpMa-
sl O PETHCTPAIMHU TAaHHBIX BUOB GuTO(haros Ha Tepputopun benapycu.

CemeiicTBo Ortheziidae (IlnacTuHYaTBIE YepBelbl)

YepBen, mjacTUHYATHINA opan:kepeiinnlii (Insignorthezia insignis (Browne, 1887)). Temo B3pocmoii
caMKH /. insignis OBaJbHOE WX KPyIIoe, IHHON 10 1,5 MM, mmpuHO# 10 1,3 MM, TEMHO-KOPUIHEBOTO WIIH
TEMHO-3€JICHOTO IIB€Ta C YeTKOM cerMeHTanuei. JlopcajgpHas CTOpOHA Teia Tojas, 3a WCKIIOYEHHEM JIBYX
Y3KHUX MPOJOTBHBIX PSIIOB U3 12 MaTeHBKUX O€JIBIX BOCKOBBIX OTPOCTKOB, PACIIONIOKEHHBIX TI0 00€ CTOPOHBI OT
CpemHel THHUH; TOpCaTbHBIE BOCKOBBIE OTPOCTKH JJOBOJBHO KOPOTKHE, CaMble IJTMHHBIC M HAN0OJIee N30T HY ThIC
pacToIoXKeHBI OIrKe K 3aqHeMy KoHIry Tena [8—10].

Pernon npoucxoxaenust — FOxxuas Amepuka [11]. TTo Tpodudeckoii crienuanu3anuy NpuHaUISKUT K YUCTY
monu(aroB W SBISICTCSI BPEIUTEIEM MHOTHX BHIOB OpaH)KEPEHHBIX PACTEHUH, CPEId KOTOPBIX CTPOOWIISTHTEHI
(Strobilanthus sp.), burnonny, Wi OMHLOHUY (Bignonia sp.), akaHTbI, WM aKaHTYCHI (Acanthus sp.), aleHOKaIH-
MEI (Adenocalymna sp.), duttonun (Fittonia sp.), Dipterocanthus sp. v ap. [1; 4; 12].

B3pocnbie camMku 1 TUAUHKY /. insignis TOKaTU3yIOTCS Ha cTe0Jie M JIMCTOBBIX IUIACTHHKAX. [Ipn MaccoBoM
pPa3sMHOXKEHHH YepBela HaOMonaeTcst 3aiepKka B pOCTE M Pa3BUTHH PAaCTEHUI, a MOBPEXKICHHbIE JIUCThS MTPEK-
JIEBPEMEHHO JKENTEIOT U OmaaaroT. HacekoMble poayupyroT 3HAYUTEIHHOE KOJTMUECTBO TaIH, WM MEIBSIHON
POCBI, KOTOpast BBICTYIIAET B Ka4eCTBE CyOCTpaTa /Ui pa3BUTHS CalPOPUTHBIX CAXHUCTHIX rpubos [13]. Xossii-
CTBEHHOTO 3HAYCHUS B KAY€CTBE BPEAUTENS B YCIOBHAX 3aKPBITOTO TpyHTa bemapycn onn He nMerot [5].

CemeiictBo Myunuctbie yepBelbl (Pseudococcidae)

YepBenw MyYHHCTBII HUTPYCOBBIH (Pseudococcus calceolariae Maskell, 1879). Teno B3pocioii camku
P, calceolariae oBanmwHOE, AyTUHOM 710 4,5 MM M IIUPHUHOM 110 2,5 MM, CBETJIO-MaJIMHOBOTO 1IBETA, MIOKPHITOE OC-
JIBIM BOCKOBBIM HajieToM. I1o kpato Tena pacronararorcst TOJICThIE BOCKOBBIE HUTH B KoinuecTse 17 map [14].

Peruon npoucxoxaenus — Asctpanus [8; 14]. 1o Tpoduyeckoli cienani3annyl MPUHAIICKHT K YACITY M0-
nudaros u noBpexaaeT cpblie 250 BUIOB CyOTPONUYECKUX KYIBTYP U OpaHKEpPEHHBIX PACTCHUIA, B TO BpeMs
KaK OCHOBHBIMH KOPMOBBIMH PAaCTCHUSIMH SIBISTIOTCS UTpycoBbie (Citrinae) [4; 14]. B yclIoBuUsIX Terumiy MoxeT
BpEIUTh BUHOTPAy [2].
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B3spocnbie camku u muauHKN P, calceolariae mokanmu3yroTcs Ha CTBOJIAX, BETKAX, MOOeTax, JINCTHIX U MJIOAaX
MHOTOYHCIIEHHBIX JICKOPATUBHBIX CYOTPOMTMYECKHX PAaCTeHHWH. 3aceleHHBbIe BPeIUTeNeM MOJIObIe MO0ern nc-
KPHUBJISTIOTCS, @ JIUCTOBBIC TUTACTUHKH JTePOPMHUPYIOTCS (CKpyuuBaroTcst). C TMOSBICHHUEM IIIO0OB KOJIOHUH Yep-
Bella IIUTPYCOBOTO MUTPHUPYIOT K OCHOBAHMIO IIOOHOKKH W Ha Tuionbl. [TuTasch Ha mmogoHOXKax, purodar
CIIOCOOCTBYET UX 3HAUNTENFHOMY OCIIA0JICHHUIO, 9TO IPUBOANT K MaCCOBOMY OITAICHHUIO TTOJIOB, KOTOPOE MOYKET
nmocturath 10 90 % ypoxas [1; 14]. Ha 3aceneHHBIX IUTPYCOBBIM YEPBEIIOM TLIOIAX 00pa3yroTcs MATHA C Kell-
TO-OypBhIMHU M3BSBIEHUSAMH. Hepeako oTMedaeTcs, 9To OMepTBEBIIasl KOXKHIIA TJI0I0B PACTPECKUBACTCS, a B 00-
pa3oBaBIIHECsS TPEHINHBI IPOHUKAIOT MUKPOOPTAHN3MBI, KOTOPBIe IPUBOAST K WX 3arHWBaHUIo. [Ipn mMaccoBoit
KOJIOHH3AITUH pacTeHni ¢puTodaroM HaOIomaeTcs IpekaeBpeMeHHbIH auctonan [1; 4]. Beigensemas camkamu
MEZIBSTHAsl pOca CIYXXHUT CyOCTpPaToM /ISl pa3BUTHS canipOPUTHBIX CAKHUCTBIX TPHOOB, KOTOPBIE CYIIECTBEHHO 3a-
TPSI3HSIOT TUTONBI, TTOOCTH U JTUCThS [ 14].

UepBenm MyYHHCTHIM IHUTPYCOBBIM, yKa3aHHBIA Kak Pseudococcus gahani [15], B yCIOBHAX oOpamkepei
benapycu BcTpewaercs penko [15; 16].

YepBen, MydYHHCTbIN meTHHUCTBIN (Pseudococcus longispinus Targioni-Tozzetti, 1867). Temo B3pocoii
caMku P. longispinus yIIuHEHHO-0BAIbHOE, TUHOW A0 3,5 MM, mmpuHOA 10 2,0 MM, 3€JIEHOBATOTO I[BETA, IT0-
KPBITOE TIO CpeHEeH INHUH T0PCaTbHOM TOBEPXHOCTH TOHKHM, a IT0 OOKaM TOJICTHIM ciloeM Bocka. [1o kparo Tema
PacToIOKEeHBI TOHKHE OeJbIe BOCKOBBIE HUTH B KoiudecTse 17 map [14; 17].

Pernon mpouncxoxacans — Tpormmaeckuit [8; 14; 18]. ITo Tpodudaeckoii crieruanu3anuy MPHHAIICKAT K THC-
Ty ToudaroB 1 moBpekaacT okoyio 270 BumoB pactenuii [19]. B 061acTax ¢ yMepeHHBIM KITMMAaTOM BCTPEUACTCS
TOJIHKO B TETUIHIIAX M OPAHKepesiX, Iie HAHOCUT TIOBPEXKICHHUS PSAAY JEeKOPATUBHBIX TPOITHYECKHE U CyOTpomiye-
CKHE BHIIOB pacTeHUH [3], Cpeau KOTOPHIX acmaparychl (Asparagus sp.), makinaMmensl (Cyclamens sp.), KodeiHoe
nepeBo (Coffea sp.), rapnennn (Gardenias sp.), ruouckycsl (Hibiscus sp.), pumonenaaponst (Philodendrons sp.),
BuHOTpans! (Vitis sp.), 6erornu (Begonias sp.), npanensl (Dracaena sp.), opxunnbie (Orchidaceae), 6pomenme-
BbIe (Bromeliaceae), murpycosrie (Citrinae) [2].

B3spocipie camku 1 muauHKH P, longispinus TOKaMA3YIOTCS Ha CTBOJAX, BETKaX, MO0OeTax, IMCThIX U II0/IaX,
00pa3ysl CKOTUIeHHS, TIOKPBIThIE BOCKOM. HacekoMble, n3bIMast MIacTUYeCKHe BeIIeCTBa, MPUBOIAT K MoOype-
HUIO JINCTOBBIX TUTACTHHOK, X YBATAHHIO U TPEKIEBPEMEHHOMY OIa/Iy, YTO CITIOCOOCTBYIOT ITOTEPE JEeKOPATHB-
HBIX CBOMCTB. Y MOBpEeXACHHBIX P. longispinus pacTeHni HabIOmaeTcs 3aaepkka pocTa moderos, a mpu Mac-
COBOM 3acelleHUH — ru0enbh MOJIOJBIX pacTeHnil. Ha mpoaynmpyemoi caMKamMu Tl Pa3BUBAIOTCS CaXHMCTHIE
canpoduTHBIE TPHOBI, KOTOPHIE 3arps3HAIOT JIMCThS W BETBH, YTO MPHUBOANT K HAPYIICHHIO OOMEHA BEIIECTB
y pactenuii [2; 19].

B ycmoBusix bemapycn otmeuen kak Pseudococcus adonidum [19; 20] B opamxkepee LlenTpamsHoro 6ota-
aryeckoro caga HAH bemapycu, rme mospexmaer oneauap (Nerium oleander), xoneyc (Coleus sp.), mpameHbl
(Dracaena sp.), repanu (Geraniums sp.), 6eronun (Begonias sp.), marbMoBbIe (Arecaceae), apouaasie (Araceae)
¥ MHOTHE JAPYTUE BUABI pacTeHuit [19].

YepBen MyyHHCTBIH npumopckuii (Pseudococcus maritimus (Ehrhorn, 1900) (=Pseudococcus affinis
(Maskell, 1894)). Temo B3pocioii caMku P. maritimus 0OBaJIbHOE, JITHHOW OKOJIO 5 MM, MIHPUHOH 10 3,0 MM, po30-
BaTOTO [[BETA, PABHOMEPHO TIOKPHITOE BOCKOBBIM HajieToM. [1o Kkparo Tena pacronokeHbl TOHKHE BOCKOBBIC HUTH
B KomdecTBe 17 map, 3aHs1s apa JITMHHEE OCTaIbHBIX M paBHA MOJIOBHUHE Tea caMKu [14].

Pernon mpoucxoxnaenust — Llentpanbhas Amepuka [14]. [1o Tpoduueckoil crienuann3aniy MPHHAIICHKHT
K YHCITy IUPOKKX ToymdaroB u noBpexaaer oonee 300 BugoB pactenuit [19]. SBnsercst oMHUM K3 OIMPOKO
pacrpocTpaHeHHBIX U ONACHBIX BpeIUTENei CyOTPOITUMUECKUX U TPOITMUECKIX OPaHKEPEHHBIX PACTEHUIA, B TOM
gucie orypua (Cucumis sativus), tomara (Solanum lycopersicum), repoepsl (Gerbera sp.), maraonuu (Magnolia
sp.), buxyca (Ficus sp.), nyaucertuu (Euphorbia pulcherrima), Bunorpana (Vitis sp.), kakrycoBsix (Cactaceae)
u mutpycoBbix (Citrinae). YacTo HAHOCUT Cepbe3HbIe MOBPEXKICHHS JTYKOBUIIAM HAPIKCCOB U TIOIBIIAHOB MPH
XpaHeHu! [2]. B yCIIOBUSX OTKpPBITOTO TpyHTA MOBpexAaeT sioiaouu (Malus sp.), menkoBuisl (Morus sp.), TyH-
ru (Aleurites sp.), 6osipbiinuku (Crataegus sp.), 1aBpoBUILHIO (Prunus laurocerasus), akaluio JICHKOPAHCKYO
(Albizia julibrissin), wmxup (Ficus carica) M IpyTue IpeBeCHBIC U TPABSIHUCTHIC pacTeHus [14].

B3pocnble caMku v TUYUHKA P, maritimus JTOKaTu3yloTCs Ha BETBSIX, MOOErax, CTBOJIAX, JUCTHAX, MJIOAAX
U KopHeruionax. [Ipu MaccoBOW KOJOHM3AIMM pacTeHHH WHHUIMUPYIOT Ae(QOpMaIfio JINCTOBBIX IIACTHHOK
U OmaJIeHne II0/I0B. B MecTax ckoruieHus YepBelia Kopa pacTpecKuBaeTcs, riae GopMHUPYIOTCS s13BbI, B KOTOpPbIE
NOTIAJIAI0T MUKPOOPTaHU3MBI, YTO IPUBOJIUT K YCHIXaHHIO BETBEH M TnOein Beero pactenus. Ha npomynupyemoit
CaMKaMHU T1a]I1 pa3BUBAIOTCS CallpOQHUTHBIE CAKHCTHIE TPUOBI, KOTOPBIE 3aTrPSI3HSIIOT JIUCThSI M BETBH, YTO CIIOCO0-
CTBYeT HapyIIeHnI0 OOMeHa BelIecTB y pactenuii [2; 4; 14; 19].

Ha reppuroputo benapycu Buj MHTpOIyIIMPOBAaH BMECTE C TPOIMUYESCKHMHU U CYOTPOIMYECKUMH PACTCHUSIMU
1 TIOJTyYWJT HIMPOKOE pacrpocTpaHeHue B opamkepesax LlenTpansaoro 6orannueckoro caga HAH benapycu, rie
noBpexxaaet Cactaceae, Muorue Buibl Liliaceae, Araceae, Palmae, Moraceae u ap. [19; 20].
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YepBenn My4YHHCTBIH KaJduHHblid (Pseudococcus viburni (Signoret, 1875)). Temo B3pocioii camku
P. viburni oBanpHOE, IIUHOHN 10 2,5 MM, IIUPUHON 10 1,5 MM, pO30BOTO MIIH CBETIIO-(hHUOJIETOBOTO I[BETA, IT0-
KpPBITOE TOHKMM MYYHHCTO-BOCKOBBIM HanieToM. 1o kparo Tenma pacromaratoTcsi BOCKOBbIE HUTH B KOJTMYECTBE
17 map [11; 17; 21; 22].

Pernon mpouncxoxkaerus — FOxnas Amepuka [11; 16; 18]. Ilo Tpodudueckoil crenuaan3auy MpuHAI-
JeKUT K uncity nonudaroB. OAWH W3 CaMbIX OMACHBIX BpenuTeNiell KOMHATHBIX M OpamKepeHHBIX PacTeHUH,
B UHCIIe KOTOPBIX OeroHuu (Begonia sp.), kode apasutickuii (Coffea arabica), monouait (Euphorbia sp.), dar-
cus smoHckas (Fatsia japonica), puxkyc xaydykoHOCHBIA (Ficus elastic), repoepsl (Gerbera sp.), KalaHX02
brnocchenpna (Kalanchoe blossfeldiana), naBp Omaroponubiii (Laurus nobilis), MarHoaus KpPYyITHOI[BETKOBAS
(Magnolia grandiflora) n npyrue [23]. B yCIIOBHSAX OTKPBITOTO TPyHTA HAMOOJIEE YaCTO BPEIUT MTOCATKAM TPYIITH
(Pyrus sp.), somonu (Malus sp.) u Bunorpana (Vitis sp.) [24].

B3pocrsie camky v TUAUHKA P, viburni TOKamu3yrOTCs Ha KOPHAX, TUIOJaX, JUCThAX, CTEONAX, a TAKKe MO
KOpOI ipeBecHbIX pacTeHuH. [ToBpekIeHHbIE paCTEeHUS OTCTAIOT B pOCTE, IIIOABI OMaiatoT. [Ipu Bebllkax Mac-
COBOTO Pa3MHOXECHHS WHUIMHUPYIOT UCKPUBJICHHE TTOOETOB, YChIXaHUE OTJENbHBIX BETBEH M MOJIOIOTO pacTe-
HUs B iesioM. CaMKHi POAYIUPYIOT 3HAYUTEIHHOE KOJTMYECTBO MEIBSHOM POCHI, KOTOpPasi BEI3BIBAET CEPHE3HBIC
BTOPHYHBIE TMOBPEKACHUSA, TOCKOIBKY CITIOCOOCTBYET POCTY CapOPUTHBIX CAKUCTBHIX TPHOOB, YMEHBIIIAIOIINX
WHTEHCUBHOCTH (hoTOcHHTE3a [7; 25]. SBNsMtoTcs mepeHocunkaMu Bupyca BUHorpamHoit 10361 (GRLaV-3) [26].

Ilo nmuTepaTypHbIM gaHHBEIM [5], Pseudococcus viburni IpucyTCTBYyeT Ha TeppuTOpuHN bemapycu.

Yepen, MydyHUCTbIH amapuuincoBblii (Vryburgia amaryllidis (Bouché, 1837)). Temno B3pocmoii camku
V. amaryllidis ynymaennoe, jmuHo# 110 5,0 MM, IIUPUHO# 710 2,2 MM, TEMHO-(DHOJICTOBOTO 1[BETa, TOKPHITOE TOH-
KHM cJIoeM 0eJioro Bocka. Ha nByx mocneqHUX cerMeHTax OpIoIKa PacrolokKEHO IO IMape KOPOTKHUX, TOJICTHIX
BOCKOBBIX HUTEH [7; 14].

Peruon npoucxoxaenust — Apporponmyeckuii [ 11]. TTo Tpoduyeckoii criennann3ayuy MPpUHAUICKUAT K YUCTY
MOHO(]AroB, KOTOPBIC 3aCETSIOT U MMOBPEKIAIOT TYKOBUIILI Amaryllus sp. [14]. IMeroTCsl TaHHBIE O PETUCTPAIINH
aMapIUINCOBOTO UepBena Ha Agapanthus sp. [27]. B pernonax ¢ yMepeHHBIM KJIMMATOM aMapWUTHCOBBIN Myd-
HUCTBIH YepBel] BpeIuT B TeIunax [7].

B3spocinbie camku ¥ TUYUHKY V. amaryllidis noxann3yrorcs Ha JTyKOBHUIAX pacTeHHH 1Mo yenryikamu. V3bl-
Mast TNTACTUYECKUE BEIECTBa, YSPBEIl MOBPEKIACT YSITYHKH U BEPXYIIKU JTYKOBUIL Amaryllus sp., 4TO IPUBOAUT
K MacCOBOMY 3acChIXaHMIO pacTeHwui [1; 12; 14].

Buepsrie Vryburgia amaryllidis (kak Pseudococcus amaryllidis [19; 20]) 6611 otmMeueH B 1963 1. ua Amaryllis
hybrid. f. B opamxepee LlenrpansHoro 6oranmueckoro caga HAH benapycu. B pesynsrare 00paboTku pacteHnit
aMynbcueit THodoca BpenuTeib ObuT uetpedieH [19].

Yepsel 00bIKHOBEHHBIH KaKTycoBbli (Rhizoecus cacticans (Hambleton, 1946)). Teno B3pocioli caMKu
Rh. cacticans oBanbpHOE, ITMHOW A0 2,3 MM, LIMPUHOHN 0 1 MM, 3€JIEHOBAaTO-KENTOTO L[BETA, TIOKPHITOE TOHKUM
CJI0eM MYYHHUCTOrO Bocka [17; 21].

Perunon npoucxoxnenus — FOxnas Amepuka [11; 16]. [To Tpoduueckoii crienuanu3anyy MpUHAIICKUT K UUC-
ny nonuaros [11; 21]. PeructpupyeTcst B yCIOBUSAX 3aKPHITOTO TpyHTa [4], [JIe MOXKET HAHECTHU CYIIIeCTBEHHBIN
yuep6 [28]. BeicTynaer B kauecTBe cepbe3HOro BpenuTens KakTycoB (Cactus Sp.) U APYTUX CYKKYyIeHTOB [23].

Bspocitbie camku v TMUUHKA RA. cacticans 3acemsioT KOPHH PacTeHHUI, KOTOpbIE MOKPBIBAIOTCS OSIBIM ITyIIMCTHIM
BOCKOBBIM HajieToM. [ louBa BOKpYT pacTeHuni XapakTepr3yeTcst OeNoBaTbiM OTTEHKOM. V3bIMast uTaresbHbIC BelecTBa
13 KOpHEH, THAIIMHUPYIOT HX OTMUPaHHKE, B PE3yJIbTare Yero pacTeHHe TepsieT Typrop, KeITeeT U 3aMeJIsIeT POCT.

B paborax G. Pellizzari & J.-F. Germain [11; 16] yxa3siBaercst npucytcTBre Rhizoecus cacticans Ha TeppH-
topuu benapycu.

YepBen MyYHHCTBII KakTycoBblil (Spilococcus mamillariae Bouché, 1844 (=Pseudococcus mamillariae
Bouché, 1844)). Teno B3pocnoii camku S. mamillariae mpokooBaIbHOE, JITUHOHN OT 3 710 3,5 MM, IIUPUHOH 110
2 MM, po3oBaroro 1seTa. [1o kparo Tena pacnonoxkeHo 10-14 map BockoBbIx HUTEH [1; 14; 17].

Peruon npoucxoxaenust — Ceepnasi Amepuka [11; 16]. Ilo Tpoduueckoil crienuanuzanuy MpUHAIICKUT
K YMCITy MOHO(AroB, KOTOPBIE 3aCelsitoT MaMMIILIspun (Mammillaria sp.), kaktycsl (Cactus sp.), 5XUHOKAKTYCBHI
(Echinocactus sp.) 1 apyrue BUIIbI IEKOPATUBHBIX CYKKYIEHTOB [1; 12; 14].

B3spociblie camku U TUUUHKH S. mamillariae nOKanu3yloTcsl Ha TPUKOPHEBON YacTu cTeOnell 1 Ha KIaJonusixX
KaKTyCOB, UTO MPHUBOJHUT K OTMHPAHUIO IPUKOPHEBOH yacTu ctedms. [IpeacraBnser yrposy aist 60TaHHYECKHX
OpaH)XepelHBIX KOJUIEKLIMH U MPOMBIIIJIEHHON KyIbTyphl KakTycos [18].

B Benapycu Spilococcus mamillariae (xak Phenacoccus mamillariae) 9acto BcTpedaeTcsi B OpaHKepesix Kak
BpeauTeNb KakTycoBbIX (Cactus sp.) [15].

CemeiicTBo Coccidae (JIoxxknomuroBky u IoxymeyHunbl)
Jlo:xknomuroBka msarkasi (Coccus hesperidum Linnaeus, 1758). Teno B3pocinoii camku C. hesperidum
IUIOCKOE WJIM CJIAa0OBBIIMYKIIOE, SHLIEBUIHO-aCCUMETPUYHOE, IJIUHOM OT 2,5 10 4 MM, >KeJITOBAaTo-3€JIEHOTO,
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3eJIeHOBATO-KOPHYHEBOTO, KOPHYHEBOTO [IBETA C KOPUIHEBOM MyHKTUPOBKOH M Tonocamu. MHOTIa murMenTars
MOYKET OTCYTCTBOBaTh. JlopcaiabHas MOBEPXHOCTD TeJla SMACTHYHAS MITH CJeTKa cKiiepoTn3npoBaHa. Gopma Tena
HAaceKOMOTO CHJIBHO BapbHUpPYeT OT MECTa MUTAHUS W HEPOBHOCTEW MOBEPXHOCTH KOPMOBOTO pacTeHUsS (JINCTHS
iy BeToukw ). [1[uTok OoJiee MATKHM, 9eM Y HACTOSIIIUX IMUATOBOK [2—4; 17].

Kpurnrrorennsiii Bux [16]. Ilpeamomaraercs, uro C. hesperidum SBISIETCS BBIXOAIEM W3 TPOMHYCCKUX
u cyoTponmyeckux peruoHoB Asmm [18]. Ilo Tpodudeckoit cienmmamu3anuy MPHHAIICKAT K YUCTY ITHPOKUAX
ronudaros. Berpeyaercs HOBCeMECTHO B OpaHKepesiX, Te BPEIUT MHOTOYMCIICHHBIM JIEKOPATUBHBIM PACTEHHUSM,
a TaKkKe TMapasuTHUPyeT Ha KOMHATHBIX pacTeHusx [4]. [lo mamHBIM [29], JTOKHOIIMTOBKA MSITKAas MOXKET
MOBpEXIaTh 0koJ10 320 BUIOB pacTeHUH. SIBISETCS OMACHBIN BpEAUTEIEM ITUTPYCOBBIX. K UHCITy TOBpEKIaeMBIX
B 3aKPBITOM TPYHTE pPacTeHWH MOXKHO NpuuucinTh nutpycoBsie (Citrinae), opxuaen (Orchidaceae) m MHOTHE
JpyTHE BUIBI CyOTPOITMYECKUX U TPOTIMUECKUX PACTEHHUH, K YUCITy KOTOPBIX MPUHAICKUT Tution (Hedera sp.),
oneanap (Nerium oleander), uxyc (Ficus sp.), kpotoH (Crotons sp.), MoHcTepa (Monstera sp.), po3a (Rosa sp.),
xode (Coffea sp.), dykcus (Fuchsias sp.), manoporauku (Polypodiophyta) [2].

B3spocneie camku n muannku C. hesperidum moKamn3yloTCsl HA BEpXHEH CTOPOHE JMCTOBBIX TUTACTHHOK B0
[IEHTPAILHON JKIJTKH, Yepernkax u cTeomax. [Ipr MaccoBOM 3acelieHny pacTeHUH JTOKHOIIMTOBKOM HAPYIIaeTCsI
WX HOPMAIIBHBIA POCT, CTEONH JIe(OPMHUPYIOTCS, TUCThS OOECI[BEUMBAIOTCA W TIPEXKIEBPEMEHHO OIaJIafoT, YTO
MOYKET PUBOANTH K THOETH pacTeHnH, 0COOEHHO MOIOAbIX. Hacekomble MpomyMpyIOT 3HAUNTETFHOE KOJYe-
CTBO MEIBSIHOM POCHI, Ha KOTOPOIl pa3BHBAIOTCS CAPO(HUTHBIE CAXHCThIE TPUOBI, yXyAmaronme (GpoTocuHTes
7 PE3KO CHIKAIOIIHE JEKOPAaTUBHOCTE pacTeHuit [2—4; 18].

Coccus hesperidum peructpupyertcs B opamxkepesx Llearpanpaoro 6orarmueckoro caga HAH benapycwu, rae
TTOBPEKIAaET MHOTOUHCIICHHBIC BUIBI pacTeHuH, ocodenHo mutpycoBeie (Citrinae), apamuensie (Araliaceae), du-
KycslI (Ficus sp.), oneannp (Nerium oleander L.), urtomu (Hedera sp.) u npyrue [19; 20; 30; 31].

Jlo:kHomuTOBKA MoymapoBuaHas (Saissetia coffeae (Walker, 1852)). Illutok B3pocioi camku S. coffeae
BBIITYKJIBIM, HA IIAJKON IOBEPXHOCTH JIMCTOBOM IJIACTMHKY KPYTJIbIi, 8 HA TOHKOM BETKE — IIPOIOJITOBATHIM, 11a-
METPOM OKOJIO 2 MM. Telto B3pociiol CaMKH KOPOTKOOBAIEHOE, CHIIBHOBBIITYKIIOE, TOYTH MOTYKpyTioe. Moiobie
0COOM JKEJITOTO IIBETA, TOTNIA KaK CTaphble — JKEeJITO-KOPHYHEBbIC WIIM KOPUYHEBBIE, [TIAJIKHE C AUAMETPOM IIUTKA
oT 2 1o 5 MM. Ha nopcaibHOl CTOpOHE PacroNararoTcs CKIepOTH3UPOBAHHBIC OBATLHON (POPMBI STYCUKH, KOTO-
pBIe 00pa3yroT XapaKTepHbII PUCYHOK, HATOMUHAIOMNH nuteM [2; 3; 17; 32].

Pervion mpoucxoxnenus — Adporponuueckuii [11; 16; 18]. [lo mmpoTe Tpoduueckor Creruain3aium
NPUHAUICKUT K Yuciy nonudaros. [Tpu Bemblkax MaccoBOro pasMHoxeHus, kak u C. hesperidum, siBnsiercs
OTIACHBIM BpEIIUTEIEM MHOTHX OpPaH)KEPEHHBIX W TAKUX KOMHATHBIX [BETOYHO-JCKOPATHUBHBIX KYIBTYp [2], KaKk
acraparyc (4sparagus sp.), ryasa (Psidium guajava), kamenust (Camellia sp.), xpoton (Codiaeum sp.), kodei-
Hoe aepeBo (Coffea sp.), mupt (Myrtus sp.), oneannp (Nerium oleander), opxuneu (Orchidaceae), maismMoBbIe
(Arecaceae). OcobeHHO cuitbHO BpenuT nanopotaukaM (Polypodiophyta) u carosaukam (Cycas sp.) [3].

B3pocnble caMku ¥ TUUUHKH S. coffedae TOKAU3YIOTCS HAa YEpEIIKaxX W JIUCTHAX, CTEONSX, TOHKHX BETKaxX
U TUTI0/IaX pacTeHuid. B MecTax mutanust 00pa3yroTcsi XJIOPOTUYHBIC yUacTKH, HAOMoAaeTcst ieopMaliys mooeroB
U JIMCTHEB. VIHTCHCUBHAS 3aCENIEHHOCTh PACTEHUH BPEAUTENEM CIIOCOOCTBYET TIOTHOMY MOXKENTEHUIO U yChIXa-
HUIO JINCTHEB, OTMUPAHHIO TIOOETOB M BETBEH, TAKKe BO3MOXKHA IrHOeh Bcero pacTeHus. CaMKH MPOIYIUPYIOT
3HAUUTEEHOE KOJIIMYECTBO MEJIBSHOW POCHI, KOTOpAs CIYKUT CyOCTPaTOM ISl pa3BUTHUS canpO(UTHBIX CaXKH-
CTBIX TpHOOB [2; 3].

Brepesie Saissetia coffeae (kax Saissetia hemisphaerica) 6bina ormeueHa B 1963 1. B opamxkepesix LlenTpaiib-
Horo 6orannueckoro caga HAH Benapycw, rie cunbHO Bpenuna narnopoTHnkam. OHa 3aperucTpupoBaHa Ha Kile-
poneuapymax (Clerodendrum sp.), rmouckycax (Hibiscus sp.) [19; 20].

CemeiicTBo Diaspididae (LLluToBku)

IutoBka naBpoBas (Aonidia lauri (Bouché, 1833)). [llutok B3pocioli caMku A. lauri KpyTIIbIid WIW IIUPO-
KO OBJIbHBIN, BBIMYKJIbIH, uamerpoM 0,9—1,3 MM, KOpUYHEBOTO LIBETA C OJHUM OPAHYKEBBIM CYOIEHTPaIbHBIM
JUYUHOYHBIM dK3yBUeM [12; 33; 34].

Peruon mpoucxoxaenust — Cpenuzemuomopse [18; 34; 35].

ITo Tpodmyeckoii crierranu3auy MPUHAIICKUT K YUCITy MOHO(AroB, KOTOPbIE MOBpexaatoT Laurus nobilis,
OTMEUAIOTCs TaKxke Ha Laurus novocanariensis u qpyrux Bujiax jaspa. [llupoko pacnpocrpaHeH Ha KyJIbTUBUPY-
emom Jaspe [33].

B3pocinbie camku v TuauHKY A. lauri 3aCeNsioT CTBOJIBbI, BETBU U JIUCThs. KOJIOHUM IUTOBKY PACCEIISIOTCS 10
cTeOssiM (0COOEHHO B y3J1aX OOKOBBIX TOOETOB) M PEIKO 3aCelISIOT CaMU JIUCThs. [Ipu MacCOBOM pa3MHOKEHHUH
IIMUTOBOK CTEOJIM CTAHOBATCS CEPhIMU. B MecTax MUTaHUS MOSBIISIFOTCS JKEIThIC TISITHA, JIUCThS OMAIal0T, KyCThI
HEPEIKO MOTHOCTHIO 3aChIXaroT [35].

Aonidia lauri otmeueHa B opamxkepesix Llenrpanbsroro 6oranuyeckoro caga HAH benapycu na Laurus noibilis,
HO HIMPOKOTO pacnpocTpaHeHus He noayuuina [19; 20; 33].
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IuToBKA MUTIONIEBAsl, MU oJleaHapoBasi (Aspidiotus nerii Bouché, 1833). ILlutok B3pocmoii camku A. nerii
TJIOCKHUH, TOHKUH, OKPYTVIBIN, HAMETPOM 1—2 MM, JKEJITOBATOTO MM OEJI0-CepOTo IIBETA, COCTOUT M3 JIByX CBET-
JI0-KENTHIX TMINHOYHBIX 9K3YBHEB, PACIIOJIOKEHHBIX B IIEHTPE M JIETKO OTAEISETCS OT Tena. Telo B3pocioi caMm-
KW TPYIIeBHIHON (POPMBI, CBETIO-KenToro mBeTa [2; 12; 33].

Pernon nponcxoxaenus — Adporponudeckuii [11; 16; 18]. [To Tpodudeckoli crieruann3aniy MPUHAIICKAT
K YHCIY IIAPOKUX MOTU(aroB, 3aCESIONNX eIBIA P IeKOPATUBHBIX, TUIOJJOBBIX M OpaHKEePEHHBIX pacTeHUH,
B YHCJIE KOTOPBIX acmaparyc (Asparagus sp.), opxunes (Orchidaceae), mamoporauk (Polypodiophyta), murromt
(Hedera sp.), azamus (Azalea sp.), tnouckyc (Hibiscus sp.), po3a (Rosa sp.), nurpycoBsie (Citrinae) 1 MHOTHE
JIPyTHE BUIBI pacTeHUH [7].

B3pocnbie caMku v TUUWHKY A. nerii TOKAIA3yIOTCS Ha BETKaX, CTBOJAX, IJIO/IaX, a TAK)KEe HIKHEHW CTOPOHE
JMCTOBBIX TUTACTHHOK. 3aCeIeHHBIE PACTEHHS CTAHOBSTCS 0CIAa0IeHHBIMHU, X POCT 3aMEeJIIETCS, B MECTaX IHTa-
HUS 00pa3yroTCs XKENThIe, CBETI0-3€IeHbIC WIIH 3€JICHBIE MATHA, B PE3YJIbTaTe YEeTO JIMCThS )KEITCIOT M ONaIaloT,
mo0ern Ae(pOpMUPYIOTCS, BETBU YCHIXAIOT, a TUTOJBI MTPEXKAEBPEMEHHO OmnaatoT. [Ipr BEICOKOH TIOTHOCTH Bpe-
JIUTENIeH BCE pacTeHNE MOXKET YCOXHYTH [2; 4; 18; 36].

Aspidiotus nerii oTMe4eH B opamxepesx llenTpamsHoro 6oranmueckoro cama HAH Bemapycu, tae Bpenut
acmaparycam (Asparagus sp.), bukycam (Ficus sp.), xxkacmuHaMm (Jasminum sp.), aykyoam (Aucuba sp.), oneaH-
npam (Nerium oleander) n mpyruM opamkeperHbpIM cyOTpornmdaeckuM pacteHmsiM [19; 20]. Taxke Bpeaurensb
OTMEUCH Ha CTPEITUITIH KOPOJIEBCKOH (Strelitzia reginae), mponspacTaroiieit B opamkepesx LleaTpansHoro 60oTa-
angeckoro caga HAH benapycu u KYII «I1IBeTs! cromumbn [36].

IluTtoBka po3annas (Aulacaspis rosae (Bouché, 1833)). lllutok B3pocmoit camku A. rosae OKPYIIBIN WA
TUPOKOOBATBHEIHN, AraMeTpoM 1,5-2,8 MM, OeIIoT0 WM CepoBaToro IBeTa. JITIMHOYHBIE DK3YBUHU JKENITHIC WITH
CepoBaTo-OpaHKEeBbIE, PACTIONATAIOTCS B IIEHTPE IIUTKA. T€10 B3pOCIIOi CaMKH YUIMHEHHOE, KeITO-MaJTMHOBOE
WIJIA KPacHOBATO opamkeBoe. [lepenHss yacTp Tena 3aMeTHO mmpe 3aaHei gactu [1; 2; 37; 38].

Pernon npoucxoxaenus: — CyoTporuueckuii. Bo3Mo)KHO, pernoHOM TIPOUCXOXKACHUS BH/A SIBIISIETCS] TEPPU-
topusi Azun [39].

[To Tpoduyeckol crienuanu3aiy MPUHALICKHUT K YUCITY OJTUrodaros, TaKk Kak B KaueCTBE KOPMOBBIX
pacTeHuii MCHONB3yeT mpenacraBureneil cemeirictBa Po3onsernsie (Rosales). B ycmoBusx Terummi 3acens-
eT U MOBpexIacT exeBUKy (Rubus fruticosus), manuny (Rubus idaeus), 3emnsnuky (Fragaria sp.), po3sl
(Rosa sp.) [1; 2; 4; 37].

B3apocnble caMku B JIMUUHKH A. rosae JTOKAIM3YIOTCs Ha BETKaX W Moderax pacTeHuil, popMupys pu 3TOM
KPYIHbIE KOJIOHWH. B pe3ynbrare nuTaHus MPUBOAUT K OCIIA0ICHHUIO PACTCHUS, 3aMEJUICHHIO PA3BUTHSI JIUCTHEB.
[{utoBKa MpOXYIUPYET 3HAYUTEITHLHOE KOJIMUESCTBO T1aJH, KOTOPOM 3arps3HSET JUCThSl M CTEONHN, YTO MPUBOIAUT
K TIOTepe JIEKOPAaTUBHBIX CBOMCTB pactenwuii [1; 2; 4]. EmuanyHast peructpanys Buaa Ha Rosa Sp. py HCCIenoBa-
HUH IIBETOBOTYCCKUX XO3sTCTB I. MuHCKa [40].

IMutoBka ByanxwoBajs, uiu najabmoBasi (Diaspis boisduvalii Signoret, 1869). I1lutox B3pocioil caMKu
D. boisduvalii KpyTiblii, TOHKHH, TIIOCKUH, TIOMYIIPO3padHblif, tnamerpoM 1,5-2,2 mm, Gestoro uim cepoBaro-0e-
JIOTO LBE€TA CO CBCTIIO-KOPUYHCBBIMU, PACIIOJIOXKCHHBIMU B LICHTC MIUTKA, TAYUHOYHBIMHA 3K3YBUAMU. B3pocna;1
caMKa Kpyriasi, II0CKasi, B IUaMeTpe OKOJIo 2 MM, CepoBaTo->kenToro msera [1; 3; 12; 17].

Peruon npoucxoxaenus: — KOxuas Amepuka [11; 16; 18]. ITo Tpoduueckolt crieranu3aliyu IpUHaICKUT
K YUCITYy HIMPOKUX HOJII/I(I)aFOB, TNOBPCKAAOIIUX MHOIOYUCIICHHBIC BUABI CY6TpOHI/I‘IeCKI/IX " TPOIMNMYCCKUX pac-
TCHHﬁ, a TAK¥KC BBICTYIIACT B KAYCCTBC CCPLE3HOT'0 BPCAUTEIIA MHOTUX opaHmepeﬁHLIx paCTeHHﬁ, B TOM 4YHUCJIC
mutpycoBsix (Citrinae), manem (Arecaceae), opxupeii (Orchidaceae), 6ananoBbix (Musaceae sp.), macius (Olea
sp.), oneannpa (Nerium oleander) v npyrux [1; 3; 17; 41]. OcoOeHHO CTPaaOT OT IEATSILHOCTH IIIUTOBKH MO-
JIOJbIC JIUCTHS BEEPHBIX MalbM [3].

B3spocnbie camku u nmuauHky D. boisduvalii nokann3yoTcs I1aBHBIM 00pa3oM Ha HWKHEH, peke BepXHEM,
CTOPOHC JIMCTOBLIX INIACTUHOK, d TAKKC BETOYKAaX U YCPCIIKax. B mecTax ckomieHus U TOBOK BHUJCH 6€JII)II>'I my-
IIIOK, a B ME€CTaX UX IIUTaHUA o6pa3y}0Tcsl JKEJITOIoO 1IBE€TA IIATHA. JInctes paCTeHI/II‘/'I MMPEKACBPEMCHHO YCBIXaroT
n onmagarort. HpI/I BBICOKOM YHCJIEHHOCTH IMUTOBOK pa3BUTHUC JIMCTHEB ITPUOCTAHABINBACTCA, U PACTCHUSA, B HaCT-
HOCTH, TTaJIbMBI, HepeaKo norudaror [3; 18].

D. boisduvalii otmeuen B opamxkepesx LlentpansHoro 6oranndeckoro caga HAH Benapycu, rioe cepbesHo
Bpenut opxujesm (Orchidaceae), a Takke naneMam (Arecaceae), OpomenueBbiM (Bromeliaceae) u qpyrum opas-
JKepelHbIM CcyOTpornueckuM pactenusm [19; 20]. OTMeueH Kak BpeIuTelb CTPEIUIIUU KOposieBckol (Strelitzia
reginae), npou3spacTarolneii B opamkepesx LlenTpansHoro coranuueckoro caga HAH Benapycu u KVII «IBeTsr
cronuub [36].

IllutoBKka nmasouxoBuaHas (Lepidosaphes gloverii (Packard, 1869)). ll{lutok B3pocioii camku L. gloverii
VUIMHEHHBIH 1 TTapaJIeIbHOCTOPOHHUM, CIIA00BBIITYKIIBIH, HE CUIBHO CY>KEHHBIH K SK3yBHAJILHOMY KOHILY, JIHa-
MeTpoM 2,5-3,5 MM, JKEJIThIN WU CBETIIO-KOPUYHEBBINA. Tello caMKH y3KO€, C MapauieIbHBIMI OOKaMU, HEMHOTO
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pacuImpeHo Ha ypoBHE MEpBOTO cerMeHTa Opromka. [lepBas muanHOYHAS IIKypKa JKeNTasi, BTopas — JKeJITO-KO-
puuneBas [1; 4; 41].

Pernon nponcxoxxaerns — FOro-Bocrounas Azus [18]. [1o Tpodudeckoii criernami3anii MPUHAIICKUT K IUCITY
ror(aroB M SBIAETCS OJHUM U3 OCHOBHBIX BPEIWTENCH IIUTPYCOBBIX KYJBTYp. BeTpedaercs Takke Ha MarHOMHSIX
(Magnolia sp.), mamsmax (Arecaceae), MacmuHax (Olea sp.), dheiixoa (Acca sellowiana), naBpe (Laurus nobilis) [42].

Bspocneie camku u nmuanHKA L. gloverii TOKaIW3yIOTCS CTBOJE, BETKAX, JIUCThSIX M IUIOAX. 3aceleHHbIE
ITUTOBKON BETKH M TIOOETH 3aCBIXAIOT, JIUCTHS KENTEIOT U MPEXKAECBPEMEHHO OMaIal0T, HapyIIaroTCs Mpolec-
CBI TpaHCTIHpaIMy. PacTeHns ctaHOBATCS cabbIMK M CHIKAIOT IPOAYKTUBHOCTE. [Ipy MaccoBOM pa3MHOKEHHH
BpEIUTENS TIIOBI IOKPBIBAIOTCS CIIOEM IIUTKOB, JIe(OPMHUPYIOTCS, YTO TPUBOINT K MOTEPE TOBAPHBIX KAa4EeCTB
[43; 44]. I1o mannbM caiita Arthropods of Economic Importance Diaspididae of the World [39], ona ipucyTcTBy-
eT Ha Tepputopun benapycu.

B nononHenre k aHHOTHPOBAaHHOMY CITUCKY YEPBEIIOB M IIIUTOBOK pelieHTHO! (payHb! bemapycu 0611 moAroTos-
JICH TIepeYeHb KapaHTHHHBIX BUI0B KOKHI (Coccoidea) Ha OCHOBAaHWH aHAIM3a HOPMATHBHBIX IPABOBBIX aKTOB O
KapaHTHHHBIX BUIAX PACTEHUH 1 )KUBOTHBIX [45; 46]. Bcero HacumteiBaetcst 12 BumoB Coccoidea, cpemau KOTOPBIX
Aonidiella aurantii (Maskell) — nmroBka oMmepanmesas kpacHast, Ceroplastes japonicus Green — JIOKHOITUTOB-
Ka BOCKoBas stoHckasi, Ceroplastes rusci (Linnaeus) — JoxHOIMTOBKAa BOCKOBasi ukkuposasi, Chrysomphalus
dictyospermi (Morgan) — nuToBKa KopuaHeBast, Lopholeucaspis japonica (Cockerell) — muroBka srroHCKast aiod-
xoBumHas1, Maconellicoccus hirsutus Green — 4epBelr )eCTKOBOJIOCKIHN, Margarodes vitus (Philippi) — gepser rox-
HOAMEPUKAHCKUH ITUCTOO0OPa3yIONTNi BUHOTPATHBIN, Pseudaulacaspis pentagona (Targioni-Tozzetti) — mmroBKka
TyTOBasI, WK Oenast ciuBoBast, Pseudococcus citriculus Green — gepBent MydHUCTBIN BOCTOUHBIN, Quadraspidiotus
perniciosus (Comstock, 1881) — mmroBka kamudopHuiickas, Pseudococcus comstocki (Kuwana) — gepser; Kom-
cToka, Rhizoecus hibisci Kawai & Takagi — depBer] KOHEBOI THOMCKYCOBBIH.

IIpoHNKHOBEHME TIEPEUHCICHHBIX BBINIC KapaHTUHHBIX BUAOB KOKIH (Coccoidea) Ha TEppPUTOPHIO CTPAHBI BO3-
MOYKHO BMECTE C TIOIKAPAaHTHHHOM TPOIYKIMEH: CaKeHIIaMH, TIOBOSIMU M YePEHKaMH TIIOOBBIX KYIIBTYD, CayKeH-
[IaMH, TIOIBOSIMH M Y€PEHKAMH SITOTHBIX KYJBTYp, Ca)KEHIIAMH, TIOIBOSMH F YUePEHKaMH BHHOTPA/Ia, IEPEBbIMHE H K-
CTapHUKAMH JIEKOPaTUBHBIX KYJBTYP, TOPIIEYHBIME PACTEHUSIMU PA3NYHBIX KYJIBTYp, PACTEHHAMH TPOIHYECKNX
KyIsTyp [45]. C 11enmbio orpaHYIeHNs TIPOHUKHOBEHSI KAPaHTHHHBIX BUIOB Ha TEPpUTOpHIO benmapycn HeoOXommmMo
COOMIOIeHNe KapaHTHHHBIX (PUTOCAHWTAPHBIX TpeGoBaHmil. Tak, pazpemnraercs BBO3 Ca)KEHIIEB, ITOJBOEB U YEepEH-
KOB TIJIOJIOBBIX KYJIBTYD M3 30H PAaCIPOCTPAHEHUST KApaHTHHHBIX BHJIOB TOJNBKO TMOCe 00e33apakuBaHMsI pacTeHUI
B CTpaHEe-dKCIIOpTepe € MPOCTABICHHEM COOTBETCTBYIOIIEH 3arick 00 00e33apayKMBaHUN B (PUTOCAHUTAPHOM Cep-
Tudukare. BBo3 ca)xeHIIEB, TTOIBOEB M YEPEHKOB STOMHBIX KYJIBTYp, CAKEHIIEB, MOIBOEB M YEPEHKOB BUHOTPAA,
JIEPEBbEB M KYCTAPHHUKOB JIEKOPATUBHBIX KYJBTYP M3 30H PaclpOCTPpaHEHHUs] KAPAHTUHHBIX BUJIOB JOIYCKAeTCs TIPH
yCTIOBUH 00e33apaKUBaHUs TTAPTHX MOAKAPAHTUHHON TIPOAYKIMY C TIPOCTABICHUEM COOTBETCTBYIOIIECH 3alHCH 00
00e33apaKNBaHUH B (PUTOCAHUTApHOM cepTrudukare [45].

3aKjIoueHue

B nacrostmee Bpemst u3 39 BumoB Coccoidea, OTMEUCHHBIX B perHOHANBHON (ayHe bemapycn, mis 15 BumgoB
cemetictB Ortheziidae, Pseudococcidae, Coccidae m Diaspididae xapakTepHO oOWTaHHE B YCIOBHSIX 3aKPBITOTO
TpyHTa, 9TO cocTaBiseT 38,5 % ot obmiero BumoBoro cocrana. [Ipeodmanaromee OompmmHCTBO (7 BUAOB; 46,7 %)
puHAIISKAT ceMeiicTBy Pseudococcidae. K nmpencraBurensm Diaspididae oTHOCHTCS 5 BUIOB, UTO COCTaBIISCT
33,3 % ot obmiero gucna. B ycnoBusx 3akpeitoro rpyHta cemeiictBo Coccidae mpeacTaBiIeHO JBYMs BUIAMH:
TOXHOMUTOBKOM MsTko (Coccus hesperidum Linnaeus, 1758) n momyrmaposuaHoit (Saissetia coffeae (Walker,
1852)). EnMHUYHBIM BHUAOM — YEpBEIIOM IUIACTHHYATHIM OpamKepeHHwIM ([nsignorthezia insignis (Browne,
1887)) mpencrasneno cemetictBo Ortheziidae.

B ycioBusSX 3aKphITOTO TPYHTA OONBITHHCTBO YEPBEIIOB M MUTOBOK (11 BHIOB) MO Tpodudeckol Criema3a-
MY TIPHHA/IIEKAT K YHCITy HeCTIeIMaNn3upoBaHHbBIX (puTodaros (monwdarn), uro cocrasigeT 73,4 % OT CIMCOYHO-
ro coctasa. [1o 2 Buga OTHOCHTCS K CIICITHATH3UPOBAHHEIM (OJIUTO(Ari) 1 y3KOCIEeIHAIH3HPOBAHHBIM (MOHO(ArH)
(utodaram, uro coctasmser 1mo 13,3 % cOOTBETCTBEHHO.

Ha ocHOBaHWMH ITPOBEEHHOTO XOPOJIOTHYECKOTO aHAIN3a KOKITHI, OOMTAIOIINX B YCIOBHSAX 3aKPBITOTO TPYHTA
benmapycu, ycTaHOBIEHO, YTO OOJBIIIMHCTBO TpEACTaBUTENCH (6 BHUIOB) WMEIOT €CTECTBEHHO-MCTOPUUICCKH
coxwuBmmecs: apeansl B CeepHoi, Llenrpamsaoit u FOxuolt Amepuke n cocraBmsier 40 % OT CIHMCOYHOTO
cocraBa. BexommamMu 3 adpoTpONMIECKOTO PETHOHA SIBILTIOTCS TPH BUAa KOKuuA — Viyburgia amaryllidis,
Saissetia coffeae n Aspidiotus nerii. TeppuTopusi ABCTpaiH ABISACTCS PETHOHOM TIPOUCXOXKICHHUS TSI depBeIia
MYYHHCTOTO UTPYycoBoro (Pseudococcus calceolariae), Cpenn3zeMHOMOPBE — JJIsl IMIUTOBKU JIaBPOBO# (Aonidia
lauri), FOro-BocTounas A3wsi — s IIATOBKH MAJIOUKOBUIHOM (Lepidosaphes gloverii). JIist IByX BUIOB KOKITHT
(moxxaOTIMTOBKM MATKOH (Coccus hesperidum) n mnATOBKA po3aHHOU (Aulacaspis rosae) TipeanonaraeTcs, 9ro
PETHOHOM TIPOMCXOXKACHUS SBISIETCS TEPPUTOPHS A3UH.
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B pabote npuBeaeH nepevueHb KapaHTHHHBIX BUIOB KOKITH I (Coccoidea), KOTOPBIH HEOOXOIUMO UCTIOIH30BaTh
JUIsT (DUTOCAaHUTAPHOTO KOHTPOJIS (HaA30pa) MOAKAPAHTHHHON MPOAYKIHH (TPY3bl, MaTepHabl, TOBAPHI) U TOI-
KapaHTUHHBIX OOBEKTOB C LIEJIBI0 HEJOMYIIEHHS BBO3a M PACIIPOCTPAHEHHUS HX 0 TeppuTopun benapycu.
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ITEPEAHUE 'OAEHU J)KXYKA-HOCOPOTA OBLIKHOBEHHOTIO (ORYCTES
NASICORNIS (LINNAEUS, 1758) KAK BUOHUYECKUHN ITPOTOTUII
AANAMOAEANPOBAHW S CTPEABYATBIX AAITI KYABTUBATOPOB

0. B. CHHYYK", J. I. 2KOPOB"

YBenopycckuii 20cyoapcmeennvlii yuusepcumen,
np. Hezasucumocmu, 4, 220030, . Munck, benapyco

PaccmoTpensl OCHOBHBIE TPUHIMUITEI OMOHUYECKOTO MOJEIMPOBAHMS U MPOEKTUPOBAHMS KaK BaYKHOW YaCTH HKOJIOTHYE-
CKOTO 3HaHWA. YKa3aHa BaKHOCTH HCITONB30BaHKS OMOHHUYECKOIO AW3aliHa B KQYECTBE PErCHEPaTHBHOIO IOAX0/A B MPOCK-
THPOBAHUHM JIeTaJeH M UX OTIENBHBIX JIEMEHTOB. [lomuepKuBaeTcss 3HAYMMOCTh MCIIOIb30BaHMS PUPOIHBIX OOBEKTOB IS
CO3IaHMs IPUHIUITHAIBHO HOBBIX TEXHUYECKUX PELICHNH 1 aJalTalluK OTACIBHbIX SIEMEHTOB B Y)K€ CO3AaHHbBIE TEXHOIOTHH
B CENIbCKOM X03siicTBe. [IpHBOISATCS CBECHUS O BO3MOXKHOCTH HCIIOJBb30BaHMS TOJNICHEH jKyKa-HOCOpora OOBIKHOBEHHOTO
(Oryctes nasicornis (Linnaeus, 1758) st OMOHUYECKOTO MOZEIMPOBAHUS CTPENBYATHIX JIall KyIbTUBATOpOB. C 3TOIl 1eNbIo
paccMOTpEHbI YaCTH HACEKOMOTO — IIEPETHHE T'OJIEHH, KOTOPBIE UCIIBITHIBAIOT HANOOIBIIYI0 HATPY3Ky NPH ABM)KCHUH B Opra-
HHYECKOM CyOCTpare pacTUTEIBHOIO MPOUCXOKICHUS MM (POPMHUPYIOLIEHCS MOYBEHHOH cpere. Bbibop OnoHmYecKkoro aHa-
Jora 00yCJIOBJIEH ITOZOOHEM BBINOIHASMBIX (YHKIUH M M3HOCOCTOMKOCTBIO. [IpH 3TOM NpUBEICHBI CBEACHUS O MEXaHHKE
TepeMEIIEeHUs] HACEKOMOTO M HEKOTOPHIX OCOOCHHOCTAX OMOJIOTHH. PaccMOTpeHbI YHUKAIBHBIE MOP(HOIOTHUECKHE OCOOCH-
HOCTH TOJICHH )KYKa-HOCOPOTr'a, B YACTHOCTH UX aJanTHPOBaHHasl popMa U (yHKIIMOHAIBHBIC XapaKTEPUCTUKH. YKa3bIBACTCS
HaJiM4ue y paboueil yacTH rojieHei 3aKpyIIeHHbIX K BepIIMHE 3yO1oB. B nmpocTpaHcTBe Mex Iy 3yOLilaMu UMEIOTCS OKPYIJIbIE,
YIDIOIIEHHbIE K KPalo BBIEMKH. DJIEKTPOHHAs CKAaHWPYIOIIAsi MHUKPOCKOITHS TI03BOJIMIIA YCTAHOBUTH CKYJBITYPY TOBEPXHO-
CTH 3y04aroro kpas rojeHeil. Mopdoorus moBepxXHOCTH pabodyeill YacTH TOJICHM MMeeT Mopuctoe crpoeHue. OTaeibHbIe
JMHAN (POPMUPYIOT W3BHUTHIE KaHAJIBIEI PA3IMYHOI IIyOMHBI. AHAJIM3 3JIEMEHTHOTO COCTaBa MO3BOJMII BBISBUTH HAJMYUE
ATIOMHUHUST B CTPYKTYPE BHEIIHETO CKelleTa 3y0dyaroro Kpas roneHeil. J[ins oObeKTHBHOM OleHKH W pa3paboTku Hanboee
9 (eKTUBHBIX TEXHOJIOIMYECKUX PEIICHUI Npe/yIaraeTcs MpoaHaIn3upOBaTh aHAJIOTMYHBIC YaCTH HOT MPEJICTaBUTENEH ce-
melictBa Scarabaeidae. [To pesynbraram nccienoBaHuil BEIIBUIaeTCs TUIIOTE3a MO MCIOIB30BAHHIO 3y0UaToro Kpast TojeHei
JKyKa-HOCOpOTa TIpH TPOSKTUPOBAHUH CTPEIIBYATHIX JIall KYJIBTHBATOPOB, ITyTEM CO3/IaHUs HAIUIABKH WJIM HAKIAIOK W3 H3-
HOCOCTOMKHX MaTepuajioB Ha pabouyro IMOBepXHOCTh. [Ip 3TOM 00mIast CTPYKTypa roJeHH MOKET CIYKHTb OOBEKTOM IUIst
aJlanTaluy U CO3aHUs MPUHLMIIAAIBHO HOBBIX PELICHHIT B 3eMIICICITEYECKON MEXaHHUKe, XapaKTepPU3YsCh IIPU 3TOM BBICOKOH
3((HEeKTHBHOCTHIO, H3HOCOCTOUKOCTHIO 1 SKOIOTHYHOCTBIO.

Kniouesvie cnosa: Gronvka; 5)KONHHOBALIUK; 3eMIIEETbYECKass MEXaHUKa; IPUKIIaHAsT OUOJIOTHS; CETIBCKOE XO3SHUCTBO;
Scarabaeidae.

O0pa3en UUTHPOBAHUMA:

Cunuyk OB, Xopos HI. IlepenHue rojeHu >xyka-HOCOpora
o0sIkHOBeHHOTO (Oryctes nasicornis (Linnaeus, 1758) xak 6uo-
HMYECKUH TPOTOTHUII JUI MOJCJIMPOBAHUSA CTPEIBYAThIX JIall
KyJIBTUBATOpOB. JKypran beropycckozeo cocyoapcmeennozo yHu-
sepcumema. Jkonoaeus. 2024;2:15-23.
https://doi.org//10.46646/2521-683X/2024-2-15-23

For citation:

Sinchuk AV, Zhorov DG. The front tibia of the european
rhinoceros beetle (Oryctes nasicornis (Linnaeus, 1758) as
a bionic prototype for modeling the row crop cultivator sweep.
Journal of the Belarusian State University. Ecology. 2024;2:15—
23. Russian.

https://doi.org//10.46646/2521-683X/2024-2-15-23

ABTOpBI:

Onez Bukmopoeuu Cunuyyk — cTapuMidi IpenojgaBaTeib
kadenps! (usmdeckoil reorpadguu MHpa M 00pa30BaTENIBHBIX
TEXHOJIOTHH, (aKyapTeT Teorpaduu ¥ TeOMH(POPMATHUKH;
COKOOPAMHATOp MeXKKadeapaabHOro LeHTpa — Kadenpsl
FOHECKO 10 ecrecTBeHHOHAyYHOMY 00pa30BaHHIO.
JImumpuii I'eopeueeuu Kopoe — kanmupar OHOIOTHYECKUX
HayK, IoLeHT Kadeaps! pusmdeckoii reorpadun Mupa u oopaso-
BaTeNIbHBIX TEXHOJOTHUH, (haKynbTeT reorpadguu u reonHdopma-
THKH; 3aMECTUTEIb HaualbHHKa [JIABHOTO yIpaBICHNS HAYKH —
HayaJbHHUK OT/EJA aCIIUPAHTYPbI U JOKTOPAHTYPBI.

Authors:

Aleh V. Sinchuk, senior lecturer at the department of physical
geography of the world and educational technologies, faculty
of geography and geoinformatics; co-coordinator UNESCO
department in science education with emphasis on natural
sciences.

aleh.sinchuk(@gmail.com

Dmitrii G. Zhorov, PhD (biology), associate professor at the
department of physical geography of the world and educational
technologies, faculty of geography and geoinformatics; deputy
head of the General directorate of science — head of the
department of postgraduate and doctoral studies.
dmitrii.zhorov.89@mail.ru

15



Kypnaa Besopycckoro rocylapcTBeHHOr0 yHUBepcuTera. Jkojorusi. 2024;2:15-23
Journal of the Belarusian State University. Ecology. 2024;2:15-23

Bnazooaprnocme. ViccrenoBanust poBOMIUIHCE B paMKkax BeimonHernss HUP «MccnenoBanne n3HOCOCTORKHUX OMOMHCITH-
PHPOBAHHBIX PabOYNX MOBEPXHOCTEH CTPENBIAThIX JIall KYJITHBATOPOB IS YXO/Ia 3a MOCaaKaMH OBOIIHBIX KynsTyp» ['TIHN
«CenbCKOXO03sHCTBEHHbBIE TEXHOJIOTHH U MPOJIOBOJIBCTBEHHAs 0€30IacHOCTBY. ABTOPBI NPHHOCAT OnaromapHocTth LleHTpy
KOJUIEKTUBHOTO TIOJIb30BaHHsI YHUKAIBHBIM HayYHBIM 000pyoBaHHEM «benopycckuii MexKBY30BCKHI LEHTP 00CITy)KMBaHUS
Hay4HBIX HCCIIeJOBaHMY pu3ndeckoro (akyasTera BI'Y n muaHO BenymeMy HHXeHepy panalMoHHON W BaKyyMHOH arma-
paTypsl CEKTOpa 00CITy KMBaHHS HaydHbIX UccienoBanui C. B. I'ycakoBoii 3a 0ka3aHHYIO TOMOIIb B TPOBEICHUH UCCIIEIOBA-
HUI METOIaMU 3JIEKTPOHHON MUKPOCKOIIMH.

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

A. V. SINCHUK*, D. 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; Scarabacidae.
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BBenenue

B mnacrosmiee Bpemsi Bce Ooublliee BHUMaHHE YAETSETCS Pa3BUTHIO OMOHWYECKHX HCciemoBaHuid [1].
[TpuHIUTIBI ¥ TOAXOIBI OMOHMYECKOTO MMPOSKTUPOBAHNS HAITPABIIEHBI HAa COIEHCTBHE KaK CYIIECTBYIOIIHX IIeJIeH
YCTOMYMBOTO Pa3BUTHS, TAK M BO3HUKAIOIINX IIEJIeH pereHepaTuBHOTO nu3aiiHa [2]. B kadecTBe ansTepHATHBEI
pa3pymaloM SKOCHCTEMBl TEXHOJOTHSAM HWHIYCTPHUAIBLHOW SIIOXHM TOSBISIOTCS JKOJOTHYECKHE IMOIXOIbI
K TEXHOJIOTHSIM Y HHHOBAIIMSIM, KOTOPBIM Ha MPOTHKEHNUH YK€ MHOTHX JIET y/essieTcst Bce OoIbIie BHUMaHu [3].
bronnka gBnsieTcs MpUMEpPOM TaKOTO SKOJOTHMYECKOTO TOIXOJa K TEXHOJOTHWAM W WHHOBAIMSIM, K KOTOPOH
MpUOETaroT yueHble, n3ydasi yCTPOMCTBO MIPUPOIHBIX CHCTEM U 3aT€M HMUTHPYS 3TH KOHCTPYKIIUH JUIS PeIIeHHS
XO3STMCTBEHHO BaKHBIX Mpo0eM u 3a1ad [4—6]. [Ipupona paccMaTpruBaeTcs 31eCh KaK BIOXHOBIISIOIINN HCTOTHHK
3HaHWM, KOTOPBIA MO3BOJSET CO3/1aBaTh TEXHOJIOIMYECKUME WMHHOBALIMM, CO3JaHHble npupoaod. Ilo mMHeHuro
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Jx. M. benploca, «rapMOHHUS pyka 00 PyKy» HAET C TPHUPOTHBIMA CHCTEMaMH, B KOTOPOH «OpPTraHU3MBI
MIPHUCIIOCA0INBAIOTCS K CBOEMY MECTOOOUTAHUIO M PYT K APYTY» [ 7], 9TO SIBIISETCS ITIABHBIM YPOKOM, KOTOPBII MBI
MOYKEM H3BJIEYBb U3 TIPUPOJIBI U KOTOPBI MOXKET CTaTh BIOXHOBEHHEM IS OYIyIIIHX IKOJIIOTHIECKHUX pa3paboToK
u 0ojiee HAJS)KHBIX TEXHOJIOTUH U MHHOBAITHH [3].

CoBpeMeHHas IPaKTHKa ONOHUKY BKITIOYACT TPH KITFOUEBBIX ypoBHS [2; 8]. [lepBoIii ypoBeHh OMOHHUKH CTpE-
MHTBCSI K IMHUTAINH €CTeCTBEHHOU (popmbl (bnoHmdeckoe momoobue) [9]. Bropoit ypoBeHb ncciemyeT Onoio-
TUYECKHE TIPOIECCHI U TO, KaK WX MOKHO UMUTHPOBATh B mu3aiftHe n wrkeHepuu [10; 11]. Tperuit — moxeT
BO3HUKAaTh Ha CUCTEMHOM YPOBHE, KOT/]a UCCIIEIOBAHMS COCPENOTAYNBAIOTCS HA TIPUHIIAITAX, MOAETISX U CTpa-
Terusx, MPUHATHIX B 9KocucTeMax [9]. MHorHe nccienoBaTeny MoT4epKrBatoT BO3MOKHOCTD MEPEX0/1a K IMpax-
THKEe OMOHHWKHW Ha ypoBHE dKocucTeMbl [9; 12; 13], oTMedas, 9To Moaxoasl Ha YpoBHE (DOPMBI M Iporiecca He
00s13aTeNTbHO MPUBOIAT K pa3paboTKe YCTOWYHBOTO PEIICHHS, 0COOCHHO C YYETOM CKIIOHHOCTH K MOPaKaHHUIO
HEKOTOPBIM M30paHHBIM YepTaM KOHKPETHOTO OpraHn3Ma. BMecTo 3Toro oHM mpemiararoT 0ojiee eI0CTHYIO
WHTEPIIPETALNIO ¥ TIPAKTUKY OMOHUKH, KOTOpasi pacCMaTpuBaeT IpUMEHeHHEe ONOHIMYECKHUX PEIICHIH B pa3iind-
HBIX TIPOCTPAHCTBEHHBIX, BPEMEHHBIX M OPTaHU3aIlMOHHBIX MacmTabax [13—15]. B cBsa3u ¢ uem paccmarpuBa-
€TCs He TOJFKO OMOHWYECKOE TI0I001e OTJEeNbHBIX OPTaHOB, HO M MX ()YHKIIMOHAJIEHOE Ha3HAYEHNE, MEXaHUKa
1 CTPYKTYypa.

C y4eToM yKa3aHHBIX TIOIX0I0B OMOHMYECKOE TIPOSKTHPOBAHHE IMPOKO IPUMEHSIOTCS TIPU pa3paboTKe KOH-
CTPYKTHBHBIX CXeM M 000CHOBAaHUH MapaMETPOB PA3INYHBIX CETLCKOXO3SHCTBEHHBIX M TOYBO0OPAOATHIBAFOIINX
mamuH [16; 17]. B xadecTBe OMOHMYECKHUX MPOTOTHIIOB MOTYT BBICTYIIATh Pa3IMYHbIC TOUYBEHHBIC KUBOTHEIC:
ux Gopma Tema, OTIETbHBIC YaCcTH U TaXke meibie opransl [16—19]. Mcnonp3oBaHme MOYBEHHBIX )KHBOTHBIX B Ka-
YecTBe OMOHMYECKOTO MPOTOTHUIIA CBA3AHO C WX aHTHAATE3UOHHBIMU CITIOCOOHOCTSIMH M (DYHKIMSMHU CHUDKEHUS
COTIPOTHBIIEHHS B daduaeckort cpene. OHM TakKe XapaKTepU3yIOTCs UCKITIOYUTETBHBIMA 1 UI€aTbHBIMHA MeXa-
HHA3MaM# OOPHOBI C MPUITHITAHUEM PA3IMIHBIX BEIMIECTB K UX Temam [19].

B kadyecTBe OMOHMYECKHX MOJETEH MpH MPOEKTHPOBAHUH CTPENBIATHIX JIall KyJIbTHBAaTOPOB paccMaTpHBa-
FOTCSI MAaHAMOYITBI YEPHOTO CagoBOT0 MypaBbs (Lasius niger (Linnaeus, 1758) [20; 21], konmarensHbIE METHHKH
OOBIKHOBEHHOTO MYPaBLHUHOTO JIbBa (Myrmeleon formicarius Linnaeus, 1767) [22]. Tak:xe HaMH TIpeAIioaracT-
Cs1 BOBMOYKHOCTP MCTIONB30BaHUS ISl ATHX IIEJIeH ToNIeHeH )KyKa-Hocopora 00bIKHOBEeHHOTO (Oryctes nasicornis
(Linnaeus, 1758).

JKyk-HOCOpOT OOBIKHOBEHHBIH — TIPEICTAaBUTENb OTpsia kecTKOKphUThIe (Coleoptera), XxapaKTepu3yOIIHACS
HaJIM4YMeM KOTIaTeIbHBIX TOJIeHEH MepeJHIX HOT, KOTOPBIE MOYKHO MCIIONIF30BATh B KaYECTBE MPOTOTHIIA [T OHO-
HUYECKOTO MOAETMPOBAHNUS B 3eMJIE/IETBUECKON MEXaHUKE.

O. nasicornis — KeCTKOKPBIJIO€ HACEKOMOE 3aItaTHO-TIaJeapKTHIECKOro apeana [23], IMpoKo pacmpocTpa-
HeHHBIN 0 Tepputopuu KOxuo# u LenTpansnoit EBpomel, CeBepHoit Appuxu. Bua Takxke ormedaercs B Boc-
touHoi Cubupu u Ha JlampHeM BocToke Poccuu. B mpomecce ciryqaifHON HHTPOTYKIINN YEIIOBEKOM KyK-HOCOPOT
OOBIKHOBEHHBIH MTOCTENIEHHO U3MEHSET (B CTOPOHY PaCcIIMPEHHs) CBOIO CEBEPHYIO M BOCTOUHYIO TPaHHMITy apeaia
[23-26]. ’Kyk-HOCOpOT OOBIKHOBEHHBII MOYKET BBICTYIIATh KaK CHHAHTPOTI, UCIIONB3YS TSI PA3BUTHS JTHUYNHOK
MeCTa CKOTUICHHSI Pa3JIararoliuXcsl paCTUTEILHBIX OCTATKOB (ITAPHUKH, KOMITOCTBI, HABO3HBIC KY4H U T. 1I.) [23;
24; 27; 28]. O. nasicornis OTHOCHUTCS K YUCITy HanOoJIee KPYIHBIX, TOCTUTAas B JITUHY Ooiee 4 CM, BUIOB JKECT-
KOKpBUIBIX (ayHsl bemapycu [29]. [IpenmounTaeT 3aceaTh YBIAKHEHHBIC YIACTKH, TOTUHBI, PEIHBIC TTOWMEI.
B ycnoBusax Hareil cTpaHbl BUJT BCTPEYAETCsl TOBCEMECTHO.

Jlmaunaku O. nasicornis SBISAIOTCS Kermodaramu u carpodaraMu — TATAIOTCS Pa3pyIIAIOIIMUCS APEBECHHOM
1 IPYTHEMHU PACTUTEIBHBIME OCTaTKaMH. Pa3BruTHe THUUHKY cocTaBisieT 2—4 rona. B3pociblie )KyKu 0TMedaroTcst
PSIOM C MECTaMH Pa3BUTHS TUYNHOK. J[HEM jKyKH OOBIYHO MaJOaKTHBHEIE, HE JIETAIOT M CKPBIBAIOTCS Ha 3eMIIE,
B JyIUIaX JepeBheB. AKTUBHOCTh HAYNHAETCS B CyMepKaxX M C HACTYIICHWEM TTOJHOW TEMHOTHI, TIPOJOIDKASChH
ITOYTH BCIO HOYb. B3pocibie xyku KuByT 1-2 mecsma. JKyku JeTaroT ¢ BECHBI 0 CEpeINHBI JIeTa, HHOTIA JI0
Havana oceHu. Jlyis SHTIEKIaaKy caMKa 3apbIBacTCs B IyIUIa JAepeBbeB (Oepecta, myda, MBBI U APYTUX ITOPON),
a TaKKe B MEePETIPEBIINI HABO3, MyCOPHBIE KyUH, Kydd U3 CTPYKEK 1 OIMUIIOK.

Teno HacekoOMOTo yMEpeHHO MpPOOITOBATOE, BHIMYKIIOE, JOBOJIBHO MHpoKoe. Mimaro Onectsinee, TEMHO-
Oypo-KkpacHoro mBeta. I'omoBa HeOombIIast. HaTnaHUK UMeeT TpeyroinbHy0 (HOpM, C ITOUTH MPSMBIMH OOKaMH.
YV cam110B O0JIbIIIast YaCTh TOIOBHI 3aHATA POTOM, KOTOPBII IOCTENEHHO YTOHYAETCS IO HAIIPABJICHHUIO K BEPIIIHHE,
AMEET TPEXTPAHHOE CeueHHe, PaBHOMEPHO M30THYT U HAIIPABJIEH OT CAMOTO OCHOBAHMS BBEPX M Ha3ad. Y CaMOK
por pa3BuTt ciado. Camip! IuHON 26—43 MM, mmpuHOH — 13,5-21,3 MM; caMKu THHOHN — 26—4 1 MM, ITUPUHOMN —
13-21 mm [23].

ITowckoBBIE MCCTENOBAHMS CYIIECTBYIOIINX OHMOJIOTMYECKUX MPOTOTHIIOB YKMBOTHBIX-3EMIIEPOEB MTOKA3AIH,
YTO 0CO0OT0 BHUMAHHA 3acCily)KMBaeT OOOCHOBaHHE TIApAaMETPOB TIEPENHUX TOJEHEH IKyKa-Hocopora
0O0BIKHOBEHHOTO. OH TOCTYXXFJI OCHOBHOM i OMOHWYECKOTO MPOEKTHPOBAHHS POTAIMOHHOTO PBHIXJITHTEINS
mouBkbl [30], KOIBIATO-PEKYIIETO MOYBOOOpadaTeIBaroero karka [31], s-00pa3HO#l CTOMKH C peryimupyeMoit
JKECTKOCTBIO KYJIETUBATOpa-TuIocKope3a u ap. [32].
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Llenpr0o HACTOSIIETO WCCIENOBAHUS SIBISETCS BCECTOPOHHEE HM3yYEHHE TOJNCHEH MepemHuX KOHEYHOCTeH
O. nasicornis 1 NCTIONB30BAHMS X B Ka9€CTBE OMOHUYECKOTO MPOTOTHIIA ISl TPOSKTUPOBAHUS CTPETHIATHIX
JIar KyJT6THBATOPOB.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

B ocHOBy Hacrosmed paboTel TONOXEHBI cOopbl mMmaro Oryctes nasicornis, TpoBefeHHBIe B 2021—
2022 tr. (leg. A. V. Sinchuk) na Teppuropun bemapycu. Uaentudukanus BUIOBOW MPUHAIICKHOCTH Ma-
Tepuaa OCyIIECTBIIAIACH C UCTOJMB30BAaHNEM CIICIMATU3UPOBAHHBIX onpenenutencit [23; 33; 34] mox cre-
peomurpockoroM MEC-10 1 TpUHOKYIISIpHOM MUKpockorie Optec SZ780, cHaGxeHHOM TP POBOI Kamepoit
Canon 1100d.

CoOpaHHBIX HACEKOMBIX TTOMEIAI B IUIACTUKOBBIE M CTEKIJITHHBIE EMKOCTH Pa3IMYHOTO 00BheMa, a 3aTeM
(hukcuposanu B 40-96 % pacTBope STHIOBOTO cUpTa. [laee HaCEKOMBIX TIPENaprupOBAIIH C TIETHIO U3YUEHHS NX
nepeaHnx HoT. CheMKy TOJIeHeH MepeIHIX HOT KyKa-HOCOpOoTa OCYIIECTBISIIN C UCTIOIb30BaHNEM CKaHUPYTOIIIe-
TO 3JIEKTpOHHOTO MHUKpockoma LEO — 1455 VP (c mpuctaBkamu) Ha 6a3e L[eHTpa KOJUIEKTHBHOTO TIOJIH30BAHI
YHHUKaJIFHBIM HAay9HBIM 000pymoBaHHeM «beropyccknii MeXBY30BCKHH TIEHTP 0OCTYy)KHBaHUS HAyYHBIX HCCIIe-
JOBaHMID Guzndeckoro dakynsrera bI'Y.

M3mepenns MpOBOAMIUCH TIPH TIOMOIITH CBOOOIHOTO MpoTrpaMMHOTO obectieueHus [mage). B pabore nmpuso-
JIATCS 3HAYEHUS: MUHUMYM — MaKCUMYM, CpeTHSS apru(MeTHIecKas ¢ TOBEPUTEIbHBIM HHTEPBAIOM — CTaHIapT-
HOM OIITHOKO.

Pe3yJ'II>TaTI>I HCCJICAOBAHUA U UX oﬁcyme}me

HccnenoBanust CyIeCTBYONMX OMOHUYECKUX MPOTOTHITOB KUBOTHBIX, OOUTAONIHMX B TIOYBE, MOKA3AJIH, YTO
0co00e BHIMaHHUE 3aCITy)KUBACT U3yUCHHUE TIEPEIHUX HOT KYKa-HOCOPOTra OOBIKHOBEHHOTO KaK BO3MOYKHOM 4acTH
JUTST CO3TIAHSI PA3TTUIHBIX 110 PYHKIIUSIM TTOYBOOOPA0ATHIBAIONITIX OPTaHOB.

Horwu B3pocioro sxyka cuiibHBIC, HO He JUTMHHBIC. [oenu (puc. 1 @, 6) mepeHuX HOT IUPOKHE, CHAPYKU
C TpeMsl MUPOKUMH, TIPUTYTUICHHBIMH Ha KOHIIAX 3yOIlaMHy, pa3/IelICHHBIMU 3aKPYyTJICHHBIMH BBIEMKAMH, IPUYEM
CpeHUiA 3y0Oer] 3aMeTHO PUOIMIKEH K BEPIIMHHOMY, Ha BEPIIMHHOM Kpae, MPOTHB 33]THET0 Kpasi CPeTHero 3y0I1a,
C CHJIBHO TIPSIMO¥ IITIOpO#, CHU3Y 0e3 3yora.

ala 0/b

Puc. 1. Tonens nepenneii Horu Oryctes nasicornis (Linnaeus, 1758): Buz cBepxy (a), Bun cHusy (6)

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

Tonenn MEPEAHNX HOT KYKa-HOCOpOT'a BBIITOJHAIOT KOIIATCIIbHYIO (bYHKHI/IIO H IOMOraroT nepemMerarbCs
B Pa3JIMYHOM I10 KOHCHUCTCHLHU cy6CTpaTe, YTO MOXKET CIIYKHUTb OCHOBOM HX HMCHOIB30BAaHHUSA B KadyeCTBE
OMOHMYECKOTO MPOTOTHIA JJISl IPOSKTUPOBAHMS CTPEIBYATHIX JIall KYJIbTHBATOPOB.

B teuenue xu3zau umaro O. nasicornis epeMemniaeTcs B JOCTATOYHO PHIXJIOM CJI0€, KOTOPHIA COCTOUT
M3 OTMEPIINX TKaHEH pas3IMYHBIX BHJIOB JPEBECHBIX pPACTCHHUI, HaBO3€, MYCOPHBIX Kydax M OOTarbIX
pacTUTENbHOW OpPraHWKOW MOoYBax. TBEPIOCTH TAaKOTO cyOcTpara MHUHHMAalbHAa, YTO TO3BOJISET JUIA
nepeMelneHus Xyka 3QQEeKTUBHO HCIIONB30BaTh INepelHne HOru. [Ipm 3TOM OCHOBHYIO Harpy3Ky IMpU
KOITIaHWHU HUCIIBITHIBACT 3y6ana51 TOJICHBb. )IJHI 9TOr0 XYK COBCpHIACT BO3BPATHO NOCTYIIATCIbHOC ABUKCHNEC
KaxJ1I0l nepeaHe Horoi.

JeranpHoe pacCMOTpPEHUE TOJICHH KYKa-HOCOpOTa IMO3BOJISIET KOHCTATHPOBATH HAJMYHME MEXIy 3yOramu
3aKPYIJICHHBIX BBIEMOK (pHC. 2 g, 6). Bce mpoCcTpaHCTBO MKy 3yOllaMy UMEET YIUIOMICHHUE K Kpato CTPOCHUE.

Juna nepenHeii BeieMKH (OnroKe K nanke) Bapbupyet ot 1,35 mm 1o 1,38 mm (1,37 £ 0,02 mm), inrHa cpeHen
BBIeMKH — OT 1,82 mo 1,84 (1,83 + 0,01 mm). Bce nzmepenus mpon3BOAIINCE OT IIEHTpa 3y011a.

IIpu 6osnbiem yBeauuerun (200x u 500%) (puc. 3 g, 6) oT™MeUaeTcs YIUIONICHHAs CTPYKTYpa U CaMuX 3yOl1I0B,
KOTOpBIE XapaKTepU3YyIOTCS JIBYXCTOPOHHEH YIUIOMIEHHOCTHIO, YTO HAIOMHUHAET MOoA0OHMe pabodnx OpraHoB
MOYBOOOPAOATHIBAIONINX MAIITHH.
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200 urm EHT = 20.00kV Signal A= SET Date :21 Sep 2022 200 pm EHT = 20.00 kV Signat A = SE1 Date ;21 Sep 2022
WD= 16 mm Photo No. = 12661 Time :10:54:41 WD= 16 mm Photo No. = 12662 Time :10:55:22

Puc. 2. Tonens nepexnneit Horu Oryctes nasicornis (Linnaeus, 1758) Buz cBepxy npu yBenuaeHun: 50% (a), 100x (6)

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

ala ) o/b

EHT = 20.00 kV Signaf A= SE1 Date :21 Sep 2022
wD= 16 mm Photo No. = 12669 Time :11:06:40

20 pm EHT=20.00kV Signat A= SET Dafe :21 Sep 2022
[l wo= 15mm Photo No. = 12663 Time 10:56:54

Puc. 3. OtnenbHbIi 3y0el] Ha rojeHH )KyKa-Hocopora rpu yBeanueHuu: 200x (a); 500x (6)

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

Bricora nepBoro 3younka (Ommxe k mamnke) cocraisiet 0,49+0,01 mMm, Broporo — 0,76 + 0,02 MM, TpeTsero —
0,60 £ 0,01 MM (M3MepeHus OT BEPIIMHBI 3yOUNKa O OCHOBAHUS 3yOUrKa — TPaHUIIa BEIEMKH).

CkynbIITypa OBEPXHOCTH PabOUNX OPraHoB UMEET opuctoe crpoenue (puc. 4). OtaenbHble THHAN Gopmu-
PYIOT U3BUTBIE KaHAJIBIIBI pa3indyHON TTyOuHbl. OTMedeHo Hanmuuue Al (amroMHUHMSI) B TKAHSX 3yOUMKOB TOJIECHH.
Ha ragxux y4acTkax rojieHd OTMEYaeTcsl OTCYTCTBHE aTOMOB KpeMHHMS (S1).

wo= 13 mm Photo No. = 12685 Time :11:40:12 wo= 13 mm Photo No. = 12686 Time :11:40:44

2pm EHT = 2000 KV Signal A = SE1 Date :21 Sep 2022 W 2pm EHT = 20.00 KV Signal A= SE1 Date :21 Sep 2022

Puc. 4. CkynpnTypa HOBEpXHOCTH 3yOUrKa roJIeHH XKyKa-Hocopora (yBennaerne — 5000x)

Fig. 4. Sculpture of the surface of the tibia of a european rhinoceros beetle (magnification — 5000x)
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JliiHa OTAEIBHBIX JMHUN, (OPMHUPYIOIIMX HCYCPUYCHHOCTh CKYJIBITYPhI MOBEPXHOCTH 3yOUYHMKOB TOJICHH,
Bapeupyet 1,46—16,28 mxMm (7,65 £ 1,86 mxm), mmpuaa — ot 0,73 MxMm g0 1,35 mxwm (1,13 + 0,12 Mxm).

ITopucTOCTh MO3BOJISET, MO-BUANMOMY, JIErde OCYHISCTBIAThH CLEIUIEHHE ¢ cyOcTpatoM U 3(ddekTuBHee
BBIMOJIHATh KOMATEIbHYIO (DYHKIIUIO HACEKOMOTO.

TIpuMeHUTEIBHO K Pa3phIXJISIONIUM paOOYUM OpraHaM MOMCKOBBIC HCCIICAOBAHMSI [TO3BOJIMIIN YCTAHOBUTD, YTO
rOJICHH OOBIKHOBEHHOTO JKyKa-HOCOPOra coBepinaroT 3(h(HEeKTHBHOE NEPEIBUKCHUE B IIOUBE TIEPSIHUMH JIariaMu
¢ 3yObsSIMU IIMPUHOMN b U PACIIONOKEHHBIMU C ONPEACICHHBIM IIaroM S, 0JjHa M3 KOTOPBIX IOKa3aHa Ha pHcC. 5.
Ha ocHOBe COOTHOIICHHS Pa3MEPHBIX XapaKTEPUCTHUK STHUX YaCTEH MOXKET ObITh pacCcuMTaHa MaTeMaTHUYECKas
MOJIEITb ITOTEHI[UAILHON OMOHNYECKON MOJIEIH.

S

Puc. 5. Tonens nepenneit Horu Oryctes nasicornis (BUA CBEpXy)

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

OcobenHoCcTH MOPQOTIOTHH TOJICHEH MPYTHX MpeacTaBUTeNel ceMelicTBa Scarabacidae MoXkeT OBITH IpoaHa-
JU3APOBAHA C TENTBIO TTOTyYeHUsT 00bEKTUBHOM MH(MOPMAITHH TSI pa3padoTKu Hanboree 3(PPeKTUBHBIX TEXHOJIO-
TUYIECKUX PEIICHUHA MPH MPOCKTUPOBAHNH OMOHMYECKUX PEIICHUH B 3eMIIeIeTbUeckoi Mexanuke. Kak u B ciry-
gae TOJICHW MEIBEAKH [35], ToeHb )KyKa-Hocopora (ee 3y0uaTsIif Kpaif) MOJKET OBITh HCITOJIb30BaHa TSI TIPOCKTH-
poBaHus paboyeil TOBEPXHOCTH CTPETBIATHIX JIall KyJbTHBATOPOB. 13 MoTydeHHBIX JaHHBIX MPEIIOIaraeTcs ue-
MOJIb30BaHUE 3y0UaToro Kpasi ToJeHel KyKa-HOCOpora MPH MPOEKTUPOBAHUN CTPEIHIATHIX JIall KYJIBTHBAaTOPOB,
MMyTeM CO3JaHMsI HAKJIAOK M3 M3HOCOCTOMKHMX MaTepHaioB Ha pabouyro moBepXxHOCTH [36]. [Ipu aToM obmias
CTPYKTYpa rOJIEHU MOXKET CITY)KUTh TOJTHOIIEHHBIM OMOHWYECKIM TIPOTOTUTIOM JUTS aJIalTalli U CO3IaHMs TIPUH-
[TUTIHATIFHO HOBBIX PEIICHUH B 3eMJIEJENIFIECKON MEXaHHUKe, XapaKTepu3ysCh BRICOKON 3(h(heKTUBHOCTHIO M U3-
HOCOCTOHKOCTBIO. DTO OIIPEEIIeTCs TeM, UTO BHYTPEHHSS CTPYKTypa rOJI€HN CBUETEIBCTBYET O COOTHOIIIEHUH
TBEPIOT0 XUTHHCOACPIKAIIETO CJI0s ¢ 60Jiee MATKAM U TTOPUCTBIM, Kak 1/4—1/8 mmo muHuM paguyca, a OCTaIbHON
YYacTOK IMPECTaBIeH MOI0CThI0. [Ipr co3manuy MpUHIMITHAIEHO HOBBIX PEIICHNH IS IPOSKTHUPOBAHUS Cellb-
CKOXO3SIICTBEHHBIX OPYIMI CTOUT YUHTHIBATh JAHHYIO TIOJIOCTh KaK BAYKHYIO YaCTh pab09ero opraHa.

3aKjIoueHue

Pa3BuTne OMOHMYECKUX MCCIIEAOBAHUN pPacCMaTpPUBAETCSl HE TOJMBKO Kak A (EeKTHBHBII HHCTPYMEHT /IS pe-
IIEHUST XO3SHCTBEHHO Ba)KHBIX 3aJ]1ad, HO W SABISETCA YacThIO YKOMHHOBAIIMN W PEreHEpPaTHBHOTO NW3aifHa.
OO6mast cxeMa OMOHWYECKOTO MPOSKTUPOBAHUS BKIIFOYAET B c€0s HE TOJIBKO aHAJN3 T€OMETPHUH, UCTIBITHIBA-
IOIIUX OCHOBHYIO HAarpy3Ky y9acTKOB (PYHKIIHOHAJIBFHOTO OpraHa, HO M M3y4YeHHE WX dJIEeMEHTHOTO COCTaBa,
o0mIelt BHyTpeHHEH B GYHKIIMOHABHON CTPYKTYPHI. [ 9THX Teneii mpoaHaIu3upOBaHbI IEpeIHNE TOJICHH
Kyka-Hocopora. OnpezienieHo Haln4due 0co00i TEOMETPHUH YacTH TOJIEHH, HCITBITHIBAIOIIEH HAUOOIBIIYIO Ha-
TPY3KY, PACCMOTPEHBI 0COOEHHOCTH MUKPOCTPYKTYPBI IIOBEPXHOCTHU 3yOI110B TosieHel. OCHOBY AJIEMEHTHOTO
COCTaBa MCCIENyeMON YacTH HACEKOMOTO COCTABISIOT YIJIEPO, KHCIOpOoA U a30T. OgHAKO OTMedaeTcsl He-
3HAYUTENBHBIN MPOIeHTHBIN cocTaB (Menee 0,5 %) amoMuunsa. Ha rmagknux ygacTkax TOJI€HH OTMEYaeTCs OT-
CyTCTBHE aTOMOB KpeMHHUs (Si). JlaHHBIH (akT MOXKET OBITH PACCMOTPEH Kak (DaKTOp, Kacarouuiics YCUICHUS
CTPYKTYPBI ITOBEPXHOCTH HACEKOMBIX, a TAK)KE Ka4eCTB, CBSI3aHHBIX C N3HOCOCTONKOCTHIO rojieHell. BHyTpen-
HEe CTPOCHHE TOJCHEH MOKAa3bIBAET, UTO TBEPIbIH XUTHHCOIEPIKAIIUN CIIOH COOTHOCHUTCS C 00jiee MITKUM
U TOPUCTHIM, Kak 1/4—1/10 mo nuaMM paamyca (B pa3IWYHBIX YacTIX TOJIEHH), B TO BPEeMs KaK OCTaIbHOU
Y9acTOK TIpencTaBleH MoJ0CThio. Kak 1 B cilydae rojeHH MeNBEIKH, TOJICHb XyKa-Hocopora (ee 3yoJarslit
Kpail) Mo>KeT OBITh MCITONIb30BaHA IS TIPOEKTUPOBAHUS padboveil TOBEPXHOCTH CTPENIbUAThIX JIall KyJIbTHBA-
TOpoB. [Ipy 3TOM CTOUT OTMETHTH Cepbe3HBIH MOTEHIINAJ UCITOIB30BAHNS TEXHOJIOTHHN HAIUIABKHA M HaKJIaJI-
KW TSI YBEJIMYEHHS JOJITOBEYHOCTH M COOTBETCTBYIOIIUX pabodmx opraHos. [Ipu cozmaHum mpuUHIUTTHATE-
HO HOBBIX PEIICHHUH IS IPOEKTUPOBAHUS CEINbCKOXO3IUCTBEHHBIX OPYANN CTOWUT yYHUTHIBATh BHYTPEHHIOIO
MOJIOCTh KaK BaXXHYIO 4acTh pabodero opraHa. OTO MO3BOJIUT MAaKCHMAaJIbHO MPUOIM3UTHCS K MPUPOTHOMY
«PEUIEHUIO» 10 COXpaHEHU0 (YHKIIMOHAIBHOCTA U H3HOCOCTOWKOCTH HCCIEAYEeMbIX YacTel y HaCEKOMBIX.
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OLEHKA 9KOAOTHUYECKOI'O COCTOSAHHUA U OKOCUCTEMHBIX YCAYT
O3EAEHEHHBIX TEPPUTOPUU OBIIETO ITOAB30OBAHUS I'. )KOANHO

H. U. CAACTHAA, ¥. A. POH/JAK"

YBenopycckuil zocyoapcmeennplii yuusepcumen,
np. Hezasucumocmu, 4, 220030, o. Munck, berapyco

B uccienoBaHnu MpeACTaBICHBI PE3Y/IBTaThl OLCHKH JKOJOIMYECKOIO COCTOSHHS O3CJICHCHHBIX TEPPUTOPUI 0OIIero
nosb3oBanus (3 mapka, 25 ckBepoB, 2 OynbBapa) . JKomuHO (CpeHero MmpoMBIIUICHHOTO Topoa 00JIACTHOTO MOAYHHEHHUS
B MUHCKOI 0071.) ¥ pac4eTOB UX SKOCUCTEMHBIX YCITYT. OICHKA SKOJIOTHYESCKOTO COCTOSIHUS 3CJICHBIX HACAXKICHUH BBITIOTHCHA
B jietHuil nepuon 2023 r. B rpannnax o3eneHeHHbIX TeppUTOpuid, miowmaaesto 49,71 ra, 3anoxeno 30 1iomagok, B npeaenax
KOTOPBIX 00cieoBaHo 966 nepeBbeB, MPEUMYIIIECTBEHHO TNCTBEHHBIX TTOPOA. AHAIN3 U OI[CHKA HACAKICHUH MTPOBOIUITUCE
Ha OCHOBE ITOJIy4€HHOTO Habopa MCHIPOMETPHUYCCKHUX MOKa3areseil (M3peKeHHOCTh KPOHBI; I[BET JIMCTHEB/XBOM; YChIXaHHUE
JIUCTHECB/XBOM; YChIXaHHE BETBEH, MEXaHUMICCKUE TIOBPEKICHNUS; OKOPEHHE CTBOJIA) C MOCICAYIOIINM PACYeTOM HHJICKCA CO-
CTOSTHUSI IPEBOCTOEB U OMPE/IEICHUs] KaTeTOPUU KU3HEHHOTO COCTOSHHS HAaCaXJIEHUHM B paMKaxX 3aJI0KEHHBIX IUIOMIAJIOK.
BeisiBieno uetsipe kareropuu ux coctostaust: 20 % 310poBbIX, 30 — 370pOBBIX € IpU3HaKamu ocnadienws, 40 — ocradaeHHbIX
u 10 % moBpexxneHHbIX. Ha ocHOBe HH(pOpMAIHU 00 SKOIOTHYECKOM COCTOSTHIH 03€JICHEHHBIX TEPPUTOPHH, a TAKKE JaHHBIX
0 BO3PACTHOM W BHIOBOM COCTaBE HACAXKICHHI BBHITOJHEHA OICHKA MX YKOCHCTEMHBIX YCIYT (MHTETpabHAS U MTOIIEMEHT-
Hast). COBpeMeHHBIE TIPEICTABICHI 00 IKOCHCTEMHBIX yCIIyTaX OCHOBAaHBI Ha MOAXO0/AaX, COIIACHO KOTOPBIM IMPUPOIHAS Cpea
(GYHKIIMOHUPYET KaK CUCTEMa, MPUHOCSIIIAs 3HAYUTEIIbHYIO M0JIb3Y OOIIECTRY, BKIIFOUAs IPUPOIHbIC pecypchl. B PeciyoOmrke
benapych nopsiiok mpoBeIeHHsI CTOMMOCTHOM OIIEHKH KOCUCTEMHBIX YCIYT HAaCaXICHUH U OTNpe/IelIeHNs] CTOMMOCTHOM I1eH-
HOCTH OHMOJIOTMYECKOTO pa3HOOOpasus I MPUHSTUS YIPABICHYCCKUX PEIICHUH B dKonoruueckoit cdepe onpeneneH TKIT
17.02-10-2013 (02120). Pacuetsl, BEIIOTHEHHBIC B COOTBETCTBUU C STHM JTOKYMEHTOM H a[[allTHPOBAHHBIC IS BBIBICHHUS
YCIYT 3€JIeHBIX HaCaXICHHUI TOpo/ia, TOKa3alli, YTO HHTErpalibHasi CTONMOCTh YCIIYT 3€IeHBIX HaCaXKICHHI 0OIIEeTo IMoJIh30-
Bauwms T. XKomuao pasHa 12 271,3 py0./rom, mpu 5TOM OCHOBHOM BKJIAJ] B 3Ty CyMMY BHOCAT mapku (8 646,7 py0./rox). O6sem
AKKyMYJISIUH JHOKCUA yIyieponaa cocTtapisieT 418 1/rof, 31ech TakKe JOMHUHUPYIOT HacaxaeHus mapkos (281,5 1/rox). Ilo-
JIyYeHHBIE Pe3yJIbTaThl UCCIIeIOBAHUS MO3BOJIUIIN J1aTh PEKOMEHIAIIMH 110 ONTUMHU3AIIUN CUCTEMbI 03€JIEHEHHBIX TEPPUTOPHIA
o0mrero noe30BaHus T. JKomuHO.

Knrouegvle cnosa: 5k0I0THIECKOE COCTOSHUE; KU3HEHHOE COCTOSHIE; SKOCUCTEMHBIE YCIYTH; CHCTEMA 3€JIeHBIX HaCaXK-
JISHUI1; 03eJICHEHHBIE TEPPUTOPUH OOIIETO MTOTH30BAHUSI.

bnazooapnocme. Pabora Brmonnena B pamkax [ TIHU «IIpupomHbie pecypchbl 1 OKpy»XKalommiasi cpeiay» MOIIpOTr paMMBI
«[IpuponHbIe pecypchl X paloHanbHOE ncons3oBanue (2021-2025 rT.) 1 ucnonb30BaHa IPH pa3padoTKe IpaioCTPOU-
TENBHOTO MPOEKTA CHENUATBHOTO TIIAHMPOBaHMs «CXeMa 03eIeHEHHbIX TEPPUTOPHI OOIIEro 1moab30BaHus ropoaa XKoanHo»
(AKXT 0 BHEIPEHUH PE3YIIBTATOB HAYYHO-UCCIIEA0BATEIBCKON padoThl ot 25.10.2023 1),
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ASSESSMENT OF PUBLIC GREEN SPACES' ECOLOGICAL CONDITION
AND ECOSYSTEM SERVICES IN ZHODINO CITY
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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. In the 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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BBenenne

bnaronpusTHOE 3KOJIOrMYECKOE COCTOSHUE OKPYXKAIOIEeH Cpeibl sIBJISETCS HEOThEMJIEMOM YacThlo yCTOHUN-
BOTO Pa3BUTHS COBPEMEHHBIX TOPOJIOB, IO3TOMY TaK BaKHO BCECTOPOHHE M3YyUUTh BCE €€ KOMIIOHEHTBI U (haKkTo-
pbl ux oOpazoBanust. OTHUM M3 TAaKMX KOMIOHEHTOB SIBIISIIOTCS 3€JICHbIe HACAKICHHUS. B ropoax oHM 3aHUMAIOT
3HAUUTENBHYIO TJIO0IIA/b, CTAHOBSATCS YaCTbIO TOPOJCKOW CpPeAbl U BBIMOIHAIOT He3aMEHUMbIE (DYHKIIUH IS €€
yCIemHOro (pyHKIMOHUPOBaHMS. PacTeHns! UTPaloT 3HAUYUTENBHYIO POJIb B (JOPMUPOBAHHUN OKPYKAIOIIEH uelo-
BEKa CpeJibl, TaK KaK CIOCOOHBI U3MEHSATH €€ XapaKTEPUCTUKH B JIyUlIyio cTopoHy. Co3aaHue 3eeHbIX Hacax/Ie-
HUI HE TOJIBKO YITy4IlIaeT CAHUTAPHO-TUTHEHWYECKUE YCIOBHS KU3HH, HO U TIPeodpasyeT apXuTeKTypy ropoaa,
SIBISISICH €€ He3aMeHUMOM JacThio [1]. Yacto n3-3a mporpeccupytomeil ypOaHuzauu KOJIMYeCTBO 3eJICHbIX Ha-
CaXJICHUH YMEHBILIAETCsI, a y’Ke CYLIECTBYIOIME aKTUBHO TO/ABEPralOTCsl HEraTUBHOMY BIIMSTHHIO aHTPOIIOT€H-
HOM Cpebl, YTO MPUBOANT K YXYAIIEHHUIO dKOJIOIHYECKO 06cTaHOBKH ropoa. [loaTtoMy akosoruyeckoe cocros-
HHE 3eJIeHOTO (POH/Ia — BOMPOC IKOJIOTHYECKON O€30MaCHOCTH HACEICHNSI.

DxocuctemMHble yciayru (3Y) — 3TO BBITObI, KOTOPBIEC JIOAU MOMyUYaroT OT dKocucTeM [2]. CMBICT KOHIIETI-
1 DY COCTOHT B TOM, YTOOBI JIyUIlle YYUTHIBATh KOJIOTUUECKUE yCIyTH (OecruiaTHble MPUPOJHBIE PECYPCh)
B MIpOLIECCaxX MPUHSTHUS PelleHUH U 00eCIeYNTh YCTOHYMBOE 3EMIICTIONIb30BaHIE C LENbI0 TIPOTHBOICHCTBOBATh
nepeHanpsHKEHHIO U AeTpalallii €CTECTBEHHBIX YCI0BUil *kn3HU. COBpeMEHHbIE TpeicTaBiIeH st 00 DY ocHOBa-
HBI Ha MOJX0/IaX, COTNIACHO KOTOPBIM MPHPOIHast cpeaa QyHKIUOHUPYET KaKk CUCTEMa, TIPUHOCSIIAS 3HAUUTEIb-
HYIO 110JIb3Y 00IIeCTBY. DKOCHCTEMHBIE YCIIYTH 3€JIEHBIX HACAKICHUIN TOHUMAIOTCS KaK MOJIE3HBIE [Is YeJIOBEKa
u Onocdepsl GyHKIMHU, BHITOTHAEMbIE 0MOTOM. Hanbomnee BayKHBIMH Cpel HUX SIBISIIOTCSL CPeO00pasyIone
(canupytomnye, CaHUTapHO-TUTHEHUYECKUE, KINMaTHYecKie) U CPpeao3alluTHbIe (BOAO-, TOYBO-, IITyMO3aIIUT-
Hble) QYHKIMH. B KOHTEKCTE SKOHOMUYECKOH TEOPHH IKOCHUCTEMHBIC YCIYTH PACCMATPHUBAIOTCS KaK YacTh MPH-
poxnHoro kanurtana. CooTBETCTBEHHO, KOT/Ia 3TH YCIIyTH OyAyT NPU3HAHBI, HACHTH(GUIMPOBAHBI 1 SKOHOMHYECKH
OLIeHEeHBI, MH(OpPMALIIO 00 STOM MOXKHO HCIOJBb30BaTh B MPOLECCE MPHHATHS PEIICHUH Pa3InYHOTO YPOBHS
C LIEJIBIO TTOBBIIIEHHS X 3 (PeKTUBHOCTH [3].
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B xauecTBe 00BbeKTa HCCIIEIOBAHUS IKOJIOTUIECKOTO COCTOSIHUS U 9KOCUCTEMHBIX YCITYT 3€JICHBIX HACAXKICHU I
T. XKomMHO PUHSITHI 03€JIeHEHHBIE TEPPUTOPUH OOIIETO TIOIH30BaHUS — ITAPKH, CKBEPHI, OyabBaphl. J{J1st BBIsSBIIE-
HUS DKOJIOTUYECKOTO COCTOSIHUS U OTIPEJIEIICHUS BBITO/IBI (IIEHHOCTH) 3€JICHBIX HACAXICHUI TOpO/ia MPOBE/ICHBI
WCCJICIOBAHUSI U BBIMOJIHEHBI COOTBETCTBYIOLIUE OLICHKH. C LENbI0 U3YUYEHUS SKOJOTHYECKOTO COCTOSIHUS 3elie-
HbIX HacaxxJaeHuil . JKonuHo mpoBeaeHbl NOJIEBbIE UCCIECAOBAHUS O3€ICHEHHBIX TEPPUTOPUH, PACTIOIOKEHHBIX
B Pa3HBIX YacTsAX TOPOJA, JUISl UCCIISIOBAHUS U (PUKCALIMU KU3HCHHBIX MMOKa3arenel npeBoctoes. [lomyyeHHbIe
JTAHHBIC MOCTYXUIA OCHOBOM OLIEHKH MX 9KOJOTMYECKOro cOCTOsIHUS. CpeaCcTBOM i yUYeTa BhITOAbl MU LIEH-
HOCTH SKOCHUCTEMHBIX yCIYyT BbIOpaHa MOHETapHas (SKOHOMUYeCKas ) OlleHKa. IMeHHO MOHeTapHas OIleHKA BCE
0oJbIIIe IPUHUMAETCSI B KAY€CTBE OCHOBHI B MPOIIECCE MPUHSATHS PEIICHUH Ha BCEX YPOBHSX, YTO MOKA3bIBAIOT
MHO>KECTBEHHBIE UCCIIEIOBAHUS STOU TEMBI [4].

MaTepI/Ia.TIbI U METOAbI HCCJICA0OBAHUSA

B ctpykTypy o3enenenus repputopuii r. JKoAnHO BXOIIT HaCAKICHHUS OOIIEro MONb30BaHUS, OTPAHUYEHHOTO
TIOJIb30BAHUS M CIIEIMAILHOTO Ha3HadeHus. [Ipr 5ToM HanOoIIbIIy 0 IEHHOCTD [U1sl TOPO/IA U €T0 )KUTEJIeH UTpatoT
HacaXJIeHNs OOILEro MoJIb30BaHUs: aPKH, CKBEPhI U OyibBapbl cyMMapHoi miomaasio 50,02 ra. B nacrosmee
BpeMs Ha TEPPUTOPHH TOPOJIa HAXOAUTCS 3 Mapka rOpoACKOro 3HaYeHHs o01ei miomansio 29,45 ra: ropoackoi
napK KyJasTypbl U otabixa (14,2 ra), napk uM. 50-netust benA3a (6,75 ra), napk y Memopuaia-komiiekca «Mare-
pu-naTpuoTku» (8,5 ra), 26 CKBepoB TOPOJCKOTO 3HaUeHHs o01Iel miomanso 20,07 ra u 2 OyiabpBapa ropoICKOro
3HayeHus obuieii mwiomanpio 0,5 ra'. Y3 mponeHTHOr0 COOTHOIICHHUSI 00bEKTOB 03€JICHEHHUSI BUHO, YTO OCHOB-
HYIO POJib B (JOPMHUPOBAHUH CUCTEMBbI HACAXKICHHUH T. JKOIMHO UrpaloT MapKu U CKBEPHI.

HauGonee kpynHbie 03e€HEHHbIE TEPPUTOPUN CKOHLIEHTPUPOBAHBI B 3alaJHOM 4acTU ropoja, JOKaJIU3ysiCh
OmmKe K LeHTpY. B BOCTOUHOH ke 4acTH MO3aM4YHO PACIOIOKEHO OOJBILIOE KOJMYECTBO HEOONBIINX CKBEPOB.
CeBepHble U I0KHBIE YUYaCTKH PacCMaTpUBaEMOro ypOaHW3UpOBaHHOTO MMPOCTPAHCTBA B LIEJIOM XapaKTEPU3YIOTCS
OTCYTCTBHEM 03€JICHEHHBIX TEPPUTOPHii 00111eT0 ojabp30Banusl. [lonoOHas TeHASHIMS B PACIONOKEHUN OObSCHS-
eTcsl 0COOEHHOCTAMH 3aCTPOMKH TOPO/a: CEBEPHBIC M IOJKHBIE YUACTKH 3aHSTHI KMWIIOW ycaaeOHOH 3aCTpOHKOM,
B TO BpeMsl KaK Ha 3amajie 1 BOCTOKE MpeoliaiaeT MHOTOKBApTUPHAsS KHJIasi M OOIIECTBEHHO-KUIIAs 3aCTPOHKa.
B nenrpanbHbIX palioHax ropofa pacupocTpaHeHa MPEenMyIIEeCTBEHHO MPOM3BOICTBEHHAs 3aCTPOiKa ¢ 00beKTa-
MU 03€JICHEHHSI OTPAHUUCHHOTO MTOJIb30BAHUSL.

Cpenu apeBecHBIX OPOJ, NpeodIagaouMX B 03eJIeHeHNH I. JKOAMHO, yalle BCero BCTPEUatoTcst KJIEH 0CTPo-
muctHbIU (Acer platanoides L.), muna menxonuctras (Tilia cordata Mill.), 6epesa nymmcras (Betula pubescens
Ehrh.), xamran koHckuit (desculus hippocastanum L.) n ap., GONBIIMHCTBO U3 KOTOPBIX BXOIAT B IEPEUCHb pe-
KOMEH/[yeMBIX JIJIsi TOPOJICKOTO 03eJieHeHus . [10 BUIOBOMY M YHCIEHHOMY COCTaBY IPEOOIaIatOT JIMCTBEHHBIE
MIOPO/IBI, OJJTHAKO XBOMHBIE BCE K€ UIPAIOT 3HAUYUTEIBHYIO POJb B CTPYKTYpE HACAKICHUH ropoza.

B kauecTBe OCHOBBI OLIEHKH HKOJIOTMYECKOIO COCTOSHHSI O3€JICHEHHBIX TEPPUTOPUH B3siTa MH(OopManust 00
oOcienoBannu 966 epeBbeB, B YUCIE KOTOPBIX KIEH OCTPONUCTHBIN (Acer platanoides L.) (279), nuna men-
konuctHas (7ilia cordata Mill.) (267), Gepesa nymmicras (Betula pubescens Ehrh.) (119), xamrTaH KOHCKHA
(Aesculus hippocastanum L.) (109), sicenb 0ObIKHOBeHHBIN (Fraxinus excelsior L.) (69), Tomonb KaHaICKHMA
(Populus x canadensis Moench.) (33), enb eBponeiickas (Picea abies (L.) Karst.) (17), nucTBeHHHIIA €BpOTIeiicKas
(Larix decidua Mill.) (14), enb xonrouas (Picea pungens Engelm.) (12), ny0 kpacusiii (Quercus rubra L.) (9), uBa
oenas (Salix alba L.) (8), 6epesa nosucnas (Betula pendula Roth) (7), knen cepedpuctsiii (Acer saccharinum L.)
(5), onbxa uepHas (Alnus glutinosa (L.) Gaertn) (4), psouna oobikHOBeHHAs (Sorbus aucuparia L.) (4), Tononp
npoxkamuii (Populus tremula L.) (4), Tononb uepnsiii (Populus nigra L.) (3), poounus nicesnoaxanus (Robinia
pseudoacacia L.) (2), ny0 uepeuruarstii (Quercus robur L.) (1). B Bo3pacTHOM cocTaBe OCMOTPEHHBIX HACAX-
JeHui mpeobiagaioT npucreBaromue aepesbs (63,5 %), IouTH paBHYIO JOJIO 3aHUMAIOT CPEIHEBO3PACTHBIC
(15,4 %) u cnenbrie (15,2 %), B MeHbIIIEH CTETIEHHU TIpeICTaBIeH MOJIOAHSK (4,1 %). [1pu moneBbIX UccIeI0BaHUIX
9KOJIOTMYECKOTO COCTOSHUS 3€JIEHBIX HacaXIeHUH Obu10 3a10keHo 30 miomanok ¢ He Menee 4yeM 30 nepeBbIMu
Ha KaXKJI0ii.

B pamkax KiII04EBBIX YYAaCTKOB M3YYaIHNCh U aHATM3UPOBAIMCH CICAYIOIIUE ITOKa3aTel: CTENeHb U3PEKEH-
HOCTH KPOHBI (KOJTMYECTBO MIPOCBETOB B MPOLIEHTAX ), HAIMYKE YCHIXaHHS JIMUCTHEB MM XBOU M BETBEH, LIBET JI-
CTbEB MJIM XBOU, OKOPEHHUE, HAJTMYME TPEILMH U APYTUX MEXaHMUECKHUX MOBPEKAeHHH cTBOIA. [0 coBOKymHOCTH

110.23-00.113-2 Dxo10rM4eCcKuii JOKIAJ [0 CTPATErHIECKOM IKOJIOTHUECKOH olleHKe. «CXeMa 03eJIEHEHHBIX TEPPUTOPHI OOLIETO MOJIb30-
BaHus I. XKonuno». Hayuno-npoextHoe rocynapcrseHHoe yaurapHoe npennpustue « BEJTHUUIITPAJOCTPOUTEJIBCTBA». Munck:
MuHHCTEPCTBO apXUTEKTYPHI U cTpouTenbeTBa PecyOnuku benapycs, 2023.

*[TocranoBienne MUHHCTEPCTBA PUPOAHBIX PECYPCOB U OXPaHbI OKpY:Karolieii cpespl Pecniyonuiku benmapycs ot 18.07.2017 Ne 5-T. O6
YTBEPKACHUH SKOJIOTMYCCKUX HOPM U paBuiL. [ DnekrponHslii pecypc]. URL: https://pravo.by/document/?guid=12551&p0=W21732307p
(mara obpamenwus: 09.03.2024).
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JAHHBIX MTPU3HAKOB MPOBOANIIACH OIIEHKA, KOTOpasi BKJIIOYAeT pacyeT MHIEKCAa COCTOSHHS IPEBOCTOS U OTperie-
JIeHWE KaTeropuy JKU3HEHHOTO COCTOSIHUS OT/IEIbHBIX JIEPEBHEB.

M3ydenne 3emeHbIX HacaKIEHUH TIPOBEICHO B COOTBETCTBHH CO IIIKAJIOW COCTOSTHUS AepeBbeB B. A. Anekce-
€Ba, COTTIACHO KOTOPOU BBIIEIISETCS 6 KIIACCOB HACAXKICHMIA: 0e3 IPU3HAKOB OCJIA0JICHNS, OCIIa0JIeHHBIS, CHITLHO
OCJTa0JICHHBIC, YCBIXAIOIINE, CBEKUIH CYXOCTOM, CTaphIi CYXOCTOM C IOCIEIYIOIIEH TPYIITHPOBKOW COCTOSHUS
JIPEBOCTOSI, TO €CTh COBOKYITHOCTH JiepeBheB [5]. KaTeropus »N3HEHHOTO COCTOSIHUS JPEBOCTOS OTpe/ieieHa Ha
OCHOBAaHHH pacyeTa WHIAEKCA COCTOSTHUS JPEBOCTOS JOCTATOTHOTO KoMmdecTBa (Tpu Hamngauu He MeHee 30) ciry-
YaifHO OTOOpPAHHBIX JEPEeBhEB U3 JOMUHHUPYIONINX B HACAKACHWHU. PacyeT mHIEKca COCTOSHUS IPEBOCTOEB MPO-
BEIICH 110 hopMyIIe:

L,=(100, +70,, +40, +5,)/N, (N

e L, — OTHOCHTENBHOE KM3HEHHOE COCTOSTHHUE JIPEBOCTOST; /1; — KOJIMYECTBO 30POBBIX (0€3 MpH3HaKoB ocladie-
HHS1) ICPEBBEB, /1, — OCIA0JICHHBIX, 713 — CHJIBHO OCIIa0JICHHBIX, /1, — YCBIXAIOIHX; N — 001I1ee KOTMYeCTBO JICPEBLEB
(BKJIIOUAsI CYXOCTOH).

JanbHeiiee OTHECEHUE HACAKICHUN K KaTETOPUSAM >KU3HEHHOTO COCTOSIHUSL OCYILECTBIICHO Ha OCHOBE MO-
muuIMpoBaHHOHN mKanmel B. A. Anekceesa [5]. JIpeBoctou ¢ unnekcom cocrosaust 90—100 % oTHOCSTCS K Ka-
Teropuu 310poBeie, 80—89 % — 3n0poBblie ¢ npu3Hakamu ocnabdnenus, 70-79 % — ocnabnenusie, 50-69 % — mo-
BpexkaeHHbIe, 2049 % — cniabHO noBpexkaeHHbIE, MeHee 20 % — pa3pyllIeHHBIE.

s mpoBeneHus pacyeTa CTOMMOCTHON OLIEHKH 3KOCHCTEMHBIX YCIYI' O3€JICHEHHBIX TEPPUTOPHUN OOILEro
nonb30BaHus I. JKOAMHO B paMKax yxe 3aJI0KEHHBIX YIaCTKOB HEOOXOAMMO ObLIO ONPEAEINUTh MTOPOAHBIN U BO3-
PacTHO cocTaB HACAKACHHUH, a TAKXKE 3aHMMAaeMyo UMH Iutolaas. [lomyueHHble B X0/ McCIea0BaHUs JaHHBIC
MO3BOJIMJIN [IPOBECTH HHTEIPAJIbHYIO U TIOAJIEMEHTHYIO CTOMMOCTHYIO OLEHKY SKOCUCTEMHBIX YCITYT.

OKOHOMHYECKasl OLIEHKA SKOCHCTEMHBIX YCIYT 3€JIEHBIX HacaKaAeHUH I. JKoauHo mpennosnaraeT npoBeieHne
CTOMMOCTHON OLICHKHM SKOCHCTEMHBIX YCIYI' — JAEGHEKHOI'O BBIPAKEHUSI SKOHOMHYECKOH LIEHHOCTH HKOJIOTHYE-
CKHX PECypcoB, 00eCHeYMBAIOIINX YIOBIETBOPEHUE HKOJOTMYECKUX MOTpeOHOCTEH 00IIecTBa M COXpaHEHHE
9KOJIOTHYECKOTO paBHOBecHsl. Takast oLeHKa 6a3upyeTcsi Ha CTOMMOCTHOM OLICHKE 3KOJIOTHYECKOro pecypca pas-
JIMYHBIX TUIIOB €CTECTBEHHBIX SKOJIOTHUECKUX CUCTEM U MPOBOAMTCS B cooTBeTCTBHHU ¢ Texunueckum Konexcom
ycranoBusieiics [Ipakruku (TKIT) 17.02-10-2013 (02120) «Oxpana okpy>xaro1ei cpe/sl U MPUPOAONOIh30Ba-
Hue. [lopsaok onpeneneHust CTOMMOCTHOM OLIEHKH SKOCHCTEMHBIX YCIIYT M OMOJIOTHYECKOro pa3zHooOpasus (yT-
BEPKJICH U BBEJCH B JIeHICTBUE OCTAaHOBICHHEM MUHUCTEPCTBA IIPUPOIHBIX PECYPCOB U OXPAHBI OKPY>KaIOIIEH
cpensl PecniyOnuku Benapycs ot 15 mapra 2013 . Ne 3-T)»®. B 3aBucuMOCTH OT 1€JI€if CTOMMOCTHON OLIEHKH
U cepbl IPUMEHEHHUS €€ PE3yAbTATOB UCIOJIB3YIOTCS CIIEYIOIINE METOANUECKUE TTOXO/IbL:

— MHTerpanpHas oLeHKa NPUMEHsIETCS U1l 000CHOBAaHHS aJIFTEPHATUBHBIX BapPUAHTOB MCIIOJIb30BAHUS KO-
JIOTHYECKUX CHCTEM M OHojorniyeckux pecypcos. OHa Oa3upyercsi Ha TEOPUU 3KOJIOTHUECKOM PEHTBI U MEXaHU3-
M€ €€ BBIPQKEHUS — aJIbTEPHATUBHONW CTOUMOCTH C Y4eToM 3(P(hEeKTHBHOCTH BOCIIPOM3BOICTBA B SKOHOMUYECKOI
U KOJIOTM4ecKol cepax.

— IlosnemeHTHas OLIEHKA MCIIONB3YeTCsl B MPUKIIAIHBIX UCCIECJOBAHUSX, CBI3aHHBIX C YYE€TOM LIEHHOCTU He-
TOBapHBIX YKOCHCTEMHBIX yciayr. OHa OCHOBaHA Ha OLICHKE BEJIMUUHBI ICTIOHUPOBAHUS IBYOKHCH YIJIEPOZIA KO-
JIOTHYECKUMH CUCTEMaMHU.

Pacuer cTOMMOCTHOI OLIEHKH 3KOCUCTEMHBIX yCIyT TIPOM3BOAUTCS B TPU 3Tara:

1. IlpenBapuTenbHbIi 3Tal — MOTy4YEHUE NEPBUIHON MH(OPMALIMK O TEPPUTOPHH, HAa KOTOPOM JaeTcs OLEHKa
9KOCHCTEMHBIX YCIIYT.

2. IloneBoe oOcienoBaHUE MPOBOAUTCS B Cllyyae HEIOCTATOYHOCTH WM OTCYTCTBHS BCEHl HEOOXOMMMON ISt
BBINIOJIHEHNS pacYeTOB HH(OPMALIUH.

3. IIpoBeneHue pacueToB CTOMMOCTHOW OILIEHKH DKOCUCTEMHBIX YCIIYT. PacueT MHTErpajbHOH CTOMMOCTHOM
OLICHKH 3KOCHCTEMHBIX YCIIYT olpeAenseTcs 1o Gopmyie:

H’)Kl = Rakl : Sl, (2)
e R, — Tekyimas (exeroHast) oleHKa yCIyT 3KOJI0rnYeckoi cuctemsl I-ro tumna, py0./ra; S; — miomanes Teppu-
TOpUU | THIA SKOJIOrMYECKON CUCTEMBI, Ia.

Texymias onenka skocucTeMHbIX yeuyr (R, ;) maercs B pacuere Ha 1 ra o popmyme:

Roxi=Rr- (533](1_ 1), 3)

rae R, — yaenbHas texymas (exerognas) oneHka (nuddepeHuanbHas penTa) As [ Thia sKoiorndeckon cucre-
MBI, py0./ra; q, — KaluTaIM3aTop SKOHOMUYEcKoi cdepsl (mpuusaT Ha ypoBHe 0,05); q,q — KalUTaIU3aTOp WIN

3TKIT 17.02-10-2013 (02120). Oxpana OKpyKarolel cpebl U MPUPOIONoJb3oBanue. [opsIoK onpeneeHis CTOMMOCTHON OLEHKH
9KOCHCTEMHBIX YCIIYT W OHOJIOTHIECKOTO pa3HooOpas3ust. MUHCK: MUHHCTEPCTBO IPUPOIHBIX PECYPCOB M OXPAHBI OKPYKAFOIICH CPEIIbI;
2013.
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K03(1)(1)I/II_II/ICHT JAUCKOHTHUPOBAHUS, 3HAYCHUEC KOTOPOTO 06paTHO MpONOpUHUOHAIBHO CPOKY BOCIIPOU3BOACTBA I10-
Tpe6.]'[f[€M01"O IMIPpUPOAHOIO BCUICCTBA, COCTABJIAIIOIICTO OCHOBY €CTECTBEHHOM PKOJIOTHYECKOM CUCTEMEI I THma.

Pacuer ynenpHOI Tekymiel (exeromHoi) onenku (R;) s TECHBIX SKOIOTHYECKUX CUCTEM OCYIIECTBISETCS

o opmyie: I Kg
Ri=— * Kiux * Kxun * Ko - Ko - P, 4
1+p+ Kg

rae L] — ppiHOYHAS IeHa OCHOBHOTO MPOYKTa MPHPOAOINOIB30BaHMUS (110 MUIOMarepuaiaM XBOHHBIX MOPOL),
py0./M*. OnpenernsieTcss Ha OCHOBAaHUM CPEIHUX OMPIKEBBIX KOTHPOBOK I10 HTOraM TOProB (HAa BHEIHEM PBIHKE)
Benopycckoli yHUBepcanbHON TOBapHOW OUPIKH 32 6 Mec., IPE/IIECTBYIOMINX MOMEHTY OLeHKH; p = 0,3 — ko3 -
¢unment 3dexTrBHOCTH (PEHTA0ETBHOCTH) POU3BOCTBA MPOIYKLUH B Pe3yJbTaTe SKCILTyaTallid OCHOBHOTO
NpoAyKTa npuponomnoib3oBanus; Ky = 0,3 — koapduimenT 3pdekTHBHOCTH BOCIIPOU3BOJCTBA OCHOBHOTO TPO-
JIyKTa TPHPONOIOIb30BaHust; K., — KOOQQHUIMEHT X035iCTBEHHON NEHHOCTH IVIaBHOW APEBECHOM MOPOABI Ha
OLICHMBAaEMOM Y4acTke. B ciydae paBHBIX JJ0Jieif OPOJ] B COCTaBe HACAKACHHI pacyeT MPOBOAUTCS 110 Hanboee
HeHHOH (Toi, y koTopoii K., Beie); K, = 1,25 — ko3¢ dunment, oTpakaronmi CTOMMOCTb MTPOLYKIHH ITOO0YHO-
ro Jieconoib3oBanust; K, = 0,7 — ko3 duiueHT Bbixoa KOHSUHON OCHOBHOW MPOYKIIMHU PUPOIOIOIb30BaAHHUS
C €MHUIIBI IPUPOIHOTO CHIPbs (110 mustomarepraiam); K, = 1 — koadduimeHT 3KoIornieckoil 3HaYMMOCTH Jiec-
HBIX 9KOJIOTMYECKUX CHCTeM; P — exxeromHas mpoayKTHBHOCTh pecypca OCHOBHOTO MPOAYKTa MPUPOAONOIb30Ba-
HUsl B pacyeTe Ha | ra momau, M*/ra B roj.

[TosnemMeHTHAs CTOUMOCTHAS OLIEHKA SKOCHCTEMHBIX YCIYT IPOBOANUTCS B COOTBETCTBUH C YIIIEPOJOACIIOHH-
pyro1iei crnocoOHOCTH 03€JICHEHHBIX YKOJIOTHUECKUX cucTeM. CTOMMOCTHAS OLIEHKa €KETOHOTO MOTIOMICHHS
JIMOKCH/IA yITIepo/ia Ajisl 03eJeHEHHOM dKonorndeckoit cuctemsl (Oy,,, py0.) paccuuTsiBaeTcs 1o Gopmyie:

OYLIH: ucoz ' Aa (5)

e A — akkymyssuus auokcuza yriepona (CO,) necHoii sxonoruueckoii cucremoit, 1/rox; Lico, — cpennsia mupo-
Bas 1ieHa KBOThI Ha BBIOpOC 1 T CO,, pyo.

Pacuer o1eHKH eKeroHON yIIIepOAoIeIIOHUPYIOIIEH CTIOCOOHOCTH JIECOB B HATypallbHOM BBIpayKeHUH (A, T)
poBOIUTCS 1O hopmyre:

A=) Vi Kox:Ki I-Ko-Si, (6)

rie V;; — 00beMHBI II0Ka3aTesb CPEJHET0 U3MEHEHHs 3a11aca CTBOJIOBOM JAPEBECUHBI — CPEIHMIT €KEeTrOIHbII pH-
poct (ompenensieTcst Kak OTHOIICHHE JPEBECHOTO 3araca i-0i JiecooOpa3yoleil moposbl j-0i BO3PACTHOM IpyI-
nbl (B paspese [ u Il rpynm neca) x ¢paxrnueckomy BozpacTy HacaxkaeHus); Koy — 00beMHO-KOHBEPCHOHHBIE
K02 PUIMENTBI Ul epeBoga 00BEMHOIO 3amaca (M3MEHEHHMs 3amaca) CTBOJIOBOM JApeBECHHBI (M°/ra) B Maccy
oT/eNbHBIX (hpakuuii puTomaccel (T/ra) — IpeBecHHa, Kopa CTBOJIOB, BETBU, KOPHH, JIUCThS, IIOJPOCT, TTOJIECOK,
HAIOYBEHHBIN MOKPOB, T/M*; K, — mepeBoqHoi kodhduuureHT (s nepesoga oobeMa KOMIIOHEHTBI JIECHOTO Pe-
cypca B KOJMYECTBO TOIIOLICHHOTO yriepoaa, npuauMaercst pasHbiM 0,5); I — koa¢duumeHT nepesoaa mysaoB
yIiiepo/ia B KOJIMYECTBO JUOKCH 1A yriieposa (mpuHuMaeTcs Ha ypoBHe 3,67); Ko — ko dUIMeHT, yuuThIBaroIni
3arac yriepoja B OpraHM4eCKOM BELIECTBE IIOYBBI U MOpTMacce (MpUHUMaeTces Ha ypoBHe 2,04); S;; — momanb
OLICHMBAEMOTO Y4aCTKa HACAXKICHHUH 1-i MOPOJIBI j-TO THIIA Jieca, Ta.

Pe3yabTarhl HCC/Ie10BaAHNUS U KX 00CYKIEHUE

J111st BBISIBIICHHST 9KOJIOTUYECKOTO COCTOSIHUSI HACKACHUH MapKOB, JOMUHUPOBABIINX 1O TUIOMIAAN HA TEPPH-
TOPHUU TOPOJIA, OBLIO 3aJI0KEHO 3 IJIONIAJIKH, B ITpe/ieiaX KoTophix o0cienosaHo 108 nepesbes (puc. 1). ccneno-
BaHMS CBYHIETEIILCTBYIOT, YTO OCHOBHAS YacTh 00CIIEIOBaHHBIX JIEPEBHEB Ha TEPPUTOPUH NTAPKOB I. JKOAHMHO Xxa-
paKTEpU3yeTCs M3PEIKECHHOCTHIO KpOoHBI B uana3zone ot 10 1o 40 %, cBETI0-3eTI€HBIM U €CTECTBEHHBIM 3€JICHBIM
OTTCHKAMH JIMCTBBI M XBOH. B MeHbIIIel cTeeH! BCTPEYaroTCs IepeBbs ¢ 00Jiee BBICOKUM ITOKa3aTeIeM aXKypHO-
CTH, IPAKTHYECKN HE OTMEUEHBI IePEBbs C KOIMYecTBOM MpocBeToB 710 10 1 o1 90 %. Oxono 20 % ocMOTpeHHBIX
JIEPEBbEB XapPAKTEPU3YIOTCS HAIMYMEM JIUCTBBI MIIK XBOH C JKEJITO-3EJICHBIM OTTEHKOM, OKOJIO 5 % — C JKEeNTHIM.
Cpenn HexapaKTepPHBIX OKPACOK WU MOBPEKIACHHUM JTUCTHEB OTMEUCHO JUIIh Han4due Oemoro Hameta y 8 %
HAaCaXJICHUH, YTO SBISIETCS MHANKATOPOM HMEIOIETOCS Y AePEBbEB TPUOKOBOTO 3a00JIeBast — MPEAIOIOKUTEIb-
HO MYYHHUCTOW POCBHI. [1jisi OOJBIIMHCTBA OCMOTPEHHBIX JIEPEBLEB XapaKTEPHO OTCYTCTBUE YCBIXaHHMS JIMCTHEB
WA XBOH, TIpu 3ToM y 6osiee 20 % aepeBbeB MPUCYTCTBYIOT IMOJHOCTBIO YCOXIIINE JIMCThs WK XBos. [Ipnyem
y 50 % OCMOTpEHHBIX JIEPEBbEB HAOIONAIOTCS OTACIBHO yCOXITHe BeTKH.CTOUT OTMETUTh, YTO B BBIOOPKE OT-
MEUYEHO JIUIIb OKOJIO 9 % JIepeBbeB C OIHBIM OTCYTCTBUEM YChIXAIOIINX BeTBel. OKopeHHe CTBOJIA HAOMI0IaeTCst
y 19,4 % Bcex oCMOTpEHHBIX JepeBbeB. Cpenu APYyrux MEeXaHHUECKUX TMOBPEXKIECHHUI Jallle BCero BCTPEUaroTCs
Tpeutunsl (73,1 % ocMoTpeHHBIX aepeBbeB), HapocThl (18,5 %) u 'y 10,2 % nepeBbeB 0TMEUEHO CMOJIOTEUEHHE.
Bbornee uem y 25 % nepeBbeB MexaHHUECKHE TIOBPEKACHUS OTCYTCTBYIOT.
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caennl HacekoMbix 0,0 %
P — OTCYTCTBHE yCHIXaHHS | 61,1 %
,

opamxkesrbie mataa 0,0 %
HAJIMIHE TOMHOCTHIO YCOXIIHX

e 0,
xénrele matra 0,0 % XBOHHOK/TACTHEB 123,1%

gépaele maTHa 0,0 %

4,6 % HaJIA4due XBOI/IHOK/JIPICTBCB, 10.2 %
s (]

JKENTHIA
YCOXIINX HATIOJIOBUHY

JKEIITo-3eIeHEn M 19.4 %
S s | 9
CBETIIO-3CIICHBIA 43’5 %o HaJIMIHAC YCBIXAIOMUX KOHITOB
i+ I
3CICHBIH 32,4 %

Jlomns nepeBbEB Jlons nepeBbeB

6/c e/d

14,8 %

0,
xonmgecTBo mpocseros ot 90 % 0,0 %

OTCYTCTBYET ~— | 9,3 % L
’ KoJMgecTBo Tpocseros 80-90 % = 2,8 %
oxono 3/3 serset [g]2.8 % KOMHIECTBO IpocBeToB 70-80 % 9.3%
=0 kommgecTBO mpocsetoB 60-70 % 4,6 %
o0 2/3 BeTBei 25.0 % KOIIMIeCcTBO IpocBeroB 50-60 % ———————~ 11,1 %
(1]
' konmmaecTBO npocBetoB 40-50 % 4,6 %
oxono 1/3 Betseit 13.0 % konmuecTBo npoceroB 3040 % 24,1 %
e konmmaecTBO npocsetoB 20-30 % 20,4 %
komugecTBO mpocBetoB 10-20 % | 23,1 %
OTZEIbHBIE BETKA 50,0 % .
KonmuuecTBO npoceroB 10 10 % 0,0 %
Jloms epeBbeB Jlons nepeBbeB
d/e elf
OTCYTCTBYIOT 25,0 % .
OTCYTCTBHE | : ‘ : A _ : : j80,6 %
npyrze 0,0 %
yCBIXaHHE CTBONA (0,0 % 50 9,3 %
HapOCTHI 18,5 %
nospexaesae 0,0 % 10 % l | 5,6 %
HACEKOMBIMA
CMOJIOTedeHHe 110,2 % -
[) 4,6 %
TPEIIMHE! Ha CTBOJE 73,1 % 15%
Jlomns nepeBsEB Jlons nepeBbEB

Puc. 1. JleanpomMeTpruuecKre MoKa3aTelll IepeBheB Ha TEPPUTOPHH TTapKoB T. JKOIHHO: @ — IIBET XBOU/JIUCTBHI; 6 — yCBIXaHNE
XBOW/JICTBBI; 6 — YCHIXaHHUE BETBEH; & — N3PEIKEHHOCTh KPOHBI; 0 — MEXaHHYECKHE MOBPEXKCHUS CTBOJIA; € — OKOPEHHE CTBOJIA

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

JI1s BBIIBIICHUS DKOJIOTHUECKOTO COCTOSHUS HaCaKIEHUH CKBEPOB M OyJIbBApOB ropoia 3aJIoKeHO 27 IIIo-
IaI0K, B Mpeaeax KOTOPBIX o0ciieoBaHo 858 mepeBbeB (puc. 2). BOJIBIIMHCTBO M3 OCMOTPEHHBIX JCPEBHEB
XapaKTePU3yeTCs 3eJICHON M CBETIIO-3EICHON OKpacKoi JINCTBEI U XBoU. Cpemu MOBPEKICHUH JINCTBBI YaIlle BCe-
IO BCTPEUAIOTCS OpaH)KeBbIE MATHA — MPUMEPHO Y 13 % nepeBbeB, TakKe BHICOKA OIS HACAKIACHUH C KEITHIMHU
¥ YEpHBIMH TIATHAMH. J{J1s1 TOaBIISTIONIET0 OONBITIMHCTBA OCMOTPEHHBIX JIEPEBHEB XapaKTEPHO OTCYTCTBHUE YCHI-
XaHUs1 JIMCTBBI MJIM XBOU, OZIHAKO IPUMEPHO Y 15 % nepeBbeB 3aMeueHO yChIXaHHE KOHYHMKOB, Takxke y 15 % —
yChIXaHUe HaNOJOBUHY U emle y 15 % — monHoe ychixanue. bojee 4eM y IMOJIOBHHBI OCMOTPEHHBIX JIEPEBHEB
HaOTIOAAIOTCS OT/AEIBHO YCOXIITHE BETKH.

[Ipu 5TOM HEpEBBEB C MOIHBIM OTCYTCTBHEM YCBHIXAIOIIUX BEeTBEH B BhIOOpKE Oornee 25 %. OkopeHne cTBOIA
HaOmromaercss mpuMepHo y 15 % BceX OCMOTPEHHBIX AepeBbeB. Cpean IPYyruX MEXaHWYECKUX IMOBPEKICHHH
yarie BCEro BCTPEYAIOTCs TPEIINHBI, HAPOCTHI ¥ TIOBpeXKAeHUs HaceKoMbIMU. [t 40 % nepeBbeB BHIOOPKH Xa-
PaKTEepHO OTCYTCTBHE KaKUX-THOO MOBPEXKICHHI CTBOJIA.
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a/a 6/b
cnensl HacekoMbix 0,0 %
Gensait e W 3.6 % OTCYTCTBHE YCHIXaHHS 63,8 %
OpaHXXeBbIE IATHA Tl 12,6 %
HAJIMIHe TTOTHOCTHIO YCOXIIHX
JKEITHE ISTHa W 6.2 % XBOMHOK/THCTHEB 14,8 %
uEpHBIe IaTHa W 5,9 %
KEnTE — 11,8 % HaJIMIMe XBOMHOK/THCTHEB, 14.9 %
YCOXIIHUX HAIIOIOBHHY >
JKeNTo-3eNeHsi W 7,1 %
-3¢NIEHBI  I— 9
CBCTIIO-3CIICHEIH 42,5 % HAJIMIKe YCHIXAIOMHUX KOHIIOB 16,7 %
3eNeHbl M 38,6 %
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6/c 2/d
26.8 % konmmaecTBO npocBetoB oT 90 % 0,0 %
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Puc. 2. JleHapoMeTpUYUECKUE TIOKA3aTeNU JCPEBbCB HA TEPPUTOPUH CKBEPOB U OyIbBapoB T. JKOMHHO: @ — IBET XBOW/JIMCTBBL; 6 — YChIXaHUE
XBOW/JIUCTBBI; 6 — YCHIXaHUE BETBEH; & — U3PEIKEHHOCTh KPOHBL; 0 — MEXaHHIECKUE MOBPEKICHHUS CTBOJIA; € — OKOPEHHE CTBOJIA

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 of branches; d — crown tracery; e — trunk mechanical damages; f— bark abscission

HpI/I CpaBHCHHHU TOJTYYCHHBIX IoKa3areieh IapKOB C JAaHHBIMU B CKBCpaAX U 6y.l'H:Baan, IMPOCJICIKUBAIOTCA
CJICAYIOUIUEC pa3Invunsl. KonnuectBo JACPCBBECB C HOpMaHBHOﬁ OKpaCKOﬁ JIMCTBBI B T'PaHULlAX PAa3HBIX O3CJICHCH-
HBIX TeppI/ITopI/Iﬁ CyMMAapHO paBHBI. O,I[HaKO B IMapKax Ha6J'HOZ[aeTC$I Oomble PACTUTCIIBHOCTH € HC3AOPOBBIM
LIBCTOM JIMCTBLI, IPH 9TOM B CKBEpPaAX U 6y.]'IBB3.an BCJIMKaA O0JIs1 HaC&)K,[[CHI/Iﬁ C pa3/IMYHbIMU NOBPCKACHUAMU JIN-
CTOBOM INIACTHUHEL. I[aHHBIC 00 YChIXaHWHU JIMCTHEB PA3JIMIAOTCSA HE3HAYUTCIIBHO, @ BOT YChIXaHUC BETBEI Oosee
paciopoCTpaHCHO Cpean HaCﬂ)KI[CHI/Iﬁ IMMapKoOB. Bboinee BrIcOKHUe mTOKa3aTean A)KYPHOCTH KPOHBI TAKIKEC XapaKTCPHBI
JJIs TIapKOB, IPUYCM 3/1€Ch BUJICH 0OIIBIION pa36poc HOKaBaTCHCﬁ, B TO BpEMs KaK OCHOBHaAs1 MacCa paCTUTCIbHO-
CTH CKBCPOB U 6yJ'II>Bap0B HUMCCT aXKYPHOCTb MCHEC 30%. P ACCMOTPCHUEC MCXAaHUYCCKUX HOBpC)K,Z[CHI/Iﬁ CTBOJIOB
HaCﬁ)K,Z[eHI/Iﬁ O3CJICHCHHBIX TeppI/ITOpI/If/i IMOKa3bIBa€T €Iro MCHEC 6J'IaFOHpI/I}ITHO€ COCTOSIHMC B ITapKax. HpI/I 9TOM
IMMOKa3aTeJin OKOPCHUs CTBOJIA HA TCPPUTOPUH ITAPKOB, CKBEPOB U 6yanap0B MPaKTU4YCCKU UACHTUYHBI.

Ilo MOJIYYCHHBIM ACHAPOMETPUYCCKUM IMOKA3aTCJISIM BBIIMNOJHCH PACUCT MHACKCOB COCTOSIHHA APEBOCTOCB
COriaaCHO (bOpMy.l'Ie (1), IIOCJIC Y€TO0 HaCaXJACHUA OBLUIM OTHECEHBI K PAa3JINYHBIM KaTCTOPUAM KU3HCHHOTO CO-
CTOSHHA.
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I'pynmupoBKa MOMTyYeHHBIX PE3YNBTaTOB PACUeTOB W OIEHKA JKU3HEHHOTO COCTOSHUS HACAKICHUHN TMapKOB
r. XKomuHo 1Mo y9yacTkam rmokaszala, 9To Cpeid APEBOCTOEB MApKOB BBIICTICHO TPH IPYIITHI, 3aHIMAIOIIIE PaBHbIE
nmomm (to 33,3 %) cpeny M3yYeHHBIX: 370pPOBBIE C MPU3HAKAMH OCIA0JIeHHS, OCcTablIeHHbIe U TIOBPEKICHHBIE.
Cpenu ckBepoB U OynbBapOB BBIIEIEHO YeThIpe Tpymiisl: 22,2 % 310pOBBIX, 29,6 — 3M0POBBIX C MPU3HAKAMH
ocmabenns, 40,7 — ocmabneHHbIX U 7,4 % MOBpekKIeHHBIC. B COBOKYITHOCTH OIICHKA JKU3HEHHOTO COCTOSTHUS
BCEX 3eNIeHBIX HacaXIeHwi T. JKomnHo BRISIBUIIA YeThIpe Tpynibl HacaxaeHui: 20 % 310poBsix, 30 — 3M0pOBBIX
¢ mpu3Hakamu ocnabdienus, 40 — ocnadbnennbix u 10 % moBpexaeHHbIX (puc. 3).
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Puc. 3. )KusHeHHOE COCTOSTHUE JAPEBOCTOA 00BEKTOB 03€JIEHEHHS 06]].[61"0 mob30BaHus T. XKoguHo

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

AHanM3 MPOCTPAHCTBEHHOTO M3MEHEHHST HKOJIOTMYECKOTO COCTOSTHHS 3€JIEHBIX HACAKAECHHH 110 TEPPUTOPHHU TOPO-
Jla CBUICTENBCTBYET, YTO HAUXY/IIIIEE COCTOSIHHE PACTHTENIHHOCTH XapaKTePHO /I 03eJIeHEHHBIX TePPUTOPHH, pactio-
JIOKeHHBIX B 3aI1a/THOM 9acTH T. JKOIWHO, T/Ie CKOHIIEHTPHUPOBAHO HAHOOITBIIIEe KOIMUECTBO OCTA0IEHHBIX 1 37J0POBBIX
C TIpF3HAKAMH OCTA0JICHUS IPEBOCTOEB. Takoe WX COCTOSHHME OOBSICHACTCS HECKONIBKAME (DakTopamu. Bo-TiepBhIX,
CBOHMIM DPACTIOJIOKEHHEM B 30HE OOIIECTBEHHO-KMIION 3aCTPOMKH, SBISIOIIEHCS OCHOBHBIM MECTOM TPUTSDKEHNS KaK
MECTHBIX JKUTEJICH, TaK ¥ TYPHCTOB, IToceTuTenel ropona. [ToMrmo OIe30CTH K KPYITHOH aBTOMOOMIIBHOM Tpacce P-53
(Munck — boprcoB), 1aHHas 9acTh TOPOZA B IIEJIOM OTIMYAETCS MHTEHCHBHBIM TPAHCIIOPTHBIM JIBH)KEHHEM B CHITY
CKOHIIEHTPHPOBAHHOCTH 3/1€Ch OOJIBIIOTO KOJTMYIECTBA 00BEKTOB OOIIIECTBEHHOH 3acTpoiky. Takim 00pa3oM, ISt ATOH
YaCTH TOpO/Ia XapaKTepeH 3HAYUTEIIbHBIN BRIOPOC 3arPsI3HSIONINX BEIIECTB U MTHUIEBOE 3arPsI3HEHAE OT TPAHCIIOPTHBIX
00BEKTOB, OKa3bIBAIOIINX HETATHBHOE BO3/EUCTBHE HA SKOJIOTHIECKOE COCTOSTHUE 3€JIeHbIX HacakaeHnil. Ha sxomoru-
YECKOM COCTOSIHUM MOYKET CKa3bIBaThCSl BO3PACT U BUIOBOM COCTaB HacaxkJIeHui. Hanpumep, B 3aragHoi 4acT mapka
y MeMopHraJia-KoMIieKca «MaTtepr-TIaTpuOTKI» PacipOCTPaHeHBI KallTaHbl KOHCKue (Aesculus hippocastanum L.),
OTIIMYAIOIIMECS JTOCTATOYHO HU3KOW YCTOWYMBOCTBIO K 3arps3HSIONIMM BEIIECTBAM, HO BBIC&KMBAaeMbIe Onarofaps
CBOMIM BBICOKHM JIEKOPATUBHBIM TIOKa3aTelsiM. B BOCTOUHOIA ke 4acTH mapka JOMUHHUPYIOT XBOWHbIE, OCOOSHHO JIH-
cTBeHHMIIA eBporieiickas (Larix decidua Mill.) u enb eBpornieiickas (Picea abies (L.) Karst.), oTrdarontiecst OOIbIIM
BO3PACTOM HACAKJICHHUI U TIOXOH IEPEHOCUMOCTBIO 3aCYIILTMBBIX JIETHUX TIEPHOJIOB.

Bornee GrmaronpusTHOE IKOIOTHIECKOE COCTOSHIE 3€JIEHBIX HACAKICHNH HAOII0IaeTCs B BOCTOYHON YacTH ro-
poma. 37ech BCTPEYaroTCs 03eIeHEHHBIE TEPPUTOPHH CO BCEMH ONMMCAHHBIMHU KaT€TOPUSMH JIPEBOCTOEB, OJJHAKO
peobIaatoT 30POBBIE U 37I0POBBIE C MPU3HAKaMK OcialieHus. JJaHHbpIe 00BEKTHI 03eTIEHEHNsT PACTIONIOKEHBI
B 30HE MMPeoOIaaHus KUIOH 3aCTPONKH: 37I6Ch MEHBIIIE KOHIICHTPAITHS JIFOACH B CPABHEHUH C 3aITaTHBIMA Paio-
HaMH, cirabee TPaHCTIOPTHBINA TTOTOK ¥ HE TaK MHOTO KPYITHBIX aBTOMOOHIIBHBIX JOPOT.

Takum 00pa3oM, MOXXHO CHIENaTh BBIBOZ, YTO JKOJIOTHYECKOE COCTOSHHME 3€IEeHBIX HacaxaeHui T. JKomu-
HO OILIEHMBAETCS KaK YMEPEHHO YIOBJIETBOPUTENHHOE, HO TpeOyrolee yIydIlIeHHs, a TakKe MepHOIHIECKOTO
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MIPOBEIEHUS] MOHUTOPUHTA W OCYIIECTBICHHS PA3NUYHBIX MPOMMIAKTHIECKHX PadOT CaHUTAPHO-3AIIUTHOTO
XapakTepa MpY BBISIBICHUH BO3ZHHUKAIONMUX MMpoobieM. [IpoBenenHas orieHKa SKOJOTHYECKOTO COCTOSHUS HacakK-
JIeHUH KpaitHe BakKHA JUTS JATbHEUINEH JacTH MCCIeNOBaHMs, TaK KaK OT COCTOSTHUS PaCTUTEIILHOCTH OyIeT 3a-
BHCETh AP(HEKTUBHOCTE BBITOHIEMBIX €1 (DYHKITHIA.

IlomyueHHas B Xofie TMOJIEBBIX MCCIIEIOBAaHUK WH(MOpPMAINs MMO3BOJIIIA TPOBECTH HHTETPAIBGHYIO M TIOdJIe-
MEHTHYIO CTOMMOCTHYIO OIIEHKY DKOCHCTEMHBIX YCIYT. JIIsl KaKIoi 03eeHeHHOW TePPUTOPUHU OBLT MOTy4YeH
CIIEIYIOUINA TIepeueHb JaHHBIX: PACCUMUTAHBI MOKA3aTeld WHTETPAThbHON CTOMMOCTHOW OLIEHKH DKOCHCTEMHBIX
yeiyr cormacHo dopMmyre (2), TeKyIed OIMeHKH dKOCHUCTEMHBIX YCIyT coriacHo ¢opmye (3), yaeapHOH Te-
KYIIeH OICHKH IJIS JIECHBIX SKOJIOTHYECKUX cHcTeM cornacHo (opmyie (4). Ilo pe3ynbsraram pacdeToB, WHTE-
rpajbHas OIEHKA YKOCHUCTEMHBIX YCIYT O3€JICHEHHBIX TEPPUTOPUI OOIIIEro Moib30BaHus T. JKOJMHO COCTaBIIsSET
12 271,3 py6./ron (B nommapoBoM skBuBainieHTe 3 760,86 USD/rox), B Tom umcne 8 646,7 py0./rox (70,5 %) Bkiax
napkos; 3 219,7 py6./rox (26,2%) — ckBepoB; 404,9 py0./rox (3,3 %) — OynbBapos.

Cormmacao dopmymnam (5) u (6), TIPOBEACH pacyeT IMOIEMEHTHONH CTOMMOCTHOH OIIEHKH DKOCHCTEMHBIX
YCIIyT O03€NI€HEHHBIX TEePpUTOpHiA 0O0IIero moip3oBaHus T. JKoanHO, KOTOpas IMO3BOJHIA YCTAaHOBUTH OO0B-
eMBl aKKyMYIALUH IHOKCHIA yIIepoJa JECHBIMH KOCHCTEMAMU W ONPEAETHTh WX PHIHOYHYIO CTOMMOCTH.
ITo pesynbraraM pacd4eToB MOAJIEMEHTHasi CTOMMOCTHAs OIIEHKAa 3€JIeHBIX HacakAeHuH T. JKoawmHO cocTaBiseT
42 637,8 py0./ron (13 067,46 USD/ron), B ToM uncne 28 716,1 py6./ron — mapku (67,3 %); 12 746,5 py6./rox —
ckBepsl (29,9 %);1175,2 py6./ron — 6yneBapst (2,8 %).

IIpu 3TOM pacdeTsl MOKa3aid, 9T0 00beM aKKyMYJLIIHH THOKCHIA yriepoaa coctaBisier 418 T1/rom, (B ToM
gucie 281,5 T/ron 3eneHpIMA HacKACHISIME TTapkoB; 125,0 T/rox — ckBepoB; 11,5 1/rox — OynpBapoB). AHam3
MIPOCTPAHCTBEHHOTO PAaCTIPOCTPAHEHHUS aKKyMYINPOBAaHHS TUOKCHA YIIIEpo/ia MoKa3all, YT0 HanOOBINI BKIIA/T
B peaTM3aIlii0 SKOCHCTEMHBIX YCIYT BHOCAT OOBEKTHI 03€JICHEHUS, PACTIONOKEHHBIE B 3allaIHOM YaCTH TOpo/a,
1 TIApKH, YTO OOBSICHSIETCS OOJBIION TUTOMIAIBI0 X HacaXACHUH (puc. 4).
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Puc. 4. Ouenka 1enOHUPOBaHHS YITICKHCIIOTO Ta3a 3eJICHBIMH HacaxIeHusMHU T. JKoanuHo (T/Tox)

Fig. 4. Assessment of carbon dioxide deposition by green spaces within territory of Zhodino city (t/year)
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OrneHKa 03eNeHEHHBIX TEPPUTOPHUI MO3BOJIMIIA BEISIBUTH OT/IEIBHBIE CKBEPHI, HE OTIIMYAIONTHECS OONBITIMHA
IIIOMIAIMI HACAKICHNUH, HO TTPH 3TOM BHOCSIIIMMH 3HAYNTENLHBINA BKJIal B OPMHUPOBAHUE HHTETPATBHOU CTO-
AMOCTH SKOCHCTEMHBIX YCIYT M OTAEITBHO — 00BbEMBI aKKyMYISIIIAK THOKCHIA yriepoaa. B obonx cirydasx mo-
JIOOHBIE BBICOKHE TTOKa3aTeI 00BSICHAIOTCS TOPOJHBIM U BO3PACTHBIM COCTABOM HACAKIACHUH, KOTOPHIE BaYKHBI
TIPH pacyeTax CTOMMOCTH MX KOCHCTEMHBIX yCIIYT.

3aKiIoueHue

B wuccrenoBanny mpencTaBIEHBI PE3YJBTAThl OIEHKH HDKOJIOTHYECKOTO COCTOSHHS 3€JICHBIX Haca)IeHUI
r. )KoarHO 1 pacyeToB CTOMMOCTHON OI[EHKH UX YKOCHCTEMHBIX YCIIYT, KOTOPBIE BBITIONTHEHA HA OCHOBE M3yYEHUS
JEHIPOMETPUYECKUX MTOKa3aTeNei IPeBOCTOEB B ITPOIECCE MOJIEBBIX UCCIEIOBAHNHN U JATHHEUIINX PACUETOB UX
YKU3HEHHOTO COCTOSIHUS 110 MeToanke B. A. AnekceeBa.

BrIsiBiIeHO, YTO COCTOSIHME BCEX 3€JICHBIX HACAKICHHH O3CJICHEHHBIX TEPPUTOPUI OOIIETO TOIh30BAHUS
r. Y)KoanHO olleHMBaeTCsl Kak YMEPEHHO YIOBIETBOPUTENHHOE, HO Tpedyroliee TIATeIbHOTO KOHTPOIIs. Beimor-
HEHHasl OIIEHKa YKOJIOTUYECKOTO COCTOSHUS 3€JICHBIX HaCAXKIEHUH TTOKa3bIBACT, YTO XOTS IIPU COOTBETCTBYIOMIEM
yX07ie OHH OyIyT CIIOCOOCTBOBATH YMEHBIIIEHHIO SKOJOTHYECKUX PHCKOB M YIYYIIECHHIO 3/I0POBBS TOPOJICKOTO
HACEJIEHU, OJTHAKO caMa CHCTEMa O3eJICHEHHBIX TePPUTOPUI HYKIAAETCS B ONTHMHU3AIMOHHBIX MEPOTPHUSATHSIX.
B mepByto odepens HEOOXOMUMO OOpAaTUTh BHUMaHHE HA HACAKACHUWS 3allaIHOW YacTH TOpOAa, TAE OTMEYeHa
HauOOIbIIas KOHIIEHTPAIUS OCIIA0JICHHBIX U ITOBPEXKIEHHBIX IpeBocTOeB. OCHOBY O3€JIeHEHUS JaHHOW TeppPUTO-
PHH COCTABIISIOT IMAPKH, COCTOSHIE KOTOPBIX MOJKHO YITyUIIUTh IPOBEACHUEM PsiJla CAHUTAPHO-3AIMUTHBIX padOT
I10 YXOJTy 32 PaCTUTEIHHOCTHIO, (HOPMHPOBAHUEM YCTOWYMBOTO KOMITIEKCA 3€JIEHBIX HACAKACHUH. YCTOWINBOCTD
B JIAHHOM cllydae Oy/leT JOCTUTaThCs IBYMS MyTSMH. Bo-TepBbIX, HEOOXOMUMA ONTHMH3AIHUS MTOPOIHOTO CO-
ctaBa. OOnre HeyCTOWYHMBBIX K 3arps3HAIONIAM BEIIECTBAM KaIITAaHOB KOHCKUX (Aesculus hippocastanum L.)
7 HEyCTOMYMBBIX K KAPKUM JIETHHM TeMIIEpaTypaM XBOWHBIX HACAKIACHUHN JIMCTBEHHUIIBI €BpOTIEHCKON (Larix
decidua Mill.) n emu eBporretickoii (Picea abies (L.) Karst.) HeoOXomumMo 3aMEHUTE Ha 00JIee TOAXOMSIINE TS
TOPOJICKMX YCIIOBHH BHIBL Tak, Hanboliee yCTOWYHMBBIE KOMITIEKCHI MOXKHO (DOPMHPOBATh MPH BBICAKUBAHUHT
nunel Menkoietroi (7Tilia cordata Mill.) winm ruskro asysonactHoro (Ginkgo biloba L.)*. Bo-BTopbIX, B IapKax
KpaifHe HeoOXOo[rMa ONTUMHU3AIUS BO3PACTHOTO COCTaBa: YeM CTapIlle CTAHOBHUTCS JEPEBO, TEM CHIIbHEE OHO
MTOJIBEPTaThCs PA3INIHBIM 3a00JICBAHHSM, TEPSET YCTOMIUBOCTh U ICTETHYECKHEe KadecTBa. FIMEHHO mo3ToMy
B)XHO TPOBOIUTH TIOCAIKY O0JIee MOJIOBIX HACAXKIEHUI, TEM CaMbIM 00ecIiednBasi OJIarorpusiTHOE COCTOSTHUE
03€JICHEHHBIX TEPPUTOPHIA B OyAyIIEM.

Bonbmioii 6710k caHUTApHO-3AITUTHBIX Pa00T HEOOXOAMM IS HACAKICHUH CKBEPOB M OyIbBapoB. Takue, He-
OoJBIIINE 110 TIIOMIAIN HACAXKICHHUS, Xy)Ke CIPABISIFOTCS ¢ HEONAronpusaTHBIMU (PaKTOpaMu TOPOICKOM CpesibI
M3-32 OTCYTCTBUS OOJBIIOTO KOJMYECTBA MEepr(EepUItHBIX TTOCAIOK, YTO MPUBOAUT K YXYAIICHHIO UX IKOJIOTH-
YECKOTO COCTOSTHHSI HaMHOTO ObIcTpee. [loMrMo caHUTapHBIX 0OPE30K WM OYHCTKH OT IBUTH MOCPEICTBOM
OTIPBICKMBAHMUS BOIHBIMH PACTBOPAMH OCMOTPEHHASI PACTUTEIHHOCTD Psijia CKBEPOB HYXKIAETCS B MPOBEICHUH
pabot o 6oprbe ¢ BpeauTensiMu U BO30yauTeNsIMU Oose3Hei. OTMETHM, 9TO HACaXKICHUS CKBEPOB U OyJbBa-
POB JIOJDKHBI COCTOSITh M3 Hamboliee yCTOMYMBBIX K 3arps3HSIONIMM BellecTBaM pacTeHusiM. llpudem BakHO
YIOMSHYTh ¥ HEOOXOIUMOCTh MCTIOIB30BAaHMUS COJIEBBIHOCIMBOTO aCCOPTHMEHTA: KJIEHA OCTPOJIUCTHOTO (Acer
platanoides L.), 6epesy nosuciyto (Betula pendula Roth) u 6epesy mymmcryio (Betula pubescens Ehrh.)’.

HacaxneHnust BOCTOYHON YacTH OTIAMYAIOTCS OoJiee OIaronpusTHBIM DKOJIOTHYECKUM cocTossHuEM. OIHAKO
3/1eCh U B IEHTPAJIBHBIX PailOHAX TOPOJa BBIICISETCS WHAsS MMpodiieMa — HeTOCTAaTOYHOE KOJIMYECTBO 3eJIEHBIX
HacaXJIEHUI M HE JOCTUTAIOIAs HOPMATUBHBIX TIOKa3arenel 00eCcreueHHOCTh HACEIEHUS 03eJIEHEHHBIMU Tep-
putopusmu. HaOmromaromasicss B Topojie HEpaBHOMEPHOCTh PacIpe/esieHus] HACAKICHUN CO3/1aeT BUAUMOCTD
COOITIOZIEHNsT HOPMATUBOB 110 o3eeHeHnto. ObecredeHHOCTh xuTeneid T. JKOIMHO O3eTeHEeHHBIMH TEpPHUTO-
pUSIMH OOILETO MOJIB30BaHUS COCTABNIAET 7,82 M%/den, mpH HOpMAaTuBe 3—5 M2/uen it 0OBEKTOB PaliOHHOTO
3HaueHus U 6—8 M*/4el Ui OOBEKTOB TOPOJACKOTO 3HadeHHs’. OHAKO B OTJEIBHBIX 9acTIX ropoaa, 0COOEHHO
B IIEHTPAJIbHBIX, JAHHBIE MTOKA3aTeIN Ha CAMOM JIeJie HAMHOTO HIDKE.

Pemenne nannHo#l mpoOIeMbl MOXKET OBITh MPOU3BENEHO TAK)KE MOCPEICTBOM BHEAPEHUS OJHON M3 MHHO-
BaIlMOHHBIX T'PaJOCTPOUTENHHBIX MPAKTUK — BEPTHKAIBLHOTO O3€JICHEHHA. DTOT TO3BOJHT HE TOJBKO yBEIH-
YUTh TI0KA3aTEeNM O3€JIC€HEHHOCTH TEPPUTOPHH M OOCCIIEYEHHOCTH 3€JICHBIMH HACAKICHUAMH HACEICHUS, HO
1 YAYYIIATH SKOJIOTHYECKOE COCTOSTHUE TOPOJCKOM cpefbl. Takas popma 3eJIeHOTO CTPOUTENBCTBA UCTIONB3YET

*ITocranoBenre MUHHCTEPCTBA TIPHPOIHBIX PECYPCOB M OXPaHBI OKpYKaroteii cperst Pecryomuku Bemapycs ot 18.07.2017 Ne 5-T. O6
YTBEPIKICHHHU YKOJOTHYECKUX HOPM U mpaBuil. [DnekTponnblii pecype]. URL: https:/pravo.by/document/?guid=12551&p0=W21732307p
(mara obpammenus: 09.03.2024).

STam xe.

STKII 45-3.01-116-2008 (02250). TexHu4ecKkuii KOJEKC yCTaHOBUBIIIEHCS TpakTuky. [ pagoctpourelibeTBo. Hacenenusie myHkTol. Hop-
MBI TUIAHUPOBKHU U 3aCTPOUKH. MUHCK: MHHHCTEPCTBO apXUTEKTYpHI U CTpouTenscTBa Pecnyonuku bemapyce; 2018.
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B KaueCTBE O3€JICHSEMO OCHOBBI BEPTHUKAIbHBIC MOBEPXHOCTH 3/1aHHM, YTO MO3BOJSIET PACLIUPUTH CHCTEMY
03€eJICHEeHUs! 0e3 BBLACTICHUS IOTOTHUTEIbHON TEPPUTOPUH.

OrneHKa PKOCHUCTEMHBIX YCIIYT 3e€JIeHBIX HAcaJIeHUH BhimonHeHa B cooTBeTcTBUH ¢ TKII) 17.02-10-2012
(02120) «ITopsmox ompeneneH st CTOMMOCTHOM OIIEHKH SKOCUCTEMHBIX YCIIYT H OMOJIOTHYECKOTO pa3HO00pas3HsD».
WuTerpanpHas CTOMMOCTHAS OIlEHKA SKOCUCTEMHBIX YCITYT 3eJIeHbIX HacakaeHu T. XKoauao — 12 271,3 py6./rox
(3 760,86 mommn./rom).

[TosnemMeHTHAs CTOMMOCTHASI OLICHKA MTO3BOJIMIIA OLIGHUTh 00BEMBI aKKYMYJSILIMK THOKCHJA YIIeposa 3eje-
HBIMH HACKICHUSIMU U ONPENEIUTh UX PHIHOUYHYIO CTOMMOCTb. YCTAHOBIJICHO, YTO O0bEM aKKyMYISIMU JH-
OKCHJIa yIJIeposia 3€JICHBIMU HAacaXICHUSMH cocTaBisieT 418 T/ron, a ero pelHOYHAsi CTOMMOCTh OIpEZesieHa
B 42 637,8 py0./rox (67,46 nomnn./ron).

BebinonHeHHbIE OLIEHKH KOJIOIMYECKOTO COCTOSIHUS M 9KOCUCTEMHBIX YCIIYT 3€JICHBIX HacaxIeHNH B TI. XKoau-
HO TIOATBEPIKAAIOT, YTO OHU UMEIOT CYILECTBEHHBIH SKOJOTMYECKUN  ACCUMIJISIIMOHHBIN TOTEHIINAI, KOTOPBIH,
OJIHAKO, HEOCTATOYCH IS PACCMaTPHUBAEMOr0 MPOMBILIIICHHOTO ropoja ¢ HaceleHueM 64 Teic. yen. (1o JaH-
HbIM HanmonasnpHOTO cTatucTrdeckoro komurera Pecriyonmuku benapyck va 01.01.2023 1) u Hy»/1aeTcs B cyIie-
CTBEHHOM yBEJIMUYCHUHU.
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CPABHUTEABHASA XAPAKTEPUCTUKA COAEPXAHWSA TAXXEABIX
METAAAOB B TKAHAX PASANYHBIX BUAOB MOAAIOCKOB BOAOEMOB
I'. TOMEAS N ITPUAETAIOININX TEPPUTOPUN

T. B. MAKAPEHKO", A. H. MAKAPEHKO”

Y[ omenvcruil 2ocyoapemeennoiil ynusepcumem um. Ppanyucka Cropunol,
yn. Cosemcxas, 108, 246028, 2. I'omenwv, Benapyco
DT omenvekull 20Cy0apCmeenblil MeOUYUHCKUL YHUGEPCUMEM,
yn. Jlanee, 5, 246000, 2. T'omens, Benapyco

I/I3y“ICHO COZCPKAHUC MW HAKOIIJICHUEC HCKOTOPLIX TAKCIIBIX METAJIOB B MATKHMX TKaHAX W PAKOBUHAX 6pIOXOHOFI/IX
(Gastropoda: mpymoBuk OOBIKHOBEHHBIH Limnaea stagnalis L. w xxuBopoaka pednast Viviparus viviparus L.), a Taxke IBy-
CTBOPYATHIX MOJUTIOCKOB (0€33y0Ka 0ObIKHOBeHHAs! Anodonta cygnea L. u nepnosuiia oosikHOBeHHas1 Unio pictorum L.). Ha
OCHOBAHUM HAOJIONCHHI YCTAaHOBJIEHO 0OJiee BHICOKOE COJIEpIKAaHNUE MEIM, XpOMa M HHUKEIsl B MSITKUX TKaHSIX OPIOXOHOTHX
MOJITFOCKOB. Y XpoMa MakCUMAJIbHOE COZIEpKaHUE XapaKTepHO [UIsl TKaHeH MPYIOBHKA, TOTIA KaK y JKHBOPOIKH OHO MUHHU-
mainbHoe. CojiepKaHue CBUHIIA, [IMHKA, MApraHia 1 KoOallkTa BhIIIE Y JIBYCTBOPYATHIX MOJUTIOCKOB. B pakoBHHAX MOJLTIOCKOB
KOHIICHTpAI[Hs CBUHIIA, KOOAIBTa, XpOMa | IIMHKA ObLIa HIDKE Mpe/ieia 00HapyKeHust. Meb IPenMyIIeCTBEHHO KOHIICHTPHU-
pYeTCcs B MATKHUX TKaHSX MOJUTFOCKOB, HUKEIIb PABHOMEPHO PACIPENeIIAeT s MKy MATKAMU TKaHAMHE 1 pakoBuHaMA. Cozep-
JKaHUE MapraHIla B TKAHSIX JBYCTBOPYATHIX MOJUTFOCKOB IIPEBBIIIACT KOHIICHTPALIUIO B PAKOBHHAX, Y OPIOXOHOTUX MOJUTFOCKOB
OTMEYCHA TPOTHBOIIONIOKHAS TeHICHIUS. [IpecTaBIeHHBIC PS/Ibl HAKOIUICHHS H3y4aeMbIX METAJUIOB JUIS TACTPOIION U JIBY-
CTBOPYATHIX MOJUIFOCKOB MMCIOT 3HAUUTEIBHBIC OTIHYHSI, YTO MOXKET ONMPEICISTHCS PA3IMIHON JOCTYIHOCTHIO MCTAJUIOB
B a0MOTHYECKMX KOMIIOHEHTaX BojioeMa yisi 0co0ell pa3HbIX KIIACCOB MOJIIFOCKOB. YPOBEHb HAKOILUICHHs OTJEIbHBIX METall-
JIOB B TKaHsIX 6pIOXOHOFI/IX MOJUIFOCKOB B KOHTPOJIbHOM BOAOEME MPEBLIIIAT TAKOBLIC BEJIMYNHBI, pACCUYUTAHHBIC JIJIA TOPO/I-
CKHUX BOAOEMOB, YCTO HE Ha6J'IIOI[aJ'IOCI) Y ABYCTBOPYATHIX MOJIJTFOCKOB. Ha ocHoBanun TTOJTYYCHHBIX JaHHBIX I KOMILJIEKCHOM
OLICHKH BOJIOEMOB B OTHOIICHUH OIPE/IENICHUs CTEIICHH 3arpsi3HEHUs] ADMOTHUECKUX KOMIIOHEHTOB TSDKEJIBIMU METaIlIaMU
MO)KHO PEKOMEH/IOBaTh JKUBOPOJIKY KaK MHAMKATOpA MEIM W HHUKEIs [UIsl ONpe/eeH s 3arps3HeHHs [MHKOM, MapraHieM
1 KOOAJIBTOM — MIEPIIOBHILY, XPOMOM — MPYIOBUKA, CBUHIIOM — 0e33y0Ky. OTHAKO OMPE/eNIUTh CTENeHb 3arpsi3HeH s BOJOEMOB
TSDKEJIBIMH METaJUIaMH, UCIOJb3Ysl TOJBKO MSITKHE TKAHH MOJUTIOCKOB M BEJTMUYMHBI KOA(D(MHUIIMEHTOB HAKOIIJICHHS] METAIIIOB
B TKAHSIX, TIO IOHHBIM OTJIOXKEHUSM CII0KHO, TOITOMY HEOOXOIUMO MPUOETaTh K CIEIUATbHBIM HHTETPATLHBIM MIOKA3aTeNsIM
3arpsi3HEHUSL.

Knrouesvie cnosa: tsoxenvie MCTAJIJIBI, 6p}0XOH0rI/Ie 1 ABYCTBOPYATBIE MOJUTFOCKHU, MEKXBUIOBBIC Pa3JININs; BOOAHBIE 5KO-
CUCTCMBI, KOG)(i)(bI/IL[I/IeHT HaKOIIJICHHA.

O0pa3en LIUTHPOBAHUMA:

Makapernko TB, Makaperko AWM. CpaBHHUTeNbHAs XapaKTepH-
CTUKA COAEPKAHUS TSKENIBIX METAJIIOB B TKAHAX PA3INYHBIX BU-
JIOB MOJIIFOCKOB BOZIOE€MOB I. ['0MeJIsl U mpuilerarolux Teppuro-
puit. JKypnan Benopycckoeo 2ocyoapcmeentioz2o ynugepcumema.
Dkonoeus. 2024;2:35-45.
https://doi.org//10.46646/2521-683X/2024-2-35-45

For citation:

Makarenko TV, Makarenko AI. Comparative characteristics of
heavy metals content in the various types of mollusks’ tissues
in Gomel water bodies and its adjacent territories. Journal of
the Belarusian State University. Ecology. 2024;2:35-45. Russian.
https://doi.org//10.46646/2521-683X/2024-2-35-45

ABTOpBI:

Maxapenxo Tamvana Buxkmopoena — xaHaunar Ouoiormde-
CKMX HayK, JIOLEHT; JOIEHT Kadeapbl XMMHU OHOIOrHYECKOro
¢axynpreTa.

Maxkapenxko Auopeii Heopesuu — xaHaunar OUOJOTHYCCKHUX
HayK, JIOIEHT; JOUEHT Kadeapsl olmell u OHMOOpraHmYecKon
XUMHUH.

Authors:

Tatiana V. Makarenko, PhD (biology), docent; associate
professor at the department of chemistry, faculty of biology.
tmakarenkol968@bk.ru

Andprei I. Makarenko, PhD (biology), docent; associate profes-
sor at the department of general and bioorganic chemistry.
amakarenko198989@mail.ru

35



JKypnaa Besopycckoro rocylapcTBeHHOr0 YHUBepcuTeTa. JkoJorusi. 2024;2:35-45
Journal of the Belarusian State University. Ecology. 2024;2:35-45

COMPARATIVE CHARACTERISTICS OF HEAVY METALS CONTENT
IN THE VARIOUS TYPES OF MOLLUSKS' TISSUES
IN GOMEL WATER BODIES AND ITS ADJACENT TERRITORIES
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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 (4nodonta 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
of lead, zinc, manganese and cobalt is higher in bivalves. In shellfish 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.

BBenenue

OrneHka 00IIero ypoBHS 3arpsi3HEHHs BOJOEMa TSDKEIBIME METaJUTaMHU JIOJDKHA BKITIOYATh aHAIIN3 CONEpIKa-
HUS OTHX DJIEMEHTOB B TKaHIX OMOTHI, CPEIN KOTOPOI OTHUMH U3 OCHOBHBIX HHINKATOPOB MOTYT BEICTYTIaTh Tpe-
CHOBOJTHBIE MOJLTFOCKH. J[J15 ompeieieHnst HHINKaTOPHBIX BUIOB, B HAMOOJIBIIEH CTETIEHN OTPaKAIOIINX OOIITYTO
KapTHUHY COZIEPKaHUs 3arpsS3HATENEH B BOIOEME, BAYKHO OIPEICITUTh OOIINI YPOBEHb HAKOTUICHHUS TSHKEITBIX Me-
TaJUTOB B TKAHAX MOJUTIOCKOB PA3JIMYHBIX BOIOEMOB, KOTOPBIH MOYKET OBITh BUAOCTICIIM(DUUCH U B CYIIIECTBEHHOM
CTETIeH! BapbHPYET B 3aBHCUMOCTH OT KJIacca W BUa MOJUTIOCKOB M YCIIOBHI TOTO FJTH HHOTO BOAHOTO OOBEKTA.

Lens ucciieoBaHUs: H3yYUTh BUIOBBIE 0COOCHHOCTH COACPKAHS TSDKEIBIX METAJIIOB B MATKHX TKaHIX MOJI-
JIIOCKOB B BOJtOeMax I. | OMenst U MpHiieraonux TePPUTOPU, a TaKKe YCTAHOBUTH BHUJIbI, BO3MOXKHBIC JIJISI HC-
TIOJIb30BaHUS TP N3yYEHUH 3arPS3HEHUS BOIHBIX SKOCHCTEM TSHKEIBIMU METAJJIAMH.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

JlarHbIe, TIpeacTaBIeHHBIE B padoTe, MOTydeHbl B UCCIENOBAHUAK, TPOBOANMEIX B TeueHune 2016-2019 rr.
B sTOT MEeproa mokAeBble W Taible BOIBI MMOCTYNAIM B BOAOEMBI B HE3HAYUTEIHHBIX KOJMYECTBAX, MIOATOMY
YPOBEHDb BOIBI B BOJHBIX DKOCHCTEMAX, [0 JAHHBIM TMIAPOMETEOIEHTpa, CHU3MICS Gomee yeM Ha 1 m'. OT6Gop
Mpo0 MOJITFOCKOB MPOBOAMIIM C TIOMOIIIBIO JHOYEpIaTeNss W MPUMEHSIIN pydHOH cOop B Bomoemax TI. [omens,
Pa3NUYAOIINXCS TI0 XapaKTepy aHTPOTOTeHHOW Harpyskd. [l mpoBeneHus] CpaBHUTEIBHON XapaKTEePUCTHKH
OBLT BEIOpaH KOHTPOJIBHBINA BOIOEM — CTAPUIHBIH KOMITIEKC p. COX, KOTOPBIH HE UCIBITHIBACT BUANMOMN aHTPO-
MOT€HHOM Harpy3ku U pacnojoxeH Ha 10—12 kM Belle ropona o reyeHuro p. Cox. Msarkue TkaHu MOJITHOCKOB
OTJETISUIN OT PAaKOBHH H JIajiee aHaJIM3UPOBaH oTAebHO. [IpocymmBany B cymmibHOM mikady Mpu TeMIieparype
105 °C 10 MOCTOSTHHO#M Macchl, 3aTeM TIO/IBEPraid CyXoMy 030yieHUI0 B MydenbHoi neun nipu 450 °C [1]. Co-
JIepKaHre METAJUIOB B 30JI€ PACTEHHWIA W JOHHBIX OTJIOKEHUH OIPEelsuId aTOMHO-3MUCCHOHHBIM CIIEKTPallb-
HBIM METOJIOM Ha criekTpodotomerpe PGS—2 B maboparopun (PU3UKO-XUMHUYECKOTO aHalm3a PeciyOnrkanckoro

'VpoBeHb 1 TemmiepaTypa Boxs B p. Cox 1o ruaporocty . ['omerns ceromnst [dmekrponustit pecype]. URL: https://allrivers.info/gauge/
sozh-gomel (zarta obpamenus: 16.07.2022).
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YHUTApPHOTO NpeanpusTusi «beaopycckuil HayuyHO-MCCIIEI0BATEIbCKUN T€0JI0rOpa3BeIouHbId HHCTUTYT». Jlis
aHaym3a BEIOPAHKI CISMYIONIHIE BUIBI MOJUTFOCKOB M3 Kitacca OproxoHorux (Gastropoda) — mpymoBHK OOBIKHOBEH-
HEIH (Limnaea stagnalis L.), xuBopoaka peunas (Viviparus viviparus L.); w3 kitacca aBycTBopuathix (Bivalvia) —
0e33yOKa 0O0bIKHOBeHHAS (Anodonta cygnea L.), mepmoBuria oosikHOBeHHas (Unio pictorum L.).

Craructrueckast 00paboTKa JaHHBIX TIPOBOIMIACH OOIICTIPUHATEIMA METONAMHU C UCTIOIH30BAHUEM TaOIHIY-
HBIX TPOIIECCOPOB M MPOTPAMM CTAaTUCTUYECKOTO aHaTN3a KOIMYECTBEHHBIX JAHHBIX MPHU MPOBEPKE HAa X CO-
OTBETCTBHE 3aKOHY HOPMAJILHOTO pactipeneneHus. [1apHbIil 1ByXBEIOOPOYHBIH t-TECT I CPETHUX MOATBEPIUIT
THITOTE3Y O TOCTOBEPHOCTH PA3IIMUNil MEKAY COAEPIKaHUEeM METAJIOB B MATKHX TKAaHSX MOJUTFOCKOB TIPE/ICTaB-
JICHHBIX BUIOB W3 Pa3IMYHBIX BOJOEMOB, YTO YKa3aJo Ha HATUYME OTIMYMNA MEXIy BHIOOPKAMH IIPH YPOBHE
3Hagumoctu p = 0,01.

Pesyabrarel HccieioBaHNi U X 00CyKIeHHe

AHanmmM3 BUIOBOTO COCTaBa MOJUTIOCKOB BOJOEMOB T. [OMeJIst TIokaszall, 4To JIOMUHUPYIOIIMMH SIBJISIFOTCS JBa
BHJIa KJTacca OPIOXOHOTHX MOJUTIOCKOB (KHBOPOIKA PeUHAs M MPYAOBUK OOBIKHOBEHHBIN) U JBa BUIA JIBYCTBOP-
YJaThIX MOJITIOCKOB (0€33yOKa OOBIKHOBEHHAS U ITEPIIOBUIIA OOBIKHOBEHHAS ).

JlaHHBIE TIO CPETHEMY COJCPIKAHHIO TSXKEITBIX METAJUIOB B MATKHX TKaHSX MOJUTFOCKOB BOJOEMOB T. [oMetst
MpUBeNieHBI B Ta0I. 1, 2, U3 KOTOPBIX CIIEIYET, YTO MAKCUMAIILHBIM YPOBHEM COJICPKAHUSI XapaKTePU3YyeTCsl Map-
raser| (Ha OIMH-/IBa MOPS/IKa BBIIIIE, YeM Y JPYTHX METAJIOB), 8 MUHUMAITLHBIM — KOOAIBT. MapraHel| BhIIOIHSI-
eT BayKHbIC Pu3nonornyeckrue GyHKIMH B OPraHU3Me MOJUTIOCKOB: aKTHBATOP psijia epMEHTOB, YIaCTBYET B TIPO-
meccax JIbIXaHusl, OMOCHHTE3¢ HYKICHHOBBIX KUCIIOT, BIFSICT Ha MUHEPAIbHBIN 00MeH [2]. Bricokoe comeprxaHme
MapraHiia B TKaHsIX MOJUTIOCKOB, 0COOCHHO JIBYCTBOPYATHIX, TAKIKE XapaKTEPU3YET BIUSHAE TEPPUTEHHOTO CTOKA
Ha BOJHBIC YKOCHCTEMEI [3].

Tabnuma 1

Cpennee copep:kanue (MI/KT CyX0ii Macchl) TSKeJIbIX MeTALI0B B MATKHX TKaHAX MOJLIIOCKOB,
oduTamuUX B BogoeMax I. ['omeinst u okpecTHOCTeil

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 orbopa ITapamerp Pb Cu Zn Mn Co Cr Ni

Cpennee 0,66 6,32 26,60 247,85 0,11 0,46 0,32

T'opoackue BogoeMbl Mun 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

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

Crapuinblii kom- Mun 0,06 0,54 3,62 60,00 0,03 0,05 0,06
mekc p. Cox

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

Bricokoe comepkaHMsi B MATKMX TKAaHSX MOJUTIOCKOB XapakTepHO Takxke it Menu (4,00-6,32 wmr/kr)
u 1uHKa (24,16-26,60 Mr/kr), Torna KaKk KOHIIEHTpAlMK KOOajbTa, XpoMa, HUKeNsl M CBHHIA HE MPEBBIIIAIOT
1,00 mr/kr. Cienyer OTMETHTH, YTO CaMbIM BBICOKMM YPOBHEM KOHIEHTPHPOBAaHHS B TKaHIX MOJUIIOCKOB
OTJIMYAIOTCSl OMOTEHHBIE DJIEMEHTBI, JJIsl KOTOPBIX J0Ka3aHa Ba)KHOCTh B OCYIIECTBICHUN )KU3HEHHBIX (YHKINH
(Maprasen, IIMHK ¥ Me[b), YTO 3HAYUTEIFHO HUXKE COJCPKAaHHE TaKoro OMOTEHHOTO JJIEMEHTa, KaK KOOaJbT
(0,06-0,11 MI/KT), ¥ TAKKX JIEMEHTOB, KaK XpOM U HUKEJIb, 3HAYSHUE KOTOPBIX B 00€CIICUCHUH )KU3HEACITEIIbHOCTH
1o koHIa He usyueHo [4]. [lo gaHHBIM HEKOTOPHIX aBTOPOB [3], MeAb U MHK B TKAHSX MOJUTIOCKOB SIBIISFOTCS
MHJIMKaTOpaMH XO35HCTBEHHO-OBITOBOTO 3arpsi3HEHUS], HUKENb — MOKa3aTeslb TEXHOICHHOTO BO3JCUCTBHS. Psj
COZIEPKaHUSI METAJJIOB JJIsl OPIOXOHOTHX U JIBYCTBOPYATHIX MOJITFOCKOB BBIIVISLIUT CIEAYIOMINM oOpa3zom: Mn >
>7Zn>Cu>Cr>Pb>Ni>CouMn>Zn>Cu>Pb>Ni>Cr>Co cooTBeTCTBEHHO. PsijibI COiep>KaHMs METaJIIOB
Yy MOJIJTIOCKOB TPEACTaBIEHHBIX KJIACCOB Pa3JIMYalOTCs MOJIOKEHHEM METaJlJIOB, OKa3bIBAIOIIMX TOKCHYECKOE
JIeficTBHE Ha KUBBIE OpraHW3MbI — XpOM, CBHHELl U HUKeNb. B NBycTBOpKax oxHOro BheTHama, Takxke, Kak
U Y IPECHOBO/IHBIX JIBYCTBOPUATHIX MOJUIIOCKOB BOIOEMOB benapycu, HanOosbIas cpey BceX NCCieJOBAaHHBIX
9NIEMEHTOB KOHICHTPAlMK ONpeJelieHa Ul Mapranua, 3apMKCHpOBaHHBIE YPOBHH IIMHKA OBUIM BBICOKHMMU
OTHOCHTEJIHO CBHMHIIA, MEAU U HUKeNS [5]. Tak, mpeacTaBieHHbIN psiJi COAEepIKaHUs METANIOB B MATKUX TKaHSX
yepHoMopckoi muauu Mytilus galloprovincialis Lamarck Zn > Mn > Cu > Pb > Co > Ni [6] X0 C TAaKOBBIM JIJIs
IpezicTaBuTelNel JIBYCTBOPUATHIX MOJUTIOCKOB BojioeMoB [omersi.
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Tabnuma 2

CpaBHHUTeJIbHASI XaPAKTEPUCTHKA COAeP:KaHUs (MI/KI CyX0il Macchl) TSKeJIbIX MeTAJIOB
B TKAHSIX OPIOXOHOTHX M IBYCTBOPYATHIX MOJLTIOCKOB B010eMOB I. 'omeust

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

Knace [Tapamerp Pb Cu Zn Mn Co Cr Ni
Cpensnee 0,45 9,76 22,09 78,43 0,10 0,71 0,40
Bproxonorue Mun 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
Cpennee 0,90 2,32 31,87 445,50 0,12 0,18 0,23
JBycTBOpUATHIE Mun 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

ConocTaBneHne yCpeAHEHHBIX MOKa3aTelell KOHIEHTpaM METauIOB B TKaHAX MOJUTIOCKOB B TOPOJCKHX
BOJIOEMaxX OTHOCHTEJIBHO CTAPHYHOro KoMmIuiekca p. Cox MOKa3ano, 4To copepKaHue OOIbIIMHCTBA N3YyUYEHHBIX
3JIEMEHTOB OBIJIO BHICOKUM B TOPOJACKUX BOAHBIX 00bekTax. OCOOCHHO YETKHE OTIIMYUS B CTOPOHY HPEBBILIC-
HUS B TOPOJICKHX BOJIOEMaXx OIPEJIEIICHbI Il CBUHIIA, XpOMa M HHUKeNs (mpeBbimeHue B 6,60; 5,75 u 3,20 paza
COOTBETCTBEHHO). Pa3nuuuns no KOHIEHTpauuu MeJU U KoOalbTa HE CTOJIb CYIIECTBEHHBI M COCTABIISIIOT JIMILIb
1,58 u 1,83 pa3a cooTBeTcTBEHHO. /7151 LIMHKA HE ONMPEAENECHO 3HAYUMBIX OTIIMYUN COACPKAHUSL B CTAPUUYHOM
xomruiekce p. Cox M BOIHBIX 00BEKTaX B TOPOACKON depTe. B TO e BpeMs KOHLEHTpauys Mapraiia B TOpoa-
CKMX BOZOEeMax Okasanachk noutu B 2,00 pa3a HIKE, 4eM B CTAPUYHOM KOMIUIEKCE, YTO TpeOyeT JalilbHeHIIero
n3ydenusi. CTOUT OTMETUTh, YTO TIOXOXKUE 3aKOHOMEPHOCTH T10 COAEPKAaHUIO MapraHiia ObUTH OTMEUYCHBI U B HC-
CIIE/IOBAHMSX, MPOBOIMMBIX Ha JAHHBIX BojoeMax paHee’. [lomydeHHBIC JaHHBIE TIOATBEPXKIAIOT BO3MOKHOCTD
UCIIOJIb30BAHUS CTAPUYHOTO KOMIUIEKCA B KauecTBE (POHOBOTO BOAOEMA CPaBHEHUS MPU MPOBEACHUH MOHHTO-
PHHTOBBIX MCCIICIOBAHHUM 3arpsi3HEHUS] MOJUTIOCKOB BOAHBIX SKOCHUCTEM [OMensi M Mpuileralommx TeppuTopui
TsOKEIBIMU MeTaiuTaMi. OJTHaKO B pa3IMYHbIE BPEMEHHBIE IPOMEXKYTKH KOHIEHTPALUS HCCIIEyEMBIX COEINHE-
HHUM METaJUIOB B MATKUX TKaHAX MOJUIIOCKOB CTAPMYHOTO KOMILJIEKCa ObLIa CpaBHUMA C COICPKAHNUEM TSKEIIBIX
METaJUIOB y 0cO0ei ropofackux BomoeMoB. IlosToMy amst Gonee TOUHOH OLIEHKH 3arpsI3BHEHHOCTH BOAHBIX KO-
CHCTEeM HEOOXOIUMO YCTaHOBJICHHE (POHOBBIX KOHIIEHTPALMH B MATKHX TKaHSAX MOJUIIOCKOB C HCIIOJIb30BAaHUEM
CTaTHCTHYECKOTO METO/A.

C 1enbo BBIABIEHHUS BHIOB-UHANKATOPOB MOJUTIOCKOB JUISl ONIPEAEIICHHS 3arpsiI3HEHNST BOIOEMOB TSKEJBIMU
MeTaJlaMy Oblla MPOBEACHA JeTalbHas OIICHKA 3arps3HEHHOCTH MATKHUX TKaHEH M3yUCHHBIX BUIOB MOJUIIOCKOB
M0 KaKAOMY TsDKesioMy Mmetasuty (puc. 1, 2). Ha BunoByto cieruuky akKyMyJsiUH METAJJIOB MOJUTIOCKAMH,
a 3HAYMT, 1 BO3MOXKHOCTH HCIIOJIb30BAHHS MOJUTIOCKOB JUIS OLICHKH CTETICHH 3arps3HEHUS BOAHBIX 3KOCHUCTEM
COEIMHEHHUAMU METAIIIOB YKa3bIBAIOT pasinyHbie aBTophl” [1-3; 5-8]. Ho HEKOTOpBIE BUJIBI MOJUTFOCKOB HE 00-
JaJlal0T Tako 0coOeHHOCTBIO. Tak, ycTpuIbl H30UpaTeIbHO HAKAIIMBAIOT B CBOMX TKAHSIX BBICOKHE KOHIICH-
TpaLuy UHKA U MEAH, TOTAA KaK MUJIMU HE CKJIOHHBI KOHIIEHTPUPOBATh B TKAHIX COCTUHEHUS BBILICHA3BAHHbBIX
MeTayuios [9].

Oco0y10 3HaYMMOCTh B IPOBEICHHOM aHAJIN3€ UMEET N3yUeHNE KOHIICHTPAIMY B TKAHSAX MOJUTIOCKOB CBHHIIA,
KOTOPBIH SIBIISIETCSI HAaUOOJIee OMACHBIM TOKCUKAHTOM U 3arpsiHuTeneM BojgoeMos [7; 10; 11]. Kak cnenyer u3
puc. 1, MakCUMaJbHBIM YPOBHEM COJCP KaHHsI CBUHIIA OTIIMYAcTCs 0e33yOKa, KOHIIEHTpALUsl MeTajjla B MITKUX
TKaHAX KOTOpO# focturaet 1,31 MI/Kr, 9To mpeBbIIaeT 3HaYeHHs, TOTyYEeHHbIC 17151 IPYI0BUKA (CIEIYIOIEro o
YPOBHIO cofiep>kaHus cBUHIA), B 2,01 pa3za. Takue pe3ynbraTbl ObUTH HEOKUIAHHBIMHU, TaK KaK B UCCIICOBaHUSAX,
MPOBOIUMBIX paHee, BBICOKMM YPOBHEM COICP)KaHMS METaJlla OTIMYAJICs MPYIOBHK, Ha BTOPOM MECTE paciio-
Jjarangach >KMBOpOKa'. 3HAYUTENBHOE MPEBBIIICHHE KOHIICHTPAIMN CBUHIIA B TKAaHSIX 0€33yOKH B CpaBHEHHH
C IPYTMMHU BUJAMH, 8 0COOCHHO C )KUBOPOAKON M IPYAOBHUKOM, OBIIIO OTMEUEHO PAKTHUIECKH BO BCEX BOAOEMAX
ropoaa. OqHO#M U3 NPUYKUH MOXKET OBITh BBICOKAsl JOCTYMHOCTh COCAMHEHUI MeTallla B KOMIIOHEHTaX BOJHBIX
9KOCHCTEM IS €€ 0COOCH.

*Makapenko T. B. Pacripenienene TsSOKEbIX METIIOB B OHOTHYECKUX U a0HOTHIECKUX KOMITOHEHTaX BOMHBIX 9KOCHCTEM [ oMers 1 rpu-
JIETAIOIUX TEPPUTOPHIA: AUC. ... KaH[. 6uon. Hayk: 03.02.08. Munck, 2010.

3VYposenb 1 Temneparypa Bojsl B p. Cox 1o ruaponocty I. [omens ceromus [Dnexrponnsiii pecype]. URL: https:/allrivers.info/gauge/
sozh-gomel (zata obpamenus: 16.07.2022).

“Maxapesnxo T. B. PactipesiesieHre TSOKENBIX METAIOB B OHOTHIECKUX M aOHOTHYECKUX KOMIIOHEHTAX BOIHBIX 9KOCHCTEM [ oMerst 1 rpu-
JITAIOIIUX TEPPUTOPHIA: AMC. ... KaH[. 6uon. Hayk: 03.02.08. Munck, 2010.
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Puc. 1. Conepxkanne CBHHIIA, HUKEIS, KOOATIbTa K XpoMa (MI/KT CyXOi Macchl)
B MSATKHX TKaHSIX Pa3IMYHBIX BUJIOB MOJUTIOCKOB, OOMTAIONIMX B Bojoemax I. [omens

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

W3MeHeHue TOCTYIHOCTH COSIMHEHHUI CBUHIIA IS MOJUTFOCKOB Pa3HbIX BUJIOB B A0MOTHYECKUX KOMIIOHCH-
Tax M3y4aeMbIX BOJIOEMOB CBSI3aHO C M3MCHEHHEM THAPOJIOTHYECKOTO PEKUMA M 3HAYUTEIBHBIM CHU)KCHUEM
YPOBHS BOJIbI B BOJHBIX SKOCHCTEMaX H3ydaeMou Tepputopuu. OUYEBHIHO, YTO UMEHHO 3TOT BHJ MOJLIFOCKA
B HaCTOsIII[ee BpeMs HanOosiee 1esiecoo0pa3Ho UCTIONIb30BaTh B KAYECTBE MHIMKATOPHOTO MPH OLEHKE 00IIEero
3arpsi3HEHHs BojJjoeMa CBUHIIOM. HemocTaTok 3TOro BUAa JBYCTBOPYATOTO MOJIIFOCKA B TOM, YTO OH OOMTaeT
HE BO BCEX BOJOEMAaxX M3y4aeMoil TEPPUTOPHH, a €CIIU M BCTPEYAETCsl, TO B OOJIBILCH CTENICHH, Ha IITyOOKOBO/I-
HOM 9aCcTH BOJIO€MA, UTO 3HAYUTEIIBHO 3aTPYIHSAET 0TOOp 1po0. HanmeHbias KOHIEHTpAIUS TaHHOTO MeTalljia
omnpejescHa B TkaHsaxX sxuBopoku (0,18 mr/kr), uro Gosee yeM B 7 pa3 HUXKE, 110 CPABHCHUIO C IIOKA3aTEIISIMU
0e33y0ku. B TO ske BpeMs cojepKaHHe APYTrUX TSHKEIbIX METAUIOB B TKaHAX 0€33yOKH HE OTIIMYACTCS CTOJb
BBICOKMMH TIOKa3aTeIISIMHU.
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Puc. 2. CouepxcaHI/Ie MCIHW U LIUHKa (MF/K]" CyXOﬁ MaCCI)I) B MATKHX TKaHAX pa3JIMYHBIX BU10B MOJUIFOCKOB,

O6I/ITaIOIIII/IX B BOJOEMaAX I. Tomens

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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Konmnenrparius HUKETS U MEI UMeeT HanOOJbINe 3HAUYCHUS B TKAHIX >kuBopoaku (puc. 1, 2). Tak, comep-
KaHWE MeIu Y KUBOponku gocturaet 10,52 MI/Kr u mpeBBIIIaeT MoKa3aTeNn IpyIoBUKa, 3aHHMAOIIEro BTOPOE
MECTO TI0 YPOBHIO KOHIIEHTPALIMHU JaHHOTO MeTaiuia, Ha 14 %. ConeprkaHue Mead, B OTNIMYHE OT CBUHIIA, B TKa-
HX 0€33y0KH, Ha00OPOT, IMEeeT MUHUMAaJIbHBIE 3Ha4deHus (2,23 MI/KT), 4uTO B 4,72 pa3a HIKE MaKCHMAJILHOTO
3Ha4eHus1. OQHAKO 3aMETHO YETKOE MPEBBIIICHNE COEPKAaHMSI COSTMHEHNH MeN y OPIOXOHOTHUX MOJLTIOCKOB IO
CPaBHEHUIO C IBYCTBOpYATHIMH (Tab. 2). [To moay4eHHBIM paHee TaHHBIM KHUBOPOIKA aKTHBHO aKKyMYJITHpOBaja
B TKaHSX M€lb, CBUHEI U [IMHK".

1o KOHIIEHTpALIK HUKEISI MEKBHIOBBIE PA3IIMYMs Y MOJUTFOCKOB BBIPQXKEHBI B €1I1e MEHBIIIeH cTereHu (puc. 1).
JKuBopoaka oTimuaeTcss HAanOOMBIIM ypoBHEM conmepskanns metaiia (0,46 MI/KT), KOTOPEI MTPEeBBINIACT HAH-
MEHBIITNH TTOKa3aTelb, ONPEISIICHHBIN Y ITepIIOBHUITLL, B 2,73 pa3a. Takke 3aMETHO OTHOCHTEIHHO 00JIee BEICOKOE
CoiepKaHNe MAaHHOTO JIEMEHTa y OPIOXOHOTHX IO CPAaBHEHHIO C ABYCTBOPYATHIMH MOJUTIOCKamMu (B 1,74 paza),
OJTHAKO pa3U4He HE CTOJb CYIMIECTBEHHO, KaK /IS MEIH.
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Puc. 3. Coxepxanne Maprasia (Mr/Kr CyXoi Macchl) B MATKUX TKaHSX Pa3IMYHBIX BUI0OB MOJLTIOCKOB, OOMUTAIONIHMX B BoioeMax I. [ oMernst

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

HanbGonee 3HaunMble OMOTEHHBIE JIEMEHTHI (LIMHK, MapraHel] U KoOaJbT) MaKCUMaJIbHO KOHLEHTPUPYIOTCS
B TKaHSX NepiioBULBI (pHc. 2, 3). Tak, B OTHOIIEHNH UHKA CJIEAYET OTMETUTb, YTO €r0 COEPKAHUE Y MIEPIOBH-
bl B 2,01 pasa BellIe IO CPAaBHEHHUIO C JPYIMMH BUAAMH, TOTJa KaK y >KUBOPOIKH, 0€33yOKU U MPYLOBHKA OT-
JMYaeTCsl He3HAUYNTEbHO. B 3TOM CBSA3M HMEHHO MEPIIOBHUILY MOJKHO CUATATh MHIMKATOPHBIM BUIOM IO JAHHOMY
sneMeHTy (puc. 2). B uccnenoBanusix, MpoOBOIUMBIX paHee, aKTUBHBIM aKKyMYJISITOPOM LIMHKA ObliIa ONpezesieHa
®uBOpoKa®. [TyTH MOCTYIUICHHSI METAUIOB B TKAaHU OPIOXOHOTHX U JIBYyCTBOPYATBIX MOJUIFOCKOB PA3NIMYHBI,
Y U3MEHECHHMS aKKyMYJISITUBHONH aKTMBHOCTH Y MOJITIOCKOB, BEPOSITHEE BCETO, CBS3aHbI HE CTOJIBKO C M3MEHEHH-
€M YPOBHS 3arpsi3HEHHS KOMIIOHEHTOB BOAHBIX YKOCHCTEM, KaK ¢ U3MEHEHHEM (DOpM HaXOKIACHUS N3yYaeMbIX
METaJUIOB B KOMIIOHEHTAX BOJOEMOB, TaK M C PAa3HOW TOCTYNHOCTHIO COCIUHEHUI METaNIOB B a0MOTHYECKUX
KOMIIOHEHTaX BO0eMOB. Kak M3BeCTHO, B OpraHn3M ABYCTBOPYATHIX MOJUTIOCKOB MUILA HOCTyHAaeT MpH (Griib-
TPOBaHMHU NPHUIOHHBIX CJIOEB BOJBI, COAEPKAIIUX OPraHOMHHEPATIbHbBIE KOMIIEKCHI TSHKENBIX METAJJIOB.

B orHoOmeHnn mapraHia HeoOXOIUMO OTMETHUTh BECbMa 3HAUMMOE IPEBBILICHUE €r0 COACPKAHHS y JBY-
CTBOPYATBIX MOJUIIOCKOB, KOTOpOE B 5,68 pasa BblllIe 10 cpaBHEHHIO ¢ OproxoHorumu (tadm. 2). I1pu stom, co-
JiepKaHNe MapraHiia B TKaHsaX meproBuilbl (542,00 mr/kr) B 1,55 pasa Bbllie mokasaTess Jpyroro JByCTBOpYa-
TOTO MOJITIOCKa — 0e33y0KH (349,00 mr/kr), uTo B 8,12 pa3a npeBbIaeT 3Ha4YSHNE, TTOIYISHHOE IS IPYI0BUKA,
y KOTOPOTO CollepaHnue Maprania MUHUMaibHO. [lodydyeHHble JaHHBIE COIIACYIOTCS ¢ IUTEpaTypHbIMu [12],
TJIe YKa3aHO, 9TO COJIepKaHUe MapraHIla y MPECHOBOIHBIX JABYCTBOPOK MOXeT focturarsk 5 537,00 Mr/kr cyxoit
Macchl. AHaJIOrMYHAas 3aKOHOMEPHOCTh Obllla OTMEUEHAa U B MCCIIEJOBAHMSIX, IPOBOAMMBIX paHee Ha JaHHBIX
BOJIOEMAxX: MakcUMallbHasi KOHLIEHTPALKs dJIeMEeHTa 3aUKCUPOBaHa [UIsl IBYCTBOPYATHIX MOJUTIOCKOB, KOTOpast

SMakapenko T. B. Pacrnpesenienne TsKEIbIX METAUIOB B OHOTHYECKHX W aOHMOTHYECKHX KOMITIOHEHTAaX BOJHBIX JKOCHCTEM [omers
U TIPUJICTAIOIIUX TEPPUTOPHIA: AUC. ... KaHA. 6non. Hayk: 03.02.08. Munck, 2010.
5Tam xe.
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NPaKTHYECKH Ha MOPSIOK BhIlIE, ueM y OproxoHorux’. Hekoropsie uccienoBarenu [12; 13] 00bACHAIOT 3HAYH-
TEJIbHOE HAKOTICHWE MapTaHIla B TKAHSX BHICOKOW (PHIBTPYIONIEH CIIOCOOHOCTHIO IBYCTBOPYATHIX MOJUTIOCKOB
Y 3HAYUTEITHLHBIM 3arpsI3HEHUEM BOJIbI BOJIOEMOB JIAHHBIM 3JIEMEHTOM.

Coneprkanue koOallbTa y pa3uuHbIX BHJIOB MOJUTIOCKOB BapbUPYET HE3HAYUTEIHLHO: PA3IIUUUs MEKIY Hau-
OompIIel KOHIIEHTpanuen (y MepIoBUITEI) W HAUMEHBITICH (y KUBOpOIKH) cocTaBisieT 1,44 pasza (puc. 1). s
KoOasbTa B U3y4aeMbIX BOJIOEMAaX M paHee OTMEYAIOCh HE3HAYUTEILHOE BaphUPOBAHKE CONCPKAHUS B TKAHIX
paccMaTpuBaeMbIX BUIOB.

B oTHOIIEHNY cofiepKaHmst XpOMa MOXKHO YETKO BIJICITUTh MPYIOBHKA KK BUIa-HHIMKATOpA 3arpsi3HEHHS BO-
JI0OEMOB JIaHHBIM 31eMeHTOM. KoHIIeHTpalys XpoMa B MITKUX TKaHSX MPYAOBUKA, B CpelHEM, B 9 pa3 BhIIIIEe, YeM
y APYTHX BUJIOB MOJUTIOCKOB (pHc. 1). B To ke Bpemsi, y Ipyrix MOJUTIOCKOB BAPhHUPOBAHHE COJICPIKAHUS IAHHOTO
MeTauta He3HaunTenbHO: oT 0,13 Mr/kr y xuBopoaku 10 0,19 mr/kr y 6e33y0Ku. Bricokuit ypoBeHb ComepKaHs
MeTaJlla B TKaHAX MPYIOBUKA OTMEYAJICS B JaHHBIX BOIHBIX SKOCHCTEMAX U PaHee®, OHAKO TaKUX PasIuduii st
KOHIICHTpAIMIA XpOMa Y TIPEJICTABICHHBIX BHJIOB MOJITFOCKOB 3a(pMKCUPOBAHO HE OBLIO.

Ha puc. 4-5 npezacraBneHbl pe3ynbTaThl ONPECTICHUST METU, MapraHiia U HUKeJIs B PAKOBUHAX MOJUTFOCKOB,
obuTarmux B TOPoACKUX Bogoemax. ComepikaHre CBHHIIA, IMHKA, KOOATBTa M XpOMa B PAKOBHHAX OBLIO HUXKE
npezena ux ooHapyxeHus. B nccnenoBaHusx, MpOBOIUMBIX COTPYITHHUKaMU KyOaHCKOTO rOCYHUBEPCUTETA C MOP-
CKUMH MHUJIHSIMH, TTOTYYEHBI TOX0XKHE PE3YJIBTAThI: COJCPKaHUEe CBUHIIA, KOOAIbTA, HUKEISl K XpPOMa B PaKOBH-
Hax OBLTO HIDKE TIpenera ooHapyxenws [14]. OgHako MWHK, MeIh W MapraHel] ObUTH 0OHApy>KEHBI B CTBOPKAX
YCTpHIT B KOHIIEHTpanusX, cocrapisttonux 0,61; 0,69 u 6,01 Mr/kr coorBeTcTBeHHO. ComepikaHne MEIH 1 IIIHKA
B PaKOBHHAX MOPCKHX JIBYCTBOPOK Ha MOPSJIOK, & MapraHiia — Ha JiBa MOPs/IKa HUXKE, YeM Y TIPECHOBOJIHBIX JIBY-
CTBOPYATHIX MOJUTFOCKOB U3Y4aeMbIX BOJOEMOB. BO3MOXKHO, Ha aKKyMYJISIIIUIO METAJUIOB B PAKOBUHAX OKA3bIBACT
BJIMSIHUE UOHHBIN COCTaB BOJIBI.

YcTaHOBIEHO, YTO HAMOOJBITIAs KOHIICHTPAIFI MEAW M MapraHiia XapakTepHa /I paKOBHH MpyAoBHKa 6,36
u 1036,00 mr/kr (puc. 4, 5).

8

KoHuenrpamus, Mr/kr

XKupopojka Hepndnnué prndnmc beszybka
mCudNi

Puc. 4. COI[Cp)KaHI/Ie MCJIU U HUKECJIA (MF/KF CyXOﬁ MaCCLI) B paKOBUHaX pas3JIMYHBIX BUJIOB MOJUIFOCKOB, OGHTaIOI_III/IX B BOJIOEMAX T. To-
MCEJIA

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

U3 puc. 4 cnenyet, 4To B pakoBHHAX NPYIOBHKA BBISBICHA JOCTATOYHO BBICOKAs KOHLEHTpAIMs HUKEIS
(4,95 Mr/kr), HO MAaKCUMaJIBHBIA YPOBEHB COACPKAHMSI TaHHOTO MeTajia OOHapy>KeH Y KHUBOPOIKH (5,17 Mr/kr).
AHanM3 COOTHOIIEHUS! KOHUEHTPAUUN «MATKAE TKaHU/PAaKOBUHBD) CBHJIETEIBLCTBYET, YTO UMEIOTCS 3Ha-

YUTEIbHBIC PA3TUYMS KaK MEKIAY METAIIaMH, TaK U MEX/IY BHIAMH MOJITIOCKOB MO JAHHOMY MOKAa3aTeIio
(Tabm. 3).

"Makapenko T. B. Pacnpenenerne TsDKEIbIX METAUIOB B OHOTHYECKUX M aOHOTHYECKHX KOMIIOHEHTaX BOIHBIX dKOCHCTeM [omens
¥ TIPWIIETAIOIIUX TEPPUTOPHIL: HC. ... KaHd. 6mon. Hayk: 03.02.08. Munck, 2010.
8Tam xe.
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Puc. 5. Coneprxanne maprania (MI/Kr Cyxoil Macchl) B paKOBUHAX Pa3jIMuHbIX BUI0B MOJUIIOCKOB, OOUTAIOIINX B BojoeMax I. [omerns

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

CooTHoOlIIEHHE KOHUCHTPAIUHA THNKEJIbIX METAJLJIOB B TKAHAX H PAKOBUHAX MOJIJIOCKOB BOT0€MOB I. Tomens

Table 3

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

OTHOIICHNE «TKAHB/PAaKOBUHA»

Bug mommrocka B

Cu Mn Ni
JKuBoposka 8,66 0,26 0,54
IIpynoBuk 2,50 0,42 1,80
Bproxonorue, cpennee 5,58 0,34 1,17
Be33yOka 1,75 3,93 1,25
[epnoBuma 2,58 5,78 0,59
JIBycTBOpUaThIe, CpenHee 2,17 4,90 0,92
CpenHee 1o BceM BuaM 3,87 2,61 1,05

Takum 00pazoM, yCTaHOBIICHO, YTO MEAb IPEUMYIIICCTBEHHO KOHIIGHTPUPYETCS B MSTKUAX TKAHSIX, [JIC €€ KOH-
HEeHTpalyst B cpeqHeM 3,87 pasa BbIlIE 110 CPABHEHHIO ¢ paKOBUHAMHU. HanpoTHB, HUKeNTb paBHOMEPHO pactpe-
JeTISIeTCsl MKy MATKUMHU TKaHSIMH M PAKOBUHAMH MOJUTIOCKOB (CpeiHee OTHOIICHUE «TKaHb/PaKOBHHAY OJIM3KO
K eaunune). [IpoTuBopeunBbie JaHHBIC MOMYUYCHBI JJIsI MapraHia: ero COACPKaHWE B TKAHAX JIBYCTBOPUYATHIX
MOJITIOCKOB IIPEBBIIIACT KOHIIEHTPAILIMIO B PAKOBUHAX B cpeaHeM B 4,95 paza, a y OpIOXOHOTUX MOJUTIOCKOB KOJIH-
YeCTBO MapraHiia B TKaHsax B 3,11 pasza HMKe OTHOCUTEIHHO KOHLICHTPAIIMA MapraHila B paKOBUHE.

st HanOoJiee MOTHOTO MPeACTaBICHH 00 YPOBHE 3arPsI3HEHHOCTH BOAOEMA TSDKEIIBIMU METalIaMH HE00X0-
JMa OLIEHKa MHTEHCHUBHOCTH MOCTYIUICHHS TSDKEIIBIX METAJUIOB B TKAHW MOJUTIOCKOB M3 BOJIBI M JOHHBIX OTIIO-
JKCHUHI, KOTOpast IPOM3BOAUTCS C TIOMOILBIO BBIYHCIICHHS OTHOLICHHS MEXKY COJlEpKaHUE METaJUIOB B KMBBIX
OpraHu3Max 1 B a0MOTHYECKHX KOMIIOHEHTaX BOJ0EMa — JOHHBIX OTIOKCHUSIX U BOJIC.

YpoBeHb MOMIONICHUS! MOUTIOTAHTOB BOJHBIMH OPraHU3MaMU MPHHATO XapaKTepH30BaTh «KOI(D(UIIMEHTOM
ounonornyeckoro nonmomenus: (KBI)» umn «koadduimentom nakorutenus (KH)». Benwmunna kosdduumenta
HAKOTJICHUS PACCUUTHIBACTCS KaK OTHOILICHHUE COIEPKAHUS 2JIEMEHTA B )KMBOM OpPraHM3Me K TAaKOBOMY B TIHIIE,
cyocrpare (cpeae oouranus) [1]. B Tabn. 4 npuBeneHbl pe3yabTarhl pacueToB KO3(H(UIIMEHTOB OHOIOTHYECKOTO
TIOTJIOIICHHUST HAOMIOJaeMBbIX METAJUIOB TKAHSIMU OPIOXOHOTHX U JIBYCTBOPYATHIX MOJUTIOCKOB U3 BOJBI U JOHHBIX
OTJIOKEHHH.

42



N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

Ta6auua 4
K03q)q)l/llll/IEHTbl HAKOIIEHHUS THAXKEJbIX META/JIOB TKAHAMHA MOJ/IJIFOCKOB 110 TOHHBIM OTJO0K€HUAM
Table 4
Coefficients of accumulation of heavy metals in mollusc tissues on bottom sediments
. e O
Bproxonorue
03. Y-o0pazHoe 0,040 0,155 0,033 0,109 0,053 0,109 0,025
O3, Bonorosckoe 0,007 0,058 0,148 0,189 0,009 0,001 0,018
Oz. lamop 0,010 0,337 0,334 0,505 0,033 0,007 0,031
03. JlenHo 0,082 0,630 0,344 0,331 0,120 0,074 0,052
O3. Bonoapkuuo 0,019 2,521 0,084 0,092 0,019 0,007 0,055
P. Cox, Hioke roponia 0,013 0,064 0,126 0,034 0,010 0,003 0,014
P. Cox, BpIIIIE TOpOIA 0,070 0,375 0,275 0,171 0,083 0,028 0,033
Cpennee o ropoJICKUM BOIOEMaM 0,032 0,740 0,189 0,245 0,047 0,040 0,036
DOHOBBII BO10EM (CTapu4HbIH KoMIUTEKC p. COX) 0,012 0,281 0,367 0,053 0,029 0,008 0,009
JIBycTBOpUaTHIE
O3z. Hlanop 0,012 0,069 0,301 1,502 0,037 0,004 0,023
0O3. Jlenno 0,036 0,047 0,477 2,869 0,073 0,004 0,007
O3. Bonmogpkuao 0,172 0,595 0,233 0,594 0,038 0,020 0,031
P. Cox, Huke ropona 0,236 0,190 0,259 0,626 0,054 0,010 0,042
P. Cox, BblI11Ie rOpona 0,018 0,068 0,246 2,364 0,067 0,004 0,007
Cpenree 1o ropoJCKUM BOIOEMaM 0,073 0,237 0,337 1,655 0,049 0,009 0,020
®DoHOBBIH BomoeM (cTapuaHbIii komruieke p. Cox) | 0,008 0,061 0,147 0,752 0,029 0,005 0,006

Psin HakomieHust METAIJIOB y OPIOXOHOTHX MOJUTIOCKOB MMeeT BuA: Zn > Cu > Mn > Co > Pb >Ni >Cr u cy-
LIECTBEHHO OTJIMYACTCS OT Psifia, COCTABICHHOTO 110 COACP)KaHHIO METAJUIOB, IIPEJICTABICHHOMY B CTaThe paHee.
Kak u B psiy comepskaHusi, Tak ¥ B psily HAKOIUICHHsI OMOT€HHbIE METaJUIbI (LIMHK, MEAb M MapraHel]) OIepekKaroT
METaJIJTbl C HEBBIICHEHHON OMOJIOTHYECKON (PyHKITHEH.

VY 1BYCTBOpYATHIX MOJUIIOCKOB TOJIyYEHbI HHBIE 3aKOHOMEPHOCTH KOHLICHTPUPOBAHUS TSDKEJIBIX METAJUIOB U3
JOHHBIX OTJIOKEHHUH: caMblil BBICOKUH KOA((UIIMEHT HAKOIUICHHS OTpe/esieH Ul MapraHia, OH SBJISIETCSl MaK-
CUMAaJIbHBIM CpEIM BCEX IMONY4YeHHBIX 3HadeHui (1,655). M3ydyaemble MeTaIbl COCTABISIOT CIEAYIONIUN PsijT
HaKOIJICHUS B Opsiake yobiBanus: Mn > Zn > Cu > Ni > Pb > Cr > Co.

YV OpIOXOHOTMX MOJUTIOCKOB HAKOIIJICHUE U3Y4aeMbIX METAJUIOB B CTAPMYHOM KOMIUIEKCE IIPEBBIIIACT TAKOBBIC
BEJIMYMHBI, PACCUUTAHHBIE JJIS1 TOPOICKMX BOJOEMOB, 32 HCKITIOUCHHEM HUKeIs. [loyueHHbIe JaHHbIC TOTYEPKH-
BAarOT HEOOXOIMMOCTD U3YUEHHS BOAHBIX IKOCHCTEM 0€3 BUIMMBIX aHTPOIIOTCHHBIX HAPY30K U PACTIONOKEHHBIX
Ha 3HAYUTEIBHOM YIaJCHUHU OT TOPOJICKUX arjioMepanuii.

B ommmune or OproXOHOTHMX MOJUIIOCKOB, Y JABYCTBOPYATHIX ONpEAETCHBI Oosiee BICOKHE K|, BCEX TSKEIBIX
METaJUIOB B TOPOJICKUX BOZOEMaX OTHOCHTEJIHO CTAPUYHOTO KOMILIEKCA.

BrienuTs BonoeM ¢ MakCHMalbHBIM MM MUHUMAJIbHBIM YPOBHEM HAKOIUICHHS BCEX M3yYaeMbIX METaJIOB
Jlake ISl OTHOTO BHA MOJITFOCKOB CJIOXKHO. Tak, y OpIOXOHOTHX MOJUIIOCKOB B 03. ¥Y-00pa3HOE PacCUUTaHO MH-
HUMaJIbHOE 3Ha4YeHUE KOA(PQUIMEHTa HAKOMJICHNS! IMHKA U MaKCHMaJlbHAasl BEJIMUMHA JUIsI HAKOIUICHHUSI XpoMa.
Tonbko B 03. BosoToBckoe y OproXOHOTMX MOJUTIOCKOB HAaOIIOAAETCS MUHUMAJIHOE HAKOIUIEHUE CBUHIIA, MEAH,
koOanbra 1 xpoMma. B 03. [leano, npuHUMaroeM 3arpss3HeHHBIA TOBEPXHOCTHBIN CTOK, pACCUNTaHbl MAKCUMAJIb-
HBIC 3HAYCHUS! KO (PUIIMECHTa HAKOTUICHHUS Y OPIOXOHOTMX MOJUTIOCKOB JJIsl CBUHIIA M LIMHKA, Y JABYCTBOPYATHIX
MOJUTIOCKOB — JUISl IMHKA, HUKEJISI U K0OasibTa. BEICOKMI ypOBeHb HAKOTIIICHHUS B TKAHIX OPIOXOHOTHUX MOJUTFOCKOB
MeJIU U HUKEJS, a y ABYCTBOPYATHIX MOJUIFOCKOB — MEIM M XpOMa OTMEYEH B 03. BoIoabKHHO, XOTS BOZOEM HE
HCTIBITHIBACT 3HAYUTEIILHON aHTPONIOT€HHOM Harpy3KH. BrICOKNI ypoBEeHb HAKOIIICHUS] METAJIJIOB B TKAHAX MOJI-
JIFOCKOB B OTZEJIBHBIX BOJOEMAX MOXKET OBITH CJICACTBUEM HAXOXKACHHS UX COCMHEHUN B KOMIIOHEHTAX BOAOEMa
B OMOJIOTUYECKH JOCTYITHOU opme.
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B nenom, cpaBHeHme BenmnIrHbI K03()(OUITHEHTa HAKOTICHHUS TSDKENBIX METAJUIOB Y OPIOXOHOTHX U JIByCTBOP-
YaThIX MOJUTIOCKOB MTOKA3aJI0 OTCYTCTBHE 3HAYUMBIX OTIIMYHH TOJIBKO 10 K0OanbTy. CyIIecTBEHHO BBIIIE Y OpIo-
XOHOTHX 3HaueHHe KodpPHUIIeHTa HAaKOTUIEHHSI XpoMa, HUKEIs M Menn. HakoruieHne CBMHIIA, MapraHIla U IHKA,
HA00OPOT, BHIIIIE Y AByCTBOPYATHIX MOJUTFOCKOB.

ITo momy4eHHBIM cpeHIM 3HaYeHUSAM KOod(h(OUIMeHTa HAKOTUICHHUS TSDKENBIX METaIJIOB U3 JIOHHBIX OTIIOXe-
HUH OPIOXOHOTHE MOJUTIOCKH SIBIITIOTCS IEKOHIIEHTpAaToOpaMH Bcex ameMeHToB (K, < 1). JIBycTBopUaThie MOJIITIO-
CKH SIBIISTFOTCS KOHIIEHTpaTopaMu Maprantia (K, > /) 1 IeKOHIIEHTPaTOpaMH BCEX OCTAIBHBIX 31eMeHTOB (K, < 1).

3aKjIouenue

[MoaBonst UTOT BBINIECKA3aHHOMY, CIIEAYET OTMETUTb, YTO JUIS TSHKENBIX METAIJIOB YCTAHOBJICHBI 3HAYHUTEITh-
HBIE Pa3INIHs MEXKIY UX COJICPIKAHUEM M HAKOIJICHUEM Y JIBYCTBOPYATHIX U OPFOXOHOTHX MOJITFOCKOB, TaK Kak
MPE/ICTABUTENN 3TUX KJIACCOB OTIMYAIOTCS JPYT OT JIpyra Mo psay (HU3HOIOTHUSCKHX OCOOCHHOCTEH W TUITY
nUTaHus. B 9acTHOCTH, ycTaHOBIIEHO OOJiee BEICOKOE COJIEPKAHUE MEJTH, XPOMa U HUKEIISl B TKAHSIX OPIOXOHOTHX
MOJLTIOCKOB. [IpH 5TOM HanboJee YeTKUe OTIHYHSI XapaKTePHbI ISl M. Y XpoMa orpeiesieHa 0co0ast THHAMU-
Ka KOHIICHTPUPOBAHUSI B TKAHAX: MAKCHMAIBLHOE COCPIKAHNE XapaKTepHO JUIsl TKAHEH TPY/IOBUKA, Y dKHBOPOJ-
k1 — MuHEManbHOe. CojiepikaHre CBHHIA, IMHKA, MapraHiia U KoOallbTa BBIIIE Y JBYCTBOPYATHIX MOJITFOCKOB.
OnHaKo, YETKHE Pa3Inursi MOXKHO OIPEICIHUTh JIUIIb B KOHIICHTPAIIMA MapraHia U MeHee BhIPOKCHHBIC — JIS
koOanbTa. TakuMm 00pa3oM, coliepKaHue TSDKEITBIX METAJIOB B 3HAYUTEIILHOM CTEIIEHH 3aBUCUT OT BHJIa MOJLITIO-
CKOB. B pakoBHHAaX MOJITFOCKOB KOHIICHTpAIIHS CBUHIIA, KOOABTA, XpOMa H ITUHKA ObLIIa HUXKE TIpeliesia O0Hapy-
JKCHUSL.

Hawubosbiiee BapprpoBaHHE KOHIICHTPAIINH TSHKENIBIX METAIUIOB OT MAKCUMAITLHOTO K MUHUMAITLHOMY OTpe-
JieTieHo Juts XpoMa. Takke 3HauuTeIbHbIC KOJICOaHHs TOKa3aTeseld yCTaHOBIICHBI JUTS MapraHiia, KOHIICHTPAIHs
KOTOPOTO 3HAYUTEJIBHO BBIIIE Y JIBYCTBOPYATHIX MOJUTIOCKOB. CYIIIECTBCHHBIC OTIIMYHS B COICPIKAHUU OTIpEe-
JICHBI JJISl CBUHIIA, YTO, OYCBUIHO, TOBOPUT O HAIMYUKM UCTOYHUKA 3arPsA3HCHUS TAHHBIM TSKEIBIM METaJIOM
OTJICNBHBIX BOJI0eMOB T. ['omerns. HanmeHbIiee MEXBHIOBOE BAPHUPOBAHNE KOHIICHTPAIIUH BBISBICHO JJISI KO-
OanpTa M IMHKA.

Menp MpeuMyIIeCTBEHHO KOHIICHTPUPYETCSl B MSATKHUX TKAHSX MOJLUTIOCKOB, HUKEJIb PABHOMEPHO pacriperie-
JSIETCST MEXKITy MSITKUMH TKaHsIMHU ¥ pakoBruHamu. CojiepykaHne MapraHia B TKaHSX JIBYCTBOPYATHIX MOJUTFOCKOB
MPEBBINIACT KOHIICHTPAIIMIO B PAKOBHHAX, Y OPIOXOHOTHX MOJUTIOCKOB OTMEUYECHA 00paTHast TeHICHIIHSI.

JloCTaTtovHO CIIOXKHO BBISIBUTH CPEH U3YUECHHBIX MOJUTFOCKOB BH/I, KOTOPBIN ObI OTIINYANICS HAUMEHBIIIUM Ha-
KOTUICHHEM HM3y4YaeMbIX TSDKEITBIX METaJIIOB.

Psijibl HaKOTUIGHHST M3y4aeMbIX METAJIOB, COCTABJICHHbBIC JIJIsl OPFOXOHOTHX U JIBYCTBOPYATHIX MOJUTIOCKOB,
UMCIOT 3HAUUTEIBHBIC PA3JIMYMs, YTO MOXKET OIPEACIATHCS PAa3THYHON JOCTYITHOCTHIO METAIUIOB B a0HOTHYE-
CKUX KOMITOHEHTaX BOJoeMa JUIsi 0cOOeH pa3HBIX KJIACCOB MOJIITFOCKOB.

BrusiBuTE Hanboee YMCTHINA U 3arpsS3HEHHBIA BOJIOEMBI, HCIIONIB3Ys TOJILKO COJIEPKAHUE METAIIOB B MSTKUX
TKaHSIX MOJUTIOCKOB U BEJIMUYMHBI KO(PPHUIIMEHTOB HAKOIJICHUS! METALIOB B TKAHSX MO JOHHBIM OTIOXKCHUSIM,
CJIOXHO, HEOOXOIMMO UCITOIB30BaTh JIJIsl 3TOTO CHENUAIbHbIC UHTETPAIbHbIC MOKA3aTeIH 3arpsI3HEHHS, YIUThI-
BAIOIIUE BKJIA]] K&KIOTO METAlIA B COCTOSIHUE BOIHON SKOCHCTEMBI. YPOBEHb HAKOTICHHUS OT/ICITBHBIX METAIIIOB
B TKaHsIX OPIOXOHOTHIX MOJUTIOCKOB B CTAPUYHOM KOMIUTEKCE (KOHTPOJILHBII BOJIOEM) IPEBBIIIAN BETMYMHBL, pac-
CUUTAHHBIC ISl TOPOJICKMX BOJIOEMOB, YeT0 He HAOIIOANIOCh Y IBYCTBOPYATHIX MOJUTFOCKOR.

Jlnist ompesienieHus CTETIeHN 3arpsi3HeHNsT a0MOTHYECKUX KOMIIOHEHTOB BOJIOEMOB MEJIbI0 M HUKEJIEM MOYKHO
PEKOMEHI0BATh JKUBOPOJIKY, ISl OTIPE/ICIICHHUS 3arPSI3HEHUS [IMHKOM, MapraHIleM U KOOAIETOM — MEPIIOBHILY, JUIs
3arpsI3HEHUST XPOMOM — TIPYIOBHKA, CBUHIIOM — 0€33Y0KYy.
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B nccnenoBanny paccMarpuBaeTcs BIUSHIE TOYBEHHBIX MUKPOOPTAaHU3MOB OCHOBHBIX HKOJIOTO-TPO(HUECKUX TPYII Ha
nepexon *’Cs U3 IepHOBO-IION30IMCTON CYIIECYAHOM MOYBBI 30HbI 0Ty Xk AeHUs: YepHoObuibckoi ADC B GuoMaccy oBca 110-
ceBHOTO (Avena sativa L.). Kpome Toro, olieHeHO BO3AEHCTBHE JaHHBIX MUKPOOPTAaHU3MOB Ha COZIEpKAHUE B UCCIETyeMOH
nouBe cradbmibHbIX U30TomoB K, Ca, Sr, Cs B 0MO0CTYIHBIX (hopMax.
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Paguoskosorusi U paauo0nosIorusi, paguanuoHHasi 6e30MacHOCTh
Radioecology and Radiobiology, Radiation Safety

YcTaHOBIIEHO, YTO BHECEHHE B JIEPHOBO-TIOI30/IUCTYIO CYTIECYaHYIO0 IOUBY AMHIIIOIUTHYECKUX OaKTepHii 1 ClIopooOpasyro-
IIMX AMMOHH(UKATOPOB YCHIMBAET TpaHcoKaluio ¥’Cs 13 MoA3eMHbBIX OPraHoB OBca B HajzeMusle B 1,8—4,3 pasa. [TIpu sTom
COJlep)KaHUE PAJIMOHYKIIU/IA B €r0 MOA3EMHBIX OpraHax yMeHbIaercst Ha 29,5 % npu BHECEHNH B ITOYBY CIIOPOOOPA3YIONIHX
amMMoHH(uKaTopoB. BHEceHHEe B JIEpHOBO-TIOJI30JIUCTYIO CyNECYaHYIO MOYBY KOHCOpLMyMa MUKpoopranuzmoB EM-1 chu-
3ust0 HakorieHue Cs B Haj3eMHBIX opraHax oBca Ha 71,8 %, COXpaHeHsisl IPU HTOM YPOBEHb COIEPIKAHMUS PAIHOHYKIHIA
B KOPHEBOM cHCTeME. B sKCIIepuMEHTaNbHOM cHcTeMe, BKITIOYAIONIEH JIePHOBO-TIO/I30IUCTYIO CYIIECUaHyIO MOYBY, PACTCHHS
0BCa IOCEBHOTO M TaKne (PU3HOIOrNYECKHe TPYIIIbl MUKPOOPTaHU3MOB, KaK aMIJIOIUTHIECKIE MUKPOOPTaHU3MBI HIJIH CTIO-
pooGpasyole aMMOHIU()UKATOPBI, IPOMCXOIMUT CYLIECTBEHHOE yBenuuenue coaepskanust *’Cs B BogopacTBopumoit popme
B 1,5 1 3,5 pa3za COOTBETCTBEHHO, YTO MOKET OOBSICHUTH POCT HAKOIUICHUS PaJAMOHYKIIM/IA B HAJI3EMHBIX OpraHax pacTeHHs.
BHreceHue B JIepHOBO-TIO/I30JICTYIO TOYBY KOHCOpIMYMa MUKpooprani3mMoB EM-1 cHusmiio conepskanue *’Cs B BogopacTso-
pumoii popme Ha 32,6 %. AHaJIOTHYHBIE IO HANPABIEHHOCTH N3MEHEHHS HAOMIOAIOTCSl U B OTHOLIEHHH BOJIOPACTBOPUMOM
¢dopmbl K: aMumonuTHaecKre MUKPOOPTaHU3MBI M CIIOPOOOpa3yIoIIie aMMOHN(HKATOPBI YBETMUMBAIOT JAHHBIH ITOKa3aTelh
Ha 49,9 1 67,5 % cooTBeTCTBEHHO, a MUKpoOHonornaeckuit npemapatr EM-1 cHmkaer Ha 52,9 %.

Kniouegvie cnoea: MOYBEHHBIE ACCOLMALMU MUKPOOPTaHU3MOB; PAJMOAKTHBHOE 3arpsi3HEHHE; 30HAa OTYYXAeHUs YepHo-
Obu1CKOI ADC; Gronoruyeckast JOCTYITHOCTh TEXHOTEHHBIX PaMOHYKIIMIOB; Le3Uii-137; Makpo3JIeMEeHThI; MUKPO3JIEMEHTBI.

Bnrazooapnocms. VccrienoBanust BHIIOMHEHbBI B pAMKax IPaHTa IS BBIIOJIHEHHUS HAyTHO-MCCIIE0BATENBCKUX PaboT cpe-
JIM IOKTOPAaHTOB, aCIIUPAHTOB M couckareneil HannoHanbHOM akagemun Hayk benapycn «3HadeHre OCHOBHBIX (DH3HOJIOTH-
YECKHUX IPYIIT [TIOYBEHHBIX MUKPOOPTaHU3MOB B M3MEHEHNH OMOJIOIMYECKOM JI0OCTYITHOCTH TEXHOTCHHBIX PaJHOHYKIIUIOBY.

THE ROLE OF MICROORGANISMS OF THE MAIN ECOLOGICAL AND
TROPHIC GROUPS IN THE TRANSFER OF "*'CS FROM SODDY-PODZOLIC
SANDY LOAM SOIL INTO THE BIOMASS OF AVENA SATIVA 1.
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In this work, we investigated the influence of soil microorganisms of the 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 '*’Cs from the underground organs of oats to
the aboveground ones by 1,8-4,3 times. At the same time, the radionuclide content in the underground organs of oats decreases
by 29.5 % when spore-forming ammonifiers are added to the soil. The introduction of the consortium of microorganisms EM-1
into the soddy-podzolic sandy loam soil reduced the accumulation of '*’Cs 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 '*’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 *’Cs
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 concentration by 49,9 and 67,5 %, respectively, and
the microbiological preparation EM-1 reduces it by 52,9 %.

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

B ycnoBusix HampspKEHHOM SKOJIOTHUECKOW CHUTYallH, CKJIabIBAIOLICHCs B MUpE, ONHOM M3 Hamboiee ak-
TyaJIbHBIX TPOOJIEM SIBISETCS 3arps3HEHHE HA3eMHBIX AKOCHCTEM TEXHOTCHHBIMH paguoHyKiIngaMu [1].
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Pannoskomornueckas cCUTyarus B 30He oTayKIaeHUsT UepHOOBUTbcKOit ADC B OCHOBHOM OIPEICISIETCS 3arpsi3-
HEHMEM OKpyKaromei cpennt *'Sr, ¥7Cs, 28239240py y 2! Am, u3MeHssACh HE TOIBKO C €CTECTBEHHBIM PACIIaIoM
PAIMOHYKIIHIOB, HO M C TIEPEXOIOM X B IPYTHE (PU3UKO-XHUMHUECKIE COCTOSHUS [2].

ITouBeHHBIE MUKPOOPTAaHU3MBI SBIISTIOTCS HCTOTHUKAMHU OOJIBIITOTO pa3HOO0Pa3ust (PH3UKO-XUMHUIECKUX H OHO-
JIOTHYECKUX MEXaHN3MOB, OCYIIECTBIISIONINX MTPEBPAIEHIS MEKY PACTBOPUMBIMU W HEPACTBOPUMBIMH (hazaMu
pannoHyKIHI0B. YyBCTBUTENBHOCTD W BBICOKAs] MHIMKAIIMOHHAS CIIOCOOHOCTh MUKPOOPTAaHW3MOB TTO3BOJISIOT
BBEIOpaTh WX B Ka9eCTBE MHCTPYMEHTA MOHUTOPHHTA aHTPOIIOTCHHBIX M3MeHEeHNH Omocdeps! [3]. Bo3aeiicTBre
accoIanuii MUKpOOPTaHMU3MOB Ha JIOCTYITHOCTh PaJINOHYKIHIOB /U KOPHEBOTO MOCTYIUICHHS B PACTEHHS TeC-
HO CBSI3aHO C OMOT€OXMMHYECKUMH TPOIIECCaMH, MTPOTEKAIONUMH B MTOYBe. MOXHO BBIJEIUTH /1BA OCHOBHBIX
HaIrpaBJIEHUs TPOTEKAHNS JTaHHBIX MPOIeCCOB. Bo-mepBhIX, Omaromaps nesTeTbHOCTH MMOYBEHHBIX MHUKPOOPTa-
HU3MOB HEPACTBOPUMBIE COCIMHEHUS PATUOHYKIIUAOB MEPEXOAT B PACTBOPHMYIO (hOopMy, TAKUM 00pa3oM yBe-
JMYUBAETCA UX OTeHIMAIbHAS TOKCHYHOCT. BO-BTOPBIX, pacTBOPUMBIE PaTHOHYKIIHIB 3aKPETIISIOTCS MUKPO-
OpraHMW3MaMH M CTAaHOBSATCS HEJIOCTYIMHBIMH JJIsI KOPHEBOTO moronieHwst. OTHOIIeHnEe MEX, Ty HMMOOMITA3aIH-
eil 1 MOOMIIM3aIe HeTTOCPEICTBEHHO 3aBUCUT OT PAINOHYKINAA, BUA, (PH3UKO-XUMHYECKUX YCIIOBHHA CPEIIbI
¥ COCTaBa MUKPOOHOIICHO3a TTOUBHI [4].

IIpobnema mepexoma TEXHOTEHHBIX PAaIMON30TOIIOB U3 MOYB C TOBBIIIEHHBIM YPOBHEM PaJHOaKTHBHOTO 3a-
TPA3HEHUS B PACTCHHsI OCTAeTCsd JOCTAaTOYHO CEPhe3HOM M B HacTosmiee Bpems. l3yueHne poiw MOYBEHHBIX
accoIanuii MEKPOOPTaHU3MOB TIO3BOJIUT IIPEIOKUTH HOBBIE METOABI peabWINTAIINH 3eMEb, TIOABEPTIIIXCS
pPannoaKTUBHOMY 3arpS3HEHHIO.

Lenp paboTHI: MCCIIeIOBaTh BIMSHIE OCHOBHBIX SKOIOTO-TPO(GUIECKHUX TPYIIT MTOYBEHHBIX MUKPOOPTaHU3MOB
Ha n3MeHenne Gpu3uko-xumudeckux Gpopm V’Cs u conepkanne B OHOIOCTYMHBIX (POpMax CTaOMIBHBIX H30TOIOB
K, Ca, Sr, Cs B 1epHOBO-ITO/I30JIUCTON CyTIeCYaHOU TIOYBE 30HEI OTUY K IeHUT UepHOOBUThCcKOIt ADC (B YCIOBUAX
BETETALMOHHOTO AKCIIEPUMEHTA), @ TAKKE Ha TEPEX0]] paanou30Tornos *’Cs 13 Mo4yBsl B GMOMACCy 0BCA MOCEB-
HOTO (Avena sativa L.).

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

OOBEKTOM HCCIEIOBAHUS SBISIINCH OCHOBHBIE KOJOTO-TPO(HUYECKHIE TPYMIThl TTOYBEHHBIX MHKPOOPTaHH3-
MOB, OKa3bIBAIOIINE CYNIECTBEHHOE BIUSHHE HA OMONOTHYECKYIO JOCTYMHOCTh TEXHOT€HHBIX PaJMOHYKIIHIOB
M cofepKaHWe MakKpo- U MHUKPOAJIEMEHTOB B JIEPHOBO-TIO30JIUCTOM CYIMECUYaHOW TOYBE C BBHICOKUM YPOBHEM
PannoaKTUBHOTO 3arPsI3HEHMS.

J1epHOBO-TTOA30TUCTYIO CYTIECIAHYIO TIOYBY OTOMpaH ¢ TyouHbl 10—15 cM B 30HE oTayXIeHusT YepHOOBLTH-
ckoif ADC B 4aCTHOM TIOABOPKE OBIBIIETO HACEICHHOTO IMyHKTa bopreska ('omennsckas ooir., bemapycs, [omnec-
CKHIA TOCYTapCTBEHHBIN paTuaiioOHHO-IKOJIOTHIECKUH 3amoBeNHUK). [109BY mMpeaBapuTEIIEHO OYUIIIAN OT HaI-
3€MHBIX YacTeH PaCTEeHUM U MPOCEHBAIIA YEPE3 CUTO C AUAMETPOM OTBEPCTHUM 2 MM, TIIATEILHO MEPEMEIIUBAIIH,
3aTeM TOMEIaId B CTeNHalbHbIe IIACTUKOBBIE COCY/BI Il BHIPAIIMBAHUS pacTeHUil o0beMoM 1 11, KoTopbie
pa3Meniany Ha ITAaCTUKOBBIX MOJAOHAX COTIACHO CXeME IKCIIEPHMEHTA.

JI71st BEeTeTaIMOHHOTO dKCIIEpUMEHTa OBITH OTOOpaHBl HAanOoJee 3HAYUMBIC (PU3UOJIOTHICCKUE TPYTIITHI T10-
YBEHHBIX MHKPOOPTAaHM3MOB, OKa3aBIIME CYIIECTBEHHOE BIUSHHE Ha W3MEHEHHE (PH3UKO-XUMHUYECKUX (HOpM
TEXHOTEHHBIX PAJHOHYKIUIOB 110 PE3yIbTaTaM MPEIbIIyIIEero SKCIepruMenTa [S].

B pesynprare moceBoB Ha ANEKTHBHBIE arapu30BaHHbBIE MHUTATEIbHBIE CPEIbl ObUTH TOTYYEHBI CIIeTyIOIIne
HAKOMHUTEIbHBIE KYJIBTYPHI:

1) aMHJTOIUTHYECKIE MUKPOOPTaHU3MBI;

2) criopooOpa3yrone aMMOHU(PUKATOPHI.

Taxxe B dKCHEpUMEHTE OBIJIO HCCICMOBAHO BIUSHHE MUKpoOHoiormdeckoro yaoopenus EM-1, xotopoe
paspabotano npodeccopom Tepyo Xura (University of the Ryukyus, Slmonus) u BkirodaeT B ceOs TP OCHOB-
HbIC TPYTIIHI MUKPOOPTAaHU3MOB: MOJIOUHOKHUCHBIE O6aktepun (Lactobacillus plantarum, L. casei, Streptococcus
lactis), horocuuTesupyromme 6akrepun (Rhodopseudomonas palustris m Rhodobacter sphaeroides), npoxokn
(Saccharomyces cerevisiae n Candida utilis). Kpome Toro, B HEOONBIIIX KOTMUECTBAX MIperapar BKIII0YaeT aKTH-
HOMHIICTHI (Streptomyces albus u S. griseus) u pepmeHTHpYIOIHE TPUOBI (Aspergillus oryzae, Mucor hiemalis).

B skcniepuMeHTaIBHBIX paboTax MCITONIB30Bal ceMeHa OBca moceBHOTo mpou3Boactea OAO «MunckCopT-
CemOBomy. Bee paboThl o 0TOOPY ITOCAT0YHOTO MaTepraa, MOATOTOBKE K TTOCAIKE CEMSTH TIPOBOIUIIH COTIIAC-
Ho 'OCTy 12308-84'. B kaxblif rOPIIOK BBICEBAJIHM 110 15 ceMsH BEIOPAHHOM KyJIETYpBI Ha TIIyOHHY 1 cM, 3aTeM
B ITOYBY IIPH 3aKJIAKe SKCTICPUMEHTA 1 uepe3 15 qHel mocie BhiceBa pacTeHU BHOCHIIH 110 340 MJI CycTrieH3nH
Ka)X/I0H M3 MCCIeTyeMbIX IKOJIOTO-TPOMUIECKUX TPYTINT MOYBEHHBIX MUKPOOPTAaHU3MOB (COAEp KaIX TPHOITH-
sutensHo 1,5%10% KOE/Min). OueHKy TUTpa MEKPOOPIaHH3MOB BBINOJIHSAIN COMIAcHO [6]. B KOHTponbHEIE 00-
pasitel BHOCHIN 110 340 MJT MSICO-TIEITOHHOTO OyJIhOHA 06€3 HHOKYISIIINA MUKPOOPTaHU3MOB.

'TOCT 12038-84. CemeHa CebCKOXO3SIMCTBEHHBIX KYJIBTYDP. MeTobl onpezencHust Bexoxkectd. Mocksa: Cranpapruagopm, 2011. 28 c.
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PanuoskoJi0orust 1 pao0noJI0THsl, paIHallHOHHAsI 0e301aCHOCTh
Radioecology and Radiobiology, Radiation Safety

CycnieH3nn MOYBEHHBIX MHUKPOOPTaHU3MOB TOTOBIJIM Ha OCHOBE Msco-mentoHHoro Oympona (MIIB). Jlms
aroro B MIIb BHOCHIM 13 yamiek [leTpu cTepuIbHON MUKPOOMOIOTHIECKON TIETIeH MHOKYIISTHT, TIPEICTaBIs-
FOIUI OIHY W3 BBIAEIIEHHBIX TPYII MMOYBEHHBIX MUKPOOPTaHW3MOB. [lomydeHHbIe OakTepuanbHbIe KyJIbTypPhI
TTOMETIIAJIA B TEPMOCTAT U MHKyOnpoBanu npu temmeparype 37,0 = 0,1 °C B TedeHne CyTOK 10 TOSBICHHUS BU3Y-
agpHOW MyTHOCTH. [lepen BHECEHHEM B TTOUBY MyTHOCTB KUIKHAX Cpell MOBOIWIH 10 cTanaapta BBL (crarmap-
ta MmyTHOCTH Ne (.5, mo Mak®apianay) — Ipu JJIMHE BOJTHBI 625 HM ONTHYECKAs TUIOTHOCTH OaKTepHATBHBIX
cycniersuii cocrapmsuia 0,08—0,10 [6]. OnTHUecKyro MITOTHOCTH U3MEPsUTH Ha ciekTpodotomerpe 113-5300 BU.
ITo Mepe HEOOXOAMMOCTH Ha MPOTSHKEHUHM BCETro AKCIIEPUMEHTA B CyOCTpaThl C PACTEHUSIMU BHOCHIIN TUCTHII-
JUPOBAHHYIO BOAY IS oAepKanus BiakHocTH 70 % OT moHO#M BraroeMKocTH. Kax il n3 BapraHTOB OTIBI-
Ta BBITIOJHSJIN B MSITUKPATHOMN MOBTOPHOCTH. IIpOA0IKHUTENEHOCT BETETAIIMOHHOTO SKCIIEPIMEHTA COCTaBHIIa
30 cyToK.

JlJ1 TOCTaHOBKH BETETAIIMOHHOTO 3KCIIEPUMEHTA ObLTa NCTI0Ih30BaHa (PMTOKOMHATA C PETYIHPYEMBIM KITH-
matoM (puc. 1). B pabouem mpocTpaHcTBe (UTOKOMHATHI IMOCTOSSHHO TOANEP)KHBANIACH TEMIIEpaTypa BO3IY-
xa 24 = 1 °C, BmaxHocTh Bo3ayxa 55 + 5 %. IIpogomKuTenbHOCTh MCKYCCTBEHHOTO CBETOBOTO JHS COCTa-
Buna 16 4 npu noroke AP 100 mMxmons/(M?-cek). s OCBEIEHUs UCTIONB30BAIMCh CBETOAUOIHEIE JIAMITBI

JUI-27-25W-1200- Y XJ14.

Puc. 1. BeretallMOHHbIH SKCIIEPUMEHT B (PUTOKOMHATE

Fig. 1. Vegetation experiment in the phytoroom

[1o oKOHYaHHMIO BETETALMOHHOTO HKCIICPUMEHTa CPe3ajy HaJ3eMHbIC YacTh pacTeHuid. dutomaccy BBICYILH-
BaJIM 10 a0COJIFOTHO CYyXOT0 COCTOSIHUS, U3MENIBIain 1 B3BemuBain. O0pasuel nomemanu B 100 M cocyabl st
MOCTIEAYIOIMINX U3MEPECHUI Ha raMMa-criekrpoMerpuieckoM komiekce CANBERRA Packard.

OO0pa3upl TOI3eMHOI YaCcTH pacTeHUH aKKypaTHO OTPSIXMBAJIHM OT MOYBEHHOM CMECH, KOPHH IPOMBIBAIIU 10
OT/ZIEJICHHSI KOMOUYKOB ITOYBBI, BBICYIIMBAJIN 10 aOCOJIIOTHO CYXOTO BEca, a 3aTeM IOMEIIAIN B COCYAbl IJIS I10-
CJICYIOLINX U3MEPEHHH.

JUyist XapakTepUCTUKU yPOBHsI HakoruieHust *'Cs B 00pasiax pacTeHuUii U COIepKaHMUsI PAIHOHYKITU/IA B TIOYBE
HCTIONIb30BAJIN BEJIMUUHY yAenbHON akTuBHOCTH (YA, br/kr). [Ipn n3ydenun BIusHUSA KXo n3 Gpusnonorude-
CKHUX TPYIIIT TIOYBEHHBIX MUKPOOPIaHU3MOB Ha M3MeHeHHe OronocTynHbix hopm *’Cs onpemernsiim conepxanue
BOJIOPACTBOPUMOI U HOHOOOMEHHOH (POpM parOHYKITHIa METOJIOM TTOCIIE0BaTeIbHOM dKCTpaknu [7; §].

[locnenoBarenbHast SKCTPAKLUS BKIIIOYAIA CICAYIOIIUE STAIBL:

1. Bodopacmeopumyio ¢hopmy BBIOETSUIN MOCPEACTBOM SKCTPAKUMU B AUCTWIIMPOBAHHOM Boze. Obpasew
noussl 20 T momemanu B 200 M1 aucTuiMpoBaHHol Bofbl. CycneH3nio B30aNThIBaJIM IPU KOMHATHOM TeMIe-
parype Ha NpoTshKeHHH 24 4. DKCTPAKT OTACJSUINA OT MOYBbI (miibTpoBaHKeM. [1ouBy npombiBasin Ha GUIBTPO-
BajbHOHM Oymare 200 MJI TUCTHILTUPOBAHHOW BOJBL. JKuakyro (hazy momerianu B cocyn eMKkocThio 100 mim st
n3MepeHus Ha y-criektpomerpe u ICP-MS.

2. Honoobmennyio ¢oopmy BBIICTSUTN OCPEACTBOM SKCTPAKLIMH B PacTBOPE aleTara aMMOoHus. TBepayto dazy
¢ mpenpinyiero mara nomemand B 200 mu 1 M pactBopa auerara ammonust ¢ pH nosenennoii 1o 7,0. Cycrnen-
3110 B30ANTHIBAJIM IIPY KOMHATHOM TeMIleparype Ha NPOTSDKeHUH 24 4. DKCTPAKT OTACISUIN OT MOYBbI (PUIBTPO-
BanueM. [louBy mpombiBamu 200 M1 TUCTHIUTMPOBAHHOM BOAbI. JKuakyro (asy momemiany B COCYJ] €eMKOCTBEO
100 M U1 m3mepenus Ha y-ciekrpometpe u [CP-MS.

Wsmepennst Ha ramma-crekrpoMeTpudeckoM Komiuiekce CANBERRA Packard c¢ xoakcuanbHBIM TOYIIPO-
BOJHUKOBBIM JieTekTopoM Ge(Li) pacliMpeHHOro 3HEPreTHYECKOro AMara3oHa MPOBOAMIM B COOTBETCTBHU
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C NPUHSATHIME METOIAMYECKMMHU peKoMeHaaiuaMu’, OTHOCUTENbHAs OIIMOKA U3MEPEHNS YIEIbHOW aKTHBHOCTH
¥7Cs B mpobax cocrasnsa ot 5 10 10 % B 3aBUCMMOCTH OT aKTHBHOCTH 00pasia. Mi3aMepeHue KOHIIEHTPAIn
MaKpO- 1 MUKPODJIEMEHTOB B K)KIOM OTIBITHOM BapHaHTE MPOBOIWIH B IMIATUKPATHOH MOBTOpHOCTH Ha [CP-MS
Elan-DRCe (Perkin Elmer) cornacuo CTB ISO17294-1-2007 u CTB ISO 17294-2-2007**. Mukpo6uronorude-
CKYI0 MHJWKAIIMIO MTOYBBI BBITIOJIHSINA COTJIACHO OOIIETIPUHATHIM B MOYBEHHOH MHUKPOOHONIOTHH MeToxam [9;
10]. ArpoXuMHYECKHI aHaIN3 ITIOYBEHHOTO 00pa3ia BeIIOIHsIM cormacHo TOCT 10,

Pe3yJ'II>TaTI>I HCCJICAOBAHUA U UX oﬁcymelme

B xone uccnenoBanuii yCTaHOBJIEHO, UTO yAEJIbHAS aKTUBHOCTh UCCIIEAYEMOM IEPHOBO-IIO/I30JIMCTOM Cymec-
4yaHOH MouBkI cocTaBmia 13949 + 837 bi/kr.
ATpOXMMHYECKHE TTOKA3aTeIH JAHHOW MOYBHI IIPE/ICTaBIEHBI B Ta0I. 1.

Tabnuma 1

ArpoxumMuyecKue NoKa3arej MCIoJb30BAHHOM B IKCIIEPUMEHTE /IePHOBO-NI030IUCTOM cylnecyaHoi Mmo4Bbl

Table 1

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

AFpOXI/IMPI‘{CCKI/Ie IIOKa3aTeJIU MOYBbI, €AUHUIBI U3MEPEHU
pH (8 KCI), ex. 6,4
Ca (06M), MI/KT 2430
Mg (06m, ozB. ), MI/KT 83,6
P,0Os (mozaB), Mr/kr 3021
Opranmgeckoe BemecTBo (rymyc), % 35
S, cyMMa MOMIIONICHHBIX OCHOBaHMH, MMOJTB/100T 42,0
Hr, rugponurryeckast KUCIOTHOCTh, MMOJIB/100T 0,99
T, eMKOCTb HOTJIOMIEHH ST, MMOJIB/100r 42.99
V, cTerneHb HACBIIIIEHHOCTH TT0YB OCHOBAHUSIMHU, %o 97,7
K,0 (06m), Mr/KT 617

VYpoBens pH 61130k K HeHTpambHOMY. B MozienbHOM mouBe HAOIIONAIOCH OY€Hb BBICOKOE CONlepKaHue 00-
MEHHOT'0 KaJIbLivsi, HU3KOE cojepkannue oOMeHHoro maruust. Copeprkanue nojasmkHoro ¢ocdopa (P,Os) B nep-
HOBO-TIO/I30JIUCTON MOYBE COOTBETCTBYET OYECHBb BHICOKOMY 3HaueHHI0. O0ECIIeueHHOCTD JEPHOBO-TIOI30JMCTON
nouBbl oOMeHHbIM KanreM (K,O) cooTBeTCTBYeT Takke O4eHb BBICOKMM MOKa3aTelsiM. 3HAYMTENLHOE COAep-
JKaHUC KaJIus B MOYBC IMO3BOJIMJIO MCKIIIOYUTH BJIUAHUC MEXaHU3MOB YCHUJICHUA KOPHEBOI'O HOTpe6JIeHI/I$1 Cs u3
MOYBBI B YCIOBUAX JC(PUIIMTA JTAHHOTO MakposaemeHnTa. ColepKaHue ryMyca COOTBETCTBYET OY€Hb BBICOKOMY
ypoBHI0. CyMMa MOIVIOIIEHHBIX OCHOBaHUH (S) B 1€pHOBO-MIOA30IMCTON TIOUYBE OYEHb BBICOKASL.

*MBU. MH 3421-2010: MBU 06beMHOI 1 yIeTbHOM aKTHBHOCTH FaMMa-H3JTyYaroliX PaIuoOHyKIHI0B HA TaMMa-CIIEKTPOMETPAXx C Mo-
JIyIIPOBOIHHUKOBBIMH AeTekTopamu: yTB. benl UM 28.05.10. Munck: beal UM, 2010. 35 c.

3CTB ISO 17294-1-2007 KauectBo Boabl. [IprMeHeHHE MACC-CIIEKTPOMETPHH € MHAYKTUBHO CBA3aHHOMN miasMoit. Y. 1. O6iue Tpebo-
Banus. Been. 01.05.2008. Munck: ['occrannaprt, 2008. 32 c.

4CTB ISO 17294-2-2007 KauecTtBo Bojibl. [IpUMeEHEHHE MacC-CHEKTPOMETPUH C HHIYKTHBHO CBsI3aHHOM muiasmoi. Y. 2. OnpeneneHne
62 snementoB. MuHck: ['occerannapr, 2007. 21 c.

STOCT 26483-85. [IpurotoBiieHue CONEBOI BBITSHKKH 1 onpeseneuue ee pH no meroxy LIMHAO. Been. 1986-07-01. Mocksa: M3naresib-
CTBO cTaHaapToB, 1985. 6 c.

STOCT 26212-2021. OnpeenieHre rHAPOIUTHIECKON KUCIOTHOCTH 110 MeTony Kanmena B momudukanmu [IMHAO. Beex. 2022-08-01.
MockBa: Poccuiickuii HHCTUTYT cTaHaapTusanuu, 2021. 12 c.

"TOCT 27821-2020. OnpezenieHre CyMMbI MOMIOMICHHBIX OCHOBaHMI 110 Metoxy Kamnmena. Been. 2022-01-01. Mocksa: CrannapTuH-
dhopm, 2020. 9 c.

8TOCT 26487-85. Onpenesnerne 0OMEHHOTO KaJbIHsA U 0OMEHHOTO (MoBIXKHOT0) Maraus Metogamu [{UHAO. Beex. 1986-07-01. Mo-
ckBa: M3narenscTBO cTangapTos, 1985. 14 c.

°TOCT 26207-91. Onpenenenue MOABMKHBIX coeauHeHnii Bpocdopa u kamus 1o metony Kupcanosa B Mmomudukannu [ITUHAO. Been.
1993-07-01. Mocksa: U3narenscTBo crangaptos, 1992. 7 c.

YTOCT 26213-2021. Metoasl onpeneienus opranuueckoro Bemiectsa. Bzamen T'OCT 26213-91. Beex. 2022-08-01. Mocksa:
Poccuiickmii uHCTUTYT cTanaapTusanuy, 2021. 12 c.
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B Tabmn. 2 npencTaBieHb! JaHHBIE TT0 OIIEHKE BIUSHIS TOYBEHHBIX MUKPOOPTAHN3MOB HCCIIEAYEMBIX IKOJIOTO-
TPOPUUECKUX TPYII Ha OMOJIOTMYECKYIO TOCTYIHOCTH *’Cs B IEPHOBO-TIO30JIMCTOM CyIECYaHOM MOYBE.

Tabnuma 2

OureHKa BIMSIHUS TOYBEHHBIX MHKPOOPTraHN3MOB OCHOBHBIX IKOJIOT0-TPOGHYEeCKHX rpynin Ha Hakonenue *'Cs 0BCOM MOCEBHbIM

Table 2

Assessment of the influence of soil microorganisms of the main ecological-trophic groups on the accumulation of *’Cs by oats

VienbHast aKTHBHOCTh, BK/KT
BapI/IaHTI)I OIbITa
HOL[3GMH3.H qacCThb Haﬂ3eMHa§I qacCThb
KonTpomns 9539,6 + 1471,0 1334,8 + 216,5
AMUIIONIUTHYECKUE 11071 £2334,2 2769,8 + 1522,8%
CriopooOpa3yrorine aMMOHU(PHKATOPBI 6730 + 1797,5%* 4081,4 =2017,2%*
EM-1 10225,6 + 1594,7 376,3 + 140,4**

Mpumeuanue. Pasmuuns JOCTOBEPHBI [0 OTHOLICHHIO K KOHTPOO *p < 0,05; **p < 0,01.

BreceHnne B mouBy criopooOpa3yromux aMMOHU(DHUKATOPOB MPHUBENIO K CHUKEHHUIO YISIbHOW aKTHBHOCTH
97Cs B mo3eMHBIX opranax pacrenus Ha 29,5 %, a B HaJI3EMHBIX — IPAKTHYECKH K TPEXKPATHOMY YBEIMUEHHUIO.
JlaHHBIE pe3yNbTaThl CBUICTEILCTBYET 00 YCUICHWH TPAHCIOKAINN PAAMOHYKIINIA B HaJ[3€MHBIE OPTaHBI O]
BO3JICHCTBHEM CIIOPOOOPA3YIOIINX aMMOHU(HUKATOPOB.

DPdeKT BHECEHUS aMUIIOIATHYECKMX OAKTEPHH B ITOYBY Ha HakoruieHne *’Cs B KOPHSX OBCa OKa3aJcs HeCy-
niecTBeHHbIM. OJTHAKO JTaHHAs TPYTIIa MAKPOOPTAaHW3MOB TIPHBENa K MOBHIIICHUIO COACPIKaHUS PaTUOHYKIIAIA
97Cs B Haj3eMHBIX yacTsax pactenus. Clie0BaTebHO, KaK aMUJIOIUTHIECKHE MUKPOOPTaHU3MBI, TaK U CIIOPOO-
Opasyromiue aMMOHH(DHUKATOPHI CYIIECTBEHHO YBEITMYMBAIOT TPAHCIOKAIIMIO 1Ie3Us U3 TIOA3EMHBIX OPTaHOB pac-
TEHUsI B HaI3eMHbIe. J[aHHOE SIBJICHNE MOXKET OBITh CBSI3aHO C BBIACICHHEM MUKPOOPTaHU3MaMH JTaHHBIX YKOJIO-
ro-Tpo(puyYecKuX rpym OMOJOTHYECKH aKTUBHBIX COEIMHEHHI, YCHIMBAOIINX aKTHBHOCTD KAJIMEBBIX KaHAJIOB
BeIxosmiero Beimpsmierus (SKOR), odecneunBaromux BeioOpoc K, a BMecte ¢ HuM 1 Cs, U3 KIETOK ApEHXUMBI
KOpHsI B KcnjleMy ctednsi. MukpoOuonornyeckoe ynoopenue EM-1 He okazaio 3HAYUMOTO BIMSHHS Ha HAKO-
wienre '’Cs Moj3eMHBIMU YaCTAMH PacTEHHAMH. XOTs CpeaHeapupMETHIECKOE 3HAUYCHUE OKa3ajioCh B 9TOM
BapuaHte Ha 7,2 % BbllIE, YEM B KOHTPOJIE, CTATUCTUYECKAS! 3HAYMMOCTb 3TOr0 U3MEHEHHS HEBBICOKA BCIIEACTBUE
BBICOKOH BapraOelbHOCTH TTOKa3aTedsl.

Bosee BbIpakeHHBINH 2P (EKT 0Kazaa KOHCOpIuyM MuKpoopranusmos EM-1 Ha mepexon *’Cs B Haa3eMHbIE
Oprasbl 0Bca NOCeBHOr0. CHI)KEHUE HAKOIUICHHUS PaJIMOHYKIIUAA B ’TOM BapHUaHTe onbITa coctaBuio 71,8 % oTHo-
CUTEIBHO KOHTPOJIsL. Takum 00pa3om, TaHHBIH KOMITIEKC MUKPOOPTaHU3MOB HE CTOJILKO ITPHUBEI K CHIDKEHHIO KOP-
HEBOTO MOCTYIDICHUS PaIMOHYKITH/IA, CKOJIBKO CHH3HJI €T0 TPAHCIIOKAIIMIO U3 ITOJ[3EMHBIX OPTaHOB B HA/I3€MHEIE.

B pesynsrare ouenku comepxkanus ’Cs B OMOZOCTYNHBIX (popMax B JAEPHOBO-IIOA30JMCTON CyIIECYaHOM
MOYBE ITOCIIE 3aBEPIICHHS BETeTAIMOHHOTO KCIIEPUMEHTa YCTAHOBIIEHO, YTO CITIOPOOOpa3yrole aMMOHU(HKa-
TOPBI YBEJIMYMIIN KOHIICHTPAILIMIO PAHOHYKIIHIa B BOAOpAacTBOPUMOii popme B 3,5 paza (Tadum. 3).

Tabnuma 3

Bunsinue NOYBEHHBIX MHKPOOPTaHU3MOB OCHOBHBIX DKO0JIOTO-TPO(HUYECKUX IPYNN HA COlepP:KAHUE
BO/I0PACTBOPHMOIi 1 HOHOOOMeHHO# (popMbl *'Cs B 1epHOBO-TIOI30/IHCTOl CynecuyaHoii MouBe

Table 3

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

BapuanTel onbita BonopacrBopumas ¢popma *’Cs, Bk/kr | MonooOmennas dgopma '¥’Cs, Br/kr
KonTpons 278+4,5 1180,5 + 145,6
AMMIIOIATHYECKIE 42,2 + 97%* 1151,2 £ 94,0
Cropoo0Opa3syromie aMMOHU(PHUKATOPHI 126,6 = 67,9%* 1259,1 +£322.9
EM-1 18,7 + 4,3** 1253,8 £ 53,0

Mpumeuanue. Pasmuuns JOCTOBEPHBI IO OTHOLICHHIO K KOHTpoo * p < 0,05; ** p <0,01.
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CrnemyeT OTMETHTH, YTO B MOJEIBHOM OHKCIIEPHMEHTE CIOpOooOpasylone aMMOHH(HUKATOPHI HECKOJb-
KO yMmeHbImman coxepxkanue ’Cs B Bomopactopumoii Gopme [5]. OmHako B Goee €CTECTBEHHOM CHCTEME,
BKJTIOYAIOIIEH TOTHBIA KOMITJIEKC TIOYBEHHBIX MUKPOOPTAHNU3MOB H BBICIIIEE PACTEHHUE, YBETHMUEHIE B TOYBEHHOM
00pasIie KoIM4ecTBa MUKPOOPTaHU3MOB, OTHOCSIITMXCS K TaHHOH TpyTIe, HA00OPOT, CIOCOOCTBYET MOBBIIIEHHIO
KOHIIEHTPAINH PAIHOHYKINAa B ONOAOCTYITHON (pOpME TIO CPAaBHEHHIO C KOHTPOJIBHBIM BapraHTOM. JlaHHBIN pe-
3yJBTAT COIACYETCS C MAKCUMAaJIbHBIM yBEITHIEHNEeM HAKOTUICHHUS PaAMOaKTHBHOTO H30TOMA [E3US B HaI3EMHBIX
opraHax oBca IPU BHECEHHH PacCMaTPHBAEMOU TPyTIITEI MUKPOOPTaHU3MOB B TouBy. [Ipu sTOM cpenneapudme-
THYECKOE 3HaUYeHUE akTUBHOCTH *’Cs B HOHOOOMEHHOM (hOpME IPH BHECEHUH CIIOPOOOPA3YIOLIINX AMMOHH(HKA-
TOPOB YBETUYMIOCH Ha 6,7 %, HO pa3iiyusi ¢ KOHTPOJIEM CTaTHCTUYECKH HEOCTOBEPHBI.

AMWIOIUTHYECKHE MUKPOOPIaHU3MBI TAKXKE TOBIMSIIM Ha YBEIMYEHUE YIeIbHON akTuBHOCTH *'Cs B BOMIO-
pactBopumoii popme. JlaHHBII MoKa3arens yBenndmics Ha 51,6 % orHocuTenpHO KOHTpOIts. [Ipu aToM comepika-
HUE PaJUOHYKIIU/IA B HOHOOOMEHHON (POPME OCTAIOCh Ha KOHTPOJIBHOM ypoBHe. [ToBbienne aktuBHOCTH *'Cs
B BOJIOPACTBOPUMOMN (pOpMe NMPH BHECEHWN aMIJIONUTHIECKUX OaKTepHid B JIEPHOBO-TIOA3O0IHCTYIO CYIIECYaHyTO
MOYBY OTPA3MIIOCh Ha YCHJICHUH TIepexo/ia PaJioHyKIIH/Ia B HaI3eMHBIE OpraHbl. Cpesu TpyTIT MUKPOOPTaHI3MOB,
BKJIFOYEHHBIX B CXEMY DKCIIEPUMEHTA, TOJIBKO KOMILIEKC, BXoasumii B EM-1, causun aktusaocts *’Cs B BOJ0-
pactBopuMoil ¢opme. CHIDkeHHe cocTaBmiio 32,6 % OTHOCHTENTHHO KOHTPOJIBHOTO BapwaHTa ombiTa. [lagenue
aKTHBHOCTH PaJMOHYKIINIA B BOIOPACTBOPUMOI (hOpME OTPa3mMiIOCh Ha CYIIECTBEHHOM yMEHBIIIEHUH €T0 Iepe-
X0J1a B HaJ[3¢MHBIE OPTaHbl OBCA MOCEBHOTO. TaknM 00pa3oM, B YCIIOBHAX BEICOKOH 00eCTIe4eHHOCTH PACTeHUH Ha
JIEPHOBO-TIO30JIMCTOM CyNeCYaHoM MovBe KajaueM, HakomieHue *’Cs B HaJ3eMHBIX OpPraHax OBCa COOTBETCTBYET
€ro CollepXKaHuIo B BogopacTBopuMoit (hopme. [TockombKy comepkanne paaroHyKiInaa B JaHHONW (popmMe MOXKHO
paccMarpuBaTh B Ka4eCTBE TIOKA3aTels ero KOHIIEHTPAIH B TIOYBEHHOM PacTBOpE, HAOMIOMAeMbIi A eKT corma-
CyeTCs C U3BECTHBIMHU 3aKOHOMEPHOCTSIMH KOPHEBOTO TOCTYIUIEHHSI PaIHON30TOIOB IE3Us PACTEHUSIMH.

Ha puc. 2 mokazaHo BIHSHUE NCCIIEAYEMBIX 3KOJIOTO-TPO(YUIECKUX TPy MUKPOOPTaHU3MOB Ha COep KaHue
JIETKOJOCTYIHOTO (BOZXOPACTBOPUMBIN + HOHOOOMEHHBIH) '¥’Cs B IEpPHOBO-MIOI30IMCTON CyNECYaHOM MOYBE.
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[Inanku morpemrHocTel yka3slBaloT JOBEpHUTEIbHBIE HHTEpBaib! ¢ o = 0,05
BapwuanTs! onbita: koHTpOIb (K), amumonuruaeckue (3), cnopooOpasyromue ammonudukatopsi (7), EM-1 (EM)
Error bars indicate confidence intervals with o = 0.05
Experiment options: control (K), amylolytic (3), spore-forming ammonifiers (7), EM-1 (EM)

Puc. 2. Coneprkanue J1erkoaoctynHoro *’Cs B JepHOBO-IIOJ30JIMCTON CYIIECYaHOi TT0UBE

Fig. 2. The concentration of readily available *’Cs in soddy-podzolic sandy loam soil

Cpenree 3HadeHHE COIEPKaHMs JErKoaoCTymHOro *’Cs mpu BHECEHHH B MOYBY PasiMYHBIX (DU3HOIOTHYE-
CKUX TPYHIT MUKPOOPTAaHN3MOB YBEIHMYIIIOCH B CIIEYIOIINX BapHaHTaX OIBITA: CIIOPOOOpa3yrolie aMMOoHN(DHU-
katopel — Ha 14,7 %, mukpoOuonornyeckuii npenapar EM-1 — Ha 5,3 %. Amunonurndeckast rpyrmmna MUKPO-
OpPraHM3MOB OKa3aja BIHMSIHNE HA CHIKEHUE CONIEpKaHUs JIETKOAOCTYITHOTO 11e3usi-137 Ha 2,2 % 1o cpaBHEHHIO
C KOHTPOJIGHBIM BapHaHTOM OITbITa. OTHAKO TAaHHBIE M3MEHEHUSI HE SIBIISFOTCS CTATHCTUYECKU 3HAYMMBIMH.

BrnmsiHre TOYBEHHBIX MUKPOOPTaHW3MOB Pa3IMIHBIX AKOJIOTO-TPOPUIECKHUX TPYII Ha CONlepyKaHNe B OMOIOCTYTI-
HBIX (hOpMaX TaKMX MaKpOIeMEHTOB, Kak Ca u K B IepHOBO-TT0/130JIMCTOH CyTieCYaHOW TIOYBE, MPEICTABIIEHO B TaOM. 4.

B ycroBusix BBICOKOTO COIep:KaHUs Kallisl B IEPHOBO-TIO/I30JIMCTOM CyIIeCYaHOH MOYBe BHECEHNE MUKPOOHO-
normdgeckoro ynoopenus EM-1 cHn3niio copepkanie 00Cy)1aeMoro Makpo3JIeMeHTa B BOIOPaCTBOpUMOii (hop-
Me Ha 52,9 %., 9TO JeMOHCTPHUPYET TEHAEHIIMIO K €0 YMEHBIICHNIO B 3TOM BapuaHTe orbiTa. OHAKO TO HE
IPUBEJIO K TIOBBIILEHHIO YPOBHs Hakomuienus *’Cs B HaJ3eMHON GHoMacce oBca IIOCEBHOTO.
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Tab6nauna 4
Conep:xanne Ca u K B 00pa3uax 1epHOBO-NI0A30IMCTON CyNecYaHO MOYBbI
Table 4
Concentration of Ca and K in the samples of soddy-podzolic soil
Ca K
BapuauTsr ombita Bomopacteopumast | HMonooOMeHHas Bomopacteopumast HonooOmenHas
¢opma, MI/kr ¢dopma, MI/kr ¢dhopma, MI/Kr ¢dopma, MI/kr
KonTpons 1167,6 +282,0 8406,7 + 561,6 696,9 + 53,8 8379 +127,3
AMMIIOIUTHYECKHE 1120,4 £307,3 | 9300,9 + 943,0* 1044,5 £ 137,8** 951,3 +120,1
Criopoo0Opa3yromrue ammonudukaropsr | 1083,1 £162,6 | 9427,6 + 1025,2* 1167,0 £+ 164,7** 969,1 +256,7
EM-1 522,8 4 54, 2%* 8917,3 + 332,9* 328,3 +75,8%* 768,2 + 157,8

Ipumeuanue. Pasmuuns JOCTOBEPHBI [0 OTHOLICHHIO K KOHTpoJ0 * — p < 0,05; ** —p < 0,01.

B BomopactBopumoii popme koHeHTpanus K yBeanuuiack B BapHaHTe OIbITa C aMHJIOIUTHYECKUMU MUKDPO-
oprann3Mamu — Ha 49,9 % u cnopoobpasyromumu aMmMoHnuKaropamu Ha 67,5 %. TenaeHuus k cxonHoMy 3¢-
(hexTy nMeeT MECTO M B OTHOLLIEHUH HOHOOOMEHHOW (OPMBI KaJlusl.

Ha puc. 3 nokazaHo BIMsSHHE HCCIIELYEMBIX KOJIOTO-TPO(YUUECKUX TPy MUKPOOPTraHU3MOB Ha COJep KaHHe
JIETKOOCTYITHOTO (BOAOPACTBOPUMBI + HOHOOOMEHHBII) K B IepHOBO-IIOA30IMCTOH CyliecyaHOM MOouBe.
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[Inanku norpemHocTell ykas3bBatoT J0BEpUTENIbHbIC HHTEpBabL ¢ 0. = 0,05.
3HauNMBIC OTIIMYHS OT KOHTPOJISI OTMEUSHHI 3Be310ukamu (** p < 0,01)
BapuanTs! onbita: koHTpons (K), amunonuruaeckue (3), cnopoodpasyromue ammonudukaropsl (7), EM-1 (EM)
Error bars indicate confidence intervals with o = 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. Copepxanue nerkonoctynHoro K B o0pasnax 1epHOBO-MOA30JIUCTON CyNeCYaHO! OUBBI

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

VYBenuuenue nerkopoctynHoro K Habmromanu B BapuaHTe C aMHJIOIMTHUYECKUMH MHUKPOOPTaHU3MaMHU Ha
30,0 %, cnopooOpa3yromumu aMmMoHH(prKaropamu Ha 39,2 %, cHmkeHue copepxkanust K ormevanu B BapuaHre
onbiTa EM — Ha 28,6 %. Bo Bcex uccnemyeMpIX rpynnax OnpeieieHbl JOCTOBEPHbIE Pa3IniMs OTHOCHTEIBHO
KOHTpoJbHOTO 00Opasua. Haubonee cymecrsennoe cumkenne Ca B BoropacTBOpuMoii hopme HaOII0AaIM B Ba-
puante onbita EM-1 — Ha 55,2 %. JIng nonooOMeHHOW (hOPMBI XapaKTEPHO K€ YBEJIMUECHHE UCCIIEYEeMOTo Ma-
KpOAJIEMEHTa BO BCEX BAPHAHTAaxX OMbITa. 3HAUUTEIBHO BO3pOCIo coaepkanne Ca B MOHOOOMEHHOH GopMme 1oz
BIIMSIHUEM CIIOPOOOpasyonmx aMMoHu(prkaropoB —Ha 12,1 % OTHOCHTEIFHO KOHTPOJIBHOTO BapHaHTA.

Ha puc. 4 nokazaHo BIUsSHHE HCCIIETYyEMBIX KOJIOTO-TPO(YUUECKUX TPYIIT MUKPOOPTaHU3MOB Ha COZIep KaHHe
JIETKOIOCTYITHOTO (BOJIOPAcTBOPUMBIH + HOHOOOMEHHEIH) Ca B IEPHOBO-TIO/I30JIUCTON CyIIeCYaHOU MOYBE.

Coneprkanue JerkoocTynHoro Ca moBBICHIIOCH B BapUaHTE C AMUJIOJIMTHYECKMMH MHUKPOOPraHU3MaMu Ha
8,8 % u B BapuaHTe ONbBITA CO CIIOPOOOPA3YIOIIMMHI aMMOHU(HKaTOpamMu Ha 9,8 % Mo cpaBHEHHUIO C KOHTPOJIb-
HBIM 00Pa3IIoM.
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Puc. 4. Conepxanue nerkonoctynHoro Ca B 00pasiax JepHOBO-IIOA30JUCTON CylecYaHO! TOUBBI

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

B Tabun. 5 npencraBieHbl JaHHBIC O COEpPKaHUK CTaOWIbHBIX n30TonoB '**Cs u **Sr B BereramoHHOM JKc-
NEPUMEHTE C BHECEHHUEM Pa3IUUHBIX KOJIOT0-TPOPHUIECKUX TPy MUKPOOPTaHU3MOB B JEPHOBO-TIOA30IHCTYIO
CYIIECYaHYIO MOYBY.

Tabnuma 5
Copep:xanue Cs u Sr B 00pa3uax 1epHOBO-N0A30IUCTOM cynecyaHoii MouBbI
Table 5
Concentration of Cs and Sr in the samples of soddy-podzolic soil
Cs Sr
Bapuantsr onbita Bonopacteopumas Honoobmennas Bonopactsopumas HonoobmenHast
(dopma, MKI/KT (dopma, MKI/KT (dopma, MKI/KT (dopma, MKI/KT
KonTpons 0,4+0,1 594+53 9428 +1959.4 59595,5 +3730,6
AMMIOIUTHYECKYE 0,4+0,1 55,5+4,7 10117,2 £ 1519,2 | 60272,5 +3296,7
CriopooOpa3syroniiue aMMOHU(PHUKATOPBI 0,5+0,1 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**

[Ipumeuyanue. Paznuuns 10CTOBEPHBI MO OTHOIICHUIO K KOHTPOII0 *p < 0,05; **p < 0,01.

CHmwxenue conepkanus Cs B BOIopacTBOpuMoii hopme orMeuanu B Bapuante onbsita EM-1 —Ha 42,8 %, npu
3TOM HaOJIIOAAEMbIC PA3IUYUS SBISIOTCS JOCTOBEPHBIMU. CXOMHBIH 3Q(PEKT yCTAaHOBIIEH U B OTHOLICHUH PAJN0-
aktuBHOTO M30TOMNa *’Cs IpH BHECEHHH B JIEPHOBO-MOI30MCTYIO CYNECYaHYIO TIOYBY TaHHOTO KOHCOPIHyMa
MHUKpPOOPraHu3MoB. B nonooOMeHHo# popme oTmedanu cHIKeHUe konnuecTBa Cs Ipu BHECEHUH CIIOPOOOpasy-
fonx aMmMoHudukaTopoB — Ha 12,7 %, EM-1 — na 10,8 %.

Ha puc. 5 nokazaHo BIUsSHHE HCCIIELyEMBbIX 3KOJIOTO-TPO(YUUECKUX TPyl MUKPOOPTraHW3MOB Ha COJECP)KaHHUE
JIETKOAOCTYITHOTO (BOJOPACTBOPUMBIN + HOHOOOMEeHHEIH) Cs B IEpPHOBO-TIOA30JIMCTON CyTIeCUaHOH TTOUBe.

Bo Bcex ONBITHBIX BapHaHTaX OTMEYAJIHM CHIKCHHE COZIEPXaHUS JIETKoZoCTynHOoro Cs: aMHIIONUTHYECKHE
MHKPOOPIraHu3Mbl — Ha 6,5 %, criopooOpasytromme aMmoHugukaropsl — Ha 12,6, EM —na 11,0 %.

Ha ymensbienue conep:xanus St B BOZOPacTBOPUMOI (opMe OKas3aiy BIMSHUE CHOPOOOpasyroe aMMOHH-
¢uxaropel — Ha 6,5 % u Mukpobuonoruueckuil nmpenapar EM-1 — na 50,2 %. AMMIOIUTHYECKUE KE MHUKPO-
OpraHM3Mbl CIIOCOOCTBOBAJIM YBEIMUYECHUIO KOHLEHTPALMU JAHHOTO MUKPO3JIEMEHTa B BOIOPACTBOPUMOH (opme
Ha 7,3 % OTHOCHUTEIBHO KOHTPOJIBHOTO BapHaHTa OMNbITa. AHAJOIHYHOE JEWCTBHE OKa3aaH UCCIELyEMBIE IPyII-
B ¥ Ha COJIEPKaHUE TAaHHOTO MHUKPOAIIEMEHTa B MOHOOOMEHHOM popMe: criopoodpasyromiie aMMOHI(PUKATOPBI
U MUKpoOuonornueckuii npenapar EM-1 nosnusiin Ha ymenblieHHe conepxanus St — Ha 6,0 u 17,8 % coorset-
cTBeHHO. CTaTHCTUYECKU 3HAUMMBbIE pa3inyuusl HaOJlI0JaIiCh TOJIBKO B BapUaHTE OMbITa py BHeceHHH EM-1 kak
B BOJIOPACTBOPUMOH (opMe, TaK ¥ B MOHOOOMEHHOM.
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Puc. 5. Coneprxanue serkopoctynHoro Cs B 00pasiax JAepHOBO-I10A30IKCTOH CylIeCuaHO! TOYBbI

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

Ha puc. 6 nokazaHo BIHsSHHUE HCCIIELYEMBIX 3KOJIOTO-TPO(YUUECKUX TPyl MUKPOOPTaHU3MOB Ha COJep KaHHEe
JIETKOJOCTYITHOTO (BOAOPACTBOPUMBII + HOHOOOMEHHBII) St B 1epHOBO-IIO/I30JIMCTON CyIECUYaHOM IT0UBE.
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3HaYUMBIE OTIINYHS OT KOHTPOJIS OTMEUEHBI 3Be3109KkaMu (¥* — p < 0,01)
BapuanTs! onbita: koHTpoib (K), amunonuruyeckue (3), ciopoodpasyromue ammonupuxaropst (7), EM-1 (EM)
Error bars indicate confidence intervals with o = 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. ConeprxaHue JIETKOIOCTYITHOTO St B 00pasiax AepHOBO-IIO30JIUCTOM CYeCYaHOH OYBBI

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

HauOosnplieMy CHIKEHUIO COIEPXKaHUS JIETKOAOCTYITHOIO St COCOOCTBOBAI KOHCOPLUYM MHKPOOPIaHH3-
MOB MHUKpoOHosiornyeckoro npenapara EM-1 —Ha 22,3 % 110 CpaBHEHHUIO ¢ KOHTPOJIBHBIM BapUaHTOM OIIbITA.

3aKIoueHue

HccnenoBaHo BiIMsHUE OCHOBHBIX 3KOJIOTO-TPO(UUECKUX IPYII MUKPOOPTaHU3MOB Ha OMOJIOIMYECKYIO J0-
crymHOCTh *'Cs It KOPHEBOTO TIOMIIOMIEHHS] PACTCHHUSIMH, & TAKXKE COIEp:KaHue B OMOJOCTYIHBIX (hopMax He-
KOTOPBIX MAaKpO- U MUKPO3JIEMEHTOB B JIEPHOBO-IIO/I30JIUCTON CyIEeCUaHOH I10UBE.

B BereraumoHHOM SKCIIEPUMEHTE BHECEHUE B ICPHOBO-TIOA30IMCTYIO CyIIECUaHYIO IIOYBY aMUJIOIUTHYECKUX
OaKTepuii U CropoodpasyoNIuX aMMOHH(PHUKATOPOB YCHIMBAET TpaHcIoKauuioo *’Cs M3 MOJ3eMHBIX OPraHOB
oBca B Hag3eMHble B 1,8—4,3 pasa. [Ipu sTom comeprkaHne paInoHYKIIMIA B KOPHAX OBCA Ja)Ke yMEHbBLIAETCS Ha
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29,5 % mpu BHECEHHUH B ITOYBY CIIOPOOOPA3YIOMINX aMMOHU(PHUKATOPOB. BHECEHNE B IepHOBO-TIOI30JIUCTYIO Cy-
ECYaHyI0 MOYBY KOHCOPIMYMa MUKpoopranu3mMoB EM-1 cuusuio Hakoruienne *’Cs B HaJi3eMHBIX OpraHax oBca
Ha 71,8 %, Ipy cOXpaHEeHUN YPOBHS COEPKAHMS PAJANOHYKIINA B KOPHEBOH CHCTEME.

B skcnieprmeHTanbHOM crcTeMe, BKITIOYAIOIIEH IepHOBO-TIO30IMCTYIO CYTIECYaHyIO MTOYBY, PACTEHHS OBCa TO-
CEBHOTO W TaKHe TPYIIHI MUKPOOPTAaHU3MOB, KaK aMHJIONUTHYECKHE MUKPOOPTaHM3MBI FJIH CIIOPOOOpa3yroIIie
aMMOHM(UKATOPEI, POUCXOIUT CYLIECTBEHHOE Bo3pacTanue comepxkanus 'Cs B BogopactBopumoii popme B 1,5
1 3,5 pa3a COOTBETCTBEHHO, YTO MOXKET OOBSCHUTH YBEIMYECHNE HAKOIUICHNS paIHOHYKIINIa B HAA3EeMHBIX OpraHax
pactenus. BHeceHue B 1€pHOBO-TIO/I30JIUCTYIO MTOYBY KOHCOpIIMyMa MUKpoopranuzmoB EM-1 cHusuio copepxanue
13Cs B BomopacTBopuMOi (opme Ha 32,6 %. AHATIOTUYHBIE [0 HANPABIECHHOCTH U3MEHEHHs HAOFOIAOTCS U B OT-
HOIIIEHNH BOZIOpacTBOprMOii popmel K: aMunmonnTiyeckre MUKPOOPTraHU3MBI H CIIOPO00pa3yIoIye aMMOHH(pHKaTo-
PBI YBENTMUHMBAIOT JAHHBIH Moka3arens Ha 49,9 1 67,5 % cooTBeTCTBEHHO, a MUKpoOHoorimyecknii mpenapar EM-1
cHmkaer Ha 52,9 %.

TTosyueHHbIe PE3yIBTAThI MOKA3LIBAIOT BOSMOKHOCTD PETYIMPOBaHus MoseneHus *’Cs B CHCTEME «I10uBa — pac-
TEHHE) 3a CYET BO3ACHCTBHS HA COCTAB MOYBEHHOTO MUKpoOHoMa. OHM MOTYT CITyKUTh OCHOBOH [T pa3padOTKU HO-
BBIX TIPHEMOB (PUTOpEMETMAITH TT0YB, 3aTPS3HEHHBIX JOJITOKUBYIIUMH MTPOAYKTaMH JISIICHHS ypaHa, a TakKe JOIIK-
HBI YIUTHIBATHCS MPY BEIEHUN PACTEHNEBOACTBA HA 3arPsA3HEHHBIX TEXHOTEHHBIMH PAANOHYKIHIAMH TEPPUTOPHSIX.
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OCOBEHHOCTH HAKOITAEHUS 'CS PACTEHUSIMU TPABSHHUCTBIX
COOBHIECTB B BAMJKHEN 30HE YEPHOBBIABCKOU A3C HA I3TAIIE
OTAAAEHHBIX ITOCAEACTBU PAAMAIITMOHHOUMU ABAPUN

A. H HHKHTHH"?, 0. A. LIT'YPAHKOBA"Y, C. A. KA/THHUYEHKO?, E. B. MUIIJEHKO", I'. A. TE®EP]"

Y Unemumym paouobuonozuu Hayuonanvrnoti axademuu nayk Benapycu,
yi. @edwonunckozo, 4, 246007, e. T'omens, Berapyce
DUncmumym muxpobuonozuu Hayuonansnoti akademuu nayx benapycu,
yi. Akademuka B. @. Kynpesuua, 2, 220084, e. Munck, Berapyce
I oneccruii 20CyOapcmeeHHblil PAOUAYUOHHO-DKOLOSUHECKULL 3aN0GCOHUK,
ya. Tepewxosotl, 7, 247618, Xotinuxu, I'omenvckas oon., benapyco

PanroakruBHble n30TOMBI Cs B 3HAUMTENBHON CTETICHH OINPEEIIOT TSHKECTh PaJMallMOHHBIX aBapHil ¢ BEIOPOCOM PaJIo-
AKTUBHBIX BEIIECTB B OKPYXKAIOMIYIO cpey. [103ToMy akTyalTbHBIM SIBIISICTCSI BRISIBIICHHE 3aKOHOMEPHOCTEH UX MTOBS/ICHUS B pa3-
JIMYHBIX SKOCHCTEMaX, MEPEX0J IO TUIIEBRIM IIETISIM, a Takoke TIOMCK d(P(EKTUBHBIX METOIOB BO3ACHCTBHS HA 3TH TPOIECCHI.
Ilenb uccienoBatust — MOMCK 3aKOHOMEPHOCTEl HakoruieHus *Cs TpaBsSHUCTBIMA PACTEHUSMH €CTECTBEHHBIX DKOCHCTEM Ha
JTare OTAANCHHBIX TociencTBuil karactpodsl Ha YepHoObu1bCKkoi ADC. PaboThl MPOBOMIMCH HA TPEX IKCIIEPUMEHTAIbHBIX
TIOJIMTOHAX, PACTIONIOKEHHBIX Ha paccTOsIHUM 13—16 KM OT SruneHTpa aBapuu. Ha KakioM MosMroHe 3aoykeHbl POOHbIE TI10-
1I13/IKH, Ha KOTOPBIX M3yYeHA XapaKTePHCTUKA PACTUTEIEHOTO TIOKPOBA U TTOUBBI. JIJ1st ITOATBEp)KACHMSI BIMSHUS PEXKUMA YBITaXK-
HeHus Ha HakorvieHue ¥’Cs pacTeHUAMU TaKkKe ObUI IOCTABIEH MUKPOBETETALIMOHHBIN OMBIT. AHAJIM3 PE3Y/ILTATOB HAOMIONEHHUI
B TPaBSHUCTBIX YKOCHCTEMAaX HE TIO3BOJIIII BBIIBUTH HETIOCPEICTBEHHYTO CBA3b MEXKTY MOKAa3aTeISIMH BAIOBOTO 3arps3HEHHUS 1O~
uBbl '¥'Cs, comepikaHreM ero paCTBOPUMOM, HOHOOOMEHHOM 1 JTAGHIIBHON (POPM HAXOKIEHHS B IOYBE C HAKOIUIEHHEM PaIHOHY-
KJIMa Ha3eMHbIME dacTsamu Elytrigia repens (L.) Nevski, Calamagrostis epigejos (L.) Roth, Poa pratensis L. u Carex brizoides
L. Cpemu xomriuiekca snadudeckix (HakropoB HAUOONEE TECHYIO CBSI3h C YICIbHOM aKTUBHOCTHIO */Cs B Ha/I3EMHBIX YaCTAX
3J71aKOBBIX PACTCHUH MMEIOT 00bEMHast JI0JIsl BOAIBI B IIOUBE, CofiepkaHue B Hell nmoaBmkHOro K,O 1 mabuiibHOM, n3BIeKaeMon
terpadeHIIIo0paToM, PopMbI paroHyKIHAa. OOpaTHBIN YKCIIOHESHIINATIBHBIN XapaKTep CBSI3H STHUX MApaMETPOB C HAKOIUICHUEM
137Cs onocpenosan K-3aBucumbivMu Mexanusmamu norionienust Cs u cHkenneM dddexruHoit quddysun K 13 nouyBeHHOro
pacTBOpa K MOBEPXHOCTH KOPHS P YMEHBIIICHUH BIKHOCTH TOUBEL. 715t Carex brizoides K-3aBUCHMBIN MEXaHN3M PETYIISLINA
KopHeBoro rnononieHust Cs He MOATBEPIKIICH. DKCIEPUMEHT B KOHTPOJIMPYEMBIX YCIIOBHSIX TIOATBEPANI CYIIECTBEHHOE YBEIIH-
yeHue HakoruieHus '*'Cs 3/1aKOBBIME PACTEHUSIMU MIPH CHIYKEHUH BJIAr000eCIICYeHHOCTH, 00YCIIOBIICHHOE AKTUBALIMEH TIEPEHOC-
4ynkoB K ¢ BbICOKOI a)UHHOCTBIO KaK K 3TOMY 3JIEMEHTY, TaK 1 K Cs.
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PATTERNS OF *"CS ACCUMULATION IN HERBACEOUS PLANT
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Radioactive cesium isotopes often significantly determine the severity of nuclear accidents with the release of radioactive
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 *’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 *’Cs by plants, a vegetation experiment was also
conducted. The analysis did not reveal a direct link between the gross soil contamination indicators with '3’Cs, 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 ’Cs in the aboveground parts of cereal plants is
associated with the volumetric water content in the soil, the content of mobile K,O, and the labile form of the radionuclide
extractable with tetraphenylborate. The inverse exponential character of the relationship between these parameters and the
accumulation of *’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 experiment under controlled conditions confirmed a significant increase in the accumulation of ¥’Cs 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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BBenenue

Paguoaktusuble usoromnsl Cs (1*Cs, *°Cs, ¥’Cs) uMeIOT TEXHOrEHHOE IPOMCXOKIEHHE M MOTYT IOIAIaTh
B OKPY’KAIOLIYIO Cpely MPH ITATHOM (pYyHKIIMOHUPOBAHUH U aBapUIHBIX CHTYalUsIX Ha 00BEKTaxX SIICPHOTO TO-
IUIMBHOTO [[MKJIA, & TAK)KE MPU MCIBITAHUSX siaepHOro opyxust. *’Cs [1] 4acTo CTaHOBUTCS OCHOBHBIM J[0300-
OpasyIoIIUM PaJIMOHYKIIMIOM JJIsl YeIOBEKa U OMOTHI Ha MPOTSHKEHUH NIPOIODKUTEIILHOTO EPHO/A OTAATCHHBIX
MOCJIC/ICTBUI PaJIMallMOHHBIX aBapuil. B Ha3eMHBIX KOCHCTEMax OH COCPENOTaYMBACTCS MPEUMYIICCTBEHHO
B MIOYBE, OTKY/[da MOXKET MOCTYIATh B MUIIEBBIC LIEMH, BeAylIne K uenoBeky. OnHoit u3 Hanbomnee 3pheKTUBHBIX
Mep CHIKEHUsI 103 BHYTPEHHET0 00/yueHust HaceneHusi ot ’Cs sBIsIeTCst OrpaHUYEHHE €T0 MIEPEX0/a B CUCTEME
«mouBa — pacteHue» [2].

Hns pazpabotku ¥ 3(p(HeKTHBHOIO NMPUMEHEHHsT Mep paJudalMOHHON 3aIluThl HeoOXommma HH(pOpMAIHs
0 BJIMSTHUY Pa3InuHbIX (pakTopoB Ha noBereHnn RCs B cucreme «1ouBa — pacteHuey. [103ToMy ecTecTBEeHHO, YTO
OospIIOe BHUMaHKE HCCIieoBareel yaensercs atomy Bonpocy [3—10]. Buto yctaHoBIeHO, UTO TaJIeKo HE BECh
3amac RCs B 1104Be JIOCTYIICH JUIsl KOPHEBOT'O MOMIIOLICHHS, TOCKOJIBKY OH [OCTYIIAET B PACTCHHS IPEUMYIIIECTBEH-
HO 13 nouBeHHOro pactBopa [11; 12]. CooTHorienue mMexay copouueii Cs B TBep/I0H (a3e U KOHIIEHTPAIUEH ero
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B TIOYBEHHOM PACTBOPE BBIPAXKAETCS KOO(PMUIIMEHTOM pacipene/ieHus], COCTaBIsommM mopsaka 10'-10° [13],
1 TTIOCTETIEHHO YBETMYHUBAIOIIMMCS CO BPEMEHEM T0CJIe TToNalaHusl PaJHoHYKIHI0B B TO4YBy. B TBepmoii daze mo-
BBl CS TaKkKe MOXKET HaXOMUTCS B PA3ITUYHBIX COCTOSHHAX: B TOYBEHHOM IOIVIOMNIAIONIEM KOMIUIEKCE, Ha yJ4acT-
kax cenexktuBHOM copbumu (FES) 1 Ha ygacTkax BBICOKOCETIEKTHBHOM copbumu [14; 15]. C TeueHnemM BpeMeHH
poucxoauT nepepacnpeneneane RCs Mexmy atumu hopmMamu, TPUBOIAIIEE K CHIDKEHHIO €r0 OHOIOTHYECKOi
JIOCTYTTHOCTH («3aKpeIuIeHuio»). BakHyI0 poilb B 3THX MpOIEccax UrparoT Takue (haKTOpbl, KaKk COAepIKaHue
B TI0YBE€ IIIMHUCTHIX MUHEPAJIOB, KAYECTBEHHBIE M KOIIMYECTBEHHBIE XapaKTEPUCTUKNA OPTaHMYECKOTO BEIIEeCTBa
nouBsl, pH, konnenrpamnus K™ u NH," B mouBenHoM pactBope [6; 16]. B ciydae Beimagenuii RCs B cocrase To-
IUTUBHBIX YaCTHII, CIISAYET TaKKe YUUTHIBATh TMHAMUKY MX paciana u Berxoma RCs u3 ux cocrasa [14].

IupparupoBannbie HOHBI CS™ OM3KU MO CBOMM XapaKTEPUCTHKaM K THAPATHPOBAaHHBIM HoHaM K™ n mMoryt
MIPOXOANTH Yepe3 KaHajbl U HEKOTOPhIE TPaHCMEMOpaHHBIE MEPEHOCUUKH IMOCIEIHET0, TIOATOMY METabO0IN3M
Kallnsl Y PacTeHUH BIMSCT Ha TTorToneHne HoHoB Cs M UX IepepacipeiyIeHre o opraHaM 1 Tkadsm [11; 12; 17].

B cBs131 ¢ 0cobeHHOCTIMY TTOBE/ISHHS B TTOYBE W KOPHEBOTO Toryomienns RCs, 3aBHCHMOCTh UX HAKOTUICHUS
B PacTEHUAX OT (PaKTOPOB OKPYKAIOIMIEH Cpebl UMEET CIIOKHBIN XapaKTep, H3MECHSIIOIMIICS BO BpeMeHH. Bme-
CTE C TEM BBISBJICHHE JaHHBIX 3aKOHOMEPHOCTEH BAXKHO IS OI[EHKH M ITPOTHO3a PAIHOIKOIOTHIECKIX TIOCTe -
CTBH aBapuii ¢ BEIOPOCOM PaTOAKTHBHBIX BEMIECTB B OKPYKAIOIIYIO cpeay U 3(h(HEeKTUBHOTO MPUMEHEHUS Mep
paaualuOHHON 3aITUThI.

bruto mogo6paHo TpH SKCIEPUMEHTANBHBIX IMOMUTOHA. Ha KayKI0oM M3 HUX 3aJI0KEHBI TPOOHBIE TUTOMIAIKH,
Ha KOTOPBIX M3y4YeHa XapaKTEPUCTHKA PACTUTEIHFHOTO IMTOKPOBA W TIOYBHI. |71 TOATBEPKACHUS BIUSHUS PeKUMa
yBIIaXHEHHS Ha HakoruieHue *’Cs pacTeHus MU ObLI MOCTABIEH MUKPOBETETAIMOHHBIH OnbIT. COOpaHHbINH HAGOp
JIaHHBIX TTOCITYKHMJI OCHOBOM JUISl aHAJIN3a 3aBUCUMOCTH HakoruieHus *’Cs HaJ3eMHBIMU YacTAMU PACTEHUH OT
snaduaeckux GakTopoB U (HOPM HAXOKICHUS PAIHOHYKIHIA B TIOUBE.

Pe3ynbrarhl BRIIOTHEHHOTO aHAIM3a PACKPBIBAIOT BUIOCTIENN(NIECKYIO peaknnio HakorieHns RCs Hagzem-
HBIMH 9aCTSIMH PacTEHUH Ha JIEHCTBHE TaknX (PaKTOpOB, Kak oOecriedeHHoCTh K, BmaroobecnedeHHOCTh, Coep-
kaane ooMeHHbIX Ca, Mg B TI0UBe, collepyKaHre OPTaHUIECKOTO BEIIECTBA, OIS TNIMHUCTON (hPAKIIHH.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

IKcnepumenmansHbie noauzoHbL. 1115 IPOBEICHHS HCCIIE0BAHM OBLITO 3aJI0KEHO TPH SKCTIEpUMEHTAaJIbHbIE
moymrona (JIII-1, JII1-2 u JII1-3) B ecTeCTBEHHBIX IKOCHCTEMaX CYXOIOJBHBIX JIYTOB, PACIOJIOKCHHBIX Ha
paccrostHuH 13—16 KM OT 4eTBepTOro sHEeprodIoka UepHOOBUTECKOM aTOMHOM IEKTPOCTAHITHH, B OKPECTHOCTIX
OnIBIIICH MepeBHN Macanbl. [1ouBa Ha BceX SKCIIEPUMEHTABHBIX yUacTKaX IEPHOBO-TIOI30IMCTAs cymecuanas. Ha
KaKJIOM SKCITIEPIMEHTAIEHOM TIOJUTOHE OBITO BIIeeHO 20 poOHEIX mTomanok 2x2 M. [loneBsie neciaemoBaHms
MPOBOAMIIUCEH BecHOH—JIeToM 2020 T., HETOCPEACTBEHHO OTOOp 00pa3loB PaCTCHHWHA W TIOYBBI OCYIIECTBIISIICS
B HIOHE.

CpenHee IPOEKTHBHOE MOKPHITHE PACTUTENFHOTO ITOKPOBA Ha AKCIIEPHIMEHTANBHBIX MTOJUTOHAX COCTABIISIO
100 %, 75 u 60 % na JIII-1, JITI-2 u JITI-3 cooTBeTCTBEHHO. J{)1s1 BBISABICHHUS 3aKOHOMEPHOCTEN HakoruieHus 'Cs
OBLTH BEIOpaHBI HAKOOJIEE pacIpOCTPAaHEHHBIC Ha TTOJIMTOHAX BUIBI PACTCHUN: TIBIpe mom3yunil (Elytrigia repens
(L.) Nevski), Betitnuk HazeMuslit (Calamagrostis epigejos (L.) Roth), matiuk ayroBoit (Poa pratensis L.) u ocoka
tpsicyakoBuaHas (Carex brizoides L.). KpoMe 3THX BUIOB, paCTHTEIHLHOCTD Ha AKCIICPUMEHTATBHBIX ITOJIMTOHAX
Onlna ipencrasieHa Agrostis 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 IpyruxX TPaBSTHUCTHIX
pactenuil. B cocTaB oueHb pa3pekeHHOTO JIPEBECHOTO spyca BXOAST Takne BUBI, Kak Oepesa mosucnas (Betula
pendula Roth), ny0 uepenrdarsiii (Quercus robur L.) u cocHa oObIkHOBeHHAs (Pinus sylvestris L.).

Mukpoeezemayuonnolii onpim. B xauecTBe MOJIEILHOIO PACTEHUS UCII0JIb30BaHa MIIIEHULIA sIpoBasi. Pactenus
BBIPALIMBAINCH B KOHTEeHHEepax 0O0beMOM | JI, HATIOJIHEHHBIX TOYBOM, OTOOPAHHOW B YaCTHOM MOJBOpPhE Ha
TeppUTOPUH OBIBIIIETO HACENIEHHOTO ITyHKTa bopieska. [louBa xapakrepr3oBanack O4eHb BBICOKHM COAEPKaHUEM
opraamueckoro emectsa (4,27-6,33 %) u HeWTpaIbHOU KHCIOTHOCTBIO (6,6—6,7). ComepxaHue TTOABIKHOTO
¢docdopa (P,Os) ouens Bbicokoe (1552-3245 mr/kr), noxsmwxuoro kamus (K,O) — Beicokoe (224—372 mr/kr).
Coneprkanre OOMEHHOTO MarHusi M KaJbllUsl MOBBIMICHHOE. [louBa XapakTepu3yercsi CpeTHUMHU 3HAYCHHSIMHU
rugponuruaeckoit kucnornoctu (0,89—1,20 MM/100 r), emxocTu noromienust (41,2—68,9 MmM/100 T), crenenn
HACBIIEHHOCTH OcHOBaHUsIMH (97,1-98,7 %) 1 cymMoii normoneHHbsIx ocHoBanuii (40,0-69,2 MM/100 r).

Jnst uccnenoBaHMs BIHMSHUS PEXHMa YBIAXKHEHUS B ONBITE OBUIO MPEIyCMOTPEHO 3 BapHaHTa:
1) onTHIManbHOE YBIAXHEHUE — BBIpAIIMBaHUE PACTEHUN MPH BIAKHOCTHU 1MO4YBBI 70 % OT MOTHON BIIarOEMKOCTH
(IIB); 2) moHmxeHHast BIarooOECHEYeHHOCTh — BBIPALIMBAHME pAcTEHHH MpU BiIaKkHOCTH mouBbl 40 % ot
[1B; 3) nepemeHHOe yBIa)KHEHHE — BHIpAIlMBaHUE pacTeHUH mpu BiaxxHocTd noussl 40 % ot [IB B mepBble
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21 cyTku u mocnenyroee noBeaenne uaxkaocta 10 70 % ot [1B. OnbIT BeImomHsIICS B 4-KpaTHOM TOBTOPHOCTH
B (PUTOKOMHATE C TIOCTOSTHHOH TeMIteparypoit Bo3ayxa 18 °C u ocBemnierneM Ha poTshkeHnn 18 1 B cyTku ¢ DAP
100 MM-¢' M. BIaKHOCTB TI0YBBI KOHTPOIMPOBAIACH BECOBBIM METOIOM.

Omobop oopazuoe u usmepenus. OOpa3ipl MOYBBI Ha MPOOHBIX IIIOMAAKAX OTOUPATUCH CTAHIAPTHBIM
po000TOOPHUKOM TuaMeTpoM 4 cm Ha Tiyouny 20 cM. C KasKIoro mpoOHOTro yyacTka 0TOMPAIIOCh MO MATh MPo0
METOJIOM KOHBEpPTa, KOTOPhIE CMEIIMBAIINCH B OJIHY U YIIAKOBBIBAJIUCH B MO THIICHOBBIE MTaKkeThl. OTHOBPEMEHHO
C TIOYBOI 0OTOMpANINCH 00pa3Ibl HAJ3EMHBIX YacTell BHIOPAHHBIX BUIOB PACTEHUH ITyTEM Cpe3aHHsl CeKaTopoM Ha
BBICOTE 3 CM OT ITOBEPXHOCTH MOYBHI. B MUKpOBEreTallmOHHOM OITBITE pacTeHus cpe3annuck Ha BbicoTe 0,51 cwm,
MoYBa I aHalu3a OTOMpayiach U3 Kaxmoro cocyna. OOpasiibl pacTCHUH YIIaKOBBIBAIUCH B MOJMATHICHOBBIC
MaKeThI.

[TpoObI pacTeHM W TOYBBI B3BEHIMBAJIUCH HA IJEKTPOHHBIX Becax B JeHb OTOOpa mpol (Chipas macca)
M TIOCJie BBICYIIMBaHMA MPH KOMHATHOW Temreparype (BO3myIIHO-cyxas macca). CopepikaHue Biarv B MOYBE
W pacTUTENBHBIX MPo0ax pacCUUTHIBAIIOCH TI0 pa3HHIlE MEXIY CHIpOW M BO3IYIIHOW Maccoi. BricymieHHbIe
MPOOBI TOYBBI TPOCEUBAIIUCH Yepe3 2-MUIIMMETPOBOE CUTO U TIEPEMEITUBAIIUCE.

VienbHas aktuBHOCTH *’Cs onpesensiiach ¢ HCIOIb30BaHkeM raMma-criekrpomerpa Canberra Packard ¢ Ge
oemexmopom GX2018. OtHOCHUTENpHAS ommOKa m3MepeHuit cocrapimsuia 5—10 %. CraHgapTHEIME METOTAMHU
B 00pasiax MOYBbl ONPEENsUINCh TaKue MMOKa3aTeNd, Kak Cofep)kaHhe TIIMHBI B MEXaHWYeCKoM cocTase; pH
(8 KCI); conepxanne oomennoro NH,"; cofepkanne opraHm4eckoro BelmecTBa; coepkanue MoABMKHBIX P,Os
u K,O; conepkanne MOHOOOMEHHBIX Kallks, KalbLKs, Maraus, nesus (cMecu uzoronoB u *’Cs); comepxanue
PACTBOPUMBIX KaJIusl, KaJIbIIUsl, MATHUS, 1Ie3ust (CMecH u30ToroB 1 *'Cs); conepkanue JaOUIbHBIX (M3BICKAEMbIX
TeTpadeHUIO0PATOM HATPUsI TP KCIIO3UIUK 24 1) Kayus U 1e3us (cMecu u30tonos u *’Cs); oObeMHast 1011st
BOJIBI B TIOYBE.

Ananu3 oanupix. AHaTU3 JaHHBIX U MPEJICTABICHUE PE3YJIBTAaTOB OCYIIECTBISIUCH C MTOMOIIBI0 OMOTMOTEKH
Python Pandas, Geopandas, numpy, Sklearn, Pyplot w Seaborn. Ilpu onmcaHuu HCCIIEIyeMbIX TOKa3aTenen
HAaXOWIM CpenHeapu(hMETHUECKOE 3HAYCHHUE, CPEIHEKBAJIPATUYHOE OTKIOHEHUE, MequaHy, MEKKBAPTHIbHBIN
pa3max. OIeHKY CBSI3M MEX[Y IMOKa3aTeIsIMH ONPEACISUIN 110 KO PUIIEeHTaM paHroBoi koppemsiun CrupMena
(Rg). [yist ananm3a BAMSHUS OTACNBHBIX (DAKTOPOB HA HAKOIUICHHWE PAIMOHYKIIHMIA PACTCHHUSMH HCIIOJB30BAIN
kpurepuii Kpackena — Yommca (H), a 3Ha4MMOCTb paziuuuil MEXIy BapHaHTaMM OIbITA YCTAHABJIMBAJIHU T10
t-xputeputo CTbrofieHTa. BhIsBIECHHBIE CBA3M U pa3nndys MEX/Ty OKa3aTeIsIMUA CUUTATU 3HAYUMBbIMU TIpH p < 0,05.

Pe3yabTarsl uccjie10BaHUs U UX 00Cy KIeHUe

Xapakmep 3azpsasnenus IKcnepumenmanvuolx noauzonos *’Cs. TlnotHocTh 3arpsizHenus nousbl *’Cs
(T13) Ha nPOOHBIX IUIOMIA/IKAX BAPLUPYET B IIMPOKUX Tpenesax: or 980 no 5327 kBk/M? CO CpeIHUM 3HAYEHH-
em 2973 kbk/M%. B mpejieniax 3KCIEPUMEHTAIBHBIX MOJMIOHOB 3arpsisHeHue ’Cs XapakrepusyeTcsi BBICOKUM
YPOBHEM MO3aNYHOCTH. O6’b$ICHCHI/IeM OTOMY SBJIACTCA CyHlCCTBCHHBIﬁ BKJIaJ TOIINIMBHBIX 4aCTUII, BbITIAJCHUS
KOTOPBIX HOCHIIU AMCKPETHBIN BEPOSTHOCTHBIN XapakTep, B OTIIMUKE OT OoJjiee paBHOMEPHOTO BBINAACHHS KOH-
JIEHCAIIMOHHON KOMITOHEHTHI 3arpssHenus [18]. Pasmuuuns B cpenuux nokasarensx 113 *’Cs mexay uccienosa-
TCIIbCKUMU MMOJIMTOHAMU HE MPOABJIAIOTCA.

Conepxanue *’Cs B BOIopacTBOpUMOii (popMe B T104BE TIPOOHBIX MLIONIAI0K He npesbimaet 0,55 % ot Bajo-
Boro 3amaca. B monooomenHo#t gopme naxomures 1,9-15,5 % BanoBoro 3anaca panguoHykiuga. M3snekaembie
terpadenunooparom Cs u K 00b14HO 0003HAUAIOT KaK JIAOMIbHBIE (JOPMBI M pACCMATPUBAIOT UX B Ka4ECTBE I10-
Kazaress 3araca, JIOCTYITHOTO JIJIsl aKTUBHOTO KOPHEBOTO MOMIONIEHHUS Ha MPOTSHKEHUN BETeTaIlMOHHOTO MIeproia
[19-21]. Cnycrs 35 ner nmociie aBapuu Ha YepHoObUThcKOM ADC B ONMKHEH 30HE 3arpsi3HCHUS COJICPIKAHUC
JaHHoU (OpMBI PaMOHYKIIN/IA B TIOYBE COCTABIISIET OT 6,7 10 83,8 % OT BasoBOro 3amaca co CpeIHUM 3HaYeHUEM
41,6 % 1 MeKKBapTHIBLHBIM pazMaxom 32,8-48.4 %.

Paznuuusi B COIEP)KAHUU BOIOPACTBOPUMO# 1 HOHOOOMEHHOH (opm *'Cs Mexk Ty SKCIIEPUMEHTAILHBIMU T10-
JIUTOHAMU HE BBIPAXKECHBI Ha (POHE CHITbHOM BapuaOeIbHOCTH 3TUX Mokazarenei (puc. 1). Coxepxkanue 1adUIbHON
dopmbt *'Cs B 1104Be 9KCTIIEpUMEHTATBHOTO TI0MroHa JITI-1 (Haubosee GJIU3KO PacoNOKEHHOTO K 4 SHEProdIIo-
Ky UepHoObuibeckoit ADC) nmeeT CylecTBEeHHO Ooliee BHICOKMI pa3Max M MEJIMAaHHOE 3HaUCHHE M0 CPaBHEHUIO
¢ JIIT-2 u JIII-3.

Haxonnenue *’Cs pacmenusamu na IKcnepumenmanbHbixX noauzoHax. YieibHas akTuBHOCTh °'Cs B Hajl-
3eMHBIX OpraHax MCCIeAyeMbIX BUIOB TPaBSIHUCTBIX PACTCHUI Ha MPOOHBIX IUIOMAAKax cocTapisuia ot 130 1o
2294 Br/kr (puc. 2). CpeqHue 3Ha4eHUsI JAaHHOTO ToKa3arens coctasistor 997,1, 735,3, 691,6 u 469,8 ninst oco-
KU TPSICYHKOBUJHOM, MSATIIMKA JIYTOBOTO, IIBIPES IIOJI3Y4YEr0 U BEMHHUKA Ha36MHOIO COOTBETCTBEHHO. Pe3ynbrarsl
aHajM3a ¢ UCIoNb30oBanueM Kputepusi Kpackena — Yoiumca CBUIETENLCTBYIOT, YTO B HakoruieHuu °’Cs Bujia-
MH PAaCTeHMH OTCYTCTBYIOT 3HAUMMbIE PA3IUuMsl MEXJy dKcnepuMmeHTanbHbIMU nonuronamu (H = 0,43-5,98;
p =0,050-0,513).
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Fig. 1. Speciation of '*’Cs by bio-available forms in soils of experimental polygons
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Puc. 2. VnenbHast akTUBHOCTH *7Cs B HaJ3eMHBIX YaCTAX TPABAHUCTBIX PACTEHHH HA IKCIIEPUMEHTAITBHBIX TIOJUTOHAX:
1 — ocoka TpsiCyHKOBHJHAS; 2 — MUK JIyTOBOM; 3 — IbIpel Moa3y4uil; 4 — BeHHUK Ha3eMHBbII

Fig. 2. Activity concentration of '*’Cs in aboveground parts of the herbaceous plants on the experimental polygons:
1 — C. Brizoides; 2 — P. pratensis; 3 — E. repens, 4 — C. epigejos

AHanu3 ¢ UCIoNb30BaHHEM Kod(duIeHTa paHroBoil koppemsinuu CrnupMena (Talil.) mokasal, 4TO HaKo-
mienne *’Cs B Ha/[3eMHBIX OPraHax OCOKH TPSICYHKOBHIHOM UMEET TIOJIOKHUTEIBHYIO CBSI3b BBICOKOM U CpejiHeit
CHJIBI C KOHIICHTPALMEH B M0YBE OOMEHHBIX KaJIbIHs, MAarHUsl U aMMOHHUS, TOABIKHOTO docdopa, a TakxkKe C co-
JIEpKaHUEM TyMyca U eMKOCTBIO MOIVIOIIEHUS. YBEIMUEHHE JOIN [NIMHUCTBIX YaCTHI] B MEXaHUYECKOM COCTaBE
HOYBBI COMPOBOXK/IAETCS CHIDKEHUEM HakoruieHus *’Cs B HaJ[3eMHBIX 4ACTSX OCOKHU TPSICYHKOBU/IHOM.

Kos¢puunentsi panrosoii koppeasiuu CiupMena yieabHoi aktusHocTH ¥7Cs B HaI3eMHBIX YaCTX BH/I0B
TPABSIHUCTBIX PACTEHHIi ¢ MOKA3aTeJIsIMH 3arpsI3HeHNsl, CBOHCTBAMM NMOYBBI H HEKOTOPBIMH JAPYTUMH (JaKTOpaMH

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

Ocoxa IIeipeit 3 Bei/'IHPIKu MSITJ'II/IIf
TPACYHKOBUHASL TIOJI3y4YUUN Ha3eMHbIN JIYTOBOU
I13 ¥7Cs, kBx/m? —0,090 0,021 0,056 0,190
A, ¥’Cs noussl, Bx/kr 0,168 0,098 0,062 —0,048
Paccrosuaue no HAC, km —0,450 —0,456* —0,247 0,619
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OkoHYyaHue Tabmi.

Ending table
Ocoxka [Ie1peit Beiinuk MsTnuk
TPsICYHKOBM THAsI O3y YUH Ha3eMHBbIH JIyTOBOM
PacrBopumbiii ¥'Cs, Br/kr —-0,106 -0,219 0,124 0,524
HonoobmenHsi *’Cs, BK/KT 0,071 —-0,012 0,206 0,524
JTabunenseiii ¥’Cs, Br/kr 0,387 0,215 0,112 0,071
pH coneBoii BBITSKKHI 0,201 0,206 0,209 0,071
Ca o6menHbI#, MMOJIL/100r 0,661** 0,272 0,074 —0,429
Mg obmeHHBIH, MMOJIB/100r 0,669** —0,055 -0,316 —0,916**
P,O5 moaBHXHBIN, MI/KD 0,657** 0,267 0,056 0,167
K,O noaBu»XHBIN, MI/KD —0,018 —0,213 —0,610* —0,922%*
NH," 00OMeHHBIN, MI/KT 0,620%* 0,043 —0,547* —0,667
T'ymye, % 0,636%* 0,048 —0,350 —0,683
Emxocts nornomennst, mr/100 ¢ 0,707** 0,142 -0,150 0,024
CrteneHb HACBIIIIEHHOCTH OCHOBAaHUSIMH, %o 0,352 0,178 0,001 0,071
JloJ1st IIMHUCTBIX YaCTHI —0,568* —0,365 —0,395 —0,247
OObeMHast 10JIS BOJbI -0,084 —0,585%* —0,709** —0,905%*
Conepxanue K B pacrenun, % —0,094 —0,077 —0,350 0,098
Coneprkanue BOJbI B pacTeHuu, %o 0,209 0,207 0,182 0,119

[Mpumedanus. * — paznnuust MEXITy BapHaHTAMHU JIOCTOBEPHBI Ha ypoHe 3Hadnmocty 0,05, ** — pasnudns Mexmay BapHaHTaMH J0CTO-
BepHBI Ha ypoBHe 3HaunMocTh 0,01.

[Tpu 0ObsicHeHNH HAOMIOAEMbBIX KOPPEISIMI HAJ0 MPUHATH BO BHUMaHUE, YTO aMMOHUI BhiTecHseT Cs u3
y4acTKOB copOImu BbICOKOU crenuduunoctu [22], Ca* u Mg?" BBHITECHAIOT JaHHBINA 3JIEMEHT U3 MOYBEHHO-
IO TOMIOIIAOIIEr0 KoMIuiekca [6]. Opranndyeckoe BEIECTBO MOUBbI 3aTpyausetr Gpukcanuo *’Cs B mouse [16].
VMeHbIICHHE JIOJIM TIMHUCTBIX YacTUIl B MEXaHHYECKOM COCTABE IMOYBBI CHIDKAET €MKOCTh CIEIH(HUYSCKON
u Hecrierupuueckoit copoOiru Cs. COBOKYITHOCTD BBISIBJICHHBIX B3aHMOCBSI3€H JaeT OCHOBAHUE MPEIIIOIOKHUTb,
4TO OCHOBHOE BIIMsIHKE Ha HAKOTUIEHHE ' CS 0COKO# TPSICYHKOBUIHOM OKa3biBaeT comepxkanue *’Cs’ B mouBeHHOM
pacTBope.

B OTHOILIEHHH BCEX 3JIAKOBBIX PACTEHUH XapakTEpHO MajIeHUE YIelIbHON akTUBHOCTH ’Cs B HAJ3EMHBIX
YacTsAX C POCTOM COJICpP)KaHHUS BOJIBI B MOYBE (Ha MOMEHT 0TOOpa 00pa3ioB). B oTHOLIEHHN MSTIHKA JyTOBOTO
BBISIBIICHBI OTPUIIATEIIbHBIC KOPPEJISALHOHHBIC CBS3U OUYCHBb BHICOKOW CHJIBI MEXKy HAKOIICHHEM paJHOHYKIIHIA
U COIIeprKaHUEM IOJIBU)KHOTO KaJlnsl M MarHus B mo4se. J{yis BeifHMKa Ha3eMHOTO YCTAHOBJICHA OTpPHLIATEIIbHAS
KOPPEJISILMOHHAS CBSA3b CPEIHEH CUIIbI MEXK/Iy HAKOIUICHUEM PAJIMOHYKIIN/IA U TTOABMKHBIM KaJIHEM.

PesysbTaThl HACTOSIIIMX HAOTFOICHUH HE ITO3BOJIMIN OOHAPYKUTH CYIIECTBEHHYIO CBS3b YICIbHON aKTHBHOCTH
¥7Cs B HAJ3eMHBIX YaCTIX MCCIIEIOBAHHBIX BUIOB PACTEHMUI C BAJOBBIMU MOKA3ATENSAMHU 3arPSA3HEHUS TTOYBbI
JIAHHBIM PaIHOHYKIIHIOM U C COJICPIKAaHUEM €r0 OMOOCTYIHBIX ()OpM. BHITIOTHEHHBIN aHAIN3 CBUICTEIBCTBYET,
4TO JUI OCOKU HEe XapakTepeH K-3aBHCHMBIII MEXaHH3M PEryJsIME KOPHEBOTO MOCTYIUICHUS PaJnOAKTHBHBIX
M30TOIIOB LIE3Hsl, TOT/IA KaK /IS 3JIaKOB TAaHHBIH MEXaHU3M MAaCKUPYETCs BIUSHUEM BIaKHOCTH 104YBbI. COIIaCHO
[23], cHMKeHHUE BIQXKHOCTH MTOYBbI PUBOIHT K neduimty K B pusochepe 3a cuet cHIKeHUs CKopocTH Auddy3un
aJleMeHTa B 1o4Be. [109TOMYy MeXaHu3M ycuieHust Hakorienus 'Cs npu qe(uiuTe BIard B OYBe MOKET ObITh
AHAJIOTHYECH MEXaHU3MY, OTBETCTBEHHOMY 3a YCHUIICHUE HAKOIUICHUS PAANOHYKINAA IPU ISPUIHTE KaTHSL.

Jlnsi OLICHKHM COBMECTHOTO BIIMSIHHS BJIQXXHOCTH MOYBBI (OOBEMHAs NIOJIs) W COACPXKAHHs B HEW Kajus
(momBrxHBIA K,O, MI/KT) MBI Oy CTHIM BO3MOKHOCTD MCIIOJIB30BAHMUS IPOM3BEICHUS 3THX JIBYX TTOKa3aTeneit
B KQUeCTBe mapameTpa JUist Poruo3a Hakorienus °’Cs B HaI3eMHbBIX OPraHax 3JIaKOBBIX pacTeHuil. Pe3ynsrars
MOKa3aJIM, YTO IAaHHBII apaMeTp UMeeT 0oiee TECHYIO SKCIIOHCHIMAIBHYO CBSI3b C HAKOIUICHUEM PaIMOHYKJIIH-
Jia pacteHusMu (puc. 3, 6), 4eM coJiepKaHHue B TIOYBE MOJBMKHOTO Kaus (puc. 3, a). Cpenau Bcex mokasarelieit
sarpsi3HeHus 1104Bbl *'Cs, HAMOOJIBIIErO YIIYUIIEHHs! MOJIENH YAAIOCh JOCTHYb 32 CYET BKIIOUEHHUS B HEE COZIEP-
JKaHUS PaJIMOHYKIIMIA B JIA0OWIbHOU (M3BlIeKaeMOl TeTpadeHmiooparom Hatpus) Gpopme (puc. 3, 8).
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Puc. 3. 3aBUCUMOCTD yIeIbHON akTUBHOCTH *’Cs B HaZI3eMHBIX OPraHaXx 3JaKOBBIX PACTEHUH OT MOABMKHOTO Kajus (a),
TIPOU3BEJICHUSI COICPIKAHMS ITOABIKHOTO KaJMsl 1 00BEMHOM JOIH BOJBI B OUBE (6), OTHOIICHUS! KOHIIEHTPAIMH JIaOMIbHON
dopmser ¥7Cs K IPOU3BEICHUIO COCPKAHUS MOJBHKHOTO KAllMsl 1 OOBEMHOM JIOJTH BOJBI B OYBE (6):

1 — MATAMK JTyroBoii; 2 — meIpeit mon3yuuii; 3 — BeHMHUK Ha3eMHbIH

Fig. 3. Dependence of '*’Cs activity concentration in aboverground parts of cereal plants on mobile potassium (a), product of mobile
potassium and volumetric soil moisture (), and ratio of labil '*’Cs 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. 3aBucuMOCTb cofepikaHUs KaJlusl B HaJI3EMHBIX OpraHax 3J1aKOBBIX PACTCHUM OT colepKaHus
MTOABIYKHOTO KAJIUS M BIIATH B IMOYBE: | — MATIIHK JYTOBOIf; 2 — MBIpel MON3y4Hii; 3 — BEHHUK Ha3eMHBIN

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

MSTIUK TyTOBOW M BEMHUK Ha3eMHBIH UMEIOT €IHMHOOOPA3HYIO CBS3b MEXKIIy HAKOIUICHHEM PaJUOHYKINIA
Y aHAIM3WPYEMBIMHU TapaMeTpaMu. Peakius mbipesi Moa3ydyero HECKOJIBKO JIpyTras, YTO CBS3aHO C ero Oojee
BBICOKOH TOTPEOHOCTHIO B KallMM (CpEHssI KOHIIGHTPAIMs SJIEMEHTa B HaJ3eMHBIX OpraHax JaHHOTO BHIA
pasnsiercst 0,79 %, y BeliHMKa Ha3eMHOTO 1 MsTiHKa 1yroBoro — 0,50 u 0,57 % coOTBETCTBEHHO).

AHanM3 TONMYYEeHHBIX JaHHBIX HE BBISBHJ 3aBUCUMOCThH HakoruieHus K HaJ3eMHBIMH OpraHamMH pacTeHUi
OT BIIAXXHOCTH TIOYBHL. BMecTe ¢ TeM MposBISeTCS TEHICHIMS K YBEIHMUYCHHIO KOHIIGHTPAIMU JTAHHOTO
MaKpOdJIEMEHTa B PaCTCHUSX OT €ro coepkaHus B mouse (puc. 4). [Ipu 3ToM MonoKUTENbHBIE OTKIOHEHUS OT
JMHAY TPeHJa OoJiee XapaKTepHbI IS IDIOMIAI0K ¢ OoJiee HU3KOH BIKHOCTHIO. [laHHBINM pe3ynbTar yKa3biBaeT
Ha cxoxHoe ¢ *’Cs cOBMECTHOE BIIMSIHHME COJIEPKaHMs MOJBMKHOTO Kajus M BOJBI B MOYBE Ha HakomwieHne K
Ha/I3eMHBIMH OpTaHaAMH 3JIaKOBBIX PACTCHUH.

Haxonnenue °'Cs u K nwenuyeii apo6oii npu paziuiHoil 61a3cHOCHU NOUEbL 6 MUKPOBEZCMAUUOHHOM
onbime. {1 TOATBEPKIECHUS POIIM PEKUMA YBJIAKHEHHS [MOYBBI B W3MEHEHWH HakoruieHus °’Cs 371aKOBBIMU
pacTeHusIMH OBLT 3aJ7I0’KeH MUKPOBETeTAIMOHHBIN onbIT. [Ipr ontumansHOM pesknme yBiaxaeHus (70 % ot 11B)
Hakoruienne *’Cs B Ha/[3eMHBIX OpraHax IIIEHUIIbI SPOBOi Ha 26-€ CyTKH IOCIIE MOSBIICHUS BCXOIOB COCTABHJIO
76,2 28,0 br/kr, a Ha 33-u cyTKHM — yBenmumioch 1o 133,1 £ 39,1 br/kr (puc. 5). [Ipu moHmKeHHOM cotepKaHuH
Biar# B rouBe (40 % ot I1B) Hakomnenne pannonykimaa Ha 26-e cytku Bo3pactaet Ha 106 %. K 33-m cyTkam sTa
pa3HULIA HECKOJIBKO CHUKAETCSL U cOCTaBIsieT 66,9 %o.

JlomOMHUTENIPHO B 3KCIEPUMEHT BKJIOYEH BAPHAHT C M3MEHSIOLIEHCS BlIaXHOCTbIO MOYBBL: 40 %
ot IIB 1o 26 cyr. mocine nmosiBIeHHs] BCXOJOB ¢ pe3kuM ysenndeHueM 1o 70 % ot 1IB nocne. Cpennee
comepkanre ’Cs B HaJ3eMHBIX OpraHax pacTeHWil B 3TOM BapHaHTe Kak Ha 26-e¢ CyTKH, Tak W Ha 33-e
MMEEeT MPOMEXYTOUHBIE 3HAUCHUS MEXKIy BapHaHTAMHU C ONTHUMAJBHBIM W MOHWKEHHBIM COJEpKaHUEM
BIIaTU B TTOYBE.

Onenka conepxanns K B IHCTOBOM ammapare TIIEHHIB sSPOBOM TOKasaja, YTO IMOHIKEHHOE COMIepKaHue
BJIard B II0YBE IPUBOAUT K CYLIECTBEHHOMY YBEJIMUYEHMIO HakoIieHus 3toro smementa (¢ 3,09-4,64 % no
6,18-8,09 %). M3BecTHO, YTO Kanuid SBISETCS OAHUM W3 OCHOBHBIX OCMOTIPOTEKTOPOB Yy BBICIIUX PACTEHHM
[24]. IlosTOMy TIIIEeHHITA B OTBET HA HEMOCTATOYHYIO BIArO00ECTIEYeHHOCTh aKTUBUPYET HAKOIIJICHHUE JTAHHOTO
kaTroHa. [I0CKONBKY HCIIONB3yeMbIii B AKCIIEpUMEHTE CyOCTpaT copepikall JOCTaTOYHO BBICOKHE KOHIIEHTpa-
1uH oaBrkHOTO K,O, TO MpONCXouio MHTEHCHBHOE HAKOIIJICHHE 2JIEMEHTa B HaJ[3€MHBIX OpraHax IMIIeHHIIHI.
Nwmes Boicokyto addunaOCTb K Cs”, Beicokoapuuubie nepeHocunku kanust (HAK) Taoke o0yciiouiu u 6oee
BBICOKYIO HHTEHCHBHOCTE HakoruieHnus *’Cs pacteHueM. B ecTeCTBEHHBIX TPaBAHUCTBIX COOOIIECTBAX HA (POHE
neduImTa Kams B MOYBE CHIDKEHHE BIIAroo0ecredeHHOCTH akTuBHpyeT HAK-mepeHocurkn, 94To TOBBIIIAET
MUHTEHCHBHOCTE moriomieHust *’Cs pacTeHHAMH, HO O 3aMETHOM YBEJIMYEHUH HakoruieHus K pacteHusmu yT-
BEPKIaTh HEJIb3sl.
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Puc. 5. Conepxanne *'Cs u K B HaJ3eMHBIX OpraHax MIICHHUIBI SIPOBOI B MHUKPOBETETALIMOHHOM OIBITE C PA3IMIHBIMU YCIOBHIMU
YBIQOKHEHHS: * — pa3Inuusi Mek/ly BapHaHTaMHU IOCTOBEPHBI Ha ypoHe 3HaunMmocTH 0,05, ** — paznuuns Mexy BapuaHTaMU
J0CTOBepHBI HA ypoBHe 3HaunMocTH 0,01; ns — rumoresa o HAIMYIUU PA3THINI MEXKTy BApHAHTAMH HE TOATBEPIKACHA

Fig. 5. Accumulation of '*’Cs 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

3aKIoueHue

BrimoHeHHBIE Ha OTIATIEHHOM dTarle PaJioaKTHBHBIX BBITIAICHIH HAOTIOCHNS B TPABSIHUCTHIX SKOCHCTEMAX,
pacToiIoKEeHHBIX B Tipenenax 13—16 kM ot 4 sHeprodmoka YepHoObuthckoit ADC, HE TIO3BOJWIN BBISBUTH
HEMOCPEICTBEHHYIO CBSI3b MEXK/Ty ITOKA3aTe MU BAJIOBOTO 3arpsA3HEHus MouBbl *'Cs, a TAKKe €ro CoIepKaHueM
B pacTBOPMUMOMN, HOHOOOMEHHOH ¥ TaOMITbHON (popMax ¢ HAKOIICHHEM PaJHOHYKINIa HA/J36MHBIMH HacTSIMHU
pacTeHwmii Ha (OHE MTUPOKON BapHaOSIIEHOCTH TaHHBIX TTOKa3aTemei.

Cpenn xomruiekca snaduueckux (DakTopoB HambOIEe TECHYIO CBS3b C YAEIBHOM akTUBHOCTBIO ’Cs
B HaJ[36MHBIX YaCTSX 3TaKOBBIX PACTEHUI NMEET BIaKHOCTH ITOYBHI, & TAK)KE MMPOU3BEIEHIE 0OHEMHOM IO BOBI
B TIOYBE ¥ cofiepkaHne B Hel monBmkHOT0 K,O. OOpaTHBIN SKCIIOHCHITHATBHBIN XapaKTep CBI3U dTHX ITapaMeTPOB
¢ naxorienneM *’Cs onocpenosan K-3aBucHMbIME MexaHu3MaMu TorionieHns Cs pacTeHUsAMA U CHIKEHHEM
addexruBHON mudPy3nn K u3 mouBeHHOro pacTBopa K TMOBEPXHOCTH KOPHS TIPH YMEHBIICHWH BIAKHOCTH
noussl. Coneprxanne *’Cs B 1a0unbHOi (popMe SBISETCS MOKA3aTeIeM 3arPI3HEHHNs, HanOOJIEe TECHO CBA3aHHBIM
C HaKOIUIEHHEM PaIMOHYKITH/Ia paCTEHHEM ITPH yUeTe BIaKHOCTH TIOYBbI U COACPKaHMS B HEM JOCTYITHOTO Kalusl.

J171st OCOKH TPSICYHKOBHIHOH K -3aBHCHMBIit MEXaHHU3M PETYIISIIE KOPHEBOTO ToronieHus Cs He TIOATBEPKICH.
Haxkorutenue *’Cs B Haji3eMHBIX YacTsAX JAHHOTO BH/A BO3PACTAET TPU BO3IEHCTBUM d1apuuecKuX (paKTopos,
00yCIIOBIMBAIOIINX BHITECHEHNE PAMOHYKIH/IAa B TIOYBEHHBI PACTBOP M3 PA3IUYHBIX YYaCTKOB €r0 COpOIHH
B TBEPIOi (ha3e MOUBHL.

DKCIEPUMEHT B KOHTPOJIMPYEMBIX YCIOBHMAX TOATBEPAMI CYNIECTBEHHOE yBelauueHue HaxorwieHus *'Cs
37IaKOBBIMH PAaCTCHUSMH TIPH CHIDKEHUH BIIAr000eCIieueHHOCTH, 00YCIOBIEHHOE aKTHUBAIe! mepeHocunkoB K
¢ BBICOKOH ah(PMHHOCTRIO KaK K 3TOMY 3JIEMEHTY, Tak 1 k Cs.
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NMMMYHOITATOTI'EHE3 1 CEPOAOI'MYECKUE MAPKEPBI
ITP BOCITAAUTEABHBIX 3ABOAEBAHUAX KUIIIEYHUKA

Y)KAHb BEHIJAHB", /1. b. HUJKETOPO/JOBA", M. M. 3BA®PAHCKAA"

YMeoicoynapoombiii 20cydapcmeerplil SKON0SUUECKULL UHCTUNTYM
um. A. JI. Caxapoea, benopycckuii cocyoapcmeennbiil yHugepcument,
yn. Joneobpoockas, 23/1, 220070, e. Munck, Benapyce

Bocnamurensapie 3a0omeBanns kumeunnka (B3K), k kotopsim oTHOCsTCS 601e3Hs Kpona (BK) u si3Bennsiit komut (1K),
MPECTaBISIIOT 3HAYUTEBHBIC UATHOCTHUECKUE U TepareBThdeckue ciaomkHoctu. [larorenes B3K Britouaer B cedst Halu-
YyHe TaKHX MaTOTeHHbIX (PaKTOPOB, KaK aHOMalbHash MUKPO(IIOpa KUIIEYHNKA, HAPYILIEHUE PEryJsIi KIMMYHHOTO OTBETa,
M3MCHCHHST OKPYIKAIOIICH CPe/ibl U BApHAOCIbHOCTh OMPEACICHHBIX TeHOB. HecMOTpst Ha yCHIIHs HCCIIeNOBaTEeNCH B BBISB-
JICHUU HOBBIX 3THOJIOTHYCCKUX (PAKTOPOB, KOTOPBIC CBS3aHBI C (DAKTOpaMK OKPYIKAIOIICH CPEIIbl, TCHCTUYCCKUMH, MUKPO-
OHMONIOTHYECKUMH ¥ IMMYHHBIMH PEaKIMsIMU, TTOJTHOE TToHMaHue atoreHe3a B3K ocraercs HescHbIM. [{UTOKMHBI HTparoT
penraroliyio pois B narorenese B3K, mockoibKy OHU KOHTPOJIUPYIOT MHOXKECTBO aClIeKTOB BOCTIATUTENILHON peakiuu. Poib
[UTOKUHOB, BBIPAOATHIBAEMBIX KJIETKAMH BPOXKICHHOTO M &/IalITHBHOIO UMMYHHTETA, a TAKKE UX 3HAUYCHHe ISl Oymyiiei
tepaniu B3K oueHp BakHbI. biiaromapsi BCeCTOpOHHEMY aHAIN3Y JIMTEPATYpPhl MOMYEPKUBAIOTCSI BAXKHOCTH aHTUTEI IPOTHUB
Saccharomyces cerevisiae (ASCA) u nepuHyKIJIcapHbIC aHTUHEUTPO(UIbHBIC NUTOIUIa3Marnueckue antutenaa (pANCA) mis
pazmuuenust BK u SIK, nporHosupoBaHusi TeucHus 3a00JCBaHKs U TPUHATHS PELICHUM 0 JiedueHur. HecMoTpst Ha tocTur-
HYTBII IIporpecc, NOTPeOHOCTh B MapKepaxX C MOBBIMICHHON CHENU(UIHOCTHIO U YYBCTBUTEIBHOCTHIO OUeBHIHA. B cTaThe
paccMarpuBaeTcss KIMMYHOIATOT€HE3 U POJib CEPOIOTHYeCKUX MapkepoB B Jieuennu B3K, 00cyxaaioTces TeKyipe mpooaeMbl
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1 HaMEJaroTCs HampasieHns Oymymux nuccienoannii. O030p 3aBepiuacTcs akKLEHTOM Ha PO MUKPOOHOTBI M IIMTOKHHOB
B narorenese B3K, morennumane HOBBIX GMOMapKepoB, MEPCOHATM3UPOBAHHON MEIUITMHE U HHTETPALIIH TTEPEAOBBIX TEXHOIO-
T 17151 yCOBEPIICHCTBOBAHUS MeToI0B JieueHus: B3K.

Knrouesvie cnosa: BocnanurensHbie 3a0oneBanns kumrednnka (B3K), 6oresns Kpona (bK); si3Bernstit komut (K); M-
MYHOIIATOTeHEe3; MUKPOOHOTA; IIMTOKKUHBI, aHTHTENa TIPOTUB Saccharomyces cerevisiae; NEpUHYKICAPHBIC aHTHHEUTPODHIIb-
HbIE [IUTOIJIA3MATUYECKHE aHTUTENa; OMOMaPKEPBIL.

IMMUNOPATHOGENESIS AND SEROLOGICAL MARKERS
ININFLAMMATORY BOWEL DISEASES

ZHANG WENCAN*, D. B. NIZHEHARODAVA*, M. M. ZAFRANSKAYA*

AInternational Sakharov Environmental Institute, Belarusian State University,
23/1 Datithabrodskaja Street, Minsk 220070, Belarus
Corresponding author: M. M. Zafranskaya (zafranskaya@gmail.com)

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. The role of cytokines produced by innate and adaptive immune cells, as well as their relevance to the future therapy of
IBDs are very important. Through a comprehensive analysis of the literature, we highlight the 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 is no ideal biomarker that possesses
all of the above qualities to accurately diagnose IBDs, 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 of the 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 of the 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. 1BDs 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
ASCA More aggressive 'ﬁbro'stenosmg aqd CD specificity
internal penetrating disease behaviors
Serum PANCA UC disease activity UC specificity
G-CSF, IL-1Ra Endoscopically active disease -
Vitamin D Vitamin -
Higher sensitivity than
Feces FC Monitor disease activity and mucosal CRP;
healing; early prediction of relapse risk confounding of
non-IBD 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 1 receptor antagonist; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

Pathogenesis of IBDs. 1BDs 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
CARDI1S5 and IBD1) as a CD susceptibility gene. Since then, several more susceptibility genes have been linked
to inflammatory bowel disease and confirmed by replication: IBDS5, 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
(GWASSs) 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 of tumor necrosis factor (TNF), which leads to inflammation [16]. Bacteroides fragilis is
an opportunistic pathogen with proinflammatory properties and is closely related to the development of IBDs. It
can express zinc-dependent metalloproteinase called Bacillus fragilis toxin (BFT) [17].

BFT can affect WNT, NF-xB, 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 of mucosal permeability [ 19]. BFT can also induce the production of reactive oxygen
species (ROS) and DNA damage by inducing the expression of spermine oxidase in colon cells. Ruminococcus
gnavus 1s also associated with IBD. A. B. Hall, et al. found that in patients with severe CD, the content of R. 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]. Faecalibacterium prausnitzii is one of the most important butyric 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 and cytokines/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"CD163" 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, Bacteroides fragilis; E. faecium, Enterococcus faecium; 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, I1L-22 is produced by neutrophils, DCs, yd T cells and effector aff
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 of recombinant IL-22 protected mice from DSS-induced or trinitrobenzene sulphonic acid (TNBS)-
induced colitis [28]. However, the pro-inflammatory effects of 1L-22 were recently noted in innate immune-
mediated colitis, which suggests that [L-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. Ty1 cells are present in the intestinal lamina propria of patients
with CD, and T-bet and STAT4 are key factors regulating Ty 1 cell 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 Ty2 cytokines IL-5
and IL-13 and express the Ty2-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 Ty2 cell-associated cytokines such as IL-13. IL-13 promotes
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fibrosis and causes changes in IEC tight junction function and apoptosis, leading to mucosal ulceration. There are
studies have shown that there is increased production of Ty 17 cell-associated cytokines, such as IL-17A and IL-17F,
by lamina propria T cells in both CD and UC [30]. Functionally, Ty17-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 Ty 17-type cytokines may induce tissue destruction in IBD. Consistent with this, the increased expression of the
Ty17 cell-associated cytokine IL-26 has been noted in patients with Crohn’s disease and this cytokine augmented
pro-inflammatory cytokine production. Ty17 cells may also produce anti-inflammatory cytokines, such as IL-22,
that control epithelial cell proliferation, wound healing and the production of antimicrobial proteins — such as
defensins, mucins, and REG3[ 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).
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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 of Antibodies 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-IBDs 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 (pANCA) 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
PANCA iFBE subclassification (UC-specificity), lower response rate to
therapy
ASCA IBD subcla.ssiﬁcatior} (CD—speciﬁcity), ea.rly di'sease onset,
fibrostenosing behavior, internal-penetrating disease behavior
L Anti-GP2 IBD subclassification (CD patients with ileum involvement)
Antibodies Anti-CUZDI CD patients with structuring behavior
Anti-CHI3L1 IBD subclassification (CD patients)
Anti-GM-CSF 1BD subclassification (CD patients), aggressive disease, ileal
involvement
Anti-ACA Diagnostic potential
CRP Surv.eil.lance.of disease activity, indicator of active disease,
predicting clinical response
Surveillance of disease activity, stricture disease in CD
LL-37 .
patients
TFF3 Surveillance of disease activity
Cytokines IL-1B, IL-6, IL-8, IL-9, IFN-y, TNF, Prediction of the response to biologics therapy and mucosal
CCL2, 1L-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-CHI3L 1, 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) 1B, 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!’"; 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-CBir1) [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 of the 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 of the 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].

Other functions 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 ug/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 of these 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 of biomarkers 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 of treatment 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 % of the 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-I12 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 of the 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. Of note, 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.
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BBIPQKCHNUS [ICHHOCTH TPHPOIHBIX PECYPCOB PA3HBIX cdep (FIKOHOMHIECKON U IKOJIOTUIECKOH ), AMHAMUKH KU3HEHHO BaXK-
HBIX 1 HE3aMEHUMBIX DKOCUCTEMHBIX YCIYT U B IIEJIOM 3KOJIOTHUECKOTO KanuTaia. OTaensHO U3y4eHOo MoCTpoeHue 0000ITIeH-
HBIX CUETOB 9KOCHCTEMHBIX YCIYT HA OCHOBE MPUHIIMIIOB CUCTEMBI MPUPOAHO-d3KoHOMUYeckoro yuera (CIIDVY) [1]. ABTropamu
npeyiaraercss MeToj] (pU3NYEecKoro ¥ CTOMMOCTHOTO y4eTa JecoB. B kadecTBe OCHOBHOTO HOCHUTEIISI SKOCHCTEMHBIX YCIIyT
JICCOB BBICTYIIACT JIPEBECHEIN 3allac M €ro TUHAMHUKa BO BPEMCHH, 2 B OCHOBE CTOMMOCTHOTO M3MEPCHUS JICKUT IKOJIOTHYe-
cKkast peHTa. J[aHHBI METOIMYECKHI TIOIX0/I OCHOBAaH Ha TCOPHH BOCIIPOM3BOIICTBEHHOHN PEHTHI I IMEET CBOE MPAKTHICCKOE
Bormtomenne B TKIT 17.02-10-2013(02120) «ITopsimok mpoBEIEHMUS OIIEHKH SKOCHCTEMHBIX YCIYT U ONPENeNICHNs IIEHHOCTH
OHOJIOTMYECKOTO Pa3HOO0Pa3Hs», pa3pabOTaHHOM IO HAyYHBIM PYKOBOACTBOM mpodeccopa A. B. Heepoga.

Knwouegvle cnosa: >x0cUCTEMHBIE YCIyTH; JI€Ca; IPUPOIHO-DKOHOMUUYECKUH yUET; SKOJOIMYECKUI KaluTal; JIECHbIE pe-
CYPCBI; SKOJIOTHUECKUIT aKTHB.
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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 of the forest sector in global GDP exceeds 1.52 trillion. US dollars, and taking into account the 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 capitaly. 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 of the article support the idea of the 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 of the value of the 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 of Natural 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 of the Council of Ministers of the 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 of natural 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 of the value of the 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 of the environmental factor, the efficiency of resource use
is noticeably higher than when increasing the environmental intensity of the 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. In turn, 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
of the Millennium Ecosystem Assessment, developed under the auspices of the 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 of benefits 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 of environmental management, leading to the reduction and degradation of environmental
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.).

. Benefits and welfares

Ecosystem Services Nature products: wood,
Ecosystem assets Resource flows that o berries, mushrooms,
Ecosystem resources: Flows regulate natural UEL drinking water, etc.
fqres_t, wa_ter, chmatl_c, processes, information Benefits outside the

biodiversity, land soil, and cultural and health Values SNA regulatory
bogs values, ets. and cultural and health
services.

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 of an 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.

In the system of ecosystem accounting, natural capital, expressed by its nominal value, is characterized by a dual
feature: on the one hand, being a purely economic category of economic 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 of three 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 of applying the results of ecosystem services in foreign, including neighboring countries, in the Republic of
Belarus all these issues are at the initial stage of their implementation. All the necessary prerequisites for intensifying
work in this area exist. First of all, this concerns the presence in the structure of the republic’s land fund of natural
complexes and ecosystems, which occupy 11.84 thousand hectares or 57 % of the 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 first time, 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
of ecosystem services and biological diversity». Depending on the purposes of the valuation of ecosystem services
and the scope of application of its results, two types were used: integral valuation and the cost value of biodiversity
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
— - - . Value factor
providing regulating cultural supportive points
Environmental + ++++ ++++ ++++ 13 1,3
Recreational and health +++ ++ ++++ ++ 12 1,2
Protective ++ +++ +++ +++ 11 1,1
Operational +4+++ ++ ++ ++ 10 1,0

Note. Not high (+); moderately high (++); high (+++); very high (++++).

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

To perform a cost measurement of forest ecosystem services, the concept of total 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.

83



ZKypnaa Bes1opycckoro rocyiapcTBeHHOr0 yHUBepcuTera. JkoJorus. 2024;2:79-85
Journal of the Belarusian State University. Ecology. 2024;2:79-85

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 of this approach is the combined use of both analytical methods
for calculating cost indicators and methods based on sociological research, which reduces the accuracy of estimates.
In addition, the obvious shortcomings of the 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 of the 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
m?, 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 m* (3.5 %), environmental forests — 285.0 million m* (15.7 %). The
recently published work [22] provides information on the results of the 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 of ecosystem services. Their average annual cost was 25.5 rubles/ha. At the 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 of the 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 of not 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 of ecosystem accounting in national and international accounting
include the justification and definition of criteria and indicators of ecosystem services of forests of the Republic of
Belarus, their territorial manifestation and mapping at different levels of organization of the natural environment.

References

1. System of environmental — economic accounting 2012. Central framework. New York: United Nations; 2014. 378 p.

2. The Sustainable Development Goals [Internet, cited 2024 March 01]. Available from: https://www.un.org/sustainabledevelopment/
ru/sustainable-development-goals/.

3. State of the World’s Forests 2022. Forestry development strategies as a tool for ecologically balanced restoration and creation of
inclusiveness. a resilient and sustainable economy. Rome: FAO; 2022. 167 p. (Russian).

4. Poleshchuk EA. System of ecosystem indicators. characterizing forest resources of the Republic of Belarus. Bukhalterskiy uchet
and Analis. 2020;10:26-32 (Russian).

5. Mengist W, Soromessa T. Assessment of forest ecosystem services research trend and methodological approaches at global level:
a meta-analysis. Environmental System Research. 2018;8:1-18.

6. Chen HI, Lewison RI, An I, et al. Accessioning the effects of payments for ecosystem services programs on forests and species
biodiversity. Biodiverse Conservation. 2020;29:2123-2140.

7. TKP 02/17/10/2012 (02120) Environmental protection and natural resource management. Rules for protection and use of natural
resources. Procedure for calculating the cost of ecosystem methods I biodiversity. Approved I put into effect on 2013 March 15. Minsk:
Ministry of Natural Resources; 2013. 18 p. (Russian).

8. On conducting an economic assessment of ecosystem methods. Resolution of the Council of Ministers of the Republic of Belarus
dated 2024 February 27. No. 223 (in Russian).

9. Veklikh AV. Environmental rent: essence. varieties. forms. Voprosy economiki. 2006;11:104—110 (Russian)

10. Neverov AV, Masilevich NA, Ravino AV. Reproduction of environmental capital: concept and cost tools for implementation.
Proceedings of BSTU. Series 5. Economics and Management. 2020;1:48-56 (Russian)

11. Darbadaeva DA, Romanova TG, Yakovleva VB. Natural capital in the sustainable development of the ecological and economic
system. Saint Petersburg: Publishing house of the Saint Petersburg State University of Economics and Finance; 2012. 134 p. (Russian).

12. Ecosystem assessment at the turn of the millennium. Ecosystems and human decency: opportunities for business and industry.
Washington: World Resources Institute; 2005. 36 p. (Russian).

13. Neverov AV, Ravino AV, Lukashuk NA, et al. Environmental economics. Minsk: Publishing house «Kolograd»; 2016. 400 p.
(Russian).

14. Dumnov AD, Fomenko GA, Fomenko MA. The main problems of reflecting forest resources in the system of natural resource
and economic accounting. Voprosy Statistiki. 2014;11:3-23 (Russian).

15. System of Environmental-Economic accounting for Agriculture, Forestry and Fisheries: SEEA AFF. White Cover Version. [Place
unknown]: FAO, UNSD; 2016. 154 p.

16. Bobylev SN, Zakharov VM. Ecosystem services and economics. Institute for Sustainable Development. Center for Environmental
Policy of Russia. Moscow: LLC Printing House Levko; 2020. 72 p. (Russian).

17. Millennium Ecosystem Assessment (MEA): Ecosystem and Human Well-being. Synthesis, Washington, USA: Island Press;
2005. 137 p.

18. The Economic of Ecosystems and Biodiversity. Ecological and Economic Foundation. Abington: Rutledge; 2010. 410 p.

19. Common International of Ecosystem services (CICES. V. 5.1. Guidance on the application of the revised structure. Fibs consulting,
Nottingem: [publisher unknown]; 2009. 19 p.

20. Register of land resources of the Republic of Belarus on 01/01/2024. [Internet, cited 2024 March 03]. Available from: www.gki.
gov.by (Russian).

21. Forest Code of the Republic of Belarus. Adopted by the House of Representatives on 2015 December 3. [Internet, cited 2024
March 06]. Available from: www.pravo.by (Russian).

22. Neverov AV, Bahedh HA. Ecosystem methods of forests in Belarus: physical and cost measurement. Belarusian Economic
Journal. 2022;2:107—121 (Russian).

23. Aguilar FA, Kelly M, Danley B. Total economic value, ecosystem services and the role of public policy instruments in the
creation and destruction of forest value. In: Service in the family forests, springer. Berlin: World forest book series; 2019. p. 103—118.

24. Neverov AA, Yatsukhno VM. Accounting for the value of ecosystem systems to ensure sustainable environmental management.
In: Nature management and environmental risks. Minsk: BSTU; 2019. p. 28-93 (Russian).

25. Poleshchuk EA. Methodological provisions for constructing accounts of natural-economic accounting of forest resources in the
Republic of Belarus. Voprosy Statistiki. 2021;28(1):69-79 (Russian).

26. Berghofer A, Scharder A. Indicators for managing ecosystem services — options and examples. Guidance for seeking information
that support the intergration of ecosystem services into policy and public management. Leipzig: GmbH, UFZ, Germany; 2015. 50 p.

Cmamws nocmynuna 6 peoxonnezuio 15.04.2024.
Received by editorial board 15.04.2024.

85



Kypnaa Bes1opycckoro rocyiapcTBeHHOI0 yHUBepcuTeTa. Jkojorus. 2024;2:86-91
Journal of the Belarusian State University. Ecology. 2024;2:86-91

VIIK 504.3.054

CYIIECTBYIOIIME BAPBLEPLI ITPU ITIPUMEHEHUN CUCTEM
AKTUBHOMU AEI'A3AIIMN IIOANTOHOB TBEPABIX KOMMYHAABHbBIX
OTXOAOB AAA1 PEHIEHUSA S9KOAOI'MYECKUX U KAUMATUYECKHUX
ITPOBAEM B PECITYBAUKE BEAAPYCH

E. H. BEPTOLI, K. B. TOHYAP", /1. B. MEJIEX", H. I1. HAPKEBUY", IO. B. ®YPCA"

YBen HUL] «dxonozusny,
ya. Axyoosa, 76, 220095, e. Munck, berapyco

CoBpeMeHHbIEe TOpo/ia SIBIISIFOTCST KPYIHBIM MCTOYHMKOM OOpa3oBaHus TBEPAbIX KoMMyHanbHbIX 0TX0/10B (TKO), 06beM
KOTOPBIX M3 T0/1a B TOJ] PACTET M3-32 YBEIMYHMBAIOLINXCS TEMIIOB SKOHOMHYECKOTO pa3BUTHA U ypOanu3auuu. Haubonee pac-
npocTpaneHHBIM MeTonioM yaanenus TKO Bo Bcem mupe, B ToM uucie B PecryOnike benapyces, siBsieTcs X 3aXOpOHEHHE Ha
nonuroHax. B Hactosiee Bpems B benapycn mis pasmemnienns TKO netictyet 151 monmuroH (MHHU-TIONHATOHBI OTCYTCTBYIOT),
7€ 3ax0opaHuBaeTcst okoso 65 % obpasyromuxcs TKO B crpane [1], oka3bIBaOIX HEraTHBHOE BO3AEHCTBHE Ha OKpYyKa-
IOIIYI0 CPely U M3MEHEHHe KIMMara. B paMkax peansaliiyl MexIyHapOAHBIX 00s3aTeNCTB MO BBINOIHEHHIO TTOIOXKEHHUH
[Maprkckoro cornamienus k Pamounoii kouseriin OOH 06 m3Menennu kirMara Coset Munrctpos Pecryonuku benmapychb
npHHsUT octanosieHne ot 29 ceHtsiopst 2021 . Ne 553 «O0 ycTaHOBIEHHH OIpe/IesIsieMOro Ha HallMOHAILHOM YPOBHE BKIIa/1a
Pecrryomiku benapych B cokpainieHre BEIOpOCOB MapHUKOBBIX Ta3oB 110 2030 rosa», B COOTBETCTBUH C KOTOPBIM CTpaHa Oeper
Ha ce0st 003aTeNbCTBO M0 COKpAIEHHIO BBIOpocoB mapHUKOBBIX ra3oB (I1I7) no 2030 . Ha 35 % k ypoBaio 1990 1. ¢ yuerom
MOMJIOIIEHHS B CEKTOpE «3EMJICTIONb30BaHNE, I3MCHEHUE 3eMJICTIONBb30BAaHUs 1 JIECHOE X03stiicTBO». Pecrybimka bemapych
BBITIOJIHSIET CBOM 00s13aTesbeTBa Mo [laprkckoMy COralieHnIo U MPUHUMAET MEpBI IS COKPAILEHUs BBIOPOCOB aHTPOIIOTeH-
HbIX [1I. BeIOpoChI MapHUKOBBIX ra3oB B cekTope «OTX0ab» coctaBuiy 6,5 % ot o0mmx BeiOpocoB B 2021 1. 1 BeIpOCIH 32
1990-2021 rr. Ha 32 % (c 4513,5 I'r B sxBuBanente CO, 10 5975,9 I'r) 3a cuet yBenmyeHus BHIOPOCOB METaHa OT IOJIMTOHOB
TBEPAbIX KOMMYHAJbHBIX OTXOIOB. B mccienoBaHMu paccMOTPEH Al SKOJIOTMUECKUX U COLUATbHO-IKOHOMUYECKUX Ipe-
MMYIIECTB MPUMEHEHHsI CUCTEM aKTHBHOH Aeraszaiuu nosuronoB TKO n ucnonb3oBaHWE CBAJIOYHOTO ras3a Juls TPOM3BOA-
CTBa AMEKTpuUecKoi sHepruu. Omnucanbl HandosIee OnacHble BO3ACHCTBHS HA PA3INYHbIE KOMIOHEHTHI TIPHPOJHON CPEABI,
BKJIIOYas IIOJ3EMHBIE 1 IOBEPXHOCTHBIE BOJBL, IOYBBL, aTMOC(HEPHBIIT BO34YX, KOTOPbIE OKA3bIBAIOT TOKCHYECKHE U SITOBUTHIE
BEI[ECTBA, CofiepyKalurecs B KuakoM ¢uibTpare nonuronos TKO, BXonsiiye B COCTaB CBAJIOYHOTO T'a3a, BIEISIEMOTO B pe-
3yJbTaTe aHa’POOHOTO Pa3JIOKEHHs OTXO0I0B. PacunTaHO KOJIMYECTBO MPEIOTBPALLIEHHBIX BHIOPOCOB 3arpsi3HSIONINX BEIECTB
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3a CYeT MX YJIaBIMBaHMSA CHCTEMaMU aKTUBHOM Jerasaliiii Ha oHOM 13 00sekToB Pecryomiku bemapyce. PaccMotpens! Hop-
MaTHBHO-TIPABOBBIE aKThI, MOJICPKUBAIOIINE PA3BUTHE TEXHOJOTHIA 1O MPOU3BOJICTBY M yIaleHUIo Ouorasa B PecrryOnike
benapych, a Tarke M0 MEXIyHAPOIHBIM IOKYMCHTaM, OCYLICCTBISICMBIM CTPAaHON B paMKax [I00ANbHON KIMMATHUYCCKOM
MOBECTKH, BKJItoYas Pamounyio xonsenuuo Oprannzaumu O0bennHeHHbIX Hanmit 00 n3menenun kiamnmara u [lapmkckoe
COIIAIIEHHE.

KunioueBbie cjioBa: TBEPABIC KOMMYHAJIBHBIE OTXOABI; ITOJUIOH TBEPABIX KOMMYHAJIBHBIX OTXOHAOB; CHCTEMA AKTUBHOM
Jcra3aluu, CBaJIOYHBIN ra3; KiimuMat; MCKAyHapOAHbIC COTTIAICHU.

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. 1. BERTOSH", K. V. GONCHAR®, D. V. MELEKH", I. P. NARKEVICH", Yu. V. FURSA*

*Bel SIC «Ecology»,
76 Yakubava Street, Minsk 220095, Belarus
Corresponding author: Yu. V. Fursa (yuliiafursavi@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.

Beenenne

CBanouHslif Ta3 coctouT U3 6onee 100 KOMITOHEHTOB C Pa3TUYHBIMU HETaTUBHBIMH CBoWicTBaMH. JIt000it n3
HHX, BXOJAIIKMX B COCTaB CBAJIOYHOTO ra3a, MOYKET KaK 110 OTAEILHOCTH, TAK M B COYETAHUH CO3/1aBaTh OIIACHOCTh
JUTS 37I0POBBS UEIOBEKA, €CIIM OHU MPHUCYTCTBYIOT B KOTMYECTBAX, IOCTATOYHBIX [T CO3/IAHHS CPEAbI ¢ Aeduiu-
TOM KHcoposia'. B GourbIieli cTeneHu omacHOCTH MOABEPKEHBI OPTaHbI JIBIXaHUS, OCS3aHus U 3peHus [2].

Haubonee omacHeie BO3JEHCTBHS Ha paszIHMYHBIE KOMITIOHEHTHI TPUPOTHON CpEIbl, BKIIOYAs TMOA3EMHEIE
7 TIOBEPXHOCTHBIE BOBI, MOYBBI, aTMOC(EPHBIH BO3IYX, OKa3bIBAIOT TOKCHYECKHE W SIOBUTHIC BEIIECTBA,
cofiep Kalecs B OKHIKOM (DHUIIBTpaTe ITONUTOHA W BXOAIIAE B COCTaB CBAJOYHOTO Tasa, BBIACISAEMOTO
B pesynbrare aHa’poOHoro pasznoxenuss TKO. B cBoro odepens, Hammune BOCILIAMEHSIONINXCS KOMITOHEHTOB
B COCTaBe CBAJIOYHOTO Ta3a ABJSAETCS MPUYNHON BO3HUKHOBEHUS TIOXKAPOB, B PE3yNbTaTe KOTOPHIX BBIICISIOTCS

'TocyapcTBEHHBII KaJacTp aHTPOIIOTEHHBIX BBIOPOCOB M3 MCTOYHUKOB M aOCOPOIMH TOMIOTUTENAMHI MaPHUKOBBIX ra3os (Harmonans-
HBII MoKiTan o kaxactpe, 2023) [Omexrponnsiit pecype]. URL: National Inventory Submissions 2023 | UNFCCC (nmara obparmenust:
28.05.2024).
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YpEe3BBIYAHO OTACHBIE BEIIECTBA — JTUOKCHHBI U (DypaHbI, UMEIOIINE BHICOKHI TOKCHYECKHI TOTEHIIHAI BO3-
JIEHCTBUS HA OPTaHM3M YelOBEeKa M 3arps3HSIONINE OKPYKAIONIYI0 cpery. JIMOKCHH — TSHKembIi, MeJUIEHHO pas-
JIAraloIMKCs Ta3, KOTOPBIA MPH MOCTYTICHHN B aTMoc(epy OBICTPO OCENaeT B OKPECTHOCTAX U TIOCTENIEHHO Ha-
KaITMBACTCsI B IIOYBEHHOM ITOKpoBe [3].

CaMbIM TTOKapOOTIACHBIM KOMIIOHEHTOM CBAJIOYHOTO Tra3a SBISETCS MeTaH, cocTaBistromuii ceeime 50 %
ot obmero odbema Omoraza. Kpome Toro, Metan — 3TO MapHUKOBBIHN a3, MO0 CBOEMY XapaKTepy OKa3bIBAIOIITHHA
B 25 pa3 Oobliee BO3IEHCTBIE HA TI00ATBHOE TIOTEIUICHHE, YeM JUOKCHT YITIepoIa.

JUst TUKBUAIAN M TIPETYTIPEKACHUS TICPEIUCICHHBIX HEOIarompusATHRIX BO3NEHCTBIM OT monmroHoB TKO
Ha OKPYXKarolIyl0 CPeAy W 3[0pOBbE HACENeHUS B OOJBIIMHCTBE PAa3BUTHIX CTPAH BHEAPSIOTCS Pa3TUUHBIC
TEXHOJIOTHH TI0 CHM)KEHHUIO BBIOPOCOB CBAJIOYHOTO Ta3a B arMochepy. OQHON U3 TaKMX TEXHOJOTUH SBISETCS
MIPUMEHEeHNEe CUCTEM aKTHBHOM erazanuy nomuroHoB TKO u ncronp30BaHue CBaJIOYHOTO ra3a JUIsl POU3BOJICTBA
JNEKTPUUYECKON JHEpTruu. JlaHHBIE CHCTEMBI WMEIOT PAM AKOJIOTHYECKHX U COIHAIBHO-IKOHOMHYECKHX
MIPENMYIIECTB KaK HA MECTHOM, TaK U TII00AJTHHOM YPOBHSIX.

K Hambosee 3HAYMMBIM SKOJIOTHIECKHAM BBITOaM pa0OThI OMOTa30BBIX KOMITIEKCOB Ha moymmronax TKO ot-
HOCSITCA:

» Crabummu3arus otxonoB TKO 1o sKomorndecky mpueMyIeMoro ypoBHS.

* CHIDKeHHE BBIOPOCOB TOKCHYECKHX M SAOBHUTBIX KOMIIOHEHTOB, BXOMSAIIMX B COCTaB CBAJIOYHOTO Ta3a,
1 YITydIIIeHHe dKOJIOTHIECKOW 00CcTaHOBKH BOKPYT mommroHoB TKO.

* [IpenoTBpamienre BHIOPOCOB MAPHUKOBBIX TA30B M CMATUYEHHE TIOCTEACTBHI M3MEHEHHUS KIMMaTa Ha IJIo-
0OabFHOM M PETHOHAIBHOM YPOBHSX.

* MuHNMH3annsl pUCKOB, CBA3AHHBIX ¢ Mokapamu Ha ronuronax TKO, u, Kak pe3ynbrar, mpeaoTBpanieHne
BBIOPOCOB OYEHB OMACHBIX TSI )KUBBIX OPTaHW3MOB BEIIECTB.

ConmanbHO-2KOHOMHYECKHE TTPENMYIIECTBa cOOpa U YHEPTETHYECKOTO NCTIOIB30BAaHMS CBAJIOYHOTO Ta3a:

* SKOHOMHUS HICKOTIAEMBIX BHJIOB TOILIHBA;

* MTOJTyYEeHHE JI0X0/1a OT MPOAAXKH ITPOU3BEACHHON IIEKTPUIECKON YHEPTUH;

* yBENMYEHNE HAJOTOBBIX MTOCTYTUICHHUI B OIOIKET;

* CO3/IaHNE HOBBIX Pa0OYHX MECT;

* MIPEIOTBpPAIEHNE YKOHOMUYIECKOTO yIIep0Oa, BEI3BIBAEMOTO POCTOM HEOIArompHATHBIX MOTOAHBIX SBICHUN
M3-3a KIIMMaTHYeCKUX N3MEHEHNH KIIMMaTa IyTeM CHIDKEHHS BEPOSTHOCTH WX BO3ZCHCTBUS HA Pa3INYHbIE MTPO-
M3BOJICTBEHHBIE U COIHATIbHBIE C(PEPBI, 3IOPOBHE HACEIEHHS U OKPYKAIOILYIO CPELTy.

MarepuaJjibl 1 METOAbI HCCJIEOBAHUS

Pacuer nmpenoTBpaiieHHBIX BHIOPOCOB 3arps3HAIONINX BEIIECTB B Pe3ysbTaTe YIIaBIMBaHUS Ouorasa cucre-
Mamu nerazanuu monmuroHoB TKO «Tpocrenen» u « TpocTeHernkuiny ObUT OCHOBaH Ha MeTonnke pacuera KOJu-
YECTBEHHBIX XapaKTEPUCTHUK BHIOPOCOB 3arpsA3HSIONINX BEUIECTB B aTMOC(Epy OT MOJUTOHOB TBEPABIX KOMMY-
HaJBHBIX U IPOMBIUICHHBIX 0TX0m0B (I10) [4]. JlaHHAs MeTomMKa TTpeIHa3HAYCHA JIJIST HCTIONIb30BaHUS TIPH TIPO-
BEJICHUY MHBEHTAPU3AINH BEIOPOCOB BPEAHBIX (3arPsA3HSIONINX) BEIICCTB B aTMOC(HEpHBIN BO3MYyX, pa3padoTKe
MIPOEKTOB HOPMATHBOB MPEIEITHHO AOMYCTUMBIX W BPEMEHHO COTJIACOBAHHBIX BHIOPOCOB /s monmroHoB TKO
u [10, KoHTpoJITe 32 COOMIOIEHNEM YCTaHOBIIEHHBIX HOPMATHBOB MTPEETEHO-T0MYCTHMBIX BHIOPOCOB H ITPH OIICH-
ke BEIOpocoB oT rmonuroHoB TKO u 10 B npennpoeKTHOH 1 MPOSKTHON JOKYMEHTAIIMH Ha pa3MEIICHIE HOBBIX
Y pacIIipeHue CymeCTBYIOMNX 00BEKTOB.

‘YkazaHHas BBIIIIE METOAMKA PACTIPOCTPAHACTCS HA OCHOBHBIE BHUJIBI Ta3000pa3HBIX 3aTrPA3HSIONINX BEIIECTB,
00pa3yromuxcs B pe3yibsTare OnoTepMHUIeCcKOTO aHadPOOHOTO TPoIIecca pacaia OPraHMIECKNX COCTABISIFOIINX
TKO u BBIIEISIOIIIXCS ¢ TTOBEPXHOCTEH MTOJIUTOHOB OTXOIOB B aTMOC(epy.

B pacuerax nmpuMeHSITUCH TaHHBIE 0 MOP(OIOTHIECKOMY COCTaBYy OTXOJI0B, OCHOBAHHBIE Ha aHAlM3e pe-
3yJABTATOB U3yYEHUS COOTHOIIIEHHS OTACTHHBIX KOMITOHEHTOB ((ppaKItiii) OTX0I0B, UMEIOIINX OIpeieNIeHHbIe 00-
He TPU3HAKK U (M) CBOMCTBA, BRIPAKEHHBIE B TIPOIIEHTaX K OOIIE Macce 0TX0J0B KOMMYHAJIBHBIX OTXOJIOB
B Pecrryonmke bemapycs [5].

Coxkparrenne oTpeOIeHUs Pa3HBIX BHIOB TOTUTMBA M IIPEIOTBPAIICHIE BRIOPOCOB MapHUKOBHIX Ta3oB (I117)
OT MX CXKUTAaHUS OBUTO PACYMTAHO B COOTBETCTBHH C TIOMOIIBIO METOAWYECKUX YKa3aHWH NI TTOJTOTOBKH Ha-
MoHaAIBEHOM oTdeTHOCTH 1T [6].

Pe3y.]'II>TaTI>I HCCJICAOBAHHUSA U UX oﬁcymelme

CormracHO POBEZICHHOMY HCCIIEIOBAHMIO TI0 PACUeTy MPE0TBPAIEHHBIX BHIOPOCOB 3arpsI3HSIONINX BEIIECTB
3a CUeT WX YIaBJHMBAaHWS CHCTEMaMH aKTWBHOW Jera3alid, COCTOSIINX M3 7-MH OMOTa30BBIX OJOK-CTaHIIWH,
ANIEKTPUIECKONH MOIMHOCTRI0O B 1 MBT kaxkmas, koTopsle ycraHoBieHbl Ha monuroHax TKO «Tpocrenern
n «TpocreHenknii» B TpaHniiax I. MUHCKa, Macca IMpeI0TBPAIIEHHBIX BEIOPOCOB 3arPS3HSIONINX BEIIECTB, B TOM
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YUCIIE SIOBUTHIX M B3PHIBOONACHBIX KOMITOHEHTOB Onorasa, B 2022 1. coctaBuia — 13 355 1 B rog mpu o0beme
n3BJIeYeHHOro 6uorasa 20,7 MiIH M.

[Mox mpenoTBpallieHHBIMU BEIOPOCAMU 3aTPSI3HSIONIMX BEMIECTB B IAHHOM HCCIIEIOBAHUU TOHUMAIOTCS 00bheM
YIIOBIICHHOTO (MCITOJIL30BAHHOTO Ha YHEPreTUUECKUE HYX]IbI) OMOrasa 1 CofiepiKalliuecs B ero COCTaBe BPEIHbIC
3arps3HATONINE BEmecTBa (Taom).

IIpenoTBpaieHHbIe BHIOPOCHI B COCTABE YJIOBJIEHHOI0 CBAJOYHOI0 ra3a
cucreMaMu akTUBHOM Aerazauuu nouronoB TKO «Tpocrenen» u « Tpocrenenkuii»

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

BecoBoe npouenTHOE
HanmenoBanue BEUICCTBA COACPIKAaHNE KOMIIOHCHTOB Macca YOBJICHHEIX BBI6pOCOB’ Kracc omacuoctu
B Ouorasze, % T/ron
B3peiBoomacHbIe U SITOBUTHIC (TOKCHYESCKIIE) KOMITOHCHTEI
Metan 52,915 12787.4 4
Tomyon 0,723 174,7 3
AMMmuax 0,533 128,8 4
Kcumnon 0,443 107,1 3
Yrieponaokcua 0,252 60,9 He nHopmupyercs
SIM0BHUTHIC U TOKCHUYHBIC KOMITOHCHTBI
A30Ta JUOKCUL 0,111 26,8 2
dopmanbaerug 0,096 232 2
AHruapu CepHUCTBIN 0,07 16,9 3
DTrn0eH301 0,095 23,0 3
CepoBogopoa 0,026 6,3 2

CormnacHO pacueTam, B pe3yibrate paboThl OMOTa3oBbIX KoMmiuiekcoB Ha monuroHax TKO «Tpoctenery
u «Tpoctenenkuii» B 2022 1. BBIOPOCHI 3arps3HSIOIINX BEIIECTB B aTMOC(HEPHBIH BO3IYX OT KCILTYaTHPYEMbIX
MOJIMTOHOB COKPATIITUCH OoJiee YyeM Ha 27 % (1o CpaBHEHUIO C BRIOPOCAMU B IIEJIOM OT MOJIMTOHA 03 yueTa CH-
CTEMBI JICTa3allnu).

3a neproj] paboThI KOMITIEKCa 10 JeTa3alii YKa3aHHBIX BbIIIE MOIUroHoB, ¢ 2010 mo 2022 r., BeioOpocsr CH,
3a CUeT YJIaBIMBaHUs OMorasa CHU3WIHCH Oosee, ueM Ha 1,4 MitH T CO, 9KkB. BBIOpOCHI MTapHUKOBBIX TA30B 32 YKa-
3aHHBIN TIEPUOJ] OT 3aMEIICHUS UCKOTIAEMBIX BUJIOB TOILTUBA JUIS BEIPAOOTKH AIEKTPHUYESCKON SHEPTHH B 3aBUCH-
MOCTH OT 3aMELIaeMOr0 TOIUIUBA COKpAaTHIUCh OT 65,2 10 159,3 miH T CO, 3KB. pU 3aMEIIEHUN HUCTIONIb30BaHUS
MIPUPOTHOTO Ta3a U Topha COOTBETCTBEHHO.

B pesynsrare nerazanuu noiurona TKO «TpocteHeny ObUT JOCTHTHYT COMANTBHO-IKOIOTHYeCKHi 3pdekT 3a
CUET ero OMOJIOTUYECKOU PEKYITBTHBAIINH, B PE3YJIBTaTe KOTOPOU TEJIO IMOJIUTOHA CTAOUIH3UPOBATIOCH, COKPATHIIOCH
BO3J/ICHCTBHE CBAJIOYHOTO T'a3a Ha KOPHEBYIO CUCTEMY 0OBEKTOB PACTUTEIHLHOTO MUPA U, KaK CJICJICTBHE, IIOJIUTOH
MOKPBUICS TYCTOM PacTUTEIBHOCTHIO, MIEPECTaN BBIACIATHCS AYPHO MAXHYIIUN Ta3, U3MEHUIOCH ICTETHUCCKOE
Bocrpusitue nonurona TKO. Cucrema akTUBHOM Jera3zaldy MO3BOJIWIA HE TOJBKO YIYUIIUTh SKOJIOTHUYECKYIO
00CTaHOBKY B paiioHe pasmernieHus monurona TKO, HO M moMoria CymIeCTBEHHO CHU3WTH 3aTparhl Ha
CTpOUTENBCTBO (OmaroyctpoiictBo) MemopuanbHOro KoMIiuiekca «TpocTeHelr», MocenaeMoro B TOM YHCIIE,
MEXIYHAPOIHBIMU JIeJCTallUsIMU.

Takum 00pa3zom, Ha MpUMepe PadOTHI ISHCTBYOIICH CUCTEMBI aKTUBHOM jiera3anuu nosmronoB TKO nokasano,
YTO ATH YCTAaHOBKHU SBIISTIOTCSI 3((QEKTUBHBIM 3aIIUTHBIM COOPYKCHHUEM, YMEHBINAIONIEM HEKOHTPOINPYEMBIC
BBIOPOCHI SIJTOBUTHIX, TOKCHYHBIX U B3PBIBOOTIACHBIX BEIIECTB B aTMOC(EPHBIN BO3IYX, a TAKKE COOPYKESHUSIMH,
00€CIIeYNBAOIIUM BOCCTAHOBIICHUE ICTETUICCKON U OMOJIOTHYECKON IIEHHOCTH OKPYKAIOIIECH CPEeIbl.

Kak yxe OBbIJIO OTMEUYEHO BBIIIE, YCTAHOBKH I10 YIAJIICHUIO CBAJIOYHOTO Ta3a CYIISCTBEHHO BIUSIOT HA CHU-
JKCHHE BBIOPOCOB MAaPHUKOBBIX Ta30B, TEM CaMbIM MpPEAOTBpallas H3MEHEHUE KinMaTa. B 3Tol cBsi3u m3BIede-
HUE CBaJIOYHOTO ra3a Ha noiuroHax TKO uMeeT BayKHOE 3HAUCHUE [T 00SCIICUCHHS PealTu3alliy 00s3aTeIIbCTB
PecnryOnukoit benapych 1Mo MexTyHapOAHBIM JTOKYMEHTaM, OCYIIECTBISIEMbIM CTPAHOH B pamMKaxX TI0OaIbHOM
KIIMMaTHYECKOW MMOBECTKH, BKII0Yass Pamounyro koHBeHnuto Opranusanun OObenuHeHHbIx Hamnmii 06 m3meHe-
HuM KuMara u [lapuxckoe coraiieHue.

B cooTBeTcTBIH C IIENIIMU JJAHHBIX MEX Ty HAPOIHBIX comialieHui, PecryOnmka benapych peann3oBeiBacT CBOO
KJIMMATUYECKYIO TIOJTUTUKY TTOCPEACTBOM YCTAaHOBJICHUS HALIMOHAJIBHBIX IIEJIEBBIX MTOKAa3aTeleH 10 COKPAIICHUIO
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BBIOPOCOB ITAPHUKOBHIX Ta30B. Tak, TeKyIIas 00IIedKOHOMUYECKast IIeJb IO COKPAIIEHUIO BEIOPOCOB MTAPHUKOBBIX
rasos PecnyOnuku Benapych — cHikenue Beiopocos B 2030 1. Ha 35-40 % 1o otHOomeHuto k 1990 .2

Kpowme Toro, ynanenue Ouora3a Ha OMOTa30BBIX YCTaHOBKAX, B TOM uncie Ha nomuroHax TKO, aensercs on-
HUM W3 KITIOYEBBIX HANPABICHUI peann3alii pa3IHdHbIX OTPACIEBhIX IPOTPAMM Pa3BUTHSA B 00IAaCTH dHEPTrOC-
OepeXeHHSI 1 COBEPITICHCTBOBAHUS CYIIIECTBYIOMIEH cucTeMbl oopamieHus ¢ TKO:

* [IporpamMmBI cOMATLHO-dKOHOMHYECKOTO pa3Buths Pecrybmmku bemapycs Ha 2021-2025 rompl, yTBEpK-
nerHoi Ykazom lIpesunenrta Pecrryomuku bemapycs ot 29 uroms 2021 1. Ne 4292,

* ['ocymapcTBeHHO TIpoTrpaMMBbI MHHOBAIIMOHHOTO pa3BuTus PecmryOmmku bemapycers Ha 2021-2025 romsr, yT-
BepykneHHo YkazoM [Ipesumenta PecmyOmmku bemapych ot 15 centsops 2021 . Ne 348.

* TocymapcTBeHHOI TporpamMmbl « DHeprocoepexerune» Ha 2021-2025 ronsl, yrBepxaeHHOM [locTaHoBICHN-
eM Coseta MunmcTpoB Pectryomuku benapych ot 24 despans 2021 . Ne 103.

* TocymapctBenHoit mporpamMmbl «KomdopTHOE *)mibe U OnmaronpusaTHas cpexa» Ha 2021-2025 rombl, yT-
BepknenHoi [Toctanosmennem CoBeta MunnctpoB Pecryomiku benapych ot 28 staBapst 2021 Ne 50.

 Konnenmmu co3nanns 00beKTOB MO0 COPTUPOBKE M UCTIOB30BAHHIO TBEPIBIX KOMMYHAIBHBIX OTXOOB H T0-
JIUTOHOB JIJIS1 MIX 3aXOpOHEeHMsI, yTBepkaeHHas [locranoBnernem CoBera MunmcTpoB PecnyOnmku bemapych ot
23 oxTs10pst 2019 1. Ne 715.

 KoHnenimu coBepIIeHCTBOBAHMS M Pa3BUTHS KIIINIITHO-KOMMYHAJIFHOTO X03s1iicTBa 10 2025 roma, yTBepk-
nerHoit [Toctanosnennem CoBera MunnctpoB Pecrryomuku bemapych ot 29 nexabpst 2017 1. Ne 1037.

» HarmonanbHOM cTparernu 1o oOpaimieHuio ¢ TBEPABIMA KOMMYHAJIBHBIMH OTXOAAMH W BTOPUYHBIMH Ma-
TepHAILHBEIMH pecypcamu B Pecryonmke bemapycs Ha mepron g0 2035 roga, yTBepKIeHHOHW MOCTaHOBICHHUEM
Cosera MunnctpoB Peciyonmuku bemapycs ot 28 mrorst 2017 1. Ne 567.

IIpu TakoM HaTMYUM HOPMATHBHO-TIPABOBHIX AKTOB, TIOIEP)KUBAIOIINX PA3BUTHE TEXHOIOTHI IO TIPON3BOICTBY
1 ynajeHue 6uorasa B Pecrryomike bemapychk, MOXXHO clienaTh BBIBOJI, YTO 9TO HANPaBJIeHNE JOIDKHO TOBCEMECTHO
BHEAPATHCS B cTpaHe. OgHako HapsAIy ¢ 3TUM B bemapycu B 2022 1. ObUTM PUHATHI HOBOBBEIECHHUS B 3aKOHOIA-
TEIHCTBE B YACTH PETYINPOBAHMS OTHOIICHHHA B 001aCTH Pa3BUTHS BO30OHOBIIIEMBIX HCTOYHUKOB dHeprun (B1D)
B CBSI3U C UX MHTErpalueil B 3HEProcUcTeMY B YCIOBUSIX 3aimycka benopyckoil aTOMHOM 371€KTPOCTAHIIMH.

B wactHocTH, npunsaTre 3akoHa Pecryomuku bemapych ot 30 mas 2022 roma Ne 173-3 «O perynmupoBaHun
OTHOIIIEHUH B cepe MCTIONB30BAHNS BO30OHOBIIEMBIX HCTOYHUKOB YHEPT UM MTOBIUSIIO HAa CHIDKEHHE Tapr(OB
Ha proOpeTeHue JeKTpudeckor sHeprun n3 BUD Oonee yem B 1Ba pasza, 4TO CyNIECTBEHHO CHHU3HIIO JIOXOJIBI
OpTraHW3aIiii OT TPOMAXH IMPOU3BEACHHOMN JreKkTpuueckoit sHepruu. Jlo cux mop B PecmyOmuke bemapych
JieficTBOBas OoJiee BRICOKHE Tapr(bl Ha MOKYIKY AIEKTPOIHEPTHH YHEPTOCHAOKAIONIMMY OPTaHU3alHsIMHA 13
BUD, ctumynupyromie mpuBIcudeHNE HHBECTHIINN B ATy cdhepy.

CoracHo MPUHATHEIM U3MEHEHUAM, OJIOK-CTaHITHH, padoTaromue Ha B3, MOTyT mpuBIeKaTbes K yIacTHIO
B PETYIUPOBAHUHU CYTOYHOTO Tpaduka MOKPHITHS IEKTPHUECKON Harpy3ku beropycckoi sHepreTHIecKon CH-
CTEMBI, 4TO TIO/IPa3yMeBAET OTKIIIOYEHNE ITHX OJIOK-CTAHIMIA B YaChl MUHMMAJIbHOM Harpy3KH SHEPTOCHUCTEMEI U,
KaK pe3yJbTaT, CHIDKEHHE BBIPYUKH OT MPOIAXKH AEKTPUIECKON YHEPTHH.

IIpm sTOM mpeamonaraercsi, YTO TAaKOMY pETYIHPOBAHHIO HE TIIOIBEP)KEHBI OPTaHW3aINH, >KEJIaroIIne
UCTONB30BaTh BUD st COOCTBEHHBIX XO3SIMICTBEHHBIX HYKI. Takke Ui Bcex coOCTBeHHHMKOB BUD Bce
emie NIeHCTBYIOT JIBIOTHI B c(epe HAIOrOOONOKEHHS B BHIE CHIDKEHHS JKOJOTHMYECKOTO Haylora Ha CyMMY
KaUTaJIbHBIX 3aTpat, CBS3aHHBIX CO CTpouTeahcTBOM BUD, a Tarxke 0CBOOOXKIEHHUS OT YIUIaThl 3eMEIHHOTO
HaJIoTa ¥ HaJora Ha J00aBIEHHYIO CTOMMOCTH ITPH BBO3€ HAa TEPPUTOPHIO CTPAHBI 00OPYIOBAHUS M 3allaCHBIX
yacTeH, MpeTHa3sHaYeHHBIX [T CTPOUTENhCTBA, IKCIUTyaTallnyd M PEMOHTa yCTaHOBOK, paboTaromux Ha BH1D.

OpHako HOBBIE YCJIOBHS TPHUBENM K TOMY, YTO HEKOTOpPHIE MPOM3BOAWTENN JJIEKTPHUECKONW SHEPTHUH W3
BUD, a B Gomnpireit crerenn u3 6uoraza Ha nonuronax TKO, miis KOTOPBIX WHBECTHIIMOHHBIC 3aTpaThl eIle He
OKYTIHIINCH, Pa0OTArOT B YOBITOK M3-3a TOTO, YTO BRIPYYKA OT MPOMAXKH DJIEKTPUIESCKON SHEPTHH HE TTOKPHIBAET
BCE JKCIUTyaTaIllIOHHBIE U aMOPTU3AI[MOHHBIE 3aTPATh, a TAK)KE MHBIE 3aTPaThI 110 BO3BPATy KPETUTHBIX CPENICTB.
Kpome Toro, Ha yke OEHCTBYIONIMX IMOJUTOHAX, JUII KOTOPBIX CTPOWTENHCTBO CHCTEM JEra3alyd He OBLIO
MPEIYCMOTPEHO 10 BBOJA WX B AKCILTyaTallHi0, MHBECTOPAM JIJIsl TIOTYUYEeHUsT HAJeKHOW MPUOBUTH HEOOXOANMO
MMOCTOSSHHO HMHBECTHUPOBATH B CTPOHUTEIHCTBO HOBBIX CKBRXWH W CHUCTEMBI OYUCTKH TOBEPXHOCTHBIX CTOKOB
u GuIbTpara, HO B CIIOKUBIICHCS CUTYaIlUH pacIlIupeHre WHPPACTPYKTYPHBIX OOBEKTOB JUIS CYIIECTBYIOIINX
CHUCTEM JIeTa3alyy TOJIUTOHOB YKOHOMHYECKH HEIIEIeco00pasHo.

3aKjIouenue

CymecTBytorias TapudHas ¥ orpaHIYHTEIbHAS IOJIUTHKA B OTHOIIEHNH BUD He cTumynupyer nanbpHeliinee
pa3BHUTHE TEXHOJOTUH yiaBmuBaHus 6norasza Ha orxomax TKO B bemapycwu.

*Tlocranosnerne CoBeta Munnctpos Pecriybmuku Benapycs ot 29.09.2021 Ne 553 «O6 ycTaHOBICHHH OTPEIENsIeMOr0 Ha HAIIHOHAb-
HOM ypoBHE BKi1aga PeciyOnuku benapyce B cokpaiienne BIOPOCOB NapHUKOBBIX ra3oB 10 2030 romay.
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OpnHako ATO BOBCE HE O3HAuaeT, 9To B bemapycu He mmanmpyercs pasBuBarb BUD. Ilpeamonaraercs, 9to
CO3/IaHHBIE MEXaHW3MBI UId BHeApeHus BUD OymyT HampaBieHBl WCKIFOYUTENHFHO Ha COOCTBEHHBIE HYIKIIBI
CyOBEKTOB X0O3AUCTBOBaHU. UTO KacaeTcsi CHCTEM Jierazalliil MOJIUTOHOB, TO YHEPTONoTpedienue 1 obecrede-
HUS XO3SHCTBEHHOH JIESATETHLHOCTH ITOJUTOHA HE3HAYUTENBHO, a KalTUTAIbHBIE 3aTPaThl Ha 000pyAOBaHHE CHCTe-
MaMH JIETa3alliil BEICOKH, H, TIO IPUMEPHBIM OIIEHKaM, B 3aBUCHMOCTH OT TEXHOJIOTHH YIaBIMBAHUS U YIaICHUE
Omorasza cocTapistoT 3,5—4,7 MITH 10JUT. B 3TO# CBSI3U CTPOUTENHCTBO YCTAHOBOK IO MCITOBE30BAHUIO CBATIOYHO-
TO rasa B TeKYyIIeH CUTyaIlli YKOHOMHUYECKH He MTPHUBIIEKATEIBHO.

Y4unuTheiBasg CONMANIBHYIO M JKOJOTHYECKYIO 3HAYMMOCTHh TEXHOJOTHH JIETa3alliyl TOJIMTOHOB, /IS €€ BHe-
JpEeHUs] HEOOXOMUMBI PHIHOYHBIE MHCTPYMEHTHI. OUYeBHIHO, YTO JaNbHEHIIee CTUMYIUPOBAHWE B pPa3BUTHE
nerazaruu moauroHoB TKO B benmapycn Mo)KeT IPOU30UTH B paMKax peaTn3aIiii KINMaTHIECKIX IPOSKTOB Kak
Ha MEXKIyHApOJHOM, TaK M Ha HAIIMOHAJIHHOM YTJIEPOIHOM PBIHKE, aCTIeKThI CO3JaHHUA KOTOPOTO B HACTOSIIHE
BpeMs mipopabatsiBatores [IpaButensetBoM Pecyonmukn benapych.
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