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IKOAOI'NYECKAA ITOANO®YHKIINMOHAABHOCTD
MUKPOOPTAHU3MOB N1 PACTUTEABHO-MUKPOBHBIX KOMIIAEKCOB
B BUOPEMEAVAIINUN 3ATPA3HEHHDBIX ITOYB

A. K. KYJTHKOBY

DBenopycckutl 2ocydapcmeenblil yHueepcumen,
np. Hezasucumocmu, 4, 220030, 2. Munck, bBenapyco

Bb1siBIIeHBI MEXaHU3MBI OMOCOPOLIUH U OHOJIETpaJalliy 3arpsI3HSIONINX BELIECTB B [IOUBE, CBA3aHHBIE C PSIOM (PM3HOIIOTO-
OMOXMMHYECKHX 0COOCHHOCTEH MUKPOOPTaHM3MOB H 3aBHCSIIME OT UX BHIOBOTO pa3HOOOpasus U crieturku aeicTBus. Ot-
MEYeHa POJIb ¥ 3HaYCHHE MIUKPOOPTaHM3MOB Ha IpEMepe HHaHOOAKTepHid, MUKPOMHIIETOB U BOZOPOCIIEH Kak 3()(pEeKTUBHBIX
OnopeMeuaTopoB IOYBHL. [lepcleKTHBHBIM HAIlIPaBIEHUEM COBEPILEHCTBOBAHMS MPOLECCOB OMOpEMEIHAINK I10YBEHHBIX
9KOCHCTEM SIBIIAETCA MCIIONB30BAHUE aJbro-IUAHOOAKTepUAIbHBIX coolmecTB. Oco0ylo yCTOHUMBOCTD K 3arpsi3HSIOIINM
BEILIECTBAM MPOSIBISIIOT IIMaHOOaKTepHalbHble acconuany. OHM CIIOCOOHBI a/IalTHPOBAThCsl K HeTH, HeTepoayKTam,
TSDKEJIBIM MeTallaM, POAYKTaM YHUUTOXEHHSI XUMHYECKOTO OpYXKHs, TOAJIEPKUBATh OKUCIUTEIbHBIH YPOBEHb SKOCHCTEM
3a CcYeT BBIICIICHHUS KUCIOPO/a, YBEIIMYUBATE YHCICHHOCTh FeTePOTPO(HBIX CITyTHHKOB B acconuanusx. LlnanoGakrepralib-
Hble OMOJIOrMYECKHe MpenapaThl B KOMIUIEKCE ¢ MHHEPAIBHBIMH YIOOPEHHSMH IIPU BHECEHUH B HeyTe3arps3HEHHbBIE TI0YBbI
AKTUBU3HUPYIOT MPOLECCHI Aerpaganuu HedTi. Bo MHOTOM JerpajanioHHasi ClloCOOHOCTh UAaHOOAKTEPHIl IO OTHOILEHHIO
K HeTH OOBSICHSIETCSl TEM, YTO B KOJIOHMAJIBHOW CIIM3W IIMAaHOOAKTEPHH CO3[al0TCs OIaronpusTHbIC YCIOBHUS Ul Pa3BH-
THSI IPYTUX MHUKpooprann3moB. [Tokazano, 4yto Ha 6MOCOPOIMOHHYIO (PYHKIMIO [IMAHOOAKTEPH OKa3bIBAIOT BIMSIHUE TUIOT-
HOCTb MX TOITYJISILIMH, CTETICHb arpernpOBaHHOCTH, BPEMsI KOHTAaKTa C 3arps3HSIONIMM KOMIIOHEHTOM M €r0 KOHIIGHTPALHsL.
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N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

BblIsiBIIeHBI ONTHMAIIBHBIE MAPAMETPhI CTaTyca [MaHOOAKTEpHid /IS UCIIONB30BaHUs UX B KauecTBe OmocopbentoB. Cpenn
BaKHCHIIIMX aCTMIEKTOB aCCOIMATHBHOTO B3aMMOICHCTBHSI aKTHHOMHMIICTOB C (DMTOIICHO3aMH MOT'YT OBITh Ha3BaHbI TAKHE, KaK
POJIb 3TUX MHUKPOOPTraHW3MOB B PErYJISILIUN YACIICHHOCTH U COCTaBa UX MUKPOQIIOPHI (KOHTPOJIb (DUTOMATOTCHOB) U TTOBBI-
IIEHUE CIIOCOOHOCTH PACTCHUI BBIICPKUBATH PA3HOOOPa3HbIC A0MOTHYCCKHIE CTPECCHI, B YHCIIC KOTOPBIX 3acyXa, 3aCOJICHUE,
3arpsi3HCHUE MTOYB TSDKEITBIMU METaJUIAMH M IPYTHMH KCeHOOHOoTHKaMU. CaMyro OOJBIIY0 TPYIITy OHOAKTUBHBIX BTOPHY-
HBIX META0O0JIUTOB aKTHHOMHIIETOB COCTABIISIIOT aHTUOMOTHKH C aHTHOAKTEPUATBHOM, TPOTHBOIPHOKOBOMA, aHTHIIPOTO30HHON
Y TIPOTHBOBUPYCHON aKTHBHOCTBIO. [IpoylipyemMbie MU aHTUOMOTHKH MOTYT MPOSIBIISITh AKTUBHOCTh B MPUPOHBIX YCIIO-
BUSIX U IMETh 3HAYCHHUE B CYIb0E APYrUX MUKPOOPTaHM3MOB B IIPUKOPHEBOH 30HE pacTeHnil. CliocOOHOCTh aKTHHOMHIIETOB
00pa30BbIBaTh AHTHOMOTHKY OCHOBaHA HA KOHKYPCHTHBIX B3aUMOOTHOIICHHUSIX MUKPOOPTaHM3MOB B €CTECTBCHHBIX YCIOBUIX
X oOHUTaHUSL.

Kniouesnle cnoea: Gropemeuanys ous; abOpuUreHHas MUKpO(Iopa; MUKPOOPTaHU3MBI-/IECTPYKTOPBI; IMAHOOAKTEPHH;
PACTUTENBbHO-aKTHHOMUIIETHBIE KOMITIEKCHI; PACTHTEIIbHO-MUKPOOHBIE B3aUMOICHCTBHS.

ECOLOGICAL POLYFUNCTIONALITY OF MICROORGANISMS
AND PLANT-MICROBIAL COMPLEXES IN BIOREMEDIATION
OF POLLUTED SOILS

Ya. K. KULIKOU*

*Belarussian State University,
4 Niezalieznasci Avenue, Minsk, 220030, Belarus

Mechanisms of biosorption and biodegradation of pollutants in the soil, associated with a number of physiological and
biochemical characteristics of microorganisms and depending on their species diversity and specific action, are revealed. The
role and importance of microorganisms is noted on the example of cyanobacteria, micromycetes and algae as effective soil
bioremediators. A promising direction for improving the processes of bioremediation of soil ecosystems is the use of algal-
cyanobacterial communities. Cyanobacterial associations exhibit particular resistance to pollutants. They are able to adapt
to oil, petroleum products, heavy metals, chemical weapons destruction products, maintain the oxidative level of ecosystems
due to the release of oxygen, and increase the number of heterotrophic satellites in associations. Cyanobacterial biological
preparations in combination with mineral fertilizers, when applied to oil-contaminated soils, activate oil degradation
processes. In many respects, the degradation ability of cyanobacteria in relation to oil is explained by the fact that favorable
conditions are created in the colonial mucus of cyanobacteria for the development of other microorganisms. It has been
shown that the biosorption function of cyanobacteria is influenced by their population density, the degree of aggregation,
the time of contact with the pollutant and its concentration. The optimal parameters of the status of cyanobacteria for their
use as biosorbents have been revealed. Among the most important aspects of the associative interaction of actinomycetes
with phytocenoses can be named such as the role of these microorganisms in regulating the number and composition of
their microflora (control of phytopathogens) and increasing the ability of plants to withstand a variety of abiotic stresses,
including drought, salinization, soil contamination with heavy metals and other xenobiotics. The largest group of bioactive
secondary metabolites of actinomycetes are antibiotics with antibacterial, antifungal, antiprotozoal and antiviral activity. The
antibiotics produced by them can be active in natural conditions and have significance in the fate of other microorganisms
in the root zone of plants. The ability of actinomycetes to form antibiotics is based on the competitive relationships of
microorganisms in their natural habitat.

Keywords: soil bioremediation; native microflora; degrading microorganisms; cyanobacteria; plant-actinomycete
complexes; plant-microbial interactions.

BBenenne

AHTpOTIOTeHHAs Harpy3ka Ha TOYBY HEM30SKHO IPUBOIUT K €€ (DM3MUECKOM, XUMHUIECKON M OMOIIOTHYECKOU
JeTpajiallii, CTAHOBUTCS MPUYMHON yTPaThl TUIOJOPONS, HAKOIICHUS TOKCHYHBIX BEIIECTB B MPOIAYKTaX IH-
TaHUs ¥ KopMax. [loaToMy 4pe3BbIUaiiHO BaXKeH IMOWCK ¥ pean3anys IMyTeld BOCCTAHOBIEHUS (peMearalivi)
HCXOIHBIX Ka4eCTB ITOYBBL. B 3TOM m1aHe Bce OOBIIYIO MOMYISIPHOCTH TPHOOPETAIOT TIPHEMBI OMOpEMeTHAIIHH,
KOTOpBIE BKJIFOYAIOT MCITOJIB30BaHHE MUKPOOPTAHU3MOB PA3IMYHBIX CHCTEMAaTHYECKUX YPOBHEH M WX KOMILIEK-
COB JIJISI IPOBEIICHUS PEKYITBTUBAITMOHHBIX padoT [1].

[Ipu Gnopemeuanyy MOCTEIEHHOE BOCCTAHOBIIEHHE MCXOTHBIX TIAPAMETPOB TIOYBEHHOTO TUIOIOPOAHS MOJKET
MIPOUCXOMINTH CTIOHTAHHO 33 CYET PACTHTEIBHO-MUKPOOHOH crcTeMbl. OJJHAKO MPOIECCH 3TH OPO OYEeHBb Me/I-
JUTEIBHBI, IOPTOMY TPeOYyIOTCS YCHIIHS TI0 TIOBBIIICHUIO CKOPOCTH PETapalliOHHBIX MPOIECCOB, UTO SBIISETCS
OJTHOM M3 MIEPBOCTETIEHHBIX 3a/1ad MOYBEHHOW OMoTexHoiornu. CTpaTerusl UCIOMb30BaHNS MUKPOOPTaHU3MOB
B OXpaHe OKpY’KaromIel cpeibl OCYIIECTRISICTCS 1O JBYM IJIaBHBIM HAIPaBIEHUSIM: SKCTEHCUBHOMY ¥ MHTEHCHUB-
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HOMY. DKCTEHCHBHBIE METOJIbl OCHOBAHBI HA CTUMYJIUPOBAHIH MM HHTHOUPOBAHUY JICATEIHHOCTH a00PUTECHHBIX
MHUKPOOPTaHU3MOB, pa3pyIaroNIiX KCEHOOMOTHUKH, U MPEJCTABIISIOT COO0M CaMOCTOSITELHBIN pa3yien OHOTEXHO-
JIOTHH, ONEPUPYIOIINH C €CTECTBEHHBIMH aCCOLUAIIMSMH B MECTaX WX IIPUPOJHOTO CYIIECTBOBAHMUS. DTH METO/IBI
OCHOBaHBI Ha TIPOIECCAX, XapaKTEPH3YIOIIUXCS HEOONBIIIMMHI CKOPOCTSIMH, HO OHH MOTYT OBITh TIPUMEHEHBI IS
OXpaHbI OT 3arpsI3HEHUs] OTPOMHBIX 00BEMOB ITOYB ¥ IPUPOHBIX BOJ TIPH HEOONBIINX KATUTATbHBIX 3aTparax.
WHTeHCHBHBIE METO/IbI OCHOBAaHBI HA MHTPOMYKIIMU aKTHBHBIX MUKPOOPTaHU3MOB-IECTPYKTOPOB B 3arpsi3HEH-
HYIO TIOYBY B BUE CyCIICH3HH CBOOOIHBIX MM MMMOOMIN30BAaHHBIX Ha CIIEIHATHHBIX HOCUTEISIX KIIETOK [2].

Haxkoruien cpaBHUTENBHO OONBIION OMBIT OMOPEKYIBTUBAIIMH TEXHOTCHHBIX TEPPUTOPHUI ¢ HCIIOIL30BAHHUEM
MHUKPOOPTaHU3MOB Pa3IMYHBIX CHCTEeMaTnieckuxX rpymm. OJHAKo poib pacTUTEIbHO-MHUKPOOHBIX B3aUMOJIEH-
CTBHH B 9TOM TIpoliecce ciabo n3ydeHa.

Lems paboThI — 00CYKIEHHE pecypcocOeperaroIuX MPUHITATIOB ONMOpeMe Ay 3arpsI3HEHHBIX TIOYB C y4e-
TOM MOMH(YHKIIMOHABHBIX CBOMCTB MUKPOOPTaHU3MOB M PACTHTEILHO-MUKPOOHBIX KOMILIICKCOB.

Bbuopemeouayusn nous c ucnonv3oeanuem adopuzeHHOU MUKpogaopsl. IT0 TPYIIA IPUEMOB, KOTOpasi B Ha-
CTosIIIIee BpEeMsi HCIONIb3yeTcsi Hanboee yacto. Ha 3arpsi3HeHHbIE TEPPUTOPUU JUISl CTUMYIISIIIHA a00PUTeHHBIX
MUKPOOHBIX MOMYJISIIIUI BHOCSAT Pa3/IMUHbIC BEIICCTBA: OKUCIUTENN, KOCYOCTpaThl (MEJIaccy, 3TaHOJ, HaBO3, Ha-
BO3HBIC CTOKH), HICTOYHUKH a30Ta U pocdopa, smynbraropsl. [IpumeHrMocTs U 3Q(HEKTUBHOCTD UCTIONB30BAHUS
Pa3IIYHBIX TEXHOJIOTUI aKTHBAIIMY AaBTOXTOHHON MUKPO(MIIOPHI 3aBHCHUT OT «BO3PACTa» U XapaKTepa 3arpsi3HeHHs,
MEXaHWYEeCKOTO COCTaBa TOYBBI, pa3Mepa OYHIAaeMOi TeppUTOPUN M HAIlPaBJICHUS €€ XO3SHCTBEHHOTO MCIIOJIb-
3oBaHus. [Ipemyoxen Takke copOLMOHHO-OMOIOTMYECKH METOJ, OCHOBAHHBIN Ha MCIIOIB30BAaHUH MPUPOTHBIX
COpOEHTOB M arpoIrpreMoOB, CO3JAIOIINX ONTUMAIILHBIE YCIIOBHS [T Pa3BUTHUS U JKU3HEIEATETLHOCTH COOCTBEH-
HOU crnienn(pUIecKoi OYBeHHOH OUOThL. [Tpy 3TOM COpOEHT MIrpaeT posib cBOeoOpa3Horo Oydepa, KOTOPbIH MOI-
JIepKMBAET KOHIIEHTPAIMIO XUMHUKATOB B IOYBEHHOM PacTBOPE Ha HU3KOM YPOBHE TOKCHYHOCTH, 00ecreunBast TeM
CaMbIM YCIIOBHS JUIsl ICTOKCHKAIMH KaK PACTBOPEHHBIX, TaK M COPOUPOBAHHBIX KCEHOOMOTHKOB [3].

OpHrHHaNBHBIN TPUEM aKTHBH3AUHA a0OPUTEHHON MUKPOQIIOPHI, YUaCTBYIOIIEH B ASCTPYKINH HE(TH, 3aKITFO-
yaeTcs B EPHOMYECKOM (OIFH pa3 B YEThIPE MECsIa) BHECEHUH B 3arPSA3HEHHYIO MTOYBY YIIIEBOJOPOIOKUCIISIIOIITIX
OakTepuil. J[pyrumu aBropaMu JUist CTUMYIISIIIME a00PUTeHHOH HEQTEOKHUCIISIOMEeH MUKPOQIOPHI B MOYBAX, HMEFO-
HIMX Pa3HbIA CPOK U THIT HE(TSHOTO 3arpsi3HEHNSI, IPeyIaratoTcst PHEMbI, OCHOBAHHbIC Ha BHECEHHH MUHEPAITBHBIX
yA0OpEeHHH, Menacchl M MOBEPXHOCTHO-aKTUBHBIX BellecTB. Camas 3HaunTesbHas yObIIh He(TH HaOmoIamacs mpu
BHECEHHM BCEro KOMIUIEKCa CTUMYITUPYIOMINX 100aBok. CHIbKeHHe copepxanust HedTu B mouse Ha 98 % 3a cemb
MecsIlIeB OMOpPEMETMAITMOHHBIX paboT OBUIO TOCTUTHYTO MPH KOMIUIEKCHOM HCIIONB30BaHUN a0OPUTEHHON MHKPO-
(IIOPBI, CTUMYJISIMIO PAa3BUTHSI KOTOPOU MPOBOIUIIH ITyTEM BHECEHHsI a30THO-(pochaTHbIX ynoopenuil. [lanbHeiimas
MHTEHCU(HKAIMSA Tpoliecca AeCTPYKIUH YIIIEBOIOPOIOB OCYIIECTRIIIACK ITyTeM HHTPOAYKIMHY B He(pre3arps3HeH-
HYIO TTOYBY MPEIBAPUTENHHO BBIJETICHHBIX U3 Hee ke He(PTEOKUCISIONMX MHUKPOOPTaHW3MOB, OrioMacca KOTOPBIX
HapalyBanach B J1a0OPaTOPHBIX YCIOBUSX U B MOJIEBOM pe3epByape. Cpenn OHOMOrHMYecKuX areHTOB, paciierlis-
IOIIMX OpPraHUYECKUE 3arps3HUTENH, CYIIECTBEHHYIO POIIb OTBOJST MHUKCOTPO(HBIM ITHAHOOAKTEPHSM, KOTOpPBIC
B IIPUPOJTHBIX YCIOBUSIX UMEIOT IIPEUMYIIIECTBO TIepel] reTepoTpo(HBIMU OaKkTepusiMU U rprdamu [4].

Hcnonv3zoseanue unmpooyyupyempix akmugHsIxX WMammo8 MUKPOOPZAHUIMOB-0ECIPYKIOPO8 U MUKDPOD-
HBIX accoyuauuil ¢ duopemeouayuu noue. Bricokas CTENEHb YCTOMUYMBOCTH HEKOTOPHIX MHUKPOOPTaHU3MOB
K TSDKEJIBIM METaJllaM SIBISIETCS OHOM M3 OCHOB MX HCIIONB30BaHMs B OMopeMenuanuu. B wacTHOCTH, Ha mpH-
Mepe HecumOuotuueckoro rpuda Trichoderma sp., BbIIGIEHHOTO U3 TIOYBbI, 3arPS3HEHHON OTBAJIAMU IIAXTHI 110
J00bIue CBUHILIA, TIOKA3aHO, YTO AaHHBIM TPHO CIIOCOOEH yITyulIaTh pOCT PACTCHHUH 3a CUET MOMIOICHHSI TSKEIBIX
METaJJIOB U3 Mo4Bbl. Kpome Toro, MHOKYIIALUS MOYBBI ITAMMOM TFichoderma sp. TIOBBILANA AOCTYITHOCTD TIH-
TaTeNbHBIX BEIIECTB, POCT CAKCHIEB COCHBI, COoAepKaHne XIopoduia u 0eiKa, a TakKe aKTHBHOCTD CYNEpPOK-
cunarcMyTasbl. [1ooTOMy BeMKa mepcreKTrBa WCTONIb30BaHMs JaHHOTO MITaMMa TPUXOIEPMBbI B IIPOTrpaMMax
JIECOBOCCTAHOBJICHUS U OYMINICHUS 3arPSI3HEHHBIX 1MOUB [5].

[Tpu MHOKYIISAIUY CBUHEL3AIPS3HEHHOW MOYBBI ¢ OBIBIITMX CTPEIBOUIIL caripoTpoGHbIMU rpubamu (Aspergillus
niger  Penicillium sp.) Oblta oTMeueHa MOOMIIM3AIMsl CBUHIIA YK€ Yepe3 MATh CYTOK, KOTOPYIO CBS3BIBAIOT
C IPOAYLMPOBAHUEM TPUOAMU XEeNaTUPYIOUIMX OPraHUYECKUX KHUCIOT (IaBeJeBOM 1 TMMOHHOW) M CHH)KEHHEM
pH. Usyuyenune coctaBa MUKPOMHULIETOB, BBIJICICHHBIX C TIOJIMTOHOB TBEP/BIX OBITOBBIX OTXONOB, ITOKA3aJ0, YTO
JaHHbIe TPHOBI 00JIAAAI0T TTOBBIIEHHON YCTOMYMBOCTBIO K TSDKEIIBIM MeTalljlaM, KOHIIGHTPAIHsl KOTOPBIX B I0-
YBe IMOJUTOHOB 3HaunTeIbHO NpeBbimaet [1/IK. [TosToMy npemiaraioT JOMUHUPYIOIIKE B TIOYBE MOJIUTOHA BUIBI
(A. niger, P. palitans, T. viride) ncnonb30Bath B IPOIIECCaX PEKYJIbTUBAIIMH dTHX TEPPUTOpUi [6].

KomOunHanueit HeoOXOAUMBIX CBOMCTB AJISI TIPOBEACHUSI OMOpEMEIHalliy, BKIIIOYasi pOCTCTUMYIUPYOLIHN
3¢ (}eKT U aHTAarOHUCTUYCCKYI0 aKTUBHOCTh MPOTUB (DUTOIMATOreHOB, 00NIaar0T OakTepuu poaa Pseudomonas,
AKTHHOMUIETHI U pa3JInuHbIe BUJIBI IHaHOOaKTepuid. buonpenaparsl, pa3paboTaHHble HA OCHOBE IITAMMOB 3TO-
TO poJia, IPUMEHSIIOTCS KaK JUIsl 3alIUThl KYJIBTYPHBIX pacTeHuid oT OoJie3Hel, Tak U AJIsl peMeJualiy 1MoYB, 3a-
IPS3HEHHBIX HE(PTHIO U TSHKEIBIMH MeTajuiamu [7].
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NwmeroTcst cBeIeHNS O PO MEUKPOOPTaHU3MOB B IETOKCHKAITHA KOHKPETHBIX TKENBIX MEeTalioB. Tak, ycra-
HOBJIIEHO, 4TO OakTepuu Ps. fluorescens u Ps. putida, cTAMyIUpYFOIIHE POCT ¥ TIOBBIMIAIOIINAE YPOKANHOCTH Cellb-
CKOXO3SIHICTBEHHBIX KYJBTYP, ITOCIIE HHOKYIIAINN CEMSH STUMEHS, BRIPAIIIMBAEMOTO B TIOUBE, 3arPsI3HEHHOH CBUH-
IIOM, CTIOCOOCTBOBAJIM YMEHBIIIEHUIO COIEPKaHMsI TOTO MeTalIa B 3eJIEHOH Macce M KOPHSIX PACTEHHA, a TakKe
YCTpaHsUTH €r0 TOKCHYecKoe AericTBue. lIpeamonaraiot, 94To ycTpaHeHHe TOKCHIECKOTO IEHCTBHS CBUHIIA IIPOVIC-
XOITUT BCJIEJICTBHE 00Pa30BaHMs CTAOMIBHBIX KOMILIEKCOB ATOTO AIEMEHTa C cuaepodopamMu, MpoLyIHpyeMbIMI
TceBIoMOHamaMu [8].

Cnopoobpasyrommue 6akrepuu Bacillus sp. yCTIEITHO TPUMEHSIOTCS I CHIDKCHUS (PUTOTOKCUIHOCTH He-
(hre3arps3HEHHON cepoid JeCHOU OUBHEL. [Ipu 3TOM CHIKEHNE TOKCUKO3a ITOYBHI IIPOUCXOANT HE TOJIBKO B pe-
3ynbTaTe JAerpajanuid HeQTH, HO U IyTeM MOJAaBIEHUS OaruiaMu (GUTOTOKCHYECKHX (POPM MHUKPOMHUIIETOB,
YUCJIIEHHOCTh KOTOPBIX Yepe3 MOJTo/a WHKyOallmy BHECEHHBIX OakTepwii ymeHblmaercs Ha 12-20 %, gepes
rog — Ha 20-25 %. CKopocTh CaMOOYHINEHNS MOYBEI OT HE(DTH MOBBIIAETCS U B CIIydae BHECEHUS pas3yind-
HBIX BUAOB OakTepuii poma Azotobacter. JlokazaHo, 9To 3TH OAKTEPUN CIIOCOOHBI yCBAWBATh YITIEBOIOPOIBI
He(TH B Ka4eCTBE €UHCTBEHHOTO NCTOYHUKA YITIEPOAa U DHEPTHH KaK B IPUCYTCTBHH CBA3AHHOTO a30Ta, TaK
u TIpu azoTdukcaruu. [loaToMy uctonb3oBanne Azotobacter peKOMEHAYIOT IJIs TOBBITICHUS 2P (HEKTUBHOCTH
omopemenmauu HedTe3arpsI3HCHHBIX MOYB. Hapsmy ¢ 6akTepusMu B Ka4eCTBE OCHOBBI OHMOTIPETapaToB s
pemennanuy HeQTe3arpsI3HEHHBIX MTOYB MPUMEHSIOTCS, XOTSA U peXe, TPUObI, CIOCOOHBIE K yTHIIN3AINH KCe-
HOOHMOTHKOB [9].

Cpenu MeTOnOB OWOMenHopanvu HedTe3arpsS3HEeHHON MOYBBI MPEUIaraeTcsl MCTONb30BaHUE CMENTaHHOW
KyJIBTypBI MEKpOBogopociei. [lomaratot, 4To 3T0 0CHOBaHO Ha BO3MOYKHOCTH TaHHBIX MUKPOOPTaHU3MOB BbIJIe-
JISITh KUCIIOPO/T B TIOYBE M TEM CaMBIM TIOBBIIIATH CKOPOCTh a0MOTHYECKHX MPOIIECCOB OKHUCIIEHUS, CTIOCOOCTBYIO-
ITUX Pa3I0KESHUIO TTOJITIOTAHTOB 10 O€3BpemHbIX TTpoaykToB [10].

IIpoBoasTCcst paOOTHI MO BBISBICHHIO MUKPOOPTaHU3MOB, aKTUBHBIX B Pa3JIOKEHWU MECTUIHI0B. Pa3pabo-
TaH PKOJIOTHYECKUH METO]] OMOpeMeqHanii CeTbCKOX03IHCTBEHHBIX TIOYB OT XJIopnHupHdoca ¢ IOMOIIbI0 Tprda
A. terreus. JlaHHBIA WHCEKTUIIN TIOTHOCTHIO AETPAIUPOBa B TeUeHNE 24 4 WHKYOAIlMH B ITOYBE, 0OOTANEHHON
C, N, P. PaznoskeHnto Takoro MECTUITH/IA, KaK TIEHTaXI0pheHo, CIOCOOCTBOBANI HHTPOAYIIUPOBAHHBIA B TTOUBY
TaMM-JIeCTPYKTOp Streptomyces rochei. Ilon nelicTBeM MOYBEHHONH MUKPOMIIOPHI OH IMMOJIMMEPHU3YETCs C 00pa-
30BaHHMEM MPOIYKTOB THTIA XJIOPUPOBAHHBIX JUOKCHHOB. BHECEHHE KIIETOK CTPENTOKOKKA CIIOCOOCTBYET yMEHbB-
MIEHUIO KOJIMYECTBa IPOAYKTOB ero Tpanchopmammu [11].

C nesaTenbHOCTRI0 MUKPOOPTAaHU3MOB CBSI3BIBAIOT U pasioxenue dhochopopranndeckux coenuueruit (POC),
KOTOpBIE B OKPY)KAIOIIEH cpeie MUPKYIUPYIOT B pe3ysbTare IPUMEHEHNS B CEITbCKOM XO3SHCTBE MECTHIINAOB.
JlokaszaHo, 9TO KJIETKH Pa3MTUIHBIX MUKPOOPTaHN3MOB MOTYT paznaratb @OC 1 1mo3ToMy 4pe3BhIYaiiHO BayKHBI
B Ka4eCTBE KaTaJIM3aTOPOB IporieccoB OnopeMenuamnmu mods. K guciy aectpykropoB @OC oTHOCATCS OaKTepHH
p. Pseudomonas, Tpu6 A. niger.

B wactHOCTH, TpN BHECeHHH TOP(HO-COTOMHUCTOTO KOMITOCTA WM COJOMBI (DOPMHUPYETCSI COOOIIECTBO MU-
KPOOPTaHU3MOB, aKTHBHO THAPOJIU3YIONNX IEJUTIONI03y W TEMHUIIEIUTION03Y. DTH TMOMUCAXapuAbl W MPOTLYKTHI
WX THIPOJIN3a MCIIONB3YIOTCSA TEMH K€ MUKPOOPTaHW3MaMH TIPH Pa3lIoKEeHUH MTPOMEeTprHa. B cocTaBe MUKpO-
OpPTaHW3MOB, pa3yaraloux repOnuIn, OBITH BBIICIICHBI OakTepuu p. Sporocytophaga sp., Xanthomonas sp.,
Pseudomonas sp. CnenoBarenbHo, 11 3QPeKTHBHON OHOpeMearanyy M0YB, 3arPSI3HEHHBIX IPOMETPHHOM, He-
00XOIMMO BHOCHUTH B HUX PAcTUTENBHBIE OCTAaTKH, OOTaThie MOIMCaXapuIaMH, WIH CHEeHaIn3NpOBAHHBIE Op-
TaHWYEeCKUe CyOCTpaThl, COIEPIKaIINe aCCOIUAINY OTCEJIEKTHPOBAHHBIX MHUKPOOPTAHU3MOB, YTHIIN3UPYIOMIAX
mesutroso3y [12].

Juia co3manust OuompemnaparoB, MpeAHAa3HAYEHHBIX ISl peMEIUariiy IOYB, 3arps3HEHHBIX MOJIMXJIOPHPO-
BaHHBEIME Oudenmtamu (I1XB), mepcrneKTHBHO MCTIONB30BAHKE ONIPENCICHHBIX ITaMMOB OakTepuit p. Bacillus.
KomrekimoHHbIe TITAMMBI OALIMILI, BBIICTICHHBIE N3 OMOTyMycCa U CEPO3EMHBIX MTOYB, 3arPsS3HEHHBIX TeKCaXIIOp-
[UKIIOTEKCAaHOM, CTIOCOOHBI BEDKHUBATh B CPeJie, T €AMHCTBEHHBIM NCTOYHUKOM MTUTAHUS W SHEPTHH SIBIISIOTCS
IIXBb, n akTHBHO pa3pymIaioT HaHHbIe coenuHeHus [13].

Ha ocHOBaHnM pe3yapTaToB M3YYEHUST aKTHBHOCTH MUKPOOPTaHU3MOB-JIECTPYKTOPOB XJIOP(EHOTIOB BEISBIIE-
Ha BBICOKasI CTIOCOOHOCTE IpeacTaBuTeNneit ponoB Rhodococcus, Pseudomonas w Bacillus pa3pymaTh TOKCHKaH-
THI, 9TO B TIOJTHOM MEpe OTPaBIBIBAET UX WCIOIH30BAHNE B OYMCTKE 3aTrPSI3HEHHOM MOYBHI [2].

K HOBBIM OMOpeMenHanMOHHBIM areHTaM B TOCIIEIHNUE TOABI CTAM OTHOCHTh M IuaHobaktepuu. Oopasys
TECHBbIE CHMOMOTHYECKHE B3aMMOBBITOTHBIE CBA3H C IPYTUMH MHUKPOOAMH, BXOASAIIMMHA B COCTAaB ITHAHOOAKTe-
pPHATBEHBIX COOOIIECTB, OHU B TO YK€ BPeMsI MOTYT OBITh aHTATOHUCTAMH IPYTUX MUKPOOPTaHU3MOB, B TOM YHCIIE
u puromaroreHoB. C APyTroi CTOPOHBI, TMAHOOAKTEPHN PEATbHO MCIIONB30BATh B OMOPEKYIETHBAIIMOHHBIX IENSTX
JUTS OYUCTKH TI0YB OT XUMHYECKUX TTOJITFOTAHTOB OJlarojjapsi MHOTOYMCIIEHHBIM MeXaHU3MaM JIETOKCHKAIINH 3a-
rpsi3aUTENeH [14].

B OGuorexHONMOrNYECKOM TTaHE JOCTOWHCTBOM ITMAHOOAKTEPUH SBISETCS TO, YTO MIPH UX KyITHTHBHPOBAHWH,
B OTIIMYHE OT TETEPOTPOMHBIX MHKPOOOB-TIPOAYIIEHTOB, 3TH MHKPOOPTAHHU3MBI, SBISSACH (POTOABTOTPO(PAMU
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1 a3oT¢uKcaropamu, He TPEOYIOT Cpell ¢ OPraHNIECKIMH KOMITOHEHTAMH U He HY)KJAIOTCS B CBSA3aHHBIX COENIHU-
HEHMSIX a30Ta. [ [pu 3TOM BBITIOTHAETCS OHO U3 YCIOBUH YCIIEITHOTO OMOTEXHOIOTHYECKOTO MPON3BOICTBA — HU3-
Kasi CTOMMOCTD MUTATEIbHBIX cpell. [[nanobakrepun 0TBEHYarOT U BTOPOMY BasKHEHIIEMy TpeOOBaHNIO MUKPOO-
HOW OMOTEXHOJIOTHH — BBHICOKHE TEMIThI PAa3MHOXKEHHUS, YTO MPUBOANT K CO3IAHNI0 MaKCHMAIBHOM MPOILYKIHH
B IIpeneIbHO KpaTkue cpoku. Co3manne My3eHHOM KOJIJICKITUH ITHAaHOOAKTEPHid, C IIOMOIIBI0 KOTOPOi BO3MOKEH
CKPHHUHT Ha BBIABJICHNE MPAKTHUECKN 3HAYMMBIX IIITAMMOB, OTIMPAETCS Ha BBIICJICHNE 3THX MUKPOOPTaHU3MOB
13 IPUPOIHEIX cpex [1; 2].

CyTnpeccHBHOCTH MOYBBI BOCCTAHABIMBACTCS MPH WHOKYJSAINN ITHAHOOAKTEPHH B OMOJOTHYECKH W XUMHU-
YECKH 3arpsA3HEHHYIO TOYBY. bromorndeckoe 3arps3HeHHE TMOYBHI OYEHb YacTO OOYCJIOBIEHO MAacCOBBIM pas-
MHOXEHHEM (DPUTOMATOTEHHBIX MUKPOOPTaHW3MOB. llomydeHsr yOenuTenpHbIE TMPUMEpPhl aHTarOHHUCTUYECKOH
aKTUBHOCTH ITMaHOOAKTEpHil MPOTHUB (PUTOMIATOTEHOB M, B YaCTHOCTH, MPOTUB OJHHUX M3 HamOoJee BpEeIoHOC-
HBIX BO30ynuTenei 6oe3Heit pacrenuii — rpudoB p. Fusarium. Hanmpumep, OBUIO TTOKa3aHO, UTO TIPH BBEACHUH
KyJIBTYp ITHaHOOAKTEPHH B ITOUBY, 3apaykeHHYIO (PUTOMATOI€HHBIMY IprOaMH, HEOMHOKPATHO oTMedancs dddext
TIOBBIIIECHUS €€ CYNPECCUBHOCTH. J|OCTOMHCTBA ITaHOOAKTEPHH KaK OHO(PYHTHIIHIA 00YCIOBICHBI X YKOJIOTH-
YEeCKOH pOJIbI0 B OMOIIEHO3aX. B oTimume oT Ipyrux MUKPOOPTaHW3MOB, ITHaHOOAKTEPUH 001aJat0T YHUKAIBHON
CIIOCOOHOCTHIO MTHOBEHHO aJIalTUPOBATHCS, AKTHBHO PA3MHOKATHCSI M BETETUPOBATH MPH PEHHTPOAYKITUH B TIO-
yBy. IX BBeZIeHHE B TIOYBEHHBIE MHUKPOOOIIEHO3BI BENIET, B YACTHOCTH, K OCITa0NeHHIO (py3apHO3HBIX TATOCHCTEM
Y CHIDKCHHUIO KOJTMIECTBA MTOPAXKCHHBIX pacTeHui [15].

Bonbioe mpaktudeckoe 3HaYEHHE UMEET CIIOCOOHOCTh IMaHOOAKTepHil K 00€3BPEKNBAHUIO TOKCHKAHTOB.
CreneHp WX CTOMKOCTH M CKOPOCTbH JIETPaslalliyl Pa3iIMdHbl 1 BO MHOTOM ONPEAETSIOTCS HATUYHUEM OpTaHu3-
MOB, CIIOCOOHBIX MX YCBaWBaTh, NETOKCH(HUIIMPOBATh, THAPOIM30BaTh, 00€3BpEKMBaTh. MeXaHM3MBI TpaHC-
(dhopMaIu KCEHOOMOTHKOB Pa3IUIHbI y Pa3HBIX OPTAaHU3MOB U MOTYT OBITH 00YCIIOBIICHBI MOP(OIOTHIECKUMHA
1 (PU3HOTOTHYCCKUMH O0COOCHHOCTIMHU. Cpenr opraHN3MOB-OHOPEMEANATOPOB ITHAHOOAKTEPUN BBIACIISIOTCS
MHOT000pa3ueM ITyTe 00e3BpeKUBAaHMUS TTOJUTFOTAHTOB [ 16].

B nepByto odepens aganTanys MraHOOAKTEPHH K HEOIArONMPUATHBIM BHEIITHUM BO3ACHCTBHUAM OOYCIIOBIIEHA
WHTEHCUBHBIM BBIZICTICHIEM BHEKJICTOYHOM CIHM3H, KOTOpas B 00mmieM OaslaHCe KIIETKH CYIIECTBEHHA U COCTaB-
nset npumepHo 30 % cBsA3bpIBaeMOTO 3a CyTKH yraepona wik 40 % 4rcTol CyTOYHOM MpoayKInu (hOTOCHHTE3A.
IIpu 5TOM yKazaHHBIE 00BEMBI MOTYT 3HAYUTEIHHO KOJIEOATHCS KaK B CTOPOHY YMEHBIIEHHS, TAK U B CTOPOHY
YBEIIMYEHUST B 3aBUCUMOCTH OT BHJIA, (PH3HOIOTHIECKOTO COCTOSHUS M (DYHKIIMOHAIBHOW aKTUBHOCTH KJIETOK
1 YCIIOBHH OKpy»Karoriei cpensl [1; 14].

DKcCynarys CIu3H MIPUBOIUT K TIPOSIBIICHATO Y ITHAHOOAKTEpHU COPOIIMOHHBIX CITOCOOHOCTEH, IIPUBOIATITIX K
BHEKJICTOYHOH JIETOKCHKAIINH TTOJUTFOTAHTOB. [loTHOTa CBA3BIBAHMS TTOJUTIOTAHTOB U3 PACTBOPA MTPOMOPIIHOHAIB-
Ha KOJIMYECTBY BBIAETsIeMON ciu3u. CBSA3bIBaHNE TSDKENBIX METAJUIOB OCYIIECTBIIIETCS KakK IMOJHCaxXapuaaMHu,
TaK W JUMTOPIIbHON (pakiueit kiaeTok. CymecTByeT (eHOMEH AMCTAHIIMOHHON JETOKCHUKAIINH, TIPU KOTOPOM
cUCTeMa 3aIlUTHl IIMaHO0AKTEPHil OT TSHKENBIX METAJUIOB BKIIIOYAET CBSI3BIBAHUE ITOTO DIIEMEHTA He TOJIBKO KiTe-
TOYHBIMH CTPYKTypaMH, CITU3UCTON 000JIOUKOM, HO U DK30MOJIMCcCaxapuIaMiy B KyIbTypaiabHOU cpene [1; 2].

B PecryGnmuke bemapych 3amareHToBaH CItoco0 OYMCTKY ITOYBEI OT He(PTH C IToMOTIThIo Tiperapara «Pomooen-T»,
KOTOPBIN MPENCTABISIET COO0H acCOMUAINI0 MUKPOOPTaHU3MOB, aKTHBHO YTHIIM3UPYIONIUX YIIIEBOAOPOIbI HE(-
. OH COAEPXUT MPEACTABUTEICH THAPOPWIBHBIX U JTHIMO(DHIEHBEIX MUKPOOPTAHHM3MOB, UYTO 00ECIICIMBACT
BO3MOXXHOCTH €T0 JIeMCTBUS Ha TPaHMUIlE BOTHO-HE(PTIHOTO CIIOS U B TOJIIIE 3arps3HUTENs. MUKPOOPTaHU3MEI,
BXOJIAIINE B TIPENapar, BBACTICHBI U3 MIPUPOJIBI, HETTAaTOT€HHBI, HETOKCHYHBL. OJTHUM W3 HEJTOCTATKOB HCITOIb-
30BaHUS B OMOpEeMeTUaIiy BHIIEICHHBIX M OTCEJIEKTHPOBAHHBIX KYJIBTYP TeTepOTPO(HBIX MUKPOOPTAaHU3MOB
SIBIISIETCS TO, YTO OHH 00JIaTal0T OTHOCUTENIBHO Y3KUM CTIEKTPOM OMOT€OXUMHUYECKHX (PyHKINH. B To e Bpems
TIPUPOTHBIE COOOMIECTBA UMEIOT OoJIee IMUPOKUH HAOOp ATUX (PYHKIIHIA, TaK KaK BKIIOYAIOT B CeOS MpeACTaBH-
Teel HECKONBKUX TPOPHUECKUX YPOBHEH, B TOM YHCie U (JOTOCHHTETHKOB: IMaHOOAKTEPHIA M DYKAPHUOTHBIX
Bomopocieit [17].

IlepcrieKTHBHBIM HaIpaBICHWEM COBEPIICHCTBOBAHHS MPOIIECCOB OMOpPEMEINAlii TOYBEHHBIX 3KOCHCTEM
SIBIISICTCST WICTIONIB30BAaHNE aJTbIO-IIMAHOOAKTEPHATBHBIX c000mecTB. OCOOYyI0 YCTOMYHUBOCTD K 3arps3HSIONTIM
BEIIECTBAM TIPOSIBIIIIOT ITHaHOOAKTepHalbHbIe accorranuu. OHU CIIOCOOHBI aIanTHPOBAThCsl K HEPTH U He-
¢dTenpoaykTam, TSDKENBIM MeTalllaM, MPOAYKTAaM YHHUYTOKEHHS] XHMHYECKOTO OPYXKHS, TOAIePKUBATH OKHC-
JUTEIHHBI yPOBEHb DKOCHCTEM 3a CUET BBIIEJNICHUS KHCIOPOJa, YBEIWYNBATh YHCICHHOCTH TE€TepOTPO(HBIX
CITyTHHUKOB B accornmanusx. [{[manobakrepuanbHble ONOIOTHIECKUE TIPETIapaThl ¢ TIOMHUHUPOBaHUEM Phormidium
tenuissimum, Synechocystis minuscula, Synechococcus elongates, BblieTICHHBIC W3 TEXHOTEHHBIX YKOCHUCTEM, TIPH
BHECEHHUH B KOMIUIEKCE C MUHEPAJILHBIMHU YIOOPEHUSIMA B HE(Te3arpsI3HEHHbIE TIOYBHI aKTHBU3UPYIOT ITPOIIECCHI
nerpaganun HedTH. Bo MHOTOM merpamanuoHHas CIoCOOHOCTh MTHaHOOAKTEPHH 10 OTHOMICHUTO0 K HEDTH 00h-
SICHSIETCSI TEeM, YTO B KOJIOHHAJIFHON CIIM3HM IMAHOOAKTEPU CO3/MAI0TCS ONAronpHsITHBIE YCIOBUS JUIS PAa3BUTHS
JIPYTHX MUKpOOpraHu3MoB [18].
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Hcnonv3zoseanue pacmumenbHO-aKMUHOMUYEMHBIX KOMNIEKC08 6 Ouopemeouayuu noye. AKXTUHOMUILE-
ThI — MULIETTNAJIbHBIE TIPOKAPUOTHI, BBITOIHSAIOLINE KIIOUEBYIO POJIb B OAZCPKAaHUU ITOYBOI roMeocTasa. biaro-
Japsi CHOCOOHOCTH MPOLYLIUPOBATh TUAPOIUTHYECKHE (DEPMEHTHI AKTHHOMHULIETHI YYaCTBYIOT B YTHIIM3ALNH Pa3-
HOOOPa3HBIX PACTUTEIIBHBIX MOJIMMEPOB M MUHEPAJIN3AIllMd MOHOMEPOB, CO3/1aBast Ul paCTCHUN OJIaronpHUsITHIC
YCIIOBUS CyILIIECTBOBaHM B ouBax. KpomMe Toro, noYBeHHbIE aKTHHOMULIETHI, CIIOCOOHBIE KOJIOHU3UPOBATh KOP-
HH PacTEeHHMH, MOTYT OKa3bIBaTh HA HUX HEMOCPEACTBEHHOE BO3/CHCTBHUE, peann3ys psil MOTEHIMAIbHBIX MyTei
U MEXaHU3MOB, CBSI3aHHBIX ¢ OMOCHHTE30M aHTHOMOTHKOB, QYHTHLINAOB, CUAECPOGOPOB, CUTHATIBHBIX MOJICKYII,
MOAYJIATOPOB MMMYHHOI'O OTBETa, PETYIISITOPOB POCTA PACTEHUH U APYTUX COCANHEHUH BTOPUYHOTO METa00IN3-
Mma [19].

Cpenu BaKHEHIIMX aclleKTOB aCCOLMATHBHOIO B3aUMOJCHCTBUSI aKTHHOMHULIETOB C PACTEHUSIMU MOTYT OBITh
Ha3BaHBI TAKKE, KaK POJIb AKTHHOMULIETOB B PETYJISILUU YHCIEHHOCTH M COCTaBa UX MUKPOMIOPH! (KOHTPOIb (QH-
TOINATOT'€HOB) U MOBBILIEHUE CIIOCOOHOCTH (DUTOLIEHO30B BBIEP)KUBATH PA3HOOOPa3HbIe A0MOTHYECKUE CTPECCHI,
B YHMCJIE KOTOPBIX 3acyXa, 3aCOJICHUE, 3arpsi3HEHUE MOYB TSDKEJIBIMH METaUIaMH M JPYTHMMH KCEHOOMOTHUKaMU.
Camyto OoJbLIyIO TpyMNIy OMOAKTHUBHBIX BTOPUYHBIX META0OIUTOB AaKTMHOMHIIETOB COCTABIISIIOT aHTHOMOTHUKI
C aHTHOAKTepUAIILHOW, MTPOTHBOTPHUOKOBOM, aHTUIPOTO30HHON W MPOTHBOBUPYCHON aKTHBHOCTHIO. [Ipomymu-
pyeMble UMM aHTUOMOTHKH MOTYT MPOSBIATH AKTUBHOCTh B IMIPUPOIHBIX YCIOBUSX U UMETh 3HAUYCHUE B Cynb0e
JPYTUX MUKPOOPraHW3MOB B IPUKOPHEBOH 30He pacTeHuil. IIpu pa3BuTum B HOUBE aKTHHOMULIETHI KaK MULIEIIH-
aJIbHBIC OPTaHU3MBI, IOJOOHO IrprdaMm, pacroararoT psAoM NPEUMYLIECTB: TPOHUKHOBEHHUE Yepe3 OBEPXHOCTh
pazzena (a3 ¥ KOJIOHW3ALMsI HOBOTO MPOCTPAHCTBA B YCIIOBUSX, AENAIOLIMX OECroe3HON aKTHBHYIO MOABUXK-
HOCTb KJIETOK. CXOZICTBO MEXaHM3MOB aJaNnTalyuy IpuOOB U aKTMHOMHIIETOB K YCJIOBHUSIM CYLIECTBOBAHHS B I10-
YBE [T03BOJISIET IPEAIIOIOKHUTD JOCTATOUHO BBICOKYIO CTEIIEHb ITIEPEKPBIBAHMUS 3KOJIOTHUECKUX HUILI UX OTACIbHbBIX
HpeiCTaBUTeNed B NPUPOIAHBIX MecTooOnuTaHusAX. COMTaCHO CyLIECTBYIOUIMM IPEACTaBICHUSAM, CIIOCOOHOCTh
AKTMHOMHIIETOB 00Opa30BbIBaTh aHTUOMOTHKU TAK)Ke OCHOBaHA HA KOHKYPEHTHBIX B3aUMOOTHOILECHUSAX MHKPO-
OpPraHWU3MOB B €CTECTBEHHBIX YCIIOBHIX MX oboutanus [20].

Paznnynyro ciocoOHOCTh PACcTEHUH B3aMMOICHCTBOBATH C MULETUAIBHBIMU MIPOKAPHOTaMH 1IeJecoo0pas-
HO YYUTBIBAaTh NPH CEJIECKLUUH HOBBIX COPTOB HAa YCTOMYMBOCTH K MOYBEHHBIM MH(peKkuusaM. Co3gaHue copToB
C MOBBIILICHHON CIIOCOOHOCTBIO KOHLIIEHTPHPOBATh HA KOPHSIX aKTHHOMMLETHI C aHTU(YHIaJIbHBIMUA CBOMCTBaMH,
OYEBUIHO, MOJKET CTaTh IEPCIEKTHBHBIM HANpPaBJICHUEM IO PETYISLUH YUCICHHOCTH MAaTOTeHOB B pu3ochepe
pacTeHuii, NCHoNb3yeMbIX s OnopeMenuanny nous. Ocobdas posib B 3aIUTE PACTCHUH OT (PUTONATOIEHOB OTBO-
JUTCS CTPENTOMHIIETaM, ITOCKOJIbKY OHU HE TOJIBKO NPOAYLHMPYIOT IUPOKUN CHEKTP aHTUOMOTHYECKHUX BEILECTB,
HO ¥ HanOoJee BEe3ECyIiH, aKTUBHO KOJIOHU3HUPYSI TIOKPOBbI M BHYTPEHHHUE TKaHU pacTeHui [21].

Paznuynble BUIBI CTPENITOMHULIETOB WIIM CUHTE3UPOBAHHBIE UIMU META0ONINUTBI UCIIOJIB3YIOTCS 1151 OMOJIOTHYe-
CKOTO KOHTPOJS (hy3apHO3HBIX 3200JIeBAaHUI MHOTHX XO35SHCTBEHHO Ba)KHBIX PACTCHMH, BKIIOUAsl OaHaH, XJIOI-
YaTHHK, TBO3IUKY, CIIAPKY, (hacoiib, TOMATHI, 36PHOBBIC U XBOWHBIE KYJIBTYPbl. 3HAUUTEIBHOE KOJIMUYECTBO padoT
MOCBSIIEHO PO CTPENTOMHUIIETOB B MOJABICHUH POCTa M OTPAaHMYCHUH YHCICHHOCTH TaKke Takux (urtomna-
TOT€HOB, Kak Alternaria spp., Rhizoctonia spp., Phytophthora capsici, Colletotrichum gloeosporioides, Botrytis
cinerea, Pythium ultimum, Rhizopus stolonifer, Stemphylium lycopersici u np. [22].

HccnenoBanus MeTadoIMUeCKUX B3aUMOEHCTBUM BBIIEICHHBIX M3 pU30c(hepbl MULIETHAIbHBIX MUKPOOpPTa-
HHU3MOB IIOKa3aJI1, YTO METa0OJINTHI, IPOLYLUPYEMble aKTHHOMHLIETAMH, CYILIECTBEHHO BIUSIOT HA pa3BUTHE QH-
TONATOT€HHBIX TPUOOB, OrPaHUYUBASL MU MTOAABIISASL UX POCT HE TOJIBKO B J1a0OPAaTOPHBIX YCIOBUSX, HO U B BEre-
TAIMOHHBIX, a TAKXKE MOJIEBBIX IKCIIEpUMEHTax. Tak, Mpy aHaau3e AMHAMUKN aKTUBHOCTH MHTPOLYLIUPOBAHHBIX
B OMOTHYECKYIO CUCTEMY MHKPOOPIaHW3MOB OBIJIO [TOKA3aHO, YTO CTPENTOMMLETHBIN WTaMM S. hygroscopicus
A-4, nHecmoTpsl Ha OoJiee HU3KME B CPABHEHUH C TPUOOM TEMIIBI POCTa, CIIOCOOEH yBEIMYMBATH CBOIO YHCIICH-
HOCTb B IPUKOPHEBOH 30HE M OrpaHMYMBATh IPU STOM POCT (UTONATOTEHHOTO Ipuda F avenaceum, CHUXaTh
3a200J1€Ba€MOCTh IIPOPOCTKOB O3UMOI1 P3KU U KJIeBepa JIyTOBOI'O Ha MCKyCCTBEHHOM MH(EKIIMOHHOM (oHe. [leii-
CTBHE aKTHHOMHUIIETA Ha (PUTONATOTeH OBLIO CBSI3aHO C MPOAYKLHMEH UM aHTU(YHTAIbHO aKTUBHBIX METa00INTOB
(aHTHOMOTHUKOB, XUTHHOIUTHYECKUX (PEPMEHTOB JIMOO APYTUX COCOMHEHHI), NPENOTBPAILAIOIINX 3apakeHHUE
u rubenpb pacteHni. OJHOBPEMEHHO ¢ aHTU(YHTAIbHBIM ASHCTBHEM aKTHHOMMULIET OKa3all CTUMYJINPYIOLIEe BIIH-
sITHUE Ha KOPHEBOHM POCT MPOPOCTKOB, CMELIAsl SHAOTCHHBIN 0ajaHc (UTOrOPMOHOB B CTOPOHY ayKCHMHOB. bblna
MOKa3aHa CIOCOOHOCTH 3TOTO IITaMMa K CHHTE3Yy BELIECTB MHIOJIBHOIO PsAla B YUCTOW KyibType. lIpu 3Tom
B&)KHO, YTO aHTU(YHraJIbHbIE METAOONUTHl M PETYISATOP POCTa AKTMHOMHLIET 0OpPa30BbIBANI HETOCPEICTBEHHO
B pu3ocdepe pacTeHHi, MOCKOIbKY HHOKYJISIT IPEICTABIsUT COOOH CIIOPOBYIO CYCIIEH3HIO U HE COIEPKal KaKUX-
00 OMOJIOTMYECKH aKTUBHBIX BemecTB [23].

[Ipsmebie 3¢ PeKThl aKTHHOMUILIETOB HA POCT pacTeHUH Hanbosee 4acTo CBSI3aHbl C MPOAYKLHUeH GuToropmo-
HOB — ayKCHHOB, THOOEPEJIMHOB U IUTOKMHUHOB. B nuTeparype coolbmaercst 0 HaX0AKaX aKTUBHBIX ITPOIYLICH-
TOB ayKCHHOB CPEIH SHIO(MHUTHBIX aKTHHOMHIIETOB KaK JUKOPACTYILINX PACTCHUH, TaK U CEIbCKOXO3IHCTBEHHBIX
KyJbTyp [24; 25]. IlokazaHa ciocOOHOCTh HIO(PUTHBIX AKTHHOMHIIETOB ¥ KOPHHE(DOPMHBIX OAKTEPHIA, U30IHU-
POBaHHBIX M3 KOPHEBBIX TKaHEH O3UMOM Prku, K 0Opa30BaHMIO ayKCHHOB B KUIKOH cpene. M30msaThl KopuHe-
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(hOpMHBIX OaKTEpHit TPOTYIHPOBAIN B Cpexy WHAOMII-3-ykcycHyIo KucioTy (MYK). BeiseieHa 3aBUCHIMOCTD
obpazoBanmsa MYK akTmHOOAKTEpHSIMHU OT COCTaBa M KUCIIOTHOCTH MHUTATEIHHON Cpeibl, KOHIICHTPAIINN B HEH
TpunTodana, ycimouil asparii. O0padboTka CeMsSH 03UMON PYKH ayKCHHITPOAYIIUPYIOMIAMH aKTHHOOAKTEPHSIMH
CITOCOOCTBOBAJIA TIOBBITIICHUIO BCXOXKECTH U 00JIee HHTCHCUBHOMY POCTY TIPOPOCTKOB in Vitro [26].

DHIO0(MUTHBIC aKTHHOOAKTEPHH TTOBBIIIIAIOT CITOCOOHOCTE PACTEHHUI BBIICPKUBATE DKOJIOTHUECKHE CTPECCHI. Tak,
BBIZICJICHHBIC U3 CETbCKOXO3AMCTBEHHBIX PACTCHNN 3aCyIIIMBEIX paiionoB Muanu (Pamkactan) mramMmel S. coelicolor
DEQ7, S. olivaceus DE10 n S. geysiriensis DE27, cioco0HbIe k OnocuaTesy YK, nmpu HHOKYISAIMH MIIICHATIHI He
TOJNBKO CTUMYIHPOBAIIM POCT POPOCTKOB, HO M CIIOCOOCTBOBAIM MX aalTaIlMi K MMOHIKEHHOMY BOAHOMY ITOTEH-
1uay. B pesynbrare HHOKYIIAIMHA CEMSH U TIOUBBI KYJIBTYpOH Streptomyces sp. — U305sTa U3 pru30ocQepsl MIIeHN-
IIBI, BBIPAIICHHON HA 3aCOJICHHOH TOYBE B 3armagHoM pernone CaymoBCKOW ApaBHH, — CYIIECTBCHHO YITydIIaNCh
MopdomMeTpraecKre 1 OMOXMMHUYECKHE TIOKa3aTeNr PAaCTeHHU, BBIPAIIEHHBIX B YCIOBHSAX MOIEIHHOTO 3aCOJICHHSI.
PexomeH TyeMbIif B CBS3M C 3TUM K UCTIONH30BAHUIO B KadeCcTBEe OMOY0OPEHHS Ha 3aCOICHHBIX TIOYBAX IITAMM TaKKe
XapaKTePHU30BAJICS CITOCOOHOCTRIO MpoayrmpoBars B cpeny YK B mpucytcTBum L-Tpumnrodana [27].

K gncny monoxurensHbIX 2(hpekToB, 00yCIOBISHHBIX MPUCYTCTBHEM B TOM WJIH HHOM MUKPOOHO-PACTHUTEINh-
HOM CHMOMO3€ TPETHEro — CTPENTOMUIIETHOTO — KOMITOHEHTa, OTHOCST CTUMYIIALINIO 00pa30BaHus KITyOSHHKOB
0000BBIMH 1 aKTHHOPHU3HBIMHU PACTEHUSIMH, TIOBBIIIIEHHE aKTUBHOCTH a30T(HUKCAINH B KITyO€HbKaX, CTHMYJISIIHIO
MUIIETHAIEHOTO POCTa U MPOPACTaHUs CIIOp TPUOOB-MUKOPHU3000pa3oBareneii, yBeIN4eHNe aKTUBHOCTH KUCITON
1 IIeJI0YHOH ocdara3 B KOPHAX U ycBoeHne Gocdopa. [IpoaynnpyemMbie akTHHOMATIETAMH BTOPUIHBIC METa00-
JIUTHI CTIOCOOCTBYIOT IKOJIOTHIECKON aanTaIliy Kak CaMUX MUTETHATBHBIX TPOKAPHOT, TaK M CBSI3aHHBIX C HUMHU
pactenuil. Pa3Burne >THX TpencTaBieHHWd OyJeT WrpaTb BaXXHYIO PONb JUIA MPAKTUYECKOTO HCIOIH30BAHUS
AKTHHOMHMIIETOB KaK B DKOJIOTHUYECKH O€30TMaCHBIX TEXHOJOTHIX arpapHoro MpoOW3BOJCTBA, TAK U TEXHOJIOTHIX
OmopemMenuaIiy 3arps;3HCHHBIX MOYB [28].

MHorwue obuTaromue B pu3ochepe pacTeHHi aKTHHOMHUIIETHI TIPOSIBIISIOT B TAOOPaTOPHBIX YCIOBHUSAX CBOMCTRA,
tunmmanbie 111 PGPR (Plant Growth Promoting Rhizobacteria) 6akrepwii, To €CTh CTOCOOHBI (PUKCHPOBATH aTMOC-
(hepHBIi a30T, MUHEPATH30BaTh TPYTHOMAOCTYITHRIE PACTEHISIM coenmuHeHHs (hochopa, TPOAyITUpOBaTh CHIEPOodo-
PBI, YBEJIMUYHMBAs TEM CaMBIM MOTPEOIeHNE pacTeHnEM Ae(PHUIIMTHOTO B YCIOBHUIX HEHTPAILHO-IIEIOYHON Peaknu
cpenpl Kkene3a. B To jke BpeMsi akTHHOMHIIETHI, BBIICISISIEMbIE U3 TEXHOTEHHO 3arpA3HEHHBIX TT0YB, B YACTHOCTH
TSHKEJTBIMHA METaJJTaMH, CTIOCOOHBI Pa3BUBATh CHIEIMAIbHBIE CTPATETHH, TIO3BOJISIOIINE UM YCTICIITHO CITPABIIATHCS
C «METaJUTUMIECKUM MpecCHHToM». CHCTEMBI YCTOMYMBOCTH K MOHAM METaJIOB MOSBIIINCH Y aKTHHOOAKTEPHiA 3a-
JIOJTO JI0 TEXHOTEHHOTO 3arpsi3HEHUS] OKPYKAIOIIEH Cpelbl, IOCKOIBbKY U3BECTHBI CITydad BBIIEIECHUS IITaMMOB,
YCTOWYHBBIX K MOHAM TSDKEJBIX METAJUIOB U3 HE3arPsI3HEHHBIX MMPUPOIHBIX HCTOYHUKOB. Takue cirydan oObsICHS-
FOTCSl MTHAYKIMEH MeTalIaMU «CIIIIAX» TeHOB YCTOWYMBOCTH. Y aKTHHOMHIIETOB OTHOM M3 PACIpOCTPAHEHHBIX
CTpaTeruii 3aIuTHl SBISETCS aIcOPOINs METAIOB KOMITOHEHTAMH KJIETOYHOW CTEHKH. B OCHOBE SKOIIOTHYeCKIX
pa3IMuuil B YCTOMYMBOCTH ATOW TPYIIBI OAKTEPHH JISKUT OTPOMHOE CTPYKTYpHOE Pa3sHOOOpa3me TEeHXOEBBIX
KHCJIOT ¥ TIMKOTIOTMMEPOB KJIETOYHBIX CTEHOK aKTHHOMHIIETOB. BhIIeNeHHbIE N3 CHITLHO 3arpSI3HEHHBIX JIOKYCOB
YCTOWYHBBIE K CBUHITY M IMHKY IITAMMBI CTPETITOMHIIETOB TIPUTOHBI JUIS ICTIONB30BAaHMS B TIPOEKTaX 1Mo OHope-
MEIHMAaIlIH TI0YB, B Pe3y/IbTaTe YeT0 ONTUMHU3UPYIOTCS YCIOBUS U TSI )KU3HENCATEIIEHOCTH pacTeHuit [29].

MHTeHCcHBHEE HapauBaloT OMOMaccy U B OOIBIIEH CTENEHH CHIDKAIOT HAYaIbHYIO KOHIIEHTPAIINIO METAJIIOB
B JKHJIKOHM Cpefie CTPENTOMHUIIETH U3 HE 3arpsA3HEHHBIX TOPOJCKHUX ITOYB, YeM KYJIBTYPHI U3 3arpsA3HEHHBIX. DTO
CBHUJIETENLCTBYET O OOJBIIIOM aIaNTAIIMOHHOM TIOTEHIIAAJIE CTPENTOMHUIIETOB M BO3MOYKHOCTH WX UCTIONb30BaHHSA
B COBPEMEHHBIX OMOpEeMENNAIIOHHBIX TEXHOIOTUAX. BhIsABICeHHBIE 0COOEHHOCTH TTOYBEHHBIX CTPETITOMHUIIETOB
MIPEIICTABIISIIOT HHTEPEC TAKXKE B CBS3H C CO3TaHUEM OMOCEHCOPHBIX CHCTEM IS 0OHapykeHust MeTayios [30].

Hcnonv3oeanue pacmumenbHo-pu3oMuKpoOHbIX KOMRIEKC08 8 duopemeouayuu noue. IIporeccyl KOIoHU-
3allMi KOPHEBOM MOBEPXHOCTH OaKTEPUSAMH HE OTIMYAIOTCS BHICOKON M30MPaTeIbHOCThIO, 1 MHOTHE TTOYBEHHBIE
MHUKPOOPTIaHU3MBl MOTYT 3aCelIsiTh KOPHU CaMbIX Pa3HBIX PACTEHUH, YTO CO3AAET YCIOBHSA JUIS «CEIEKIUN TO-
TEHIMAJILHO MOJIE3HBIX MTaMMOB. DyHIaMEHTaIBHOM cTpaTerneil MUKpOOHO-PaCTUTENBHOTO B3aUMOACHCTBUS
SBJISIETCA MOaBJICHNE aKTHBHOCTH (OMOIOTHYECKHUH KOHTPOJIb) €CTECTBEHHBIX BPAaroB pacTeHU. DTa CTpaTerus
OCYIIECTBISIETCS CIEAYIOIUM 00pa3oM: MUKPOOPTaHU3Mbl CHHTE3HPYIOT BTOPUYHBIC METaOOINUTHI, HHTUOUPY-
IOIIME Pa3BUTHE aHTArOHUCTOB; pacTeHHEe, B CBOIO O4Yepe/ib, CHAOkKaeT 3allUTHBIX CUMOMOHTOB NMUTATEIbHBIMU
BEIIeCTBAMH U MPEIOCTABISIET UM CIIEHIMATbHbIE SKOJIOTHUECKNE HUIIH, @ MHOT/IAa M HAIpPaBJIEHHO PETYINPYET UX
OMOKOHTpOJIbHBIE PYHKIMU. B HacTosee BpeMs J0Ka3aHo, YTO TOMUMO OMOKOHTPOJISI PUTOMATOTEHOB PH300aK-
TEPUHU CIIOCOOHBI OCYIIECTBIATH OCBOOOKIEHHE TIOUB OT 3arps3HUTENE 1 KCEHOOMOTHKOB B MPOIIECCE MUKPOO-
Hol Ouopemenuaryu [31].

duropemenuanys — MpUMEHEHHE PACTeHUH A OUYMCTKU 3arpsi3HEHHBIX dKocucTeM. bonee necstu ¢gurope-
MEIMAIIMOHHBIX CHCTEM, B KOTOPBIX HCIHOJIB3YIOT CIOCOOHOCTh PACTEeHHH aacopOMpoBaTh 3arpsisHUTENH, CTaIN
[IaBHOM COCTABJISIONICH «OUUCTUTEIILHBIX) MPOrpamMM 10 BceMy Mupy. O0HapyxkeHo 0kos10 400 pupoIHbIX pac-
TEHHH, CIIOCOOHBIX aJICOPOMPOBATh pa3InUHbIC BelecTBa (TsHKEIbIe METaJITbl, MBIIIBSK U QTOP).
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bakrepnzanus ceMsiH pacTeHHI MUKPOOPTaHU3MaMHU-IeCTPYKTOPaMHX YTJIEBOIOPOIOB CITOCOOCTBYET MPEOIO-
JICHWUIO TIOJUTIOTAHTHOTO CTPEecca, yBEINYNBas MPUPOCT HA3EMHOHN M TTON3EMHOM OMOMACChI, OKa3bIBAET BIIUS-
HHAE Ha (POTOCHHTETHYCCKUH ammapar, MOp(OIIOTHIO KOPHEH M KOPHEBYIO dKCCymaIuio. VM3MeHeHne KOpHEBOM
9KCCYIAINX ITPOUCXOANUT MO BIMUSHIUEM META00INYECKON aKTHBHOCTH MUKPOOPTaHU3Ma-HHOKYIISAHTA, KOTOpas,
B CBOIO OUEPEIh, 3aBUCUT OT IMPUCYTCTBUS B CpEIie TIOJUTIoTaHTa [32].

Br11o poBenieHo cpaBHEHNE MTPOPACTAHMSI CEMSH JIFOIIEPHBI M OBCSHHUIIBI Ha MTOYBE, TIOCTOSHHO 3arpSi3HEHHON
JU3ETBbHBIM TOTUTHBOM. [10Ka3aHo, 9TO OBCAHUITA IPOSIBIISIET OOJIee BHICOKYTO KH3HECTIOCOOHOCTh, YeM JIFOLIEPHA,
SBTISIETCS OTHOCUTEIHHO TOJIEPAHTHOW K AM3EIFHOMY TOILTHBY, M TIO9TOMY CEMEHa 3TOTO PACTEHHSI MOTYT OBITH
HCITONTE30BaHBI TSI PUTOBOCCTAHOBJICHHS TU3EIHHO3ArPA3HEHHBIX TI0UB [2; 33].

Takwe pacTeHus, Kak KPECTOBHHK ¥ JINCOXBOCT, Oaroiaps akTHBHOCTH TTOYBEHHBIX MUKPOOPTaHU3MOB CITO-
COOHBI B YCIIOBHSIX TYHAPHI 3aCETSATh IOUBY C 3arpsa3HEHHEM He(ThIO, CO3/1aBasi P STOM OYHIICHHBIE 30HBI
BOMIM3M KopHeH. Kak mokaspiBaeT MUKpOOHOIOTHUECKHNA aHAINA3, B pu3ocdepe dTUX paCTCHUH YHCICHHOCTh OaK-
TepUi U rpuOOB Ha TPU-YETHIpE MOPSIKA BEHINIC, YeM B 3arpsS3HEHHON mouBe Oe3 pacTeHmid. [lemaercs BBIBOL,
YTO KPECTOBHHK M JINCOXBOCT YCKOPSIOT CAMOOYHIIICHNE 3arPS3HEHHBIX HEPTEMPOILyKTaMU TTOYB U MOTYT OBIThH
PEKOMEHIOBaHKI IS UX hUTOpeMenuaruu [34].

MHTepecHBI ONBITH 10 UCTIONB30BAHMIO JIEKOPATUBHBIX KYJIBTYp Kak (pUTOMENNOPAaHTOB B TOPOACKON cperie.
ITokasano, 9to Oapxaribl, 0ETOHNHN, aMapaHT M YeTHIPE BUIA Ta30HHBIX 3JIaKOB (palrpac macTOUIITHBIN, OBCSHUIIA
KpacHas, KocTep 0e30CThIi, MATIUK JIYTOBOW) CITIOCOOHBI aKKyMYJIHUPOBATh CBUHEI] M KaJMUK B CBOMX OpraHax.
B KoHIIe BereTarmoHHOT0 TIepHoAa PACTEHHs YIAIAIOT C KIIyMO 1 IIBETHUKOB BMECTE C KOPHEBOM CHCTEMOI ISt
JManpHeHIen yrunm3aun [35].

Pusocdeprbie MEKpOOBI-KOMMEHCAITBI UTPAIOT OTPOMHYIO POJIb B JKM3HU pacTeHWH. J[aBHO ycTaHOBIEeHa MX
MTOJIOKATENTFHASL POJIb B 00ECTIEYeHIH MUHEPATLHOTO MMMTAHNS PACTEHUH, BBISIBIICHA POCTCTUMYIUPYIOIIas, a30T-
(bmkcHpytoIIas, aHTarOHUCTHYECKast aKTUBHOCTh. MHOTHE acCOIMMPOBAHHBIE C PACTEHHAMH MHKPOOPTaHU3MBI
HCTIONB3YIOT MOJIEKYIbI aBTOMHAYKTOPEI, B TOM YHCie N-aIfiI-TOMOCEPHUHIAKTOHBI, ISl PETYISAIUHN Pa3IHIHOTO
MTOBEJICHUS B 3aBUCHMOCTH OT IDIOTHOCTH TIOMYJISIINH (1yBCTBa KBOpyMa). JIOKambHbIE YCIIOBHS B MUKPOCKOITHYE-
CKOM MacmTabe MOTYT BIUATH Ha JUTUTEIBHOCTD KU3HHU CUTHAIBHBIX MOJIEKYNT, UX CTAaOMIBHOCTh W HAKOIIJICHHE,
YTO MOXKET JIaBaTh JOMOIHUTENHHYIO HH()OPMAIIMIO K TUIOTHOCTH KJIETOK. B mporiecce hopMupoOBaHHS pacTHTEINb-
HO-MHUKPOOHBIX CHMOMO030B 33/IeiiCTBOBAaHBI MHOTHE MEXaHU3MEI. Tak, HampuMmep, 11 OPMHUPOBAHUS ITHAHOOAK-
TEePHAITLHO-PACTUTEIFHOTO CHMOM03a CYIIECTBYET HEOOXOIMMOCTE TpaHcropTepa caxapoB N. Punctiforme [36].

OnanM 13 (aKTOPOB, CHIDKAIOMTNX d(PPEKTUBHOCTE TETOKCHKAIIMH TTOJUTFOTAHTOB MUKPOOPTaHU3MaMH, SBIISI-
€TCsl UX OTHOCUTEIFHO HU3Kasl YUCIEHHOCTh B IMOYBE 0€3 JOMOJHUTENBHBIX HCTOYHUKOB OPTaHUYECKOTO Bellle-
CTBa, KOTOPOE /ISl TETEPOTPO(PHBIX MUKPOOOB HEOOXOAMMO KaK MCTOYHHMK IMUTAHUS U SHEPTHH. B TO ke BpeMs
B pusocdepe, I7e B pe3ynbTare 9K30CM0Cca IOCTOSHHO JETIOHNPYIOTCS JIETKOAOCTYITHBIE OpraHUYEeCKHE BEIIeCTBa
B BHJEC CaxapoB, OPTAHWUYECKHUX KHUCIIOT, aMHHOKHCIIOT (Y 000OBBIX), YHCICHHOCTh MHKPOOPTAHH3MOB MOXKET
OBITh Ha 1-2 TOpsiaKa BBINIE. B CriTy B3aMMOBBITOMHOTO COCYIIIECTBOBAHUS PACTHTEIEHO-MUKPOOHBIE acCOITH-
aI ¥ CHMOMO3BI UMEIOT OOJBIINE MPENMYIIECTBA MTPH BEDKUBAHUN B HEOJIATOMPUATHBIX yCIOBHAX, KOTOPHIE
00yCIIOBIIEHBI HE TOJBKO TOBBIIIEHHEM TOJIEPAHTHOCTH K KCEHOOWOTHKAM, HO W aKTHBHBIM yJaJIEHUEM TOKCH-
KaHTOB U3 cheprl oOnTanus1. UTOMPOTEKTOPHBIN AIPHEKT peaan3yeTcs MOCIeI0BaTeILHOCTHIO COOBITHIA: OaKTe-
puu cuaTe3upyIoT putoropmonsl (MYK, sTrien), 3a cuer 4ero yCHiImBaeTcs SKCKpeTopHasi akTHBHOCTEH KOPHEH
1 YBEIMIUBACTCS YUCIIO OAKTEPHii, CBI3BIBAIOIINX TOKCHYHEIC HOHBI B pr3ocdepe [37].

Crenndraeckuii BUIOBON COCTaB MUKPOMHUIIETOB (hopMupyeTcst B puszocdepe pacTeHHi B mporiecce purope-
Meananun Here3arpsa3HeHHbIX T0uB. HedTsiHOe 3arpsa3HeHre MeHsIeT BCTPEeYaeMOCTh OT/IEBHBIX BUAOB TPHOOB.
[Toxazano, 9To B Tporiecce (PUTOpEeMeTUAIH TAKUX ITOYB C TIOMOIIIBIO JFOIIEPHBI BUAOBOW COCTaB MUKPOCKOITH-
YEeCKUX IprOOB (POPMHUPYETCS IO OTHOBPEMEHHBIM BO3/IEHCTBHEM IOJUTFOTAHTA M KOPHEBOH CHCTEMBI PACTEHHH,
1 B 9TOM KOMIUIEKCE TOMHUHHUPYIOIIYIO POJIb UTPAIOT IPEACTABUTENH P.p. Aspergillus, Penicillium, Fusarium [38].

B cepun onbITOB OBIIO TTOKA3aHO, YTO MUKPOOHOJIOTHIECKAsT 00pabOTKa CEMSH CHUKACT MTOCTYIICHHE TSKe-
JBIX METAIJIOB B OpPTaHbl pacTeHWH. Tak, MpH WHOKYISAIMHA CEMSH SYMEHS aCCOIMATUBHBIMU PHU300aKTEPUSIMHU
Azospirillum lipoferum, Arthrobacter mysorens, Agrobacterium radiobacter, Flavobacterium sp. mpoucxoauia
aKTUBHAS KOJIOHU3AINS KOPHEH B MPUCYTCTBUM TOKCUYHBIX JUTSI PACTEHNH KOHIIEHTPAIMI CBUHIIA M KaIMUS B TIO-
yBe. bakTepuzarys CeMsiH MOJIOKUTETHHO BIHsIIA HA POCT W YAydIana MoTpeOIeHne MUTATEIbHBIX HIEMEHTOB
pacTeHUsIMH U3 00OTAIEHHOH THKEITBIMUA METAJIAMHU TTOYBHI B YCIIOBHSIX BET€TAIIHOHHOTO U TIOJIEBOTO OTIBITOB.
[TnasmMumoconepkamme mraMMbl OakTepuil p. Pseudomonas, pa3nararomniie TOIAITUKIHIeCKHe apOMaTHIECKUe
YTIIEBOZOPO/IBI, TIPH HHOKYIISAIIUHN CEMSH STIMeHS d((EKTHBHO 3aIHIIAIOT PACTEHHUS OT (PUTOTOKCHYECKOTO JIeH-
CTBUS yIIIEBOIOPOIOB HEPTH [39].

Juis puropemenuanyuy MOYB, 3arpsI3HEHHBIX MBIIIBIKOM, MCTIONB30BAIN CaXapHOE COPro, ceMeHa KOTOpO-
IO WHOKYJIHPOBAJIN MPUPOAHBIMUA W TEHETHYECKH MOAN(UIIMPOBAHHBIMU ITAMMaMHU pH30C(hepHBIX OakTepuit
Ps. aureofaciens. 'enerndeckn MOTU(PUIMPOBAHHBIE ITAMMBI OAaKTEpHU BKIIFOYAIN KOHCTPYKIMH, HECYIIHE
OTIEPOH YCTOMYMBOCTH K MBIMIBSIKY W CONIEPYKaIW TeH IMTPaT-CHHTA3bl, MPOAYKTHl KOTOPOW CIIOCOOCTBYIOT
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TIOBBIIICHUIO PACTBOPUMOCTH (oc(haToB 1 apCEHATOB B TIOYBE, TIEPEBOISI UX TEM CAMBIM B JIOCTYITHYIO JUISl pacTe-
HUi hopmy. PacteHust copro, BeIpallleHHbIC U3 CEMSTH, HHOKYJIMPOBAHHBIX PEKOMOMHAHTHBIMY IITAMMAMH, Y-
ITIe BBDKUBAIH B TTOYBE, COEPIKAIIEH MBIIILSIK, TT0 CPABHEHHIO C KOHTPOJILHBIME dK3eMIuTsipamu [40].

3aKjIouenue

B ycrmoBusIX aHTpOIIOTEeHHOTO BO3ACHCTBHS Ha Onochepy OMHON U3 BaXXKHEUIITUX 3a71ad SBISICTCS N3YUCHUE
MyTeH MOCTYIICHUS W UMMOOWIIM3AINN 3arpsI3HSAIONINX KOMIIOHEHTOB. TeXHOTEHHOE 3arpsA3HEHHE KOMIIO-
HEHTOB OMOC(epsl MPUBOIUT K TOMY, YTO MMEHHO TOYBEHHAs OMOTa BBIMTOJHAET BAXKHYIO DKOJIOTHUECKYIO
(YHKIIUIO — TETOKCHUKAIMIO PAa3INYHBIX COEIWHEHHH, B TOM YHCIIE TSHKEIBIX METaJUIOB, MECTHIIMIOB, TPH-
CYTCTBYIOIIIUX B ITOYBE M BIUSIONINX HA COCTOSTHUE OKpY Katomiei cpeasl. CreoBaTeIbHO, MUKPOOPTaHH3MBI
BXOIISIT B OCHOBHO# TeHO(OH I, KOTOPBIH MIPOTUBOCTOUT U3MEHEHHSIM OMOC(EpHI.

B mpomeccax merpamanuyi TOKCHKAaHTOB B OKPY)KArOIIEH Cpe/le aKTHBHO YYAaCTBYIOT Pa3IMYHbIE TPYIIITHI
MHUKPOOPTaHU3MOB, KOTOPBIE MOKHO HMCTIOIB30BaTh IS pa3pabOTKH METOAOB OMopeMenuaruu mous. J{oka-
3aHa aKTHBHAs peMeINAIMOHHAs POJIb KaK OTIAENBbHBIX BUOB OaKTepuii, BOIOPOCIeH I MUKPOMHIIETOB, TaK
1 MHOTOBHIIOBBEIX accorranuii. OcoOeHHO OONBITON WHTEpEC MPEACTABIISIOT PACTUTEILHO-MUKPOOHBIE KOM-
TJIEKCHI B 3aTPA3SHEHHBIX ITOYBAX, COPOLIMOHHAS, IETOKCHKAITMOHHAS U IECTPYKITMOHHASI aKTUBHOCTH KOTOPBIX
MO3BOJISIET B TIEPCTIEKTUBE MIMPOKO MCIIOIH30BaTh MOAOOHBIE aCCONMANNN B OMOpeMeInaliOHHBIX MEPOIIPH-
ATHSX.

PacturensHO-MHKPOOHBIE CUCTEMBI B OOpEMeInallii YHUBEPCATBHBI TEM, YTO MX MOYKHO TPUMEHSTH IS
OYHCTKH TIOYB OT CaMbIX Pa3HBIX 3arps3HHUTENEH, MOA0Npass KOMOMHAIIMH KOMIIOHEHTOB MUKPOOPTaHU3MBI —
pacTeHus — 3arps3HeHHas cpena. K ancmy Hanbonee mepcrneKTHBHBIX MUKPOOOB-UHTPOAYIIEHTOB MOYKHO OT-
HECTH ITHaHOOaKTepHHU, 00pa3yoIIue ITHaH00aKTepHaTbHO-PU300HaTbHBIC KOMIUICKCHI.

DKoJorruYecKasi 3HAYMMOCTh MMOTYYEHHBIX PE3YIhTaTOB 3aKII0YaeTCs B pealn3aliiid BO3MOKHOCTEH OCBO-
OOXIIEHUS ITOYBBI OT GUTOTATOTCHOB M PA3TUIHBIX 3arPsA3HAIONINX BEMIESCTB Oarogapst OMOIOTHIECKUM 0CO-
OCHHOCTAM MTPUMEHAEMBIX MUKPOOPTaHIU3MOB M PACTUTEIHHO-MUKPOOHBIX KOMIUTEKCOB. [Ipu aToM nckmroya-
€TCs OMTACHOCTH CJIBUTA SKOJIOTHYECKOTO PAaBHOBECHS B TOUYBEHHBIX IIEHO3aX, KOTOpas BCET/a CYNMEeCTBYET IIPH
WCTIOJIb30BAHNH XUMHUYECKAX MEIHOPAHTOB U MIECTUIINIOB.
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PAJII/IOHOFI/IH N PAIMOBUOJIOT' A,
PAINALTMOHHAA BE3OITACHOCTDb

RADIOLOGY AND RADIOBIOLOGY,
RADIATION SAFETY

VK 632.118.3

CUCTEMA PAAVAIITMOHHOM 3AIIUTEI HACEAEHUA
ITOCAE ABAPUN HA YEPHOBBIABCKOUM A3C

H. H. IIBIFYJIBKOY, B. B. .JKYPABKOBY, M. I. TEPMEHYYK?

DMedicoynapoonwiii 2ocyoapemeennviii sxonoeuveckuti uncmuniym um. A. /1. Caxaposa,
benopycckuii eocydapcmeennulii ynugepcumenmn,
yi. [Joneobpoockas, 23/1, 220070, e. Munck, Berapyce

PaccMaTpuBarOTCsl MEXKIyHAPOIHbLIE PEKOMEHIAINK ¥ HOPMBI PaIHAIMOHHON GE30MaCHOCTH, SBOIIOLHS (POPMUPOBAHUSI
NPUHIIAIIOB, KPUTEPHUEB M HOPMATHBHO-METOIMIECKON OCHOBBI PaJIMallMOHHON 3alUTHl HaceneHus Pecrybmiku bemapych
nocse aBapuu Ha YepHoObuibckoli ADC. TpuBeneHa cxeMa 30HMPOBaHMs TEPPUTOPUU Benapycu, MoABEpIiIelcs paano-
AKTMBHOMY 3arpsi3HEHUIO0. M3J10KeHa METONOJIOIHS HOPMUPOBAHHUS COAEPIKAHUS PAIMOHYKINIOB B MHUILEBIX MPOLYKTaX,
pecIyOIuKaHCKUE T0MyCTUMEIE YpoBHHU comepkanus 2'Cs u °°Sr B CeNbCKOX03SHCTBEHHOM CBIPhE LIS EpepabOTKU Ha IH-
IIEBBIE ETU ¥ KOPMaX IS MONyYEHUs KOHEYHOU MPOLYKIMK. B COOTBETCTBHY C 3aKOHOIATENLCTBOM benapycu npoxxuBanme
1 TPYA0Bast IEATEILHOCTD HACEICHHUSI HA TEPPUTOPHUH PAJHMOAKTUBHOIO 3arPA3HEHHS HE TPEOYIOT KaKuX-TH00 OrpaHuYEeHHH,
€CIM cpeHss TomoBas d(GheKTHBHAs 1032 00IydeHHs He TpeBbiniacT | M3B B TOJ HaJl yPOBHEM €CTECTBEHHOTO M TEXHO-
IE€HHOT0 paaualonHoro (oua. Jlonycrumble yposHu comepxkanus V’Cs u *’Sr B MUILEBBIX NPOAYKTaX H3MEHSIUCH B CO-
OTBETCTBUM C IOIOBBIMM KBOTAMHM Ha BHYTpeHHee oOiydenue. Ha pasHbIX dTanax pasBUTHs II0CIIEaBAPUMIAHON CHTyaun
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Paguoskosorusi U paauo0nosIorusi, paguanuoHHasi 6e30MacHOCTh
Radioecology and Radiobiology, Radiation Safety

OHH TIEPUOMIECKH [IEPECMATPUBATIUCH B CTOPOHY YKECTOUCHHSI. | MTHEHNYECKUH HOPMATHB PEIIAMEHTHPYET COZEPIKAHHE
137Cs B 14 rpymmax MUILEBbIX IPOIYKTOB, coxepxanue *Sr — B 10 rpymmax. C 1enbio o0ecreyeHns: pOU3BOACTBA IPOILYKTOB
NUTaHUs B Tpenenax pe)epeHTHbIX YPoBHEN pa3paboTaHbl JomycTuMbie ypoBHu conepikanus *’Cs u St B cenbCKoxo3sii-
CTBEHHOM ChIPbE M KOpMaX. Bcsi pacTeHHEBOIYECKasl M SKMBOTHOBOMUYECKAS MIPOMYKIIUS, IPOM3BE/ICHHAS HA 3arpPS3HEHHbIX
PaIHOHYKIIHIAMH TEPPUTOPHSX M UCIIOJb3yeMast [Is [IPOIOBOIICTBEHHBIX IelIei, IlepepaboTKH, pealk3alii Ha BHY TPCHHEM
Y BHEIIIHEM PBIHKAX, JIOJKHA COOTBETCTBOBATH HOPMATHBHBIM TPEOOBAHHSIM.

Knrouesvie cnosa: pagnanmoHHast 3alnTa; 1036l O0IY4EHHS; JIOMYCTUMBIE U pe(h)epeHTHBIC YPOBHU; IUIEBHIC TPOIYKTHI;
CEJIbCKOXO3SICTBEHHOE CBIPbE U KOpMa.

SYSTEM OF RADIATION PROTECTION OF THE POPULATION
AFTER THE ACCIDENT AT THE CHERNOBYL NPP

M. M. TSYBULKAY, V. V. ZHURAVKOV*, M. G. GERMENCHUK*

International Sakharov Environmental Institute, Belarusian State University,
23/1 Daiithabrodskaja Street, Minsk 220070, Belarus
Corresponding author:

The article describes international recommendations and radiation safety standards, the evolution of the formation of
principles, criteria and the regulatory and methodological basis for radiation protection of the population of the Republic
of Belarus after the accident at the Chernobyl nuclear power plant. A zoning scheme for the territory of Belarus subject
to radioactive contamination is presented. The methodology for regulating the content of radionuclides in food products,
the republican permissible levels of ¥’Cs and *°Sr in agricultural raw materials for processing for food purposes and
feed for obtaining final products are outlined. In accordance with the legislation of Belarus, the residence and work of
the population in the territory of radioactive contamination do not require any restrictions if the average annual effective
radiation dose does not exceed 1 mSv per year above the level of natural and man-made radiation background. The
permissible levels of *’Cs and *°Sr in food products were changed in accordance with the annual quotas for internal
exposure and at different stages of the development of the post-accident situation were periodically revised towards
tightening. The hygienic standard regulates the content of *’Cs in 14 groups of food products, the content of *°Sr in
10 groups. In order to ensure food production within reference levels, permissible levels of *’Cs and *°Sr in agricultural
raw materials and feed have been developed. All crop and livestock products produced in areas contaminated with
radionuclides and used for food purposes, processing, and sales on the domestic and foreign markets must comply with
regulatory requirements.

Keywords: radiation protection; radiation doses; permissible and reference levels; food products; agricultural raw
materials and feed.

Mescoynapoouvle pekomenoayuu U HOpMvl N0 paouayuoHHou 3awume nacenenus. Ilocie aBapun Ha
UepnoObutbckoit ADC obecrieueHUe pagualliOHHON 3allUThl HACEJICHHUS W IMPOU3BOACTBO CEIIHCKOXO3SH-
CTBEHHOU MPOAYKIIMH, OTBEYAIOUIEH T'MTHEHWYECKUM W BETePHUHAPHBIM TPEOOBAHUSAM IO COAEPIKAHHUIO pa-
JTUOHYKIIUOB, 00yCIOBIIM HEOOXOJUMOCTh MAacCIITAaOHOTO MPUMEHEHUS 3aIUTHBIX MEPONPHITHI BO BCEX
OTpacysX CEIbCKOTO XO3AHUCTBA, a TaK)Ke MCTOIB30BaHMUS CIEIHANBHBIX TEXHOJIOTHI 1epepaboTKH CellbCKo-
XO0351iCTBEHHOTO ChIPbSI.

Panmannonnas 3ammra u pagraliioHHas 0€30MacHOCTh BKITIOUAET CHCTEMY KOHIICTIIINH ¥ KPpUTEPHUEB, METO-
JIOB M CPEJNICTB, HAIPABIEHHBIX Ha OE30MacHOCTh YeJOBEKa MPH HWCHOIH30BAHNH MCTOYHHUKOB HOHU3UPYIOIIETO
n3nydeHns. Oco0eHHOCTh CHCTEMBI PaHallMOHHON 3alUTHI 1 OE30MaCHOCTH COCTOHT B TOM, YTO OHA UMEET He-
CKOJIBKO MEPApXUIECKHUX YPOBHEH.

Bepxuuii ypoBeHb — MeXIyHapOJHbIE HAaydHBIE OCHOBBI 0€30MaCHOCTH, KOTOPHIE M3JIAraroTCsi B PEKO-
MeHIanusIx MexTyHapoaHol KoMuccuu 1o paguonorudeckoit 3amure (MKP3, ICRP). Onnako onu mop-
BEpraroTcs nepecMoTpy Kaxkabie 10—15 et ¢ yueToM moaydeHns] HOBBIX 3HAHUH 0 OMOJIOTHIECKOM IEHCTBUA
MOHHM3UPYIOIIET0 N3JIyYeHHs U HAKOTUICHUS OIbITa 00ecTeueHus paananronHoi 6e3onacHocth. [locnennme
pexomennanun omyonukoBansl B 2007 1. (myOmukarus Ne 103) [1] u pazpaboTanbl B3aMeH MpeabIAyIIeH my-
onmukanuu 1996 . Ne 60 [2].

Ha cnenyromem ypoBHE HaXOAATCS MEXKTyHAPOAHBIE CTAHIAPThI, TPEOOBAHNS U HOPMBI O€30MACHOCTH, KOTO-
prie hopMupyeT MexxmyHapoIHOE areHTCTBO 1Mo atoMHoi sHeprun (MAT'ATD, IAEA) mocne BbIxoa ouepeIHbIX
pexomennarmit MKP3.
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Bo Bpems aBapuu Ha UepHOOBUTECKOH ADC B 1986 I. COOTBETCTBYIOIIHE MEKIyHAPOIHBIC HOPMBI PaIv-
AIIMOHHOM 3alTUTHI HACEICHUS W PaOOTHUKOB comep aituch B myonukamuu Ne 26 MKP3 [3], a koHKpeTHBIE
PEKOMEHTAIMH TI0 3aIUTe HACEJCHUS B ClIydae KPYIMHBIX PaJIMAIlMOHHBIX aBapuii B myomukammm Ne 40 [4].
CootserctBytonne OcHoBHBIE HOpMBI Oe3omacHOoCcTH MAI'ATD, ocHOBaHHBIE Ha pekoMmeHmamusax MKP3,
OnuTH BRITTyIICHB! B 1982 1. [5]. OCHOBHBIC IPUHITAIIEI COBPEMEHHOM paIlalMOHHOMN 3aluThl — 000CHOBAHHE,
ONTHMM3AIIHS M OTPaHUYEHUE 103. YeTkoe pazmudne Mex /Iy 3alliuTOi B HOPMAJIbHBIX YCIOBHSIX U B YCIOBHUSX
BMEIIAaTeIhCTBA TAKXKE COMEPKAICH B 3THX JOKYMEHTaX. B To Bpems rogoBoii mpenen 103 mpodheccnoHanbHO-
ro oOmyuenus paBHsics 50 M3B, a st o0ydeHus HaceneHns — 5 M3B. [locennee 3HaueHIE paccCMaTPUBAIOCh
B KauecTBe 0€30ITaCHOTO YPOBHSI OOYUCHUS JTIONCH.

CrieruanbHbIe TIPEAEIThl B OTHOIIEHUH PaINAIlIOHHON 3aIlIUTHl HACEIEHHUS B CITydae SACPHBIX WM PaIdali-
OHHBIX aBAPUIHBIX CUTYyaIllii KOHKPETHO HE OBUIM YCTAHOBJICHBI B 3THX TOKYMEHTAX, & PEKOMEH/I0BAJIOCh:

— MPAKTUYECKH BCEMH CPEACTBAMH CHIDKATh aBapHifHOE OONydeHHe JIoNieil 10 YpOBHEW HIKE /103, KOTOPHIE
MOTYT TIPUBECTH K JETEPMUHUPOBAHHBIM d(peKTaM [Tt 3M0poBhs (OCTPHIN JTy4eBO CHHIPOM, PaAHalliOHHOE
MOBPEXICHNE COOTBETCTBYIOIINX OPTAaHOB FUTH TKaHEH );

— OCYIIECTBIISTh BMEIIATENBCTBO (IPUMEHATh U OTMEHITH KOHTPMEPHI, HAlpaBICHHBIE HA CHIDKEHHE CTOXa-
CTHYECKUX APPEKTOB [T 3710POBHS) HA OCHOBE ONTHMHU3AINH, PUHUMAIOIIEH BO BHIMaHHE KaK CHIDKEHHE KO-
JIEKTUBHOM JT03BI B PE3yNbTaTe MPUMEHEHH KOHTPMED, TaK M COOTBETCTBYIOIIIE YKOHOMHUIECKHE 1 COIMAJIbHbIE
3aTparhl Ha BMEIIaTeCTBO.

B pyxoBonctee MKP3 [4] pexoMeH0BaHEI 00IITHE ABYXYPOBHEBbIC KPUTSPUH TSI CITyIaeB BMEIIATEIHCTBA HA
paHHEH cTamuu aBapuu: YKpeITHE pH 103¢ 5—50 M3B Ha Bee Teso wim 50-500 M3B Ha OTAETBHBIC OpraHbl; HOMI-
Has IpoQIIaKTHKA, HalpaBJIeHHAas Ha 3aIIUTY IUTOBHIHON YKeJle3bl OT MOCTYIIJICHNS PaINOHYKIIH/IOB ITPH 103aX
50-500 M3B Ha IIUTOBUIHYIO JKeJIe3y; dBakyanus mpH no3ax 50-500 m3B Ha Bce Temo mwiu S00-5000 M3B Ha OT-
JIeTbHBIC OPTaHbl. B OTHOMEHUH MTPOMEKYTOIHON CTaINN aBapuH PEKOMEHI0BAINCEH o0mne kpurepun 5—50 M3B
Ha Bce Teno mwin 50-500 M3B Ha OTAeNbHBIE OpPTaHbl sl KOHTPOJIS 3arPA3HEHUS MHIIEBBIX MTPOILYKTOB PaHOHY-
kmagamu 1 50-500 M3B Ha Bce TEJIO IS TIEPeCeIICHUS.

HoBrsie MexTyHapoHbIE OCHOBHBIE HOPMBI PaMAIlIOHHON 3allIUTHl HACEICHNS U PaOOTHUKOB pa3paboTaHbI
MKP3 B 1990 1. mocite Toro, Kak JaHHBIC HCCICTOBAHIM MOKA3aJIH, YTO KOAPOHUITUSHTH paIHalliOHHOTO PUCKa
BO3HMUKHOBEHUS CTOXAaCTHUECKUX I((PEKTOB /IS 3I0POBHSI YETOBEKA 3HAYUTEIHHBI BBIIIE, Y€M CUMTAJIOCh PaHEee.
T'onoBrlie peaensl 00mydeHusT OBUTH 3HAYUTETHHO (B 2,5—5 pa3) CHIKEHBI  YCTAaHOBJICHBI PaBHBIMU 20 M3B IS
pabotHUKOB 1 1 M3B — U1 HaceneHus [6].

CriernanpHbIe TIpeIeibl PaJAUalliOHHON 3aIIUTH B CITydae SAepHBIX WM PaJUallMOHHBIX aBapUITHBIX CHUTY-
anyii B 9THX JTOKYMEHTax He ObUmM ycTaHOBJIEHHI. [lo3mHee pa3padarhiBaaich COOTBETCTBYIOIINE KOHKPETHBIE
PEKOMEHIAINY B OTHOIIIEHNH BMEIIATENLCTBA ISl 3AIUTHI HACENIEHHsI B CITydae paJHalliOHHON aBapHiHON CH-
Tyaru [7]. B 3ToM pyKoBOICTBE KOHIIETIIMS ONTHMH3ANH OblIa TIOATBEPIKACHA B Ka4eCTBE OCHOBHOM, ITpHUMe-
HSIOTIIEHCS B CIy4Jae aBapUiHON CUTYyaIllH, U B TaJIbHEHIIIEM OHA Oblia JopaboTaHa B OTHOIICHHH JTO3BI, TIPEIOT-
BpaIleHHO Oylarojapsi BMEIIaTeIbCTRY.

Dopmuposanue HAUUOHATLHOU CUCHIEMbl PAOUAYUOHHOIL 3auiumbl Hacenenusa. K momenty aBapuu B Co-
BeTckoM Coro3e IeHCTBOBAIN HOPMBI paguannoHHoil 6esonacnoctu (HPb-76), paspaborannsie HarmonanbHoi
komuccueit o paauanmonnoi 3amute (HKP3) mpu Munncrepcrse 3apaBooxpanenuss CCCP. OcHoBHBIE TOJTO-
KeHus, 3anoxkeHnsie B HPB-76, coorBeTcTBOBamm Ha TOT MOMeHT pekomeHaammsMm MKP3. B HPB-76 ycranapnu-
BAJIMCh TIPEIEITBHO JIOMYCTUMAsT 1032 00Iy9YeHUs! IJIsi Ppo(eCCHOHAIIOB 1 ITPEE JI03bI [Tl OTPaHUUCHHON YacTh
HaceNleHHs 32 KaJIeHJapHBINA T0/l, KOTOPhIE HE BBI3BIBAIN HEONIAroNpUATHBIX N3MEHEHUH B COCTOSIHUHU 3/I0POBbS
NPy paBHOMEpPHOM 00Ny4deHur B Teuenne S50 JeT npodeccnoHaIbHON AesaTenbHOCTH B 70 JIeT )KU3HU COOTBET-
CTBEHHO, OOHApPyKUBAEMbIX COBPEMEHHBIMU MeToZaMH [8].

Ha panHunx cragusix rnocje 4epHOOBUTECKOM KaTacTpodbl HANOOIBINEH paJMoI0OrHIeCcKOi 3HAYUMOCTBIO 00Ma-
AT KOPOTKOKUBYIIHE PAIUOHYKIHI6I. OCHOBHBIM HCTOYHUKOM 00NyUeHus sBisuics ' ¢ mepuogom monypac-
nan (Ty,) 8,04 cyTok, KoTopbIii o ucredenun 80 aHEH MpakTHUECKH MOTHOCTHIO pacrnaica. Ha puc. 1 mokazana
JIMHAMUKA 3arpsi3HeHus no4Bsl [omernbekoii 06, BT ¢ 26.04.1986 no 05.05.1986 1.

ITonmy4eHHble Ha paHHUX dTarax JaHHbIe O TUHAMUKE MOIIHOCTH JI03bl TaMMa-U3JTy4eHHUS HA MECTHOCTH U CO-
CTaBe PaJIMOaKTUBHOTO 3arpA3HEHUS TEPPUTOPHH CBUIETEIHCTBOBAIN O TOMUHHUPYIONIEH POJIH M30TOMOB 113U
("*Cs, *'Cs). TIporno3 qUHAMUKH yPOBHEN BHENIHETO raMMa-U3JTyYeHHsl ¥ OCTYIUIEHUS PaIHOHYKIIUJIOB IE3Hsl
B OPTaHU3M C MPOyKTaMHU IIUTAHUS MOKa3all, 4To HaKoruieHHas 703a 3a 50—70 et B 2-3 pa3a NpeBBICUT 703y 3a
niepBbii Tox [9]. C yderoMm JaHHOTO (haKTOpa M pacrpoCTpaHEeHUs paJIMOAKTHBHOTO 3arpsi3HEHUSI Ha OOIIUPHBIE
TEPPUTOPUU C OOJIBIINM KOJTHYECTBOM JKUTEJICH ObUTH BBEICHBI KPUTEPHH ISl OTPAHUYCHHST OOTYyICHUS JTNKBH-
JTaTOpPOB W MPHUHATHUS pEIIeHHH 1o 3ammTe Hacenenus. B mae 1986 1. B kauecTBe npeena 1036l 00IyueH s BCETo
TeJa 3a ePBBIiA ToJ1 TIoJIe aBapuu ObLI0 periamenTupoBano 100 M38 (10 63p B equHMIIAX, KOTOPBIE UCIOIH30Ba-
JIMCh B TO BpeMsi), ¢ KBoTamu 110 50 M3B Ha BHEIIHEE U BHYTPEHHEE O0yUCHHE.
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Puc. 1. lunamuka 3arpsi3Henus mousbl [omernsekoii 06, P11 ¢ 26.04.1986 mo 05.05.1986

Fig. 1. Dynamics of soil pollution in the Gomel region *'I from 26.04.1986 to 05.05.1986
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B pesynbrare ecTeCTBEHHBIX MIPOILIECCOB U MPOBEICHNS 3AIIUTHBIX MEpP B TE€YEHHUE MTEPBOTO TO/Ia U B TaTbHEH-
IIIEM TIPOUCXOVIIO CHIDKEHNE YPOBHEH paMOaKTHBHOTO 3aTrPSA3HEHMSI, BHEIITHETO M3TydeHHs M TOCTYTIICHHS pa-
JIMOHYKJIUIOB B OPraHU3M >KUTeJIeH 3arpsi3HeHHbIX Tepputopuil. IToaToMy 1o Mepe yinydileHus: paaualiioOHHON
00CTaHOBKH TPECITBI TOMOBOM 03Bl 00TyUeHHS CHIKAIHCH 10 30 M3B Ha BTOPO¥ TOJI TIOCTIE aBapyH U 110 25 M3B
B 1988-1989 rT. (Tabmn. 1). Utak, mo 1990 1. momycTuMoO# 1030 ISl HACEICHHS B PE3yibTaTe pPaaHoaKTHBHOTO
BBEIOpOCa ipu aBapun Ha YepHOOBUThCKOM ADC cunTanach o3a, He mpessimaromiast 173 m3s [10].

Tabnuma 1

H3meHeHue npeieIbHBIX 3HAYEHMI 103 00/1y4eHHs] HAceJIeHUS M JJUKBH/IATOPOB B NePBblii Moc/1eaBapuiiHblii nepuoa, M3B B roj

Table 1

Changes in the limit values of radiation doses to the population and liquidators in the first post-accident period, mSv per year

Tomer
Hopmarus
1986 1987 1988 1989
[IpenenbHbIe 10361 00Ty YEHHSI JINKBUIATOPOB 250 100 100 100
[IpenenpHBIC 7036 O0TYUIEHUS HACCICHUS 100 30 25 25

Ha ocHoBannu 3THX ypoBHEH BMeNIaTEIbCTBA OCYILECTBIIACh CHCTEMa IPEBEHTUBHBIX MEp — MepecesieHHe
JKUTEJIeH, OorpaHuueHHe Ha IPOU3BO/CTBO M PEATU3AIMIO CENbCKOX035HCTBEHHOM MPOILYKINH, TOTPEOIICHNE PO-
JYKTOB TiuTaHus. Tak, ¢ 1eNblo paJinalliOHHON 3alUThl HacedeHus Ha nepBoM 3tane (1986 r.) u3 6enopycckoit
30HbI oTay>KAeHus (bparunckoro, XoiHukckoro, HapoBnsiHckoro pailoHOB) ObLITO 3BaKyupoBaHO 24,7 ThIC. )KUTE-
neii u3 107 Hanbonee 3arpsi3HEHHBIX HACEIEHHBIX MyHKTOB [11].

B 1988-1989 rr. HKP3 pazpaborana Konuenmus 6€30macHOro mposKMBaHUs Ha 3arPsI3HEHHBIX TEPPUTOPHUSIX
B OTHAJCHHBIA nepuon. [Ipenyiaranoch ycTaHOBUTH AOMYCTUMBIN Mpezen oOmydeHus 3a JKU3Hb dPPEKTUBHYIO
SKBHUBaJICHTHYIO 103y 350 M3B (35 03p), BKIItOUAs 103y OOIydeHUs, MOTydeHHYI0 HacenenueM 1o 1990 1. Eciu
B COOTBETCTBUH C IPOTHO30M OKMIAIIMCH JO3bI HIXKE MPEAETbHOM, TO MPEAIaragoch CHATh OTpaHUuSHHUs Ha TIPO-
JKUBaHHE HACEJIECHHS, a T/Ie 3TOT YPOBEHb ObUI BBIIIE — PEKOMEH/I0BAJIOCh OTceneHue toneit [12].

[Ipenen no3sl 3a sxu3Hb (350 M3B) — BecbMa KOHCEpBATHBHAS BETUUMHA, PACCUMTAHHAS C OOJIBIIMM 3aI1acoM
ucxons u3 TpeOoBaHMH PasyMHONW OCTOPOKHOCTH M «IEPECTPAXOBKM» BCIIEACTBHE HAJIUYUS 1IEJIOT0 psiia He-
OIpeeTICHHOCTEH KaK HayYHOTO, TaK U OPTaHU3allMOHHOTO XapakTepa. KoHcepBaTHBHBIN MOAXO0[ Mpearoara,
KaK MMHUMYM, JBYKPATHBIH 3amac Mo o>KuxaeMoit 1o3e 3a 70 JieT, To ecTb CpeAHsisl MPOTHO3UpYeMasi OXKHIaeMast
WH/IMBU/yallbHAs 1032 00IydeHus Jirojiel coctapisuia Obl opsiika 100—170 mM3B 3a xu3Hb. [laHHas KOHIENIHS
BbI3BaJla MHOTOUUCIICHHBIE JUCKYCCHH M HE OblLia moajepkaHa. OCHOBHBIM NPEIMETOM KPUTUKH SIBISLIICS YpPO-
BeHb BMenIarenseTBa 350 M3B, KOTOPBIN paclieHuBaJICs Kak HerpreMieMo Beicokui [10].

B 1990 r. MKP3 npussna B KauecTBe mpesena cpeaneit ronosoit a¢dexruBHoi no3bl (CI'D) mis Hacene-
HUSI BeMMUMHY | M3B B perynupyemMbIX CUTyalMsx (MpakTUueckoil aesrensHocTH). Ha ocHoBaHMM 3TOTO OBLIA
BBIJIBHHYTa HOBass KoHuenuus 6e30macHOro NpokKMBaHMsl HACEJICHUs B pailoHax, MOCTpaaBIIuX OT aBapHu Ha
YeproObuibekoit ADC, ycTaHaBnuBaromas cBEpX(pOHOBYIO TOJOBYIO SKBUBAJICHTHYIO /103y oOmydeHus 1 m3B
B o7 (70 M3B mim 7 63p 3a KHU3HB), KOTOpas B JaJbHEHIIEM T0JIOKEHa B OCHOBY HAIlOHAJIBHBIX HOPMATHBHBIX
NPaBOBBIX JOKYMEHTOB B 00JaCTH MPEOAOICHHUS MOCIeNCTBUI KaTtacTpodsl Ha YepHoObuibekoit ADC.

CormnacHo 3aKOHOJATENBCTBY benapycu, NpoXuBaHWEe U TPYAOBasi AATEILHOCTD HACEICHHS Ha TEPPUTOPHU
PaaoaKTUBHOTO 3arpsi3HEHUS He TPeOyIOT Kakux-nnbo orpanndenuit, ecan CI'JJl e mpesbimaer 1| M3B B rox
HaJl yPOBHEM €CTECTBEHHOTO M TEXHOTEHHOTO paguanroHHoro gona. [Ipu npessimennn CI'DJ1 1 M3B B rog npo-
BOZSITCS 3aIIUTHBIC MEPONPHUSATHS, IPH CHIDKCHUH ee 10 3HaueHui B uHTepBase ot 1,0 no 0,1 M3B B rox 3ammut-
HBIE MEPONIPHUATHSI HE OTMEHSIOTCSI, a pu 3HaueHusX MeHee 0,1 M3B B Tof HE TPOBOSTCSL.

K Tepputopun panuoakTHBHOTO 3arpsI3HEHUSI OTHOCHUTCS YaCTh TEPPUTOPHH C IIIOTHOCTHIO 3arpsI3HEHUS TIOYB
B7Cs 6o *Sr mimm »*¥24°Pu coorsercrBenno, 37, 5,55, 0,37 kbk/m? (1,0, 0,15, 0,01 Ku/km?) u Gonee, a Takke
MHBIE TePPUTOPHH, HA KOTOpBIX CI'DJ[ MOXKeT MpeBBICHTH (HaJ YPOBHEM €CTECTBEHHOTO U TEXHOTEHHOTO (hoHa)
1 m3B B rox [13]. Ha ocHOBe JaHHBIX KpUTEPUEB MPOBEACHO 30HUPOBAHNE TEPPUTOPHH PAANOAKTHBHOTO 3arpsi3-
HeHusl. B 3aBUCUMOCTH OT TJIOTHOCTH 3arpsi3HeHHs TOYB paguoHykimuaaMu U () CI'O/1 BeLAETAIOTCS Clienyto-
1K€ 30HbI PaJIMOAKTHBHOTO 3arps3HEHHUS:

— 30Ha 9BaKyaluu (OTUYXICHHUs) — TeppuTopusi BOKpyr YepHoObuibckoit ADC, ¢ koTopoii B 1986 1. Obu10
9BaKyHpoBaHO HaceneHue (30-KHIOMeTpoBast 30Ha M TEPPUTOPHSL, C KOTOPOH MPOBEACHO JOMOIHHUTEILHOE OT-
CeJIEHHE HACEJIEHUS B CBSI3H C IUIOTHOCTHIO 3arpsa3Henus nous *’Sr 6onee 111 xbr/m? (3 Ku/xm?) u 2324Pu Gonee
3,7 xbr/m? (0,1 Ku/xm?));
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— 30Ha MEPBOOYEPETHOTO OTCENEHUS — TEPPUTOPHUS C IIOTHOCTBIO 3arpsa3Henus mous *’Cs or 1480 kbx/m?
(40 Ku/xkm?) mu6o *°Sr mmm 2*424°Pu coorsercreenno, 111, 3,7 kbr/M? (3, 0,1 Ku/xm?) n Gonee;

— 30Ha MMOCIIEAYIOLIETO OTCENEH S — TEPPUTOPUS C INTIOTHOCTHIO 3arpsa3Henus nods ¥’Cs ot 555 1o 1480 kbx/m>
(ot 15 1o 40 Ku/xm?), iu6o *°Sr ot 74 no 111 xbx/m? (ot 2 mo 3 Ku/km?), umm 24Py or 1,85 no 3,7 kbr/M? (o1
0,05 10 0,1 Kn/xkm?), Ha kotopoii CI'J] MOXKET IPEBLICUTH (HaJl yPOBHEM €CTECTBEHHOTO U TEXHOTEHHOTO ()OHA)
5 M3B, ¥ JIpyrHe TEPPUTOPHUHN C MEHBIIIEH TUNIOTHOCTBIO 3arpsi3HEHUS YKa3aHHBIMU PAIMOHYKIIHIAMHU, HA KOTOPBIX
CI'D/] MOXeT TIPeBBICUTE 5 M3B;

— 30HA C PaBOM Ha OTCEJIEHHE — TEPPUTOPHUS C IIIOTHOCTBIO 3arpsa3Henus nodus >’Cs or 185 go 555 kbk/m?
(ot 5 mo 15 Ku/xm?), mu6o *°Sr ot 18,5 no 74 kbx/m? (ot 0,5 10 2 Ku/km?), nima 2424°Pu ot 0,74 no 1,85 kbk/m? (ot
0,02 10 0,05 Kn/xm?), na kotopoit CI'J] MOKET IIPEBBICUTSH (Ha YPOBHEM €CTECTBEHHOTO U TEXHOTEHHOTO ()OHa)
1 M3B, U IpyTHe TEPPUTOPHH C MEHBIIICH TUIOTHOCTHIO 3arPSI3HEHUS YKa3aHHBIMH PaJIMOHYKITUIAMHE, Ha KOTOPBIX
CI'Q/] moxet mpeBBICUTE | M3B;

— 30Ha MTPOYKUBAHUSI C IIEPUOIMUYESCKUM PaTHAIIMOHHBIM KOHTPOJIEM — TEPPUTOPUS C TUTOTHOCTHIO 3arpsi3HEHHUS
nous *’Cs ot 37 no 185 kBx/m? (ot 1 1o 5 Ku/xm?), mu6o *°Sr ot 5,55 no 18,5 xbx/m* (ot 0,15 10 0,5 Kn/km?), nnu
238240py ot 0,37 1o 0,74 xbx/M? (ot 0,01 o 0,02 Ku/xkm?), na koropoii CI"J]] HaceneHus He JOJKHA MTPEBHIIATH
(Ham ypoBHEM €CTECTBEHHOTO M TEXHOTEHHOTO (poHa) 1 M3B.

Hopmuposanue cooepircanus paouoHyKiuo0e 6 nuuiesvix npodykmax. | nrueHn4deckas periaMeHTaIus co-
JIepKaHWs paJIMOHYKIIU/IOB B MUIIEBHIX MPOAYKTaX, MUTHEBOM BOJIE, CETLCKOXO3IHCTBEHHOM CBIPbE — OJTHA U3 OC-
HOBHBIX KPaTKOCPOYHBIX U JOJITOCPOYHBIX MEp MO paJMallMOHHON 3allIUTe HACEICHUsI TIOCIIe YepHOOBUTHCKOM Ka-
tacTpodsbl. Jlonyctumeie ypoBuu conepxanus *’Cs u *°Sr u3MeHsIICh B COOTBETCTBHY C TOIOBBIMU KBOTAMH Ha
BHYTpEHHEE 00Ty4YeHHe U Ha Pa3HbIX dTanax pa3BUTHs aBapUITHOHN 1 MOC/IeaBapuitHON CUTyaIlMH B COOTBETCTBUU
C yIydIlIEHHEM paJiialiiOHHON 00CTaHOBKH, €CTECTBEHHBIX IPOIECCOB PAAHMOAKTHBHOTO pacajia U 3aKpeTIeHHs
PaZAMOHYKJIM/IOB B TOYBEHHOM KOMIUIEKCE NMEPHOINIECKH MTepecMaTpUBAIINCh B CTOPOHY yxkecToueHus [14].

B cBs3u ¢ 03a004E€HHOCTHIO HACENIEHHS TI0 MTOBOAY PATUOIOTUYECKUX MOCIIEACTBUI aBapuu Ha YepHOObUTb-
ckoit ADC B 1989 1. Komuccust Codex Alimentarius yTBepauiia pyKOBOASIINE YPOBHH COJACPIKAHUS PaJMOHY-
KJIJIOB B MUIIEBBIX NMPOAYKTaX, HAXOAAIINXCS B MEXK/TyHapOIHOM TOPTOBIIE, JJIS TIEPBOTO Iofia MOcie KPyMHOH
smepHoi aBapuu [15].

Ha nepBpIx dTamax mocie aBapuu JeHCTBOBAIN BpeMeHHBIE JomycTiMble ypoBaHU (BJ1Y) conepskanus paauo-
HYKJIMIOB B MTUIIEBBIX MPOIYKTax U MUTheBoU Bojie. IlepBriit Habop BJLY yTBep:kaeH MUHUCTEPCTBOM 3/1paBo-
oxpanenuss CCCP 6 mas 1986 1. B otHOLIEHHHU KOHIEHTpauy *'1 B MUTLEBOM BOJIE U PS/IE MUIIEBBIX TPOIYKTOB
(MOJIOKO, MOJIOYHBIE MTPOAYKTHI), KOTOPBI OBbLT HApaBIIeH Ha OTpaHUYEHHE JI03bI Ha IUTOBUIHYIO JKeNe3y y Jie-
teit no 3aadenns 300 mumurpeit (MIp). Crenyromue nomycrumeie ypoBHH, ipunsThie 30 Mast 1986 T. (BAY-86),
KacaJliCh COfIEpKaHMs BceX OeTa-u3imydaresieil B MUIIEBBIX MIPOAYKTaX B pe3yssTare MOBEPXHOCTHOTO 3arpsizHe-
Hust. Ocoboe BHUMaHUE YACISIIOCHh TOMTOKUBYIIUM panuonykiaumaam 1esus. B 1988 r. sBenenst BJIY-88 B oT-
HOLIEHHU CyMMapHO# akTuBHOCTH **Cs 1 '¥’Cs B NMTBEBOI BOJIE M MUIIEBBIX MPOLYKTaX (MOJIOKO M MOJIOYHBIE
MIPOJIYKTHI, MACO U MSCHBIE TIPOJYKTHI, PbIOa, sifla, Xx1ed, MyKa, 3epHOBBIE, KapTO(eb, OBOIIH, KOPHETIIObI,
bpyxrel) [16].

B 1990 r. B Benapycu pa3paboraHbl HallMOHAIILHBIC PECITyONMKAHCKHE KOHTPOJBbHBIC YPOBHH COJCPIKAHHS
PaZAMOHYKJIM/IOB 11€3Us ¥ CTPOHIMS B MPOAYKTax nuTaHus u nutkeBod Boge (PKY-90), kotopsie neiicTBoBain
Ha npoTspkeHrH 1990-1992 rr. OHM yuuTHIBAIM KOHKPETHBIE ITOCIeaBapuiHbIe YCIOBUS M OBUIM PAacCUMTaHBI,
YTOOBI 32 CHET MOCTYIUICHUS! PAJAMOHYKIIUIOB C MUIIEBBIMU TIPOJAYKTAMU /1032 BHYTPEHHETO OONyUYSHHUS] KpH-
THUYECKOW TPYIBI HaceJIeHus He mpesblmaia 1,7 M3B B roa. B nanbHeimeM NpuHUMAINCh peciyOlnKaHCKHe
JomycTuMble ypoBHH coztepskanus P'Cs u *Sr B nuieBsIx nmpoaykrax u nutbeBoi Boze (PY-92, PIIV-96), ko-
TOphIe 0OecIeunBaIy HE IPEBBIIIICHIE TOIOBOTO 1030BOT0 Tipeaena B 1 m3B [17]. B HacTosmiee Bpems neicTByeT
rurnenndeckuit Hopmatus Ne 10-117-99 «PecmybnmkaHCKue TOMYCTUMBIC YPOBHU COACPIKAHUS PATUOHYKIINAIOB
37Cs u *°Sr B nuIEeBBIX MPOAYKTax U MUTHEBOI Bojie (PIIY-99)», ycraHoBieHHbIH MUHHCTEPCTBOM 31paBOOXpa-
Henust B 1999 r., kotopslii pernaMmentupyet coaepkanue ’Cs B 20 rpymmax muIieBbIX MPOIAyKTOB, COAEPKAHUE
%Sr — B 4 rpynmax. [ IpOLyKTOB IIUTAaHMs, NOTPEOIEHNE KOTOPBIX COCTABJISIET MEHEE 5 KI' B IO/l Ha YENIOBEKa
(cmiertum, 4ait, Men), yCTaHABIUBAIOTCA IOYCTHMbIE YpOBHH B 10 pa3 Bblllle, YeM YCTaHOBJIEHHBIE BETHYUHBI JIS
MIPOYUX MHIIEBBIX MPOAYKTOB (TA0I. 2).

Pacuer momyctuMoro conep)kaHusi paidOHYKIHIOB B MUIIEBBIX MPOAYKTaX MPOBOIMICS UCXOAS M3 3a-
KOHOJIATEeIIFHO TPUHSTOTO Tpejesia 03bl 00NydeHus JUIsl HaceneHus — | M3B B ToJl, palliOHa TTUTAHUS KH-
TeJell, BKJIaJ]a OCHOBHBIX KOMITOHEHTOB palloOHa B MOCTYIUJICHHE PaJMOHYKJIHIO0B B OpPTraHH3M, MEXIyHa-
POIHBIX KOA(D(GUIIMEHTOB MEepexo/ia OT MOCTYIUIEHUS K dPQEKTUBHON J103¢ BHyTpeHHero oOmydeHus. [Ipu
paspabotke P/1Y-99 ucnonb3oBaH paliioH MUTaHUS CEIbCKUX skuTened 1998 1., a 10361 BHYTPEHHETO 00Iy-
4eHHs1 OBUTH PACCUNUTAHBI [IPU yCIIOBUY MOTPEOJIEHHs B TEYEHHE BCETO ro1a NPOAYKTOB ¢ coaepxanuem *'Cs
1 *’Sr Ha ypoBHE HOPMATHBOB. JI03BI BHYTPEHHETO OOIYYEHHUS, KOTOPbIE MOXKET MOJNYYUTh HACEJIEHHUE TIPU
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noTpeOICHNN B TEUEHUE BCETro Tojia MPOIYKTOB MUTAHUsI, 3arpsi3HEHHBIX Ha YpOBHE HOopMatuBoB PIV-99,
paccuuTaHbl 10 GOpMYyIIe:

E =) GL(A) * M(4) * gy (A)

rae £ — 1o3a BHyTpEeHHEro o0y4eHus, M3B B TOJ;
GL(A) — nomycTuMblid ypoBeHb, BK/KT;
M(A) — ronoBoe moTpedieHue MpoayKTa, KT B TOJ;
€ral (A) — BO3pACT-3aBUCUMBII JO30BBINA KOAPPuImeHT (M3B/bK).

Tabnuua 2

Pecny6iinkancKkue A0mycTumMble ypoBHu coaep:kanus *'Cs u *’Sr B nuieBbIx MPOAYKTax u nuTheBoii Boxe (PAY-99)

Table 2
National permissible levels for *’Cs and *’Sr content in foodstuffs and drinking water (RDU-99)
¥Cs S
HaumenoBanue npoaykra BK/KF’ B/n

Bona nutheBas 10 0,37
MonoKo U HeTbHOMOJIOYHAS TPOAY KLU 100 3,7
MoJ10KO CTyIIEHHOE U KOHIIEHTPUPOBAHHOE 200 -
TBOpOTr ¥ TBOPOXKHBIE U3ETUS 50 -
CBIpBI CBITYIKHBIC U TUTaBIICHEIC 50 -
Macino xopoBbe 100 -
Msico 1 MSCHBIE IPOAYKTBI, B TOM YHCIIE -
loBsnnHa, 6GapaHWHA U IPOIYKTHI U3 HUX 500 -
CBHHUHA, NTUIIA ¥ TPOAYKTHI U3 HUX 180
Kaprodenn 80 37
Xneb u x1n1e600yI0IHbIe U3AETH 40 37
Myka, KpyIIbl, caxap 60 -
Kupsl pactutenbHble 40 —
JKuphl )KUBOTHBIC M MaprapuH 100 -
OBolIY U KOPHEIJIOBI 100 -
OpPyKTHI 40 —
CazioBBI€ SITOIBI 70 —
KoHcepBupoBaHHBIE IPOILYKTHI U3 OBOLIEH, ()PYKTOB U SITOJT CATOBBIX 74 -
JukopacTy1ue Srojpl 1 KOHCEPBUPOBAHHBIE IPOIYKTHI U3 HUX 185 -
I'pubsbI cBexue 370 -
I'pubEI cymienHsle 2500 -
Crienmmann3upoBaHHBIE TPOAYKTHI IETCKOTO MATAHHS B TOTOBOM JIJISI YIIOTPEOICHUS BUIC 37 1,85
[Ipoune MpoxyKTHI MUTAHUS 370 -

B coorerctBum ¢ pekomengauusimu MATATD [18], ans pacuera 1036l BHYTPEHHETO OOMYYEHHs IPU YIIO-
TpeOJIEHUH TIPOJIYKTOB TUTaHus, 3arps3HeHHbiX *'Cs u *Sr, UCrob30BaHbl 1030BbIe KOAPOUIMEHTHI TIepexo/1a
OT YAETbHOM aKTUBHOCTH PAAMOHYKIIN/IA B IPOAYKTE K J103€¢ 00IydeHUs (BO3pacT-3aBUCHMBIN J1030BBIH KO PH-
LUEHT) — okuaeMast apexTuBHas 1032 Ha SAUHUILY TIepOpaIbHOro MOCTymieHus. Kpurndeckoit rpynmoi npu
niepopaibHoM noctymiennn *’Cs sBIsiIOTCs B3pocible, a *'Sr — jetu 12-17 ner.

[Tpu 060CHOBaHMY IOMYCTUMBIX YPOBHEH yUUTHIBAIOCH, YTO 3arpsi3HEHHAs MPOAYKIMS HE SABJISETCS MMIIOP-
THUPYEMOH, a MPOM3BOJUTCSI BHYTPU CTpaHbl, U MOTpeOieHne Takoi npoaykuuu cocrasisier 100 %, uro Hau-
0oJiee XapaKTEpHO s TEPPUTOPHHA, 3arpsa3HeHHbIX oxHoBpeMeHHO 'Cs u *°Sr. ITocie BBenenus PIIY-99 no3bt
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BHYTPEHHETO OOTy9eHHUs HE TODKHBI ObLn npeBbimarh 0,98 M3B B ro1, B TOM YUCIIE 3a CUeT nocTyrienus °'Cs —
0,9 M3 B rox, *°Sr — 0,08 M3B B rox.

ITocranosnennem CoBera MunuctpoB Pecyonmuku bemapych ot 29 Hos0pst 2022 1. Ne 829 «O06 m3MeHeHNH
nioctanoBneHus: CoBera MunnctpoB Peciyonmuku bemapycs ot 25 suBaps 2021 . Ne 37» yrBepxknaen [wurue-
HAYECKUHA HOpMaTHB «KpHUTEepuH OIEHKH paTuaIliOHHOTO BO3IEHCTBHUM», KOTOPHIH yCTaHABIUBACT pedepeHT-
HbIe ypoBHH conepxkanus ¥’Cs u *°Sr B nuIIEeBLIX TPOLYKTaX, a Takke peepeHTHbIE yPOBHU comepskanus 2'Cs
B IpEBECHHE, TPOAYKITIH U3 IPEBECHHBI U IPEBECHBIX MaTEPHAIIOB, IPOUEH HETHIIIEBOM MPOITYKIIH JIECHOTO XO-
341 CTBa, IEKAPCTBEHHO-TEXHUYECKOM ChIphe'. JIaHHBIN TUTMEHNYECKNIT HOPMATHB PENIAMEHTUPYET COIEPIKAHME
97Cs B 14 rpynnax nuimeBbIX IPOAYKTOB, coaepxkanune *°Sr — B 10 rpynmax (tadm. 3).

Tabnuna 3
PegepentHbie ypoBHu conep:kanus '¥’Cs u *’Sr B nuimeBbIX NpoayKkrax®
Table 3
Reference levels of *’Cs and *Sr content in food products
Cs PSr
Haumenosanue nponykra Bi/ar, B/

MoJ10KO ¥ IPOAYKTHI TIEpepadOTKN MOJIOKa**, MOJIOUHBIE ITPOTYKTHI 100 5
CBIpBI ¥ CBIPHBIE TPOAYKTHI, TBOPOT U TBOPOKHBIE ITPOIYKTHI 50 10
[IpomykThI mepepabOTKH MOJIOKa CyXHe, CyOTUMUPOBaHHBIE 500 200
Macio, nacta MacisiHasi U3 KOPOBbETO MOJIOKa, 200 5
MOJIOYHBIH KUpP 100 5
Msico, MsiCHast TPOAYKIHUS M CYOIPOLyKThI*** 200 -
OneHuHa, MICO JUKHUX KHUBOTHBIX 300 —
Pbi0a 1 peIOHBIC TPOAYKTHI (pbIOA CyIICHAs U BsJICHAs!) 130 (260%**%*) 10
OBorry, KOPHEIUIOBI, BKJTI0Uas KapTodens 80 (600##+*)
X11ed 1 x11e000yI0IHBIC U3CITUs, CIOOHBIC H3ICITHS 40
Myka, KpyIIbl, XJIONbsI, MAKapOHHBIE U3CITHS 60 -
Macna pacTUTEIbHbIC 40 80
I'puOsI cBeXME (CyXHMe U KOHCEPBUPOBAHHBIC) 500 (2500%***) -
JukopacTymmue sSroasl 1 KOHCEPBUPOBAHHBIC MPOAYKTHI 3 HUX 160 (800%***) -
Crenunann3upoBaHHbIe TPOLYKTHI VIS IETCKOTO MUTaHHUSI B TOTOBOM JUJISI 40 5
yIoTpeOIeHus BrIe™****

IIpumeuanus.

*CooTBeTCTBHE pe(hepeHTHOMY YPOBHIO YCTaHABINBACTCS ITyTEM CPAaBHEHUS C Pe()epEeHTHBIM YPOBHEM N3MEPEHHOTO 3HAYCHHS COfIeprKa-
HYSL PAAMOHYKIIMJIOB B MUILEBBIX MPOIYKTAX C yYETOM MOTPEIIHOCTH METO/IA €r0 ONPEAEIECHHS.

**Kpome MOJIOKa ¥ TPOLYKTOB IepepabOTKH MOJIOKA, CTYIICHHBIX, KOHIIEHTPUPOBAHHBIX, CYXUX, KOHCEPBOB, CBIPOB M CBHIPHBIX MPOIYK-
TOB, Macina M MaclsTHON MacThl U3 KOPOBBETO MOJIOKA, CIMBOYHO-PACTUTENBHOTO CIIPe/ia U CIMBOYHO-PACTUTENLHON TOILUIEHON cMecH,
KOHIIGHTPATOB MOJIOYHBIX OEJIKOB, JIAKTYJIO3bI, CaXapa MOJIOYHOTO, Ka3eHHA, Ka3eHHATOB, ITMAPOIN3aTOB MOJIOYHBIX OCJIKOB.

*#*Ms1co, MACHAS IPOLYKIHUS U CyONPOITYKTHI KPYITHOTO POTaToro CKOTa, CBUHEH, OBEI] U IPYTHX CENbCKOX035HCTBEHHBIX )KUBOTHBIX.
****PedepeHTHBIH YPOBEHB B CyXOM, CyOTMIMHPOBAHHOM IIPOIYKTE.

HAdkE T cyOMMMHUPOBAHHBIX MTPOAYKTOB yAETbHAsI AKTUBHOCTH ONIPEACTSAETCS B BOCCTAHOBICHHOM IIPOTYKTE.

Pedepentnbie ypoBHH copepKaHUSI PaAMOHYKIUIOB B MPOAYKTaxX nmuTaHus bemapycu sBistorcs: Hambomee
wkectkummuy. [To comepxannio *’Sr OHM HUKE HOPMATHBOB TEXHHYECKOTro pernameHTa TaMOXeHHOro cor3a
(TP TC 021/20112011 «O 6e3onacHOCTH MULIEBOH NPOLYKIHMKU») B 4 pasa i xjebda u XneO0O0yIOUHbIX HU3-
JeNHid, B 5 pa3 — 11 MOJIOKa M LIEITbHOMOJIOYHOM NpoAyKIMH, B 8 paza — i kaprodens, B 5 paza — 171 cre-
LUATU3UPOBAHHBIX TPOAYKTOB JIE€TCKOTO MHUTaHMs. PeciiyOnuKaHCKie JOMyCTUMBIC U peepeHTHBIE YPOBHH CO-
nepskanus V’Cs B MUIIEBBIX MPOIYKTAaX CYIIECTBEHHO HUKe HOpMaTuBoB EBporeiickoro cotoza (Perament EC
Ne 733/2008) u yposneii, npunsateix Komuccueit Codex Alimentarius (Ta0m. 4).

'Tlocranosnenune Cosera Munuctpos Pecny6nuku Benapyck ot 29 HosOps 2022 r. Ne 829 «O6 uzmenenun nocranosienus CoseTa
MunmnctpoB Pecniybnmkn Berapycs ot 25 staBapst 2021 1. Ne 37». HarmonanbHei npaBoBoii MHTepHeT-TIOpTan Pecryommkn benapycs.
07.12.2022, 5/51037.
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Tabnuma 4

CpaBHeHue 10MYCTUMBIX YpoBHeii cogep:xanust '7Cs u *’Sr B nuimeBbIX NPoIyKTax

B beaapycn, Poccun, Ykpanne, Tamo:xkennoMm coroze u EBponeiickoro corsa

Comparison of acceptable levels of ¥’Cs and *’Sr in food products

in Belarus, Russia, Ukraine, the Customs Union and the European Union

Table 4

CrpaHa, TOJ IPUHATHUS
HamumenoBanue npozykra Benapycs, Poccus, Ykpauna, TC. 2011 EC, Codex Alimen-
2022 2001 1997 ’ 1986 tarius, 1989
Conepxanue '¥'Cs, Br/kr, Bx/1
Xneb u x1e600yI0IHbIC U3ACTH 40 40 20 40 600 1000
MoI10KO ¥ IIeTFHOMOJIOYHAS TPOAYKITHS 100 100 100 100 370 1000
Msico ¥ MSICHBIC IPOAYKTHI:
rOBsiIMHA, OApaHMHA U PO KTHI U3 200 160 200 200 600 1000
HHUX;
CBMHHWHA, ITUIA U TIPOIYKThI 180 200 200 600 -
W3 HUX
Kaprodenb 1 kopHerIons! 80 80 60 80 600 1000
OBomu 80 130 40 80 600 1000
Jlukopactymmue srofsl 160 - 500 160 - -
I'pubsI cBexue 500 50 500 500 600 -
Crenuann3upoBaHHbIe TPOIYKTHI AET-
CKOTO MUTAHHUS B TOTOBOM JJISl yHOTpe- 40 40-100 40 40 370 1000
OJIeHUS BUE
Conepxanue *°Sr, Bk/kr, Bx/i
MoJ0KO ¥ TIETEHOMOJIOYHAS TTPOTYKITHS 5 25 20 25
X11e0 u x51e000yI0UHbIC U3ACITHS 5 70 5 20
KapTquenL 5 60 20 40 He HOPMUPYETCS
Crenuann3upoBaHHbIe TPOIYKTHI JAET-
CKOTO MUTAHUS B TOTOBOM JJISl yIIOTpE- 5 25-60 5 25
OJIeHUS BUIE

Hopmupoeanue cooepycanusa *’Cs u *’Sr ¢ cenvckoxoszaiicmeennom coipve u kopmax. C 1enbio obecreue-

HUSI IPOM3BOACTBA MPOAYKTOB NuTaHus B ipenenax P/IY-99 paspaboransl PecryOnukaHckie 10MyCTHMBIE YPOB-
au conepkanus *’Cs u *°Sr B CebCKOX03SHCTBEHHOM CBIPhe M KopMax. JlommycTuMble ypoBHU coepkanus °'Cs
1 St B CeNIbCKOXO3HCTBEHHOM ChIPhE U KOPMax BBEJIEHbI HA CPOK jieiicTBust PI[Y-99 (Tabu. 5).

B cootserctBun ¢ P/IY-99 npenensHoe conepkaHue paaloHyKIUIOB B 3epHE Ha MUILEBbIE IETH 3€PHOBBIX
¥ 3epHOOOOOBBIX KYJIBTYp He J0DKHO Tpesbimars: 'Cs — 90 Br/kr; *°Sr — 11 br/kr. Coumeprxanune *'Cs u *Sr
B KIIyOHSIX KapTodess Ha MUIIeBbIe e He T0KHO ObITh Bhiie 80 u 3,7 Bk/kr cootBercTBenHO. Cornacao TP
TC 021/20112011 «O 6e30macHOCTH MMIIEBOM MPOLYKIMKY, IPEAENbHOe conepkanue *’Cs B 3epHe Ha nuie-
BBI€E 1IEJIM He JOJDKHO npeBbimark 60 Br/kr, *°Sr — 11 Br/kr.

[punsteie B Benapycu nomycrumeie ypoBuu cofepxanus *’Cs u *°Sr B OCHOBHBIX BH/IaX KOPMOB TIPELyCMO-
TPEHBI JUIS MOTYYEHUsI Pa3IMYHBIX BUIOB KOHEYHOW MpoxyKuuu (Tadi. 6). B Monoke u 11e1HOMOIOYHOM Tpo-
nykiuu cozepskanue *’Cs He nomkno npessimiars 100 Br/i, *Sr — 3,7 Br/n. Jjis moiydeHus TAKOrO MOJIOKA
B CYTOYHOM paIMOHE JOWHON KOPOBBI JOJDKHO conepxkarbest 2’ Cs ue Oonee 10,0 kbk, *Sr — ue Gosee 2,6 Kbk.

Takum 06pa3om, BCsl pACTEHUEBOAUYECKAS U )KUBOTHOBOIYECKAS MPOAYKIHs, TIPOU3BEICHHAS HA 3arpsi3HEH-
HBIX PaJIMOHYKIIUIAMU TEPPUTOPHSX U UCTIOIb3yeMast JIjisl IPOJOBOJILCTBEHHBIX IIEJIeH, IepepaboTKH 1 peau3a-
[IUM HA BHYTPEHHEM PbIHKE, JIOJDKHA COOTBETCTBOBATH TPEOOBAHUSIM HOPMATHBHBIX JIOKYMEHTOB.
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Tabnuna 5
Pecnybankanckue qonycrumbie ypoBuu coaepskanus ¥’Cs u *'Sr
B CeJILCKOXO03sIiiCTBEHHOM ChIPbe /UIsl IepepadoTKH Ha MUIIEBbIe eI
Table 5
Republican permissible levels of '¥’Cs and *’Sr in agricultural raw materials for processing for food purposes
Coneprkanue, Br/kr
IIpomyxius 137Cg 90g
Mornoko 1715 nepepaboTKH Ha:
CIIMBOYHOE MACJIO 370 18
L€JIBHOMOJIOUHBIE MTPOAYKThI 100 37
MOJIOKO CYyX0€ M KOHIIEHTPUPOBAaHHOE 30 37
PacturensHoe chipbe:
OBOLUHU 100 He nopmupyercs
GpyKTHI 40 He nopmupyercs
CaJIOBBIC ATO/bI 70 He nopmupyercs
3€pHO 90 11
3€pHO Ha JIETCKOE MTUTaHUE 55 3,7
IIpouee coipne 370 He nopmupyercs
Ta6numa 6

Pecnybimkanckue 1onycTuMbie ypoBHu coxepaxkanus ’Cs u *'Sr
B KOPMAX JIUIsI IIOJIyYEeHHs! PA3JMYHBIX BUI0B KOHEYHOH NPOLYKIUH

Table 6
Republican permissible levels of *’Cs and *’Sr content in different types of feed for obtaining various types of end products
Conepxanue, bk/kr
137CS 90Sr
Bunsl kopmos
MOJIOKO MOJIOKO — CBIPBE ISt MSICO, 3aKIIFOYN- | MOJIOKO MOJIOKO — CBIPBE JIIs
nenpHOe® | TepepaboTKH HA MAcio | TENBHBIA OTKOPM | LebHOE | MepepaboTKU Ha Maciio

Ceno 1300 1850 1300 260 1300
Conoma 330 900 700 185 900
Cenax 500 900 500 100 500
Cuoc 240 600 240 50 250
Kopnermonst 160 600 300 37 185
3epHO Ha Qypaxk, KOMOUKOPM 180 600 480 100 500
3enenas Macca 165 600 240 37 185
[Ipoune BuIBI KOPMOB 900 - - - -

[Mpumeuanne. *Kopma ms MpoU3BOACTBA MONIOKA — CBHIPBSI AT TIepepabOTKY Ha CHIPBI M TBOPOT, a TAKXKE ATt OTKOPMa CBHHEH U IITHIIBI
JIOJKHBI COOTBETCTBOBATH TEM e TPEOOBAHUSM.

B 2007 r. MKP3 yTBepania HOBYIO peakiio PexomeHnanmii mo cucreme paaranuonHoi 3ammrel ([1yomu-
karust 103) [1], B KOTOpBIX OTpakeHa KOHLEMLUS [1E€PeXoia OT MCHOJIB3YIOLIErOCs paHee IMOAX0Aa «IIPAKTH)
1 «BMELIATeNIbCTB» K HCIOJIb30BAHUIO METOJA, OCHOBAHHOTO HAa XapAKTEPUCTUKAX CUTYalUH pajlOAKTHBHOTO
o0my4enusi. OnpenesieHsl 3 TUIIA CUTYalri 00Iy4eHHs: IUIaHUpyeMoe o0IyueHre, aBapuiiHoe 00IyueHne U Cy-
niecTBylolee odryyenne. B Pekomenganusax coxpaHeHsl KI04eBble IPUHLUIIBI PaJialliOHHOMN 3aIUTHI.

MATATD nmns passutus Pexomenmaruit MKP3 paspaborano Hopmbl 1o 6e30macHOCTH JUIsS PETyIUpyro-
IUX U OPYTUX TOCYIapCTBEHHBIX OPraHOB M opraHu3auuii [19]. DTUM TOKyMEHTOM OINpPENENIEeHO, YTO K CUTY-
alMsM CYILECTBYIOLIETO OOIy4eHHsI OTHOCSATCSI CUTyalUH OOJyYeHHS OT MPHPOAHBIX HCTOYHHMKOB M3ITyYEHHMS,
OCTaTOYHOIO PAAXOAKTUBHOIO MaTepHaja, COXPaHUBIIETOCS MOCIIE MPEAbIAYIIEH AeITEIbHOCTH, a TAKKE IOCIIe

25



Kypuaa Besopycckoro rocylapcTBeHHOro yHuBepcutera. Jkojorusi. 2023;4:16-28
Journal of the Belarusian State University. Ecology. 2023;4:16-28

CUTYyaIlny aBapuiiHOTO 00y4eHus. CiemoBaTenbHO, TPOKMBAHIE HITH PO ECCHOHAbHAS IesITeIbHOCTh Ha Tep-
PUTOPUH PaIMOAKTUBHOTO 3arPSA3HEHNUS B OTAAJICHHBIM TOCIeaBapHIHBIA MEPHO pacCMaTPUBAETCS KaK CHTYa-
WS CyIIeCTBYIOMmEero obmydenus. [ing Takux cutyaruii pyHIaMeHTaIbHbIe TPUHIAIIBI PaIUAlOHHON 3aIUTHI
BKITIOYAIOT 00OCHOBAHHE 3AIIUTHBIX CTPATETHIH U ONTUMH3AINIO 3aIIUTHI, JOCTUTHYTHIX B Pe3yibTare peain3a-
ITUH TUX cTparernid. [Ipy miaHnpoBaHUM M pean3aliuy Mporecca ONTHMHU3AINH B CUTYallUAX CYIIECTBYIOIIETO
00Ty4YeHHSI pEeKOMEHIyeTCsI MCIIONIb30BaTh pedepeHTHBIe (KOHTPOILHBIC) YPOBHU — YPOBEHb MTO3BI, PUCKA WIIH
aKTUBHOCTH PaJAMOHYKJIMIOB, BBIIIE KOTOPOTO IJIAHUPOBATh JIOITyCTUMOE OOITydeHHEe HETTPUEMIIEMO, a HIKE KO-
TOPOTO CIIEAYET MPOBOIUTH ONTHMHU3AIUIO 3alUThl. PEeKkOMEHIOBaH quanazoH pedepeHTHOTro ypoBHS oT 1 110
20 m3B B ron. BenmmdmHa ero 3aBUCHT OT CIIOKUBITUXCS 00CTOSITETTLCTB B paCCMaTPUBAEMOM CUTYAITHH 00Ty ICHUS
Y TIPEBATMPYIOIINX YCIOBUN OOTyYSHHS.

Ilepexon oT cuTyanmy aBapuifHOTO OOITyUeHHs K CHUTYalllW CYIIECTBYIOIIErO OOMy4YeHHs XapaKTepU3yeTcs
M3MEHEHNSMHU B CTPATErWy YNPABIEHHS: OT CTPATETHH, 00YCIOBIEHHBIX CPOYHOCTHIO, C TIOTEHIIHAIBHO BHICO-
KAMH YPOBHIMH OOJTy4eHHS W IIEHTPATU30BaHHBIM MPUHITHEM YTIPaBIEHUIECKUX PEIIeHNH, K Oolee AeneHTpa-
JM30BaHHBIM CTPATETrvsM, HAIPABICHHBIM Ha YITyYIlIEHHE YCIOBUH KU3HENEATENIFHOCTH U CHIDKEHHE YPOBHEH
00TydYeHHS Ha CTOJIBKO, Ha CKOJIBKO ATO JOCTHKUMO B CIIOKHBIIIEHCs cuTyaruu [20].

Pecmybmuka bemapycs, cienys pexkomernaiusm MKP3 u MATATO, B HoBoM 3akone «O pannarinoHHON 6e3-
omacHocT» OT 18 mrorst 2019 1. Ne 198-3 0003HauMIa OCHOBHBIC TIPUHITHIIBEI OOCCTICUCHUS PaIUAIlMOHHON 0e3-
OIACHOCTH: MPHHIIMII HOPMUPOBAHMUS; NPMHIKMI 0OOCHOBAHMS;, MPUHIIMII ONTHMH3AMK’. TaKKe ONpeesieHbl
CUTYaITU! OOITy9ICHUS:

— CHUTyals TUTAaHUPYEMOTo OOIydeHUs, BOSHUKAIOIIAast B Pe3yJbTaTe 3allIaHMPOBAHHOW JKCIUTyaTaIllH ¥C-
TOYHWKAa HWOHM3HPYIOIIETO W3IYYeHUS WM 3aIUIAHUPOBAHHOW JESITEIHHOCTH (MEIWIIMHCKOEe OOIydeHue,
npodeccronanbHOE 00IyIeHHE, O0TYICHNE HACEICHNS ), CTIOCOOHBIX MTPUBOAUTH K 0OTyUEHUIO;

— CUTyalus aBapuiHOTO OOIydeHUs], BOSHUKAIOIAS B pe3yJIbTare pajnualiioHHON aBapuu, NEHCTBHS HIIH He-
MIPEIBUIEHHOTO COOBITHSI, KOTOPBIE TPEOYIOT HEMEJICHHBIX MEp B IIeJISIX HEAOMYIICHNS NI MUHUMU3AINN He-
ONaronpHUATHBIX TTOCIEACTBUH;

— CHTYyaIHs CyIIECTBYIOIIETO OOITy4IeHHs, B KOTOPOi OOIydeHHEe YKE CYIIECTBYET OT ECTECTBEHHOTO paIHaIly-
OHHOTO (poHa, MO0 OT OCTATOYHOTO KOJMYECTBA PAAMOAKTHBHBIX BEIIECTB OT OCYIIECTBIIEMON paHee MpaKTH-
YECKOH JIeITeNFHOCTH, WIIH TIOCIIE CUTYAIH aBapUIHOTO OOTy9YeHUsI M HE0OXOANMO MTPUHUMATH PEIIeHUe O IIe-
JI€CO00Pa3HOCTH OTPAHMUEHUS OOTYICHUS HACETICHHUS.

CymiecTBeHHOE yIydIlIeHHe PaJialliOHHON OOCTAaHOBKY HA 3HAYUTEIHHON YacTH TEPPUTOPHH PATHOAKTHB-
HOTO 3arps3HeHus: benmapycu, cHIDKeHHE 103 0OIydeHUs] HaceleHHs M IPOM3BOACTBO MPOIYKIIMH, OTBEYAIOIIeH
HAIIMOHAIFHBIM JIOIYCTUMBIM YPOBHSIM W MEXIyHAPOAHBIM CTaHIApTaM TI0 COAEPKAHUIO PAAHOHYKIIHIOB, TIO-
3BOJISIET MIPEANPUHATD IIATH 110 BBIBOLY YaCTH TEPPUTOPHH U3 «aBaPUWHOW CHUTYaIlM» U ONITUMHU3AINH paina-
ITUOHHOM 3aIINUTHI HACETICHHS.

B nmepyto ouepenp, BaXXHBIM sIBIIsieTCs pa3padoTka KoHnenmmy nepexoaa oT CUTyaIliy aBapuiHOTO 00Iyde-
HUS K CHTYaIluH CYIIECTBYIOMIETO 00MydeHns. [laHHbI JOKYMEHT TIO3BOJIUT BBIPAOOTATh CUCTEMY TPHHIIHIIOB,
MOJIXO/IOB M HATPABJICHUH, ONPEAETISIONINX ASHCTBHS 0 MEPEXOTy K CUTYaIllH CYIIECTBYIOIIET0 00Ty YeHHsI, BbI-
JIEJTUTH 1IEJIEBBIE MTOKA3aTeN!, CIIOCOOCTBYIOIINE MPHHATHIO PEIISHUS — Ha KAKOM OCHOBAHWH M KOTZA ATOT Tiepe-
XOJl MOXKET OBITH OcyIecTBIeH. KOHIIeNHs SIBUTCS CHCTEMOH B3INISA0B, TIO3BOJISTIONIEH OpraHaM rocyaapcTBeH-
HOTO yTIpPaBIICHUS M OOIIECTBEHHOCTH TOHATh HEOOXOJMMOCTH BBIXONA M3 CHUTYAIlH aBapHITHOTO OOIydeHHS,
a TaKke HeOOXOAMMOCTh M3MEHEHHS HOPMATHUBHOHN MPaBOBOH 0a3bl O€3 yXyAIIeHHS Mep COIHAIbHOW 3aIllUTHI
HaCeJleHMs.

Peanmsanms Ha mpakTHKe CHCTEMBI PaIHAIlMOHHON 3allIUTHl HACETICHHS MPH CUTYalllu CYIIECTBYIOIIEro 00-
Tmy4deHns TpeOyeT KOHIETITYaIbHOTO ITEPecCMOTpa CIOKHUBIIUXCS MOAXOMI0B K 30HUPOBAHUIO TEPPUTOPUH PAIHO-
aKTUBHOTO 3arpsi3HEHNUS U HOPMHUPOBAHUIO COAEPIKAHUS PAIHOHYKINIOB B MUIIEBBIX MPOAYKTAX, ONTHMHU3AIIH
CHUCTEMBI PAJMallMOHHOTO KOHTPOJS TPOAYKTOB MHUTAHUS, MPOAYKIHUU JIECa, CENbCKOXO3SHCTBEHHOTO CHIPHA
¥ KOPMOB, PEIIeHHS APYTHX BOIIPOCOB.

JleficTByromiee B HaCTOSIIEE BPEMS 30HIPOBAHUE TEPPUTOPHH PATNOAKTHBHOTO 3aTrPsA3HEHHS pa3paboTaHo
B 1990 1. mist aBapuifHONW CUTYaIlNH, MpeayCcMaTpHUBAIOIIee OTCEICHUE KUTENIeH U3 Hanbolee 3arpsa3HEeHHBIX
PAAMOHYKIUAAME TEPPUTOPHI C BBIIEICHHEM 30H OTCeNeHHs. [ CuTyannn CyIecTBYIOMIETO OOMydeHHs
MpH CTAOMIM3HUPYIOMIEHCS pagualliOHHON 0OCTaHOBKE HEOOXOAMMBI HOBBIE NPHHIMITHAIBHBIE TOIXOBI
¥ KPUTEPHUH BBIACIEHUS 30H PaTHOaKTUBHOTO 3arpsi3HEHNS Ha TEPPUTOPUH, HA KOTOPOH MPOKUBAET Hacee-
HUE, C BBIJICIICHHEM OTUYXJICHHBIX M OTCENEeHHBIX Tepputopuid. [Ipn pazpaboTke HOBOI CHCTEMBI 30HHPOBA-
HUS TEPPUTOPUHU PATMOAKTHBHOTO 3arpsI3HEHUS JOJDKHBI OBITH IPETyCMOTPEHBI IPUHIIAIIBI CHATHS OTPaHU-
YEeHUH U 3aIlpeTOB.

23axoH Pecy6mukn Bemapycs ot 18 mronst 2019 . Ne 198-3 «O paguanronHoit 6e3omacHoctiny. HanmonanpHeii npaBoBoit MHTepHET-
nopran Pecniy6nuku Benapycs. 26.06.2019, 2/2636.
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3akiIoueHue

Cucrema paualliOHHON 3aIlIUTHl UMEET HECKOJIBKO HepapXUUYEeCKUX YPOBHEH, BKIIIOUas MEXK/TyHApOAHbIE Ha-
YUHBIE OCHOBBI 0€30TIaCHOCTH, MEKAYHAPOIHbIE CTaHIAPTHl 1 HOpMBI Oe3onacHoctt MATATD. B 1986 r. B co-
OTBETCTBHMH C OCHOBHBIMHU HOpMaMu Oe3onacHoctd MATATD romoBoii mipezes 103 IpodeccuoHanbHOro ooyye-
Hus paBHsIcs 50 M3B, s 00ayueHus Hacenenust — 5 M3B. [locienHee 3HaueHHEe paccMaTpUBaIOCh B KAUeCTBE
Oe3omacHoOro ypoBHs oOmydeHus mofei. HoBble MexyHapo1HbIe OCHOBHBIE HOPMBI PaJiMallHOHHON 3aIUThI
HaceJeHus 1 paboTHUKOB ObLTH pazpaboTansl B 1990 1. ['00BbIE MTpeaeibl 00mydeHus ObUTH 3HAYUTENBHO (B 2,5—
5 pa3) CHIKEHBI U yCTaHOBJICHBI paBHbIMU 20 M3B A paboTHUKOB U 1 M3B — 1 Hacenenus. Ha ocHoBanuu
9THX YpOBHEH ObLIa olpe/ieieHa KOHIENIIHs 0e30I1acHOTO MPOKUBAHMUS HACEIICHHSI B pailoHax, MOCTPaIaBIIUX OT
aBapuu Ha YepHoObuTbcKOi ADC, ycTaHaBnMBaromias cBepX(OHOBYIO rOI0BYIO SKBHBAICHTHYIO 103y 00ITyUeHNUs
1 M3B B roz (70 M3B 3a )KH3HB), KOTOPas TOJIOKEHA B OCHOBY HAIlMOHAJIBHBIX HOPMATUBHBIX IIPABOBBIX JOKYMEH-
TOB B 00JIACTH TPEOIOICHUS MTOCIIECTBUI YePHOOBIIHLCKON KaTacTpodBbl.

Pacuer pomycTUMBIX YpOBHEW COnepKaHUsl PaJdOHYKIH/IOB B MUIIEBBIX MPOAYKTaX MPOBOAMICS C YUYETOM
YCTaHOBJICHHOTO Mpejiesia 035l 00Ty4eHHS JIJIsl HACEICHHsI, palliOHa MUTAHUS KHUTEIICH, BKJIaa OCHOBHBIX KOM-
MIOHEHTOB palMoHa B MOCTYIUIEHHE PaJHOHYKIUI0B B opranusM. Ilocne BBenenus PIY-99 no3er BHyTpeHHero
00iIy4enus He JOJKHBI Obln npeBbimars 0,98 M3B B roa, B ToM uucie 3a cuer noctymienus 2’Cs — 0,9 M3
B 1011, 32 cueT noctyrenus *°Sr — 0,08 M3 B ro. C 1enbio obecredeHust MPOU3BOICTBA POAYKTOB TUTAHMS
B npenenax PIY-99 pa3paboranbl peciyOInKaHCKHE JOMYCTUMBIE YpoBHU cozeprkanust 'Cs u *°Sr B cesbeko-
XO3HCTBEHHOM CBIPbe M KopMax. Best pacTenneBoueckas 1 )KMBOTHOBOAUYECKAS MMPOAYKIIUS, TPOU3BEICHHAS Ha
3arpsI3HEHHBIX PAJAUOHYKINIAMH TEPPUTOPUSIX M MCHONb3yeMast JUIs MPOIOBOJILCTBEHHBIX Ieliei, epepaboTku
U pea3aliy Ha BHyTPEHHEM PhIHKE, JOJKHA COOTBETCTBOBATH HOPMATUBHBIM TPEOOBAHHUSIM.

CylleCTBeHHOE YITyUIlICHUE PaIMalliOHHON 00OCTAHOBKH 3a 36-JICTHUI TIEPUOJ MOCTIe aBapuu Ha YepHOObLIb-
ckoit ADC Ha 3HaYMTEIBHON YacTH TEPPUTOPHUH PaJOAKTUBHOTO 3arpsisHeHMst benapycu, CHUKeHue 103 o0ryde-
HUS HACEJICHHSI ¥ TPOM3BO/ICTBO MPOAYKIIMH, OTBEYAIOICH HAIIMOHATBHBIM JIONTYCTHMBIM YPOBHSIM M MEKTyHAPOA-
HBIM CTaH/IAPTaM I10 COACPIKAHUIO PaTHOHYKIIUIOB, TO3BOJISICT IPEANPUHSTH [IATH 10 BHIBOLY YaCTH TEPPUTOPHU
U3 «aBapUIHOW CUTyalluU» U ONITUMHU3ALMY PaJUallMOHHON 3alllUThl HaceneHus. Peannsanus Ha NpakTUKE CUCTE-
MBI paJIMalldOHHON 3aIUTHl HACEICHHS NPU CUTYalluy CYIECTBYIOIETrO OOIydeHUsl TPeOyeT KOHIENTYalbHOTO
HepecMOoTpa CIOKUBIIHMXCS ITOAX00B B 00JIACTH NPEOI0ICHHS TOCeNcTBU aBapun Ha UepHoObuibcKoi ADC.
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VIIK 57.043:58.009+58.085

CTPYKTYPA AO3bI OBAYUEHHSA "*'Cs, **Pu, ****'Pu
" *Am PACTEHUU ITOAECCKOTIO TOCYAAPCTBEHHOTIO
PAANATIIMOHHO-9KOAOI'MYECKOI'O 3AIIOBEAHUKA

P. K. CIIHPOB", H. H. THMOXHHA", H. A. YEIIIHK", A. H. HHUKUTHH?

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

B uccnenosanuu npezcrasienbl 3Hadenns OBD-B3BeeHHOM TONIOMEHHOM 10361 00myuenus V'Cs, 2Py, 2724Pyu u ! Am
pacTeHui CyXOIOJIbHOTO JTyTa, Oepe3Hsika pa3HOTPABHOTO, COCHSIKA MIITMCTOTO U YEPHOOJIBIITAHIKA KPAITMBHOTO Ha TEPPUTOPUH
[Tonecckoro rocymapcTBEHHOTO paaHaliioHHO-3KoIormdeckoro 3amoseanrka (I1'P33). Pacuer OB3-B3BemeHHOI MOTIIOICH-
HOH JT03BI TIPOBOIVJIM METOIOM JI030BBIX KOI(D(DHIIUEHTOB, PESUIOKEHHBIX MEXIyHAPOIHON KOMUCCHEH 0 PaaHAllIOHHOM
3aIIuTe, Ha OCHOBAaHWH Y/CIBbHOM aKTHBHOCTH PaJIMOHYKIIH/IOB B ITOYBE, HAJI3EMHBIX U TOJ3EMHBIX OpraHax pacteHui. [Ipu
pacuere mMomHocTH OBD-B3BEIICHHON MONIONIEHHON 1031 OOIYYEHHS 10 Y/IeIbHONW aKTHBHOCTH PaMOHYKIIN/IOB B II0/13€M-
HBIX OpraHax, HauOoJIbIlIee e 3HaYCHNE CPEH PACTEHHUI CyXOIOJIBHOIO JIyra XapakTepHo mist Poa pratensis (33,11 mxIpxu),
OepesHsika pasHOTpaBHOIO — Festuca ovina (25,19 MxIpxu™), cocHsika Miuucroro — Betula pendula (36,78 mxI'pxu), yepHo-
onbLIaHUKa KpanuBHOro — Corylus avellana (5,39 MxI'pxu!). TTonyueHHbIE 3HAYEHHS HE TPEBBILAIOT PeEPEHTHBIX YPOBHEN
JUI 00BEKTOB OHMOTHI, IPEATIOKEHHBIX MeKIyHapOIHOW KOMUCCHEH 10 paAnanoHHON 3amuTe. OCHOBHYIO JIONIFO B CTPYK-
Type J103bl, PACCYUTAHHOM 10 YACIHHOH aKTHBHOCTH PaJHMOHYKJIMIOB B HAJ[3EMHBIX OpraHax, cocrasisier ObD-B3BemenHas
noroeHnast 103a *’Cs — or 64,0 10 99,9 %. OcHOBHast 0JIs1 B CTPYKTYPE 7036l BHYTPEHHETO OOIyYEHHUsI TPAHCYPAHOBBIMHE
anemertamu (Z$Pu, #24Py, 2! Am) npuxonurcs Ha OBD-B3BelIEHHYI0 MOMIOMIEHHYO 103y Y Am — ot 52,0 10 91,3 %. ITo-
CKOJIBKY MEPHOJIbI MOJTypacIajia JOITOKUBYIIMX M30TOMOB [UIYTOHMS M aMEPHIIUS TPEBBIIIAIOT Heproy moiypacrnaga *’Cs,
TO OXHAaeTcs, uto 1011 ObD-B3BEMIEHHOM MOIONMIEHHON /1036l TPAHCYPAHOBBIX JEMEHTOB B CTPYKTYPE 03I OOIydIEHHS
pactenuii [loagecckoro rocynapCTBEHHOTO PaAnallHOHHO-IKOJIOTNYECKOT0 3aM0BEHUKA OyIeT BO3pacTarh co BpeMeHeM. [1o-
JIy4eHHbIE PE3yJIbTaThl BAKHBI JUTSI OLICHKH M POTHO3a YKOJIOTMUECKHX MTOCIIEICTBUI XPOHHYECKOTO O0TyUeHHsI SKOCHCTEM Ha
TEPPUTOPUSIX, 3arPA3HEHHBIX TEXHOTCHHBIMH PaIMOHYKIIMIAMU B pe3yibTare aBapun Ha YepHoObubcKoi ADC.

Knrouesvie cnosa: no3a o0IydeHus ; TpaHCYPAHOBEIEC IIEMEHTHI;, OMOTA; TUTYTOHMI;, aMEPHIINIL; TIC3H; paTHOHYKIIHIHI.

brazooaprocme. Pabota BhITIONIHCHA TPU PUHAHCOBO TOIICPIKKE TPAHTOB HA BBITOJIHECHIE HAYYHO-HCCIICIOBATEIbCKUX
paboT TOKTOpaHTaMH, acCIIMpaHTaMK U couckarensiMu HarponansHol akanemun Hayk benapycn Ne 2016-29-140 va 2016
n Ne2017-29-043 na 2017 .
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THE STRUCTURE OF THE DOSE RATE
FROM ¥Cs, #%Pu, #*2%Pu AND **Am FOR PLANTS
IN THE POLESYE STATE RADIATION-ECOLOGICAL RESERVE
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The values of the RBE-weighted absorbed dose from '*’Cs, *Pu, 2**?*°Pu and **'Am for the dominant plants in four
phytocenoses types situated in the Polesie State Radiation-Ecological Reserve. The assessment of the RBE-weighted
absorbed dose rates was carried out by the method of dose coefficients proposed by the International Commission on
Radiological Protection, and based on the activity of radionuclides in the aboveground and underground phytomass of
plants. The highest value of RBE-weighted absorbed dose rate in a meadow ecosystem has Poa pratensis (33.11 uGyxh),
in a mixed birch forest — Festuca ovina (25.19 pGyxh?), in a pine forest — Betula pendula (36.78 pGyxh?), in a black
alder forest — Corylus avellana (5.39 uGyxh). The obtained values of dose rate do not exceed the derived consideration
reference levels for non-human biota proposed by the International Commission on Radiological Protection. The main share
in the structure of the RBE-weighted absorbed dose rate for plants belongs to the '*’Cs — from 64.0 to 99.9 %. The main
share in the structure of the internal dose rate from transuranic elements belongs to **' Am — from 52.0 to 91.3 %. Since
the half-lives of the isotopes of transuranic elements exceed the half-life of *’Cs, it is expected that the share of the RBE-
weighted absorbed dose rate from the long-lived isotopes of americium and plutonium for the plants in the Polesie State
Radiation-Ecological Reserve will increase over years. The results are important for the assessing and forecasting ecology
consequences of the chronic exposure the main types of ecosystems to ionizing radiation on the territories contaminated
with artificial radioisotopes originated from the Chernobyl accident.

Keywords: dose rate; transuranium elements; non-human biota; caesium; plutonium; americium; radioisotopes
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BBenenne

Oxpana OKpy>Karomiei Cpebl SBISETCS HEOTHEMIIEMBIM YCIOBHEM TSI SKOJIOTMYECKOH 0€30MMacHOCTH M YCTOM-
4uBOrO passutus ooOmectsa'. [IIMpoKoe pacrpoCTpaHEeHHe B MOCIENHHE TOAbI SKOLEHTPUYECKOTO MPUHIIMIIA
B oOecIteueHn OXpaHbl OKPYKAIOIIeH cpelnl [1] mpuBeno K MOSBICHUIO HAYIHBIX paboT [2—4], MOCBAIICHHBIX
npo0ieMe OIeHKe /103 OOIMyUeHHs paAHOHYKINIAMI €CTECTBEHHOTO M TEXHOT€HHOTO TIPOUCXOXKICHHS 0OBEKTOB
OHMOTHI B cpene ux ooutanns. Cepus myonuKanmuii Mex myHapOIHOW KOMICCHH 110 panuaronHoi 3ammure (MKP3)
OTpa)kaeT ABOJIOINIO B3MIAAO0B K TpoOIeMe pamaruaiioHHON 3aInThI OKpyskaromeit cpeapl. B ITyommkarmm Ne 91
(2003 1) [ 5] oTMEUArOTCS HEMOCTATKHA AaHTPOIIOIICHTPHUIECKOTO TIPHUHITUIIA U TTOTIEPKUBACTCS HEOOXOAMMOCTE pas-
paboOTKM HaydIHO O0OOCHOBAHHOM CHCTEMBI 3aIIUTHI OMOTHI HA OCHOBE TOMYUYCHHS NAaHHBIX 00 OONyUeHWH, 103¢
o0mydyeHus u onosormdeckux dhdekrax st BUI0B eCTeCTBeHHBIX 6roTomnoB. B [Tyomukarmwm Ne 103 (2007 1) [6]
MKP3 npemaraet ucmoabp30BaTh KOHIETIIINIO «yCIOBHBIX )KUBOTHBIX U PACTEHHUI», HO HE YCTaHABIMBAET IIPEIEITb
no3. [Tyomukarmest Ne 108 (2008 1) [7] onpenernsiet 12 pedepeHTHBIX BUAOB JKUBOTHBIX U PACTEHUH U OIUCHIBAET UX
OCHOBHEIE Ononornueckue xapakrepuctuku. B ITyommkammm Ne 114 (2009 1) [8] mpencTaBieHbl KO3(QPUITHEHTHI
HaKOTUICHHS PATMOHYKIIHIOB T peepeHTHBIX BUJIOB KUBOTHBIX M pacTeHwid. KoHIemn st mponu3BoAHbIX pede-
PEHTHBIX YPOBHEH IS OLIEHKH OMOJIOTHYEeCKHX d(PPEKTOB, KOTOPHIE MOTYT BO3HHUKATh B CUTyallld OONyYeHUS Y
00BEKTOB OMOTHI H, CIICIOBATEIBHO, TS PEIICHUS MPUHSITHS 3aIllIUTHRIX Mep, TIpeacTapieHa B [Tyommkarinu Ne 124
(2014 1) [9]. Ilyomukarmst Ne 136 (2017 1) [10] comeps>kuT OOHOBJICHHBIE TO30BBIe KOXPMHUIMESHTHI IS pacdeTa
BHYTpPEHHEH M BHEIIIHEH TOITIOMCHHON A036I O0TydeHus, IPUBOTUTCS cpaBHeHHe crcteM MKP3 pamnarmonHoi
3amuThI OMOTH 1 YenmoBeka. B ITyomukarmm Ne 148 (2021 1) [11] mpuBoasTCS peKOMEHIyeMbIE IS pacueTa B3Be-
MIICHHOH ITOTIIOMIEHHOM 0361 3HAYEHUS KO PHUIIMEHTOB OTHOCUTENBHOM Oroornmdeckoit agdextuBHOCTH (OBD)
JUTS IByX BHJIOB U3ITyYEHHS: HU3KOHEPTETUIECKHUX -4acTHII M O-9aCTHII.

Hecmotpst Ha peanm3aruio pa3pabOTaHHBIX MOJENIEH pacdeTa 103 OOIydeHHs OOBEKTOB OHMOTHI, a TaKXkKe
CBSI3aHHBIX C OOMyYCHHEM PHCKOB, B TaKWX MporpamMMHBIX cpeactax, kak ERICA Tool, REDRAS BIOTA,

'06 uzmenenun 3akona Pecry6nnku Benapycs «O6 oxpane okpy karoieil cpeapl» [Dnektponnsiii pecype]: 3akon Pecr. Benmapych ot
17 ntonst 2023 r. Ne 294-3 // HarmonansHeIi npaBoBoit MaTepHeT-nopran Pecrry6niku bemapycs. URL: https://pravo.by/document/?gui
d=12551&p0=H12300294 (nara obpawmenus: 01.11.2023).
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LADTAP Il u mp. [12—14], HEKOTOPBIE aBTOPHI OTMEYAIOT HEAOCTATKH CYIISCTBYIOIIIX MOJIEIICH U TOBOPSIT O BO3-
MOJKHOCTH MIX COBEPIIICHCTBOBAHUS, TIpeJIarast CBoH perierws [15; 16].

HauGonee BBICOKME YpPOBHM 3arpsi3HEHMst TpaHCypaHoBbIMM dneMentamu (TYD) m ’Cs ma Teppuropum
Pecriyomukn benapych xapaxrepsst st [Toiecckoro rocyapcTBeHHOTO paIHalldOHHO-OKOJIOTHUECKOTO 3aOBEIHH-
ka (TI'PD3) [17]. Bmecte ¢ *Sr M30TOMBI 3THX 3IEMEHTOB (JOPMUPYIOT OCHOBHYIO J103y OOIYYEHHs I PACTEHHI
n xuBoTHBIX [TT'PD3 [18]. TlockonbKy neproas monypacnana 2>*Pu, 2?Pu, >*°Pu u **' Am no cpasaenuro ¢ '*’Cs n *Sr
BbICOKH (T,(**Pu) = 87,85 ner, T,,(*°Pu) = 2,41x10* ner, T,,(***Pu) = 6,54x10° net, T,,(**' Am) = 452 rona [17]),
nveHHO TYD B ganpHelIIeM OyIyT BHOCHTS CYIIECTBEHHBIH BKJIA B 103y 00MydeHusI 00bekTOB O01oThI [11'P33.

AKTyaJTbHOCTh U3Y4eHHsI 3aKOHOMEPHOCTEH (hOpMHUPOBaHHS MOTIONIEHHBIX J103 00JTy4eHUs] OMOTHI TpaHCypa-
HOBBIMH 3JIEMEHTAMH ONPENEIAETCS TAKKE TEM, YTO B CBA3M ¢ B-pacmamom 2*'Pu, yaenpHas akTMBHOCTH 2*'/Am
B mouBax [II'PD3 co Bpemenem Oymet Bo3pacrtath [18].

Llenns uccnenoBanus: OMpeaeanTs BKiag u30tonos ’Cs, 28Puy, 29240Py, 21 Am B 103y 00my4eHus pacTeHuii
[Mosnecckoro rocyIapcTBEHHOTO PaIuaiOHHO-9KOJIOTHYECKOTO 3alI0BETHHKA.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

OT60p TIPOO TOYBHI U PACTCHHIA MPOBOAVIIN Ha YETHIPEX MPOOHBIX TuTomankax B [1I'P33, mpu BEIOOpE KOTO-
PBIX PYKOBOJICTBOBAIHCH CIEAYIONIMMU KPUTEPHUSIMHU: YPOBEHB 3arpsi3HEHHs PaJMOHYKIHIAMH U THI (pruToIIe-
HOo3a. [[poOHBIE TUTOMAAKN COOTBETCTBOBAIN CIEAYIOUIMM THTIAaM (DUTOIICHO30B: TUTomanka | — cyXomompHbIX
nyT, Toromaaka II — 6epesHsk pazHoTpaBHBIH, mTomanaka 111 — cocHsk MmmcTeIHA, mmomanaka [V — gepHoonba-
HUK KpanuBHBIH. [IpoOHBIE MIIOAaIKN PACTIONOXKEHBI B OKPECTHOCTSAX OBIBIIET0 HACENIEHHOTO IMyHKTa MacaHbl
(mmomaku I, 11, 1IT) u ypounma Maiinan (mumomanaka IV). Viensras akruBHOCTs ¥’Cs u TYD B mouBe npoOHBIX
IJIOMIAIOK MIpECTaBIeHa B Ta0. 1.

Tabnuma 1

VieabHas aktuBHOCTh 7Cs u TYD B BepxHeM 20-CAHTHMETPOBOM €JI0€ MOYBBI POGHBIX MIOIIAT0K

Table 1
Activity concentration of '¥’Cs and TUE in the top 20-cm soil
IIpobHas VnenmbHast akKTHBHOCTB, Br>Kr!
IIomagka |37CS 238Pu 239+240Pu 24]Am
I (23,95+1,87)x10° 87,30+13,10 210,24+31,54 535,25+80,29
II (21,98 +1,79)x10° 71,87+£10,78 143,49+21,52 501,72+75,26
111 (13,34+0,35)x10° 38,55+3,44 85,63+7,48 259,42+54,14
v (5,02+0,29)x10° 9,60+1,26 16,09+1,93 56,22+14,65

HauOonpuiee 3HaueHune yaenbHoi akTuBHOCTH TYD B MOUBE MPUXOAMIOCH HA MPOOHYIO Tomanky I, Hau-
MEHbIIee — Ha TuIomaaxy V.

OTOOp MOYBEHHBIX M PACTUTEIBHBIX 00pa3noB mpoogwian B 2015 . mo obmenpunsroir meromuke ['OCT
17.4.3.01-83%. Jlnst onpenenenust yaenbHoi akruBHocTd TYD 1 *'Cs B pacTuTenbHbIx 00pasiax oTOMpany Hajl-
3eMHBIC M IIOJ3EMHBIE OpTaHbl pacTeHHui. bpanu cmenanuyro npo0y, COCTOSIIYIO U3 TPEX UHANBUAYAIbHBIX, B KO-
JMYecTBE, HEOOXOMMMOM JUIsl PAJHOXMMHUECKOTO aHajin3a C y4eTOM TOTO, YTO PAacTHTENbHbIE 00pasipl OymyT
MOABEPTHYTHI CyILIKe. Y APEBECHBIX pacTeHUI 0TOMpPAN MPOObI KOPHI U KaMOUsI, TUCTHEB (XBOM), KPYITHBIE OApe-
BECHEBIIIME U MEIIKHE HeOApEeBEeCHEBIINE KOpHU. [lo3eMHbIe OpraHbl OTMBIBAIN OT MOYBHI O TPOTOYHON BOOM.
PactutenbHble 00pa3ubl U3MENBIAIN U B3BEILIMBAIN Ha MECTE C TOMOILBIO TIEPEHOCHBIX BECOB, ()acoBaIU B MOJINI-
THJICHOBBIE MTAKEThl U MAPKUPOBAJIH. BBICYIIEHHBIE 10 TOCTOSHHOM cyxoi Macchl TipH 80 °C mpoObl n3MebuaIi Ha
MeJIBHHUIIE [T ocaenytomiero onpeaencuus TYD. Boigenenue TYD npoBoAWIN COTIACHO METOAMKE OMpeese-
HUS aKTUBHOCTH CTPOHIHUSI-90 1 TPaHCYPAHOBBIX 3IEMEHTOB B Ononornueckux oobexrax (MBU.MH 1892-2003)°.

TYD ocaxxaanu Ha IIOCKHE CYETHBIC MHUIICHH, UX aKTUBHOCTH M3MEPSUIN Ha (-CIIEKTPOMETPUUECKOI CHCTEeMe
Alpha Analyst ot CANBERRA. Maremarideckyto 00paboTKy CHEKTPOB MPOBOJMIN TPU TOMOIIM MPOTPAMMHOTO
obecrieuenust Apex Alpha. Pacuer HeonpeneneHHOCTH M3MEPEHHs IPOBOMIIN COINIACHO METOAMKE IO OLICHKE He-
OIpeeTIEHHOCTH B M3MepeHusX [ 19] ¢ yueToM morpenHocTei n3mepeHuii nmpu Ko3pQUIeHTe 0XBara paBHbIM JIBYM.

2I'OCT 17.4.3.01-83 Oxpana npupossl. [Toussr. O6miue TpeGosanus k oT60py mpob = Nature protection. Soils. General requirements for
sampling. Ben. 01.07.84. M.: M3naTenscTBo cranmapTos, 1984. 8 c.

3MerosuKa onpejiesieHnsi aKTUHBHOCTH CTPOHIUA-90 U TpaHCYPAHOBBIX 3JIEMEHTOB B OHONIOrHYecKuX oObektax: MBU.MH 1892-2003.
Bgen. 2003-04-30. Munck: UPb HAHB, 2003. 17 c.

31



Kypnaa Besopycckoro rocylapcTBeHHOro yHuBepcutera. JxoJorusi. 2023;4:29—40
Journal of the Belarusian State University. Ecology. 2023;4:29-40

Wsmepenne yaenbHoii aktueHOCTH 'CS B MOYBE U GMONOrMYECKHMX 00pasax MPOBOAWIN B COOTBETCTBUM
C NPUHATEIMU MeToaudeckuMu pekomengamusavu (MBU.MH 3421-2010)* na y-cnekrpomerpe CANBERRA
Packard ¢ xoakcnanbHBIM TTOTYTIPOBOAHUKOBEIM neTekTopoM Ge(Li) pacimmmpeHHOTO SHEPTeTHIECKOTO THAIa3o-
Ha. /lnanazon m3mepenus suepruii y-u3nyderus — 40—10000 kaB.

Pacuer 110361 00NMydeHUs] Ha BeCh OpPraHW3M MPOBOJAMIA METOJIOM JI030BBIX KOA(D(HUIMEHTOB 1O yAeIbHON
AKTHBHOCTH PAJIMOHYKITHJIOB B HA/I3EMHBIX U TIO/I3EMHBIX OpraHax (Iuis BHYTpEHHEH 036l OONYUYEHUs) U TIOUBE
(s BHETITHEH 10361 00Ty9YeHHS ), COTTIacHO pekoMmeHmarusaM [lyommkarmu Ne 136 MKP3 [10].

MoNIHOCTh T03bI BHEITHETO OOIYyUSHHsT PACCUUTHIBAIH 110 (OopMyIie

Pext(]V) = As'oil sample(]v) XDCextr (1)

i€ P,.(N) — MOIIIHOCTB TIOIVIOIIEHHOM 1035l BHEIIHETO 00IyYeHus OT paauonykiauaa N, Mkl pxu!;

Asoit sampie(N) — yAeJIbHask aKTUBHOCTb PaIMOHYKIINJIA B BEpXHEM 20-CaHTUMETPOBOM CJIO€ TI0YBBI Ha IIPOOHOM
miomaake, br/kr;

DC,,, — no3oBbiii ko3(duiueHT ais pacdera MOIIHOCTH JO3bI BHEIIHETO oOmyudeHusi cornacHo [10],
(MxI'p/a):(Bx/kT).

s pacuera monrHOCTH OBD-B3BENICHHBIX MOMIOIIEHHBIX 03 BHYTPEHHETO OONyYeHHS OT Pa3HbIX Pajo-
HYKIIUOB UCTIOB30BAITN (POPMYITY

[—Iint(]v) :Abiosample(]\]) XCd XDCi)lt X (f() x CRBE,(I +ﬁ X CRBE,] +ﬁ x CRBE,Z +ﬁ x CRBE,\?)J (2)

rne H,,(N) — motHocTh OBD-B3BEIIICHHOM TOTIIOIIEHHOH /1036 BHYTPEHHETO OOIYUYCHUsSI OT PauoHyKiIuaa N,
MKl pxu!;
Abpio sampie(N) — yI€JIbHAs! aKTUBHOCTb paJiMoHyKIHIa N B GHonorndeckoit mpobe, br/kr;
C,— xk03(hpUIMEHT YCYIIKH, JUTS pacueTa yaedbHOH aKTHBHOCTH Ha CHIPYIO Maccy;
DC,;,,— 1030BblIii KO3(DPUIUEHT J1JIst pacyeTa BHyTpeHHero oomydenust cornacto [10], (Mx[pxu):(Bkxkrt);
/i — BKJIa i-rO BU/A M3ITyYCHUSs, OTH. €1l.;
Crpei — k03O UIMEHT OTHOCHTEILHON OMOIOrHYecKoi 3P (HEKTHBHOCTH I-T0 BU/IA H3ITyUCHUSI.

Cornacho [10], paccmarpuBany clienytonue BUAbL U3TyYEeHHsT: OCKONIKH aeneHus (fy, Crppo = 20), anbga-ya-
ctuusl (f;, Crpe; = 10), HU3KORHEpreTHuecKoe Oera- u ramMma-usiydeHue (f5, Crzr, = 3), Apyroe 6era- u ramMmma-
nzinyueHue (f;, Crprz = 1).

ITockobKy BHEIIHIOW 103y 00myueHus, 1o moaenu MKP3, dopmupyert Tosibko ramma-usnydenue, ¢ kodhdu-
IIUCHTOM OTHOCHUTEIIBLHOM Orosiornueckoii 3pGekTuBHOCTH paBHBIM 1, TO cymmapHyto MotHocTh OBD-B3BeriieH-
HOW J103bI OOJTy4EHUS PACCUUTHIBAIIH 110 POpMYyIIe

EXH(N) = Hiu(N) + Peu(N), A3)

rae XH(N) — momrHocTs OB3-B3BEIIEHHON MOTIIOMIEHHOH /1036 BHYTPEHHETO M BHEITHETO O0Ty4eHHS OT Pajfo-
aykaa N, Ml pxa';

H,,.(N) — momHOCcTs OBD-B3BEIICHHON TOIIONEHHONW O3Bl BHYTPEHHETO OONYUICHUS OT PaAHOHYKIHIAA N,
MKl pxul;

P,.,(N) — MOLHOCTH TOIVIOIIEHHOM J03bI BHEIIHETO 00 Ty4eHust OT paanonykiuaa N, Ml pxu',

MomrHocTs OBD-B3BeIICHHOW MOMIOIIEHHOW J103bI OOIyUeHHsI OT BCEX PaJHOHYKIHIOB PACCUMTBHIBAIN TI0
bopmyiie
TH = SH(N,) + SH(N,) +... + TH(N), (4)

riae XH — momHocTs OBD-B3BenIeHHOM OTIIOIIEHHOH JJ036I BHEITHETO 1 BHYTPEHHETO OOMYYEeHHUS OT paccMaTpu-
BAEMBIX PaMOHYKIHI0B, MK pxu’;

2H(V,) — momHOCTs OBD-B3BeNIeHHON TIOTIIOIEHHON 036l BHEIITHETO H BHYTPEHHETO OOyYeHHS OT PajIfo-
aykmaa N, Mk[pxq',

Bxnax otnensHOTO M30TOMA B 103y OOTyYeHUS onpenesisumy Kak 1010 OBbD-B3BemeHHO MOTIIOMIEHHOMN 03B
oOydeHus TaHHBIM n30ToTIoM 0T OBD-B3BeNIEHHOI MTOTIIONMEHHOH T036I BCEX PaJInOHYKIH/IOB:

d(N)=TH(N) : TH x 100 %, (5)

e d(N) — nons ObD-B3BelIeHHON MONIONMIEHHOH 10361 pajnoHyKinaa N or ObD-B3BelIeHHON MOMIOIEHHON
JIO3BI PACCMAaTPUBAEMBIX PATUOHYKIUIIOB, %,

2H(V,) — momHOCT, OBD-B3BEIICHHON TIOTIOIEHHOW J03bI BHEIITHETO H BHYTPEHHETO OOYYSHHUS OT Pajfo-
aykmaa N, Mk pxa;

‘MBMU 00beMHOI U yIenbHONW aKTHBHOCTH TaMMa-M3JTyJarolliX PaIdoHYKIHIOB HA TaMMa-CIIEKTPOMETPaX C MOIYPOBOJHHKOBBIMH
nerekropamu. MBU. MH 3421-2010: ytB. benl'IM 28.05.10. Munck: beal UM, 2010. 35 c.
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>H — momHOocTs ObD-B3BENICHHOH TOTIIOMIEHHOH 1035 BHEITHETO M BHYTPEHHETO 00yUeHUS OT pacCMaTpH-
BAEMBIX PAJHOHYKIHIOB, MKl pxt.

Tl TYD otaensHo onpenensin Bkiaan >*Pu, 272*Pu u ' Am 8 OBD-B3BeIIEHHON TTOMIOIEHHON J103€ OT
TV?D, 6e3 yuera *’Cs.

Jlyist OTIpe/ieNieHns] CTATUCTUYECKOM 3HAUMMOCTHU Pasjinduii Mex 1y 10301 oommydenus *’Cs u TYD B opranax
pacrenuii ucrionbzopanu U-kputepuit Manna — Yutau. BeiOop HermapaMeTpruuecKoro KpuTepHst I aHaIn3a JaH-
HBIX 00YCIJIOBJIEH BEIOOPKaMH MaJIoro 00beMa, He MTO3BOJIAIONIMMH YCTAHOBUTh HOPMAJIBHOCTh pactpe/iesieHHs.

Pe3yabrarsl Hcc/ieloBaHUS M UX 00Cy K/IeHUe

Ha npo6Hnoii miomake 1 (CyXomonbpHbIH JTyT) B aHAIU3 BKIIOUCHBI 5 BUJIOB TPABSIHUCTBIX pacTeHUH U3 4 ce-
MEWCTB, SBJISIONIMXCS JJOMUHAHTAMU U CyOJIOMUHAHTAMH B PaCTUTEIBHOM cooOIecTBe. Hanbonpinee 3HaueHne
MottHOoCcTH OBD-B3BEIICHHOM MONIOIIEHHOM 103bI O0JYYCHHS OT BCEX PAIUOHYKIIUIOB XapaKTepHO I pacre-
HUl cemeiicTB Poaceae u Fabaceae (Tabm. 2).

Ta6nuuma 2

MouHocts OBD-B3BelIeHHO MOIOIEHHOIT 103bI 00u1ydeHust oT '¥Cs u TYD 1151 pacTeHuii cyxonoabHoro jayra, Mxlpxy-!

Table 2
RBE-weighted absorbed dose rate from '¥’Cs and TUE for plants in a meadow ecosystem, pGyxh!
Opranbl TH | TH('¥'Cs) | TH(**Pu) | SHC*?Pu) | TH(**'Am)
CemeiicTBO ACTpOBEIC (Asteraceae)
[onwtab TopeKas (Artemisia absinthium)
Hanzemusie 2,78 2,69 1,32x102 2,18x1072 5,64x107
Ion3eMHBbIe 14,14 8,56 5,49x10"! 1,23 3,80
CewmeiictBo boOoBsie (Fabaceae)
Topomrex mermmnstit (Vicia cracca)
Hamzemusbie 3,40 3,04 4,56x1072 7,58%107 2,36x10!
Ilong3emuble 26,39 8,87 5,99 2,42 9,12
CewmeiictBo Kamyctabie (Brassicaceae)
Kentymnunk cepsiit (Erysimum diffusum)
Hapmzemuebie 2,82 2,68 1,71x10 3,18x10 8,92x10
[TonzemubIe 12,08 8,12 4,50x10"! 9,35x10"! 2,58
CewmeticTBo MsatinukoBbsle (Poaceae)
bynasonocer cenoit (Corynephorus canescens)
Hanzemunle 2,90 2,69 9,28x10 2,79x1072 9,32x10
[omzemHEbIe 32,24 10,30 2,53 4,67 14,74
Mstnuk myroBoii (Poa pratensis)
Hanzemusie 2,87 2,78 1,33x1072 9,82x107 5,97x102
Ilong3emuEble 33,11 10,93 2,17 4,70 15,32

CornacHo JaHHBIM, MPEICTABICHHBIM B TaOll. 2, pacyeT JI03bl OOMy4eHHsI HAa BECh OPraHM3M IO YICITbHOU
AKTHBHOCTH PAIMOHYKIIHIOB B HAJI3EMHBIX H TIOI3EMHBIX OpPraHax JaeT pe3ylbTarT, Pa3IHyaroNiics Ha MOPSIOK
BesmurHbl. OCHOBHOM BKJIaJ1 B 7103y 00JTy9€HHs pPACTEHHI CyX010bHOrO J1yra BHOCHT *'Cs: o1 89,5 % (V. racca)
10 97,1 % (P. pratensis) ipu pacdete 1036l 0OTYYESHHUS TI0 YIEITbHON aKTHBHOCTH PAHOHYKIHIOB B HAI3EMHBIX
opranax u ot 31,9 % (C. canescens) no 67,2 % (E. diffusum) ipu pacdeTe 10361 OOTYUIESHHUS IO YIETHHON aKTHB-
HOCTH PaJHOHYKINIOB B TIoA3eMHBIX opranax. Cpemu TYD ocHoBHOH Bkiag B Ob3D-B3BemeHHy0 103y 00myde-
HMs pacTeHui BHOCHUT “*'Am kak npu pacyere OBD-B3BEIEHHON TOIOMIEHHON 03I 0OTyY€EHHS 110 YAETbHON
aktuBHOCTH TYD B Ham3emHbIX opraHax (43,6-72,1 %), Tak ¥ 10 yAETHHON akTHBHOCTH TYD B MOA3EMHBIX
opranax (52,0-69,1 %). Paznmuaust Mmexay nozamu o0mydenus *’Cs u TYD 3Haunmel Ha yposre p = 0,01 npu pac-
4ere 7103kl OOYyUeHHS 10 YJICNbHON aKTUBHOCTH PaJIMOHYKITUIOB B HAJI3EMHBIX OpraHax. 3HAYMMBIX Pa3THIHi
Mexy go3amu oomydenns *’Cs u TYD npu pacdere 10351 00TyHIEHHS 110 YAEILHON aKTUBHOCTH PaHOHYKIIUI0B
B IIO/I3EMHBIX OpraHax pactenuii ne oonapyxeno (U, = 10> U, = 2).

33



Kypnaa Besopycckoro rocylapcTBeHHOro yHuBepcutera. JxoJorusi. 2023;4:29—40
Journal of the Belarusian State University. Ecology. 2023;4:29-40

B Gepesnsike pa3HOTpaBHOM B aHAJN3 BKITIOUCHEI 4 BH/IA BRICIIINX pacTeHUH 13 4 cemeiicTB. Hanbonpiee 3Ha-
yenue mMorHoctH OBD-B3BelIeHHON OMIOMEHHON JI03bI OOTYUEHHST OT BCEX PAIUOHYKIIHIOB XapaKTEePHO YIS
Festuca ovina, cemeiictBo Poaceae (Tabm. 3).

Tabnuma 3

Mousocts OBJ-B3BelIeHHOH MOMIOIEHHOI 103b1 00uyuenus 3'Cs u TYD qis pacreHuii GepesHsika pasHOTpaBHOro, MK pxu!

Table 3
RBE-weighted absorbed dose rate from '*’Cs and TUE for plants in a mixed birch forest, pGyxh!
Opranbl *H TH(Cs) THC*Pu) | TH(?24Py) THCYAm)
CewmeiictBo bepesossie (Betulaceae)
Bepesa nmosucnas (Betula pendula)
Jlucr 4,94 4,88 2,27x102 4,29x10° 3,93x10
IoGer 4,26 4,17 2,38x1072 9,13x107 5,19x10
CrBoJ (kopa) 4,31 4,15 3,72x1072 1,20x107 1,09x10!
CrBon (kaMOwHif) 3,43 3,31 3,22x1072 6,25x107? 2,43x1072
Kpynuble KOpHH 8,56 791 7,39x107 1,76x10" 4,05x10"!
Mernkue KOpHH 16,31 8,31 7,96x10"! 1,54 5,66
Bepeckossle (Ericaceae)
Uepruka oOsixkHOBeHHAS (Vaccinium myrtillus)
Hanzemusle 9,45 9,32 7,66x10° 1,25x1072 1,03x10!
Tom3emubie 12,65 10,99 1,68x10"! 2,76x10™! 1,21
CewmeiictBo KpyunHoBble (Rhamnaceae)
Kpymmna nomkas (Frangula alnus)
Jlucr 4,48 4,43 2,12x102 5,76x10° 1,78x107
[oGer 3,02 2,99 1,43x1072 4,84x103 1,32x10
Kopeub 9,36 8,22 1,53x10! 2,91x10°! 7,03x10"!
CewmeticTBo MsTinukoBsie (Poaceae)
OgcsHUIA 0Beubs (Festuca ovina)
Hanszemuble 5,95 4,15 1,14x102 9,39x1073 1,78
IToa3emublie 25,19 10,50 1,38 2,97 10,34

Kak u B cityyae ¢ pacTeHHsSIMU CyXOOJIBHOTO JIyTra, OCHOBHOM BKJIaJ B 103y 0OyueHHst Oepe3HsiKa pa3HOTpaB-
Horo BHocHT *’Cs — ot 69,7 (F. ovina) 10 99,0 % (F. alnus) npu pacyere 1036l OOIYYEHHUS 10 YAEILHOM aKTHB-
HOCTHU PaJIMOHYKJIMJIOB B HaJ3eMHbBIX opraHax, u ot 41,7 (F. ovina) no 92,4 % (B. pendula) npu pacueTe 036l
00JTy4eHHUs TI0 yAEIbHOW aKTUBHOCTH PaJHOHYKIMIOB B MOA3eMHBIX opraHax. Cpean TYD oCHOBHOH BKiIaj
B 7103y o0nydeHus: pactenuii mwiomaaku [1 Baocur ' Am npu pacuere OBD-B3BEIICHHOMN MOMIOMIEHHON 035l
00JTy4eHus 1o yaenbHoi akTuBHOCTH TYD B moazeMHusIx opranax (61,3—73,2 %). [Ipu pacuere 10361 001ydeHUs
10 y/IeabHOM akTuBHOCTH TYD B Haa3eMHBIX opranax Bkian ' Am gocruraer 98,9 % (F ovina), ***Pu — 47,4 %
(F alnus), *****Pu— 52,5 % (B. pendula). Paznuuus mex iy nozamu oonyuenus *’Cs u TYD 3Ha4UMBbI Ha ypOBHE
p < 0,05 npu pacyere 10351 00TyUEHHS 110 YIEIbHON aKTHBHOCTH PAAMOHYKIIMAOB B HAJI3€MHBIX Opranax. 3Hauu-
MBIX pa3inuuii Mexy no3amu oomyderust *’Cs u TYD npu pacdere 1036l 0OIYUESHHS 10 YIETbHONU AKTHBHOCTH
PaZMOHYKIIH/IOB B [IO/I3¢MHBIX OpraHax pacteHuii He obHapyxkeHo (U,, =6 > U, =2).

Ha npo6noii mitomaske 111 (cocHsik MIIUCTBIN) B aHATM3 BKJIIOYEHBI 5 BUJOB PACTEHUH 13 4 CEMEHCTB, SIBIS-
IOIIMXCS TIOMUHAHTaMHU U CyOJIOMHHAHTaMU B pacTUTEIbHOM cooluectBe. Hanbonbliee 3HaueHe MOIIHOCTH
OBD-B3BeIICHHON TOMIOIICHHON JI03bI OOMyUeHHsI OT BCEX PATUOHYKIIUAOB XapakTepHo i Betula pendula,
cemeiictBo Betulaceae (Tabm. 4).
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Tabnuma 4

Momaocts OBJ-B3BeleHHOM MOrI0MIEeHHO0i 10361 00mydenust ¥'Cs u TYD q1st pacTeHuii cocHsIKa MIIUCTOro, Mkl pxu!

Table 4
RBE-weighted absorbed dose rate from '*’Cs and TUE for plants in a pine forest, nGyxh
Opratbl *H | SH(YCs) | EHEPPw) | SHEPPu) | SHCYAm)
CewmeiictBo bepesosrie (Betulaceae)
Bepesa nosucnas (Betula pendula)
JTuct 4,22 3,96 2,46x10> 1,12x10°2 2,17x10"!
[MoGer 2,56 2,48 1,30x10 0,00 6,40x102
CrBoux (kopa) 2,15 2,05 3,08x102 2,06x10 4,20x10
CrBox (kamOwmii) 1,97 1,87 3,22x107 1,35x1072 5,38x102
KpynHble KOpHU 8,22 5,80 1,15x10" 2,20x10"! 2,08
Meinkue KOpHH 36,78 7,72 1,13 2,22 25,72
Cewmeiicto bykoseie (Fagaceae)
Jy6 uepenruateiii (Quercus robur)
Jluct 16,18 16,09 3,38x10 7,81x107 5,29x102
IToGer 14,57 14,35 4,48x10 3,04x102 1,47x10!
CrBoux (kopa) 4,94 4,64 8,36x10 1,40x10"! 8,09x10
CrBox (kamOwif) 6,25 6,09 3,53x102 2,83x1072 9,04x10
KpynHble KOpHU 10,56 8,21 2,19x10"! 4,93x10"! 1,64
Menkue KOpHH 19,62 6,78 9,50x10°! 1,82 10,07
Bepeckossie (Ericaceae)
Bpycuuka (Vaccinium vitis-idaea)
Hanzemubie 9,53 9,11 1,12x10 5,12x1072 2,51x10
IMomzemuBIe 14,97 10,82 3,45x10! 7,96x10! 3,00
UYepnuka oOsikHOBeHHAS (Vaccinium myrtillus)
Hamzemusle 8,12 7,82 5,24x107? 4,14x10 2,07x10"
TTon3emHubIe 13,32 10,49 1,87x10! 3,49x10"! 2,30
CewmeiictBo CocHoBble (Pinaceae)
Cocna o0bikHOBEHHas (Pinus sylvestris)
XBost 10,65 10,48 9,21x10 2,44x102 5,50%1072
Tober (1-3 rona, 6es 743 7.8 3,69%10° 2,05%10° 9,94x10”
XBOH)
Hober (HCroReTHNS, 1041 10,29 2,74x10” 1,18x10” 742x10°
€3 XBOH)
Craon (BepxymeaHas 1522 15,11 4,24x10° 1,95%102 3,97x102
4acThb, KOpPa)
Crsox (sepxymeunas 431 475 2,16x10° 1,24x10° 2.12x102
4acTh, KAMOHIA)
CrBon (cpennss Hacte, 17,17 16,95 1,36x10" 2225107 5.25%10°2
Kopa)
Cron (cpennss Hacts, 8,20 8,11 4,82x10° 1,40x102 2,19x10°
KamoOwuii)
CrBon (KoMJIeBas HaCT®, 9,87 9,77 4.77%10° 1,36x102 3.81x102
KOpa)
CrBon (xom1eBas 4acT®, 4,16 4,11 1,47x102 2,71x103 2,69x107
Kamouii)
Kpy1Hbie KOpHU 19,20 9,30 3,44x10! 74410 8,31
Mernkue KOpHH 19,17 7,26 6,07x10"! 1,22 10,08
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HauGonbiumii BKIiaj B 103y 00TydeHnst pacTeHHi cocHsika MumucToro BHocut *'Cs: ot 93,8 10 99,4 % (Q. robur)
TIPU pacueTe 10361 00Ty ICHUS 0 YIETbHOW aKTHBHOCTH PaTHOHYKITHIOB B HaI3eMHBIX opranax, n ot 21,0 (B. pendula)
1o 78,7 % (V. myrtillus) ipu pacdeTe 10361 OOITYUESHHS TTO YIENBFHON aKTHBHOCTH PaJIMOHYKIAAOB B TION3EMHBIX Op-
ranax. Cpeau TYD OCHOBHOM BKIIan B 103y OONydeHHs pacTeHui BHOCHT 2*'Am npu pacuere OBD-B3BenIeHHON
TMOTITOIIEHHOM JI03I OOTYyUeHHS 110 YNIeNbHOM akTUBHOCTH 1Y B moa3eMHbIX opranax (69,7-88,5 %). [Ipu pacuete
JI03b1 00Ty UEeHHSI 110 YIETbHON akTBHOCTH TY?D B HaA3eMHBIX OpraHax Bkiaa >*' Am nocturaer 85,8 % (B. pendula),
238pu— 64,5 (P, sylvestris), 2 ™*'Pu — 46,0 % (Q. robur). Paznuaus mexty 1o3amu ooimydennst ¥'Cs u TYD 3Ha9UMBbI
Ha ypoBHE p < 0,05 Tipu pacueTe 03I OOTYUICHH 10 YISIFHON aKTHBHOCTH PAIHOHYKIIHIOB B HAI3EMHBIX OpraHax.
3HaYMMBIX Pa3IHuui MeXIy no3amu oomydenns *’Cs u TYD mpu pacdeTe 10351 O0IyUeHHs 0 YIAEIbHOM aKTHBHO-
CTH PaJIMOHYKJIHJIOB B IIOJ3€MHBIX OpraHax pacTenui He oonapyxeno (U, =20>U,, = 13).

Ha mpo6Hoit mromanke [V (4epHOOTBITAHUK KPATTUBHEIN) B aHAJIN3 BKIIIOYCHBI 8 BHUIOB pacTeHUH u3 7 ce-
MeticTB. Hanbombimee 3nauenne MormHocTH OBD-B3BENICHHON MTOTIIOMIEHHON 0361 OOMyUEHHUs OT BCEX PajIHo-
HYKIHIOB XapakTepHo 1t Corylus avellana, cemetictBo Betulaceae (Tabm. 5).

Tabnuma 5

MomHocts OBJ-B3BeleHHOI MOrI0IEeHHOi 103bI 061ydenus '¥'Cs u TY 1151 pacTeHuil 4epHOOIbIIAHHKA KPpanuBHOro, Mkl pxy!

Table 5
RBE-weighted absorbed dose rate from '¥’Cs and TUE for plants in a black alder forest, nGyxh!
Oprasbl >H SH('¥Cs) SH(**Pu) SH(*9'24%Pu) SHC*'Am)
CewmeiictBo bepesossie (Betulaceae)
Jlemmna o6sikHOBeHHAs (Corylus avellana)
Jlucr 2,91 1,86 8,54x1072 1,55x10"! 8,07x10"!
[oGer 1,94 1,88 9,75x103 3,25x10° 5,24x10
CrBoJ (kopa) 1,68 1,65 3,07x10° 2,27x1073 2,30x10
CrBou (kamOwmif) 1,16 1,14 2,43x10° 0,00 1,74x10
KpymHble KOpHU 4,26 3,37 7,37x107 1,45%10°! 6,70x10™!
Menkue KOpHU 5,39 2,41 9,37x10 1,66x10 2,72
Ounbxa uepHast (Alnus glutinosa)
Jlucr 4,64 4,63 4,48x107 1,95x103 0,00
IoGer 1,90 1,85 1,25x10 8,80x10° 3,22x107
CrBon (Bepxymeunas 5acts, | go 2,81 2,40%10° 1,21x102 1,38x10"!
Kopa)
CrBox (Bepxymieunas uacts, | | 39 1,37 3,82x10° 1,12x10° 3,84x10°
KaMOwiA)
CrBox (komueBas wacts, 3,46 3,41 1,08x107 3,27x10° 3,11x102
Kopa)
CrBox (omesas dacts, 2,17 2,17 3,32x10° 1,21x10° 0,00
KamOuii)
KpymHsie Kopau 4,03 3,56 3,82x107 6,39x1072 3,63x107!
Menkue KopHH 4,62 2,88 1,56x10" 3,08x10"! 1,28
CewmetictBo [lennmrentuessie (Dennstaedtiaceae)
Opnsik 0OBIKHOBEHHEIH (Pteridium aquilinum)
Hamzemusie 3,34 3,12 1,86x10 1,90x10 1,79x10!
TomzemubIe 2,19 2,15 2,00x103 6,09x10° 2,41x107
CewmeiictBo Upncossie (Iridaceae)
HWpuc noxHoaupoBelii (Iris pseudacorus)
Hamzemusie 2,22 2,16 2,13x102 8,08x10° 2,25x102
IMomzemubie 3,35 2,95 6,53x10 9,97x102 2,43x10!
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[pononxenue tabm. 5

CewmeiictBo Kpanusnsie (Urticaceae)

Kpanusa nsynomuast (Urtica dioica)
Hanzemubie 1,53 1,52 1,60x107 2,64x103 1,17x10
[MonzemHBbIe 3,83 3,10 8,13x102 2,12x10" 4,40x10"

CemeiictBo MsaTinkoBbie (Poaceae)

TpocTHUK OOBIKHOBCHHBIH (Phragmites australis)
Hanzemuble 1,22 1,18 8,20x10° 6,06x10° 1,95x10
IMom3emuBIe 2,17 1,90 1,56x10 3,72x107 2,17x10!

CewmeiictBo OcokoBele (Cyperaceae)

Ocoka my3eipuaras (Carex vesicaria)
Hanzemubie 1,62 1,60 1,13x10 3,24x10° 6,97x10°
IMom3emuBIe 2,74 2,40 5,91x10 1,01x10"! 1,84x10!

CewmeiictBo Criap:keBbIe (Asparagaceae)

Janaeim mavicknit (Convallaria majalis)
Hanzemubie 2,34 2,29 1,55%1072 8,20x107 3,53x102
IMomzemubIe 3,56 2,79 7,20%107 1,25x10"! 5,79x10!

HauGonpmmii BKIan B 103y OONyYeHWs PACTEHWN 4YEpHOOJBIIAHMKA KparmuBHoro BHocuT Y'Cs: ot 64,0
(C. avellana) no 99,9 % (A. glutinosa) pu pacyere K03bI OOIyUEHUS MO YACTFHONW aKTHBHOCTH PaTUOHYKIH-
JIOB B HaJI3eMHBIX opraHax, u ot 44,7 (C. avellana) no 98,5 % (Pt. aquilinum) ipu pacdeTe 10361 OOTyUSHHS 10
VICTBHON aKTUBHOCTH PaJHOHYKIIHIOB B TIoA3eMHBIX opranax. Cpenn TYD oCHOBHO BKJIaI B 103y OOITyUICHIS
pactenuii BHOCHT **'Am mipu pacuere OBD-B3BENIEHHOM TOIOMIEHHON T036I 0OTyYEHHs MO YAEIbHON aKTUB-
Hoctr TYD B mogzemubIx opranax (53,5-91,3 %). Ilpu pacdere 10361 00Ty9IeHNS 110 yACTBHOM akTHBHOCTH TYD
B Ha/I3eMHBIX opranax Bkiaaj >*' Am nocruraer 87,7 % (C. avellana), **Pu— 73,2 (4. glutinosa), *****°Pu—30,3 %
(A. glutinosa). Paznmuuns mexay nozamu oomyuenus *’Cs u TYD 3Haunmbl Ha yposHe p < 0,05 mpu pacdeTe 10351
o0TydeHusl 10 yAeTbHON aKTUBHOCTH PAJMOHYKIIHIOB B HAZ3EMHBIX U TIOI3EMHBIX OpraHax.

[Tomy4yeHHbIe pe3ynbTaThl CBUACTENBCTBYIOT, UTO CITyCTS TPH JECATUIIETHS TOCTE 3arps3HeHUs TePPHUTO-
puu B pe3ynbrare aBapun Ha YepHOOBITECKOH ADC OCHOBHBIM PaIHOHYKIHIOM, (DOPMUPYIOIINM 03y 00ITY-
genns pactenuit B [1I'PD3, mpu pacdeTe 10361 00TyUICHUS 1O YISTbHOW aKTUBHOCTH PAIUOHYKIUIOB B Hal-
3eMHBIX opranax, asiasercs V’Cs. Cornacno nannem T. B. IlepeBononkoii u coasr. [20], Ha HETO TPUXOIUTCS
99 % mOoTIIOIEHHOH 03B! IS APEBECHBIX PACTEHUH, UTO XOPOIIIO COTIIACYETCs C HAIIMMHU JaHHBIMA. B TO xe
BpeMs, TIPH pacdeTe J03bI OOIyUIeHHS 110 YASTHbHOW aKTUBHOCTH PAJMOHYKIHIOB B TIOJJ3EMHBIX OpraHax, B OT-
JENBHBIX CITydasx HaOmromnaeTcs npeobnaganre Bkaaga >*'Am. B GonbmnmHCTBE paboT, MOCBAIIEHHBIX OLEHKE
J103 OOy4YeHHs pacTeHNH €CTECTBEHHBIX OMOIIEHO30B, pacUeThl MMPOBOSAT HA OCHOBAHWH YACIbHON aKTHBHO-
CTH PAJIMOHYKJIMIOB B ITOYBE WJIA B HAJ[3EMHBIX OpTraHax. ITo 00yCIOBICHO HEOOXOMUMOCTRIO N3yUeHUS OHO-
norudeckux 3(pPeKToB OT MOTydaeMbIX /103 B TEHEPATHBHBIX OpraHaX, TOCKOIbKY HOHH3UPYIOIee H3ITydeHHe
MOXKET BIUATH Ha PENPOIYKTUBHYIO CIIOCOOHOCTH pacTEeHWH, CIEIOBaTEeNbHO, COCTOSHHE TMOomysnuu [21].
Tem He MeHee, KOPHEBBIE MEPHUCTEMBI TAK)K€ MOBEPTAIOTCS XPOHUYECKOMY BO3ACHCTBUIO MOHU3UPYIOIIETO
m3nydenus. [lo manaeiM C. A. I'epachkuHa U COaBT. [22], YaCTOTa MUTOTEHETHUECKUX HAPYIICHUHA B KOHE-
BOW MepHCTEME TIPOPOCTKOB CEMSH COCHBI OOBIKHOBEHHOM, TPOU3PACTAIONICH Ha TEPPUTOPHUH TTOABEPTIICHCS
paanoaKTHBHOMY 3arpsi3HEHUIO B pe3yabTaTe aBapun Ha YepHOOBITECKON ADC, CTAaTUCTHYECKH 3HAYMMO TIpe-
BBIIIIAET KOHTPOJIHHBIA YPOBEHb.

IIpennmoxennsie MKP3 pedepenTHbIe YpOBHE 103 00IyUEHUS, IPU MPEBHIMICHUN KOTOPBIX HACTOSTEILHO Pe-
KOMEH/IyeTCsl IPUMEHEHHE 3allUTHBIX MEP, U APEBECHBIX pacTeHuii coctaisior ot 4,17 mo 41,67 Mxlpxu’,
JUISL TPaBSIHMCTHIX pacTeHuii — ot 41,67 10 416,67 MxI'pxu! [10]. HecMOTps Ha OTHOCHTEIBHO BHICOKUE TTOIYYEH-
HbIE 3HAYEHU 103 OOMydeHHS, TIPEBhINIEHIE BEPXHUX TPAaHUIl pe()epEHTHBIX YPOBHEH B HAIITUX MCCIICTOBAHUIX
He ycTraHoBieHO. B myOmukanmmn MATATD [23] Takke oTMeUaeTCsl, 9TO KaKOe-THOO MaryoHoe JOITOCPOUHOE
BO3JIEHCTBUE Ha pacTHTENbHBIE coobmecTBa npu ao3e 10 MIpxcyr! (416,67 mxIpxu') nmpencrapisercs Maio-
BeposTHBIM. Pesynsrarel T. A. MaiicTpeHKo 1 coaBT. [24] MoKasbIBalOT, YTO MpHU 103e 0bmydenus 150 Mxlpxu!
BIIMSTHAE XPOHUYECKOTO O0y4YeHHs Ha CyKIIECCHOHHBIE MTPOIIECCHI IyTOBOTO COO0IIecTBa He HabIomaeTcsl.

CTouT TakKe OTMETHTB, YTO CTPYKTYPa JT03bI OOTYHIEHHUS MTPH pacyeTe 1Mo yAeIbHON aKTHBHOCTH PaHOHYKITH-
JI0B B HA/I3€MHBIX M MOJI3EMHBIX OpraHax pasnuuaercs. B tabi. 6 npeacrasnen Bknas *’Cs, M30TONOB MUy TOHUSI
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u >'!Am 11 BUIOB pacTeHHH, MMEIOIMX HAMOOIbIINE 3HAYEHHS 103 OOIYYEHHUs, PACCUUTAHHBIE 110 YAETbHON
aKTUBHOCTH PATHOHYKIMIOB B HAJI3EMHBIX M IMOI3EMHBIX OpraHaxX sl KaKI0W MPOOHON TUTOIIAIKH.

Tabnuna 6
Crpykrypa OBJ-B3Bel1eHHOI NOIJIOIEHHO 103bI 1151 HEKOTOPBIX BHI0B
Table 6
Structure of the RBE-weighted absorbed dose rate for some species
ITpoOHas rwio- B d(**¥Cs), d(***Pu), d(*39724%py), d(**'Am),
maka e % % % %
I V. cracca (Ham3eMHBIC OpTaHbI) 89,5 1,3 2,2 7,0
P. pratensis (mog3eMHbBIC OpraHbI) 33,0 6,5 14,2 46,3
I V. myrtillus (Ha3eMHBIC OPTaHBbI) 98,7 0,1 0,1 1,1
F. ovina (mog3eMHbIe OPTaHbl) 41,7 5,5 11,8 41,1
P. sylvestris (kopa cpemHeit yacTu 98.8 0.8 0.1 0.3
111 CTBOJIA)
B. pendula (menkue xopHRN) 21,0 3,1 6,0 69,9
v A. glutinosa (muct) 99,9 0,1 0,0 0,0
C. avellana (Menkue KOPHN) 44,7 1,7 3,1 50,5

CornacHo Tpe/ICTaBICHHBIM JIAHHBIM, OCHOBHOW BKJIaJ[ B JIO3y OOJyYeHHs PAaCTeHWH, PACCUUTAHHYIO TIO
YIEIBLHON aKTUBHOCTH PAJMOHYKJIHIOB B HaJ3eMHBIX Opranax, BHocHT *’Cs, 1is 10361 0OIyd€eHHUs], paCCUUTaH-
HOI 110 TTIOA3eMHBIM opranaM — Kak *’Cs, tak u >*' Am. TTocKoIbKy 3HaY€HHUE 10361 00IYUEHHUS IPSMO ITPOIOPIHO-
HAJILHO Y/IEJILHON aKTUBHOCTH PaJIMOHYKIIM/IA B OpraHe, To pasinuue 3nadenuii gomu *'Cs u TYD B ee cTpyKType
MOYKHO OOBSICHUTH OOJBIIMMH BEJIMYMHAMH YIEIbHON akTHBHOCTH TYD B MON3EMHBIX OpraHax Mo CPaBHEHHUIO
C HaJI3eMHOM. 3/1eCh CTOUT TaK)Ke 0OpaTUTh BHUMAHHUE, YTO MOCKOJIBKY TIepHOJIbI onypacnana TYD mpessiiaior
nepuox noaypacnazaa *’Cs, to gons TYD B crpykrype OBD-B3BelIEHHOM TIOIOMIEHHOM 10361 00Ty4YeH s pac-
TEeHHUH OyZeT BO3pacTarh CO BPEMEHEM.

3aKjIouenue

3nauenns momHocty OBD-B3Benennol nomomenHoi 103el *’Cs n TYD, paccunTaHHbIe N0 YAETLHON aK-
TUBHOCTH PaJIMOHYKJIMIOB B HaA3eMHBIX opraHax pacteHuil [1I'PD3, mpenmyiiecTBeHHO HIDKE, €M 3HAYEHUS,
oTIpeieNIeHHbIe 110 YASTHHON aKTHUBHOCTH PAJAMOHYKJIMIOB B TIOA3EMHBIX opraHax. [y pacTeHuil CyxonoabHO-
1o Jiyra MOIHOCT, OBD-B3BEIIEHHOM TTOMIONIEHHBIA 1036l MIMEET 3HaueHus B Auanazone 2,78-3,40 MxIpxq!
(mo HanazemubIM opranam) u 12,08-33,11 MxIpxu’ (10 MoA3eMHBIM OpraHam), JUisi pacTeHuil OepesHsKa pas-
HOTpPaBHOTO — 3,02-9,45 Mk 'pxu’! (110 Hag3eMHBIM Opranam) u 8,56-25,19 MxI['pxu (10 MOA3eMHBIM OpraHam),
JUISL PACTEHHMH COCHSAKA MIIMCTOrO — 1,97-17,17 MxI'pxu’! (1m0 HagzemusiM opranam) u 8,22-36,78 mxlpxu! (o
T0/I3€MHBIM OpraHam), JJis PaCTEHUH YePHOOIIbIIAHUKA KpanuBHOTO — 1,16-4,64 MxIpxu! (110 Hag3eMHBIM Op-
ranam) u 2,17-5,39 mMxI'pxu’ (mo moazeMusiM opranam). [Tpu 3TOM NpeBbIIIEHHsS. peEPEHTHBIX YPOBHEN 103
00y4ueHMs 151 00BEKTOB OMOTHI, corTacHo pekoMeHaarsaM MKP3, He ycTaHOBIEHO.

IIpu pacuere MmommaOCTH OB3-B3BEIEHHOM TOTIOMEHHON 0361 OOTYUICHIS TT0 YASTHFHOM aKTUBHOCTH PaTAO-
HYKJIUJIOB B HA[J3EMHBIX OpraHax, OCHOBHOU BKJIaJl B (POPMUPOBaHHUE 10351 00TydeHust pacTeHuii BHOCUT *'Cs —
ot 64,0 10 99,9 %. Cpenu TYD, npu pacuere montHOocTH OBD-B3BEIICHHON MOTIIOMICHHON TO3BI TI0 YACTHHOU
akTUBHOCTH TYD B MOA3EMHBIX OpPTraHax, OCHOBHAS JOJISA B CTPYKType 1036l oOmydeHwst TYD mpuxomutcs: Ha
2 Am — ot 52,0 10 91,3 %.

ITomyueHHbIe pe3yabTaThl BAYKHBI IS OIIEHKH W MPOTHO3a SKOJOTHYECKUX MOCIEICTBUI XPOHUYECKOTO 00-
JIy4eHHs SKOCHUCTEM Ha TEPPUTOPHSIX, 3arpsI3HEHHBIX TEXHOTEHHBIMU PAJMOHYKINAAMHU B PE3yJbTaTe aBapuu Ha
UeproObubekoir ADC.
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OILIEHKA TEHOTOKCUYECKOI'O AENCTBUA .
PEHTTEHOBCKOI'O N3AYUYEHWS HA AOXAEBBIX YEPBEU
LUMBRICUS TERRESTRIS, OBUTAIOIIINX B ITOYBAX ITOAECCKOI'O
PAANAIIMOHHO-9KOAOI'MYECKOI'O 3AIIOBEAHUKA

E. M. KA/ITYKOBAY, H. H. BESJJIKHHA", C. B. TOHYAPOB", H. A. YEIIIHK"

YUnemumym paouobuonoeuu Hayuonansrou akademuu nayk berapycu,
yi. Dedionuncrozco 4, 246007, e. Tomens, benapyco

K Buaam pedepeHTHBIX KUBOTHBIX IS OLIEHKHU MOCIIC/ICTBII PaIMAIIMOHHOTO BO3JCHCTBHUSI Ha OMOTY OTHOCSITCS JIOMK/ICBbIC
yepBH. B pabore 00beKTOM M3yUeHUS SBISUTMCH OXKIIEBbIC UepBU BUIA Lumbricus terrestris, OTHOCSILMECS K TIOYBCHHOM TPyTIIe
n oburatomue B [lonecckoM rocynapcTBeHHOM paiMaliiOHHO-IKoIornueckoM 3aroseauke (I11'P33) B yciioBusix XpoHHUECKoro
JeHCTBUS pauallioHHOTO (hakTopa. Llenb rccienoBanys: OLEHUTh YPOBEHb MTOBPEXK/ICHHS TEHETHUECKOTO arlapara, 4acToTy
MHKPOSEP ¥ JABYSIIEPHBIX KJIETOK, a TAK)KE CIIOHTAHHBIA YPOBEHb M CKOPOCTD Peraparvy MHIyIMpOBaHHBIX noBpexaeHuit JTHK
TTOCIe BO3ACHCTBHSI OCTPOTO PEHTTEHOBCKOTO M3IY4IeHHS B 103€ 4 [P B eoMoruTax y TOKIEBBIX YepBel U3 MOMYIIAINiA, Hace-
JISTFOIIHX TTIOYBBI TEPPUTOPHIA C TEXHOTEHHO MOBBIIICHHBIM COZICpyKaHUEeM PaJHOHYKIMIOB. PaccanTaHHbIe 3HAYEHHS MOIITHOCTH
nomtowmeHHoi 10361 o1 *’Cs st L. terrestris, OOUTAIOIINX B TIOYBE HA UCCIIEAYEMBIX Mmiomnaakax B [TTPD3 uepes 35 sier nocie
aBapuy Ha YADC, IpakTUUeCK! BO BCEX CITydasX MPEBBIIAIOT 3HAYeHNE HanOoJiee KOHCEPBATHBHOIO U3 CYIIECTBYIOMIMX Oe3-
OIaCHOTO YPOBHSI Pa/IMAIIMOHHOTO BO3ACHCTBIS HA OMoTy — 10 MK p/4, HO HE TOCTUTAIOT JAOMYCTHMOTO YPOBHSI pPaJHAIIHOHHOTO
Bo3aeticteus B 10 MIp/cyT, yeraHOBIEHHOTO T NOKAEBBIX uepBeit B 108 [Tyomukamm MKP3. YeraHOBIE€HO, 9TO CIIOHTaHHBIH
yposens nospexaenns JJHK (% IHK ,o..) y L. terrestris, o0OUTaromumx Ha y9acTKax ¢ pa3HbIM YPOBHEM PaIIOAaKTUBHOTO 3arpsi3-
Henus 110 B’Cs, He ommyamics u coctasisimi 12,04 & 1,32 (koHTponbHbIH ydacTok) u 14,36 + 2,52 (ITT'PD3) coOTBETCTBEHHO.
Bo3znelicTBie 0CTPOro peHTreHOBCKOTro M3IydeHus B o3¢ 4 I'p mpuBeno uepes 48 4 K yBEIHUCHUIO KOJIMYECTBA JIBYSACPHBIX
KJIETOK B TIOMYJISILHSIX LIEJIOMOIIUTOB, KOTOPOE OBLIO CYIIIECTBEHHO BBIIIE Y JIOK/IEBBIX YepBel, OOMTAIOIINX B NIOYBE YUaCTKOB
C TTOBBIIICHHBIM YPOBHEM 3arpsi3HEHMS paIMOHYKIINIaMH. YpoBeHb noBpeskaeHuii JJHK y noxaeBbIx yepBeii, 0OMTaromux B 110-
YBaX TEPPUTOPHUIA C MOBBIIIEHHBIM PaJUaHOHHBIM (DOHOM, Yepes 24 4 rociie BO3AEHCTBHS OCTPOr0 PEHTTCHOBCKOTO OOy YEHHS
B 103e 4 I'p camsmics Ha 12,98 % 1o cpaBHEHMIO ¢ COOTBETCTBYIOIINM 3HaUeHneM depe3 0,1 1, a y J0KAEBbIX YepBEH TPYIITBI
cpaBHenus (I omenbckuii p-H) — TOMBKO Ha 5,88 % M0 CpaBHEHHIO C COOTBETCTBYIOINIMM 3HAaYeHUEM. ATAalITUBHBIN OTBET y 0COOeH
W3 TOMYJISALMH L. terrestris, INTATEIIBHOE BPeMst OOUTAIOIINX B TIouBax Teppuropuii [1I'PD3, 3arps3HeHHbBIX paIHOHYKIIHIAMH T10-
ciie aBapuu Ha YADC, nposiBIsIcs B BuJie NOBBILIEHHO ckopoctr penapanmu JJHK 1 yBennuenun kietoqHoit nponudepanyn
TI0CJIE OCTPOTO PEHTTEHOBCKOT0 00IydeHust B 1o3e 4 .

Knrouegvie cnoea: 1oxneBble YepBy; LIETOMOLUTBI; MOIIHOCTb 103b1; MeTox JIHK-komeT; Mukposiapa; 1BysiiepHbIE KIIET-
KW ParoaIanTarusl.

bnazooapnuocme. Vccnenopanue nposeaeHo B paMkax BbinonHenust HUP 6 «Ananus npoueccos ajantaiyy B HOMyIs-
LUSIX )KUBOTHBIX PAa3HBIX CUCTEMAaTHUECKUX TPYMIT K XPOHWYECKOMY JCHCTBHIO TIOBBIIICHHOTO YPOBHS MOHU3HMPYIOLMINX H3-
mydenui» 3ananust 3.07.1 noamporpaMmsl 3 «MeXANCIUITIMHAPHBIC UCCIIEIOBAHUS 1 HOBBIE 3aPOKIAFOIIUECS TEXHOJIOTUIDY
TocymapcTBeHHOM porpamMMbl Hay4IHBIX HccnenoBannii « Korsepreniwst 2025» na 2021-2025 roasr (Ne 20210298).
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ASSESSMENT OF THE GENOTOXIC EFFECT OF X-RAY RADIATION
ON EARTHWORMS LUMBRICUS TERRESTRIS LIVING
IN SOILS OF POLESIE RADIATION-ECOLOGICAL RESERVE

A. M. KADUKOVA", N. N. VEYALKINA®, S. V. GONCHAROV*, 1. A. CHESHIK"

Institute of Radiobiology of the National Academy of Sciences of Belarus,
4 Fedzyuninskaga Street, Gomel 246007, Belarus
Corresponding author: A. M. Kadukova (helena.kad@mail.ru)

Earthworms are reference animal species for assessing the effects of radiation exposure on biota. The object of the study
was earthworms of the species Lumbricus terrestris, it belongs to the soil group and live in the Polesie State Radiation-
Ecological Reserve (PSRER) under conditions of chronic exposure to the radiation factor. The purpose of the work is to assess
the level of damage to the genetic apparatus: the frequency of micronuclei and binucleate cells, as well as the spontaneous
level and rate of repair of induced DNA damage after exposure to acute X-ray radiation at a dose of 4 Gy in coelomocytes
of earthworms from populations inhabiting soils of areas with technogenically increased content of radionuclides. The
calculated values of the absorbed dose rate from *’Cs for earthworms of the species L. terrestris living in the soil at the
study sites in the PSRER 35 years after the Chernobyl accident, in almost all cases exceed the value of the most conservative
existing safe level of radiation exposure on biota - 10 uGy/h, but do not reach the permissible radiation exposure level of
10 mGy/day established for earthworms in ICRP Publications 108. It was established that the spontaneous level of DNA
damage (% DNA tail) in L. terrestris earthworms living in areas with different levels of radioactive contamination by *’Cs
did not differ and amounted to 12.04 £ 1.32 (control area) and 14.36 +2.52 (PSRER), respectively. Exposure to acute X-ray
radiation at a dose of 4 Gy led after 48 hours to an increase in the number of binucleate cells in coelomocyte populations; it
was significantly higher in earthworms living in the soil of areas with increased levels of radionuclide contamination. The
level of DNA damage in earthworms living in soils of areas with increased background radiation, 24 hours after exposure
to acute X-ray irradiation at a dose of 4 Gy, decreased by 12.98 % compared to the corresponding value after 0. hour, and in
earthworms of the group comparison (Gomel region) — only by 5.88 % compared to the corresponding value. The adaptive
response in earthworms of the species L. terrestris have inhabited for a long time in the soils of the PSRER territories,
manifested itself in the form of an increased rate of DNA repair and an increase in cell proliferation after acute X-ray
irradiation at a dose of 4 Gy.

Keywords: earthworms; coelomocytes; dose rate; DNA-comet assay; micronuclei; binucleate cells; radio adaptation.
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BBenenne

[loctynnenne paaAMOHYKINIOB B OKPYKAIOIIYIO CPEY BCIEICTBHE TEXHOTCHHOW JEATENIbHOCTH YeJIOBeKa —
9TO HBOJIOIIMOHHO HOBBIH (haKkTop, CO3AAIONINN PUCK JOTMOTHUTEIFHOTO PaJINAIIMOHHOTO BO3/ICHCTBYSI Ha )KUBbIC
OpPTraHu3MBI U cpelly UX OOMTaHMS.

Ha coBpemeHHOM 3Tame NpU3HAHO W 3aKPEIUIEHO B psAfe JTOKYMEHTOB MEXIYHAapOIHBIX OpTaHU3aIHii
(MATATO, HKJIAP, OOH, MKP3, BO3 u ap.), uTto paguannoHHas 0e30MacHOCTh YeJoBeKa U JIPYTUX KHUBBIX
OpPraHM3MOB B Cpeie MX 0OUTaHMsI TOJKHA 0a3upoBaThes Ha eIMHBIX mpuHIHnIax [ 1]. OqHako K HacTosIIEMY Bpe-
MEHH OCHOBBI pa/IMAI[HOHHON 3alUThI OMOTHI pa3paboTaHbl B MEHBIIIEH Mepe Kak MPH ONPEAeTICHUN KOHKPETHBIX
3a7a4 paJualMoOHHON 3alIUThl OPTaHU3MOB, TaK U MPHU pa3paboTKe KPUTEPHEB HOPMHUPOBAHUS PaJUaIllMOHHOTO
JeicTBus Ha 60Ty [2]. B 9THX yCIOBHSIX OOIIETIPUHITHIMU SIBIISTIOTCS HEKOoTOphIe mpuHItusl MKP3, chopmymnu-
pOBaHHBIE B OTHOIIIEHUH 00eCTIeYeHNs PAUAllIOHHON 3alUThI )KUBBIX OPTraHU3MOB!

— TIpH OIICHKE BO3/ICHCTBUS TOBBIIICHHOTO PaIHAIIMOHHOTO (hakTopa Ha OMOTY 11e71ecO00pa3HbIM SIBISETCS
UCIIONIb30BaHKE TIOMYJISIIMOHHOTO TIO/IX0/1a, OCHOBAHHOTO Ha KOHIICTIIIMH Pe(hEePEHTHBIX OPIraHU3MOB B Ka4eCTBE
WH/INKAaTOPOB PaIMAIlMOHHOTO BO3IEHCTBHUS Ha OKPYKAIOIILYIO CPEy;

— oTperienronee 3Ha4eHNe TP TOM UMEIOT TaKue KPUTEPUH OIEHKH, KaK CHHYKEHHUE TIPOJIOIKUTEIILHOCTH
JKH3HH, TIOBBIIIICHHAS 3200J1€BaeMOCTh, YTHETCHUE PENPOAYKTHBHON (DYHKITHH, YaCTOTA IMTOICHETHUECKHIX U Ha-
ClIelyeMbIX TeHeTHuecKuX 3¢ dexToB [3];

— KOHEYHOM I1eJIbI0 paialliOHHON 3alUThl OMOTHI ABJISIETCS MPEJOTBPAIICHNE WM CHIKEHNE YacTOTHI 3(h-
(EeKTOB, BEYIIUX K COKPAIICHHIO BPEMEHH KH3HU MO0 CHIDKEHUIO PENPOAYKTHBHOIO IMOTEHIIMANIA Y OHOJIOTH-
YEeCKHX BUJIOB JI0 YPOBHSI, IPU KOTOPOM OOECTIEYMBAETCS COXPAHEHHUE MOMYJISIHH.

DhheKTh XPOHHYECKOTO BO3CHCTBHS MAJIBIX 7103 HOHU3UPYIOUICH paJiialliy Ha KUBbIE OPraHU3MBI JI0 Ha-
CTOSIIIIETO BPEMEHH SBJISIOTCS MPEMETOM MHOTHX MCCIIeIOBAaHUI, a X Pe3yJabTaThl 0000IIEHBI B Psi/ie HAYUHBIX
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myOuKaIuii 1 0030poB [4; 5]. OmHAKO OCTAOTCS Pa3HOTIIACHS OTHOCUTENHHO d(h(DEKTOB BO3MECHUCTBHUS paTualIiii
Ha UKYI0 pupory. CooOImIaeTcs Kak O 3HAYNTENFHOM COKPAIIEHNH YHCICHHOCTH O€CIIO3BOHOYHBIX Ha HCCIEAY-
eMBIX yJacTKax B 30He oTayxkaeHus YADC 1o CpaBHEHHIO ¢ YIaCTKAMHU C €CTECTBEHHBIM (DOHOBBIM OOTyICHHEM
[6], BBIABIIEHNH Y 6€CTIO3BOHOYHBIX 3HAYUTEIHHBIX (DU3HOIOTHUECKIX U TCHETHUECKIX ITOBPEKICHIH TTOCITE aBa-
pun Ha ADC «Dykycuma-1» [7], Tak 1 06 OTCYTCTBUH BBIABIISIEMBIX OT BO3IeHCTBUS pamuaiiu dddexros [8; 9].

B pa6ote [10] chopmymnmupoBaH psia akTyalIbHBIX BOTIPOCOB, HA PEIICHUH KOTOPBIX COCPEIOTOUCHBI yCHITHS
Hay4YHOTO COOOIIecTBa MPHU HMCCIEIOBAHNN NEHCTBUS XPOHMYECKOTO OOIydeHUS Ha MpeACTaBHTENeH (IIopb
1 (hayHBI B €CTECTBEHHOM cpene WX OOWTaHWs, TIPU ATOM TPU3HAETCS, YTO JAHHBIX, MMO3BOJSIONINX BHISIBUTH
MOJIEKYJISIPHO-KJIETOYHbIE MEXaHU3MBI aIaliTallii OPTaHU3MOB K BO3CHCTBHUIO paalliOHHOTO (pakTopa, HeIo-
cratouno [11-13].

B crimcox pedepeHTHBIX BUAOB Ha3eMHBIX SKOCHCTEM /IS OIIEHKH MTOCIIEICTBUH PaJHalliOHHOTO BO3AEHCTBHS
Ha OWOTY BKIJIFOUCHBI TOKIEBBIC UepBH [14; 15]. B mporecce XU3HEIEATEIIPHOCTH OHU HAXOIATCS B COCTOSTHIH
HENpEepBIBHOTO 0OMEHa CO cpeioi 0OMTaHMs, KOHTAKTHPYS C TIOYBOI uepe3 BHEUTHHE ITOKPOBBI TEJIa U 3aIiaThl-
Bast TPYHT, UTPAIOT OOJBIITYIO POJIb B TIOIACPKAHUH CTPYKTYPBI U TIogopoaws mous [16; 17].

B xagecTBe MONEKYISPHBIX MapKepOB paHHUX 3(H(HEKTOB OT BO3ACHCTBHUS HOHMU3UPYIOIIETO H3ITydeHHs Y JA0-
JKJIEBBIX YepBEU MPUMEHSIOT KOMETHBIN aHaJIU3 pagualliOHHO-UH Iy IupoBaHHbIX oBpexaenuit JJHK B kietkax
[18; 19], a Takke MUKPOSIECPHBII TECT.

Lenp mccnemoBaHus: OIIEHUTh YPOBEHB MOBPEXKIECHHUS TEHETHUECKOTO ariapara, a TakXKe CIIOHTaHHBIA ypo-
BEHb U CKOPOCThH pernapanuu UHayuupoBaHHbIX noBpexaeHuit JIHK mocne Bo3nelcTBUS OCTPOTO PEHTIEHOB-
CKOTO M3Iy4deHus B 7103€ 4 ['p B mesloMonmTax y IOKAEBBIX 4epBei Buma Lumbricus terrestris N3 TIOMYIALAH,
HACEJISAIONINX TIOYBBI TEPPUTOPHUI C TEXHOTEHHO MOBBIIIIEHHBIM COIEPKaHIEM PATHOHYKIHIOB.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

CO0p dKCIIepIMEHTATEHOTO MaTepraia mpoBoamics B 2021 1. B BECCHHMIA IMepHo] Ha BEIOPAHHBIX YIaCTKAX:
B ['omenbckoM p-He (KOHTpoIb) 1 B [lomecckoM rocynapcTBEHHOM paialliOHHO-OKOJIOTHYECKOM 3aIlOBETHUKE
(III'P23), Tae coxpaHsAeTCs MOBBIMICHHBIA YPOBEHb aKTHBHOCTH TEXHOTEHHBIX PAIHOHYKIHIOB TOCIE aBapUH
Ha YepHOOBIILCKON aTOMHOM IEKTPOCTAHITIH. Y YacTKH cOopa MpeACTaBIIsIN co00i mromaaky 1x1 M, Haxomu-
JIMCh B CXOAHBIX KIMMAaTHUECKNX YCIOBHIX M XapaKTepHU30BAINCh ITOYBAMH MOJ30JMCTOTO THIIA C Pa3HOTPABHO-
37IaKOBOM pacTUTENBHOCTHIO. Kaxkyro ruomaaxy oopabdarsiBanu 10 11 4 %-HoTOo pacTBOpa hopmMaanHa 1 coOupa-
JIM YepBEH C MOBEPXHOCTH TIOYBHI BPYYHYIO, 3aTeM TIepeCakUBaIi B KOHTEHHEPHI C TOYBOHM W TPAHCTIOPTHPOBAIN
B maboparopwuto [20; 21].

JL7Tst OTICHKH pauariioHHON 00CTaHOBKH Ha BRIOPAHHBIX yUACTKaX J03UMETpoM-pagrnomMeTpoM MKC-AT6130
(«<ATOMTEX», benapych) u3MepsIi MOITHOCTh aMOMEHTHOTO DKBHBAJICHTA JIO3bI Y-M3ITyUYCHUS B BO3IyXE HA
BBICOTE | M OT TOBEPXHOCTH ITOYBHI.

OT60p Tpod MOUB MPOBOAMIICS Ha BRIOPAHHBIX YIaCTKaX «METOIOM KOHBepTa» ¢ mryOmHBl 0—20 cM ¢ pas-
JIEIIEHNEeM TI0 5-CaHTUMETPOBBIM TOPHU30HTAIBHBIM CJIOSM B COOTBETCTBHH C JEHCTBYIONUMH TEXHHYECKUMHU
HOpPMaTUBHBIMH TPABOBBIMH aKTaMH, PETIIAMEHTHPYIONNMH WX TTOPSIOK.

B mabopaTopHBIX yCcIOBUAX MPUHAIICKHOCTD JOKICBBIX YepBe K BUAY L. ferrestris OTPENEsiia C UCTIONb-
30BaHHEM CTEPEOMHUKPOCKOTIA IT0 METOANMIECKOMY PyKOBOJCTBY [22].

VnenbHas aktuBHOCTHL *’Cs ompenensiack B 00pasnax mous no meromuke MBU.MH 1823-2007 B maGopa-
TOPUH MOJCIIUPOBAHUS 1 MUHUMU3AIINN aHTPONOTCHHBIX puckoB MHcTHTyTa pamnodnomornn HAH bemapycu
Ha TaMMa-CIeKTpoMeTpudeckoM komiuiekce Canberra ¢ TOITYTIPOBOTHUKOBBIM JIETEKTOPOM W3 BBICOKOYHCTOTO
repMaHus ¢ pacmmpeHHsM quamazoHoM GC2018. HeonpeneneHHOCTh n3Mepenuii coctapmsiia He 6omee 10 %.

Pacuem 003 06yuenusn. Ha 0CHOBaHWMY NOMYYEHHBIX JAHHBIX O BEPTHKAIBHOM pactpenesnenun ’Cs B oTo-
OpaHHBIX 00pa3iax MoYB C ONBITHBIX TUIONIAJIOK B Ja0OpaTOpUH pajnodKkosioruu VMHCTUTYTa pagroOnoiIoruu
HAH Benapycu 0butn paccurTanbl J030Bble KOA(POUITMEHTHI 7151 OLIEHKH MOIIIHOCTH JI03bl BHEIIHETO OOy YeHHUs
KUBOTHBIX. J[030BbIe KOO PHUIMEHTE MMEIOT pasMepHOCThb (MIp/cyT)/(kKBK/M?) ¥ TO3BOJISAIOT OLEHUTH MOLIHOCTh
TOIJIOIIEHHON JI03bI B TEJE JOKACBOro uepBsi ot *’Cs, cOCPEI0TOYEHHOTO B TI0UBE, ¢ YYETOM OCOOEHHOCTEH
BEPTUKAIBHOTO PACHpEeAeieHNs 3arps3HeHHs] Ha ydacTke cOopa. OmyOnaMKOBaHHBIE 0 HACTOSIIETO BPEMEHH
JI030BbIe KOI(PHUIMEHTHI PACCYMTHIBAIUCH UCXOJISl M3 MPEANIOIOKEHHSI O COCPEAOTOYCHUH PAJIMOHYKINIOB Ha
MOBEPXHOCTHU TIOYBHI, JTHOO WX PAaBHOMEPHOM PACIPENEICHNH B CJIO0€ TOYBHI 3aJaHHON TOMMHMHEL [23], 9uTO He
B TIOJTHOM MEpE OTpa)kaeT peabHyI0 CUTYaIHIO0, CIIOKUBITYIOCs Ha Tepputopun I1I'P33 moce aBapun va YepHo-
osutbckoit ADC

Pacder momomieHHOM SHEPT U NOHNU3HUPYIOIINX N3TYUYSHNH B TeJe J0K/IEBOTO YepBs TPOM3BOIMIICS METOAOM
MonTe-Kapio, KoTOpsIii 3aKII09aeTCs B UMUTALMOHHOM MOJICIMPOBAHUH TIOBEICHHUS YacTUI] U KBAaHTOB, 00pa-
3YIOLIMXCS TIPU PAJIHOaKTUBHOM pacnajie *'Cs, ¥ X B3aMMOJICHCTBHM C BEIIECTBOM OKPYIKAIOLIEH Cpe/Ibl ¥ Tea
JKUBOTHOTO. IMHTaIImOHHOE MO/IEITMPOBAHUS TPAHCIIOPTA YACTHIL M KBAHTOB B CIIOKHOM ITPOCTPAHCTBE C yUETOM
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MOTEPH PHEPTUH B TIOYBE U TEJI€ )KMUBOTHBIX OCYIIECTBISUIOCH C UCTIONB30BaHUEM HHTEIPUPOBAHHOTO TIPOTPAMM-
soro maketa FLUKA Bepcun 2011.2¢.6 ot 05.06.2017 t. IIpm pacueTax OBLI HCIIOIB30BaH PEKUM TPaHCTIOPTA
(hOTOHOB ¢ eTanu3anyeil B3anMOoIeHCTBHN C BEIIECTBOM. VIMUTHPOBAINCH CEIYIOIINE THITH B3aNMOISHCTBHA:

— KOTepPEHTHOE ¥ HEKOTePEHTHOE paccesHue;

— (OTOANMEKTPHUECKOE TTOTIIOIIEHHE;

— BO3HUKHOBEHHE (OTOHOB B (hoTOIPPEeKTaX;

— TOPMO3HOE M3ITy4YEHHUE JIEKTPOHOB B TOJIICTHIX MUTIICHSX.

[Ipn MonmenupoBaHNH HCITOIB30BAINCH ITAPAMETPhI, XapaKTEPHU3YIOIINE BaJOBOE CONIEPIKaHME XUMHUYECKUX
SIIEMEHTOB B TEJ€ JIOXKAEBOTO YePBsi, MUHEPAIHHBIX TOPU3OHTAX ITOYBHI ¥ MOACTHIIKH Ha €€ IOBepXHOCTH. PacueT
MIPOBOIFJICS PA3ENbHO JUTS KKJ0TO U3 5-CAaHTUMETPOBBIX CIIOEB MOYBHI U IS TPEX BO3MOXKHBIX CITy4aeB reo-
METPUYECKUX OTHOIIIEHHH JTOYKAEBOTO YEPBsI M TIOUBHI: PACCMATPUBAIIUCH CITydal HAXOKISHHS JTOXKAEBOTO YEPBSL:

1) B mouBe Ha mryoune 10 cMm;

2) o MEPTBBIM OPTaHUYECKHUM BEIIECTBOM Ha MMOBEPXHOCTH MUHEPAIEHOW YaCTH TTOYBBL;

3) Ha IOBEPXHOCTH OPTraHMYECKON YacTH TIOYBHI (HA MEPTBOM OpPTaHUYECKOM BellecTBe). B pacuet nmpuHuMa-
JIUCh TOIBKO OOBEKTHI B PaIuyce 10 5 M OT I0XkKAeBOTo 4epBs. [[pn MmomenmpoBaHnu HCIIOIH30BAJIMCh METOTUYC-
CKHe€ TIOJIXO/TBI, OTTMCAaHHbIE B [24—26]. Paccuntannbie 1030BbIe KOX(h(DHUIIMEHTHI TPUBEICHEI B Ta0I. 1.

Tab6numa 1
Jlo30Bble KOG GUIMEHTHI 1151 OLEHKH MOLIIHOCTH /103bI BHEIIHET0 00, 1y4eHUs KHBOTHBIX
Table 1
Dose coefficients for estimating the dose rate of external irradiation of animals
T'eoMeTpruYecKoe OTHOLICHNE J0KICBOTO YePBs M TTOYBBI
Croii moussl (1), cm D %) 3)
Jlo3oBbie koapdunuentst, (ML p/cyT)/(kBx/m?)

0-5 2,19E+03 2,29E-04 1,99E-04

5-10 1,14E-04 2,96E-05 2,55E-05

1015 1,82E-04 1,44E-05 1,24E-05

15-20 2,27E-05 5,91E-06 3,38E-06

OrieHKa MOIIHOCTH HOIIOMIEHHON 10361 00Iy4eHus )UBOTHBIX oT *’Cs, cocpenorouensoro B nouse (D,),
MIPOU3BO/IIIIACH C HCIIOIF30BAHNEM CIIEIYFOIIEr0 YPaBHEHHS:

D, = ?=1Flrel - As, (1),

rie [ — HOMep 5-CaHTUMETPOBOTO CJIOS TOYBBL; F™/)— 11030BbIH KOY(PMHUIMEHT [JIs CIIOSI TOYBBI /  TEOMETPUYECKOE
OTHOIIIEHUE JIOXIEBOTO YEPBS U TI0UBBI; rel, A, — IIIOTHOCT 3arpsA3HEHus cliost 1ouBbl | (KbK/M?).

Bce pacueTsl pOBOIMIIMCH JUIS IUIOTHOCTH 3arpsi3Henust mouskl °’Cs paBHoit 1kbk/M? ¢ mocieryommm nepe-
CYETOM Ha OCHOBAHHWH MOJIYYCHHBIX JAHHBIX 00 yIeIbHON aKTUBHOCTH *’CS B TOPU3OHTAX TIOYBbI, & TAKKE JIaH-
HbIX 0 pactpenenenunu *’Cs o ropusonty mousbi 0—20 cm.

[TonoBo3pensix ocoleit L. terrestris, cOOpaHHBIX Ha y4acTkax B ['oMenbckoM p-He u Ha Teppuropun [1T'PD3,
JIeNTUITY CITy4aiiHbIM 00pa3oM Ha crienytoue rpynnsl: 1) [omensckuii p-1; 2) ['omenbekuit p-H (00mydenue 4 Ip);
3) II'P23; 4) III'PO3 (obmyuenue 4 I'p). Kaxnas rpynma cocrosina uz 10—12 ocooei.

I'pymmst 1 1 3 ABISAIMCH KOHTPOJIBHBIMU M UCTIONB30BAINCH IS ONpenesieHuss (OHOBOTO YPOBHSI IIUTOT€HE-
TUYECKUX MOBpexaeHui. OcoOu rpynn 2 1 4 1oxBepraiuch OCTPOMY OAHOKpaTHOMY oOiyueHuio B fo3e 4 [p
NIPY TIOMOILM PEHTI€HOBCKOM yCTaHOBKU Onosornueckoro HazHadenust X-Rad 320 (PRECISION X-RAY, CLLIA),
MoUIHOCTB 10361 0,98 cI'p/MuH.

Ananus ypoens nospesxcoenuii u penapayuu /[HK. [Ipucomoesnenue cycnensuu xiemox. 1lenoMOuuThl BbI-
JIEJSUIMCh HEMHBa3UBHBIM METOJIOM, IO METOAMKE, onucaHHou B [27; 28]. Ilocne npoueaypsl SKCTPaKIUU U LIEH-
TPUQPYTUPOBAHUS KIIETOUHBIE CYCTICH3UN XPAHUIIH HA JIBY.

Ananusz nospescoenuit J{HK 6 yenomoyumax memooom J{HK-komem. YpoBeHb CIIOHTaHHBIX TIOBpexkaeHuin JJHK
B KJIETKaX JIO’KAEBbIX UepBeil L. terrestris OLICHUBAIIU ¢ TOMOIIIBIO 11erouHol Bepeun Mmetoaa JJHK-komer [29].

CKopocCTh pernapaiui HHAyIupoBaHHbIX nopexaernid JJHK onennBamu mocne obmydeHus ocodeit qoxie-
BEIX uepBeii B fo3e 4 [p. Llemomonmtsr st oneHku % JIHK B «xBocTe» BBIIEISITH HEMTOCPEICTBEHHO TTOCE 00-
nmy4deHus, uepe3 1 4 u yepes 24 4 mocie oCcTporo peHTTeHOBCKOTO 00imy4eHus B 1o3e 4 Ip.

44



Paguoskosorusi U paauo0nosIorusi, paguanuoHHasi 6e30MacHOCTh
Radioecology and Radiobiology, Radiation Safety

M3o0pakeHUsT KOMET aHATM3UPOBATH Ha (IIyOPECIICHTHOM MHUKPOCKOIIE, OCHAIEHHOM IHU(POBOM (PoTOKa-
mepoit. lenoctHocTh cTpykTypsl JJHK onienuBanu mo nokasaresto npoueHTHoro coaepxkanust JIHK B «xBocte»
¢ momorsto porpammel CometScorePro (TrilekCorp, CIIIA) B ITOITyaBTOMAaTHIECKOM PEXKIME. AHATH3HUPOBATH
o 100 kJIeToK Ha Ka)I0M Ipemnapare.

AHnanuz yumoceHemudeckux nospexcoeHull u Hapyuenus nponupepayuu 8 yeromoyumax. KomrdecTso 1eno-
MOIIUTOB C MUKPOSIIPAMU U KOIMYECTBO JIBYSICPHBIX KJIETOK OLCHUBAIOCH B (DUKCHPOBAHHBIX M OKPAIICHHBIX IO
MeTory PomanoBckoro — ['mM3bI ipenaparax 1eIoMOIUTOB Ha MUKpockore Jliromam (yBemmaenue % 1350). Jlmst ato-
TO TIEJIOMOIUTHI BBICISUTHCH, KaK OITMCAHO BBIIIE, Y TIOJIOBO3PEIBbIX MHTAKTHBIX 0CO0CH, COOPaHHBIX Ha y4acTKax
B [OMenbCcKOM p-He, Uy 0CO0CH ¢ yJacTKOB, paciioNioKeHHbIX Ha TeppuTtopun [11'PD3, a takke uepes 48 1 y ocodeit
00eHuXx UCCIIeTyeMBbIX TPYIIIT, OJIBEPIHYTHIX BO3JEHCTBHIO OCTPOTO PEHTTEHOBCKOTO 00TyUYeH s B 03¢ 4 [p.

[Ipu mpoBeneHNN MUKPOCKOMMYECKOTO MCCIEOBAHUS 11EJIOMOILMTOB MUKPOSIIPAMU CUUTAIIN OKPYIJIBIE MITH
OBaJIbHBIE XPOMATHHOBBIE TeNla C TJIAJAKHUM HEMPEpHIBHBIM KpaeM, KOTOpbIe JIeKaIu OTJAENBHO OT spa, UMEIH
OKpaIllMBaHUE, aHAJIOTHYHOE OCHOBHOMY SIJIPY, HAXOJMIIUCh B OJHON TIOCKOCTH C SIIPOM M IIPH 3TOM HE TIpe-
smomirsim ceet [30].

[Tpu npoBeIeHNN MUKPOSIEPHOTO TECTA BBIYUCISUTA YaCTOThI BCTPEYAEMOCTH KJIETOK C KaXKJIBIM THITOM Ha-
pYULIeHHH — KaK OTHOIIIEHHE YHCIia KIETOK ¢ UCClieayeMoil adepparmeil K o01emMy 4iciy MpoaHaTu3upOBaHHbIX
KJIETOK (B %o).

CrarucTuueckuil aHaIN3 Pe3yabTaToOB OCYIIECTBIISIIN C UCTIOIIb30BAaHUEM TaKeTa CTAaTUCTUYECKUX MPOTpaMM
Statistica 7.0. Ilody4yeHHble JaHHBIE MTPECTABICHBI B TAOINIIAX TPU HOPMAILHOM PacIpeaesieHHH B BUIE Cpe/l-
HEro apu(pMETHUECKOTO U CTaHAapTHOTO OTKIOHEeHuUs (M £ SD), npu accCHMETpUYHOM — B BUJIC METUAHBI U UH-
TEepPKBapPTUILHOTO pasMaxa (Me [25 % xBapTuib; 75 % KBapTWIb|), @ TAK)KE B BUAC MUHUMAIBHOTO U MaKCUMAaJTh-
HOTO 3Ha4eHu# (min; max). MexXrpynmnoBsle pa3ianyus oniennBaiy B U-Tecte MaHHa—YUTHU WIH 110 t-KPUTEPHIO
CreionenTa. HyneByto CTaTUCTUYECKYIO THIIOTE3y 00 OTCYTCTBUM pa3nuuuii orBeprayiu npu p < 0,05.

Pe3yabrarsl Hcc/ieloBaHUS M MX 00CY K/IeHUe

JloK11eBBIX "yepBeil Mo MecTy OOMTaHHS B TOYBE JEAT HAa HECKOJIBKO MOP(O-IKOIOTHIECKHUX TPYII, B YacT-
HOCTH Ha TOJICTHJIOYHBIX, IIOYBEHHO-TIOICTUIIOYHBIX U HOPHBIX, MITN TIOYBCHHBIX [31].

B nccienoBaHusaX 1Mo OIEHKE COCTOSHHS MOMYIISAINM T0K/IEBbIX YepBeil, 0OMTAIONINX Ha TEPPUTOPHUSAX C TO-
BBIIICHHBIM PAJIMAIIOHHBIM (JOHOM, B OCHOBHOM aHAJIM3UPOBAJIH BH/IbI, KOTOPHIE OTHOCSTCS K TPYIIIAM MOJICTH-
JIOYHBIX W TIOYBEHHO-TIOICTHIIOYHBIX, KOTOPBIE COCTABIISAIOT OOIBITMHCTBO CPEAH BUIOB 3EMIISTHBIX YEPBEi, B TOM
gucie u B bemapycu [32].

Tak, B OMyOIMKOBAHHBIX PE3yJbTaTax MacHITAOHOTO MCCIENOBAHUS MOMYIISAIUI JT0XKIEBbIX YepBei, oOnuTa-
foumx B 30He otaykaeans YADC u B npenenax 100-kuinomerpooii Tepputopun Bokpyr ADC «Dykycuma-1»,
npoBeneHHoro B 2014-2016 rr., coobmranock 0 6 BUIax AOKIEBBIX YEPBEH MOACTHIOYHBIX U MOYBESHHO-IIOM-
CTHJIOYHBIX TPYIII, IIMPOKO PACIIPOCTPAHEHHBIX HAa yYACTKaX C Pa3HBIM YPOBHEM PAHOAKTHBHOTO 3arPsS3HEHUS.
I[TpuueM He ObLIO YCTAHOBIIEHO Pa3nyYMil B 3HAYCHHUSIX YIETbHONU MacCcoBOM akTHBHOCTH *’Cs Mesk 1y 00pasuaMu
MOAICTHUJIOYHBIX ¥ TIOYBEHHO-TIO/ICTUIIOUHBIX BUOB TOXKIEBBIX YepBeit [33].

JIaHHBIX O OTYISAIHAX JI0K/IEBBIX YEPBEH, OTHOCSIIMXCS K TOYBEHHOU TPYTIIE U JUTUTEIBHOE BPEMsI OOMUTAIOIINX
Ha TeppuTOpusix 30HBI oTuyxaeHust YADC, nenocrarouno. Crefyer Takke MoquepKHyTh, UTO BUL L. ferrestris, OT-
HOCSIIIMICS K TIOYBEHHOH TpyTITe, Hanboliee IMPOKO PACIPOCTPAHEH B MOYBAX aHTPOIIOTEHHBIX OMOTEOIIEHO30B, €T0
YHUCIICHHOCTh B OMOTeo1ieH03aX 30HbI oTaykaeHns YADC He Tak BBICOKA, a METOMKA cOOpa UMEET CBOH OTIIMYMSL.

MomHoCTh aMOMEHTHOTO dKBHBajieHTa 1036l (MAD]) y-u3iydeHus: B BO3AyXe Ha BbicoTe | M OT 3eMiH Ha
TUIOINAAKaxX OOMTaHus AOKAEBBIX YepBeil Ha Tepputopun [1I'PD3 B MmomenT copa Bapsuposana ot 0,98 mo 1,20
MK3B/4, a Ha mIoiiaakax B [omenbckoM p-He (koHTposib) — oT 0,08 10 0,12 MK3B/4 cOOTBETCTBEHHO (Ta0II. 2).

Ta6numa 2
MorHocTb 10351 00.1y4eHust oT *'Cs 1151 105K1eBbIX uepBeii L. terrestris
U3 MOMYJISIIHIi, 00MTAIIUX HA HCCIEAYEMbIX TEPPUTOPHUSIX
Table 2
Dose rate of '¥’Cs for L. terrestris earthworms from populations living in the study areas
[LIOTHOCTE MoruHOCTh 10361 00mydeHust ot ¥’Cs (Mx['p/4)
V4acTok MAD/L y-n3nyuenns, 3arps3HEHHs TOUBEL JUTSL JIO’KJICBBIX YEPBEH IPH HAXOXK ACHHIL
MK3B/4, BbIcoTa 1,0 M 137 )
Cs, kbx/Mm Ha 110UBe, Xi—Xpar oz mouBoit 1= 0,1 M, Xii—Xmax
Tl'omenbckuii p-H 0,08-0,12 31,7 0,19-0,23 0,21-0,27
[re>3 0,98-1,20 438,2 8,42-23,67 9,67-27,25
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IIpu oreHKe BeTMYHUHBI MOITHOCTH JI03bI OOTYYEHHUSI y OPTaHU3MOB OMOTHI YUUTHIBAIOT BHyTpEHHEE 00Iyye-
HHUE OT PaTUOHYKIIMAO0B, HAKOTUIEHHBIX OpPTaHU3MOM, W BHEITHee o0ydeHne oT cpenbl ooutanus. [lpudem, ecin
JUT OOJBITMHCTBA PEPEPEHTHRIX OPTaHU3MOB MPEOOTAAIONINM ABJISETCA BKIIAA BHYTPEHHETO OOIydeHUs, TO
JUISL TOXKIEBBIX YepBEH, OOUTAOMIMX Ha 3arpsa3HeHHbIX nocie apapun Ha YADC teppuropusx, rae *’Cs kak mo-
MUHHUPYIOINI KOMITOHEHT aMOMEHTHOM JTO3BI 10 HACTOSIIETO BPEMEHN BHOCHUT CYIIIECTBEHHBIH BKIJIAJ] B OOIITYTO
MOIITHOCTH TIOTJIOIIEHHOH T03BI y KOJBYATHIX YepBeil — BKJIA]] BHEIITHETO OOIydeHHSI OT TIOYBHI, KOTOPOE, TI0 JTaH-
HBIM Pa3HBIX aBTOPOB, cocTaBisieT 85-92 % ot o0rmieii o361 obmydenus [34; 35].

PaccunranHas MOIIHOCTh MOMIONIEHHOM 10361 0T *'Cs juist JOXKIEBBIX YepBel, OOUTAMOIIMX HA OMBITHBIX
miomankax Ha Teppuropun [II'PS3, cocrapmna ot 8,42 10 23,67 Mk p/d ipu HaXOXKIACHAHN OCOOCH Ha ITOYBE U OT
9,67 mo 27,25 mxI'p/a — ipu HaxXOXKIeHUH B MMouBe Ha mryomHe 10 cM. [l mokmeBBIX depBel, coOOpaHHBIX Ha
wiomaakax B [oOMenbCcKoM p-He (KOHTPOJIb), PACCYUTAHHAS MOIIHOCTD MOIIONMIEHHOM 10361 0T '¥’Cs cocraBuia
0,19-0,23 Mkl p/g9 ipy HaXOXKACHUH 0cobeii Ha moBepXxHOCTH TToUBEI 1 0,21-0,27 MKI p/9 — TpH HAXOKIEHUH UX
B rmouBe Ha mryouHe 10 cM (cM. Tadm. 1). CrnemxyeT OTMETHTbD, YTO 0COOW MCCIIETOBAHHOTO BHa OONBIITYIO 9acTh
BPEMEHH JKM3HHU TIPOBOJIAT B ITOYBE.

Bxuran B MOIIIHOCTB MOTIIONIEHHOH 710361, HAKOTITICHHOH MPEICTaBUTEISIME JIOKICBBIX YepBel, 0ONTAIOMINX Ha
tepputopuu [IT'PD3, OyayT BHOCHTE M TaKHE pagHOHYKIUIbI, Kak **' Am, 2*Pu u 2?Pu. Tak, o pacueram, npuBe-
JIEHHBIM B [34], BKJIa THX H30TOIIOB B 103y BHYTPEHHETO OOTyUeHHs y IpeACTaBuTeNei cemeiictBa Lumbricidae
MOXeT ToXomuTh A0 40 % ¢ yaeTom BecoBoro kodhhuimenTa s a-u3aydaresiei, B CBI3H C YeM IPH HAIIINX pac-
yeTax 00m1ast MOITHOCTH MOTIIONIEHHOM J036I MOYKET OBITh HECKOJIFKO 3aHIKEHA, OTHAKO C y4ETOM 3HAYUTEIHHO-
TO MpeobaIaHms BKIIa1a BHEIITHETO OOIyYeHHUS OT TIOYBbI PAa3IMIMs B OIIEHKE MOIITHOCTH MOTIIONIEHHOM J036I HE
OyIyT CyIIECTBEHHBIMH.

I1pu OLEHKe MOIIOMEHHON 035l Y TIOYBEHHOM IPYIIIBI YEPBEH CIIEAYET YUMTHIBATh, YTO accumusinus 'Cs
B FIX OPT'aHM3M OT TOIJIONIAEMOM TIOUBBI Oy/IeT HECKOIBKO HIKE M3-3a €TO CBA3BIBAHMS TNIMHUCTHIMA MHUHEPAJIAMH
OoYBHI [36].

B HacTosmmee Bpems He CyIIeCTByeT OAHO3HAYHO YTBEPKACHHBIX 0€30MMacHBIX YPOBHEH PaHaiiOHHOTO BO3-
neiictBus st 6MoThl. OCHOBBIBAsCh Ha AKCIIEPTHOM aHAIM3e JUTEPaTypHBIX JAaHHBIX, C. B. ®ecenko u coaBT.
[37] mpenmoxwmm s TTOYBEHHBIX OSCIO3BOHOYHBIX, OOMTAIOIMINX HA TEPPUTOPHSX, MPHIICTAIONX K YepHo-
onmTecKolt ADC, 6e30macHbId YPOBEHD BO3ICHCTBHS, KoTOphi cocTamiset 0,9 I'p/rox (102,7 mxIp/4). B pexko-
Meanamsix MATATD u HKJIAP OOH [38; 39] k mo3aM, KOTOpBIE TIPHHSITH B KaueCTBE OTHOCUTEIIBHO Oe3011ac-
HBIX JJIS1 JKUBOTHBIX M pacTeHwid, oTHocsATCes 40 MxIp/a m 400 MxIp/d cOOTBETCTBEHHO.

Bornee pa3BepHyTHIE JaHHBIE, BKITIOUAIONINE KOHTPOIBHBIE YPOBHH ISl OTPAHWYEHHS PaJUAIlIOHHOTO BO3-
nercTBUS Ha pedepeHTHBIC opraHm3Mbl, ipeacTaBieHsl B 108 [Tyomukarun MKP3 [40]. Tak, k urcimy Hanbomiee
panrMoYyBCTBUTENBHBIX pe(hepeHTHBIX OPTaHW3MOB OBLIM OTHECEHBI CJIEAYIONINE MO3BOHOYHEBIE: yTKA, OJNEHB,
KpbIca M aMpuOwH (JIATYIIKH), THANa30H JO30BBIX MPENeIoB s KOTOphiX cocTaBmi 4—40 Mkl p/4. K nanbomnee
PaarOyCTOWYUBEIM — O€CITIO3BOHOYHBIC: TTUeNIa, MoK ACBON 4epBb 1 kKpabd (400—4000 mxIp/).

B 10 xe Bpems BenmuunHa 6€3011aCHOTO TTOpOTa 00Iy4IeHUsT ONOTHI, OIIEHEHHAss METO/IOM aHaJIN3a «pacrpesie-
JICHUS TyBCTBUTEIILHOCTH BUIOBY» 1 TpuMersiemast B 6aze ERICA, cocrasmser 10 mxIp/g [12].

Takum 06pa3oM, pacCUMTaHHbIE 3HAYEHUS MOLIHOCTH TTOMIOIIEHHOMN 10361 0T '¥'CSs JuIst M0XKIEBBIX YepBei
BHUIA L. terrestris, OOMTAIOMNX B TIOYBE Ha HCCIeAyeMbIX Imomaakax B [II'P33 wepes 35 ner mocne aBapum
Ha YADC, MpakTHYEeCKH BO BCEX CIydYasx MPEBHINIAIOT 3HAYCHUE HAHOOJIee KOHCEPBAaTUBHOTO M3 CYIIECTBYIO-
X 0€30MTaCHOTO YPOBHSI PagHalMOHHOTO BO3ACHCTBISI Ha Onoty — 10 MKI'p/4, HO HEe JOCTHUTAIOT IOy CTUMOTO
YPOBHS paIuaIllioOHHOTO Bo3meHCcTBUS B 10 MI p/CyT, ycTaHOBIEHHOTO /T JOXKAEBBIX uepBeid B 108 ITyommkarim
MKP3 [40].

Hecmotps Ha TO, 9TO y JOXKIEBBIX YEPBE, HACEINSAIONINX TEPPUTOPUH, 3arpsI3HEHHBIE PaJIHOHYKIHIAMH T10-
cie aBapuii HAa HADC 1 ADC «DykycnMma-1», B Iepruo OCTPOTO paHaioOHHOTO BO3IEHCTBUS PETHCTPUPOBA-
JIUCH BBICOKHE 3HAUCHUS YNEeTHLHOW MAaCCOBOM aKTUBHOCTH PaIUOHYKIUIOB [41; 42], B3pocibie TOKIEBEIE YSPBH
SBIISTIOTCSI OTHUMH M3 CaMBIX PaJMOPE3UCTEHTHBIX MHOTOKJIETOYHBIX JKUBOTHBIX: sl HUX LDsys cocTaBmser
650-680 I'p [43]. OnmHako y FOBEHWJIBHBIX CTAIUI pa3HBIX BUIOB JIOKIEBBIX uepBeit BemmunHa JI /505, cpaBHIMA
¢ JIJI 5030 o1t MbIIIICH [44].

Tak, B mepBbIe MecAlp! mocie aBapun Ha YADC B pagmyce 2—7 KM OT TUIOMIAAKH CTaHIMX oruomo 1o 90 %
MMOYBEHHOW OMOTHI, B TOM YHCIIE JTOXKIAEBBIX YepBeil, OOIbIIas 4acTh W3 KOTOPBIX MPHUIILIACH HA THOENb STIMIHBIX
KJIa70K [45], a YiCcIeHHOCTh MOJIONBIX YepBeil OblTa B 4 pasza HIDKE, YeM Ha KOHTPOJIBHBIX yIacTKax [46].

Coo011a10ch, 9T0 YUCIIEHHOCTh Me30(ayHbI BOCCTAHOBHIIACH Uepe3 2,5 Toaa, OMHaKO BUI0BOE pa3HOOOpasne
npu 3ToM Aaxe depes 10 met mocne aBapuu Ha YADC coctasmnsno 80 % ot xoHTpOss [47].

ITockonbky HarOosee paaArodyBCTBUTENFHBIMU SBISIFOTCS O0Jiee paHHHE CTAANN Pa3BUTHS TOXKAEBHIX YepBEH,
TO 3HAYHUTENIbHAS YacTh MMOMYyYEHHBIX JAHHBIX Kacajach BIUSHHS HOHU3UPYIOIIETO M3ITydeHUs Ha TIpoIiece pas-
MHOKEHHSI, B YACTHOCTH OBIJIO MTOKA3aHO, YTO CHIDKAETCS PENPOAYKTHUBHAS CIIOCOOHOCTh, YMEHBIIAETCS pa3Mep
TIOMYJISAIIAHN, TIPOUCXOIST U3MEHEHHUS B PACTIPENCTICHIH CTAIUi JKU3HEHHOTO 1uKIa [48; 49].
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B namewm rccienoBaHum n3ydeHa 4acToTa CBOOOIHBIX KIIETOK IEJIOMHYECKON KHIKOCTH — IIETIOMOIIUTOB C IIH-
TOTEHETUYECKUMHU HapYyIIeHUSAMH M HapyIICHUSIMH Mpordepanny y mojJoBO3pEbIX 0CO0eH NOXKIEBBIX YEPBEH,
OOMTAIOINX JUITUTENEHOE BPEMsI Ha y4acTKax C MOBBIIICHHBIM YPOBHEM PaJlOAaKTHBHOTO 3arps3HEHUs (CIOH-
TaHHBIM YPOBEHB), W IOCJIE BO3MEHCTBUS PEHTICHOBCKOTO M3NTydeHUs B mo3e 4 I'p. Pesynwsrarer ncciaemoBaHmst
KapHOJIOTUIECKIX TTOKa3aTeseH 1eJIOMOIINTOB ITPUBECHBI B Ta0M. 3.

Tabnuna 3
YacToTa e J0MOLUHUTOB ¢ IIUTOreHeTHYeCKUMH HAapyIleHUsSIMH U HapyLIeHUsIMH NpoJudepanuu
Y A0KeBBIX uepBeil L. terrestris U3 nonyJasiuuii, 00MTAIOMINX HA HCCIeyeMbIX TEPPUTOPUSX
Table 3
Frequency of coelomocytes with cytogenetic and proliferation disorders in L. terrestris earthworms
from populations living in the study areas
VYuaacrok, LluTorenernyeckuii nokasaresnb Hoxazaren H?)I;}SES[HM npose-
BO3/elicTBUE p P
9acToTa KJIETOK ¢ MUKpOosapaMu (%o) 9acToTa KIETOK C ABYMSI siipamH (%o)
1. Tomenbckuii p-H 0.8 [0; 2] B 0.8 [0; 2] -
(KOHTPOJTB)
<
2. 11T'P23 1,8 [1; 3] p(l—(2)31 2,0 [1; 4] »<0,1(1-2)
3. T'omenbcknit <01
p-H (KOHTPOJIB), 1,6 [0; 4] p=% 3,0 [2; 4]* p<0,014 (1-3)
(1-3)

oOnyuenue 4 I'p

p < 034
4. TIT'P33, obmyue- . (2-4) e p <0,005 (2-4)
Hie 4 Ip 2.410; 3] p<04 9017 10] £ <0,005 (3-4)

G4

Ipumeuanue. *Pasnmuuns 10CTOBEPHBI MEX/Y YKa3aHHBIMU rpynnamu mpu p < 0,05.

Cpennsist 9acToTa [EJIOMOIITOB C MUKPOSIPAMH Y JTOXKIEBBIX YepBeil, COOpaHHBIX Ha y4acTKaxX B | oMeIhcKoM
p-He (koHTpoIk) coctaBmia 0,8 %o, a y TOXKIEBBIX YepBEH C YIaCTKOB, PACIIONOKEHHBIX Ha Tepputopun [11'PO3 —
1,8 %o, ipy 3TOM He OBIJIO BHISABICHO JTOCTOBEPHBIX PA3IHIUil MEXKTy 3HAYSHUSIMH B CPABHUBAEMBIX TPYTINaX 110
U-kpureputo Manna — Yutau. Uepes 48 9 mocne oOmydeHus: 10XKIEBbIX depBeit B 1o3e 4 [p cpennsist actora
[IEJIOMOITUTOB C MUKPOSIZPAMH yYBEIMUMIIACh Y 0CO0eH 00enX CpaBHUBAEMBIX T'PYIIIL: TaK, Y JTOXKIEBBIX YepBeH,
coOpaHHBIX Ha ydacTKax B [ oMenbckoM p-He, oHa coctaBmia 1,6 %o 1 OblIa B 2 pa3a BBIIIE IO CPABHEHHIO C CO-
OTBETCTBYIOIINM 3HaYCHUEM JI0 OOIYUEHUS, a Y IOXKAEBBIX YePBEH C YIaCTKOB, PACIIOIOKEHHBIX Ha TEPPUTOPHH
TIP3, — 2,4 %o. IlpeBbllieHHE COCTABUIO TOJABKO 33 % IO CPaBHEHHUIO CO 3HAYEHHEM B COOTBETCTBYIOLICH
TpyTIIe 10 O0My4YeHHs, OTHAKO ITPH 3TOM He ObLITO BRISABICHO JJOCTOBEPHBIX PA3IHUHIl IO 9aCTOTE BCTPEIAEMOCTH
[IEJIOMOITUTOB C MUKPOSIIPAMH MEXKTy CpaBHUBaeMbIMH rpytiaMu 1o U-kpurepuro ManHa — YuTHH (cM. Ta0II. 3).

B HOpME cpemu cBOOOIHBIX KIIETOK IIeJioMa JOKIEBBIX YepPBE MPUCYTCTBYET HEOONBIION MPOIEHT JBYS-
JIEPHBIX KJIETOK: CPE/IHSS YacTOTa BCTPEYaEMOCTH JBYSIEPHBIX HEIIOMOIITOB Y MOXKIEBBIX Y€PBEH, COOPaHHBIX
Ha ydJacTkax B [omenbckom p-He, coctaBmia 0,8 %o u 2,0 %o y HOXKIEBBIX 4epBeil, COOpaHHBIX Ha y4acTKax
B [II'PD3, ipu 5TOM He OBIIIO BISIBIEHO JTOCTOBEPHBIX Pa3IMUUil MEX/Ty 3HAYCHNUSIMHU B CPABHUBAEMBIX TPYTIIIaX
no U-kputeputo ManHa — YUTHHU.

Uepes 48 1 ociie BO3AEHCTBHS PEHTTEHOBCKOTO 00Ty4deHus B 1o3e 4 ['p Ha MOXKIEeBBIX YepBei KOIMYECTBO JIBY-
SIEPHBIX KIIETOK B TPYIIE aHHENWI, COOpaHHBIX Ha y4acTkax B [omensckoM p-He, coctaBmiio B cpemreM 3,0 %o,
a'y ocobeli ¢ ydacTkoB, pacnojokeHHbIX B [II'PD3 — 9,0 %o. Takum 00pa3oM, KOJINUECTBO ABYSIAEPHBIX KIIETOK
BO3pOCJIO B UCCIIeAyeMbIX Tpynnax B 3,75 u 4,5 pa3a COOTBETCTBEHHO 10 CPaBHEHUIO CO 3HAUYEHUSIMU B IPYIIIax
0e3 JTOTIOTHUTEIHHOTO OOITYYEHHSI, IIPH 3TOM OBUTH BBISIBIICHBI JOCTOBEPHBIE PA3ITUYMS M0 YACTOTE BCTPEUAEMOCTH
JIBYSIIEPHBIX [IEJIOMOIIUTOB MEKAY CPaBHUBAaeMBIMH TpymaMu 1o U-kputeputo ManHa — Yutau (cM. Taom. 3).

buonornveckoe 3HaueHNE YBETMUSHHUS YaCTOTHI JIBYSAEPHBIX KIETOK B OTBET Ha JCHCTBUE MOBPEXKIAOIINX
BEIIECTB COCTOHUT B TOM, YTO OHH 00Pa3yIOTCs B MPOIIECCe YBEIMUSHHS KIETOUHOW Mposr(epaliui, HarpaBieH-
HO Ha 00pa30BaHNE HOBBIX KJIETOK, 3aMETIAIOIINX ITOBPEXKICHHBIE HITH MoTnomie. TakuM criocoOoM ocyIecT-
BIISIeTCS KIIETOYHAsI BOCCTAHOBHTENbHAS perenepanus. CienoBaTenabHO, TOBBIIIEHHE YacTOTHI IBYSACPHBIX KiTe-
TOK MOYKHO PacCMaTpHBAaTh KaK MPOSBICHUE aalTallui, Ooee BRIpaKeHHOE Y 0c00el, COOpaHHBIX Ha y4acTKax
B [II'PD3 [50].
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IIpu ompenenennn gactotsl moBpexacamii JIHK, Bm3yammsuposanasix B Bune % JAHK ..., ObUIO ycTaHOB-
JICHO, YTO CPETHHUE 3HAYCHMSI CIIOHTAHHBIX ypoBHeH moBpexacaus JIHK y ocobeit L. terrestris, COOpaHHBIX Ha
ydacTtkax B ['oMmensckom p-He u B [II'PD3, He oTnwdamuch mpu 3aTaHHOM YPOBHE 3HAUUMOCTH M COCTABIISITH
12,04 £ 1,32 % u 14.36 + 2,52 % coorBeTcTBEeHHO (TabM. 4).

Tabnumna 4
Toka3zarenu nopexaenus JHK (% JHK ,...,) B nesomouurax
Y d0KeBBIX uepBeii L. terrestris U3 nonyJasinuii, 00NTAIOMUX HA HCCIeyeMbIX TEPPUTOPUSIX
Table 4
Indicators of DNA damage (% DNA in tail) in coelomocytes
in L. terrestris earthworms from populations living in the study areas
% HHK XBOCT
obmyuenwue 4 I'p
VYuacrok .
CIIOHTAHHBIH YPOBEHb BpEMsI [IOCJIC BO3JICHCTBHS, U
0,1 1,0 24
Tomenbckunii p-H (KOHTPOJIB) 12,04 + 1,32 27,34 +£2,31* 26,08 £2,92* 21,46 +3,31%*
[re>3 14,36 £2,52 33,12 +2,94%* 34,02 +£3,73* 20,14 + 3,26

[Mpumeuanue. ¥*Pa3nuuus JOCTOBEPHBI [0 CPABHEHUIO C 3HAYCHHUEM CITOHTAHHOTO ypoBHS mpu p < 0,05.

3uradenue nokazarens % JIHK ... Bo3pacTaio nocie oomydenus B 1o3e 4 ['p y ocoleil, oburaronux Ha uccie-
JTlyeMBIX y9acTKaX, BO BCE CPOKH HAOIONEHUS, OJHAKO CTATUCTHYECKN 3HAYMMBIX PA3ITUINi MEXITY 3HAYCHUSIMHU
B rpymmax «Konrpomnby» u «I11'PO3» He Habmromganock. [Ipu 5ToM ciexyeT OTMETHTS, UTO B Pe3yIbTaTe penaparin
nospexaennii JJHK B rpymme «I1I'PO3» gepes 24 4 mocite BO3AHCTBUS OCTPOTO O0MyUYeHHs 3HaYSHNE [TOKa3are-
151 % JTHK ;e cHU3MII0CH Ha 12,98 %, a B rpynne «KoHTposuby Ha 5,88 % 10 CpaBHEHUIO C COOTBETCTBYIOLIUM
3HadeHueM — uepes 0,1 4. Uepes 24 1 mocne oOaydeHus B KIETKaX JOK/IEBBIX YepBei, OOUTAIONINX Ha y4acTKax
B [II'P33, cpennee 3nauenue % JAHK ,,.; HE pa3nuyanoch ¢ 3aJaHHBIM YPOBHEM 3HAYMMOCTU C COOTBETCTBYIO-
MM 3HaYeHWEM CIIOHTAHHOTO YPOBHS, a B KJIETKaX >KHUBOTHBIX, OOMTAIONINX HA y4acTkax B [ omMenbckoMm p-He,
OBLTO TOCTOBEPHO MOBHIIIEHO IO CPABHEHHIO CO 3HAYEHUEM CITIOHTAHHOTO YPOBHS (CM. Tabm. 4).

O sBJIEHWH paHoalaNTalliy — YBEIMYCHUH PaAHOyCTOMYUBOCTH 0COOEH, BXOASIINX B XPOHUYECKH 00TyYa-
eMbIe TIOMYIISAIUH, K JTOTIOHUTEIFHOMY OOJTydeHHIO B BEICOKMX J03aX coo0Iaercs B psae padoT. Tak, BhIsIBIEHA
panuoaganTtaiys B HOMYISIUSIX TPhI3yHa OOBIKHOBEHHOU crienyioHku (Ellobius talpinus), KoTopble TIIUTEIHHOE
BpeMsi 0OWTAIOT B 30HE BOCTOYHO-YpasbCKOTO pajiItOaKTUBHOTO CIIEa, O YeM CBUIETEIbCTBYIOT BBISBIISIEMbIC
Yy HUX TIPU3HAKK TOPME3Hca TI0 TIOKa3aTessiM CUCTEMBI TeMOII033a U HaJIMdue JJOCTOBEPHOT'O Al THBHOTO OTBETA
y 3BEpHKOB W3 UMITAKTHOW BEIOOPKHU MPU OTCYTCTBHH €T0 y KHBOTHBIX C KOHTPOJIBHOTO ydacTka [S1].

Octpoe y-00myueHue B 103€ 4 1 MO3BOIMIIO BRISIBUTH aIalITHBHBIA OTBET y 0COOEH JOXKIEBBIX YepBEl BUA
A. caliginosa ¢ ydacTka, 3arpsi3HEHHOTO TSKEIIBIMU €CTeCTBEHHBIMHU paanoHykiaunamu (Pecryomuka Komn), xo-
TOPBIN MPOSBIISLICA B BUE MOBbIIEHHON ckopocTu penapanuu JJHK nocie paguanmonHoro Bo3uectrus [52].

3aKjIroueHue

ITpu ucciaenoBaHNY TEHETUUECKOTO FOMEOCTa3a B NOMYISIUMAX L. terrestris, IIUTENbHOE BPEeMsl OOUTAIOIINX
Ha tepputopusix 1II'PD3 B ycnoBUsAX XpOHUUECKOTO BO3AECUCTBUS PAJUOAKTUBHOIO 3arpsI3HEHUS, YCTaHOBIIECHO,
YTO CIIOHTaHHbIN ypoBeHb nospexaenus JJHK (% JHK ,,..;) y HuX coorBeTcTBOBa) YpoBHIO noBpexxaenust JJTHK
ocobeii, coOpaHHBIX Ha KOHTPOJIBHBIX y4yacTkax (['omenbckuii p-H).

Bo3zneiicTBue oCTporo peHTreHOBCKOro U3inydeHus B 1o3€ 4 I'p npuseno yepes 48 4 K yBEJIMUECHHUIO KOJIMYE-
CTBa JIBYSIIEPHBIX KJIETOK B MOIYJISALMSIX LEJIOMOLUTOB, KOTOPOE OBbLIO CYIIECTBEHHO BBILIE Y JOXKIECBBIX YEPBEH,
0OHTAIOMIMX B [IOYBE YYACTKOB C HOBBILICHHBIM YPOBHEM 3arpsI3HEHUS], YTO MOXKET OTPa)kaTh UX 0ojiee BBICOKUI
aIalTalMOHHbIA TOTEHIMA.

Yposens nospexaeHnii JJHK y moxkaeBpIx uepBeid, 0OUTAIOMINX B TIOYBAX TEPPUTOPHIA C TIOBHIIIIEHHBIM Paii-
aroHHBIM (DOHOM, Yepe3 24 9 mocie BO3ASHCTBUS OCTPOTO PEHTTEHOBCKOTO 00mydeHus B fo3e 4 [p cHusmics
Ha 12,98 % 1o cpaBHEHHIO ¢ COOTBETCTBYIOIINM 3HaueHHeM depes 0,1 1, u npu yposHe 3Haunmoctu p < 0,05 He
OTJIMYAJICS OT 3HAYEHUs CIOHTaHHOrO ypoBHs noBpexiaeHuil JJHK, a y noxnaeBbix yepBeil rpymnmnsl CpaBHEHUS
(I'omenbckuii p-H) — ToIbKO Ha 5,88 % MO CpaBHEHHUIO C COOTBETCTBYIOIIMM 3HaueHueM depe3 0,1 4 u 3HauM-
MO MPEBBIIIAN CIOHTAHHBIN ypoBeHb noBpexaeHus JJTHK B cooTBeTCTBYyIOLIEH IpyIIIie, YTO CBUACTEILCTBOBAJIO
0 MOZIABJIEHUH TIPOLEcca perapanuy nocjie o0aydeHus B OCTPOH o3e.
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Takum 00pa3oM, aganTHBHEIN OTBET y 0co0ei JOXKIEBBIX YepBel BUAA L. terrestris, JNTUTEIHHOE BpeMs 00U-
TAMUX B TToYBax Tepputopuil [1I'PD3, 3arps3HeHHBIX pagnoHyKIHIaMe mocie aBapur Ha YADC, mposBIIsics
B BUJIE TTOBBIIIIEHHON cKopocTr penapanuu JJHK n yBenmaennn kireToqHoH mponrdepariie Iociie OCTPOro peHT-
TEHOBCKOTO 00yueHus B no3e 4 Ip.

Bbubanorpagpuueckue ccblIKM

1. ICRP. A Framework for Assessing the Impact of lonising Radiation on Non- Human Species. Publication 91. Annals of the ICRP.
2003;33(3):201-270.

2. KazakoB CB, Ytkun CC. [1o0xo0v!l u npunyunsi paduayuoHHol sauumul 600Hb1x 00bekmos. Mocksa: Hayka; 2008. c. 318.

3. ICRP. Recommendations of the International Commission on Radiological Protection. Publication 103. Annals of the ICRP.
2007;37(2-4):1-332. DOI: 10.1016/j.icrp.2007.10.003.

4. Smith JT, Beresford NA. Chernobyl. Catastrophe and Consequences. Berlin — New York: Springer, Chichester; 2005. 310 p.

5. I'epacekun CA, @ecenko CB, Bonkosa 11O, u ap. Uto Mbl y3Hamu o 6uonorundeckux 3ddexrax odirydeHus B Xone 35-1eTHero
aHaJmM3a mocnencTBuil aBapun Ha YepHoObubekoit ADC? Paduayuonnas buonoeus. Paouosxonoeus. 2021;3:234-260. DOI: 10.31857/
S0869803121030061.

6. Moller AP, Mousseau T A. Reduced abundance of insects and spiders linked to radiation at Chernobyl 20 years after the accident.
Biology letters. 2009;5(3):356-359. DOI:0rg/10.1098/rsbl.2008.0778.

7. Hiyama A, Nohara C, Kinjo S, et al. The biological impacts of the Fukushima nuclear accident on the pale grass blue butterfly.
Scientific Reports. 2012(2):1-10.

8. Bonzom JM, Hittenschwiler S, Lecomte-Pradines C, et al. Effects of radionuclide contamination on leaf litter decomposition in the
Chernobyl exclusion zone. Science of the Total Environment. 2016;15:596-603. DOI: 10.1016/j.scitotenv.2016.04.006.

9. Deryabina TG, Kuchmel SV, Nagorskaya LL, et al. Long-term census data reveal abundant wildlife populations at Chernobyl.
Current Biology. 2015;25:824-826. DOI: 10.1016/j.cub.2015.08.017.

10. Beresford N, Horemans N, Copplestone D, et al. Towards solving a scientific controversy — the effects of ionizing radiation on
the environment. Journal of Environmental Radioactivity. 2020;211:106033. DOI.org/10.1016/j. jenvrad2019.106033.

11. Real A, Sundell-Bergman S, Knowles JF, et al. Effects of ionizing radiation on plants, fish and mammals: relevant data for
environmental radiation protection. Journal of Radiological Protection. 2004;24(4A):123—137. DOI:10.1088/0952-4746/24/4a/008.

12. Garnier-Laplace J, Della-Vedova C, Andersson P, et al. A multi-criteria weight of evidence approach for deriving ecological
benchmarks for radioactive substances. Journal of Radiological Protection. 2010;30(2):215-233. DOI 10.1088/0952-4746/30/2/S02.

13. Mpller AP, Mousseau TA. Are organisms adapting to ionizing radiation at Chernobyl? Trends in Ecology & Evolution.
2016;31(4):281-289. DOI: 10.1016/j.tree.2016.01.005.

14. Larsson CM. An overview of the ERICA integrated approach to the assessment and management of environmental risks from
ionizing contaminants. Journal of Environmental Radioactivity. 2008;99(9):1364—1370. DOI: 10.1016/j.jenvrad.2007.11.019.

15. ICRP. Environmental Protection: Transfer Parameters for Reference Animals and Plants. Publication 114. Annals of the ICRP.
2009;39(6):1-111. DOI: 10.1016/j.icrp.2011.08.009.

16. Kpusonyukuit IA. [Tougennas gayna kax 6uouHOUKamop paouoaxmusHwix 3azpszuenuil. B: Ilousennas ¢hayna u novgennoe
nnooopooue. Mockaa: [0. u.]; 1987. c. 241-244.

17. Gong P, Perkins EJ. Earthworm toxicogenomics: A renewed genome-wide quest for novel biomarkers and mechanistic insights.
Applied Soil Ecology. 2016;104):12-24. DOI: 10.1016/j.aps0il.2015.11.005.

18. Lapuente J, Lourengo J, Mendo SA, et al. The Comet Assay and its applications in the field of ecotoxicology: a mature tool that
continues to expand its perspectives. Frontiers in Genetics. 2015;6:1-20. DOI: 10.3389/fgene.2015.00180.

19. Srut M. Environmental Epigenetics in Soil Ecosystems: Earthworms as Model Organisms. Toxics. 2022;10(7):1-11. DOI:
10.3390/toxics10070406.

20. Mazur-Paczka A, Paczka G, Garczynska M. Effectiveness of Lumbricidae extracting with an environmentally friendly method.
Journal of Ecological Engineering. 2020;21(5):114-119. DOI:10.12911/22998993/122237.

21. Singh J, Singh S, Vig AP. Extraction of earthworm from soil by different sampling method: a review. Environment Development
and Sustainability. 2015;18:1521-1539. DOI: 10.1007/s10668-015-9703-5.

22. Makcumona CJI, I'ypuna HB. Joowcoesvie uepsu (Lumbricidae) payner benapycu. Munck: benapyckas naByka; 2014. 56 c.

23. 3awuma okpysicarougeii cpedvl: KOHYenyusi U UCHOIb3068aAHUEe PepepenmublX Hcusomuulx u pacmenuil. [lyonuxayus MKP3 108.
Mocksa: Akanem-IIpunt; 2013. 216 c.

24.Niita K, et al. Recent Developments of the PHITS code. Progress in Nuclear Science and Technology. 2011;1:1-6. DOI: 10.15669/
pnst.1.368.

25. Taranenko V, Prohl G, Gomez-RosJ. Absorbed dose rate conversion coefficients for reference terrestrial biota for external photon
and internal exposures. Journal of radiological protection. 2004:24:A35-A62. DOI1:10.1088/0952-4746/24/4A/003.

26. Ulanovsky A, Prohl G. Dosimetry for reference animals and plants: current state and prospects. Annals of the ICRP. 2012;41(3—
4):218-232. DOTI: 10.1016/j.icrp.2012.06.034.

27. Reinecke SA, Reinecke AJ. The comet assay as biomarker of heavy metal genotoxicity in earthworms. Archives of Environmental
Contamination Toxicology. 2004;46(2):208-215. DOI: 10.1007/s00244-003-2253-0.

28. Eyambe SG, Goven AJ, Fitzpatrick LC, etal. A noninvasive technique for sequential collection of earthworm (Lumbricus terrestris)
leukocytes during sub chronic immunotoxicity studies. Laboratory Animals. 1991;25(1):61-67. DOI: 10.1258/002367791780808095.

29. Tice RR, Agurell E, Anderson D, et al. Single cell gel / comet assay: guidelines for in vitro and in vivo genetic toxicology testing.
Environmental and Molecular Mutagenesis. 2000;35(3):206-221. DOI: 10.1002/(sici)1098-2280(2000)35:3<206: aid-em8>3.0.co;2-j.

30. Ceruesa JITI. Buonoruyeckoe 3Ha4ueHHE, KPUTEPUH OIPEACIICHUS U ITPE/IeIIbl BAPEUPOBAHUS MOJIHOTO CIIEKTPa KapHOJOTHYECKHUX
MmoKasareJieil pu OlleHKe IUTOreHETHUECKOTO cTaTyca YeioBeka. Meduyunckas eenemuxa. 2007;6(11):3-11.

31. Edwards CA, Bohlen PJ. Biology and Ecology of Earthworms. London: Chapman and Hall; 1996. 426 p.

32. MakcumoBa CJI, Myxun HO®. BumoBoii coctaB m0KIeBbIX 4epBeld M MX OHMOTONMMYECKOE paclpelesieHHe Ha TEePPUTOPHU
Benapycu. Becyi Hayvisinanonaii akaoamii nasyk benapyci. Cepuois 6isnaziunvix Hagyk. 2016;1:56—60.

49



Kypnaa Besopycckoro rocylapcTBeHHOr0 yHuBepcutera. Jxojorusi. 2023;4:41-52
Journal of the Belarusian State University. Ecology. 2023;4:41-52

33. Sayles RA. Investigation of earthworms from the Chernobyl NPP Exclusion Zone and Fukushima NPP 100 km Area: uptake of
137Cs and comparison of ecological groups. [Place unknown]: Master’s Thesis; 2019. 78 p.

34. Beresford NA, Scott EM, Copplestone D. Field effects studies in the Chernobyl Exclusion Zone: Lessons to be learnt. Journal of
Environmental Radioactivity. 2020;211:1-10. DOI: 10.1016/j.jenvrad.2019.01.005.

35. Caseikuna TT, Kpermes AU, Kpeimes M. Moodenuposanue paouosxonocuueckux npoyeccos 8 okpyxrcaioweil cpede. Mockpa:
Macka; 2022. 638 c.

36. Hasegawa M, Ito MT, Kaneko S, et al. Radiocesium concentrations in epigeic earthworms at various distances from the Fukushima
Nuclear Power Plant 6 months after the 2011 accident. Journal of Environmental Radioactivity. 2013;126:8-13. DOI: 10.1016/.
jenvrad.2013.06.006.

37.Fesenko SV, Alexakhin RM, Geras’kin SA, et al. Comparative radiation impact on biota and man in the area affected by the accident
at the Chernobyl nuclear power plan. Journal of Environmental Radioactivity. 2005;80):1-25. DOI: 10.1016/j.jenvrad.2004.08.011.

38. IAEA Safety Standards. Safety Assessment for Facilities and Activities. General Safety Requirements. No. GSR Part 4,
93 UNSCEAR 1996. Vienna: International Atomic Energy Agency; 2009. 40 p.

39. Effects of radiation on the environment. In: United Nations Scientific Committee on the Effects of Atomic Radiation, Report to
the General Assembly. New York: [publisher unknown]; 1996. 82 p.

40. ICRP. Environmental protection: the concept and use of reference animals and plants. Publication 108. Annals of the ICRP.
2009;4-6:1-242.

41. Copplestone D, Johnson MS, Jones SR, et al. Radionuclide behaviour and transport in a coniferous woodland ecosystem:
vegetation, invertebrates and wood mice, Apodemus sylvaticus. Science of the Total Environment. 1999;239:95-109. DOI: 10.1016/
50048-9697(99)00294-6.

42. Tanaka S, Takahashi T, Adati T, et al. Radioactive cesium contamination of arthropods and earthworms after the Fukushima
Dai-ichi Nuclear Power Plant Accident. Low-Dose Radiation Effects on Animals and Ecosystems. 2022. p. 43-52. DOl.org/10.1007/978-
981-13-8218-5 4.

43. Geras’kin SA, Fesenko SV, Alexakhin RM. Effects of non-human species irradiation after the Chernobyl NPP accident.
Environment International. 2008;34:880-897. DOI: 10.1016/j.envint.2007.12.012.

44. Andersson P, Garnier-Laplace J, Beresford NA, et al. Protection of the environment from ionising radiation in a regulatory context
(PROTECT): proposed numerical benchmark values. Journal of Environmental Radioactivity. 2009;100:1100-1108. DOI: 10.1016/j.
jenvrad.2009.05.010.

45. Zaitsev AS, Nakamori T, Gongalsky K, et al. Tonising radiation effects on soil biota: Application of lessons learned from Chernobyl
accident for radioecological monitoring. Pedobiologia. 2014;57(1):5-14. DOI: 10.1016/j.pedobi.2013.09.005.

46. Krivolutzkii DA, Pokarzhevskii AD. Effects of radioactive fallout on soil animal populations in the 30 km zone of the Chernobyl
atomic power station. Science of the Total Environment. 1992;112(1):69-77. DOI: 10.1016/0048-9697(92)90239-o.

47. KpuBomynxuit JIA. /lnHamuka 6mopa3Ho00pasyst SKOCHCTEM B YCIOBUSIX PaJHOaKTUBHOTO 3arps3HeHus. [Jokiadvl Poccutickoui
Axaodemuu Hayk. 1996;4:567-569.

48. Sowmithra K, Harini BP, Shetty JN, et al. Effects of acute gamma radiation on the reproductive ability of the earthworm Eisenia
fetida. Journal of Environmental Radioactivity. 2015;140:11-15. DOI: 10.1016/j.jenvrad.2014.10.010.

49. Hertel-Aas T, Oughton DH, Jaworska A, et al. Effects of chronic gamma irradiation on reproduction in the earthworm Eisenia
fetida (Oligochaeta). Radiation Research. 2007;168(5):515-526. DOI: 10.1667/RR1012.1.

50. KanaeB BH, Hewaea MC, Kanaesa EA. Mukposioepuwiii mecm OyKkanbHO20 snumens pomogou noiocmu 4enosexkda. BopoHex:
BI'V;2016. 136 c.

51. I'puropkuna Eb. Dxonornyeckas crieniaan3aiysi MEIKHUX MIICKOIMTAIONIUX: PEaKIMK Ha PaJuallMOHHOE BO3JICHCTBHE U POJIb
B Pa3BUTHH panuoanantauuu. Becmuux Upl CXA. 2017;83:25-30.

52.Kanesa (Pr10ak) AB, bensix EC, Maiictpenko TA, u ap. YpoBeHb OBpeKACHUH U ckopocTs penaparin JJHK B kieTkax ok aeBbIx
YepBed M3 MOMYJISLHH, JJIUTEIBHOE BpeMsi OOMTAONIMX B TOYBE C IMOBBIIICHHBIM COJACPIKAHHEM PaJAHOHYKINWAOB. Paduayuonnas
ouonoaus. Paouoskonozus. 2015;1:24-34. DOI: 10.7868/S0869803115010051.

References

1. ICRP. A Framework for Assessing the Impact of Ionising Radiation on Non- Human Species. Publication 91. Annals of the ICRP.
2003;33(3):201-270.

2. Kazakov SV, Utkin SS. Podkhody i printsipy radiatsionnoy zashchity vodnykh ob'yektov [Approaches and principles of radiation
protection of water objects]. Moscow: Nauka; 2008. p. 318. Russian.

3. ICRP. Recommendations of the International Commission on Radiological Protection. Publication 103. Annals of the ICRP.
2007;37(2—4):1-332. DOI: 10.1016/j.icrp.2007.10.003.

4. Smith JT, Beresford NA. Chernobyl. Catastrophe and Consequences. Berlin — New York: Springer, Chichester; 2005. 310 p.

5. Geras’kin SA, Fesenko SV, Volkova Pyu, et al. Chto my uznali o biologicheskikh effektakh oblucheniya v khode 35-letnego
analiza posledstviy avarii na Chernobylskoy AES? [What have we learned about the biological effects of radiation from a 35-year
analysis of the consequences of the Chernobyl NPP accident?]. Radiation Biology. Radioecology. 2021(3):234-260. DOI: 10.31857/
S0869803121030061. Russian.

6. Moller AP, Mousseau T A. Reduced abundance of insects and spiders linked to radiation at Chernobyl 20 years after the accident.
Biology letters. 2009;5(3):356-359. DOI:org/10.1098/rsb1.2008.0778.

7. Hiyama A, Nohara C, Kinjo S, et al. The biological impacts of the Fukushima nuclear accident on the pale grass blue butterfly.
Scientific Reports. 2012(2):1-10.

8. Bonzom JM, Hittenschwiler S, Lecomte-Pradines C, et al. Effects of radionuclide contamination on leaf litter decomposition in the
Chernobyl exclusion zone. Science of the Total Environment. 2016;15:596—603. DOI: 10.1016/j.scitotenv.2016.04.006.

9. Deryabina TG, Kuchmel SV, Nagorskaya LL, et al. Long-term census data reveal abundant wildlife populations at Chernobyl.
Current Biology. 2015;25:824-826. DOI: 10.1016/j.cub.2015.08.017.

10. Beresford N, Horemans N, Copplestone D, et al. Towards solving a scientific controversy — the effects of ionizing radiation on
the environment. Journal of Environmental Radioactivity. 2020;211:106033. DOI.org/10.1016/j. jenvrad2019.106033.

50



PanuoskoJi0orust 1 pao0noJI0THsl, paIHallHOHHAsI 0e301aCHOCTh
Radioecology and Radiobiology, Radiation Safety

11. Real A, Sundell-Bergman S, Knowles JF, et al. Effects of ionizing radiation on plants, fish and mammals: relevant data for
environmental radiation protection. Journal of Radiological Protection. 2004;24(4A):123—137. DOI:10.1088/0952-4746/24/4a/008.

12. Garnier-Laplace J, Della-Vedova C, Andersson P, et al. A multi-criteria weight of evidence approach for deriving ecological
benchmarks for radioactive substances. Journal of Radiological Protection. 2010;30(2):215-233. DOI 10.1088/0952-4746/30/2/S02.

13. Moller AP, Mousseau TA. Are organisms adapting to ionizing radiation at Chernobyl? Trends in Ecology & Evolution.
2016;31(4):281-289. DOI: 10.1016/j.tree.2016.01.005.

14. Larsson CM. An overview of the ERICA integrated approach to the assessment and management of environmental risks from
ionizing contaminants. Journal of Environmental Radioactivity. 2008;99(9):1364—1370. DOI: 10.1016/j.jenvrad.2007.11.019.

15. ICRP. Environmental Protection: Transfer Parameters for Reference Animals and Plants. Publication 114. Annals of the ICRP.
2009;39(6):1-111. DOI: 10.1016/j.icrp.2011.08.009.

16. Krivolutskiy DA. Pochvennaya fauna kak bioindikator radioaktivnykh zagryazneniy. V: Pochvennaya fauna i pochvennoye
plodorodiye [Soil fauna as a bioindicator of radioactive contamination. In: Soil fauna and soil fertility]. Moscow: [publisher unknown];
1987). p. 241-244. Russian.

17. Gong P, Perkins EJ. Earthworm toxicogenomics: A renewed genome-wide quest for novel biomarkers and mechanistic insights.
Applied Soil Ecology. 2016;104):12-24. DOI: 10.1016/j.aps0il.2015.11.005.

18. Lapuente J, Lourengo J, Mendo SA, et al. The Comet Assay and its applications in the field of ecotoxicology: a mature tool that
continues to expand its perspectives. Frontiers in Genetics. 2015;6:1-20. DOI: 10.3389/fgene.2015.00180.

19. Srut M. Environmental Epigenetics in Soil Ecosystems: Earthworms as Model Organisms. Toxics. 2022;10(7):1-11. DOI:
10.3390/toxics10070406.

20. Mazur-Paczka A, Paczka G, Garczynska M. Effectiveness of Lumbricidae extracting with an environmentally friendly method.
Journal of Ecological Engineering. 2020;21(5):114-119. DOI:10.12911/22998993/122237.

21. Singh J, Singh S, Vig AP. Extraction of earthworm from soil by different sampling method: a review. Environment Development
and Sustainability. 2015;18:1521-1539. DOI: 10.1007/s10668-015-9703-5.

22. Maksimova SL, Gurina NV. Dozhdevyye chervi (Lumbricidae) fauny Belarusi: spravochnik-opredelitel [Earthworms
(Lumbricidae) Fauna of Belarus: a reference book]. Minsk: Belaruskaja navuka; 2014. 56 p. Russian.

23. Zashchita okruzhayushchey sredy: kontseptsiya i ispol’zovaniye referentnykh zhivotnykh I rasteniy. Publikatsiva MKRZ 108
[Environmental protection: concept and use of reference animals and plants. Publication MKRZ 108]. Moscow: Akadem-Print; 2013.
216 p. Russian.

24. Niita K, et al. Recent Developments of the PHITS code. Progress in Nuclear Science and Technology. 2011;1:1-6. DOI: 10.15669/
pnst.1.368.

25. Taranenko V, Prohl G, Gomez-Ros J. Absorbed dose rate conversion coefficients for reference terrestrial biota for external photon
and internal exposures. Journal of radiological protection. 2004:24:A35-A62. DOI1:10.1088/0952-4746/24/4A/003.

26. Ulanovsky A, Prohl G. Dosimetry for reference animals and plants: current state and prospects. Annals of the ICRP. 2012;41(3—
4):218-232. DOI: 10.1016/j.icrp.2012.06.034.

27. Reinecke SA, Reinecke AJ. The comet assay as biomarker of heavy metal genotoxicity in earthworms. Archives of Environmental
Contamination Toxicology. 2004;46(2):208-215. DOI: 10.1007/s00244-003-2253-0.

28. Eyambe SG, Goven AJ, Fitzpatrick LC, etal. A noninvasive technique for sequential collection of earthworm (Lumbricus terrestris)
leukocytes during sub chronic immunotoxicity studies. Laboratory Animals. 1991;25(1):61-67. DOI: 10.1258/002367791780808095.

29. Tice RR, Agurell E, Anderson D, et al. Single cell gel / comet assay: guidelines for in vitro and in vivo genetic toxicology
testing. Environmental and Molecular Mutagenesis. 2000;35(3):206-221. DOI: 10.1002/(sici)1098-2280(2000)35:3<206: aid-
em8>3.0.co;2-j.

30. Sycheva LP. Biologicheskoye znacheniye, kriterii opredeleniya i predely var’irovaniya polnogo spektra kariologicheskikh
pokazateley pri otsenke tsitogeneticheskogo statusa cheloveka [Biological significance, criteria for determining and the limits of variation
of the full spectrum of cariological indicators in the assessment of the cytogenetic status of a person]. Medical genetics. 2007;6(11):3—11.
Russian.

31. Edwards CA, Bohlen PJ. Biology and Ecology of Earthworms. London: Chapman and Hall; 1996. 426 p.

32. Maksimova SL, Mukhin YuF. Vidovoy sostav dozhdevykh chervey i ikh biotopicheskoye raspredeleniye na territorii Belarusi
[The species composition of the earthworms and their biotopic distribution in Belarus]. Bulletin of the National Academy of Sciences of
Belarus. Biological sciences. 2016(1):56—60. Russian.

33. Sayles RA. Investigation of earthworms from the Chernobyl NPP Exclusion Zone and Fukushima NPP 100 km Area: uptake of
137Cs and comparison of ecological groups. [Place unknown]: Master’s Thesis; 2019. 78 p.

34. Beresford NA, Scott EM, Copplestone D. Field effects studies in the Chernobyl Exclusion Zone: Lessons to be learnt. Journal of
Environmental Radioactivity. 2020;211:1-10. DOI: 10.1016/j.jenvrad.2019.01.005.

35. Sazykina TG, Kryshev Al, Kryshev II. Modelirovaniye radioekologicheskikh protsessov v okruzhayushchey srede [Modeling of
radioecological processes in the environment]. Moscow: LLC «MASKA»; 2022. 638 p. Russian.

36. Hasegawa M, Ito MT, Kaneko S, et al. Radiocesium concentrations in epigeic earthworms at various distances from the Fukushima
Nuclear Power Plant 6 months after the 2011 accident. Journal of Environmental Radioactivity. 2013;126:8—13. DOI: 10.1016/j.
jenvrad.2013.06.006.

37. Fesenko SV, Alexakhin RM, Geras’kin SA, et al. Comparative radiation impact on biota and man in the area affected by the accident
at the Chernobyl nuclear power plan. Journal of Environmental Radioactivity. 2005;80):1-25. DOI: 10.1016/j.jenvrad.2004.08.011.

38. IAEA Safety Standards. Safety Assessment for Facilities and Activities. General Safety Requirements. No. GSR Part 4, 93
UNSCEAR 1996. Vienna: International Atomic Energy Agency; 2009. 40 p.

39. Effects of radiation on the environment. In: United Nations Scientific Committee on the Effects of Atomic Radiation, Report to
the General Assembly. New York: [publisher unknown]; 1996. 82 p.

40. ICRP. Environmental protection: the concept and use of reference animals and plants. Publication 108. Annals of the ICRP.
2009;4—6:1-242.

41. Copplestone D, Johnson MS, Jones SR, et al. Radionuclide behaviour and transport in a coniferous woodland ecosystem:
vegetation, invertebrates and wood mice, Apodemus sylvaticus. Science of the Total Environment. 1999;239:95-109. DOI: 10.1016/
s0048-9697(99)00294-6.

51



Kypnaa Besopycckoro rocylapcTBeHHOr0 yHuBepcutera. Jxojorusi. 2023;4:41-52
Journal of the Belarusian State University. Ecology. 2023;4:41-52

42. Tanaka S, Takahashi T, Adati T, et al. Radioactive cesium contamination of arthropods and earthworms after the Fukushima
Dai-ichi Nuclear Power Plant Accident. Low-Dose Radiation Effects on Animals and Ecosystems. 2022. p. 43-52. DOlI.org/10.1007/978-
981-13-8218-5_4.

43. Geras’kin SA, Fesenko SV, Alexakhin RM. Effects of non-human species irradiation after the Chernobyl NPP accident.
Environment International. 2008;34:880-897. DOI: 10.1016/j.envint.2007.12.012.

44. Andersson P, Garnier-Laplace J, Beresford NA, et al. Protection of the environment from ionising radiation in a regulatory context
(PROTECT): proposed numerical benchmark values. Journal of Environmental Radioactivity. 2009;100:1100-1108. DOI: 10.1016/].
jenvrad.2009.05.010.

45. Zaitsev AS, Nakamori T, Gongalsky K, et al. Ionising radiation effects on soil biota: Application of lessons learned from Chernobyl
accident for radioecological monitoring. Pedobiologia. 2014;57(1):5-14. DOI: 10.1016/j.pedobi.2013.09.005.

46. Krivolutzkii DA, Pokarzhevskii AD. Effects of radioactive fallout on soil animal populations in the 30 km zone of the Chernobyl
atomic power station. Science of the Total Environment. 1992;112(1):69-77. DOIL: 10.1016/0048-9697(92)90239-0.

47. Krivolutskiy DA. Dinamika bioraznoobraziya ekosistem v usloviyakh radioaktivnogo zagryazneniya [ The dynamics of ecosystem
biodiversity in conditions of radioactive pollution]. Reports of the Russian Academy of Sciences. 1996(4):567-569. Russian.

48. Sowmithra K, Harini BP, Shetty JN, et al. Effects of acute gamma radiation on the reproductive ability of the earthworm Eisenia
fetida. Journal of Environmental Radioactivity. 2015;140:11-15. DOI: 10.1016/j.jenvrad.2014.10.010.

49. Hertel-Aas T, Oughton DH, Jaworska A, et al. Effects of chronic gamma irradiation on reproduction in the earthworm Eisenia
fetida (Oligochaeta). Radiation Research. 2007;168(5):515-526. DOIL: 10.1667/RR1012.1.

50. Kalayev VN, Nechayeva MS, Kalayeva YeA. Mikroyadernyy test bukkal nogo epiteliya rotovoy polosti cheloveka: monografiya
[Micronucleus test of the buccal epithelium of the human oral cavity: Monograph]. Voronezh: Voronezh State University; 2016. 136 p.
Russian.

51. Grigorkina YeB. Ekologicheskaya spetsializatsiya melkikh mlekopitayushchikh: reaktsii na radiatsionnoye vozdeystviye i rol’ v
razvitii radioadaptatsii [Environmental specialization of small mammals: reactions to the radiation effect and role in the development of
radioadaptation]. Bulletin of the Irkutsk State Agricultural Academy. 2017;83:25-30. Russian.

52. Kaneva (Rybak) AV, Belykh YeS, Maystrenko TA, et al. Uroven’povrezhdeniy i skorost’ reparatsii DNK v kletkakh dozhdevykh
chervey iz populyatsiy, dlitel 'noye vremya obitayushchikh v pochve s povyshennym soderzhaniyem radionuklidov [The level of damage
and the rate of DNA reparation in the cells of earthworms from populations that live for a long time in the soil with a high content of
radionuclide]. Radiation biology. Radioecology. 2015(1):24-34. DOI: 10.7868/S0869803115010051. Russian.

Cmamus nocmynuna 6 peokonnezuro 27.10.2023.
Received by editorial board 27.10.2023.



MEZ[I/H_[I/IHCKAH OKOJIOT'rA

MEDICAL ECOLOGY

VIIK 616.37-006.6-07-08:577.23 (476)

ITPOTHOCTUYECKUE KPUTEPU OLNIEHKHW OCAOXHEHHOI'O TEHEHUA
KOPOHABVPYCHOU MH®EKIINN COVID-19

P. M. CMOJIIKOBA", A. M. MOJTYAHV, E. M. ILIITAJTAPYK®, O. B. TO3BHHCKAA?, E. B. TAITEEHKO?

Y Munckuii obnacmmnoil knunuyeckuii 20cnumans uneanudos Benuxoti Omeuecmeennoti eotinvt um. I1. M. Maweposa,
a/e Jlecnou, 223040, Munckuil pation, berapyce
DMedncoynapoonuiit 2ocyoapcmeenmpiii sxonozuveckutl uncmumym um. A. /. Caxapoea,
Benopyccruii cocyoapcmeennbiil yHugepcumen,
yi. [Joneobpoockas, 23/1, 220070, e. Munck, Benapyco
3 PecnyOnuKkanCKutl HayuHO-NPAKMUYEecKUll Yermp OHKONo2ul u Meouyurckol paouonozuu um. H. H. Anexcanoposa,
a/e Jlecnou, 223040, Munckuil pation, berapyce

O0pa3sen LUTHPOBAHUMA:

CwmomsikoBa PM, Momaan AM, Hlnagapyk EM, Jlosunckas OB,
T'aneenko EB. IlporHocrtuueckue KpuTepun OLEHKH OCJIOMKHEH-
HOTO TedeHus! KopoHaBupycHol napexnun COVID-19. JKypuan
benopycckoeo 2ocyoapcmeennozo ynusepcumema. IKonozus.
2023;4:53-64.
https://doi.org//10.46646/2521-683X/2023-4-53-64

For citation:

Smolyakova RM, Molchan AM, Spadaruk KM, Lozinskaya OV,
Gapeenko EV. Prognostic criteria for assessing complicated
course of COVID-19 coronavirus infection. Journal of the Be-
larusian State University. Ecology. 2023;4:53—64. Russian.
https://doi.org//10.46646/2521-683X/2023-4-53-64

ABTOpBI:

Pauca Muxaitnosna Cmonakoea — IOKTOp OHOIOTHYECKUX
HayK, mpodeccop; 3aBeyIONIHii KITMHUKO-IHarHOCTHYESCKOH J1a-
Ooparopueii.

Anna Muxaiinoena Monuan — Bpad BbICIIEH KaTeropuH; 3ame-
CTHUTEIb IIABHOTO Bpaya 110 MEIUIIMHCKON YacTH.

Examepuna Muxaitnosna Illnaoapyx — xanmumat OHOIIO-
TUYECKHUX HayK, JOLEHT; MOUEHT Kadeapsl o0meil Omomoruu
U TEHETHKH.

Onvea Bnaoucnagogna Jlo3unckaa — crapiuuil npenojgasareib
kadenpsl o0mIelt OMONIOTHH U TeHETHKH.

T'aneenko Enena Bnaoumupoena — xanmunatr OuoJoru4eckux
HayK; 3aBEeJYIOIIUI OHKOJIOTMYECKUM OTICICHUEM BHUPYCOJIO-
THH.

Authors:

Raisa M. Smolyakova, doctor of sciences (biological), full
professor; head of the clinical diagnostic laboratory.
smol60@mail.ru

Alla M. Molchan, doctor of the highest category; deputy chief
physician for the medical part.

Katsiaryna M. Shpadaruk, PhD (biology), docent; associate
professor at the department of general biology and genetics.
katshp@tut.by

Olga V. Lozinskaya, senior lecturer at the department of general
biology and genetics.

aromia@rambler.ru

Elena V. Gapeenko, PhD (biology); head of the department of
oncology of virology.

Gapeenko@bk.ru

53



Kypnaa Besopycckoro rocylapcTBeHHOro yHuBepcutera. JxoJorust. 2023;4:53—64
Journal of the Belarusian State University. Ecology. 2023;4:53—-64

ITpoananmm3upoBaHbl B MPOIECCE KOMIIEKCHOTO JICUCHHUS] HAPYILIEHHUsI B TOMEOCTa3€e, JUarHOCTUPOBAHHbBIE Y MANCHTOB
¢ ONaronpHUsATHBIM TIPOTHO30M H C OCJIOKHEHHBIM TeueHHeM KopoHaBupycHor uHpeknnn SARS-CoV-2, nony4asimx jede-
Hue B 'Y «PecryOnukaHCKui KIIMHUYECKUI TOCIUTaNIb HHBAIH10B Benukoit OteuecTBeHHOM BoitHbI nMenu [1. M. Maruepo-
Ba» B 2020-2021 rr. [Tepsyto rpymity (7 = 100) cocTaBrIM TAUMEHTHI C OCIOKHEHHBIM TEUEHHUEM KOPOHABUPYCHOW MH(EKIINU
1 ONaronpHsATHBIM TPOTHO30M, BO BTOpylo rpymy (7 = 100) BKIIFOYEHBI ManueHTsl ¢ ocioxkaenneM tedeHnss COVID-19
W HeONMaronpusTHBIM MPOTHO30M. [pyriy KoHTpos (7 = 70) coCTaBUIM JMIa, HE NMEIOIINE MATOJIOTHH 110 KIIMHUKO-aHAM-
HECTHYECKUM JaHHBIM B IepHof oOcienoBanus. Bo Bcex rpymnmax oOciemyemble JuIa ObUTH COMOCTaBUMBI IO BO3PAcTy
u noity. ['emarosioruueckre UCciieJOBaH s BBIMOJIHEHBI MAIMEHTaM ¢ KOPOHABUPYCHOM MH(pEKIMel B TMHAMUKE KOMILJIEKCHO-
ro JieueHus Ha 1-e, 5-e u 10-e cyTku. AHAJIN3 MOMYYSHHBIX JAHHBIX TIOKa3ajl CTaTUCTUYECKH 3HaUnMbIe paznuuus (p < 0,05)
M3y4aeMbIX KJIETOUHBIX MTOKa3aresel nepudepudeckoil kposu (yposers COD, obliee cojiepskaHue JISUKOIUTOB, OTHOCHTEIIb-
HOE COZIep)KaHne MaJOUYKOsAEPHBIX HEHTPO(UIIOB, CErMEHTOSIEPHBIX HEUTPODHIOB, JTMM(POIMTOB) ¥ MHTEIPAIBHBIX reMa-
TOJIOTHMYIECKHX MTOKa3aTesel KJICTOYHOW PeaKTHBHOCTH OpraHu3Ma (MH/IEKC COOTHOIICHUS JIEHKOIMTOB M CKOPOCTH OCEIaHMs
sputpounToB (MJICOD), neixonnTapHblii nHASKC HHTOKCHKAIwH 1o Kamsd-Kamdy (JIMU), mHIEKC COOTHOIICHUS HEHTPO-
¢unoB u MonorroB (MCHM), nnzaekc coorHomienust Hertpodunos u sumMdormtoB (MCHJT)) 1Mo OTHOMIEHUIO K KOHTPOITIO
Ha 10-¢ cyTku HaOmrofeHus. Ha ocHOBe M3yucHHUsT TUHAMHUKKM WHTETPAIbHBIX MMOKa3aTesell roMeocrasa pa3paboTaHa HOBas
KJIMHHMKO-JIa00paTopHasl CUCTeMa OLIEHKH CTENEHH TSDKECTH 00111ero ()yHKIMOHAIBHOTO COCTOSIHHS OpraHn3Ma, KoTopast 11o-
3BOJISICT IIPOTHO3WPOBATH PA3BUTHE CHCTEMHOTO BOCTIAIIMTEIIFHOTO OTBETA, HEHTPOPHILHOTO B3phIBA» U MOBBICUTH d((ek-
TUBHOCTH KOMIDIEKCHOH Tepariy y MaueHToB ¢ KopoHaBupycHO# nHpekmueit COVID-19.

Knrouesvie cnosa: xoponasupycHas uadekiust SARS-CoV-2; nHTerpaibHbIe reMaToIOrHYSCKIe TI0Ka3aTeld KICTOYHOM
PCaKTUBHOCTH OPraHNU3Ma; CHCTeMa Ja00PaTOPHOI OIICHKHU CTEIICHH TSXKECTH (DYHKITMOHAIBHOTO COCTOSHISI OPTaHU3Ma.

PROGNOSTIC CRITERIA FOR ASSESSING COMPLICATED COURSE OF
COVID-19 CORONAVIRUS INFECTION

R. M. SMOLYAKOVA*, A. M. MOLCHAN, K. M. SPADARUK®, O. V. LOZINSKAYA®, E. V. GAPEENKO*
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Liasny Agro-town, 223040, Minsk region, Belarus
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°N. N. Alexandrov National Camcer Center of Belarus,
Liasny Agro-town, 223040, Minsk region, Belarus
Corresponding author: R. M. Smolyakova (smol60@mail.ru)

The article analyzes in the dynamics of complex treatment disturbances in homeostasis diagnosed in patients with
a favorable prognosis and with a complicated course of coronavirus infection SARS-CoV-2, who received treatment at the
Republican Clinical Hospital for Disabled Persons of the Great Patriotic War named after P. M. Masherov in 2020-2021.
The first group (n = 100) included patients with a complicated course of coronavirus infection and a favorable prognosis;
the second group (n = 100) included patients with a complicated course of COVID-19 and a poor prognosis. The control
group (n = 70) consisted of persons who had no pathology according to clinical and anamnestic data during the examination
period. In all groups, the subjects were comparable in age and gender. Hematological studies were performed in patients
with coronavirus infection in the dynamics of complex treatment on the 1st, 5Sth and 10th day. Analysis of the data obtained
showed statistically significant differences (p < 0.05) in the studied cellular indicators of peripheral blood (ESR level, total
leukocyte content, relative content of band neutrophils, segmented neutrophils, lymphocytes) and integral hematological
indicators of the body’s cellular reactivity (leukocyte ratio and rate index erythrocyte sedimentation rate (ILSE), Kalf-Kalif
leukocyte intoxication index (LII), neutrophil-monocyte ratio index (MNRI), neutrophil-lymphocyte ratio index (NLRI))
in relation to the control on the 10th day of observation. Based on the study of the dynamics of integral indicators of
homeostasis, a new clinical and laboratory system has been developed for assessing the severity of the general functional
state of the body, which makes it possible to predict the development of a systemic inflammatory response, a «neutrophil
explosion» and increase the effectiveness of complex therapy in patients with coronavirus infection COVID-19.

Keywords: coronavirus infection SARS-CoV-2; integral hematological indicators of the body’s cellular reactivity;
a system for laboratory assessment of the severity of the functional state of the body.

BBenenne

B Hacrosiee BpeMst He BRI3BIBACT COMHEHHH TOT (pakT, uto smmaemust COVID-19 («coronavirus disease 2019»)
NpE/ICTaBIsIeT cO0OW YPE3BBIUANHYIO CHUTYAIHIO MEKIYHAPOIHOTO 3HAYCHUS. AHAIM3 KIMHUYECKUX JIAHHBIX
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MAIeHTOB C OCTPOH KOPOHABUPYCHOW MH(EKINEeH CBUAETENHCTBYET, YTO TSHKECTh CHUMIITOMOB BapbHUPYET OT
JIETKOTO TPHUIIIIONOA00HOTO 3a00I€BaHus 10 TSHKETIOW BUPYCHOM ITHEBMOHWH, PUBOAAIIEH K OCTPOMY pecIiupa-
TOPHOMY JIUCTPECC-CHHIPOMY, & B PSZIE CITydaeB, U JETAIbHOMY HCXOAY. PeTpocieKTHBHAS OIIeHKa KIIMHUIECKUX
1 J1abopaTopHbIX JaHHBIX manueHToB ¢ COVID-19 cocobcTBoBana pa3paboTke HAYyIHO-MCCICAOBATEIECKIMHE
TpyTIaM# MPOTHOCTHYECKNX MOJIENIEH pHCKa Pa3BUTHS TSDKEIOTO 3a00IeBaHMs U HEOIaronpusaTHOTO NCXOA.

Metaanamm3 30 uccienoBanuii (53 ThIc. 3a00I€BaHUI) TTO3BOIIII CTPATH(HUIIMPOBATH TAIIMCHTOB HA PaH-
Heit ctamuu COVID-19 ¢ mmoxum mporHo3oM. B auHaMuKe HaOMIOACHUS YCTAHOBJICHBI TOBBIIICHHBIE YPOBHH
C-peaxtusHoro 6enka (CPb), JI/II' u D-gumepa, a Takxke CHIDKEHHE KOJIMYECTBA TPOMOOIMTOB U JINMM(OITUTOB
B KpoBH [1].

BrImomHeHHBIN HCCTenoBaTesIMA MeTaananu3 13 uccnenoBanuii ¢ yaactuem 3 027 manueHToB ¢ HHGEKInen
SARS-CoV-2 nokazai, 9To KIMHHYECKHE TPOSBICHNS, aCCOITMHUPOBAHHBIC C IMXOPATKOU M OJBIITKON, CBSI3aHBI
¢ mporpeccupoBanueM 3adoneBanms. YpoBau ACT > 40 en/mn, JIII" > 245 en/n u xpearnauHa > 133 MOIIB/T CBH-
JIETeIbCTBYIOT O PA3BUTHHN JUCQYHKIIH TIEICHH U TTOYEK U HEOOXOIMMOCTH CBOEBPEMEHHOTO PUHSITHS TEPATeB-
THYECKHUX Mep IS TIPEIOTBPAIICHHS YXYAIMIECHUS COCTOSTHHS TTAaIieHTOB [2].

['pymmoii nccnemoBareneit mox pykoBoactBoM Wynants, et al. mpoanamuzupoBano 145 MPOrHOCTHYECKUX MO-
Jieneil v c/ieaH BBIBOJ O HETeNIeCO00pPa3HOCTH MCITOIB30BaHMUS KAaKUX-JIN00 MOIeIel B KIITMHUYECKOH MPaKTHKE.
[IpenukTopbl, KOTOpPBIE OBUTH BBISABICHBI B MPOLIECCE TMPOBEACHHON paboThI, CIEAyeT paccMaTpuBarh Kak KaH-
TUAATHI U Pa3pabOTKH HOBBIX, Oojiee CTPOTHX Mojeleil. BmecTe ¢ TeM maHHOW TPYITON aBTOPOB BBIACICHBI
Takue nokazarenn, kak CPb, orHomenwe nerrpodmior k mumdonmram u JIJII" B kauecTBe HanboIee 3HATUMBIX
MIPOTHOCTHYECKUX JIAOOPATOPHBIX MapKepoB TeueHus 3adoneBanns COVID-19 [3].

Tax, puck paszsutus Tspkenon popmser COVID-19 moBsImaeTcs ¢ yBeTMUISHUEM YHCITa IPOTHOCTHIECKUX (hak-
TopoB. CieoBaTeNbHO, B MPOrHOCTHYECKON MOJIENH TPEATIOYTEHNE OTBOAUTCS OOBEKTUBHBIM KOJTMIECTBEHHBIM
MTOKA3aTesIM, TT0 KOTOPBIM JTIOKa3aHbl JOCTOBEPHO 3HAYMMBIE PA3ITUYMS B 3HAYCHUSAX TTAPAMETPOB MEXK/Ty TaIieH-
TaMH B TPYTIAX C TSHKEIBIM COCTOSTHIEM W CPEIHEH CTENEHH TSHKECTH: KOJIMYECTBO JICHKOIUTOB (8,2 + 3,4 mpo-
THB 6,3 + 3,2; p=0,017), Heitrrpodmnos (7,1 £+ 3,4 mpotus 4,1 + 3,0; p <0,001), mumdbonmros (0,7 £ 0,3 mpoTHB
1,6 £0,7; p <0,001), rpomboruToB (184,7 + 75,3 mpotus 259,8 £ 104,6; p = 0,002) [4].

JlokxazaHo, 9T0 UMMYHHBIH 0TBET X03sHa Ha SARS-CoV-2 urpaet pemaroniyro poib B TaTOTeHe3¢ U KITMHUIC-
ckux nposiBrieHustx COVID-19. [Tokazano, uto SARS-CoV-2 He TONBEKO aKTHBHPYET MPOTHBOBUPYCHBIC HMMYH-
HBIE OTBETHI, HO U CIIOCOOCTBYET BOZHUKHOBEHHIO HEKOHTPOJIHPYEMBIX BOCTIAJIUTEIHBIX PEaKIUN, XapaKTepH3y-
FOIIIUXCST BRIPAKEHHBIM BHIOPOCOM ITPOBOCIIATTMTEIBHBIX ITATOKWHOB Y TIAIIMEHTOB C Tshkemon popmoit COVID-19,
YTO MPUBOIMT K TUMQONEHNH, TUCHYHKINN TUM(OIUTOB ¥ aHOMAJIMSIM TPAHYJIOIMTOB M MOHOIMTOB. J{aHHBIE
HapyIIeHNs B CHCTEME HMMYHHUTETA, B OOJIBITUHCTBE CITy4aeB, COMPSHKEHBI C Pa3BUTHEM BTOPHYHBIX OaKTepHalTb-
HBIX WHEKIMHA, CENTHYECKOTO II0KA 1 TSHKEJION TIOMOPTaHHOM HETOCTaTOYHOCTH ¢ HeOIarONpPUSTHBIM UCXOIOM.

Metaanamm3 11 uccienoBannii mokaszai, yTo TuMdoneHus (onpenensemMas Kak aOCOTIOTHOE KOJIMIECTBO JIM-
¢ouutos < 0,6x10°/1) Gu1a HanOOIEE YACTOM 0COOEHHOCTHIO YMEPIIMX MAMEHTOB [5; 6]. JIumdonenus TecHo
CBSI3aHA C TSDKENBIM TE€UeHHEM 3aboneBaHus [4; 5] U sBISETCS MOKa3aHWUEM ISl TOCTIMTAIN3AIAN MAI[IeHTOB
B OT/IeJICHNE MHTEHCUBHOU Teparmu [6]. [IpenioxkeHa mporaocTuyeckast MoJeNlb, OCHOBaHHAS Ha MOZCYETE JINM-
(oM TOB B IBYX BPEMEHHBIX TOUKAX: Y MAeHTOB MeHee ueM ¢ 20 % mumdoruToB B 10—-12-it qHE OT MOSIBIEHUS
CUMIITOMOB 1 MeHee 5 % mumdonnToB B 17—19-# 1HM AHarHOCTUPOBAHBI HEOIATONIPUATHBIE HCXOMBI [7].

B perpocnekTHBHBIX HCCIEAOBAHUAX OOJBIIMHCTBA HAyYHO-MCCIENOBATEIHCKUX TPYMN TOKa3aHO, YTO
HEUTPODIIIHS ABIICTCS BBIpAKCHUEM TUIIEPBOCTATUTEIFHOTO cocTostHus mpu COVID-19 u Tspxenmoro Tede-
HUs 3a007I€BaHNUS C HCXO/IOM B KpuTHdeckoe. ViMeeTcs Touka 3peHwsl, YTO HeUTPODUITHS IBISIETCS TPU3HAKOM
Pa3BUTHS BTOPUYHOW OaKTepruanbHON WH(EKINH, CTENeHb HEUTPOPIIINHA KOPPETUPYET C TAKECTHIO COCTOS-
HUSI TTAITMEHTOB U MPOTHO30M [8].

B kpuTHuecknx COCTOSHHSIX HamOoJee pacipOCTPaHEHHBIMH OCIIOKHEHHSMH, aCCONMHPOBAHHBIMH C He-
OIaronmpuUATHBIM UCXOIOM, SABIAIOTCA BTropnyHas nHbpekiusa (90 npotus 40 %), ocTphlil peciupaTopHbBIN auC-
tpecc-curapom (40-90 mpotus 4 %), centuyeckuii mok (45 mpotus 0 %), ocTpas moYeYHAsT HEAOCTATOYHOCTh
(10-20 %), octpas ceprmeunas HemocTarodHOCTh (20 mpoTB 2 %) M IMCCEMUHUPOBAHHOE BHYTPHUCOCYIHCTOE
ceepteiBanme (JIBC; > 20 mpotus 0 %) [9].

Pazpabotka (hakropoB mporuosa y manueHToB ¢ COVID-19 umeer mepBocTeNneHHOE 3HAUSHUE IS CTPATH-
(buKaIK U1 C TTOBBIIIIEHHBIM PUCKOM HEOIArOMPHUATHOTO MICXO/a M MPHUHATHS HEOTIIOKHBIX TePAITeBTHUECKIX
pEIIeHH T CHIDKEHHS JIETaTbHOCTH.

B macrosimiee Bpems 10Ka3aHO, 9TO OCHOBHBIMHU (DaKTOpaMH PHICKA TSHKEJIOT0 TEYEHHS KOPOHABUPYCHOM
WHQEKITUH SBISTIOTCS TTOXKHUIION BO3PACT, XPOHUYECKHE COIyTCTBYIOIINE 3a00IeBaHMs (Cep/IeTHO-COCYANCTHIE,
3a005IeBaHus JIETKUX, CaXapHBIN AWAa0eT W TUIEPTEH3N), TeMIieparypa tena > 37,8 °C, 1ByCTOpOHHHE JIeTOY-
HbIe WHOWIBTPATHI, TOBBIIIIEHHBIE YPOBHHU KIIMHUKO-THATHOCTUYECKIX TMOKa3aTelleil CHCTEMHOTO BOCIIAICHHS.
PerpocniekTrBHasI OlleHKA IMOKa3ajia, YTo JIeTAbHbIC HCXOMbl TipH BUpycHON nHpekmmu SARS-CoV-2 accorun-
POBaHBI, B OOJBIIMHCTBE CITy9aeB C Pa3BUTHEM CHHIPOMA TIOTHOPTaHHOW HEOCTATOYHOCTH.
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B MHOTOYHCIIEHHBIX HCCIIEAOBAHUSX MOKa3aHo, 9To tuMdornenus y 80 % marueHToB colpsbkeHa ¢ KpaiHe
TsoxenbiM COVID-19 u xoppenupyeT ¢ HeOIaromprusaTHBEIM HCXOIOM.

Tak, muMQOTIeHNs, TIOBBIIICHHE COACPKAHUS B KPOBU MPOBOCIATUTENLHBIX MAPKEPOB M IIMTOKUHOB, THIIEP-
KOATYJISIHS XapakTepu3ytoT Tsokenoe tedeane COVID-19, uto 00bscHseT pasHooOpa3ne KIIMHNICCKON KapTHHBI
3a00JIeBaHuUs OT OECCUMITTOMHBIX JIO TSKEJIBIX M KpallHE TSDKEIbIX CITydaes.

BwMmecte ¢ TeM 70 HACTOSIIIETO BPEMEHH OCTAFOTCS IO KOHIA HEM3YYCHHBIMH MEXaHU3MbI B3aHMMOJICHCTBHS
Brupyca SARS-CoV-2 ¢ oprann3MoM-BUPYCOHOCHUTEIEM U ACIIEKTHI BEI3EIBAEMOTO UM 3a00JICBaHHUS.

[IpoBeneHHBIN aHANTN3 MUPOBOM JIUTEPATYPHI 10 U3YYCHUIO TIPOTHOCTUYECKUX KIMHUKO-TA00PaTOPHBIX OHO-
MapKepoB, XapaKTePU3YIOMINX CTETIeHb TSUKeCTH TarieHToB ¢ nHpekmueit SARS-CoV-2, mokasan akTyaabHOCTb
pa3paboTKH ¥ anpoOAaIUK HOBBIX MMPOTHOCTHYECKUX MOJIENIEH OIIEHKH (DYHKIIMOHAIBHOTO COCTOsIHUS TTAIUCHTOR
JUTSL IPUHSITHSL HEOTIIOKHBIX TEPANIeBTUUECKUX PEIICHUI TIPU BEICHUH TSDKEJIOTO U KpaiHe TSHKENIOro KOHTHHTeH-
ta manueaToB ¢ COVID-19.

OOnwmii aHaM3 KPOBH C OMPEJCICHUEM YPOBHS SPUTPOILUTOB, T€MATOKPUTA, JICHKOIIUTOB, TPOMOOIUTOB,
JEUKOIUTAPHOW (POPMYIIBI, CKOPOCTH OCEIAaHUsI SPUTPOILIUTOB MO3BOIISIET KOHTPOJIMPOBATH OOIIEe COCTOSHHE
TaIMeHTa U KOCBEHHO OIICHHUTH CTETICHb €T TsbKeCcTH. B GonpmmHCTBE cimydaeB y mamueHToB COVID-19 npn
COCTOSTHHHM CPEITHEH TSDKECTH U TSHKEJIOM COCTOSIHUM HAOMIoaeTCs JIeHKONeH s, TUM(OTIEHHSI, pexe — TpoMOo-
UTOTIEHHS. Pa3BUTHE OCTPOTO JUCTPECC-CHHAPOMA B JIAHHOW TPYIIE MAIMEHTOB XapaKTepU3yeTcs JeHKOIH-
TO30M 32 c4eT abCONOTHOW HelTpodunru 1 auMporneHny. B HacTosiiee BpeMst CYIIECTBYET MPENOIOKEHHE
0 MexanuMax pazBuTws uMdorenun mpu COVID-19, xoTopoe 3akimodaeTcss B HHPHUITUPOBAHUH JTUM(OIINTOB
HaIpsSIMyI0 BUPYCOM, B OCHOBHOM T-KJieTok ¢ «ucromenuem» CD4 + u CD8 + KIIeTOK U ToJaBICHHEM KJIETOY-
HOTO UMMYHHOTO oTBeTa [10].

IIpu HebmaronpusitHoM Tedernn COVID-19 ¢ nprcoennHeHreM BTOPHIHON OaKTepHaTbHON HH(DEKIN W Pa3BH-
THEM OCTPOTO PECITUPATOPHOTO JUCTPECC-CUHAPOMA C HEOIATONPHUSTHBIM TIPOrHO30M HH(OPMATHBHOCTE OOIIIETO aHa-
TIM3a KPOBH MEHEe 3Ha4MMa M0 OTHOIIICHHIO K 3HAYSHHUSIM HHTETPabHBIX TeMATOIOTMUECKIX TToKa3aresieii roMeocTasa.

Takum 00pa3oM, y MAIMEHTOB C TSHKENBIM M KpalHEe TSDKENbIM TEUCHHEM KOPOHABUPYCHOW HHQEKIHN
COVID-19 meoOxomuM mOUCK d(PPEKTUBHBIX WH(DOPMATHBHBIX THATHOCTUIECKHX MapKEepPOB, TMO3BOJISIONTHX
OOBEKTHBHO OICHUTHh (PYHKIIMOHAIHLHOE COCTOSHHE MAIMEHTOB, OCYIIECTBISATh JMHAMHYCCKHH MOHUTOPHHT
MPOBOJIUMOI TEpaIruK U MPOTHO3UPOBATH TeUCHHE 3a00IEBAHUS 1 €T0 UCXOJ.

B Hacrosiumii iepuos niepen AMarHoCTHYeCKUMU M KITMHUYECKUMH CITY’)KOaMH OCTPO BCTAeT BOIPOC O MOUCKE,
pa3paboTke, arpoOaITiy M aaNTallid HOBBIX OOBEKTUBHBIX M TUATHOCTHUYECKU 2(PPEKTUBHBIX CITOCOOOB KITMHUYE-
CKOTO BEJICHUSI TSDKEJTBIX U KpaifHE TSDKENBIX MAIMEeHTOB, BEIOOPE KOMITIEKCHBIX TIPOrPaMM JISYSHHS U PeaOUITHTaIIUH.

[enb HAcTOsIIIETO HCCIIEIOBAHMSI — pa3paboTKa MPOrHOCTUIECKUX KPUTEPHEB ONPEICIICHUS CTETICHN TSDKECTH
o01ero (pyHKIIMOHATBHOTO COCTOSTHHS MAIMEHTOB ¢ KOPOHABUPYCHOM MH(EKINel Ha OCHOBE HOBOW KIIMHHKO-
71a00paTOPHON CUCTEMBI OIIEHKH YHJIOTEHHO MHTOKCUKAIIUH TI0 HHTETPATLHBIM TI0KA3aTelIsIM TeMOIPaMMBI C Tie-
JbEO IMHAMHYECKOTO MOHUTOPUHTA ITPOBOMMOM TEparvu U POrHO3MPOBAHUS TEUCHHS 3a00JICBaHUSL.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

MarepuanoM HacTOSIIETO UCCIETOBAHNS SBHUIINCH aHAMHECTHUYECKHE, KIIMHIYECKNe, TabopaTopHO-IHarHo-
CTHUYECKWE TaHHBIE MTAIUeHTOB, OTyYaBIInX JiedeHue B 'Y «PecrmyOnukaHCKuii KITMHAYECKUI TOCTTUTAh HHBA-
munoB Bemukoit OteuectBeHHOM BoiHEI nMenu 1. M. MamrepoBa» B 2020-2021 rr.

ITepsyro rpymry (7 = 100) cocTaBUIM TAIMEHTH C OCIOKHEHHBIM TEUEHHUEM KOPOHABHPYCHON WH(MEKIINH
1 ONaronpuATHBIM MPOTHO30M, BO BTOpYyIO rpymry (7 = 100) BKITIOUEHBI MAIlMEHTHI C OCIOKHEHHEM TEUCHHS
COVID-19 u HebmaronpusaTHEIM TTporHo3oM. ['pymmy koHTposs (n = 70) cOCTaBWIH JINIIA, HE UMEIOIIHE T1aTo-
JIOTHH TI0 KIIMHUKO-aHAMHECTHYECKHM JITAaHHBIM B Tleprof] oOcienoBanms. Bo Bcex rpymnmax oOcieayemble JInia
OBLIH COITOCTABUMEI ITO BO3PACTY M ITOITY.

I'emaronorndeckue ncciieI0BaHNS BBITTIOHEHBI TTAIIMEHTaM C KOPOHABHPYCHOW MH(EKIHEH B THHAMHKE KOM-
MIJIEKCHOTO JieueHus Ha 1-e, 5-e u 10-e cyTku.

OO0muii aHamM3 KPOBH BCEM OOCIIEAyeMbIM BBITIOIHEH HA aBTOMAaTHYECKOM T'€éMaTOJIOTHIECKOM aHAIH3aTope
S-diff XN-350 (Sysmex, SIoHUS) C UCTOIL30BAaHUEM PEArecHTOB M KOHTPOJIBHBIX MaTepPHAIOB ITPOM3BOIUTEIIS
(Sysmex Corporation, Slnonuns).

WHTerpansHbie reMaToI0rnuecKre MoKa3aTey KIETOYHON peakTHBHOCTH OpTraHM3Ma PacCUYUTHIBAIH COTTIACHO
MOJTYYeHHBIM 3HAYCHUSIM TeMOTPAMMBI: HH/IEKC COOTHOIIEHHS JIEHKOIIMTOB M CKOPOCTH OCEIaHUsS IPUTPOIUTOB
(UJICOD), neitkonutapHblit nHAESKC HHTOKCHKAIMHU 1o Kambd-Kamdy (JIMM), naIEeKC COOTHOMIEHNUS HEHTPO-
¢unoB u MmororuToB (MCHM), mameke cootHomeHus HelTpodminos u mMdornuros (MCHJT) [10].

CTaTuCTHUECKYI0 00pabOTKy Pe3yNIbTaTOB NCCIICTOBAHISI TIPOBOIIIIN C IIOMOIILIO MPOTPAMMHOTO obecIiede-
aus SPSS (Bepcus 21, CILIA), STATISTICA (Bepcus 10, CILIA) ¢ mpoBepkoii HOpMaTbHOCTH PACTIPEACTICHIS KO-
JUYIECTBCHHBIX MTOKa3aTeliell B BEIOOPKE ¢ UCTIONB30BaHUEM Kputepus Shapiro- Wilk. KonndecTBeHHbIC 3HAYCHIS
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roKa3aresel He MOUYMHSIINCH HOPMAJIbHOMY 3aKOHY pacTpeieieH s U OTIMCHIBAIUCH B BU/IE METHAHO-KBaPTHIIb-
HBIX XapaKTEePHUCTUK: MenuaHsl 25 u 75-ro neprentuieit — Me (2575 %). [lpn nzydeHnn cTaTUCTHYECKUX pa3-
JTUYHUNA UCCIIEAYEMBIX TIOKa3aTeIe NCToIp30Ban KpuTepuit Mann-Whitney. ]I TOTTapHOCBSI3aHHBIX BAPUAHTOB
(1o — moce) MOCTOBEPHOCTD Pa3IUIHNA OIICHUBAIH 10 KpuTeputo Wilcoxon's. CTaTUCTHUECKH 3HAYNMBIME CUH-
TauCh paznuaus mpu p < 0,05.

Pe3yJII>TaTI>I HCCJICA0OBAHUSA U UX 06cy>1<z[efme

HccnenoBanne AUHAMHKH TeMOTPAMMBI CBHJICTEIBCTBYET, YTO HECIECIUPHUCCKUM KPUTEPUEM OICHKH
WHTOKCHKAIIUK Yy TAlMCHTOB C KOPOHABHPYCHON WHQEKIMEH SBISETCS MOBBINICHHE CKOPOCTH OCEIaHUs
sputporutoB (COD). IIpn ocTpeIX BOoCTIAMUTEIRHBIX 3a0oneBanmssx COD TOBBIMIACTCS CITYCTS CYTKH IOCHE
Havasia 3a00JeBaHus M OCcTaeTcsl BhICOKMM B TeueHue 10 cyrok. Bo3pactanue ypoBHSI JAHHOTO MOKa3arelis
CBHIICTEIHCTBYET O TPHUCOCAMHUBINCHCS OakTepwanbHOl nmHpexkmu. Mennana 3Hadenus COD (puc. 1) Ha
5-e CyTKH KOMIDIEKCHOTO JICUeHHUs 3HAaYUTEIbHO Bo3pocia (p < 0,05) mo 37,4 mm/uac [32,2; 42,0] B 3,6 pasza
B TPYIIIEe MAIMEHTOB ¢ OJaroMpUATHBIM IIPOTHO30M TI0 CpaBHEHHIO ¢ Tpymnmoi koHTpois (10,4 mm/gac [8,6;
12,3]) u octaBanoch BeICOKMM Ha 10-¢ cyTku HaOmoaeHwus — 29,6 mm/gac [28,0; 33,2]. B rpymme nmamueHToB
¢ HeOmaronpusaTHeIM Tporao3oM COD moBbicmiochk B 4,5 pasa (47,2 mM/gac [45,6; 50,2]) Ha 10-e¢ cyTkm
MOHHUTOPHWHTA IT0 CPABHEHUIO C TAaKOBBIM B KOHTpoure (p < 0,05).
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Puc. 1. Yposers COD B nepuepriecKoil KpoBU y MAIIMSHTOB C OJIATONPUSITHEIM IIPOTHO30M
1 C OCTIOKHEHHBIM TEYEHNEM KOPOHABUPYCHOI HHEKIMN B JUHAMUKE JICICHUS

Fig. 1. Level of ESR in peripheral blood in patients with a favorable prognosis
and with a complicated course of coronavirus infection in the dynamics of treatment

Pe3ynbrarhl BBITOJHEHHBIX WCCIEIOBAHUN yCTAHOBHJIM YBEIMYCHHE OOIIEro KOJMYECTBA JICHKOIIMTOB Ha
5-e CyTKH B TPYIIIIE TAIMEHTOB ¢ OIArONPHUATHBIM POrHO30M 110 9,6%10%/1 [8,5; 10,3] B 1,5 pasa 1o cpaBHEHHIO
C KOHTPOJIBHOM TPYIIION, Y KOTOPBIX IAHHBIH MoKa3areib coctaBii 6,3x10%/1 [5,6; 7,0] (p < 0,05); na 10-e cyTku
colepKaHue JISHKOLUTOB HE3HAYUTEIBHO CHU3UIOCH — j10 8,3%10%/1 [7,4; 9,6]. YV mauueHToB ¢ HEONArONpUsT-
HBIM TIPOTHO30M TEUCHHS KOPOHABUPYCHOW MH(EKIINU YPOBEHb JICHKOIIMTOB OCTABAJICS TOBBIIIEHHBIM Ha IPO-
TSOKEHUH BCEX CPOKOB Habmronenus (5-e cytku — 10,8x10%/1 [9,6; 11,9,]) u na 10-e cytku cocrasun 22,4x10°/n
[20,8; 23,0] B 3,6 pa3a 1o OTHOLICHUIO K KOHTPOJbHOM rpymie (p < 0,05). CpaBHUTEIbHBIMU UCCIICAOBAHUSIMU
YCTaHOBJICHO, YTO COJIEP)KaHKE JICUKOLIMTOB B Iepr(epudeckoii KpoBu Ha 10-e CyTKU B rpyIIie NaiueHToB C He-
ONaronpHUATHBIM ITPOrHO30M BHIIIIE B 2,7 pasa Mo CPaBHEHHUIO C MAIleHTaMH C OJaronpusTHBIM Te€YeHHUEM 3a00-
neBanus (p < 0,05) (puc. 2).

B nunamuke neueHus mauueHToB ¢ ocaoxkHeHHbIM TedenrneM COVID-19 B oTnenenuyn MUHTEHCUBHOM Tepanuu
OTMEUEHO JIOCTOBEPHOE YBEIMYCHUE HA 5-€ CYTKU OTHOCUTEIILHOTO KOJIMYECTBA MMaJI0YKOSICPHBIX HEUTPO(IIOB
9,8% [7,7;11,4] B 4,6 paza (p < 0,05) o orHomIeHUIO K rpymie kKoHTpos 2,0 % [1,2; 2,8] (puc. 3). CpaBHUTEND-
HBIE€ MCCIIEJIOBAHUS YCTAHOBWIIM 3HAYMTEIBHOE TIOBBINIEHHE B 6,6 paza ypOoBHS NaIOYKOSICPHBIX HEHTPOQIIOB
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y TallMeHTOB B TPyIIe HebIaronpusaTHoro nporHosa Ha 10-e cytku Teparmmu 13,2 % [10,0; 15,2] mo cpaBHEHHIO
C TaKOBBIM B TPYIIE KOHTPOJS ¥ B 2,75 pa3a 1o CPaBHEHHUIO € MAIMEHTAMK, HMEIOIMHU OIaronpHusITHBIN TPo-
THO3, Y KOTOPBIX JaHHBINA TapameTtp coctaswi 4,8 % [4,4; 5,3] (p < 0,05).
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Puc. 2. YpoBeHb JICHKOIUTOB B NIepU(EpHUISCKOi KPOBH Y MALMEHTOB C OI1aronpusTHHIM IIPOrHO30M
U C OCJIO)KHEHHBIM TEUEHUEM KOPOHABUPYCHOH HH(EKINY B TMHAMUKE JICICHUS

Fig. 2. Level of leukocytes in peripheral blood in patients with a favorable prognosis
and with a complicated course of coronavirus infection in the dynamics of treatment
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Puc. 3. YpoBeHb NaOuKOsACPHBIX HEHTPO(DHIOB B neprudepruueckoil KPOBH Y MAUEHTOB ¢ OJIarONpHATHBIM IPOTHO30M
U C OCJIOKHEHHBIM TEUEHUEM KOPOHABHPYCHOH HH(EKINY B IMHAMUKE JICUCHHUS

Fig. 3. The level of band neutrophils in peripheral blood in patients with a favorable prognosis
and with a complicated course of coronavirus infection in the dynamics of treatment
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CornocTaBUTENbHBIN aHATH3 KOJTMYECTBEHHOTO ITyJIa CETMEHTOSIEPHBIX HEUTPO(PHIIOB Y MAIMEHTOB C OCIOKHEH-
HbIM TeueHrneM COVID-19 BBIIBIII X BRIpaKEHHBIC M3MEHEHHS, KOPPEIUPYIOIINE C UCXOIOM 3a0051eBaHsI (pHC. 4).
B rpyrme nanmeHToB ¢ OiaronpHsTHBIM MIPOTHO30M HAOIONAIOCH YBEIUUCHUE B TEMOTpaMMe CErMEHTOSIICPHBIX
serrpodmios 71,2 % [70,0; 77,0] B 1,3 pa3a Ha 5-e CyTKH 1O CpaBHEHHMIO C TPyIoi KoHTpoia 53,3 % [51,5; 54.,0]
(p < 0,05), Ha 10-e cyTkn ucciemyeMblii IOKa3aTedb CHIDKANCS U coctaBun 67 % [61,1; 72,0]. V marmeHToB ¢ He-
OJATONPHUATHBIM TIPOTHO30M OTMEUECHA TEHJICHIIMS K TIOBBIIICHIIO OTHOCHUTEIHLHOTO KOJTMYECTBA CErMEHTOSIEPHBIX
HEUTPO(HIOB Ha MPOTSHKEHUH BCEX JHEH HaOmroneHus (Ha S-e cytku — 75,0 % [71,0; 82,0]) ¢ MakcuMaisHBIMHA 3Ha-
YeHUsIMH TTokazarens 79,6 % [74,2; 84,0] B 1,5 paza Ha 10-e cyTku 10 OTHOIIEHHIO K TaKOBBIM B KOoHTpoJe (p < 0,05).
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Puc. 4. YpoBeHb CerMEHTOSIICPHBIX HEUTPO(MIIOB B neprepruecKkoil KPOBHU y MALMEHTOB C OJIArONPHUSITHBIM MPOrHO30M
1 C OCJIOKHCHHBIM TEYEHHEM KOPOHABUPYCHOI MHPEKIMU B TMHAMUKE JICUCHHS

Fig. 4. Level of segmented neutrophils in peripheral blood in patients with a favorable prognosis
and with a complicated course of coronavirus infection in the dynamics of treatment

AHanu3 TaHHBIX JTUTEPATYPHl U MPAKTUIECKUX PeKOMEeHAanni no okazanuio nomomm npu COVID-19 noka-
3aJ1, YTO BBIABJISEMBIi Y AIIMEHTOB HEUTPOPUIIBHBIH JEHKOIMTO3 (JIeHKoMTHL >12%10°/11, Helirpoduisl >75 %)
CO C/IBUTOM JICHKOIIUTApHOW (hOPMYJIBI BIICBO, SIBISICTCS HEeCTIEM(DUIECKUM MapKepOM BHPYCHOH IMHEBMOHUHU
U XapaKTepu3yeT NPUCOeTUHEHUE OaKTepUaTbHON HH(EKIIUH.

Pe3ynpsraramMy BBITIOJTHEHHBIX WCCIICAOBAHHUN BBISBICHA BHIPAYKCHHAS JTUMQOIICHHS y MAIMEHTOB C TSHKENIOi
(hopmoii HHPEKIINH, KOTOpasi MOXKET pacCMaTPHUBATHCS KAK CAMOCTOSITEIbHBIN MPOTHOCTUYECKUI Mapkep Heba-
TONPHUATHOTO NMPOTHO3A.

AHanu3 MoNMy4YeHHBIX JaHHBIX TeMOIPaMMbl BBISIBUII CHIDKCHHE CPEJIHECTAaTUCTUYECKUX 3HAYCHUH TMM(OIIH-
TOB y TAIMEHTOB MPU OJaronpusTHOM rporHose 1o 12,4 % [10;1 14,9] B 2,8 paza Ha 5-¢ CyTKHU 110 CPaBHEHHUIO
¢ rpymmoii kouTpois 34,3 % [32,4; 36,1] (p < 0,05). B tunaMuke HaOMIONEHN y TTAIIMEHTOB TAHHOM TPYMIIBI HAa
10-¢ CyTKH yCTAHOBJICHO YBEJIMUCHHE OTHOCUTEIILHOIO KojinuecTra auMdormros B 1,4 pasza 17,1 % [12,4; 20,0],
YTO CTAaTUCTUYECKN 3HAYMMO HIKE B 2 pa3a 10 CPaBHEHHIO C TPyNoil KoHTpodst (p < 0,05). Y manueHToB B KPUTHU-
YECKOM COCTOSTHHH Ha MPOTSHKEHNUN BeeX THEH HaOmonenus (Ha S-¢ cytku — 4,8 % [3,6; 6,4], na 10-e cytkm — 5,2 %
[4,0; 7,2]) BbIsiBIIeHa BhIpaxxeHHast TuMorieHns. Ha 10-e cyTku HaOmoneHns: 00Hapy>KeHO 3HAYUTEIHbHOE CHUKE-
HUE KOJIn4eCcTBa JIUMGOLIUMTOB B 6,6 pa3a 1o CpaBHEHUIO ¢ rpyroi KoHTposis (p < 0,05) (puc. 5) u B 3,3 paza Hike
0 CPaBHEHHMIO C TPyYIIOi OnaronpustHoro nporuosa (p < 0,05). B rpymnrie ¢ HeOnaronpusTHHIM TEYCHUEM KOPO-
HAaBHUPYCHOM OOJIE3HH JIMM(OTICHUsI 0Ka3aJ1aCh JJOCTOBEPHO CBsI3aHA C MOBBIIICHHBIM PUCKOM JIETAILHOTO UCXO/IA.

Taknm 06pa3om, reMaToIoTHuecKre MoKazaTe Iy nepru(epruecKoil KPOBH MO3BOJISIOT CYUTh O BEIPAKEHHOCTH
BOCIAJTUTENLHOTO TIporiecca U 3QPEKTUBHOCTH TPOBOIUMOM TePAIMH MPHU OCTPON KOPOHABUPYCHON HH(EKIUH.

Pe3ynbrarhl BHIIOTHEHHBIX MCCIEOBAaHUH MOKAa3aJId, YTO Pa3BUTHE M MPOTPECCUPOBAHNE BOCIAIUTEIHHOM
peaKIu XapaKTeprU30BaIOCh BO3pAaCTaHUEM YPOBHS HHTErpaiapHoro mapameTpa MJICO3 Ha 1-e cyTku y manueH-
ToB 1-0¥ rpymnmsl ¢ GnmaronpusTHEIM TporHo3oM (1,44 oth. en. [1,40; 1,52]) B 2,8 pa3a, y mareHToB 2-01 TPyTIIIbI
¢ HEOJIArOMPHUSTHBIM IPOrHO30M TEUEHHsI KOpoHaBUpycHOH uHpekuuu (3,43 otH. ex. [2,93; 3,60]) B 6,7 paza o
OTHOIIICHUIO K TakoBoMY B rpytme kouTposst (0,51 ota. ex. [0,46; 0,59]) (p < 0,05).
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Puc. 5. YpoBeHb TMM(OLIUTOB B ITepH(HepHIECKOi KPOBHU y TAIIMEHTOB C OJIATONPUSITHEIM HPOTHO30M
U C OCJIO)KHEHHBIM TEUEHUEM KOPOHABUPYCHOM MH(EKIINH B IMHAMUKE JICICHUS

Fig. 5. The level of lymphocytes in peripheral blood in patients with a favorable prognosis
and a complicated course of coronavirus infection in the dynamics of treatment

Ha 5-e cyTku HaOmroneHus BBISABICHO HE3HAYMTEINBHOE TMOBHIINIEHHE UCCIeyeMoro mnapamerpa o 2,06 oTH.
en. [1,96; 2,24] B 1-ii rpynne nauueHToB U 10 3,53 oTH. en. [3,34; 3,84] Bo 2-ii rpynmne. CpaBHUTEIbHBINA aHAIN3
BBITTOJTHEHHBIX WCCIIEIOBAaHMIA TTOKa3all (pHC. 6) BEIpaKEHHBIN POTUBOBOCIIATMTENBHBIA OTBET OpraHu3Ma y Iia-
LIMEHTOB C KOpOHaBUpPYCcHOH MHpeKkmeil Ha 10-e CyTKH JiedeHusl B TpymIie OIaronpusiTHOro nporxsosa 1o 238 %
(3,43 otH. ex. [3,24; 3,80]), mpu HeOmaronpusTHOM POrHO3e — 10 162 % (5,56 oT1H. ex. [5,54; 5,78]) o oTHOIIE-
HUIO K 3HaueHnaM nokasarens MJICOD Ha 1-e CyTKH, COOTBETCTBEHHO, (D(wilcoxons) < 0,05). ComocTaBuTenbHbIN
aHaIN3 WHTETPATBbHBIX WH/IEKCOB KJIIETOYHON PEaKTHBHOCTHU B MCCIICAYEMBIX TPYIaxX MaIMeHTOB BBISBUII BBIpa-
JKCHHBIC N3MEHEHUS IAHHBIX MToKa3aTenei Ha 10-e CyTKu HaOITIOIeH S IT0 OTHOIIIEHHIO K KOHTPOIIO B 6,72 pa3a mpu
OnmaronpusTHOM TiporHo3e U B 10,9 pa3a mpu HeOMaronpusTHOM TEYSHUH KOpoHaBUpycHo 6omnesnu (p < 0,05).
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Puc. 6. Yposens nokazaresnst M1JICOD y nanueHToB ¢ GJaronpHsTHBIM IPOTHO30M
1 C OCJIOKHCHHBIM TCYEHHEM KOPOHABUPYCHOI MHPEKIIUU PH MOHUTOPUHTE TEPAITH

Fig. 6. ILSER level in patients with a favorable prognosis and with a complicated course of coronavirus infection when monitoring therapy
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PasBuTHE CHHIpOMA CHCTEMHOTO BOCIIAJIHMTENLHOTO OTBETA Y MAIMEHTOB C KOPOHABUPYCHOM HH(pEKIHeH Xa-
pakTepu30BaIoCch yBenndeHneM mapamerpa JIMU wa 1-e cyTkm mpu OnmarompustHoM mporHose (5,41 oTH. e
[5,28; 5,64]) B 5,4 paza, npu HeOmaronpusaTHoM mporHo3e (13,65 otH. exn. [13,22; 13,78]) — B 13,5 paza mo cpas-
HEHUIO CO 3HaueHueM moka3zatens B koutpode (1,01 ota. ex. [0,92; 1,18]) (p < 0,05). Y marueHTOB ¢ 61arompusT-
HBIM IPOTHO30M OTMEUEHO CHIDKeHHUe Ha 10-e cyTku uccnemxyemoro napamerpa JIMU (4,20 otH. ex. [3,93; 5,24])
B 1,3 pa3a mo oTHomeHHIO K 1-bIM cyTkam HabOmromenus. Y manuentoB ¢ COVID-19 mpu HeOmaronpusTHOM
MIPOTHO3€ CHHJIPOM CHCTEMHOTI'O BOCHAIUTEIBHOIO OTBETA C PA3BUTHUEM TSKENBIX JIECTPYKTUBHBIX MPOILECCOB
B OpTraHax W TKaHIX COMPOBOXKIAICS yBenmmdeHueM mokaszarens JIMU ¢ 13,65 otw. ex. [13,22; 13,78] Ha 1-e cyTkmn
1o 33,19 otw. en. [30,90; 36,74] B 2,4 pa3a Ha 10-e cyTku Habmonenus (puc. 7).
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Puc. 7. Ypoens nokasaresnst JINW y narmeHToB ¢ O1aronpusiTHIM IPOrHO30M
1 C OCJIOXXHEHHBIM TeYEHHEM KOPOHABUPYCHOI MHEKIIMN PH MOHUTOPUHTE TePAITH

Fig. 7. LIl level according in patients with a favorable prognosis
and with a complicated course of coronavirus infection when monitoring therapy

PazButne BupycHoi nadekunn SARS-CoV-2 ¢ npucoennHeHneM 0akTepuaibHOTO KOMIIOHEHTa COTPSKEHO
¢ yniyOneHreM JTUC(HYHKIIUMH UMMYHHON CUCTEMbI OpraHu3Ma. Y MalueHTOB 1-0if TpyIibl ypOBEHb MapaMeTpa
WCHJI na 1-e cytku noBsiieH B 3 pasa (7,90 ota. en. [7,20; 8,28]), y manueHTOB ¢ HEOIArONPUATHBIM TIPOTHO-
30M B 7,5 paza (20,14 otH. ex. [19,22; 21,46]) mo oTHOIIEHHIO K KOHTpOIto (2,67 oTH. ex. [2,14; 2,88]) (p < 0,05).
[Ipeobiamanre B reMorpaMMe KJIETOUYHBIX JIEMEHTOB HECHEIM(PUUSCKON 3alUThl HaJl CIIHHAIN3UPOBAHHBIMHU
KJICTKAMU UMMYHHOH 3aIlUThI [IPU TSXKEJIOM TCUCHUH KOPOHABUPYCHON MH(EKIIUK COMTPOBOXKIATIOCH PA3BUTHEM
«HENTpO(UILHOTO B3phIBa» ¢ Bo3pacTanueM nokaszareist ICHJI y manueHToB ¢ HeOIaronpusiTHIM MPOTHO30M
B 9,1 paza (24,32 otH. en. [22,48; 25,48]) Ha 10-¢ cyTku HAOIIONCHUS 110 CPABHEHUIO C TAKOBBIM B KOHTPOJIE.
VY nanueHToB ¢ OJAroNpHUsITHBIM MPOTHO30M Ha 5-¢ CyTKHM HAOJFOA/IOCh MOBBIIICHUE JAHHOIO TOKA3aTess JI0
11,80 otH. ex. [10,98; 13,65], a 3atrem Ha 10-¢ cyTKH OTMEUEHA TCHACHIINS K MOHIDKEHUIO 3HAYCHUN N3y9aeMOTO
napametpa 1o 7,88 otH. en. [6,92; 8,22] (p > 0,05) (puc. 8).

AKTHUBAIMSI MUKPO- ¥ MakpogarajibHON CUCTEMbI 3allUThl Y JAHHBIX MMAIMCHTOB BhISIBIJIA MTOBBIIICHUE 3HA-
yenuii nokazareist UICHM B 1-oii rpynme Ha 1-¢ cytku B 1,3 paza (15,24 otH. en. [13,65; 15,80]), npu HeOa-
TONIPHUATHOM TIporHo3e — (mo 27,76 otH. exd. [24,58; 30,90]) B 2,3 pa3a mo cpaBHEHHUIO C TAKOBHIM B KOHTPO-
ne (11,83 orn. en. [11,02; 13,28]) (p < 0,05) (puc. 9). B rpymnne naieHToB ¢ OI1aronpusTHHIM IPOTHO30M Ha
5-e CyTKH HaOIII0/1aI0Ch MOBBIIICHUE JTAHHOTO rmokasareis 1o 24,51 orH. en. [22,28; 26,52] ¢ mocieayonmm
noHmxenueM Ha 10-e cyTku HaOmronenus 1o 16,80 otH. en. [24,58; 30,90]. V nanueHToB ¢ HEOIArONPHUSITHBIM
MIPOTHO30M OTMEYeHa TeHJeHIMs K noBbimeHnio ypoBHs WCHM Ha mpotsykeHnn Bcex nHel HaOmroneHus (Ha
5-e cytku — 42,73 otH. en. [37,80; 45,06] ¢ MakcUManbHBIME 3HAUYCHUSIMU TIoKa3arenst 10 43,47 otH. ex. [41,98;
45,14] B 3,7 paza Ha 10-e CyTKH 110 OTHOIIECHHUIO K TAKOBBEIM B KOHTpoute (p < 0,05).

Takum 00pa3oM, MHTErPAJIbHBIC MOKA3aTENIM KICTOUHOW PEAKTHMBHOCTH T'OMEOCTa3a IMO3BOJISIOT MPOTHO3M-
pPOBaTh pa3BUTHE CHCTEMHOI'O BOCIIAIUTEIILHOTO OTBETA U «HEUTPO(DHUIBLHOIO B3phIBA», UCXO]l 3a00JICBaHUS TIPH
0CTpOIl KOPOHABUPYCHOW MH(EKITUH.
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Fig. 8. IRNL level in patients with a favorable prognosis
and with a complicated course of coronavirus infection when monitoring therapy
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Puc. 9. Yposens nokasarenss MCHM y nanueHToB ¢ G1aronpusSTHEIM IPOTHO30M
U C OCTIOXKHEHHBIM TEYEHHEM KOPOHABUPYCHOH HH(EKIMU IPH MOHHUTOPHHTE TEPAiy

Fig. 9. IRNM level in patients with a favorable prognosis and with a complicated course of coronavirus infection when monitoring therapy

CoBpeMeHHbII YpOBeHb pa3BUTHS (pyHIaMEHTaIbHOW M KIMHUYECKOM MEAMIIMHBI OCHOBBIBACTCS HA MHTE-
TPAJILHOM MaTEMATUYECKOM OLIEHKE TNAarHOCTUYECKON LIEHHOCTU OTAEIBHBIX CUMIITOMOB U KIIMHUKO-IUarHOCTH-
YECKUX TECTOB.

JI71s1 KOJMMYEeCTBEHHOM OLICHKU CTEIEHH TSXKECTH COCTOSHUS NMALUEHTa, IMPOTHO3UPOBAHUS MCX0/1a TEUCHUs
3a00s1eBaHuUs MPUMEHSIOTCS MHTETpaJibHbIe METUIIMHCKHE TTOKa3aTeH .
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HccnenoBanme reMorpaMMBbl ITOKa3asio, YTO Pa3BUTHE OCTPOrO WH(EKIIMOHHOTO 3a00J€BaHUs, CBSI3aHHOTO
¢ HOBEIM mTaMMoM Bupyca SARS-CoV-2, o0ycoBieHs! 6051ee HU3KIM ITOPOTOM BO30YIUMOCTH CUCTEMBI KPOBH
10 CPAaBHEHMIO C APYTMMHA (PyHKIIMOHAIFHBIMH CHCTEMaMH opraHu3Ma. Kak mpaBmiio, ToMeocTas OTIHYaeTCs
OBICTPBIM pearnpoBaHNEM Ha M3MEHEHUS BHEITHEW 1 BHYTPEHHEH Cpebl.

VYBenuueHue 9uciia JSHKOITUTOB B TIepu(epHUIecKOil KPOBH SIBISICTCS CIIECACTBHEM CHCTEMHOW MH(EKITHOH-
HOHM BOCITATUTEIFHON pPEakInyd — CHEH(PUICSCKON MMaToIorHdeckoil GopMBbl OOIIEero amxanTalliOHHOTO OTBETa
opranmsMa Ha BHpyCHYyI0 nH(eKIuio. [[oBbimenne abcomoTHOTO KOINYEeCTBa JIEUKOLMTOB C YBETHUEHHEM IPO-
IIEHTHOTO CONEPKaHUs HEHTPODUIHLHBIX ()OPM CBHUICTEIHCTBOBAIO 00 YBEIIMICHHOM TIOTPEOICHUH JICHKOIINTOB
B Oyarax MmoBPEXK/ICHHS.

ConocTaBUTEeNbHBIN aHAIN3 MHTErPATBHBIX WHAEKCOB KJIETOYHON PEaKTHBHOCTH Yy TAIMEHTOB C OCIOKHEH-
HBIM T€UCHHEM KOPOHABUPYCHOM MH(MEKITMEH BEIIBIII, YTO N3MEHEHNE HECTICTIM(PUIECKOHN aTanTalimoHHON peak-
MU XapaKTepH30Bajach MOBBIMIEHHEM KIETOYHON PEaKTUBHOCTH C YITyOJCHHEM CHCTEMHOH BOCIAIUTEIHHOM
pEaxIyy, OBBIIIIEHNEM JIEMKOIIUTAPHOTO WHAEKCA HHTOKCHKAIINH, TPe0bIalaHieM B JIMKOTpaMMe KIETOYHOTO
myJ1a Hecenn(hUIeCKO 3alHThI.

OcTtpoe pa3BuTHE HHPEKIIHOHHOTO MPOIEcca ¢ MPENMYIIIECTBEHHBIM OPAKEHHEM JIETKUX B aHATTN3UPyEeMOH
TpyTITe MAIEHTOB COMPOBOKIAIOCH aKTHBHU3AINEH BOCTIATUTEIFHO-HEKPOTHIECKHX MIPOIIECCOB, 3HAYNTEIHHBIM
yBenmueHueM (B 5,8 pasza) JEHKOIUTapHOTO WHACKCAa WHTOKCUKAIINY, aKTUBH3AITEH TIPOIIeCCOB Hecmenndude-
CKOH 3aIIMTHI M MHUIHALIMEH THIIePIyBCTBUTEIFHOCTH HEMEAJIEHHOTO THIIA.

IIpoBeneHHBIMU MCCIIEOBAHUSMHI yCTAHOBJICHO, YTO ITyOOKHE U3MEHEHHUSI B IMMYHHOU CHCTeME y TalieH-
TOB IIPH HOBOM IIITAMM€ KOPOHABUPYCHON MH(M)EKINHU SBIISETCS OIXHUM M3 ONPEAETSIOMUX (PaKTOPOB TEUEHUS
3a0oneBanus. Tak, 3HAYMMAas BEIPAYKEHHOCTH Ta00PATOPHBIX IPOSIBIICHUH HMMYHO/IE(DUITNTA XapaKTepHU30Baiach
WHTeHCH (UK peaknnii Hecenn(hUIecKO 3aIUThl ¢ HapyIIeHHeM COOTHOIIEHUSI MUKpOQaraibHO-MaKpo-
(haraipHOM crcTeMBI 1 TIpeodnaganreM d(h(HEeKTOPHBIX 3BEHhEB HIMMYHOJIOTHIECKOTO TIpoIiecca.

Takum 00pa3oM, HA OCHOBE MOHHUTOPWHTA BBHITOJHEHHBIX HCCIEIOBAaHUI WHTETPaJbHBIX TMOKa3aTesiei re-
MOTpaMMBbI pa3padoTaHa KIMHUKO-TA00paTopHas CHCTeMa OLEHKH dHJIOTEHHOW WHTOKCHKAIIMH, TIO3BOJIIONIAs
00BEKTHBHO, 0 KOJMYECTBEHHBIM TapaMeTpaM OMpPEAETUTh CTETeHb TSHKECTH MAIEeHTOB ¢ KOPOHABHPYCHOM
nH(peKIner, pa3padoTarb KOMITIEKCHBIN TIIaH JISYEHUS TIPHU Pa3BUTHH OCIOXHEHHUH, IPOBOINTH MOHUTOPHHT
JICUEHUS U YCTAaHOBUTH MTPOTHO3 (TA0IHUIIA).

CucreMa OlIeHKHU CTeNeH! TSKeCTH JHI0TeHHOI HHTOKCUKAauu y nanuenTos ¢ COVID-19

System for assessing the severity of endogenous intoxication in patients with COVID-19

CTeneHb TSHKECTH SHIOTOKCEMHU
Iloxaszarenn Kontpons 11 (cpenneii I v
I (;erkast) N
TSDKECTH) (TspKenast) (xpaifHe TsDKeNas)
YCC, mun ! 749+ 1,25 102,9 + 3,67 116,5 + 3,96 126,2 + 4,29 130,6 2,89
YT, mun ! 16,35+ 1,62 23,52 + 1,21 26,15+2,34 30,4 £ 1,54 32,48+ 1,75
H Jlerxoe YmMepeHnHoe I'my6okoe Kowma (ymepennas,
apyIeHue QyHKIHA Ore 5
ITHC YTCTBYIOT OIJyllIEHUE OMNIYLIEHHE OINyILlIEHUE riryookas,
CO3HaHUs CO3HAHUSA CO3HaHUs 3anpenenbHas)
JINN, yca. en. 1,01 £0,06 4,82 + 0,28 7,68 + 1,57 15,53 +£ 1,36 23,72 +2,75
NJICOD, yen. en. 0,518 £ 0,04 2,79 £0,54 3,43 +0,37 4,05 + 0,87 5,35+ 0,69
HCHM, ycu. en. 11,83 +£3,22 17,53 £2,89 26,53 +3,47 32,2+4,25 40,39 + 4,58
HCIJIM, ycn. en. 5,78 £0,83 32+0,73 2,34+ 0,54 1,98 +£ 0,42 1,57+ 0,31
WCHJL, ycn. en. 2,67 £0,06 8,89 £0,75 11,78 £ 1,24 22,36 +2,38 25,58 £2,04
NCIJL, yen. en. 2,30+ 0,09 3,78 £ 0,06 6,87 +0,21 11,39 + 0,47 15,25+ 0,53
3akiouenue

VY nauuentoB ¢ kopoHaBupycHoi nHpekuueit COVID-19 pa3purue Hecrenuuueckoil a1anTaioHHO-KOM-
MICHCATOPHON PEaKLUUH Pa3IUYHON CTENEHH BBIPAKEHHOCTH CONPSDKEHO C BBICOKMM HANpPSDKEHHEM CTpecc-
peanu3yIomnX MEXaHU3MOB PETYISIUN U Pa3BUTHEM OCJIOKHEHHUH. [ oMeocTa3 NallMeHToB ¢ OCIOKHEHHBIM Te-
YEHHUEM KOPOHABHPYCHOW MH(EKLNHU XapaKTepHU30Bajcs JOCTOBEPHO 3HAYMMBIMU U3MEHEHUSIMHU HHTEIPAIbHBIX
MoKazaTeslel KJIETOYHOW PEaKTMBHOCTU OPraHM3Ma, MO3BOJIIOMIMMH NPOrHO3MPOBATh TEUECHHE 3a00JIeBaHMUs
1 €r0 UCXOJ B MPOLECCe KOMIUIEKCHOTO JICUCHUSI.
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DHJOTeHHas! MHTOKCHUKAITUS TIPU Pa3BUTHH OCIIOKHEHUH TEUEHUSI KOPOHABUPYCHOW HH(MEKIINH XapaKTepu3y-
ercs [-IV cTeneHs MU TSKECTU, KOTOPHIM COOTBETCTBYIOT Pa3HbIE MATOT€HETUYECKUE YPOBHU HAPYLIEHUH T'yMO-
PATBHBIX MEXaHNU3MOB PETYISAINN, COCTOSHUS OPraHOB OMOTpaHC(HOPMAIINH U SIMUMUHAIINN, PACCTPONUCTB TOMe-
octaza. Mcrons3zoBanne nudhepeHImpoBaHHOTO TOIX0/a K OIIEHKE TeMaTOIOTHIECKIX CIBUTOB B MOHUTOPHHTE
TEpaIuy MO3BOJSIET IPOTHO3UPOBATH PUCK PA3BUTHSI OCIOKHEHUH M HEOIArompuATHBINA UCXO]I.

OOBbeKTUBHAS OIIEHKA CTETICHH TSDKECTH SHIOTCHHOW MHTOKCUKAITNH Y TTAITHEHTOB C OCTPOi BUpyCcHOH SARS-
CoV-2 nnbexiue Ha KITHHAYECKOM YPOBHE BKJIIOUAET MCIIONB30BaHNE, HAPSIY C JAaHHBIMH KIaCCHYECKOU Te-
MOTPaMMBbI, HH()OPMATHBHBIE W TIPOTHOCTUYECKH 3HAYMMBIE MTOKA3aTeNN KIETOYHOW PeaKTUBHOCTH OpPTaHN3Ma,
KOTOPBIE B MHTETPATIBHON (POpPME TOCTOBEPHO OTPAKAIOT (PYHKITMOHAIEHOE COCTOSIHUE OCHOBHBIX OPTraHOB M CH-
CTeM JKH3HEOOECTIeueHUsI OPTraHN3Ma, BBIPAXKEHHOCTh CHCTEMHOHN BOCIIAIMTENBHOW PEaKIiy, KaTaOoIMIeCcKnuX
MIPOIIECCOB M SHIOTOKCEMHIO.

WHTerpanpHble MoKa3areny KJIETOYHON PeaKTHBHOCTH TOME0CTa3a MO3BOJIAIOT IPOTHO3UPOBATh Pa3BUTHE CH-
CTEMHOTO BOCIIQJIUTEIBHOTO OTBETA M «HEHTPOQIIFHOTO B3PBIBaY, ICXOM 3a00JI€BaHMUS IIPH OCTPOH KOPOHABU-
PYCHO# HH(EKITHH.
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OLEHKA ITOTEHLHUAAA BUOTOIIAUBA
KAK MECTHOTI'O NICTOYHUKA BO3OBHOBASAEMOUN OHEPTUN

0. H. POJJbKHH", E. B. 3EJIEHYX0?, B. H. JTTYXOBCKHH?

Y Meoicoynapoonwiii 2ocydapcmeennoiil sxonozuveckuil uncmumym um. A. JI. Caxaposa,
benopyccxuii cocyoapcmeennwiil ynusepcumen,
yi. [loneobpoockas, 23/1, 220070, o. Munck, Benapyce
DBenopycckuti HAYUOHATbHBLI MEXHUYECKUL YHUBEPCUmen,
np. Hesasucumocmu, 65, 220123, 2. Munck, benapyco

MecTHBIEC HICTOYHUKH YHEPTUH, OCHOBY KOTOPBIX COCTABIISIET TBEPAOE OPraHMYEeCKOE TOIUTHBO, HI'PAIOT 3HAYUTEIBHYIO POITh
B 9HepreruyeckoM Oanance Pecryomiku benapycs. K kareropuu MECTHBIX OTHOCSITCS KaK BO30OHOBIISICMbIC HCTOYHUKH SHEP-
THH, TaK ¥ HEBO30OHOBIISIEMBIE, B TIEPBYIO odepens Topd. Hamboree mepcrneKTHBHRIMUA MCTOYHUKAMHI BO30OHOBIISIEMOTO OHO-
TOTLIMBA JIJISl PHEPTETHUECKUX Tierielt B PecrryOnuke benapych SBISIIOTCS paCTUTENBbHBIE OCTATKH 3€PHOBBIX KYJIBTYP (ColoMa),
KYKypy3bl Ha 3¢pHO, [IepepadOTKH JIbHA M €CTECTBEHHbIE O0JIOTHBIE TPABBI, HE HCIIOJIb3yeMbIe B KAY€CTBE KOPMOB IS CEJTLCKO-
XO3SHCTBEHHOT0 YKUBOTHOBOZICTBA. CyMMapHbIH ITOTEHIIMAN [IOJIyYEeH s BO30OOHOBIISIEMOM OMOMACChI Ha SHEPTeTHYECKHE 1IN
B CTPaHE I10 SKCIIEPTHBIM OIIEHKaM COCTABJISIET CBBIIIE 2 MITH T Y. T., U3 KOTOPOTO B HACTOSIIEE BPEMsI, 110 pacuyeTaM, OCHOBAH-
HBIM Ha KOJIMYECTBE JICHCTBYIOINX OMO’HEPTETHUECKUX YCTaHOBOK, HcToib3yeTcs He 6omee 10 %. K HecoMHeHHOMY M OCHOB-
HOMY NTPEHMYILECTBY BO30OHOBIISIEMBIX HCTOYHUKOB OTHOCHTCSI HyJIeBasi 9MUCCHS HAPHUKOBBIX ra3oB. KoimyecTso 1rokcua
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yIIepoza, KOTopoe BBIOpackIBACTCS B OKPYIKAIOIIYIO CPENy, YTUIIM3UPYETCS PacTeHHsIMHU B nponecce dporocuHresa. [loren-
[abHOEe CHIKEHHE BBIOPOCOB NMApHHUKOBBIX Ta30B B CIIydae 3aMEHbl MCKOMAeMbIX SHEPrOHOCHTENEH Ha BO30OHOBIsIEMOE
OuoTomMBo B MacuiTabax crpanbl cocTaBut oosee 4 MitH T CO,-3kBHBaseHT. [1py 9KOI0rHYeCKoil OlieHKe BO30OHOBIISIEMO#
Oromacchl HEOOXOIMMO YUUTBIBATh, YTO €€ yTHIIM3ALHs ISl TIOJyYSHHS! IIEKTPHYECKOH U TEIIIOBOM SHEPIHHU TaKKe SIBIISIETCS
OIHUM M3 (JaKTOPOB BO3ACHCTBHS Ha OKPYIKAIOIIYIO CPELy. DTO BIMSIHHUE XapaKTepPU3yeTCsl XUMHIECKUM 3arpsi3HeHHeM OHo-
cdepsl (BBIOPOCH M COPOCHI 3arpsI3HAIOLINX BELISCTB B ra3000pa3sHOM, )KUJIKOM U TBEPIOM COCTOSHHH ), TEIUIOBBIM 3arpsi3He-
HHMEeM BO3IYLIHOTO OacceifHa 1 BOAHBIX 00BEKTOB, (D3HYSCKUM BO3ACHCTBHEM, & TAKKE H3bATHEM NIPUPOIHBIX PECYPCOB IS
TEXHOJIOTHUECKUX HYXK/ U Pa3MeIIeHUsT OCHOBHOM IUIOIIAKH 00BbeKTa SHepreTuku. 1o pesynbraTaM HCclieioBaHUNA JKCIIe-
PUMEHTaJIbHBIX 00PA3L0B TBEPJOro MECTHOIO TOILIMBA YCTAHOBIICHO, YTO BO30OHOBIIIEMOE OHOTOILIUBO SIBIAETCS OOJIee KO-
JIOTUYHBIM B CPaBHEHUH ¢ OpuKeTaMu U3 (pe3epHoro Topda, Tak Kak B 00pasiax coIOMbl U JPEBECHBIX OTXOJIOB COAEPIKUTCS
3HAYNTEIHFHO MEHBIIE TSDKEIBIX METAJUIOB, a30Ta M CEphI.

Knouesvte cnosa: GuoToIIMBO; COIOMa; TOP(Q; BO30OHOBIISIEMbIC HCTOYHUKH SHEPTUH; TSUKEIIBIC METAJLIbI, BO3ICHCTBHE
Ha OKPY>KaIOIIYIO CPETy.
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Local energy sources are solid fossil fuels, which play a role in the energy balance of the Republic of Belarus. The
category includes both renewable energy sources and non-renewable, primarily peat. The most promising sources of
vegetable biofuels for energy purposes in the Republic of Belarus are natural stocks after grain crops (straw), corn for
grain, flax processing and natural wetlands grasses which not used as feed for agricultural livestock. The total potential for
obtaining biomass production for energy purposes in the country, according to expert estimates, is over 2 million toe, of
which at present, according to calculations based on a large number of bioenergy installations, no more than 10 % are used.
A credible and major profit of renewable biomass using is zero greenhouse gas emissions. The amount of carbon dioxide
that is released into the environment is utilized by plants through the process of photosynthesis. The potential reduction
in greenhouse gas emissions in the event of replacing fossil fuels in the region with biofuels on a national scale totals
more than 4 million tons of CO,-equivalent. When evaluating the environment of biomass, it must be taken into account
that utilization of biomass for renewable energy is also an environmental impact factor. This influence is characterized by
chemical pollution of the biosphere (emissions and discharges of pollutants in gaseous, liquid and solid states), thermal
pollution of the air and water bodies, physical impact, as well as the withdrawal of natural resources for technological
needs and the placement of the main site of an energy facility. According to the results of experimental studies of solid local
fuels, it was found that renewable biofuel is more environmentally friendly to compare with briquettes from peat, since the
contents of heavy metals, nitrogen and sulfur in straw and wood waste samples is significantly less than in peat.

Keywords: biofuel; straw; peat; renewable energy sources; environmental impact; heavy metals.

BBenenue

MecTHbIE HCTOYHUKU SHEPTUH, OCHOBY KOTOPBIX COCTABJISICT TBEPAOE OPraHUYECKOe TOILUTUBO, UTPAIOT 3Ha-
YUTENBHYIO POJb B dHEepreTuueckom Oanance PecryOnuku benapycs. B coorBercTBum ¢ I'ocygapcTBeHHON npo-
rpamMmoit «Heprocoepexenue» Ha 2021-2025 rr., UX g0 AODKHA COCTaBUTH He MeHee 16,5 %. D10 cocob-
CTBYET, Hapsily € HCIOJIb30BAaHMEM aTOMHOW HEPrHH, JOCTHKEHHUIO HOPMATHBHOTO YPOBHS SHEPreTHUECKOH
CaMOCTOSITEIIHOCTH CTPAHbI' .

K kareropun MeCTHBIX OTHOCSTCSI KaKk BO30OHOBIIIEMbIC MCTOYHHKU SHEPIUH, TaK U HEBO3OOHOBISIEMBIC,
B 1epByIo ouepens Topd. K HecOMHEHHOMY U OCHOBHOMY HPEHMYILECTBY BO30OHOBIISIEMBIX HCTOYHUKOB, OIS
KOTOPBIX B BasIoBOM NoTpedneHnn TOP (TormmBHO-3HEpreTHYECKUX pecypcoB) K 2025 I 10JKHA COCTABIISATH HE
Mmenee 8 %, OTHOCHUTCS HyJIeBasi SMUCCHS TAPHUKOBBIX T'a30B. B cooTBeTcTBHU € pemeHusMH Kuorckoro mpo-
TOKOJIa W JPYTHX coriamieHui, smodas [lapmwkckoe cornamenue 2020 1., BBIOPOCH! MapHUKOBBIX ra30B MpU

'TocymapcrBeHHas mporpamma «DHeprocbepeskerne» Ha 2021-2025 rr. Y1B. mocraHosienneM CoBera MuHHCTpoB PecmyOmukn
Benapyce Ne 103 ot 24.02.2021 1.
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C)KMTaHWW BO30OHOBIISIEMOI OMOMAaCCHl YHEPTETHUECKUX KYJIBTYp HE IPUHUMAIOTCS B pacyeT MPH OIpeesIeHIH
yrieponusix KBoT [1]. KonmngecTBo nuokcuma yrimeposaa, KOTOpoe BBIOPACHIBAETCS B OKPYIKAIOIIYIO CPEey, yTH-
TM3UPYETCs] paCTEHUSIMH B TIporiecce (hOTOCHHTE3a, a (PUTOMAcCa UBBI OTHOCUTCS K KaTETOPUU BO30OHOBIIIEMBIX
HCTOYHUKOB DHEPTUHU U CUUTACTCSA «HEHTPAIHHBIMY TOTUTHBOM.

TeMm HE MeHee, TTPH dKOJIOTHYECKON OIIEHKE BO30OHOBIIIEMO OMOMAcCHl HEOOXOANMO yUUTHIBATh, UYTO €€ YTH-
TIU3AIHA IS IOy YeHHS DJIEKTPUIECKON B TETITIOBOM DHEPTUH TaKKe SBIISIETCS OHUM U3 (PaKTOPOB BO3AECHUCTBHS
Ha OKPYXKAIOIIYI0 CPeay. JTO BIMSHHUE XapaKTEpHU3YeTCs XMMHUCCKHM 3arps3HeHueM Omochepsl (BBIOPOCH
1 cOPOCHI 3arps3HAIONINX BEIIECTB B Ta3000pa3HOM, YKHUIKOM M TBEPIOM COCTOSHHH), TETUIOBBIM 3arpA3HEHHUEM
BO3AYIIHOTO OacceiiHa W BOJHBIX 00BEKTOB, (PM3NIECKIM BO3IEUCTBHEM, a TAK)KE U3bATHEM MTPUPOAHBIX pPecyp-
COB JUTSI TEXHOJIOTUIECKHUX HYXK[ I Pa3MEIIeHNsT OCHOBHOH TIOMIAIKH 00bEKTa SHEPTETHUKH.

K gncny BakHEeHIIIX MpoOeM, CBI3aHHBIX CO COKUTAHWEM OPTraHHMYEeCKOTO TOTUINBA, OTHOCATCS BRIOPOCHI 3a-
TPSI3HSIONTUX BEIIECTB B aTMOC(HEPHBIN BO3TyX, OCHOBHBIMHU M3 KOTOPBIX SIBIIIOTCS OKCUABI a30Ta (NOX), oKch
yrepona (CO), nnokcua cepsl (SO,), TBepAble YaCTHUIIHEI M TAPHUKOBBIC Ta3bl. Takue 3arpsA3HSIONINe BEIISCTBa,
KaK TsDKENTbIE METaJUTbl, CTOMKHE OpraHuYeckue 3arps3uutenu (nuokcunsl/pypansl, [1Xb, I'Xb, ITAY), mocty-
MAlOT B aTMOC(EPHBINA BO3IYX B HEOOIBIIINX KOJMYECTBAX, OJTHAKO MOTYT OKa3bIBaTh 3HAYMTEIHHOE BO3ICHICTBUE
Ha COCTOSTHHE OKPY’KarOIIeH CpelIbl B CBA3U C TEM, YTO 00T Jaf0T BEICOKOH TOKCHYHOCTBIO MITH YCTOMYHNBOCTHIO.

O06pazoBaHne BEIOPOCOB OKCHIOB CEPHI CBSI3aHO C MPUCYTCTBHUEM Cephbl B TOIUIHBE. OpraHudecKoe TOTUINBO
COZIEP>KUT Cepy B BHJIE HEOPTAHWIECKUX CYIb(PHUIOB UM OPTaHUIECKUX coeanHeHwH. Cpenu OKCHIOB Cephl, 00-
pasyIoIMXCs B IPOILIECCE CKUTAHMS, 3HAYUTENBHO rpeodnanaet auokeus (SO,).

OCHOBHBIMH OKCHIAMH a30Ta, 00pa3yIOIIUMICS B MPOIECCEe CKUTAHHS OPTraHWYECKUX BUIOB TOIUINBA, SB-
nstorest okennt azora (NO), aumokenn azora (NO,) u 3akuch azota (N,O). Ilepsrie nBa coemuuenuss NO u NO,
o0pazytoT cmech NOX, koTopas cocTasisieT 0onee 90 % Bcex BHIOPOCOB OKCHIOB a30Ta KPYITHBIX TOTUTMBOCKH-
raromux ycTaHoBOK. CyIIecTBYIOT TP OCHOBHBIX MeXaHH3Ma oOpazoBaHua NOX, KOTOpPBIE XapaKTePHU3YIOTCS
HACTOYHUKOM a30Ta M YCIOBUSAMH MIPOTEKAaHUS peakiun: «tepmuaeckney NOX 00pa3yroTcs B pe3ysabTare peakiiui
MEX]Ty KHCIOPOIIOM M 230TOM BO3/yXa; «ToIuuBHBIE» NOX (hOpMHUPYIOTCS U3 a30Ta, COMIEPIKAIIETOCS B TOTUTHBE;
«OpIcTpBIe» NOX (hOPMHPYIOTCS B pe3yibTaTe Ipeo0pa3oBaHus MOJIEKYISPHOTO a30Ta’.

B kadecTBe IpOMEKyTOTHOTO TIPOAYKTa ropeHus oopa3yercs okcun yriepoaa (CO), 0coOeHHO TTPH HECTEXHO-
MeTpuIecKuX ycioBusax. Oopazosanne CO yka3pIBaeT Ha HETIOJHOE CTOPAHUE TOTUIMBA, UTO MPUBOIUT K CHIDKE-
auto KII/[ koTensHOM yCTaHOBKH, a Takke pUCKY Koppo3uu. Mexarnm3mbl GopmupoBaaus CO, «TepMHUIECKIX)
NO u neryunx opranndecknx coequaennid (JIOC) 3aBUCAT OT YCIIOBUI TOPEHUSI.

BrIOpOCH! TSHKENBIX METAIUIOB SBISTIOTCS PE3YNETaTOM MX €CTECTBEHHOTO TPHCYTCTBHUS B OPraHIMYECKOM TOIIIH-
Be'. B HacTostiee BpeMsi K YKCITy TSOKEIBIX METAIIOB, KOTOPBIE ONPEIEIIAIOTCS PU CKUTAHUH TBEPIOTO TOILIHMBA,
OTHOCSTCS: KaJIMUH U €T0 COSTMHEHU (B TIepecueTe Ha KaIMUi ); MeIb U €€ COSAMHEHMS (B TIepecueTe Ha MeIb); HH-
KeJIst OKCHT (B TIEpecUeTe Ha HUKEIIh ); PTYTh U €€ COSANHEHMS (B ITepecdeTe Ha PTYTh); CBHHEI] M €r0 HEOPTaHIMIECKHUE
coearHeHS (B TIepecdeTe Ha CBUHEIN); XpOMa TPEXBAJICHTHBIC COSMMHEHNS (B TIEpecUeTe Ha XPOM TPEXBAJICHTHBIN);
[IMHK ¥ €r0 COeIMHEHNS (B MepecyeTe Ha IIMHK); MBIIIBSIK, HEOPraHNIECKUE COSTMHEHNS (B ITepecyeTe Ha MBIIIBSK).

BrIOpOCH! TSDKENBIX METAIUIOB B aTMOC(EPHBIN BO3IyX MPU CKUTAHUH TOIUIMBA OCYIIECTBISIOTCSA TPEUMYIIIe-
CTBEHHO C TBEP/IBIMH YacCTUI[aMH. BEIOPOCHI pTyTH OCYIIIECTBIIIOTCS C TBEPABIMH YaCTHIIAMH U B TTApOTa30Boii (haze.

Taxum 0Opa3zoM, TIpH OIIEHKE MMOTEHIMAa UCTIONB30BaHHs OMOTOIIIMBA [T TIPOU3BOJICTBA YHEPTUH HEOOXO-
JIMMO YYHUTHIBATh HE TOJIEKO €r0 HAIWYHE, HO ¥ BO3MOKHOE BO3ICHICTBHE HA OKPYIKAIOIIYIO CPEy.

Ilens uccenoBaHuii — SKCIIEPTHAS OIICHKA PeCypcoB BO300HOBIsSIEMOl Omomacchl B Pecrryonmke bemapych
1 YPOBEHb €€ TIOTEHIINATBHOTO BO3IEHCTBUS Ha OKPY’KAIOIIYIO CPEly B CPABHEHNH C HEBO300OHOBISIEMbIMH BH/1a-
MU TBEP/IOTO OPTaHUIECKOTO TOTUINBA.

Pe3yJII>TaTI>I HCCJICAOBAHUSA U UX 06cy>1<z[efme

K morennmansapiM 1 HarOoJee MepCrieKTHBHBIM UCTOYHIKAM BO300OHOBIISIEMOI OMOMACCHI, KOTOPYIO MOXKHO
3¢ GEKTHBHO HCIIONB30BATH TS TPOU3BOCTBA DHEPTUH, MOKHO OTHECTH PACTHTENBHBIE OCTATKH, OJHOJIETHHUE
¥ MHOTOJIETHHE TPABBI, DHEPTETHYECKUE KYIBTYPHI [2].

Cenvcroxossicmeennvie pacmumenvivle ocmamky. C yd4eToM IPUPOAHO-KIMMATHUYECKUX U XO3sHCTBEHHBIX
YCIOBUI Haleil cTpaHbl HauboJiee MEpPCIEKTHBHBIMU JUIS OMO3HEPTEeTHKH KYJIBTYpaMH SIBISIIOTCS KyKypy3a,

2TKIT 17.02-17-2019 (33140). Oxpana oKpy»Karomei cpejibl U IPUPOIONOoNb30BaHke. Hannyuime JoCTyHbIE TEXHUIECKHE METOIbI
UL TOIUIUBOCKUTAIOIINX YCTaHOBOK Telao3HepreTuku. Munck, 2019.

3TKIT 17.08-01-2006 (02120). OxpaHa oKpy>Karowieil cpelpl U MPUPOAONoNb30Banie. ATMochepa. BeIOpOCk 3arpsA3HAOMIMX BEIIECTB
B atMocepHbIii Bo3ayx. [Topsiok onpeneneHust BEIOPOCOB MPH CKUTAHUH TOIIMBA B KOTJIAX TEIUIONPOM3BOIUTEIBHOCTHIO 10 25 MBT.
Munck, 2006.

4TKII 17.08-14-2011 (02120). Oxpana oKpy»aroIlieil cpeipl i IPUPOAONOIb30BaHne. ATMochepa. BEIOPOCH! 3arps3HSIONIMX BENIECTB
B armocdepHbIit Bo3ayx. [IpaBuina pacuera BEIOPOCOB TsDKENBIX MeTauioB. Musck, 201 1.
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paric, MHOTOJIETHHE TPaBhl, 3ePHOBBIE W 3€pHOO000BEIE KyIBTYphl. B Pecrybnmuke bemapych muromanp mamrHm,
3aHATON TIOJT O3UMBIMHU U SPOBBIMH 3€PHOBBIMH KYJIBTYPaMH, 33 TOCIIEIHEE JIECATIIIETHE OCTAeTCS IOCTATOYHO
CTaOMIIEHOM, a cpemHul BaoBOi cOOp 3epHA B CTpaHE MPHOMIKAETCS K 8—9 MITH T, YTO COOTBETCTBYET IPOM3-
BOJZICTBY MpHOII3UTENsHO 9—10 MITH T costomst [3].

Bo3MOXXHOCTE BBIIETICHHS OTPEIeNICHHBIX 00REMOB COIOMBI B Ka4eCTBE OMOTOIUTMBA 3aBUCHUT OT psiaa ¢ax-
TOPOB, OTHAKO 3TO KOJMYECTBO SABIISETCS HeCTaOMIbHBIM. [l0TeHIIMaNpHEIN 00beM HCTIONB30BAHMS COJIOMEI B Ka-
YecTBe OMOTOIUIMBA Ha PETHOHAIEHOM YPOBHE OIPEIENSeTCs ¢ yUeTOM ee MPUMEHEHUs Ha APYTHe Meld U 110
SKCTIEPTHBIM OTleHKaM cocTaBisieT 20-25 % [4].

OCHOBHOM 00BEM COJIOMBI UCITONB3YETCS B )KHBOTHOBOJICTBE [5] B KaU4eCTBE MOACTHIIKU C TIOCIIEAYIOITUM TI0-
JTy4eHHEeM OpraHHYeCcKuX YIOOpEeHNH, a ee 9acTh U3 001ero o0bemMa pacxoayeTcsl Ha KOPMOBBIE TIeITH, IS YKPBI-
THS, 3aTIAXUBACTCS B Ka4eCTBE OPraHWMYECKUX yao0peHuit u 1. 1. [Ipu cpemHeM rogoBoM MPOM3BOICTBE COIOMBI
B bemapycu mpu pacueTHOM COOTHOIIEHUH 3epHO/conoma kKak 1:1,2 okoio 10 MutH T B KadecTBe OMOTOILTHBA
MOKHO HCIIOJB30BaTh 2—3 MIIH T 0€3 ymiepOa A IPYTHX MOTPEOHOCTEH. ITO KONMMUYECTBO MPHOIM3UTEIHEHO
skBUBaJeHTHO 0,6—0,9 MJIH T y. T. IPU PHEPTrETUYECKON IIEHHOCTH COJIOMEHHBIX OCTAaTKOB, KOTOpas 3aBUCUT OT
BJIQKHOCTH | IPyTHX (akTopoB B npeaenax 10—17 MJx/kr.

Bo3MoXHBII 00beM NCTIOTB30BAHMS COJIOMBI Ha YHEPTETHYECKUE IIETN B paMKaX KOHKPETHOTO X03sCTBa MO-
KeT OBITH YCTAHOBJICH ITOCJIC pacueTa OayaHca ee moTpedIeHne U COOTBETCTBYIOIIETO YKOHOMHYECKOTO 000CHO-
BaHMs. TeXHUYECKH TOCTYIHBIE PECYPCHI CEThCKOXO3IHCTBEHHOM KYIBTYPBI ITPH YOOPKE YpOkasi pacCUUTHIBAIOT-
Cs1 TIO COOTHOIIICHHIO YPOXKAWMHOCTH COJIOMa-3epHO. JlaHHBII 1MoKa3arenp He SBIsSETCS CTAOMIBHBIM U 3aBUCHUT OT
COpTa, TEHOTHIIA, arPOTEXHUKH BBIPAIIINBAHUS, TOTOIHBIX YCIOBUH U T. 1.

IlepcrieKTHBHBIMU 711 SHEPTETUYECKHUX IIeNIel SBISIOTCS OCTATKH TMOCie yOOpKH W mepepaboTKH JIbHA
M KyKypy3bl Ha 3epHO. [lmomann sTuX KyapTyp 3a MOCIETHUE TOABI COCTABIAIOT COOTBETCTBEHHO OKOJIO 50
1 220 ThIC. TEKTApOB.

Oononemnue u mHozonemnue mpasvl. OMTHONETHIE U MHOTOJIETHHE TPABhI — MOTEHIINAIBHBINA HCTOYHUK OHOMac-
CBI JIJI DHEpreTHYeCKuX 1esneid. [nomany oqHoneTHIX TpaB B CTPYKTYpe MaxOTHBIX 3eMenb Pecyonnku benmapych
COCTAaBJISTIOT 0KOJI0 650 ThIC. Ta, MHOTOJIETHHUX — OKOJIO 1,4 THIC. Ta, IyTOBBIX 3eMeib — 0KkoJo 1,4 miH ra. CymmapHas
TUTOIIAIb TTACTOMIIL, JTyTOB M TIOCEBOB MHOTOJIETHHX TPaB B CTPaHE COCTABISIET OKOJIO 3,5 MiH Ta [6; 15].

CremyeT OTMETHTh, 9YTO OCHOBHOI 00BEM MOTYyJaeMON ¢ 3THUX TUTOMIAaeH MPOAYKIINH HCTIONB3YETCsl Ha KOp-
MoBbIe 11eH. [103TOMy OTHUM M3 MEepCTIEeKTUBHBIX HANPABICHUH SBIISETCS MPUMEHEHHE B Ka4eCTBE ONOTOIIINBA
€CTEeCTBEHHOW PacTUTEIBHOCTH, KOTOPAs MO PsAY MPUYHH MAJIO UCTIONB3YETCs B KAUECTBE KOPMa JIJISL C/X JKUBOT-
HBIX. Takue BUAbI TPAaBIHUCTBIX PACTEHHI, KaK TPOCTHUK, KAHAPEEYHHK, OCOKA — 9TO €CTECTBEHHBIE MHOTOJIET-
HHE TPaBbl, KOTOPbIE HE MPEJICTABISIOT OOJBIION IEHHOCTH B KauecTBe KOPMOB. OJIHUM M3 HCTOYHHKOB 0OJIOT-
HOMW PaCTHTENLHOCTH SIBISIFOTCS BRIPAOOTaHHBIE TOP(SHUKH, TOCIIE TIPOBENICHUS JOTIOIHUTEIBHBIX MEPOIPUSITHI
M0 PEKYABTUBAIIMH KOTOPHIX MOKHO TOSTy4aTh OWOMAccCy sl TPOU3BOJCTBAa BO30OHOBIIEMO YHEPTUH. TaKoi
TIO/IXOJ] UIMEET JIOTIOTHUTENILHOE TIPEUMYIIIECTBO, TAK KaK TEPPUTOPHH OCYIICHHBIX BEIPAOOTAHHBIX TOP(PSIHUKOB
BCJIEZICTBHE Pa3sIoKeHHs Topda, SIBISIOTCS MCTOYHUKOM 0Opa30BaHUS MapHUKOBBIX Ta3oB. Jnokcun yriepona
MOYXHO aKKyMYJHPOBATh B PaCTUTEIBHOM OnoMacce, 94To CHMKAET ero amMuccuio B armochepy. Kpome Toro, mis
YBEIMUYCHUS IPOYyKTUBHOCTH €CTECTBEHHOMN OOJIOTHON PacTUTENBHOCTH, KaK ITPaBUIIO, OOBOIHSIOT TEPPUTOPHU
BBIPAOOTaHHBIX TOP(SIHUKOB, MCIONB3Ys JCUCTBYIONIHE WM 3aKOHCEPBHPOBAHHBIC MEIMOPATUBHBIE CHCTEMBI,
o0ecrnieynBaeT CHIKEHNE SMUCCHN TTAPHUKOBBIX Ta30B U MPETSTCTBYET Pa3IokeHHI0 TopdsHoro cios [7].

Ha teppuropusix BbIpaO0OTaHHBIX TOPQSIHUKOB B TIEPBbBIE TOJBI TIOCIIE TPEKpalIeHus J00buu Topda OTCyT-
CTBYIOT YCJIOBHS JJIsl BEr€TaIlH PacTeHUH, HO 0OBOAHEHHE TEPPUTOPHUI MTO3BOJISIET PEIIUTH 3Ty npodiemy. [lo-
TEHIMAJIbHO B bemapycu MoryT ObITh TOBTOPHO 3a00J109€HbI M BOCCTaHOBJICHBI 0K0JI0 SO0 000 ra BeipaOOTaHHBIX
TOp(SHUKOB, HANOOJIEE PEATHCTUYHO B KPAaTKOCPOYHON MEPCIEKTHBE, COMTACHO IKCIIEPTHBIM OIIEHKAaM, — OKOJIO
120 TBIC. TEKTapOB.

[pu cpennelt ypokaltHOCTH OMOMACCHI €CTECTBEHHBIX TPABOCTOEB C MPOAYKTHBHBIX yYacTKOB OOBOJHEH-
HBIX TOPPIHUKOB 16 T ¢ TeKkTapa CyMMapHBINA BBIXOJ] CO BCEH IUIOMIAN COCTAaBUT 1,9 MITH T, 4TO 3KBHBAJIECHTHO
1,2 maH T y. T. buomacca MoXkeT OBITh HCIIONB30BaHA ISl IPSMOTO CHKUTAHWS, IJIs1 IIPOU3BOJICTBA TIEJUIET U Opu-
KETOB, B TOM YHUCIIE B cCMecH ¢ Ppe3epHbIM Topdom [8]. Takoil moaxo1 sBIIseTcst NEPCIIEKTHBHBIM HANIPABICHUEM
Juist TopdonpeanpusTuid. B aToM ciydae yacte moTpeGHOCTH B TOPQSIHOM ChIphe MOXKET ObITh 3aMEHEHa OHo-
Maccoii, OIy4eHHO! ¢ BBIPAOOTAHHBIX M MOBTOPHO-3a00JI0YEHHBIX YYACTKOB, YTO YBEIHMYUBACT YCTOHYNBOCTD
MPEANPHUATHS U BOSMOXXHOCTH CTA0MILHOTO TIPON3BOJICTBA.

Hapsny ¢ Hanmmuunem 6roMaccsl, KOTOpast MOTEHIIHAILHO MOXKET OBITh MCTIOIb30BaHa B DHEPTETUYECKUX LEISIX,
Ba)XHOE 3HaUeHHe uMeeT ee coctaB. C TOUKM 3peHHUs BO3AECHUCTBHS HA OKPYKAIOUIYIO Cpemly, OfHA U3 HamOosee
CepbEe3HBIX MPOOIIEM — ITO COZIEpKaHNE B OoMacce COeTMHEHHN TKENbIX MeTaioB. OpHEeHTHPOBOYHOE COJIEep-
JKaHHUE TSHKEJTBIX METAJJIOB B TBEPJOM TOIUIMBE PA3ITUYHOTO MPOUCXOXKICHHUS, COTIACHO aHAIN3Y JINTePaTypPHBIX
WCTOYHUKOB H PE3YJIETaTOB COOCTBEHHBIX MCCIIEI0OBAHUM, IPEICTABICHO B Ta0M. 1.
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ConeprkaHue THKEIbIX METAIOB B HCKOTIAEMOM TOTLITMBE MOXKET PAa3NIMUaThCsl B 3aBUCHMOCTH OT MECTOPOXK-
JICHUS1, TITyOMHBI 3aJIeTaHusl ¥ JPYTHX YCIOBHM, a B JPEBECHHE U COJIOME B 3aBUCHMOCTH OT TIOYBBI, BHECCHUS
yAOOpEHUIT U CPEJICTB 3allIUThl pacTeHHU ¥ T. JI. B Ta0in. 1 mpeicTaBieHbl yepeJHEHHbBIE Pe3yIbTaThl OLIEHKH CO-
JepKaHus TSOKEJIBIX METAJJIOB B TBEPIIOM TOTUTHBE, TOTpedsiemoM B Peciyonmke bemapycs [9-12].

Tabonuma 1

Cpennee coaep:kaHue TsKeJbIX MeTAVIOB B TBeP/IOM TOILIHBe, NoTpedasieMoM B Pecnnydinke Besapycs

Table 1

Average content of heavy metals in solid fuel consumed in the Republic of Belarus

T TomAHBa Copep:kaHne TsKeIbIX METAJLIOB, I/T
As Cd Cr Cu Hg Ni Pb Zn
Yroas KaMeHHBIN 1 Oy PBIi, CpeIHee 20,0 0,25 8,3 9,3 0,2 9,2 7,1 36,2
Topd dpesepHbIii 3,8 0,14 1,7 1,6 0,08 0,7 1,1 11,0
TopdsiHbie OpUKETHI 5,0 0,19 23 2,1 0,1 0,9 1,5 14,5
JpoBa TOILITMBHBIE, IPEBECHBIC OTXOBI 0,05 0,08 0,31 1,59 0,01 0,62 0,41 6,5
Conoma 0,02 1,1 9,2 34,2 0,01 4,1 0,7 2,5

Kak crnenyer u3 npencraBieHHBIX JaHHBIX, HAH0O0JIee BBICOKUE ITOKA3aTeH COACPKAHMUS TSHKENIBIX METaIlIOB,
3a UCKJIIOYEHHEM XpoMa U MeJIH, XapaKTepHBbI i yIvis. B qpeBecHbIX 0TX0o/ax coepkKaHue TAKEIbIX METaIOB
HUJKE, YeM B TOP(SHOM TOIUIMBE (Kak B (hpe3epHOM TOIUIMBE, TaK M OpUKeTax) U 1Mo OOJBLIMHCTBY ITOKa3aTeIen
COIOCTaBHMO C COJIOMOM. B coiome conepkutcst 6osbiie Menu, Xxpoma 1 Kaamust. O4eBHIHO, 3TO CBA3aHO C BHE-
CEHHEM MUHEPAJIbHBIX yI0OpeHHid, 0COOEHHO MEU, KOTOpast SBJSIETCS] BXKHBIM U1l HOPMaJIbHOTO MeTaboIu3Ma
pacTeHui 2IIEMEHTOM U B A€ CIIy4aeB BHOCUTCS CIIELUAIIBHO.

TBepable BUIbI TOIUIMBA MPEICTABISIIOT COOOH CIIOKHBIE OPraHnYeCcKre COSANHEHNUS, 00pa30BaHHbIE B OCHOB-
HOM IISITBIO 3JIEMEHTaMHU, — YIJIEPOJIOM, BOJIOPOIOM, KUCIIOPOJIOM, CEPOii M a30ToM. B cocTaB TomimBa Takxe BXO-
JT BJIara ¥ HETOpIOYHe MUHEpaJIbHBIE BEIIECTBA, KOTOPBIE MOCIE Cropanus 00pa3yroT 3oiy. Biara u 30ma — 310
BHEIIHMI OajiacT TOIUIMBA, @ KUCJIOPOA U a30T — BHYTPEHHUH. OCHOBHBIM JIEMEHTOM T'OPIOUEH YacTH SIBIISIETCS
yIIepoa, OH 00yCIIOBIMBAET BhIJeJICHNE HAUOOJbIIEro KomuecTsa Temia. OnHako, yeM Oomblie 10515 yriepoaa
B COCTaBe TBEPIOTO TOIUIMBA, TEM TPyAHEE OHO BOoCIlaMeHsercss. Bogopoa npu cropanuu Beiaenser B 4,4 pasza
OoJibILIe TerJIa, YeM yIIepo, HO ero JI0JIs B COCTaBe TBEPABbIX TOIUIMB HeBenuka. Kuciopon, He Oyay4n Ternooo-
Pa3yIoLIUM IEMEHTOM U CBA3BIBAsI BOJOPOJ U YIIIEPOl, CHIKAET TEIUIOTY CTOpaHHMs, IIOATOMY SIBJISIETCSI DIIEMEH-
TOM HeEKellaTeIbHbBIM.

PesynbraTel ucciaeoBaHusl XMMUYECKOTO COCTaBa 00pa3lioB TBEPIOIO TOIUTMBA, BHIMOJHEHHBIX HA aHAJIU3a-
tope «CHN628» ¢pupmer LECO, npencrasiensl B Tadn. 2—4. Beioop qaHHBIX 00pa31oB 00yCIIOBIEH Pa3BUTHEM
B pecnyOiIHKe MpeanpuaATHi TOp(SHOM, TEHIHOM 1 IepeBooOpadaThIBatoiel mpoMbIuieHHoCTH [13].

HexenarenbHbIMM, ¢ TOUKH 3peHHsI BO3ACHCTBHS Ha OKPY’KAIOILYIO CPey, COESUHEHUSIMHU, BXOSIIUMHU B CO-
CTaB TBEPIOTO TOILIMBA, SBISIOTCS a30T U cepa. KoandyecTBo a30Ta B TBEPIOM TOILUTUBE HEOOIIBILIOE, HO OH CIIOCO-
OeH 00pa30BbIBaTH BPEAHBIE AJIsl OKPY KArOLIel cpe/ibl v yenoBeka okcupl. Cepa pH cropaHuy 00pas3yeT OKCHIIB,
KOTOpBIE MPUBOAAT K KOPPO3UU MeTajlla KOTJIOB U 3arpsi3HEHHIO arMoc(epHoro Bo3myxa. OKCHIBI a30Ta, Cepbl,
yIepoa SIBISIFOTCS. OCHOBHBIMH COCTABIISIFOILIMU KUCIIOTHBIX 10kei (ocankoB) [14]. HanGonee Bicokoe comep-
JKaHUE a30Ta M Cepbl XapakTepHo sl ¢pesepHoro topda. OTXomns! AepeBo0OpaObOTKH NPAKTHUECKH HE COEepKaT
cepbl M OYeHb HE3HAYUTEIILHOE KOJIMYECTBO a30Ta, YTO JeaeT nX Haubosee SKOIOTHYHBIM BHOM TOTLIHBA.

XUMHYECKHH cOCTaB 00yCIOBIMBAET TEINIOTBOPHYIO CIIOCOOHOCTD TOILIMBA, TO €CTh KOJHMYECTBO TEILIOTHI,
KOTOpOe OyJIeT BBIIENISATHCS [IPHU ero cxxuranui. dpesepHsiid Topd conep:kut OoJblie yriiepoa, HO MEHbIIE BOIO-
poza, KOTOPBIH TaKkKe BHOCUT CYLIECTBEHHBIN BKJIAJl B TEIJIOTBOPHYIO CIIOCOOHOCTH TOIIIMBA. Takum 00pa3om,
aHaJM3 XUMHYECKOI'O COCTaBa MOKA3bIBACT, YTO OMOTOILIMBO U3 BO30OHOBISIEMBIX MCTOUYHHKOB IPHU CrOPaHUU
OKa3bIBaeT MEHEE HEraTMBHOE BO3/EHCTBUE HAa OKPYKAIOIILYIO cpeny (aTMOC(EpHBIH BO3AyX) MpH ONU3KUX Be-
JMYMHAX YIETbHOW TEIUIOTHI cropanus. HecoMHEHHBIM MperMyIecTBOM OMOTOIUIMBA U3 BO30OHOBIISIEMBIX HC-
TOYHHUKOB SIBJISIETCS] €T0 «HEUTPAJIBHOCTBY OTHOCUTEIBHO BHIOPOCOB MAPHUKOBBIX TA30B U, COOTBETCTBEHHO, U3-
MEHEHUsI KJIMMara. YUYHUThIBasi 9TH 0OCTOSTENbCTBA, POCT MOIIHOCTEH O MIPOM3BOACTBY HEPIHU U3 OMOMACCHI
SIBIISIETCS] OHUM M3 IIPUOPUTETHBIX HANPABJICHUH ISl yCTOWYMBOTO pa3Butus Pecryomuku benapycs.

B Hacrosiee Bpemst B peciryOiMKe HACUMTBIBACTCSI OPA/Ka 86 JEHCTBYIOMINX YCTaHOBOK, paOOTarOIIMX HA OHO-
Macce, CyMMapHOM 31eKTpuieckoil MoirHocThi0 186,39 MBT 1 cymmapHO# TermioBoi MOIIHOCTBIO 275,71 MBT
[11]. KonruecTBO yCTaHOBOK 10 aJMUHUCTPATHBHO-TEPPUTOPHAIIEHBIM €JMHULIAM MIPEACTaBIEHO Ha puc. 1.
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Tabnuma 2

Pesyabrarsl onpenesienns coaep:xanus yriepoaa C, sonopona H, azora N u cepbl S B aHaau3upyeMbIx o6pa3uax ¢pe3epHoro topga

Table 2
Results of determining the content of carbon C, hydrogen H, nitrogen N and sulfur S in the analyzed samples of milled peat
Ob6pazen Coneprkanue, % I'paduku sxcIepuMenToB
Nitrogen % Carbon % Hydrogen %
Avg 3.45 Avg 55.3 Avg 6.16
i A Std 0.018 o] Std 2.83 - Std 0.232
Rsd 0.524 Rsd 5.124 ™ Rsd 3.768
=4 n2 £ o n2 = @ n2
] 70 torf ] 70 torf 70 torf
£s 71 torf sl 71 torf 71 torf
g 2 g i \ g :
! ! - \, -
C 55,30 ] / - - \ >
. H 6,16 T S TR TR T S T T R T T
®pe3epHblit N 3.45
Topd s 027  |Sulfur %
Avg 0.274
_ 5007 Std 0.0881
& S Rsd 32.19
:—:f— 300 n3
£ 2] 42 torf credn
1205 43 torf credn
—_— 44 torf credn
0 25 50 75 100 125 150 175 200 225 250
Ta6nuna 3
Pe3yabTarsl onpenenenns cogepxanus yriaepona C, Bogopona H,
azora N U cepbl S B aHAJIM3HPYEMBIX 00pa31aX OMMJIOK XBOHHBIX OPOJ
Table 3

Results of determining the content of carbon C, hydrogen H, nitrogen N and sulfur S in the analyzed samples of softwood sawdust

O6paszen Conepxanue, % I'padukn sxcrieprMenToB
Nitrogen % Carbon % Hydrogen %
Sd001350 : o1 S o0
s /\ e o0 Rsd 0.197 “1 N Rsd 1.372
o I 64 opilki . n2 2% n2
g { ‘. 65 opilki E 1 g‘s& opi:l:; § 0 :‘5' opj:lkq]:
$us | i § ! | o i \ e
z \ 2 N J \ £ 20 ! '\
0.5 { \ 200 P 00 ! i
Cs513 P , A et N
21 eBeCHLIe H 6,94 0s 15 +-3 k3 45 -] 4 8 2 % 2 02 46313 2 ® 0
gnymxn N 0,07
S0 Sulfur %
Avg -0.0807
30 Std 0.00594
E 0 Rsd 7.360
£ 120 n 3
£ 31 opilki
» 32 opilki
. . . y ; . y 33 opilki
0 10 20 30 40 50 80
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Tabnuma 4

Pe3yabTars! onpenenenust cogepxanus yriepoaa C, onopoaa H, azora N u cepsl S B aHATH3UPYeMBbIX 00pa3lax KOCTPbI JTbHA

Table 4
Results of determination of the content of carbon C, hydrogen H, nitrogen N and sulfur S in the analyzed samples of flax shives
Obpazen Conepxanmue, % I'paduku sKcIEpIMEHTOB
1 0, (o) 0,
Nitrogen % Carbon % Hydrogen %
Avg 0.727 Avg 48.4 Avg 6.95
std 0.0762 10000 Std 0.31 i Std 0.074
35 Rsd 10.75 o Rsd 0.643 ” Rsd 1.060
oy n2 0] n2 = n2
255 66 lenko g o 66 lenko Ew 66 lenko
25 A g 67 lenko o 67 lenko
é E 5000 §
‘5: 15 S 4000: ;h;: 20
C484 ° ] ) ——
H 6’95 0 s 15 25 35 45 0 4 8 12 16 2 02 4638 12 16 2
JIbHOKOCTpa N 0.73
b
soo | Sulfur % 0.0110
450
.~ 350 / /\
E 200 0
100 ( \\\
0 \-M
0 10 2 E @ S &0 7 50
Time (seconds)

Mormiesckas obnacts N 8
MuHckast 061acTh 30
I'ponuenckas I 12
Tomernbekas obnacts I 18
Burebcekas o6nacts NN 5
Bpecrckast obnacts I 13
0 5 10 15 20 25 30 35

Puc. 1. KonnuaecTBo AEHCTBYIONMX YCTaHOBOK, pabOTAIOIINX HAa OHOMAacce, 0 aMUHUCTPaTHBHO-TEPPUTOPHATIBHBIM SMHNTIAM

Fig. 1. Number of operating biomass installations by administrative-territorial units

KomnmuecTBo Mpon3BoAMMOIi B TO/ TEIJIOBOM 3HEPTUH JJaHHBIMH yCTaHOBKamu coctasiser 1631,41 I'kau, xo-
JMYECTBO MPOU3BOMMOM dIIEKTpHUYeCcKoi dHeprun — 853,78 Thic. KBT w/rox.

CornacHo pacueTaM, KOJHMYECTBO COKpAIeHUsI TIOTpeOIIeHHsT TPaJAUIIOHHBIX BHOB TOIUTHBA 3a cyer BUD
B cTpaHe cocrarisieT 498,01 T y. T./roj, U3 HUX oCHOBHOM BKJIa (41 % wm 205,63 Ty. T.) IPUXOAUTCS HA SHEP-
ruto 6momaccsl (puc. 2).

Kak nokasaHno Bbllile, TOTEHIIMAT HCIIOIB30BaHUsI OMOTOILIMBA TOJIBKO M3 COJIOMBI 36PHOBBIX KYIIBTYD B CTpaHe
oreHuBaeTcs okojio 0,9 mitH T y. T. B rot. [ToteHiuan OnoMacchl €CTECTBEHHBIX TPABOCTOEB IIPU YCIIOBUU 00BO/I-
HEHUSI TEPPUTOPUH BBIPAOOTAHHBIX TOPPSIHUKOB olleHMBaeTcs B 1,2 MiH T y. T. M3 0TX00B niepepaboTKH JIbHA
U OCTaTKOB KyKypy3bl IPH YOOpPKE Ha 3¢pHO Ha 36pPHO MOXKET OBITh MoTy4eHO okosio 100 Thic. T OMOTOIUINBA, YTO
NpUOIHM3UTENHHO SKBUBAIEHTHO 60 ThIC. T . T. Takum 00pa3oM, CyMMapHBIH MOTEHIIUAI TIOJTyYSHHUsT BO30OHOB-
JsieMoli OMOMAaCChl Ha YHEPTeTUUECKHUE IETIH B CTPAHE COCTABIISIET CBBIIIE 2 MIIH T Y. T., U3 KOTOPOTO B HACTOSIIICE
BpeMs ucnosb3yercs He Oosniee 10 %. CrenoBaTenbHO, MOTCHIIMAIEHOES CHU)KEHUE BRIOPOCOB MTAPHUKOBBIX Ta30B
B CITy4ae 3aMEHbI HCKOIIAeMBIX DHEPIrOHOCHUTENEH Ha BO30OHOBIIsIEMOE OMOTOIUIMBO B MaciuTabax cTpaHbl COCTa-
But 6oiee 4 M T CO,->KBUBAJICHT.
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DHeprus BeTpa

82,67Ty. T
(17 %)
OHneprus
DHeprus JIBKEHUS Ouomaccel
BOJIHBIX OTOKOB ___ 205,63 Ty. T
79,89 Ty. T (41 %)
(16 %)
OHeprus A
comrma 50,56 T DHeprus 6uorasza
y.T. 79,26 Ty. T.
(10 %) (16 %)

Puc. 2. IloreHIMaIbHBIN 00bEM COKpAIleHUs MOTpeOIeHNs TPaAUIIMOHHBIX BUAOB TOIUIHBA 3a cueT BUD, Ty. T.

Fig. 2. Potential volume of reduction in consumption of traditional fuels due to RES

3akJroueHue

[To pesynbraTaM HalMX UCCIEIOBAHUN MOKHO C(POPMYITHPOBATH CIIETYIOUINE BHIBOJBL:

— Han6onee MEPCIICKTUBHBIMU HCTOYHUKAMU BO306HOBHH€MOI‘ (0} 6I/IOTOHHI/IBa AJI1 SQHEPIreTUUCCKUX ueneﬁ
B PecryOnuke Bemapychb sIBISIIOTCS pacTHTENILHBIE OCTATKH 3EPHOBBIX KYJIBTYp (COJOMa), KyKypy3bl Ha 3€pHO,
Hepepa6OTKI/I JIbHAa U €CTCCTBCHHBIC 6OJ'IOTHI)IG TpaBbl, HC UCIIOJIB3YCMbIC B KAYE€CTBC KOPMOB JIA CEJIbCKOXO03STH-
CTBEHHOT'0 >KHBOTHOBOACTBA. CyMMapHbIi MOTSHIMAI MOTyYeHHs BO30OOHOBIISIEMOI OMOMacChl Ha SHEpreTHYe-
CKHEC LICJIN B CTPAHEC, 110 SKCIICPTHBIM OIICHKaM, COCTABJISICT CBBILIC 2 MJIH T Y. T., U3 KOTOPOI'O B HACTOAIICE BPEMHI,
COIIACHO pacyeram, OCHOBAaHHBIM Ha KOJIMYECTBE ACHCTBYIOUIMX OMOIHEPTeTHYECKMX YCTaHOBOK, UCTIONIB3YETCs
He 6onee 10 %. bonee TouHble pacueTsl MOTYT OBIThH CAETaHBl HA MECTHOM YPOBHE 0aTaHCOBBIM METOJIOM C y4e-
TOM HCIOJIb30BaHUsI OMOMACChI Ha JIPYTHe LENH;

— 110 pe3yabTaraM HCCIeIOBaHUI IKCIIEPUMEHTATIbHBIX 00Pa3IoB TBEPAOr0 MECTHOTO TOILUIMBA YCTAaHOBIICHO,
YTO BO30OHOBIIsSIEMOE OHOTOILIMBO SIBIISIETCSI 00JIee SKOJIOTHYHBIM B CPaBHEHUH C OpUKeTaMH 13 (Pe3epHOTO TOP-
¢a. B oOpa3nax coJoMbl B APEBECHBIX OTXOA0B COACPIKUTCS 3HAYUTEIbHA MEHBIIE TSKEIBIX METAJIIOB, a TaKKe
a30Ta U cepbl, BRIOPOCHI OKCHJIOB KOTOPBIX OKa3bIBAIOT HEraTHBHOE BO3/ICHCTBUE HAa OKPYIKAIOIIYIO CPEAY, B 4aCT-
HOCTH 00YCIIOBJIMBAIOT 00pa30BaHKUE KUCIOTHBIX aTMOC(EPHBIX 0CAAKOB (IOXKICH);

— OCHOBHBIM IMPEUMYIIIECTBOM 6I/IOTOHHI/IB3 u3 B0306HOBHSICMBIX HNCTOYHUKOB 1O CPABHCHUIO C UCKOITA€MbIM
TOIINIMBOM ABJISICTCA €I'0 ((HeﬁTpaJILHOCTB)) OTHOCHTCJIIBHO BI)I6pOCOB TMMapHUKOBBIX I'a30B U, COOTBETCTBECHHO, U3~
MCHCHUEC KJIUMara. HOTCHHI/I&J’ILHOC CHMKCHUC BI)I6pOCOB TMMapHUKOBBIX I'a30B B CJ1y4a€ 3aMCHbI UCKOIIA€MbIX OHEP-
TOHOCHTEJICH Ha BO30OHOBIIsIEMOEe OMOTOIJIMBO B MacITabax crpaHbl cocTaBuT Oonee 4 MiH T CO,-9KBUBAJICHT.
B Hacrosiiiee BpeMs, COIIaCHO pacueTaM, 3TOT MOTSHIIMAI HCIoJb3yeTcs He Oonee uem Ha 10 %. YuurtbiBas
JTAaHHBIE 0OCTOSITEILCTBA POCT MOILITHOCTEH 0 POU3BOACTBY SHEPTUH U3 OMOMACCHI SIBISIETCS OJTHUM U3 IIPUOPH-
TETHBIX HANpaBJICHUH ISl yCTOMYMBOTO pa3Butusi Pecryonuku benapycs.
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IKOAOI'MYECKHUE OCOBEHHOCTUA ITPOLECCA
BEPMHUKOMIIOCTUPOBAHUA: METAAHAAUN3

AHB JIHY, B. 0. TEMEIIIEBCKHH"?, C. 1. MAKCHMOBA®

DMedicoynapoonwiii 2ocyoapemeennpiii sxkonouveckui uncmumym um. A. [{. Caxaposa,
benopycckuii 2ocyoapcmeennviil yHugeepcumem,
yi. loneobpoockas, 23/1, 220070, o. Munck, Berapyce
DBHHMU uzuonozuu, buoxumuu u numarnus scusomuvix — gunuanr OUIL] scueommnosoocmea — BUK um. axao. JI. K. Dpucma,
noc. Uncmumym, 249013, 2. boposck, Poccus
YHayuno-npaxmuueckuii yenmp Hayuonanvnoti akademuu nayx Benapycu no 6uopecypcam,
ya. Akademuueckas 27, 220070, Munck, Berapyco

Jlnst BceCTOpOHHEH OIIEHKH KavyecTBa KOMITOCTA M 3aKOHOMEPHOCTEH TpaHC(HOPMAIMK TSHKENBIX METAUIOB IPU BEPMH-
KOMITOCTHPOBAHUY B Pa3JIMUHBIX YCIOBUSAX KOHTPOJIS HAMHU NpoBejieH aHanu3 109 crareil. C moMolibio MeTaaHaIi3a Kojnue-
CTBEHHO HCCJIE/IOBAHO BIIMSIHUE BUJIOB BEPMHUKYIIBTYPBI, IIPOIOJIKUTEIEHOCTH TIPEBAPUTEIFHOTO KOMIIOCTHPOBAHHUS, METO-
JIOB BEHTWJISIINY, HadaibHOTO cooTHomeHus: C/N, HadanpHOH pH 1 HauaJibHOTO coziep KaHusl BJIary Ha yaydllIeHne KadyecTBa
KOMITOCTA M CHIDKEHHE TOKCHYHOCTH TSDKEJIBIX METAIJIOB. YCTaHOBIICHO, YTO BCE IIECTh (DAKTOPOB CYIIECTBEHHO BIIUSIOT Ha
Ka4eCTBO KOMIIOCTA U TOKCHYHOCTB TSKENBIX METa/UIoB. [Tocie BepMUKOMIIOCTHPOBAHHUS JOCTOBEPHO YBEIHUMINCH CIIEMY-
IOIIKE TIOKa3areny nurarelbHbIX BemecTB: NO;-N — Ha 116,2 %, obmwmit azot — Ha 29,1, obmwmii ¢pocdop — Ha 31,2 u oOumit
kanuii — Ha 15,0 %. I1pu atom comepkanue NH,-N ymenbmunock Ha 14,8 % u cootnomenne C/N — Ha 36,3 %. Kpome Toro,
ollIiee KOJIMYEeCTBO M OMOAOCTYITHOCTh MEIM M XpOMa B KOHCYHOM KOMIIOCTE TAaKXKE 3HAUYMTEIIBHO CHHM3WIIUCH. Y UNTHIBAsS
BIIVSIHUE PA3INYHBIX (PAKTOPOB TPYIIIMPOBKM HA KaYECTBO KOMIOCTA M BO3ICHCTBHE TSDKEIIBIX METAJUIOB, €CJIH OCHOBHOM
IETbI0 KOMITOCTHPOBAHHUS SBIISIETCSI COACHCTBHIE PA3TIOKEHHIO U OOOTAICHUIO MMUTATEIFHBIMU BEIIECTBAMH, TO PEKOMEH/TY-
eTCsl IOBECTH HaualIbHYI0 BIXKHOCTh KOMIIOCTHpYeMbIx MarepuaiioB o 70-80 %, C/N no 30-85 u pH no 67, nposectu
MIpeIBApUTETHLHOE KOMIIOCTUPOBAaHUE B TeueHue 315 qHei mpu eCTeCTBeHHOW BEHTUIISIIMU. ECi OCHOBHOM IENBIO SBISIETCS
CHI)KEHHE OITACHOCTH TSDKEJIBIX METAJIOB B MaTepuajiax, peKOMEH/IyeTcsl OTPEryInpoBarh Ha4albHOE COJIepIKaHUE BIIarH 10
50-60 %, coornomenue C/N nike 30, pH 10 7-8, mpomnycTuTs mpeBapuTeIbHOE KOMIIOCTHPOBAHHE, BKIIIOYUTH PETyIIsipHOE
YKJIaJIbIBaHHUE B IITA0ENb W MCIONb30BaTh BUA Eudrilus eugeniae niisi BEpMUKOMIIOCTUPOBAHUS. DTH PEKOMEHIAINN OymyT
CIOCOOCTBOBAaTh KOMIUIEKCHON YTHIIM3aLMH KypHHOTO TIOMETA, IOKIAEBBIX YEPBEH 1 OCTATKOB KUTAWCKHUX TPAB, ONTUMH3UPYS
MPOIECC KOMITOCTHPOBAHMSI.

Kniouesble cnoea: KOMIOCTHPOBAHNE JIOK/ICBBIX YEPBEH; OCTATKHM TPaJUIIMOHHON KUTAHCKOH MEIUILIMHBL; (pru3nuecknue
1 XUMHYECKHE CBOMCTBA.
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In order to comprehensively assess the compost quality and heavy metal transformation patterns of vermicomposting
under various control conditions, we reviewed 109 articles. Through meta-analysis, we quantitatively investigated the
effects of vermiculture species, pre-composting duration, ventilation methods, initial C/N ratio, initial pH, and initial
moisture content on improving compost quality and reducing heavy metal toxicity. The results indicate that all six grouping
factors significantly influence compost quality and heavy metal toxicity. After vermicomposting, the following nutrient
indicators significantly increased: NO5-N (increased by 116.2 %), total nitrogen (increased by 29.1 %), total phosphorus
(increased by 31.2 %), and total potassium (increased by 15.0 %). Meanwhile, NH,"-N content (decreased by 14.8 %) and
C/N ratio (decreased by 36.3 %) significantly decreased. Additionally, the total amounts and bioavailability of copper
and chromium in the final compost also significantly decreased. Considering the significant effects of different grouping
factors on compost quality and heavy metal impact, if the primary objective of composting is to promote decomposition and
nutrient enrichment, it is recommended to adjust the initial moisture content of composting materials to 70—80 %, C/N ratio
to 30-85, and pH to 67, and conduct pre-composting for 315 days with natural ventilation. If the main goal is to mitigate
heavy metal hazards in the materials, it is advisable to adjust the initial moisture content to 50-60 %, C/N ratio below 30,
pH to 7-8, skip pre-composting, turn the pile regularly, and employ the Eudrilus eugeniae species for vermicomposting.
These recommendations will facilitate the comprehensive utilization of chicken manure, earthworms, and Chinese herbal
residue, optimizing the composting process.

Keywords: earthworm composting; traditional Chinese medicine residue; physical and chemical properties.

Introduction

It is estimated that approximately 1.12 billion tons of solid waste are generated globally each year, with about
46 % comprising organic waste, including poultry and livestock manure, sewage sludge, crop residues, kitchen
waste, and landscaping debris [1; 2]. These organic wastes contain significant quantities of essential nutrients such
as nitrogen, phosphorus, and potassium required for crop growth. However, improper disposal and indiscriminate
dumping of these wastes not only result in resource wastage but also contribute to environmental issues, such as
air, water, and soil pollution [3]. Aerobic composting has been proven as an effective method for handling organic
solid waste and is widely adopted globally [4]. During this process, the transformation of nutrients like nitrogen,
phosphorus, and potassium, as well as heavy metals, is a common focus of composting research. The final com-
post product can serve as organic fertilizer, providing long-term nutrient supply to crops, aligning with modern
sustainable agricultural practices. The content of nitrogen, phosphorus, and potassium in compost is crucial in
evaluating compost quality [S]. However, global meta-analysis shows that approximately 31.4 % of nitrogen,
a key nutrient, is lost during the composting process, with 54.8 % and 4.5 % of the nitrogen loss occurring due
to NH; and N,O emissions, respectively [6]. Simultaneously, organic solid waste, such as livestock and poultry
manure and sewage sludge, which serve as composting raw materials, often contain elevated levels of heavy met-
als. After composting, these heavy metal levels may not decrease and could even increase due to concentration
effects [7]. Compost products have become a primary source of heavy metals in farmland soil [8]. Although heavy
metals can undergo a transformation from available forms to less available forms during composting [9; 10], re-
ducing their toxicity and absorption by crops, the hazard from heavy metals is not entirely eliminated. Therefore,
nutrient loss and heavy metal contamination remain pressing issues that need to be addressed in the organic solid
waste management process [11; 12]. Vermicomposting is an economically efficient bioprocessing technique that
utilizes earthworms and microorganisms to enhance the decomposition and conversion of organic waste into
nutrient-rich and stable humus-vermicompost [13]. Compared to traditional composting, vermicomposting offers
three prominent advantages. Firstly, earthworms reduce the volume of organic waste by ingesting it and excreting
nutrient-rich vermicast, which contains soluble and readily available nutrients such as nitrogen, phosphorus, po-
tassium, and calcium. This is beneficial for microbial growth, ultimately optimizing and accelerating the compost-
ing process [2; 14]. Additionally, earthworms can absorb and concentrate heavy metals, effectively reducing their
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content and altering their forms after ingestion [15]. Secondly, the enzymes secreted in the earthworm’s digestive
system, such as proteases, esterases, amylases, and cellulases, are essential for the decomposition of organic solid
waste, particularly in breaking down cellulose and lignin [16]. Thirdly, earthworm activities and burrowing behav-
ior create a favorable environment with good porosity, aeration, drainage, and a larger surface area, supporting the
survival of beneficial microorganisms and enhancing the composting process [13—19]. Mohee, et al. [20] reviewed
the comparison of metal contents between organic solid waste composting and vermicomposting and found that
the metal dynamics during vermicomposting are complex, yielding varying results in terms of final compost
heavy metal content in the literature. Furthermore, the substantial variation could be attributed to factors such as
earthworm species, raw materials, amendments, pre-composting time, composting scale, initial parameters, and
process control. Considering real-world scenarios, it is impossible to account for all influencing factors and con-
duct a comprehensive analysis of all indicators in a single study. Thus, it is necessary to provide a comprehensive
and quantitative evaluation of the impact of different influencing factors on the transformation of nutrients and
heavy metals in vermicomposting. This can effectively guide practical applications. Therefore, in this study, we
collected relevant vermicomposting literature and conducted a meta-analysis to quantify the effects of earthworm
species, raw material properties (pH, moisture content, and C/N ratio), process control (pre-composting time and
ventilation methods) on improving compost quality and reducing heavy metal toxicity. This research aims to
provide a theoretical foundation and technical guidance for optimizing vermicomposting technology, which holds
significant importance in the resource utilization and environmentally safe management of organic solid waste.

Methodology and data

We conducted a comprehensive literature review using academic databases such as Google Scholar, Elsevier
Science Direct, Web of Science, and the Chinese National Knowledge Infrastructure (CNKI). Our search was
systematically performed with keywords such as «vermicomposting, heavy metals, bioavailability, nutrient
elements, and maturity». The search process is depicted in Figure 1.

Database Search keyword Search criteria
Vermicomposting 1. The experiment must include a control
Google Heavy metal. experiment of composting, that is, a
Scholar Bioavailablc. composting experiment with adding rainbow
. Nutrient element, and without adding earthworms;
Elﬁewer Maturity 2. The experiment must be based on actual
Sc.lence Compost index: measured data;
Direct g NH,"-N, NO;- = 3. Exclude literature on the impact of rainbows
N,C/N, TN, TP, on soil;
TK, Cu, Cr, 4. The literature includes at least one evaluation
W‘?b of bioavailable- index;
Science Cu(bio-Cu), S. The report should give the mean (X) standard
CNKI bioavailableCr(bi deviation or standard error (i.e. SD/SE) of each
0-Cr) indicator.

Fig. 1. Literature retrieval process of vermicomposting

When calculating and analyzing using standard deviation (SD), if the literature only provides standard error
(SE), you can convert SE to SD using Formula (1):

SD = SE *n. (1)

Where n represents the number of replicates for each study. In cases where SD or SE is missing in a small
number of instances, you can calculate it based on one-tenth of the mean value [21].

Based on the conditions mentioned above, a total of 109 valid articles were obtained.

In this process, we treated various factors as explanatory variables to better understand the changes in the
measured indicators. We categorized the data into subgroups based on the objective characteristics of compost
(such as initial C/N ratio and initial moisture content), the species of earthworms, and the ventilation methods.
When selecting these subgroups, we aimed to ensure that they could collectively explain the variations in all the
indicators. We conducted multiple subgroup analyses, such as establishing an initial C/N value of 30 as a bound-
ary, as it provided a relatively better explanatory effect for the indicators.

Ultimately, we determined the following grouping factors and their respective subgroups: earthworm species
(including Eisenia fetida, Eudrilus eugeniae, Perionyx excavatus, and mixed species), pre-composting days (no
pre-composting, 0—15 days, and 15-65 days), ventilation methods (natural placement, turning piles, and static
ventilation), initial C/N (0-30 and 30-85), initial moisture content (50—60 %, 60—70 and 70-80 %), and initial pH
(6-7, 7-8, and 8-9).
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Additionally, we selected three numerical factors, which played a role similar to grouping factors but were
continuous in nature. These numerical factors included initial C/N, initial moisture content, and initial pH. In our
study, we extracted data from the selected research, and when data retrieval from figures was required, we used
GetData 2.2 software to facilitate this process.

Data selection and pre-processing

The effect size for each study is calculated as the natural logarithm of the relative risk (RR) using Formula (2):

InRR = In (E) ()
xc

Here, XE represents the data from the experimental group, and XC represents the data from the control group.
The heterogeneity of the data is assessed using the results of a heterogeneity test, and a mixed random-effects
model is chosen [23] based on 999 data iterations through a bootstrap procedure using MetaWin 2.1 [22]. For each
indicator and subgroup, 95 % confidence intervals are generated for the average effect size and bias correction
(resulting in equivalent weighted index calculations). For ease of interpretation, the results of InRR (average effect
and confidence intervals) are back-transformed using Formula (3) to display percentage change:

Percentage Change = (RR — 1) x 100 %. 3)

In the results of this study, both positive and negative effect values are used to represent the impact of grouping
factors and their subgroups on the quality of vermicompost and heavy metal effects. Positive values indicate a pos-
itive effect, such as 25.2 %, which signifies an increase of 25.2 % in a specific indicator (compared to the control
group). Negative values represent a negative effect, for example, —32.5 %, which indicates a decrease of 32.5 %
in a specific indicator (compared to the control group). If the 95 % confidence interval does not overlap with 0, it
is considered to be a significant difference between the experimental group and the control group; otherwise, there
is no significant difference. Significant between-group heterogeneity (QB) (p < 0.05) indicates a significant differ-
ence between certain influencing factors and other factors. However, for subgroups with fewer than 10 samples,
the results are considered dubious.

Results and discussion

Assessment of Publication Bias in Vermicomposting Effects on Compost Maturation, Quality, and Heavy
Metals. Table 1 presents the results of publication bias assessment for various outcomes. Among these, Kendall’s
rank correlation coefficients for NH,"-N, C/N, NO;-N, TN, bioavailable Cu (bio-Cu), Cr, and bioavailable Cr
(bio-Cr) exceed 0.05, and their insecurity numbers are greater than 5n+10, indicating that these four indicators are
not subject to publication bias. In contrast, Kendall’s rank correlation coefficients for TP, TK, and Cu content are
less than 0.05, indicating the presence of bias. However, the fact that their insecurity numbers are still greater than
5n+10 suggests that the observed publication bias does not significantly impact the estimation results.

Table 1
Results of publication bias of various indicators

Compost index | Number of Correlation index Spearman phase Fail-safe number 5n+10!
NH,*-N 56 0.39725 0.39841 5774.1 1030
NO;-N 61 0.87052 0.56413 552439 1200
C/N 219 0.05955 0.08216 7732198.1 3260
TN 195 0.25564 0.22291 3264898.8 2870
TP 171 0.04714 0.06031 1113016.8 2160
TK 187 0.00346 0.00639 1503474.2 2850
Cu 195 0.39725 0.06885 345638.2 3045
bio-Cu 82 0.24396 0.33538 34883.0 1145
Cr 59 0.47011 0.55995 6850.8 920
bio-Cr 40 0.47779 0.48284 44581.3 580

77



ZKypnaa Bes1opycckoro rocyiapcTBeHHOr0 yHUBepcuTera. JkoJorus. 2023;4:74-86
Journal of the Belarusian State University. Ecology. 2023;4:74-86

Impact of Vermicomposting on Compost Maturation, Compost Quality, and Heavy Metals Cu and Cr:
A Meta-Analysis. Our meta-analysis reveals that vermicomposting has a significant optimizing effect on compost
quality and reduction of heavy metal hazards. As depicted in Figure 2, following the process of vermicomposting,
the content of NO;-N, TN, TP, and TK in the final compost increased by 116.2 % (CI: 82.7~155.8 %), 29.1 %
(CI: 25.2~33.2 %), 31.2 % (CI: 27.2~35.3 %), and 15.0 % (CI: 8.9~21.6 %), respectively. Meanwhile, the NH,"-N
content and C/N ratio gradually decreased, resulting in a reduction of 14.8 % (CI: —22.4 ~ —6.3 %) in NH,"-N
content and 36.3 % (CI: —40.0 ~-32.5 %) in the C/N ratio in the final compost.

Furthermore, vermicomposting significantly reduced the total Cu content by 10.2 % (CI: —12.9 ~—7.4 %) and
the total Cr content by 15.5 % (CI: —23.7 ~—6.4 %) in the compost. It also decreased the bioavailability of Cu and
Cr by 20.7 % (CIL: —24.0 ~—17.3 %) and 41.1% (CI: —46.9 ~—-34.6 %), respectively. This comprehensive analysis
highlights the beneficial effects of vermicomposting on compost quality and its ability to mitigate the presence of
heavy metals Cu and Cr.

NOs-N (80) I = |
70 100 130 160
NH.*-N (70) —a—]
C/N (220) -
TN (189) -
TP (171D HH
TK (187) =
Cu (195 HH
bio-Cu (82) HH
Cr (59) —a—
bio-Cr (38) | Ha—
=50 —3IO -lIO 1‘0 3lO
Average effect (%)

Fig. 2 Total effects of vermicomposting on maturity, nutrient elements, and heavy metals

Impact of Grouping and Numerical Factors on Compost Maturation and Compost Quality. In order to
optimize the composting process and promote microbial degradation, vermicomposting imposes strict limits on
initial parameters such as moisture content, C/N ratio, and pH. The results of the meta-analysis reveal that the
recommended ranges for initial moisture content, C/N ratio, and pH are generally within 50 to 80 %, 5 to 85, and
6 to 9, respectively. Although the C/N ratio has a relatively broad range, other parameters align closely with the
recommended guidelines of Bernal, et al. [25]. The average values for initial moisture content, C/N ratio, and pH
are 65.4 %, 28.4, and 7.5, respectively.

Regarding the initial C/N ratio, there are 133 observations within the range of 5 to 30, which is significantly
higher than the 70 observations within the range of 30 to 85. A low C/N ratio might lead to increased losses of TN
and NHj;, while a high C/N ratio may slow down the composting process. Therefore, it is advisable to regulate
the initial C/N ratio to be around 28. Gao, et al. [26] also found that an initial C/N ratio of 28 was effective in
improving the stability and maturation of compost in forced aeration composting experiments involving a mix-
ture of chicken manure and sawdust.

In terms of moisture content, the range of 60 to 70 % is more prevalent, with an average value of 65 %.
This moisture range is considered most suitable for microbial activity and promotes an optimal microbial
environment.

Regarding the species of earthworms, Eisenia fetida is a readily available species and has been widely em-
ployed by researchers. In industrial-scale production, many operations skip the pre-composting step to expedite
composting times (with 99 studies not utilizing pre-composting). However, pre-composting of solid waste plays
a crucial role in subsequent vermicomposting processes [27; 28]. On one hand, high-temperature pre-composting
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effectively eliminates pathogens and harmful bacteria from the waste material [29]. Additionally, it allows
earthworms to thrive without being affected by elevated temperatures [30]. On the other hand, harmful gases
like NH3 can be released during the pre-composting phase to reduce potential harm to earthworms [31]. A sig-
nificant portion of the studies (85 in total) conducted pre-composting experiments lasting from 3 to 15 days to
create an environment more favorable for earthworm survival.

In terms of ventilation methods, vermicomposting differs from traditional composting. Earthworm activ-
ities, including feeding, movement, and burrowing, naturally increase the porosity of the composting mate-
rial [32]. As a result, adequate oxygenation for microorganisms can be achieved without the need for static
ventilation or turning piles. Hence, natural placement studies are the most prevalent (with 185 studies) in the
context of vermicomposting research.

Impact of Grouping Factors on Vermicomposting Maturation. As illustrated in Figure 3a, when consid-
ering earthworm species, the addition of Eisenia fetida (—17.1 %) and a mixture of various earthworm species
(—18.8 %) proved effective in reducing NH,"-N content. In the case of pre-composting days, pre-composting
for 0-15 days (-23.5 %) significantly reduced NH,'-N content in the compost. Furthermore, when it comes
to ventilation methods, natural placement (—13.4 %) was notably effective in reducing NH,-N content in
the compost. In terms of initial material properties, the initial moisture content in the range of 70 to 80 %
(=29.9 %), C/N ratios in the range of 0-30 (-16.8 %), and initial pH values in the range of 6—7 (—38.6 %) all
led to significant reductions in NH,"-N content.

Similar to regular composting, vermicomposting is a process that gradually converts NH, -N into NO;™-N,
signifying the maturation of compost [33]. As shown in Figure 35, after vermicomposting, the NO;-N content
significantly increased, potentially due to alterations in bacterial community diversity and structure within
the earthworm gut. These changes could promote organic matter degradation, nitrogen mineralization, and
NH,"-N nitrification [34]. Among earthworm species, vermicomposting with a mixture of various earthworm
species resulted in the highest NO;-N increase (156.7 %), surpassing the effects of using Eisenia fetida
(61.3%) and Eudrilus eugeniae earthworms (121.9 %). In terms of pre-composting days, no pre-composting
significantly increased NO;-N content (143.2 %), followed by 0—15 days (110.5 %) and 15-65 days (78.0 %).
An initial moisture content of 70 to 80 % effectively increased NO;-N content (147.1 %), followed by 60 to
70 % (116.3 %) and 50 to 60 % (104.4%). While ventilation methods and initial pH grouping had no significant
impact on NO;-N in vermicomposting, natural placement and an initial pH range of 6—7 significantly increased
NO;™-N content by 120.6 and 134.0 %, respectively.

The ratio of NH,"-N to NO;-N content can be used to assess compost maturation. Statistical analysis
reveals that the final compost’s NH,"-N content ranged from 0.004 to 4.7 g-kg™!, with an average of 1.0 g-kg™.
The NOy-N content in the final compost ranged from 0.01 to 30.5 g-kg™', with an average content of 2.7 g-kg'.
The ratio of NH,*-N to NO5™-N content averaged 0.37, which is below 1, meeting the requirements for compost
maturation [35].

Additionally, the C/N ratio is an important indicator for evaluating compost maturation and stability
[36]. As shown in Figure 3¢, the use of a mixed earthworm species significantly reduced the C/N ratio
(-54.6 %). This was followed by Perionyx excavatus (—46.0 %), Eisenia fetida (—36.2 %), and Eudrilus
eugeniae (—23.9 %). The highest reduction in C/N occurred with pre-composting for 0—15 days (—43.4 %),
followed by no pre-composting (—34.2 %) and 15-65 days (-25.7 %). Proper pre-composting treatment can
facilitate the breakdown of some refractory organic matter to a level acceptable to earthworms, enhancing
the efficiency of organic matter decomposition [37]. Under natural placement and turning pile ventilation
conditions, vermicomposting significantly reduced the C/N ratio by 38.7 and 22.3 %, respectively. In the case
of natural placement, earthworm activities led to the breakdown of compost substrate from larger particles to
uniform smaller ones, improving aeration and oxygen levels, increasing the effective microbial surface area,
and accelerating organic matter decomposition [38]. The greatest reduction in the C/N ratio occurred when
the initial moisture content was 70 to 80 % (—45.6 %), followed by 60 to 70 % (-30.1 %) and 50 to 60 %
(—29.8 %). This phenomenon may be due to the higher moisture content promoting the emission of methane
gas from methane-producing bacteria in the compost matrix. When the initial C/N ratio of the compost was in
the range of 30-85 (—45.3 %), the C/N ratio significantly decreased. This was followed by the range of 0-30
(—27.2 %). Research by Aira et al. suggested that when the initial C/N ratio is high, earthworms prioritize
reproduction over growth, resulting in a higher population of earthworms that consume more organic carbon.
As a result, the final compost C/N ratio decreases more significantly. When the initial pH was between 6-8,
earthworm activities and microbial activity were higher, accelerating the breakdown of organic nitrogen and
causing nitrogen loss. The statistical analysis of all observations showed that the final compost’s C/N ratio
ranged from 1.1 to 52.7, with an average of 13.8, which is less than 15, meeting the requirements for compost
maturation.
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Fig. 3. Effects of different grouping factors on the change efficiency of NH,*-N, NO5-N, and C/N

Impact of Grouping Factors on Vermicomposting Quality. After earthworms decompose organic matter,
the mineralization of substances rich in nitrogen, such as their nitrogen-rich excreta containing microorganisms,
secreted polysaccharides, hormones, and enzymes, contributes to the increased nitrogen content in the compost.
Additionally, during the mineralization process, the evaporation of moisture generated by the decomposition of
organic nitrogen compounds can potentially lead to a relative increase in nitrogen content. As depicted in Figure
4a, the combined use of various earthworm species (69.5 %) exhibited a higher increase in TN, surpassing the
effects of individual earthworm species. Regarding pre-composting days, the effects of 0—15 days (25.1 %) and
15-65 days (25.2 %) were slightly lower than that of no pre-composting (31.7 %). Among ventilation methods,
natural placement proved to be the most effective (38.4 %), while static ventilation methods led to a reduction
in TN content in vermicompost, with no significant effect (—7.3 %). This phenomenon may be attributed to the
earthworms’ burrowing behavior, which promotes compost aeration conditions, optimizes microbial community
structure, and enhances the efficiency of vermicomposting, thereby facilitating the accumulation of nutrients.
When the initial C/N of the vermicompost was in the range of 30-85, the TN content in the vermicompost increased
the most (55.6 %), while the smallest increase occurred in the range of 0—30 (19.2 %). Liu et al. demonstrated
through meta-analysis that nitrogen loss in compost decreases with an increase in the initial C/N ratio. This could
be due to the fact that if the initial C/N is too low, there is an excessive supply of nitrogen, which can easily lead
to nitrogen loss. Jiang et al. found that in pig manure composting, a lower initial C/N ratio (15) results in higher
NH; and N,O emissions than when the initial C/N is 30. Additionally, Wong, et al. discovered in experiments
involving composting animal remains from slaughterhouses that a lower initial C/N ratio (16) leads to an 84 %
initial loss of NH,-N. This may be because excessively low C/N ratios can lead to an accumulation of excess
nitrogen, which can stimulate NH; emissions. When the initial pH was in the range of 8-9, the TN content in
vermicompost increased the most (48.2 %), followed by a pH range of 67 (27.7 %) and 7-8 (15.0 %). This may
be because earthworms and the microorganisms in the compost are more active in a neutral pH environment. The
vigorous biological activity promotes the decomposition of organic nitrogen in the compost, making nitrogen loss
more likely.

As vermicomposting progresses, the rapid decomposition of organic matter leads to an enrichment effect,
resulting in an increase in TP and TK in vermicompost. Additionally, earthworm gut phosphatases and phosphorus-
dissolving microorganisms release the bioavailable components of phosphorus from organic matter. As shown in
Figure 4b, apart from the ventilation method, all other five grouping factors significantly influence the TP content
in vermicompost.

Concerning earthworm species, adding a mixture of earthworms has the greatest effect on increasing TP content
(102.1 %). No pre-composting, 0—15 days, and 15-65 days of pre-composting all significantly increase TP content
(33.3%, 33.0, and 28.4 %, respectively), with little difference between them. Under natural placement conditions,
vermicompost exhibits the greatest increase in TP content (39.8 %). When the moisture content of compost is in
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the range of 50-60 %, TP content in vermicompost increases the most (69.9 %), while it is the least in the range
of 60-70 % (12.7 %). When the initial C/N of the compost is in the range of 30-85, TP content increases the most
(45.6 %), with the smallest increase observed in the range of 0-30 (25.9 %). Vermicompost exhibits the greatest
increase in TP content when the initial pH is in the range of 8-9 (52.5 %), followed by a pH range of 7-8 (28.2 %)
and 6-7 (24.4 %).

As shown in Figure 4c, the earthworm Perionyx Excavatus has the greatest effect on increasing TK content
(37.2 %), while the effect of the Eisenia Fetida earthworm is minimal and not significant (3.6 %). The pre-
composting duration significantly affects the TK content of vermicompost only when pre-composting is done
for 0—15 days, resulting in a 28.0 % increase. Adequate pre-decomposition of compost materials aids in the
digestion and absorption by earthworms, eventually increasing the nutrient content. Among ventilation methods,
only natural placement significantly increases TK content by 18.5 %. When the compost moisture content is in the
range of 70-80 %, TK content increases by 35.8 %, followed by the range of 60—70 % (11.2 %). In the grouping
based on the initial pH, only a pH range of 67 significantly increases TK content by 19.9 %.
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Fig. 4. Effects of different grouping factors on the change efficiency of TN, TP, and TK

Figures 5-7 clearly demonstrate that the initial C/N, pH, and moisture content significantly influence the
final C/N, TN, TK, and TP content in vermicompost. Figures 5¢ and 5freveal a significant negative correlation
between the initial C/N and the final C/N and TK content of vermicompost. Conversely, there is a significant
positive correlation between the initial C/N and TN content, indicating that the TN content in vermicompost
increases with an increase in the initial C/N. Figure 5d shows that studies with an initial C/N of less than
20 account for 38.3 % of the total, resulting in a relatively lower effect value for TN increase in vermicompost.
Furthermore, there is a significant quadratic relationship between the initial C/N and the final TP content in
vermicompost, as shown in Figure Se. When the initial C/N is 49.3, vermicompost exhibits the maximum
effect value for TP increase at 65.3 %.
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Fig. 5. Relationship between the initial C/N of compost and the change efficiency of NH,-N, NO;-N, C/N, TN, TP, and TK

Figures 6¢ and 6e reveal a significant negative correlation between the initial pH and the final C/N in
vermicompost, while a significant positive correlation is observed with the TP content. Moreover, there is
a significant quadratic relationship between the initial pH and the final TN content in vermicompost, as depicted
in Figure 6d. When the initial pH is 7.08, vermicompost exhibits the minimum effect value for TN increase at

24.5 %.
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Fig. 6. Relationship between initial pH of compost and changing effect of NH,*-N, NO;-N, C/N, TN, TP, and TK

As shown in Figure 7a, the initial moisture content demonstrates a significant negative correlation with the
final NH,"-N content in vermicompost. The relationship between the initial moisture content and the final TP
content is captured by a significant quadratic equation, as seen in Figure 7e. By calculation, it is determined that
when the initial moisture content is at 69.5 %, vermicompost exhibits the least increase in TP content, with an
increment of 16.1 %.

The initial moisture content and its relationship with the final C/N content is represented by a significant cubic
equation, as shown in Figure 7¢. The calculations indicate that when the initial moisture content is at 70.4 %,
vermicompost shows the most substantial decrease in C/N content, with a reduction of 41.6 %.
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Fig. 7. Relationship between initial moisture content of compost and change effect of NH,"-N, NO5-N, C/N, TN, TP, and TK

Conclusion

This study conducted a meta-analysis to integrate all available literature data related to vermicomposting,
which includes chicken manure and Chinese herbal residue, and its association with nutrient elements and heavy
metals. The findings revealed that vermicomposting significantly enhances compost quality while reducing the
harmful effects of heavy metals.

Following vermicomposting, the compost saw a notable increase in NO;-N, TN, TP, and TK content by
116.2 %, 29.1, 31.2, and 15.0 %, respectively. Simultaneously, NH,"-N content and C/N ratio decreased by 14.8
and 36.3 %, respectively. The total amounts of Cu and Cr in the compost were significantly reduced by 10.2 and
15.5 %, and the bioavailability of Cu and Cr decreased by 20.7 and 41.1 %, respectively.
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The study also conducted a comparative analysis of the effects of different types of earthworms, pre-composting
duration, ventilation methods, initial moisture content, initial pH, and initial C/N on various vermicomposting
indicators. The results suggest that to promote compost maturation and nutrient enrichment, it is advisable to
adjust the initial moisture content of the materials to the range of 70 to 80 %, maintain a C/N ratio between 30
and 85, keep the pH in the range of 6 to 7, and conduct a pre-composting phase lasting 3 to 15 days. The natural
placement of vermicomposting works best under these conditions.

On the other hand, if the goal is to reduce the total amount of heavy metals in the compost and mitigate their
harmful effects, it is recommended to adjust the initial moisture content of the materials to the range of 50 to 60 %,
maintain a C/N ratio below 30, keep the pH between 7 and 8, refrain from pre-composting, and utilize the EFudrilus
eugeniae species of earthworms for vermicomposting.
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DKOAOTO-TEHETUUECKUN AHAAU3 HACAEAOBAHUS
BBIXOAA BOAOKHA Y TMBPUAOB XAOIMYATHUKA, ITIOAYUYHEHHbBIX
ITYTEM NCIIOAB30OBAHUSA PASANYHBIX METOAOB CKPEILIVBAHWA

C. I BOBOEBY, M. C. MUPAXME/IOB", T. ABJ[PAXMAHOB", H. I AMAHTYPJHEB", A. I. CbICA?

YHayuonanvuwiii ynusepcumem Yzoexucmana um. M. Yiyebexa,
yi. Byzeopoodok oom, 4, 100174, 2. Tawkenm, Y36exucman
DMedcoynapoonuiir 2ocyoapcmeenmpiii sxonozuyeckutl uncmumym um. A. /. Caxapoea,
Benopyccruii cocyoapcmeennbiil yHugepcumen,
yi. [oneobpoockas, 23/1, 220070, e. Munck, Benapycs

ViryumeHne KauecTBa BOJIOKHA XJIOIMYaTHHKA — BAYKHEHTIIAs 3a/1a9a CEJICKIIMOHHBIX IPOTPaMM TrOCyIapCTB, 3aHUMAIOIINX-
Cs1 XJI0MKOBOACTBOM. OTHOM M3 aKTyasIbHBIX MIPOOIIEM SIBIISIETCS] CO3/IaHIE HOBBIX COPTOB M THOPHIOB XJIOITYATHUKA C BBICO-
KoM MPOAYKTUBHOCTLIO, yCTOfI‘IPIBOCTLIO K BpCAUTEIISIM U 6OH63H$IM, ANANTUBHOCTBIO K OKCTPEMAJIbHBIM YCJIOBUAM BHEIITHEHN
cpebl ¥ I00aIbHBIM U3MEHEHUSIM KinMara. MccienoBaHne poBOHIOCh Ha IKCIIEPUMEHTAIBHOM Y4acTKe Kadeapbl reHe-
THKH, PACIIONIOKEHHOM Ha TeppuTopuu Gorannueckoro cana HYVY3. Msyuamucy TuOpuibl XJI0NYaTHKA, MOIyYEHHbIE C UC-
MTOJIH30BAHUEM METOJIOB MESKIIMHEWHON M MEKBUIOBOH CIOKHON THOpHAM3aiiuy. MeKITHHEHHbIe THOPHUIBI OBLTH TTOTYYCHBI
C YJ9acTHeM JIMHUHU reHeTrdeckor komutekimu HY'Y3. B pesynbrare nccienoBanuii BEISBICHO, YTO IS H3YUYSHHBIX KOMOWHA-
LA CKperuBanus ¢ yyactreM juaui JI-501 u JI-525 ¢ uensHO# (hopmoii mrcta B F, ¢ 1iebHBIME JIUCTHSIMH BBIXO/] BOJIOKHA
6om,me, yeMm 'y paCTeHI/Iﬁ C Tpex,uom)anoﬁ n HHTI/II[OJII)‘IaTOﬁ (I)OpMaMI/I JIMCTA, YTO YKa3bIBACT HA TOMUHAHTHO-TOMO3UT'OTHOC
cocrosiuue rena In' (uenbHas popma nucra). s komOuHanuii ckpemumsanus JI-653xJ1-681, JI-650xJ1-681 nokasaHo, 4To reH
Int" (MyTaHTHBIH THIT KycTa «axTaadai») He OKa3bIBAaeT CYILECTBEHHOTO JEHCTBHS Ha 3KCIIPECCHIO T'€HOB, ONPEACIISIONINX
BBIXOJT BOJIOKHA. Y MEKBHIOBBIX CIOKHBIX THOpuioB Fi-F, 00Hapy)keHO TOsBICHNE B paHHUX MTOKOJICHUSIX PEKOMOMHAHTOB
C TIOJIOKUTEITEHBIMH TIOKA3aTEIISIMI, PACIIOIOKCHHBIMH B IPABBIX KJIACCAX BAPHAIIMOHHOTO PSIIa, YTO CBUICTEIBCTBYET O BO3-
MOKHOCTH YITy4ILICHUsI IPU3HAKA U BBIACICHUH CEMeil, 00J1aIafoluX BBICOKMM BBIXOJOM BOJIOKHA, HAUMHas ¢ F, myTem mpo-
BEJICHHSI 0TOOPA CPEIU ITHX PEKOMOMHAHTOB. [10TyYeHHbIC CIIOKHBIC MEKBUIOBBIC THOPHIBI XJIOMUYATHUKA 00J1a]aF0T HOBBIM
COYETaHUEM XO3SIICTBEHHO LIEHHBIX MPU3HAKOB U SKOJIOTHUYECKON MIACTUYHOCTBIO, YTO JAaeT BOBMOXKHOCTh KYJIBTUBHUPOBATh
MX B HEOJIArOMPHUSTHBIX SKOJIOr0-reorpa)iIecKuX yCIOBHSX ITyCThIHb Y30€KHCTaHa.
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Improving the quality of cotton fiber is one of the most important tasks of the breeding programs of states involved in
cotton growing. One of the pressing problems is the creation of new varieties and hybrids of cotton with high productivity,
resistance to pests and diseases, adaptability to extreme environmental conditions and global climate change. The purpose
of the study is to establish the nature of inheritance and variability in the yield and fiber length of cotton hybrids from
various ecological and geographical zones, obtained using methods of interline and interspecific complex hybridization.
As a result of the research, it was revealed that for the studied crossing combinations involving lines L-501 and L-525 with
a whole leaf form in F, with whole leaves, the fiber yield is greater than in plants with three-lobed and five-lobed leaf forms,
which indicates a dominant homozygous state In' gene (whole leaf form). For the crossing combinations L-653xL-681,
L-650xL-681, it was shown that the Int" gene (mutant type of «pakhtaabad» bush) does not have a significant effect on the
expression of genes that determine fiber yield. In interspecific complex hybrids F,-F,, the appearance in early generations
of recombinants with positive indicators located in the right classes of the variation series was discovered, which shows
the possibility of improving the trait and identifying families with high fiber yield starting from F,, by undefined selection
among these recombinants.

The resulting complex interspecific cotton hybrids have a new combination of economically valuable traits and
ecological plasticity, which will allow them to be cultivated in the unfavorable ecological and geographical conditions of
the deserts of Uzbekistan.

Keywords: cotton; hybrid; inheritance; fiber; variation; transgression.

BBenenne

3HaueHne XJIOMYaTHUKA B HAPOJHOM XO3SHCTBE OUCHb BEJIMKO, TAK KaK, OTINYASCh OT JIPYTHX CEIIBCKOXO-
3AHCTBEHHBIX KYJBTYD, OH SIBIISIETCS IPUOBUIBHBIM. M3 JINTEpaTypHBIX AaHHBIX W3BECTHO, YTO U3 HETO IOJyYa-
10T okosto 300 BUIOB MPOAYKIINH, 0COOCHHO BaYKHOE 3HAUSHHE MMEET KYJIBTypa B OTPACISIX JETKON U MUIIEBOH
MPOMBILIJICHHOCTH, B )KHBOTHOBOJCTBE U CTPOMTEIbCTBE. HO HECMOTPS Ha 3TO XJIOMYAaTHUK BO3/EIIBIBACTCS
B OCHOBHOM pPajid BOJIOKHA.

Cenexuusi HOBBIX COPTOB ¥ THOPUIOB XJIOMYATHUKA, XapaKTEPHU3YIOLIMXCSI BHICOKMM YPOXKaeM U €ro Kade-
CTBOM, SIBJISICTCS] BXKHEHIINM (DAKTOPOM MHTEHCU(HUKALMK U TIOABEMA OTPaciu XJIONKoBoAcTBa. COBpeMEeH-
HOE CEJIbCKOXO03SIICTBEHHOE ITPON3BOICTBO HY)KJACTCSI B HOBBIX COPTaX U rMOpUIaX XJIOMYATHUKA C BBICOKOM
MPOAYKTUBHOCTBIO, YCTOMUMBOCTBIO K BPEAUTEISAIM M OOJIC3HSAM, aJallTABHOCTBIO K SKCTPEMAJIbHBIM yCIIOBH-
SIM BHELIHEH cpelbl ¥ I100aIbHBIM U3MEHEHUSIM KIMMaTa.

[l 3TOrO MCIOJIB3yeTC sl XOPOIIO U3YUCHHbIN LIEHHBIH NCXOAHBII MaTepral JUisl BEACHHs CEJICKLIIUOHHOTO
mporecca, KOTOPBIA CO34aeTcs IPU MHBEHTapU3aluu 00pa3LoB, FTeHETHYECKUX KOJJICKIUI, OLIEHKE U 0T0O-
pe TeHOTUIOB (JIMHUH, COPTOB, TMOPUAOB) CEIBCKOXO3SICTBEHHBIX KYJIBTYP IO (PU3UOJIOr0-T€HETHYECKUM
IpHU3HAKAM M CHCTEMaM, ONPEIeIIIONNM X ypokaiiHocTh. K TakuM npu3HakaM U CUCTEMaM OTHOCSITCS aT-
TPaKIUs ACCUMUIISITOB, UX MUKPOpACIpeAeICHIE, alalTUBHOCTh K MEHSIOIINMCS YCIIOBUSAM CPEJIbl, YCTONYH-
BOCTh K pa3nu4HbIM (pakTopam u 1p. CoznaHue HOBBIX COPTOB MOXKET OBITHh Oosiee AP EeKTUBHBIM, €CITH OHO
Oyznet 0a3upoBaTLCS HA OCHOBHBIX MOJIOKEHUSIX TEOPUH HKOJIOTO-TeHETHYECKON OpraHu3alMy KOJINYECTBEH-
HBIX IPU3HAKOB PACTEHU, B YaCTHOCTH, Ha IIOJIO)KEHUH O TOM, UTO HA0OP U YUCIIO TE€HOB, ACTEPMUHUPYIOLINX
TeHETUYECKYI0 H3MEHYMBOCTh KOJIMYECTBEHHOTO MPU3HAKA, MEHAETCS IPU U3MEHEHHUHU JINMUTUPYIOIIUX POCT
pacTeHuit pakTopoB BHENIHEH cpeapl. C TO3UITUH 3TOH TEOPHUH IOHOPCKHUE CBOMCTBA TEHOTHIIOB JTOJKHBI Me-
HATBCS B PA3JIMYHBIX SKOJIOTHYECKUX YCIOBHSIX.

VY4eHbIMM MHOTHX XJIONKOCCIOIIUX CTPaH MHpa BEAYTCS MCCICIOBaHMS 110 U3yUYEHHUIO 3aKOHOMEPHOCTH
HACJICAOBAHUS M U3MEHYMBOCTH BBIXOAA BOJIOKHA, KOPPEJIATUBHOM CBA3H BBIXOJA BOJIOKHA C APYTUMH XO35IH-
CTBEHHO-LICHHBIMU IIPU3HAKAMHU Y THOPUIOB, ITOJyUYEHHBIX C HCIOIB30BAHUEM Pa3IMUHBIX METOAOB THOPUAN-
3alliu, ¥ Ha 3TOH OCHOBE IIPOBOIATCS paOOTHI 10 CO3JaHUIO HOBBIX COPTOB XJIOMMYAaTHUKA C BHIXOAOM BOJIOKHA
cBbime 40 %.
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Hampumep, B pabore Essam El-Hashash ormedaetcs, 4to y ruOpumoB, MOTYUYEHHBIX ¢ YIaCTHEM COPTOB
xJonyaTHuka Erunerckoil 1 AMEpUKaHCKOW CEJIEKIIMU, BBIXOJ] BOJIOKHA M Macca XJIOMKa ChIpiia OJIHOM KOpO-
00uYKM HacIeAyeTCs B3aUMOACHCTBHEM aJIUTUBHBIX TeHOB [7], a B pabote Abdulla A. M. A., et al. noka3zana
BO3MO)KHOCTbH BBIJIEIICHHSI CKOPOCTIENBIX PEKOMOMHAHTOB C BHICOKMM BBIXOJIOM BOJIOKHA MPHU CKPEIIMBAaHUT
COPTOB XJomYaTHUKA ErumeTckoit 1 AMepruKaHCKO# cenekmuu [6].

B uccnenoanusax @. C. Pa30koBoii BBIABICHO, YTO HACIEIOBAHUE BBIX0O/Ia BOJOKHA Y T€OTPaPUISCKH OT-
TaJICHHBIX THOPUIHBIX pacTeHUH ') MPOUCXOMNUIIO ¢ YKIIOHEHUEM B CTOPOHY MaTepHHCKHUX COpTOB Typerickoit
cenekmuu [3]. HaciemoBanme BbIXO/Ma BOJOKHA Y THOPHIOB XJIOMYATHUKA W3YYE€HO MHOTHUMH HCCIIeOBaTeE-
naMu. VIMH yCTaHOBIEHO TPOMEXKYTOYHOE HACIeIOBaHME 3TOTO MpH3HaKa B F; U MOIbHOE JOMUHHUPOBAHUE
POIUTENBCKUX (hOPM C BEICOKMM BBIXOJIOM BoJIOKHA B F, [2; 3].

O06001mIasi MHOTOJICTHUE HWCCIIEAOBAHUSA, MPOBEACHHBIE B HarmoHaasHOM yHUBEpPCHTETE Y30eKHCTaHa
uM. Mup3o Viyroeka (HYY3) coBmecTHO ¢ coTpynHuKaMu j1aboparopu, . A. MycaeB caenan 3aKIIOUCHHE
0 TOM, YTO Pa3BUTHE BOJIOCSIHOTO IMMOKPOBA CEMSH (TOAMYIIEK ¥ BOJIOKHO) y XJlomJyarauka Buna G. hirsutum L.
00yCITOBIIEHO CIIOKHOW CHCTEMOM TeHOB: HACJIEOBaHUE 3TOTO MPU3HAKA TIPOUCXOIUT IO KKOMOMHUPOBAHHO-
MY» THITY B3aUMOICHCTBHS TeHOB [4].

M. @. AG3aI0BBIM yCTAHOBJICHO, YTO MHOTOBEPIIMHHOCTE BAPHUAIIMOHHON KPUBOU TTPU HACIICTOBAHIH BBI-
xo/1a BoJokHa B F,, a Takike MpephIBUCTOCTh BAPUAIIMOHHOTO Psifia B OTJEIHHBIX KOMOWHAIUAX SBISETCS pe-
3yIIBTaTOM B3aUMOJIEHCTBUS «COOCTBEHHBIX» T€HOB BOJIOKHA, a TAKXKE TUIEHOTPOITHOTO AEHCTBUS T€HOB MO~
mymka [1].

Lens nccenoBanms — yCTaHOBIIEHUE XapaKTepa HACIeT0BaHUS U N3MEHYMBOCTH BBIXO/A U JJIMHBI BOJIOK-
Ha THOPUIOB XJIOMYATHUKA U3 PA3IHUHBIX IKOJIOTO-TeorpauIecKux 30H, OTYUYEHHBIX C HCIIONB30BAHHUEM
METOZOB MEXTMHEHHON 1 MEKBHIOBOU CIIOKHOW THOPHUAM3AIIHH.

MarepuaJjibl 1 MeTOAbI HCCIETOBAHUSA

WccnenoBanne MpoBOAMINCH HAa DKCTIEPUMEHTAIBHOM ydacTKe Ka(elphl TeHEeTHKH, PACIOIOKEHHOM Ha
TeppuTopun 6boTaHmdeckoro caga HY V3. YuacTok npencrasisieT co00it opomnraeMblii THITHIHBIA CEpO3eM, pe-
need ero poBHBIN ¢ HE3HAYUTEIBHBIM YKJIOHOM K 3amafy. [louBa mpenMyIecTBeHHO CpeHe U TSHKEIOCYTIIH-
HHCTas, HECMBITasl, HE 3aCOJIEHHAs Ha JIECCOBHUIHBIX CYTIIMHKAX. BepXHss 9acTh MOYBEHHOTO MPOhuIs Ipe-
CTaBJIeHa arpOMPPUTAITIOHHBIM TOPU30HTOM, MOIITHOCTH KOTOPOTO JOCTHTAET 85 cM. B MaxoTHBIX rOpu30HTaX
cofiepkanne rymyca coctaBisieT 1,9 %, koTopoe mocteneHHO yMeHbIIaercs ¢ rryonnoit mo 0,5 %. IlouBsr
HCCIIEMYEMBIX TEPPUTOPHHA OTIMYAIOTCS XOPOIIeH TPopaboTaHHOCTHIO 3EMIIEPOSIMH, BEICOKOH MTOPO3HOCTHIO
(42-45 %), asparueii, BOJOTPOHUIIAEMOCTHIO, a TAKKE IMMOBBIIIIEHHON OMOJIOTHYECKOW aKTHBHOCTHIO.

B nccnenoBannax ObuTH N3y4eHB THOPHUIBI XJIOMYATHUKA, IOTY4YEHHBIE C MCTIOIh30BAaHHEM METOIO0B MEX-
JTUHEWHOW W MEXBHJIOBOU CIOKHOU THOpHUan3anuu. MexTnHeHHbIe THOPHUILI OBUTH MOTYYCHBI C Y4aCTHEM
JIMHUU FeHeThYecKor komtekunu HY V3.

Hcrnonp30BaHHBIE B Ka4€CTBE POAUTENHCKUX (OPM JIMHUW PA3NHYATIUCH 1O PopMe TUCTOBOW TUTACTUHKHU
U THITy KycTa. beim u3ydensl rubpumsl F, F,, F, 10 BEIXoay BonokHa Ha GOHE TMCTOBOM muacTuHKY (TeH In' —
nenbHas opma JIucTa) U THHa Kycra (TeH Int" — MyTaHTHBIM THI KyCTa «Iaxraadams).

ClIo)XHBIE MEKBHUAOBBIC THOPHIBI TOJMYYCHBI OT CKpemuBaHus coptoB Buma G. hirsutum L. C-4727,
C-6524, Oman u Buna G. barbadense L. copta Tepmes-31 ¢ mexBumoBeiM rubpunom F(F, G. thurberi x
G. raimondii) x G. arboreum (2n=>52) (K-28).

Bce monyueHHbIe SKCITEpUMEHTaTBHBIC JaHHBIC TOABEPTAIICEH CTaTUCTHUYECKON 00padoTku mo b. A. J{ocrre-
XOBY [8].

B xauecTBe KpuTEpHs MPOBEPKHU THIIOTE3BI O HOPMAITLHOM 3aKOHE pacIipeefIeHus JaHHBIX UCTIOIb30BaIl
kpurepuii cornacus [Tupcona y* (Xu-kBaapar). Ilony4eHHbIe pe3yabTaThl ObLIH 00Pa0OTaHBI C IPUMEHEHHEM
t-xputepuss CTpIoNeHTa. Beraucsum cpenHioo apudmerndeckyio Benmndnay (M), ommoOKy cpemHei (ctaH-
JIapTHas omuOKa — m) W MOKa3aTelh CTATHCTHICCKON 3HAUMMOCTH (p). OTIUYUSA CUUTANNCH CTATHCTHICCKHU
3HaYuMbIMH TIpH p < 0,05.

Pe3y.]'leaTLI HCCICA0OBAHUA U UX oﬁcym}leﬂne

B mepBoii MexxITMHEWHOW THOpUIHON KOMOMHAIMKA poauTelbckue TuHuN JI-501 ¢ 1enpHOi — OKpyTIION
thopmoit muctoBoit mmactunkn (x = 36,60 + 0,28 % u JI-681 ¢ mansaaromonpuaToil (POpMOI JIMCTOBOM IIja-
cTtuHKH (x = 35,69 + 0,18 %), pa3HuIa M0 BRIXOAY BOJIOKHA CTaTHCTHYeCKH 3HaunMa (td =2,76; p <0,05). BF,
HabmomaeTcs 3 dekr rereposuca (hp = 2,16). Ananus BapuallMOHHOTO psna pacteHuit F, ¢ TpexiomacTHOM
(hopMoit TUCTOBOH MITACTHHKH TIOKa3aJl, YTO OHU 10 BAPHAITHOHHOMY DPSITy pacIpeesioTCs B IIpeienax Kiac-
coB ot 35 10 39 %. Cpennee 3nauenne paBuo x = 37,04 = 0,18 % (Tadm. 1).
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Tabnuma 1

HacnenoBanue BbIX0/1a BOJIOKHA Y MeKJIHHEHHBIX THOPHIO0B, Pa3/INYaIOMINXCS 0 opMe JIMCTOBOI MIACTHHKHA

Table 1
Inheritance of fiber yield in interline hybrids that differ in leaf blade shape
Marepuan n Lim, % xtm hp

JI-501 (u/m) 50 31-41 36,60 = 0,28
FJI-501xJI-681 (1/m011) 25 35-39 37,04 £ 0,18 2,16
JI-681 (11/mon) 55 33-39 35,69 £0,18
F,JI-501xJ1-681, 595 29-47 37,49 £0,12
W3 HUX: /1 142 2947 39,09 £0,25

T/10TI 293 31-45 37,50 £ 0,15

/71071 160 29-45 36,06 0,21
FyF1JI-501xJ1-681)xJI-681, 62 29-43 35,74 + 0,50
W3 HAX: I/11 32 31-43 37,74 £ 0,59

/1071 30 29-41 33,60 +£0,63
JI-525 (w/n) 50 33-39 36,60 + 0,28
FJI-525%J1-681 (1/mom) 54 3139 37,04 £0,18 1,77
JI-681 (11/mom) 55 33-39 35,69 0,18
F,J1-525%J1-681, 614 29-43 37,49 £0,12
W3 HUX: /I 148 31-45 39,09 £0,25
/1071 306 29-45 37,50 £ 0,15
/7107 160 29-43 36,06 0,21
Fy F1JI-525%J1-681)xJ1-681, 113 29-43 35,74 £ 0,50
W3 HUX: T/I0MI 55 290-43 37,74 £ 0,59
/7107 58 29-43 33,60 £ 0,63

IIpumevanue. 1/ — HEIbHOKPANHHBIM, T/JTIOM — TPEXJIONACTHOM, T/10T — TPEXAOIBIATHIN, I1/10J — MAITBIATOAONEIATHIH.

B F, mpoucxonuT ciioxkHOe pacLielyieHHe ¢ MPOsIBIEHUEM JIBYXCTOPOHHEN TpaHcrpeccuu. BapuanunoHHbIH
psan F, Bkimtouaet B cebdst kimaccer ot 29 1o 47 %, npu cpenHem 3HadeHun x = 37,49 + 0,12 %, Torga kak pac-
npeieieHNe PACTeHUH POIUTENbCKUX JTMHUK ObuTo B nipenenax y JI-501 ot 31 mo 41 %, y JI-681 ot 33 10 39 %.
Cpennee 3Hauenue F, MpeBbIIIaeT MoKka3arenn Kak poaUTEIbCKUX JIMHUM, Tak 1 F.

HuddepenumpoBannblii ananu3 pacteHuid F, Ha ¢oHe GOpMBI TMCTOBON IUIACTUHKH TOKa3all CIETYyIOLIHe
pe3ynbrarbl. CocTaBlICHHBIA BAPHALMOHHBIN PSAJ U1l pacTeHHUH ¢ HEeTbHOH (HOPMOM TUCTOBOH tacTUHKH (0T 29
10 47 %) MONHOCTBIO COBNAJAaeT C KpAaHHUMH IMIpeAeIaMy 00IIero BApHAlMOHHOIO paja pactenuil F,, mpu stom
cpennee 3HaueHue (x = 39,09 + 0,25 %) maHHOrO Kjacca HAMHOTO NPEBBIIACT CPEJHEE MOKA3ATENN POIUTEIb-
ckux nuHui, F, u o6mero F,.

Pactenust ¢ TpexiionactHol (OPMOIL TUCTa pacHpenesUINCh 0 BapHAMOHHOMY PSITy MEXIy Kiaccamu oT 31
10 45 %, x=37,50£0,15 %. HauMeHbII1M BBIXOJIOM BOJIOKHA XapaKTEPU30BAIHUCH PACTCHUS Kilacca, UMCIOLIUE
NaJIB9aTo0IBYaTy 0 (JOPMY JIMCTOBOH MIACTHHKU. Pa3Max M3MEHUMBOCTH y HUX BapbUpOBall B Ipenenax ot 29
1o 45 %, npu cpenHem 3HadeHun x = 36,06 + 0,21 % (cm. Tabm. 1). Paznuuus cpeqHux mokasaresiel KiaccoB
pacTeHuii ¢ 1eNbHON 1 NMAIbYaTo/0TbuaTo (hOpMaMHU JINCTOBOM TUTACTHHKH CTAaTUCTHYECKHU 3HaYUMEI (td = 9,18;
p < 0,05). DT0 1aeT OCHOBAHKE TIONATaTh O MOIOKUTEIBHOM 3 dekre TeHa In', NeTePMUHUPYIONIETO [ETBHBII
JIMCT, Ha BBIXOJl BOJIOKHA.

B npyroii koMOMHaUMU CKpeLIMBaHMS NMPH ydacTHH JUHUN JI-525 ¢ menpHOW — JaHUETOBUAHOW (GopMoit
nucToBOU TacTUHKM U JI-681 ¢ manpuaromonsyaToil GOpMOM TMCTOBON MIACTHHKH, POAUTENBCKHUE JIMHUN TIO
CpeHEeMY MOKa3aTellto BeIxo/a BookHa (X = 34,65 £ 0,17 %; x = 35,69 £ 0,18 % COOTBETCTBEHHO) UMEITH CTaTH-
CTHYECKH 3HaYMMBbIe pasnnuus (td = 4,16; p <0,05).

B F, nabmonaercst apdext rereposuca (hp=1,77). BapuaunonHslii psi BKIIOYAET Kiacchl B mpenenax ot 31
10 39 % (cm. Tabm. 1).
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B F, nponcxoaut paciiersieHne ¢ BRICOKOW aMIUTHTYIO0H H3MeHYHBOCTH (0T 29 110 45 %) ¢ posiBIIeHHEM /IByX-
CTOpOHHEH TpaHcrpeccrud. [lokaszarens BbIXxona BOJOKHA B cpeqHeM cocTaBmi X = 36,46 £ 0,12 %. Y ponutens-
CKUX JIMHUH COCTaBIIEHHBIN BapHALIMOHHBINA PSJT BKITIOYAeT B ce0s ommHaKoBbIe Kiacchl oT 33 10 39 % c oTHOCH-
TENBHO OMM3KUMU TTOKA3aTeISIMH CPEHUX 3HAYSHNH BBIXOJA BOJIOKHA.

JuddepeHnpoBaHHbIil aHAII3 HACICAOBAaHUS BBIXOAa BOJIOKHA Ha oHE (POPM JINCTOBOM TUTACTHHKH TTOKA3aT,
YTO BBICOKOE 3HAYEHHNE €0 BBIX0a HAOIOMaeTcs y pacTeHHH ¢ enbHOM popmoii ucta (x = 38,24 + 0,22 %). Pac-
TEHHS PACIPEAEISIFOTCS B BAPHAIIMOHHOM DAY B Tipeaenax kimaccoB oT 31 mo 45 %. Cpennuii mokaszarens y 9THX
pacTeHul MPEBBIIIAET CPETHUE 3HAYCHUS POTUTENbCKUX JIMHUM, F| 1 pactenus F, ¢ TpexionpuaToi u nsaTuaoIs9a-
TOM (hopMaM¥ JIMCTOBOH IIAaCTHHKH. PacTeHus ¢ Tpexmonsdaroi (opMoi JIMCTa B BAPUAITMOHHOM PSIITy pacIiperie-
JISTIOTCSI, B TIpefieiax kKiaaccoB oT 29 1o 45 % co cpemanm 3HaveHune X = 36,48 + 0,16 %. HanmeHpmmM rmoka3zarenem
CpPEeIHEero 3Ha4eHns 00Jalay pacTeHus ¢ mATHAoIBIaToi hopmoii miucta x = 34,84 + 0,21 % (cm. Tadm. 1).

Pazmuums cpemuux mokazaresieil kimaccoB F, ¢ mempHONM u MATHIONBYATON (hopMaMy JTUCTOBOM IUTAaCTUHKH
craructridecku 3HaunMelI (td = 11,33; p < 0,05).

HacnenoBanne BbIxoma BOJIOKHA TakKe OBIJIO M3y4eHO Ha (pOHE THIa KyCTa IPH CKPEIIMBaHUH JTNHHH, 00Ja-
JTAFOIINX MyTaHTHBIM THITOM KycCTa «TaxTaada, 1 HOpMaJbHBIM THIIOM KYCTa.

HcxomHple THHAN UMENTH CIIEMyIOIINe TIOKA3aTelH 10 BRIXOAY BojokHa: JI-653 (THI KycTa MyTaHTHBIN «Tax-
Taabamy, popma nmcra mampgaropaccedenss) — x = 36,17 + 0,22 %; JI-681 (tum xycTta «HOpMay, hopma mcTa
najxpgarogoisaaTast) — x = 35,69 + 0,18 %. CrarucTrdecky 3HAYMMBIX PA3TUYNi CpEIHUX MTOKa3aTesel He ycra-
vomiero (td =1,71; p > 0,05). Pacrenus F, («maxraabamy», mamsaaropasaenbHas (popma JrcTa) o BBEIXOIY BO-
JIOKHA UMEJIH CPETHUHN MmoKasarenb x = 36,43 + 0,28 %, mpu aMmruuTyae uaMeHInBocTH OT 33 1m0 41 %, TO ecTh
Habmomaercs dhdekr rereposuca (hp = 2,08) (tadm. 2).

Tabnuma 2

HacsenoBanue BbIXo/1a BOJIOKHA y MeKJIMHEeHHbIX Fﬂﬁpl/lZIOB IPHU CKpeIBaHUU J'll(lHﬂﬁ,
00JIa1AI0IINX MYTAHTHBIM THUIIOM KYCTa «naXTaaﬁa;[», 1 HOpMAJIBHBIM THIIOM KYCTa

Table 2

Inheritance of fiber yield in interline hybrids when crossing lines with the mutant type of bush «pakhtaabad»
and the normal type of bush

Martepuan n Lim, % xtm V% hp

JI-653 («maxTaabamy) 51 33-39 36,17 £0,22 4,43

FJI-653xJ1-681 («maxTaabam») 27 33-41 36,43 £0,28 3,95 2,06
JI-681 («HOpMAaY) 55 33-39 35,69 £0,18 371
F,JI-653%J1-681, 480 31-45 36,99 +£0,12 6,92
W3 HUX «I1axTaada 355 31-45 36,80 £0,28 7,16
«HOpMa» 125 33-43 37,52 £0,25 6,01
n/pacc 119 31-43 36,71 £0,25 7,55
/pasa 237 31-43 37,19 £0,19 7,82
/71071 124 31-45 36,95 +0,23 6,82
Fo(F,JI-653xJ1-681)xJI1-68]1, 125 29-41 35,73 £0,19 6,10
W3 HUX «I1axTaabaay 70 31-39 34,89 £ 0,24 5,86
«HOpMa» 55 33-41 36,57 +£0,26 5,40
/pasn 58 31-41 35,83 +0,31 6,70
/71071 67 29-39 35,66 £0,25 5,72
JI-650 («maxTaabam») 50 31-39 35,10 £ 0,21 4,17

FJI-650xJ1-681 («maxTaabam») 44 33-39 36,28 £0,19 3,22 3,03
JI-681 («HOpMAaY) 55 33-39 35,69 £0,18 3,71
F,JI-650xJ1-681, 464 29-45 35,82 +0,12 7,37
W3 HUX «I1axTaadam 325 29-45 35,81 £ 0,15 7,31
«HOpMa» 139 20-43 35,85 +0,23 7,54
Fy(FJI-525%J1-681)*J1-681, 151 31-43 34,85 +0,19 6,64
W3 HUX «I1axTaadas 77 31-43 35,22 £0,26 6,47
«HOpMaY 74 31-41 34,69 £0,27 6,77

IIpumeuanne. «Ilaxraabam» — MyTaHTHBIH KapJIMKOBBIN THII KyCTa, HOPMa» — HOPMAJIbHBIN THII.
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B F, naGmomaercs mupoKnii Auama3oH U3MEHIHMBOCTH C TPOSBICHUEM JBYXCTOPOHHEH TpaHCTPECCHH, T
BBIJICIISTFOTCS PACTEHUS, BRIXOIAIINE 32 MUHIMAIbHOE U MaKCHMaJIbHOE 3HAUYEHUS POIUTENLCKUX JIMHUHA U pac-
tenuit F,. BapuanmoHHbIit psin, cocTaBIeHHbIH 11 F,, BKirrogaeT B ceds kimaccel oT 31 10 45 %, cpenaunii moka-
3arenb paBeH x = 36,99 £ 0,12 %. B To BpeMs kak pazMax U3MEHUYHUBOCTH POIUTENbCKuX TrHAN JI-653 n JI-681
HAXOAWTCS B OMHAKOBBIX mpenenax ot 33 1o 39 %.

AHanm3 pacTeHnii Ha ()OHE THTIA KyCTa — «axTaadam» W «HOpMay MOKa3all, YTO ATH KJIACCHl HE UMEIOT CTa-
THCTUYIECKH 3HAYUMBIX Pa3JIMIHiA 1O BEIXOMY BOJIOKHA (x = 36,80 + 0,28 %; x = 37,52 + 0,25 % COOTBETCTBEHHO)
(td = 1,95; p > 0,05). AMmuTyna I3MEHYMBOCTH TpU3HAKa y MyTaHTHOTO Thma oT 31 mo 45 %, a y HOpMBI He-
MHOTO yke oT 33 10 43 % (cm. Tabm. 2).

JuddepenmupoBannblii ananu3 pactenuii F,, mpoBeneHHbIN Ha GoHE POPMBI JTUCTA, TIOKA3aJI, YTO HAHOOb-
IITMM BBIXOJIOM BOJIOKHA XapaKTEPHU3YIOTCS pacTeHHs ¢ Taykdaropa3nenbHoi popmoii (x = 37,19 = 0,19 %), xota
KpaifHue mpezaesnsl pazMaxa usmMeHduBocTd (0T 31 10 43 %) coBmamaioT ¢ pacTeHHSIMH MaTbdaTOpacCedeHHON
¢dopmbl ucToBOM TacTHHKHA (x = 36,71 + 0,25 %).

TIpoMeKyTOUHBIH ITOKa3aTeNlb BEIX0/a BOJIOKHA UMEIH PACTCHHS C TTATBUATON0IBUaToN (opMoid. Y HUX cpe-
HUI TIoKa3atens paBeH x = 36,95 + 0,23 % npu amrummTtyne n3mMeHInBoCTH OT 31 10 45 %. CrenyeT OTMETHTS, YTO
TOMO3HTOTHBIE KJIACCHI (TTaIb9aTOPacCeUeHBIN 1 MaTbuaTo0IBIaThIi ) [0 CpeTHeMY TIOKa3aTelto CTaTUCTHIECKH
3HaYUMBIX He nMeroT (td = 0,73; p > 0,05).

AHaOTHYIHBIE PE3yIBTATHI MTOTYYCHBI TPH aHamm3e pactennit Fy(J1-653 x JI-681) x JI-681 Ha doHEe THIIA KycTa
1 (OPMBI TUCTOBOH IIJIACTHHKH (CM. TaOmI. 2).

B npyroit komOuHamu ncxomHas muaus JI-681 (Trmm KycTta «HOpMay, (hopMa JIMcTa maakdaTonoasdarasi) mo
CpeIHeMy TOKa3aTelro BhIXona BoJoKHA (X = 35,69 + 0,18 %) cTaTucTUYeCKH 3HAYMMO MPEBHIIIAET ITOKa3aTeNb
mann JI-650 (T KycTa MyTaHTHBIN «mmaxTaadbam, Gpopma ircra nmangsaaromoisdatast) — (x = 35,10 + 0,21 %)
(td =2,26; p <0,05) (c™m. Tabm. 2).

Pacrenus F, («maxraabamy», mampuaromonibdarasi hopMa JIMCTa) TIO BApHAIMOHHOMY DSy PacIpeleTHINCh
B npenenax ot 33 mo 39 % (x = 36,28 = 0,19 %). Habmromaercs nposisinenne sddexra rereposuca (hp = 3,03).
Kak BUIHO M3 MaHHBIX, IPEACTABICHHBIX B Ta0M. 2, B F, HaOmomaeTcs coXHOE paciierieHHe ¢ aMITTUTYI0H
M3MEHYNBOCTH MpHU3HAKa OT 29 110 45 %. BeIAEnsStoTCs Ki1acchl, BRIXOMAIIME 3a MPeJIeNbl 3Ha4eHNs KJIACCOB PO-
TUTEThCKUX JINHUHM W pacTeHnil F,: mMeeT MecTo ABYXCTOpOHHAA TpaHcTpeccusa. CpeaHee 3HaUYeHHWE TpU3HAKa
y pactenuii F, cocrapnser x = 35,82 £0,12 %.

Amnanmu3 pacternii F, mo BeIXomy BosiokHA Ha (poHe THHA KycTa («maxraadam», «HOpMay) MOKA3bIBACT, UTO
KpaifHre KJ1acChl PAaCTEHHI THITOB «T1axTaadam M «HOpMay, KaKk BUAHO U3 JTAHHBIX TaOl. 2, IpaKTHYeCKH COBIIA-
JTATOT, Pa3IIMYMsI CPEIHUX TTOKa3aTeIe ATHX KIIACCOB cTaTUCTHUECKH He3HaunMEl! (td = 0,15; p > 0,05).

Pesynbrare! o F, monreepkmarorcss nanasiMu Fi(JI-650xJ1-681)xJ1-681, rme Taxke HaONMIOmaeTCs HEAOCTO-
BepHas pasHHIIA MEXITY KTaccaMu «maxTaadamy u «aopmay (td = 1,43; p <0,95) (cm. Tabm. 2).

IIpu croxHOM MEXBHI0BON THOPUAN3ANN UCXOIHBIE (POPMBI IMEIH ONM3KIE 3HAYSHNUS 110 IIPU3HAKY BBIXOZA
BonokHa. Harmpumep, y coptoB «Oman» n «Tepmes-31» cpemHsis BenmuanHa mpusHaka coctasisier 36,0 u 34,5 %,
a 'y 4 BunoBoro marepuHckoro ruopuaa 35,4 u 4 BugoBoro rudpuna ¢ ygactuem copra Omaz 35,9 % coorser-
CTBEHHO (PHCYHOK).

OpHako aHAM3 BapUAIlOHHBIX PS/IOB 10 aHAJIM3MPYEMOMY IPH3HAKY CBHIETENHCTBYET O HECTaOWMIBHO-
cTH 4 BUIOBBIX THOPUIOB M MIMPOKONH M3MEHYHBOCTH TIO TIPU3HAKY, TAE paclpeiesieHne pacTeHUH MPONCXOIUT
B KJlaccax ¢ BenMumHOW mpu3Haka ot 29,1-31,0 % no 41,1-43,0 %. Cpennuii mokazarensb OeKKpocc THOpuia
F,BC,c yaactnem copra Tepmes-31 6611 Ha ypoBHE HcXOAHBIX (hopMm, a y FBC, orHOCHTEpHO BRICOKUM (37,2 %).
B pesynprare mogoKUTETEHON TPAHCTPECCHH TPHU3HAKA TIPH CIIOKHON MEXBUAOBON THOPUAM3AITNY, HAIMHAST
C DTOTO TIOKOJICHUS, BBIIETUISIOTCSI BRICOKO BBIXOTHBIC PACTECHUS B KJTACCaX ¢ BEMMUNHON mpm3Haka 43,1-45,0 %.

ITokazarenn BBIXOZa BOJIOKHA Y CIIOKHBIX 5 BHAOBBIX THOpHIOB F,, co3maHHBIX ¢ ydactueMm copta «Tep-
Me3-31», Takke HaXOAMIOCh Ha MPOMEKYTOIHOM ypPOBHE, a Y OEKKPOCCOB C JaHHBIM COPTOM, Oiarojaps Io-
SIBTICHUIO TPAHCTPECCUBHBIX PACTEHHI ¢ BeMn4nHON cBhIme 39,0 %, HaOmomanoch He3HAYNTEIbHOE YITydIIeHHE
MIpHU3HAKA.

Amnanmu3 motoMcTBa F, CI0XHBIX 4 BUIOBBIX U X OeKKpoccoB TnOpuoB F,BC, cBUIETENBECTBYET, UTO CpeaHee
BEIpKEHHE IIPU3HAKA OCTAaBAIOCH Ha ypoBHE F|. OgHaKo y AByKpaTHBIX 6ekkpocc ruopuaos F,BC,, B pe3ynbrare
TMOSIBJICHNUS TTOJIOKUTENBHBIX PEKOMOMHAHTOB € BBIXOAOM BostokHa 43,1-45,0 %, cpemHue moka3areinn nmpu3HaKa
nofasuTuch 10 37,4-38,0 %. Y cnoxHBIX 5 BUAOBBIX THOpUAOB F, n ux OekkpoccoB ¢ ydactreM coprta « Tep-
Me3-31» Buna G. barbadense L. Taxxe HaOM0MaeTCs MOBBIICHUE CPEIHUX BETMIMH IMPU3HAKA.

Pesynbrare! n3ydenns rTuOpuaoB F; cBUIETENHCTBYIOT O 3HAYUTEIFHOM MOBHIIIEHUH CPETHETO 3HAUEHUS BBHI-
XO0J1a BOJIOKHA TT0 CPAaBHEHHMIO C TIPEIBITYIIIUMHE ITOKOJIEHISIMH, YTO, TIO-BHINMOMY, OOYCIIOBIEHO OTOOPOM BEICO-
KOBBIXOJHBIX PACTeHNH B paHHHX MOKoIeHUsX. Harmpumep, y 4 BUAOBBIX THOPUIOB CpelHUE 3HAYECHUS MTPU3HAKA
okazaymch Ha ypoBHe 36,8-37,1 %, y moToMcTBa OmHOKpaTrHOTO Oekkpocca — 37,9-38,3 % u aBykpaTrHOTO Ha
ypoBHe 38,0-38,2 %, a y 5 BUIIOBBIX MMOKa3aTen ObLTH B Ipeaenax ot 36,4 mo 37,1 %.
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HaCﬂelIOBaHI/Iﬂ BbIXO/1a BOJIOKHA Y CJIOKHBIX MEXBHUOBBIX FI/I6pl/I}10B XJIOIMYaTHUKA

Inheritance of fiber yield in complex interspecific cotton hybrids

[onyueHHble 1aHHBIE 1O TPU3HAKY «BBIXOJ BOJIOKHA» Y CIIOXHBIX U OeKkpocc ruOpuaos F, moarsepkaaror
MIPEABbIIYLIHE BHIBOBI 00 3P EeKTUBHOCTH THOPUAN3ALMHY C yIacTHEM 4 1 Oojiee KOMIIOHEHTOB ISl €70 MOBBILIE-
Husl. PacTeHns 3TOro noKojIeHust OKa3aiuch 00j1ee BHICOKOBBIXOAHBIMH 110 CPABHEHHUIO C PAHHUMH [TOKOJICHUSIMU
U pacrojarajuch B MPaBbIX KJIAccax BapUalMOHHOTO psina. Hanbonee BbIcoKHEe 3HAaYECHUSI IPU3HAKA OTMEUATIHNCh
y OIHOKpATHBIX U JBYKPATHBIX OEKKpOCC TMOPHIOB, TONYYEHHBIX C ydacTueMm copta «Omam». Y 5 BHUIOBBIX
ruOpuI0B, mony4deHHbIX ¢ yuactueM F K- 28 x C-6524 u copra Tepmes-31, a Takke OTHOKPAaTHOTO OEKKpocca
¢ yuactueM copra Tepmes-31, cpeHre 3HaueHMsI BBIXO/1a BOJIOKHA OKA3aIMCh BEICOKUMH. OTMEUEHO 3HAUNTENb-
HOE YITy4IlICHUE CPEHUX BEJIIMUMH MIPU3HAKA y JaHHBIX THOPHIOB B CPABHEHHUH C TPEIBIIYIIMMH MOKOJICHHUSMH.

B ommmuune ot 4-5 BUnoBBIX M Oekkpocc TuOpuaoB F), rae pactenust pacnpenessuiuch BO MHOTHUX Kilaccax
BapUaIMOHHOTO psifia, pacteHus rudpuaoB F, pazmemanice B CpelHUX U MPABbIX Kiaccax, YTO MPHUBEIO K I0-
BBILLICHUIO CPEIHUX BEJIMUYMH Mpu3HaKa. Hanbonee mupokas Bapuanus Npu3Haka OTMEUEHA Y JABYKpaTHBIX OeK-
Kpocc rudpuoB ¢ yyactiueM copta «Omany (33,1-45,0 %), a y 5 BUIOBBIX THOPHIOB PACTEHHS PACTIOJIIOKHUIUCH
B kiaccax 31,1-45,0 %.

W3 monmy4eHHBIX IaHHBIX CIEAYET, YTO U3MEHUYMBOCTh BbIxoja BojokHa B F—F; Hanbomee Bbicokas: mpouc-
XOJHT yiIydlleHue npusHaka. Hanbomnee 3amMeTHOE €ro yinydnieHne NpoucXoauT HaduHasi ¢ Fs, 4To, Ho-BHIMMOMY,
00yCIIOBJICHO BBILICIUICHHEM PEKOMOWHAHTOB CpeIy THOPUIOB PaHHUX MOKOoIeHH. [1oBbIICHHE BBIXO/A BOJIOK-
Ha TaKkke oTMe4eHO y 4 BunoBbIX rubdpuos F, (37,1-37,8 %), uro Ha 2,2-2,3 % BbIIIE 110 cpaBHEHUIO C F|.

3aKiaoueHue

Takum 00pa3oM, Ha OCHOBAaHHMM W3YUYCHHBIX JBYX KOMOWHAIMI CKpermBaHUs ¢ ydactueM juHud JI-501
u JI-525 ¢ uenbHO# (hopMOI JIUCTAa MOXKHO 3aKITHOUUTh, YTO MOJIOKUTEIBHBIA TETEPO3UC MO0 TEXHOIOTHYSCKUM
Ka4ecTBaM BOJIOKHA y THOpuoB F, mposiBisiercss B 3aBUCUMOCTH OT 3KOJIOTO-TEHETUYECKIX CBOMCTB F€HOTHUIIOB
XJIOTTYaTHHUKA.

VY pacrtenuii F, . 11eTbHBIMU JTUCTHSIMH BBIXO]T BOJIOKHA OOJIBIIIE, YEM Y PACTCHUH C TPEXIOIBYATOMN U MATHI0Ib-
garoii popmamu mucra. Clen0BaTeNnbHO, MOXKHO M0JIAraTh, YTO TeH In' B JOMUHAHTHO-TOMO3UTOTHOM COCTOSHUH
MOJIOKUTEIBLHO BIMSET Ha MOKa3aTellb «BBIXOJ BOJIOKHAY.

Ha ocHoBe xomOuHnanwmii ckpeumBanus JI-653xJ1-681, JI-650 x JI-681 MOKHO 3aKIHO4UTh, 4TO TeH Int", 00-
YCIIOBJIMBAIOIINIA MyTaHTHBIA TUI KycTa «naxraaban» y muaui JI-653 u JI-650, He oka3biBaeT CyLIECTBEHHOTO
JIECTBUS Ha SKCIPECCUIO TE€HOB, OMPEAEISIIOIINX BBIXO/ BOJIOKHA.

[Ipu n3yueHUn MpU3HAKa «BBIXOJ BOJIOKHA» Y MEXKBHUJIOBBIX CIIOKHBIX ruOpunos F,—F, oOHapyxeHO mOsB-
JICHUE B PAHHUX MOKOJICHUSIX PEKOMOMHAHTOB C MOJIOXKHUTEIIbHBIMU MTOKA3aTEIISIMU, PACTIONIOKEHHBIME B TIPABBIX

93



ZKypnaa Bes1opycckoro rocyiapcTBeHHOr0 yHUBepcuTera. JxoJorus. 2023;4:87-94
Journal of the Belarusian State University. Ecology. 2023;4:87-94

KJIaccax BapHaIllMOHHOTO Psfa, YTO NAeT BO3SMOKHOCTD YITyHIIIeHNs TIPU3HAKA U BBIACTICHHE ceMel, 00Iaarommx
BBICOKMM BBIXOJIOM BOJIOKHA, HauMHasA ¢ F,, myTem mpoBenenns oroopa cpean ITHX peKOMOMHAHTOB.
IlomyueHHbIE CIOKHBIE MEXBH/IOBBIE THOPHUIBI XJIOMMYAaTHHKA, IIOMUMO IIEJIEBOTO MPHU3HAKA «BBIXOJ] BOJOK-
Ha», 00J1aJaf0T HOBBIM COYETaHMEM XO3SIHCTBEHHOIICHHBIX MPU3HAKOB 1 9KOJIOTHYECKOH MITACTHYHOCTHIO: YCTOM-
YUBOCTHIO K ITOJIETAHHUIO U 3aCyXe, OTHOCHTEIHEHO BHICOKOI YCTOWYMBOCTHIO K 3aCOIEHHOCTH MTOYB, YTO TIO3BOJIUT
KyJIBTUBUPOBATH MX B HEOIATOMPHUATHBIX SKOJIOTO-TeOTpapHIecKuX yCIOBUSAX ITyCTHIHD Y30€KHUCTaHa.
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OLIEHKA BO3AEVICTBUSI HA OKPYJKAIOIIYIO CPEAY
IIPEATIPUATUS XUMHUYECKOI OTPACAU PECIIVBAUKU BEAAPYChH

E. B. 34HI[EBA", H. A. POBEHCKAA", K. B. THXOMHPOB?

YMedicoynapoonwiii 2ocydapcmeennuiii sxonocuyeckutt uncmunym um. A. /1. Caxaposa,
benopycckuii eocyoapcmeennulii ynugepcumen,
yi. [Joneobpoockas, 23/1, 220070, e. Munck, Benapyce
DBenopyccruti 20Cy0apcmeentblil YHUSEPCUment,
np. Hezasucumocmu, 4, 220030, . Munck, benapyco

B HCCIICAOBAHNU TPHUBEACH aHAJIN3 OAHOIO M3 CaMbIX KPYNHBIX ITPOMBINUICHHBIX KOMIIJIEKCOB XUMHYECKON oTpaciin
Pecniy6imku Benapych — npenpusTHs 10 MPOU3BOJICTBY XMMHUYECKHUX BOJIOKOH. PaccMOTpeHO BO3JEHCTBHE Ha OCHOBHBIC
KOMIIOHEHTB! OKpyxaromieil cpeasl 3a 2016-2020 rr. YcraHOBIIEHO, U4TO MPEANPUATHE OTHOCUTCS K | kareropuu Bo3nei-
CTBUSI Ha aTMOoc(epHBIit Bo3ayX. Beero B armocdepHbIif Bo3myx BIOpackiBacTCs 86 HANMEHOBAHHH 3arPsI3HAIONINX BEIIECTB
1—4 k1accoB OMACHOCTH, U3 KOTOPBIX BEIMIECTBA | 1 2 KITacCOB COCTABISIOT dyTh MeHee 30 % cyMMapHOTO BaJOBOTO BEIOpOCa
npeanpusaTus. [Ipu 5ToM npeBbillieHre 3HAaYeHNH MaKCUMaJTBHBIX TIPU3EMHBIX KOHIIEHTpaIii Habmroaanoch B 2020 . TOJIBKO
0 ATUJIALIETATy Ha TPaHMIE CAHUTAPHO-3AIIUTHON 30HBL. PaccMoTpeHa AnHaMKKa NOTpeOIeH s BOAHBIX PECypcoB U o0pa-
30BaHMsI CTOYHBIX BOJ Ha NpeanpusTui. HecMoTps Ha To, 4TO 3a MCCIIEAO0BAHHBIN IIEPHO]] IPONU3BOICTBEHHBIE MOIIHOCTH
TIPEIPHUATHSL YBEIMYMINCH M PACIIMPUIICST aCCOPTHMEHT BBIITYCKAEeMOH MPOIYKIMH, olliee noTpeOieHne BoIbl U 00paso-
BaHME CTOYHBIX BOJ YMEHBIIWIOCH. [IpencraBnensl HampaBieHnsi OOpaIIeHnsT ¢ OTXOaMH TIPOM3BOACTBA: 00pasyloIrecs
B Pe3yJbTaTe MPOM3BOJCTBA OTXObI HAMPABILIIOTCS Ha TepepabOTKy Ha ACHCTBYIOIIMX TEXHOJIOTHYECKUX YCTAHOBKAaX UL
JATbHENIIIET0 UCIOIb30BaHM B IPOU3BOACTBE; TEPMUIECKOE 00€3BPEKNBAHIE HA ICHCTBYIOIINX IT€UaXx C)KUTAHUS OTXO/IOB;
3aXOPOHCHHUEC HAa TOPOJICKOM IMOJIUTOHC TBEPALIX KOMMYHAJIBHBIX OTXO0B; HA pCain3aliio U XpaHCHHUC.

Knrouesvie cnosa: aTMOC(i)GpHLIﬁ BO314YX; BO,I[OHOTpC6J'IeHI/IC; CTOYHBIC BOABI; OTXOAbI IIPOMU3BOACTBA; XUMHUYCCKas IPO-
MBINIJICHHOCTD.
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The paper presents an analysis of one of the largest branches of the industrial complex of the Republic of Belarus —
the chemical industry on the example of an enterprise for the production of chemical fibers. The impact on the main
environmental components of the enterprise for the period 2016-2020 is considered. It has been established that the
enterprise belongs to category I of impact on atmospheric air. In total, 86 types of pollutants of hazard classes 1-4 are
emitted into the atmospheric air, of which substances of classes 1 and 2 account for slightly less than 30 % of the total
gross emissions of the enterprise. At the same time, an excess of the values of maximum ground-level concentrations was
observed in 2020 only for ethyl acetate at the border of the sanitary protection zone. The paper also examines the dynamics
of water consumption and the dynamics of wastewater generation at the enterprise. Despite the fact that during the period
studied, the enterprise’s production capacity increased and the range of products expanded, the overall water consumption
and wastewater generation decreased. The directions of treatment with production waste are presented. The waste generated
as a result of production is sent for: processing at existing technological installations, for the purpose of further use in
production; thermal neutralization in existing waste incinerators; disposal of solid municipal waste at the city landfill;
implementation and storage.

Keywords: atmospheric air; water consumption; waste water; industrial waste; chemical industry.

BBenenue

Xumuueckasi IpOMBIIUIEHHOCTb — 3TO OTPAaciib IPOMBIIIJICHHOCTH, BKJIIOYAIOIIAsl MPOU3BOACTBO NPOAYKIIUU
U3 YIJIEBOJOPOIHOTO, MUHEPAIBLHOTO U JIPYTOTO CHIPhSI IIyTEM €ro XMMHYECKOW IrepepaboTku. B Hacrosiiee
BpeMsl XUMUYECKas TIPOMBIIIJICHHOCTh SBJISIETCS OJIHUM U3 HauOoJIee OMACHBIX TEXHOTEHHBIX HCTOYHHKOB BO3-
JIEHCTBUS Ha OKPY>KaIOILYIO cpeny. B mponecce cBoeil nesTenbHOCTH MPEANPUSATHS XUMUYECKOM OTpaciu mo-
TPEOISIFOT OOJBIIOE KOMMYESCTBO MPUPOTHBIX PECYPCOB, SHEPTHH, CHIPhs U MarepualioB. [Ipu noiaydeHnu roto-
BOH IIPOIYKITUH 00Pa3yIOTCs MOOOYHBIC MPOAYKTHI, KOTOPHIE MOCTYIAOT B OKPYKAIOIIYIO CPey, OKa3biBas Ha
Hee HeraTuBHOE Bo3zeiicTBue [ 1-4].

C TOYKM 3peHHUs BaJOBBIX MOKAa3aTeNel, XUMHUUECKas MPOMBIIUICHHOCTh HE SIBISETCS IIaBHBIM MOCTaB-
IIMKOM 3arpsi3HEHUH OKpYKarOIIel Cpelibl, OTHAKO IS Hee XapaKTePHBI BBIOPOCH B COPOCHI, COACPIKAIIHE
HauOoJee onacHbIe JIUIs IPUPOHON Cpe/bl BemecTBa. [Ipu 3ToM Mo onackwimu geuyecmeamu TOHUMAKOTCS
HE TOJIBKO T€, KOTOpPbIE 00JIaJat0T TOKCUYHOCTHIO 110 OTHOIIEHUIO K YEJIOBEKY, dKUBOTHBIM M PACTCHHSIM, HO
U C MOBBIIICHHON B3PHIBO- U MOKAPOOMACHOCTHIO, KOPPO3UOHHO-AKTUBHbBIC U IPYTUE€ XUMUUYCCKU aKTUBHBIC
BEIIICCTRA.

TUNUYHBIM OPEACTABUTENIEM XUMUUECKON MPOMBIIUICHHOCTH SIBISIFOTCS MIPEANPUATHS 110 IPOU3BOACTBY XU-
MUYECKHX BOJIOKOH, HUTEH, IJICHOK U T. 1. KpynHbiMu nponsBoauTensiMu PecryOnuku benapyck mpou3BosTes
quMmetuitepedranar, nonudupHbIid TpanyasT [19T, B ToM Ynciie mUIEeBOro Ha3HAYCHUS, TOTU3(PUPHBIC BOJIOK-
Ha ¥ HUTH. [Ipr 5TOM 0COOEHHOCTBIO SBISCTCS OOBEANHEHUE HECKOIBKHX MPOM3BOACTB B €IUHBIA KOMILICKC,
OCYIIECTBIISIFOIINX KaK MOJIYyYEHUE UCXOAHOTO CBhIPhS, TAK U BBITYCK TOTOBOM MPOAYKIUHU B BUJIE TJICHOK, BOJIO-
KOH, HUTEH, HETKaHBIX MaTepPUAIIOB PA3IMYHOIO ACCOPTUMEHTA U HA3HAYCHUSI.

B cratbe paccMmarpuBaeTcs BO3ACHCTBUE HA OCHOBHBIC KOMIIOHEHTBHI OKpPYIKaloIIeH Cpeabl ONHOTO U3
KPYIMHEUIIUX MPENPUATUAN IO TPOU3BOJICTBY XUMHUECKUX BOJIOKOH Pecriybnuku benapycs (nanee — [pen-
npusiTUe).

Ammocegepnutii 6030yx. Ha reppuropun [Ipennpusrus pacnonoxero 1124 ncTOYHUKOB BEIOPOCOB, U3 KOTO-
pbix 1025 neiicTByeT WiIu HAXOAUTCS B pe3epBe; 35 HAXOAUTCS Ha KOHCEpBaluK; 64 BBIBEICHO U3 HKCILTyaTal[ul
1 UCKITIOYCHO.

OCHOBHBIMH HCTOYHUKAaMHU BBIOPOCOB 3arpsi3HsIONMX BeniecTB (3B) B arMochepHbIit BO3IYX SBISIOTCS TE€X-
HOJIOTHYECKHE YCTAaHOBKH IO MPOU3BOACTBY TUMeTHITepedTanara, mommdTHiIeHTepedTansara, mommGupHOTO
BOJIOKHA W HHUTU. Bcero B armMocdepHbIil BO3ayX BbIOpachiBacTCs 86 HAMMEHOBAHMIA 3arps3HSIONINX BEIIECTB
1-4 Kx1accoB OMAacHOCTH, K KOTOPBIM OTHOCATCS CEPHHUCTHIA aHTHIPHI, CHUPT METHIIOBBIH, ITAPAKCHIION, TUMe-
THITepedTaANIAT, alleTalbACTH I, STUICHIJIMKOIb, TOIUATHIICHTepedTaNaT, (hopMabIeTrul, JHHUI, 030H, yTIIEpO-
Jla OKCHUJI, a30Ta JUOKCU U APYTHE BEIECTRA.

CormtacHo MHCcTpyKInu «O TOpsiIKe OTHECEHUSI 00bEKTOB BO3JEHCTBHS HAa aTMOC(EPHBIN BO3IYX K Opee-
JIEHHBIM KaTeropusimM» ', ycTaHoBIEeHO, uTo [Ipeanpusatue oTHOCUTCS K | KaTeropuu BO31eCTBUS Ha aTMOC(EPHBIN

'O6 yTBep)KICHUH HHCTPYKIMH O TMOPSIIKE OTHECEHHsT 00BEKTOB BO3ACHCTBHS Ha aTMOC(HEPHBIN BO3LYX K ONPEACICHHBIM KAaTETOPUSIM:
[OCTaHOBJICHUEe MUHUCTEPCTBA MIPUPOAHBIX PECYPCOB U OXpaHbl OKpyskatowell cpeasl Pecn. benapycs, 29 masg 2009 r., Ne 30 [Onek-
TpOHHBI pecypc] // HanmonansHsil npaBoBoi aTepreT-MIopTan Pecyomuku benapycs. URL: https://pravo.by/document/?guid=3961
&p0=W20921120 (nata obpamenus: 22.03.2020).
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Bo3yX. Takum 06pasoM, B COOTBETCTBUM TPEOOBAHUAMH 3aKOHOIATENBCTBA%, CPOK JAEHCTBYIOLIETO PAa3pELICHNUS
Ha BBIOPOCHI COCTABJIAET 5 JIET, & EPUOJANYHOCTD IPOBEIECHUS HHBEHTApU3aluK — | pas B 4 roma’.

3a 2016-2020 rT. HabIIOmanoch Kojebanne 00heMOB BEIOpocoB lpenmpusaTus B mpenenax £ 156,5 T B rom.
CymrecTBeHHOE yBeIMUeHHE 00hEeMOB BRIOPOCOB 3arps3Hstomux BemecTB B 2018 1. mo cpaBrennto ¢ 2017 r.
(~ 18 %) o0ycioBIIEHO TIEPEBOAOM YacTH MPOU3BOICTBA HA MCIIOJIH30BaHNE Ma3yTa B KAY€CTBE TOTUTUBA, a TAKKE
BBOJIOM B DKCILTYaTAINIO JIMHHUH 110 TIPOU3BOACTBY HOBOW MPOIYKIIUH, YTO TAKIKE MTOBIIEKIIO 32 COOOH yBETUUCHHE
KOJTMYECTBA OPTaHU30BaHHBIX HCTOYHUKOB BEIOPOCOB (Tab. 1).

B 2020 1. pactipenenenue BEIOPOCOB 3arpsI3HSIONTNX BEMIECTB B aTMOC(HEPHBIH BO3MYX IO KJIACCAM OMTAaCHOCTH
owm10 crienyromee: 1 xkmace — 52,184 T; 2 xirace — 297,721 T1; 3 xmace — 746,832 1; 4 xmacc — 526,811 T1; ximacc

OTIACHOCTH He ycTaHoBieH — 192,575 1. (puc. 1). Takum oOpa3oMm, Ha BemecTBa 3 U 4 Kracca IPUXOIUTCS Oojiee
70 % axTHIecKoro CyMMapHOTO BEIOpOCaA.

Tabnuma 1
CranuoHapHble HCTOYHUKH BbIOPOCOB 3arpsi3HAIOIIUX BeLIeCTB
Table 1
Stationary sources of pollutant emissions
HaumeHnoBanue mokaszaTesst 2016 2017 2018 2019 2020
1. KonmngecTBO AEHCTBYIONIUX CTAIIMOHAPHBIX
HCTOYHHMKOB BbIOpOCOB 3B 1014 1012 1034 1025 1025
B TOM YHCIIE
— OpraHN30BaHHBIX, 962 960 982 982 982
— HEOPraHU30BaHHBIX, 52 52 52 43 43
— ocHameHHbIx ['OY, 121 119 119 110 110
— BBIOpackIBaromux 3B, ¢ ycTaHOBICHHBIM
BHJIB 39 39 39 39 39
— BKJIFOUCHHBIX B CUCTEMY JIOKAJIHOT'O 25 a1 20 20 20
MOHUTOPHHTA
2. @aKkTHYECKUE BRIOPOCHI 3T PSI3HSIOIINX 1794.10 164772 1942.90 1820.17 1816.12
BEILIECTB, T ’ ’ ? ’ ’
3. CymMapHEIii BLIODOC rasos, OOMAMAIOMKX | cea34 61 | 64017,13 | 6124701 | 6425932 | 6431633
MAPHUKOBBIM 3G HEKTOM, T
B TOM Hmeie 66334,01 64017,85 61247,33 64259,32 64316,33
— IMOKCHUJIA YTIIepoia, T

[Ipumeuyanue. BH/IB — BpeMeHHBIIl HOpMaTUB JOMYCTUMBIX BBIOpOCOB; 'OY — razoouncTHas ycTaHOBKA.

192,575 T 52,184 T

297,721 t
@] Kjacc ONacHOCTH

526,811 T ~ B2 KJIacC ONMACHOCTH
746.832 17 03 kJacc onacHOCTH

>
o4 KJacc OnacHOCTH

B KJIaCcC OIMMaCHOCTH HE€ YCTAHOBIICH

i o

1816,123 1

Puc. 1. BeIOpoCHI 3arpsi3HAIOIINX BEIIECTB B aTMOC(HEPHBINA BO3/IyX IO Ki1accam onacHocTH 3a 2020 T

Fig. 1. Emissions of pollutants into the atmospheric air by hazard classes for 2020

206 YTBEPXKACHUNU €AWHOI0 IEPEeYHS aIAMUHUCTPATUBHBIX NPOLEAYP, OCYLICCTBIAEMBIX TI'OCYAAPCTBECHHBIMU OpraHaMu U WHBIMH
OpraHM3alUsIMU B OTHOIICHUY IOPUANYECKHX JIUI] 1 MHAWBUIYAIBHBIX MPpeANIpUHIMaTeleii: moctanosieHne Cosera Munuctpos Pecrr.
Benapycs, 17 des. 2012 1., Ne 156 // DTAJIOH. 3akonomarensctBo Pecmybnuku benapycs / Har. nentp npaBoBoii uadopm. Pecr. bena-
pychk. Munck, 2012.

306 yrBepxkaeHnn MHCTPYKIMK O TIOPSIKE WHBEHTAPU3AIUH BBIOPOCOB 3arps3HSIONINX BEIIECTB B aTMOCHEPHBIH BO3YX: TTOCTAHOB-
nenre MUHHCTEPCTBA IPUPOIHBIX PECYpPCOB M OXpaHBI OKpyKaromeil cpenst Pecrt. Bemapycs, 23 ntons 2009 ., Ne 42 // 9TAJIOH. 3a-
KoHozarenbcTBO Pecybnuku Benapycs / Hamt. nentp npaBosoit nadopm. Pecn. Berxapycs. Munck, 2009.
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Ha Ilpenmnpusartiu Tonsko 9y Th 0osee 10 % cranmnoHapHBIX HICTOYHUKOB BEIOPOCOB 3arpsI3HSIONINX BEIIECTB OCHA-
IIEHBI Ta3009MCTHREIMA YeTaHoBKaMH (I'OY). Hcmons3yembie ['OY MO3BOISIFOT YMEHBITUTE CONEPKAHNE 3arPS3HSIO-
X BEIIECTB B BEIOpocax oT 46 % — isl BUTH MONMMTIPOTIIIICHA U oNMdTHIeHTepedranara, 10 99,2 % — ams o30Ha.

Cpeu dKCIUTYaTHPYIOIIUXCST Ha MPENPHIATHN arperatoB OYMCTKH T'a30BO3IYIIHBIX BBIOPOCOB HCIONB3YIOT
CJIC/TYFOIIHE TPYIIIbL:

— anmaparsl CyXoil MEXaHUYeCKON OYMCTKHU OT MBUIH, TBEPIBIX YacTHIL (IIMKIOHBI);

— anmaparsl KaTaTuTHUeCKOW 04rcTKH (Ha [IpeanpusaTiH UCONb3yIOT IIa3MOKATATUTHYECKYIO TEXHOJIOTHIO
OUYHCTKH BBIOPOCOB);

— anmapaTsl GUIBTPYIONMETo THIA ((DUITETPHI).

CoracHo y4eTy B OTYETHOCTH B O0JIACTH OXpaHbl OKpyKaromieit cpenbl, Ha [Ipeampustuun B 2020 1. 3HAUSHUS
MaKCUMaIIbHBIX MPU3EMHBIX KOHIICHTPAIMH 3arpsi3HSIONMX BEIIECTB M TPYIIT CYMMAIU HE MPEBBIIIATH JI0-
MYCTHMBIX 3HaYCHUH. VICKITFOUeHNe COCTABMIIO 3arpsi3HSIIOIIEe BEIECTBO dTHIANETaT (YKCYCHON KHUCIIOTBI OTH-
ToBBIN A¢up, kox 1240) — MakcUMallbHAs TIPU3EMHAs KOHIICHTPAITHS Ha TPaHHUIC CAaHUTAPHO-3AIIATHOW 30HBI
coctasmuna 1,42 I1JIK, a B xwmoit 30ue — 0,68 I[1/IK. OCHOBHBIM BKJIATIUKOM TTpH (hOPMUPOBAHUH MaKCUMAaTHLHOU
TIPU3EMHON KOHIICHTPAIIUN SBIIIOTCS MAIIUHBI (urekcorpadckoi medary (OapabdaH MEUaTHBIX CEKITHH), BKIIAI
JTAHHOTO MCTOYHHUKA cOCTaBHI OKOJI0 80 % oT 001miero BEIOpOCa JAHHOTO BEIIECTRA.

Booonompeonenue u 600oomeedenue. VIcTOUHUKOM XO3HCTBEHHO-TTUTHEBOTO BOJOCHAOKEHHUS MTPOMBIIII-
JeHHOU momaaxy IIpennpusitus sBisieTcst TOpOJACKONH KOMMYHaIbHBINA BOONPoBOJ 110 norosopy ¢ KYII «Top-
BOJIOKaHA». Ha TeppuTOpuio opraHmu3ariy apTe3nancKas Boja MoCTymaeT o TPpeM BBoZaM (OIUH Pe3epBHEIIN).

Bona apre3nanckasi TUTHEBOTO KauecTBa MCIIONB3YETCS M PACIIPEICIIeTCsl CIEAYIONIIM 00pa3oM:

— pou3BoAaCcTBO (60,4 %) — 11 00paboTKK BO3/IyXa B CHCTEMAaX KOHIUIIMOHUPOBAHUS, B Ta00OPaTOpHUsIX;

— coneprkanue 3nannit (14,6 %) u npomcanurtapus (25 %) — IPUTOTOBIICHNE MTUIIH U MTONypadpuKkaros, yoop-
Ky TIOMEIICHUM, B TIPAYCIHOHN (CTUPKA).

YacTb apTe3uaHCKON BOJIBI UCIIOIB3YIOT JUIsl IPUTOTOBIEHUS YMATYEHHON BOJbl. DAaKTHYECKUI pacxon apTe-
suanckoit Bogsl B 2020 1. cocrasun 0,599 mun M (puc. 2).

MICTOUHUKOM TEXHUYECKOTO BOJIOCHAOKEHHUS TOJIOBHOM Iioniaaku [Ipeanpusitus siBisercs: pednas Boaa. Jlo-
OBIua BOJIBI U3 PEKU OCYIIECTBIBIETCS IIOCPEICTBOM JIBYX BOM03a00poB. 3a mepuos 2020 1. moTpebinenne peuHou
BOJIBI U3 BOI03a00POB COCTABMIIO — 5,739 muH M°.
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Puc. 2. [lnnaMuKa BOZOTIOTPEOICHUS apTe3HAHCKOH, OCBETICHHOM 1 000poTHOH Bozb! 3a 20162020 rr

Fig. 2. Dynamics of water consumption of artesian, clarified and recycled water for the period 20162020

Oco0eHHOCTHIO UCTIONB30BAHUS BOIHBIX pecypcoB Ha llpeanpustuu sBisieTcs momydeHne Wik IPUTOTOBIIe-
HUE JIPyTUX BHJIOB BOJ, HEOOXOMUMBIX UIS MPOTEKAHUS TEXHOJIOTHYECKHX IMPOIECCOB, 00ECIIEUNBAIOIINX BHI-
ITyCK TIPOYKITMA 33TaHHBIX MTapaMeTpoB. Tak, 92 % pednoii BoAbI HET Ha MTOTyYeHHE OCBETIICHHOM BOJIBI, SIBIIS-
TOIITYIOCST OCHOBHOM, BOJIOM, MCIIONIb3YeMOM B OanaHce Mpon3BOACTB. DaKTHUECKUI pacXod OCBETICHHOW BOIBI
B 2020 r. coctaBun 5,279 man M (puc. 2).

MeTtoa TIpOU3BOICTBA OCBETICHHOW BOABI OCHOBAH Ha XUMHYECKOH 00pabOTKe pedHO BOIBI KOATYIITHTOM
n no0aBieHreM (MIOKYIISTHTA-TTOTHAKPUIaMAIA C TTOCIEAYIONIMM OTCTAaMBaHHUEM B TOPH30HTAIBHBIX OTCTOWHU-
KaxX, OCBETJIICHHEM Ha CKOPBIX KBapIIEBBIX (DMIBTPax, 00e33apaknBaHUEeM TOTOBOW MPOMYKIIMKA KaTaMrHOM. Cxe-
MaTUYHO MPOIIECC MMPOU3BOJICTBA OCBETICHHOW BOJBI TIPE/ICTABIIEH HA PHUC. 3.
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[IpuroroBieHHast OCBETICHHAS BOJIa TEXHUUYECKOTO KaYeCTBA MICMIONB3YETCS U PACTIPEICISETCS CISYONHM
obpazoM:

— TIONNTUTKA 1 3aII0JTHEHUE CUCTEM 000pOTHOTO BomocHaOkeH s (32 %);

— TEXHOJOTHYeCKHe HYX bl (67 %) — oxnakaeHne o00pyI0BaHuUS, IPUTOTOBIIEHHIE PEAareHTOB, B MPAYeYHOM
(XUMYHUCTKA);

— BCIIOMOTaTebHBIE HYX/IbI Tpon3BozAcTBRa (1 %) — yOopKa mpon3BOACTBEHHBIX TIOMEIIIEHH, MOMKa 000py/I0-
BaHMS, MOJIMB I'a30HOB, B CHCTEMaX TIOKAPOTYIICHHSL.

Apre3uaHckas Boza
3 Peunas Boma
46361 M
OGoporHas Boaa OcBeTiIcHHAs BOAA
829006 M3 1346024 M3
OcgerneHHas Boja
Peunas Boma Ha MPOMEIBKY
¢ BO03a00poB ¢$buIETpOB BBoj karamMirHA
| |
Topu3oHTanPHBIH Pesepnya;
CMmecuTens P N OUIBTPHI P y., P
OTCTOMHUK OCBETIEHHOM BOBI
KoarynsuT — DnokynsHT- Ocapok Crounas Bozja Ilomaga ocBeTneHHOM
CEPHOKHCIIBIA MTOMUAKPHIAMH/L OCIie IPOMBIBKH QUIIETPOB BOJIEI Ha
ANFOMHUH UM MIPOH3BOACTBO

Puc. 3. Cxema nporiecca IpOM3BOACTBA OCBETICHHOH BOJIBI METOIOM XMMHIUYECKOH 00paboTKM peqaHon

Fig. 3. Scheme of the clarified water production process by chemical treatment of river water

Bona 000poTHas TEXHUYECKOTO Ka4eCcTBa UCIIONB3YEeTCsl HA TEXHOIIOTHUYESCKIE HYKIbI JIJIsI OXJIAXKICHHS 1 cep-
BUCHOTO 00CITY>)KUBaHUSI 000PYI0BaHHUS TIPH PEMOHTAX, JJIsl IPUTOTOBJICHUs 00eCCONCHHON BOJbI. DakTHuecKkuit
pacxon 06opotHoii Boasl B 2020 1. coctasun 8,557 muH M® (cM. puc. 2).

Hecmotpst Ha To, uTo ¢ 2016 10 2020 T. MPOU3BOACTBEHHBIC MOITHOCTH [IpeANPUATHS YBETHIIIINCE, PACIITH-
PHIICSI aCCOPTUMEHT BBITYCKAEMOM MPOJIYKIINH, 0011Iee MOTPeOIeHUE BOJIBI 32 MTOCIISTHHE MSITh JIET YMEHBIIUIOCH
Ha 18 %, Tipu 3TOM OOJIBIIIE BCETO CHU3UIIOCH MTOTPEOIeHNe OCBETIACHHOM BOBI (23,5 %), KoTOpas HCIOIb3yeTCst
Ha MPOU3BOACTBEHHBIC HYXIbI. CyIIECTBYIOMNE TCHACHIIMN K CHIKCHHUIO OOIIEro BOMOTIOTPEONICHNS 1 Oojee
paIMOHAIEHOMY HCIIOIB30BAHUIO BOTHBIX PECYPCOB 00YCIIOBICHBI:

— (MHAHCOBBIM CTUMYJIMPOBAHHEM COTPYJHUKOB K SKOHOMHH BOJIHBIX PECYPCOB;

— CHIDKEHHEM PAcX0JIOB HA KOHMITUOHHPOBAHHE;

— CHWD)KEHHEM 0E3BO3BPATHBIX MOTEPh BOJIBI;

— COBEPILCHCTBOBAHNUE TEXHOJIOTUH MIPUTOTOBJICHHS PEareHTOB Ha BOJIHOI OCHOBE.

B xo7e npou3BoACcTBEHHOH JiesiTenbHOCTH Ha [Ipennpusatin o0pazyercs 3HAYUTEIbHOE KOJIHYECTBO CTOY-
HBIX BOJI. [ToMIMO 00pa3oBaHus CTOUHBIX BOJ IIPOUCXOST O€3BO3BpATHBIC TOTEPH BOJIBI, 00YCIIOBICHHBIE TOJI-
JIepKaHUEeM U MPOTCKAHWEM TEXHOJIOTMYECKUX PEKHUMOB, TIPEIyCMOTPEHHBIX B periaMenTax. Bojia tepsiercs
NPY OXJIKICHUU B TPAJAUPHSIX, C YHOCOM C MPOAYBKOMU, MPH OCBETICHUH, YMATYCHUH, 00CCCOIMBAHIH, TIPU
TPaHCIIOPTHPOBKE.

O6nem crounbix Box 3a 2020 1. cocraun 4 157 550 M. B cpaBrennu ¢ 2019 1. 00be€M CTOKOB YMEHBILIMJICS Ha
362 445 M*, uto cocrasuiio 8,02 % (puc. 4). B nenom HabmomaeTes yCToiunBast TEHISHIUS K CHUKEHUIO 00beMa
CTOYHBIX BOJI 32 BECh ITEPUOJT HAOIIONCHHUH.

Cucrema BomootBeneHus [IpenmpusaTust BkitodaeT B ce0s (heKambHy0, TPON3BOACTBEHHYIO, 00BEINHEHHYTIO
YCIOBHO-YUCTBIX W JIMBHEBBIX CTOYHBIX BOJ KaHajM3auu. [IpoMbIlieHHas 1UI0MIaaKa 00opyoBaHa cOOCTBEH-
HBIMHU OYHCTHBIMU COOPYXEeHUsIMU. Ha JToKallbHBIX yCTaHOBKAX OMOJIOTUYECKOM OYUCTKH CTOYHBIC BOJIBI IPE/IBA-
PHUTENBHO OYMINAIOT OT TAKUX 3arpS3HSIONINX BEIIECTB, KAK METaHOJ, STHIICHIIMKOIb, MApaKCHiIol, Gopmanbie-
rua, Metuinoensoar, quaw, CIIAB, HedTenpomyKThI, B3BEIICHHBIE BEMIECTBA, A€ CTOYHBIC BOIBI OCTYAIOT
B IIPOM3BOJICTBEHHYIO KaHanu3anuto. CHIILHO 3arpsi3HEHHbIE CTOYHBIC BOJIBI MOJIBEPralOTCsl OTHEBOMY 00€3Bpe-
JKHBaHUIO B TIe4aX MPOU3BOJICTBA OPraHUUECKOTO CHHTE3A.
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3a TeppuUTOpHUEH MTPOMITIONIAAKHI TPOU3BOJACTBECHHBIEC CTOUHBIC BOIBI OOBEIUHSIOTCS C PeKATHHBIMHU B OOTIIN
KOJJIGKTOP M MIOCTYIAIOT Ha OYMCTHBIC COOPYKEHHSI COCEIHETO MpeanpusTHs. [Ipon3BoJCTBEHHBIC YCIOBHO-YH-
CTBIC U JIOXKJEBbIE CTOUHBIE BOJIBI C TEPPUTOPHH MIPEATIPUSATHS MTOCTYAIOT B NpyAbl-HakomuTen. [locie yepen-
HEeHHUsl U OTCTaUBaHUsI B TPYJax OHM HACOCAMH MEPEIA0TCs B OOIIUI KOJIEKTOP, I CMENIHBAIOTCS C MPOU3-
BOJICTBEHHBIMU M (DEKAJTbHBIMUA CTOYHBIMU BOJIAMH W JIaJIee MOCTYIAIOT HAa TOPOJCKHUE OYUCTHBIE COOPYIKCHUS
OHMOIOTUYECKON OUMCTKH.

O6beMm, M°

+ 5894476 546198
6000000 4992173
4519 995

5000000 4 157 550

4000000
3000000

2000000
1000000

0 s + Tor
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Puc. 4. lunamuka o6pazoBanus ctounsix Boj Ha [Ipennpusitun 3a 2016-2020 rr.

Fig. 4. Dynamics of wastewater generation at the Enterprise for the period 2016-2020

Kax 1 Ha Bcex MpeAnpuATHIX XUMUUECKoi oTpaciu PecryOnuku benapycs, Ha [IpennpusiTuu ocymecTBisior
MPOU3BOJICTBEHHbIEC HAOMIOACHNUS 32 CTOUHBIMH BOAAMH IIEPUOANYHOCTHIO 1 pa3 B MeCsII [0 TAKMM IOKa3aTelsiM
kak BIIKs, XIIK, pH, MuHepanuzaiusi Bojibl, KOHIICHTpanus B3BeleHHbIX BemiecTB, CITAB, HedrenpomykTos,
aMMOHHMH-HMOHA (B TIepecyeTe Ha a30T), a30Ta ob1Iero (cCymMMa KOHIEHTpaluii a3ota no Keenpaanto, HUTpaT-noHa
(B mepecueTe Ha a30T), HATPUT-HOHA (B MepecyeTe Ha a30T)), cyAabdarT-noHa, XJIopua-uoHa, Gocpopa oodiero,
MeJIH, [IMHKA, XpOMa, HUKEJIs, kele3a ooiero?. ObecriedeHne coOMONEHNS 3aKOHOIATENbHBIX TPeOOBaHMIA B Ya-
CTH PallMOHAIBHOTO MCIIOJIB30BAHUS MPUPOAHBIX PECYPCOB MOATBEPIKIAETCA COKpALLIEHHEM MTOTEPh Ha UCIIOJb-
30BaHME BOJBI, a TAKXKE BBIJICPKUBAHUEM YJEIBHBIX HOPM Ha TOHHY BBIMYLIEHHOM mpoxykiuu. Tak, B 2020 1.
u3 otobpanHbix 39 098 npo6 npesbimenne 11K Obuto BoLiBICHO B 5297 mpobax, a NpOLEHT BBIACPKUBAHUS
yCTaHOBJIEHHBIX HOpM cocTaBuil 86,5 %. Ilpessimenne [1JIK OblI0 BBISBICHO 1O TaKMM ITOKa3aTessiM, Kak pH,
KOHIICHTPAIMS B3BEILICHHBIX BEIIECTB, IMHKA, XPOMa, YTO CBUICTEILCTBYET O HEOOXOMMOCTH COBEPILICHCTBOBA-
HUS TIPOIIECCOB JIOKAIBHOM OUYMCTKH CTOYHBIX BOJ, & TAKXKE BHEJPEHUS TEXHOJIOTUH BOJOOYNCTKH C yJaJIEHUEM
TSKETIBIX METAJIJIOB.

B nenom ams nanpHEHIIero CoKpaeHus: BOAONOTpeOIeH s NPeIIpHUsITHS HEOOXOJUMO MPOBEACHHUE CIIETYIO-
IIUX MEPOIPUATHI:

— 3aMEHa CTaJIbHBIX KOPPO3UPOBAHHBIX TPYOOIPOBOAOB apTE3HAHCKON BOJBI MOJMATHICHOBBIE, YTO CHU3UT
MOTEPU BOABI;

— MOJEPHM3ALMS] YCTAHOBKH 10 PUTOTOBJICHHUIO YMSTYEHHOH U 00€CCONIEHHOHN BOABI, YTO 00ECIEYUT CHUKE-
HHE Pacxojia BOJbl Ha MPOMBIBKY HOHOOOMEHHHKOB MOCIIE pereHepalum;

— MOJIEpHH3ALIUSA TPaIUPEH, TO3BOJIIOMINX COKPATHTh TIOTEPH U YHOC BOJIBI ITyTEM HCIIAPEHUSI.

Omx00bl npou3eoocmea. OCHOBHBIMU MCTOUYHMKAMH 00Pa30BaHUsI OTXOAOB HA MPOMBIIUIEHHOH ILIOMIAIKEe
SBJISIOTCS] TEXHOJIOTMUECKUE IPOLIECCHI ITPOU3BOICTBA M KU3HEACATEIbHOCTh pAOOTHHUKOB.

B 2020 r. Ha IIpeanpusruu o6pazoBanocs 6942,809 T 0TX0M0B MPOU3BOICTBA, TIEPEIaHO HA UCIIOIF30BaHHE
6228,073 T, 13 KOTOpPBIX Ha BHYTpeHHee notpednenue 6061,923 T (Tabm. 2).

43xoHull 17.01.06-001-2017 OxpaHa OKpy:Karomiei cpesl U IMPUPOIONONb30Banke. TpeGoBaHMs IKOTOTHYECKOH Oe30MaCHOCTH, YTB.
MOCTaHOBICHHEM MUHHCTEPCTBA IPHPOAHBIX PECYPCOB M OXpaHbI OKpYykatomiel cpensl Pecrryonuku benapycs ot 20.12.2018 Ne 9-T.
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Tabnuma 2
O0paneHus ¢ 0TX0AAMH OT TeXHOJOTHYECKHX MPOLECCOB
Table 2
Waste management from technological processes
Ton O06pazoBaiock, T HWcnonpzoBano u peammzoBano, T | Hampasnero Ha momuron TKO, T | Ocratok Ha KOHeI rofa, T

2016 7295,113 5212,791 366,401 655,685
2017 7210,245 5429,685 345,633 619,376
2018 7182,085 5783,078 294,918 598,248
2019 7016,938 6062,546 289,005 385,426
2020 6942,809 6491,027 280,981 315,738

O0pazyroruecs B pe3y/bTare MPOU3BOJICTBA OTXObI OPraHU3aINH (PHC. 5) HATPABIISIOTCS HA!

1. TTepepa®oTKy Ha ACWCTBYIOIIMX TEXHOJIOIMYSCKUX YCTAHOBKAX, C IEJIBIO JTATBHEHIIIETO UCIIOIb30BaHHS
B IPOU3BOJCTBE (HAIPUMEp, TAKHUE BHJIbI OTXOOB, KaK MOJMATUIICH (TUICHKA, 0OPE3KH); MOJIHUIIPOITUICH (pa3o-
pBaHHAs TUICHKA, Opak); IiacTMaccoBasl IJICHKa). M3 3THX OTXOIOB MPOU3BOJSAT IPAHYIIbI, KOTOPhIE TOBTOPHO
BOBJICKAIOTCS B IPOU3BOACTBEHHBIN ITUKIA. [IprMeHeHre B MPOM3BOJACTBE BTOPUUHOTO MOJTUMEPHOTO CHIPhS TTO3BO-
JSIET CHU3HUTh CE0SCTOMMOCTh MPOYKIMHU, HE CHIDKAs €€ MOTPEOUTEIIBCKUX CBOWCTB, a TAKKE pelIaeT mpodiemy
BPEHOTO BO3JAEHUCTBHUS OTXO/IOB INIACTMACC HAa OKPY’KAIOLYIO CPELY.

Ilepenano Ha 0OBEKTHI Ilepenano
10 MCTIOJIE30BAHMIO CTPOUTENBHEIX OTXOJI0B
108,655 T 57,495 1 Ilepenano
Ilepenano Ha xpaHEHHE Ha 3aXOPOHEHHUE
170,801 T 280,981
0O6e3BpexcHo 262,954 T
Hcnons3oBano
IS IOy 9eHUS
nponykmau 3758,392 Hcnons3oBano
IS NOTydeHus
3HEPruH
2303,531 T
N— .
—
6942,809 T

Puc. 5. ]IBrxenue orxonoB npou3sBoacTsa B 2020 .

Fig. 5. Movement of production waste in 2020

2. Tepmudeckoe 00e3BpeKUBaHUE HA JICHCTBYONINX TIeYax CKUTaHUs 0TX0n0B. Ha 00e3BpexnBaHue Hampas-
JISTFOTCSI OTXOJIBI ITO CBOMM Ka4€CTBEHHBIM XapaKTEPUCTHKAM HE MPUTOAHBIE [T UCTIONB30BaHus (HarpuMep, Ta-
KM€ UX BUIbI, KaK IPEBECHBIC OTXOMbI U IEPEBSIHHBIC EMKOCTHU, 3arpS3HEHHbIC OPraHUYECKUMU XUMUKATUSIMU
(TOHHBIE OTIIOKEHUS) Ma3yTHBIX PE3€PBYapOB; OTXOJIbI CMOII; OTpabOTaHHBIC (PUIBTP-TIOJIOTHA; TKAHU U MEIIKH
(bMIBTpOBANIEHBIC C BPEIHBIMH 3arpPS3HEHHUSAMH, TPEUMYIIIECTBEHHO HEOPTaHMYECKUMH; KyOOBBIE OCTATKH IPO-
W3BOJICTBA TONMATHICHTEpedTanara u moau3(GUPHOTO BOJIOKHA; OTPAOOTAaHHBIE CHHTETHYECKHAE CMa30YHO-OX-
JKIAFOIINE KUIKOCTH; OCTATKH JJA00OPATOPHBIX XUMUYECKHX MPETapaToB OPTaHUIECKUX; [IJIAM OUYUCTKH €MKO-
CTEil; mMpoYue pacTBOPHI U MIPOMBIBOYHBIE BOBI.

B 2020 r. Ha mevyax cykUranust ObUIO COMOKEHO ISl OMYyYeHHS TEIJIOBOM SHEPTruH 262,954 T TeXHOIOTHUECKUX
OTXOJZIOB, B TOM YHUCJI€E UCTIONB30BaHO 121,084 T cUIbHO 3arpsi3HEHHBIX CTOUYHBIX BO/I.

3. 3axopoHEHHUE Ha TOPOJICKOM MOJIUTOHE TBEPIABIX KOMMYHAIBHBIX 0TX0A0B. B 2020 . Ha rOpoACKO# MOJIUTOH
ObuT0 HampasiieHo 280,981 T 0TX0M0B, YTO cocTaBisieT OKOIO 4 % Bcex 00pa30BaBIIMXCS HA MPEANIPUATHH. 3a-
XOPOHEHHUE OTXOA0B OCYIIECTBISIETCS. B COOTBETCTBUU ¢ KOMIIEKCHBIM MPUPOJOOXPAHHBIM Pa3pellieHUEM, BbI-
JTAHHBIM 00JTACTHBIM KOMHTETOM IIPUPOIHBIX PECYPCOB U OXPaHbI OKPYKAIOIICH CPEIbl.
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KonrgaecTBo 0TX0MOB, HapaBIsIeMBIX Ha 3aXOPOHEHNE Ha TOPOACKOH MmoymroH 3a 5 meT (¢ 2016 mo 2020 1),
MOCTOSTHHO CHIDKAETCSI, 9TO B IMIEPBYIO OYEPEh CBA3AHO C TEHACHITNEH 10 PaCIINPEHUIO TIEpEdHs OTXOIOB, TOTY-
YUBIINX CTaTyC BTOPHYHBIX MaTepPHAIbHBIX PECYPCOB, BBHIY IMOSBICHUS U PETHCTPAIlMU B OpraHax MuHIpH-
POIBI HOBBIX OOBEKTOB 10 MX MCTONB30BaHMI0. Tak, B ocieaHue roabl [lpenmnpusarue crano nepeaaBaTsh Ha HC-
MOJIb30BaHUE B APYTHE OPTaHW3alWN CIEAYIONINE BHIBI OTXOMO0B: He(TENUIaMbl MOWKH TTOIBUKHOTO COCTaBa
(xom orxoma 5471600); ocTaTKy ¥ CMECH TTOTMMEPHBIX MatepuaoB (ko otxoma 5710101); [IBX mmactudurmpo-
BaHHBIN (Ko oTxoma 5711608); momudTHIICH ¢ TUTTKUM ciioeM (kox otxona 5712108); oTxoms! TpyO, IIUIAHTOB U3
BYJIKAaHU3WPOBAHHOU pe3nuHbI (ko oTxoma 5750118) u mp.

4. Peanu3arus 0TX0I0B, HCIIOIB30BAHIE KOTOPHIX B KAYECTBE BTOPHYHBIX MaTepUaJIbHBIX peCcypcoB (0TXO-
Il pyOepouIa, oTX0Abl OyMaru U KapToHa OT KaHIEISIPCKOM NeATeTbHOCTH 1 IETTOTPON3BOICTBA, CTEKIO00,
PE3MHOTEXHUYECKHE OTXO/bI, OTPa0OTaHHBIE Macia, OTXOIbI KPOsS M T. 1. — BCEro 37 BUIOB) HE TPEACTaBI-
eTcs BO3MOXHBIM Ha AaHHOM llpeanpusrtun, HO MOXET MPOBOIUTHCA B JIPYTHX OPTaHHU3AIUAX, UMEIOITUX
COOTBETCTBYIOIIYIO TEXHOJIOTHIO. Taknue OTXOMbI HAMPABIAIOTCS UM Ha JOTOBOPHBIX yciaoBusax. B 2020 r. pe-
ajn3anys BTOPUYHBIX MaTepHANbHBIX pecypcoB (0e3 yueTa CTPOUTENBHBIX OTXO0B) yBEIU4eHa Ha 6 % 1o
cpaBaeHuio ¢ 2019 1. Tak, B 2019 . Ha 00BEKTHI IO MCIOJB30BaHUIO OBLTO TIepenano 101,712 T oTxomnos,
aB2020r — 108,655 T.

5. XpaHeHHUe OCYIIECTBISETCS B MECTaX BPEMEHHOTO COZEPKAaHUS OTXOA0B /10 MX MEePEBO3KH Ha OOBEKTHI
3aXOPOHCHUS, 00E3BPEKUBAHNS 1 (FUIH) HAa OOBEKTHI 110 HCTIOIB30BAHUIO OTX00B. [loMIMO MeCT BpeMEeHHOTO
XpaHeHHs 0TX00B Ha Oanmance [IpennpusaTus ecte 00BEKTH JOITOBPEMEHHOTO XpaHEHHS — OYHKEPHI IS CO-
JIep’KaHAS TOKCUYHBIX OTXOIOB M IIJIAMOHAKOITUTEIH.

Ha ngonroBpemeHHOE XpaHEHHE MOCTYIAIOT TaKMe BHUABI OTXOIOB, KaK IUIaM IIWHKCOAEPIKAIINN; IIaMbl
rajgbBaHUYECKHE, COMEPIKAINE XPOM TPEXBAJICHTHBIN; 0CAKN B3BEIIEHHBIX BEIIECTB OT OYHCTKHU JOXKIEBBIX
CTOKOB; 30J1a OT TEPMUYECKOTO 00Ee3BPEKMBAHUS OCTATKOB XUMHUUYECKHUX MMPOU3BOMICTB, CO/IEpKAIIAS JKEIe30,
IIMHK, Meh, HUKEIIb, MapraHell, CBUHEIl, XpoM, (heHom, hopMmanbaerua, 0eH3(0)nupeH, GeHaHTpeH.

B 2020 r. va [Ipeanpustin ObUT OPTaHU30BaH BHIBO3 OTXOOB TIEPBOTO KJIacca OMACHOCTH — PTYThCcomepka-
IIUX JIAMT 1 JJIOMAHECHEHTHBIX TPyOOK. PTyThCcOmeprkarye maMIibl ObIIH 3aMEeHEHBI Ha CBETOAMOIHBIE (B COOT-
BETCTBHMH C NOANMCAHHOM PecnyOnukoit benapycs MuHaMaTcKol KOHBEHIIUH O PTYTH) .

Taxoke B 2020 1. OBITO BBIBEICHO M3 IKCIIyaTaIlMy Bce 00OOPYIOBaHHE, CoAepKaIlee MOJIUXIOPUPOBAH-
Hble OM(EHWITBI, 9TO W MOATBEPKAcHO akToM MHBeHTapu3anuu [1Xb-comepixkamiero obopymoBanus. Beumgy
OTCYTCTBUS DKOJIOTHIECKH 0€30TacHbBIX TeXHOJIOTHI 00e3BpexnuBanus (ucmoib3oBanust) [1Xb-comepxarmimx
orxoz0B B PecrryOnuke bemapych, oHM mo/ieskaT XpaHEHHIO Ha TEPPUTOPUN OPTaHU3AINN B YCTAHOBICHHBIX
mecTax®.

3aKiIouenue

B xone olieHKH BO3IEHCTBUS Ha OKPY’KAIOIIYIO CPEy OJHOTO U3 KPYMHEUIIHX MPEANPUATHUN XUMHYECKOU
orpaciu Pecrybiuku benapych mpoaHaau3npoBaHO BO3ICHCTBUE MPOW3BOICTBEHHONW NEATCIHHOCTH TPEATIPH-
ATHUS TI0 TAKUM HAIPaBJICHUSAM, KaK aTMOC(epHBIil BO3AyX, BOJOMOTpEeOIeHHE U BOJOOTBEACHNE, OTXO/IBI TPOU3-
BOJICTBA.

IIpuBenennsie qannabie 3a 2016—2020 IT. CBUACTETLCTBYIOT O CTOWKOW TCHIEHITHN YKOJIOTH3AIINH TTPOU3BO/-
CTBEHHOTO TIPOIIecca MO BCEM HAIPaBICHUAM:

— MOCTETIEHHOE YMEeHbIeHne BhIOpocoB HauwnHas ¢ 2018 . (Ha 6,5 % x 2020 1), B pe3ynbraTe KOTOpOTO Ha-
Oiromaicst ckadok (hakKTHIECKOTO BRIOPOCA 3arps3HSTONINX BEIIECTB B aTMOCc(epy, CBSI3aHHBIN ¢ BBEICHUEM B IKC-
TUTyaTaIio HOBBIX MPOM3BOJCTBEHHBIX JIMHUHA M I1IEXOB, & TAaKXKE CBA3aHHOE C HUMH YBEIHYCHHE KOJIHMIECTBA
CTaIMOHAPHBIX HCTOYHUKOB BHIOPOCOB;

— YMEHBIIIEHNN 00heMOB BofonoTpedinenus Ha 18 % u 00beMoB 00pa3oBaHusI CTOUYHBIX Bof Ha 29,5 %, 4To
00yCITOBIIEHO (PHAHCOBBIM CTHUMYJIMPOBAHHUEM COTPYIHHUKOB K SKOHOMHEH BOIHBIX PECYpCOB; CHHKEHHEM pac-
XOJIOB Ha KOHIUITMOHMPOBAHNE; CHIYKEHUEM OE3BO3BPATHBIX MOTEPH BOJBI, COBEPIICHCTBOBAHUEM TEXHOIIOTHHI
TIPUTOTOBIICHUS PEareHTOB Ha BOAHOI OCHOBE;

— YBENWYEHHE WCIOIB30BAHUS OTXOJ0B MPOM3BOACTBA IO OTHONICHHWIO K TPEABIIyIIUM romam Ha 24,5 %
Y YMEHbIIIEHHEe 00bEMOB OTXO0JI0B, TOCTymaBmmx Ha omurod TKO wa 23,3 %.

Crnemyer OTMETHTB, 9TO Ha [IpennpuaTiuil BEISIBICHBI CIEAYIONIHE TIPOOIEMBI:

— TOJIBKO 9yTh Oomee 10 % cTarmoHapHBIX HCTOYHUKOB BRIOPOCOB 3aTrpSA3HSIONINX BEIIECTB B aTMocdep-
HBII BO3/TyX OCHAIIEHBI Ta3009HCTHBIMH yCTAHOBKaMH, YTO TPUBOIUT K MPEBHIICHUTO IOy CTHMBIX 3HAYCHHUH

SMuHaMatcKasi KOHBEHIHsI 0 pTyTH: [3akimrouena B SInonuu 10.10. 2013 r.] // KoncyasrautlLitoc. Poccust / 3BAO «KoncynsranT [Tirocy.
Mocksa, 2014.

SCTOKTOmbMCKast KOHBEHIIUS O CTOMKHX OPTaHUYECKUX 3arpsi3HUTENSIK: [3akimodena B Ctokromsme 17.05.2004 1] // KoncynprantlLroc.
Poccus / 3AO «Koncynprant [Imroc». Mocksa, 2004.
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MIPU3EMHBIX KOHIEHTPAIMHA 3arps3HAIONINX BEIIECTB HAa TPaHUIle CAaHUTAPHO-3alIUTHONW 30HBI M JKHUJION 3a-
CTPOWKH;

— TIPEBBIMIEHHE JOMTyCTUMBIX KOHIIEHTPALNH 3aTrPSA3HSIONINX BEIIECTB B CTOYHBIX BOAAX 110 TaKUM ITOKa3aTe-
n5iM, Kak pH, KOHIIEHTpaIis B3BEMIEHHBIX BEIIECTB, IMHKA, XPOMa, YTO CBUIETEIHCTBYET O HEOOXOMUMOCTH CO-
BEPIIIEHCTBOBAHMS MIPOIIECCOB JIOKATFHONW OYMCTKH CTOYHBIX BO, & TAK)KE BHEJIPEHUS TEXHOJIOTHI BOIOOUNCTKH
C yJlaJIeHUEeM TSDKEJBIX METaJUIOB.
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BAUSAHUE TAXEABIX METAAAOB HA MOPOOAOTIMYECKHME
N ®U3NOAOTNYECKUE XAPAKTEPUCTUKHN KAOHOB SALIX

E. JI. VPOILIEBHY", 0. H. POJbKHH?, . M. CTAHKOBHY, I [Tnc. TPUBAH®, ®. A. HOBAHOBHY"

YBenepadckuil ynusepcumem, yn. Kneza Buwecnasa, 1, 11030, 2. Benepao, Cepous
D Mesrcdynapoonuiii 2ocydapcmeennsiii sxonozudeckuti uncmumym um. A. J]. Caxaposa,
Benopycckuii 2ocyoapcmeennviil ynueepcumem,
yi. JJoneobpoockas, 23/1, 220070, e. Munck, Benapyco,
3 Unemumym medxcoucyuniunapuuvix uccredosanuti benepadckozo ynusepcumema,
yi. Knesa Buwecnasa, 1, 11030, e. benepao, Cepbus
YUncemumym necnozo xossticmea Benepadckozo ynugepcumema,
yi. Kneza Buwecnasa, 3, 11030, 2. benepao, Cepousi

OOBEKTOM HCCIICIOBAHUN CITYXHIH TpU KioHa Salix alba w onvH ¥ioH Salix viminalis. TIpeqMeT vccieIoBaHUs — HU3-
yuenue BiustHus Tspkenbix MetawioB (Ni, Cu, Cr, Cd, Pb, As) Ha Mopdornornueckue u Gpu3n0I0rHIeckue porecch KIOHOB
uBbl. Llenp uccnenoBanus — 000CHOBAaHUE U BHIOOP KIIOHA HAHOOJIEe MEPCIICKTUBHOIO JJIsl MOMYYEHHsT OMOMACChI B LIETISIX
MPOW3BOJICTBA PHEPIHH TPU BBIPAIMBAHUN HA 3arPSI3HEHHON TSHKEIBIMH METaJUIaMU TOo4YBe. [lepCrieKTHBHbBIC KIIOHBI UBBI
OTICHUBAJICH ITO MOP(OIOTHIECKUM TTapaMeTpam (BbICOTa pacTEHHH, TuMaMeTp cTedeit, brnoMacca, riomaab JUcTeB) u Gu-
3MOJIOTMYECKUM MHIIMKATOpaM (MHTEHCHMBHOCTH (DOTOCHHTE3a M TPAHCHHMPALMHU, YCThUYHAS IPOBOAUMOCTD, S(PPEKTHBHOCTh
MCTIONB30BaHMUS BOJIBI, MEXKiIeTouHas K oHreHTpaiws CO,). 3arps3HeHNe MOUBBI TSDKEIBIMU METAJJIAMH OTPHUIIATENILHO CKa-
3aJ10Ch Ha MOP(OJIOTHIESCKHUX U (PU3HOTOIHYSCKUX XapaKTePUCTHKAX KIIOHOB UBBI. [10 pe3ynbrartam OLECHKH ObUTH BBIJICICHBI
KJIOHBI, (PU3HOIOrHUECKHE XaPAKTEPUCTUKH KOTOPBIX ObLIH MEHEE 3aBUCUMBI OT 3arPSI3HEHUSI [IOUBbBI TSUKEIIBIMU METAIIAMH.
DU3HOIOrHIECKHE TOKA3ATEIH KIIOHOB MOJIOKUTENHLHO KOPPEIUPOBATIH ¢ MOP(OIOrHUECKUMHUM MapaMeTpaMu. Termiora cro-
paHus GOMacChl UBBI, BRIPALIICHHOM Ha 3arpsI3HEHHON 1 He3arps3HEHHOM T0UBe, CYIIECTBEHHO He pazianyaiack. B pesynsra-
TE UCCIIEIOBAHUI C y4eTOM (PM3MOIOrHYECKUX U MOP(OJIOrHuecKrX TIoKa3areliell BblIeIeHsb! 1Ba KiloHa Salix alba, nepcnek-
THBHBIC [UTs IPOBE/ICHUS TATTBHEHINIMX MCCIICIOBAHMI U UCIIBITAHUI Ha 3arPsI3HCHHBIX TSHKETBIME METAIIAMHU MOYBaX.

Kniouesnie cnoea: KnoHbI Salix; TSKEIbIE METAILTBL; MOP(OIOTNUECKHE ITapaMeTpbl; (PHU3NOTOTHIECKUE TIPOIIECCHI.

bnrazooapnocmy: viccienoBanue npoBeneHo npu ¢unancupoBanun Haywnoro ¢onna PecriyOnuku CepOust B pamkax
MCCIIE/IOBATENBCKOTO MpoeKTa «BoccTaHOBIEHNE CBAJIOK € MCIIOIB30BAHMEM SHEPIeTHYECKHX TUIAHTAlMi OMOMacChl ipeBec-
HBIX KYJBTYp ¢ KOPOTKHM ceBoobopoToM (SRWC) 1 mpenocraBieHeM HECKOIBKUX 3KocHcTeMHBIX yeiuyT (TreeRemEnergy)

5357».
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THE INFLUENCE OF HEAVY METALS ON MORPHOLOGICAL
AND PHYSIOLOGICAL PARAMETERS OF SALIX CLONES
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Three clones of Salix alba and one clone of Salix viminalis were used for research purposes. The research aims to study the
influence of heavy metals Ni, Cu, Cr Cd, Pb and As, on morphological (primary and secondary growth) and physiological (rate
of photosynthesis, transpiration, water use efficiency) processes and determine the most favourable clone that would have its
application in phytoremediation of contaminated soil and productivity of different fast-growing clones, with the aim of energy
production. Prospective clones of willow were evaluated based on morphological (plant height, stem diameter, biomass, leaf
area) and physiological (photosynthesis intensity and transpiration, stomatal conductance, efficient use of water, intercellular
concentration of CO,) parameters. Contamination of soil with heavy metals negatively affected the morphological and
physiological characteristics of willow clones. Clones with physiological characteristics less dependent on soil contamination
with heavy metals were selected on the results of evaluation. Physiological parameters of clones positively correlated with
morphological parameters. Heat of willow biomass combustion planted on contaminated and uncontaminated soils didn’t
differ significantly. Among the studied genotypes, two Salix alba clones, namely clones 3 and 4, stand out. The contaminated
habitat substantially reduces willow biomass and physiological parameters of willow. Nonetheless, the thermal energy derived
from biomass showed no significant variance between contaminated and uncontaminated plants.

Keywords: clones of Salix; heavy metals; morphological parameters; physiological processes.

Acknowledgement: This research was funded by the Science Fund of Republic of Serbia through research project «Landfill
Remediation with the Use of Short Rotation Biomass Woody Crops (SRWC) Energy Plantations and Provisioning Multiple
Ecosystem Services (TreeRemEnergy) 5357».

Introduction

The development of society, with a view to improve the comfort of life through development, industrial up-
grading and urbanization results in environmental pollution, and thus the deterioration of living conditions. The
environmental pollution itself is caused by an increase in harmful substances in the soil, air and water, and there-
fore we can also say in the plants and food that people consume. The biggest pollution is caused by metals and
metalloids, regardless of where they come from. One of the compromise solutions is the application of plants in
the remediation of habitats polluted by heavy metals, that is, the establishment of plantations in such habitats that
would carry out phytoremediation and be used in co-combustion processes with coal for energy purposes [1].

Bearing in mind that woody species are increasingly used for phytoremediation, in addition to other plants,
including poplars and willows, which in addition to phytoremediation also show energy values, we paid special
attention to willows both in the process of phytoremediation and energy production. From taxonomy aspect the
genus Salix represents a large complex and according to certain data it encompasses 350-370 species [2], while
other literature data point out that there are even over 400 species of willow with more than 200 hybrids [3].

Willow used for bioenergy production has been studied as a possible phytoremediation crop since the 1990s
[4-12]. Research has shown the highly prominent ability of these species to take up and accumulate large amounts
of zinc (Zn) and cadmium (Cd) [13], while at the same time they produce high quantities of biomass [14]. Based on
the results of a large number of studies, it can be concluded that each individual incident of pollution with a certain
heavy metal implies the selection of specific willow genotypes. Thus, willow plants grown in different ecological
conditions showed that clones of Salix alba and Salix dasyclados species as well as Salix aurita and Salix dasy-
clados hybrids are fair candidates for biomass production on degraded peat soils [15]. The production of willow
biomass and its burning as raw material for energy production ensures both ecological and rural development [16].

For the research purposes of this work, three clones of white willow — Salix alba and one clone of basket
willow — Salix viminalis were used, and what needs to be pointed out is that there are currently no published
results of similar analyses in the available professional literature. The purpose of this research was to examine
the potential of four autochthonous willow genotypes in the phytoextraction of heavy metals Ni, Cu, Cd, Pb, Cr
and As, their accumulation, translocation and adaptation to the presence of the mentioned heavy metals. This pa-
per provides morphological-physiological indicators for the purpose of selecting the most favourable clones for
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phytoremediation and energy use of plantations. It researches the variability of the morphological and physiological
characteristics of willows, different clones, growing on contaminated and uncontaminated (control) soil, with a
view to select the most efficient clones for growing in plantations, that is, for obtaining bioenergy.

Materials and methods

The material and method of work include testing the reaction of willow genotypes to two habitats: control —
uncontaminated soil and contaminated to which heavy metals were added. Trials were set up at the University of
Belgrade, Faculty of Forestry, with 4 autochthonous willow clones: L. Salix viminalis — the basket willow; I1. Salix
alba — clone B-44, 111. Salix alba — clone 347 and 1V Salix alba — clone NS 73/6.

For additional contamination, aqueous solutions of heavy metal salts were used, namely: Cd (NOs),,
CuSO, -5H,0, K, Cr, O;, Na, HAsO, - 7H, O, NiCl,. 6H, O and PbNO; in concentrations of 10 * mol/dm *i. e. Cd
112.4, Cu 63, Cr 104, As 74.9, Ni 58.7 and Pb 207.2 mg/kg.

The plants were grown in field experiments (control) located in the Arboretum of the Faculty of Forestry and
in containers with contaminated soil with a volume of 10 liters, in the period from March 2019 to September
2021. On the contaminated land, three cuttings were planted for each variant of heavy metals in 20 repetitions per
pollution element, that is, 120 repetitions for all elements.

The variability of morphological plant characteristics of different willow clones was carried out on samples
of 50 plants from each clone that were grown in uncontaminated (control) soil and the contaminated soil. Plant
parameters were analyzed twice, at the beginning and at the end of the vegetation period, namely: plant height
(cm), measured with a metric folding ruler; plant diameter — the diameter in the root crown(mm), measured with
a micrometer, leaf area (cm ?) measured with LI-1800 Portable Spectroradiometer.

Photosynthetic indicators of gas exchange were measured using the LCpro+ system, manufactured by ADC
Bioscientific-UK. The measurement was performed on four plants of each clone and treatment, in four technical
repetitions, which means that there were 16 repetitions in total. The following parameters were analyzed: rate of
photosynthesis (A) (umol CO, m? s ); stomatal conductance (gs) (mol m?s™); intercellular concentration of CO,
(ci) (umol mol ™ ); transpiration rate (E) (mmol H,O m™ s™); water use efficiency (WUE) (umol CO, mmol™' H,0);

The first four parameters were read directly from the device. Water use efficiency (WUE) was calculated
subsequently as the ratio of the rate of photosynthesis and transpiration (A/E) [pmol mmol '], and endogenous
water use efficiency (iIWUE) as the ratio of the intensity of photosynthesis and stomatal conductance (A/gs)
[umol mol '] (Zhang, et al., 2003) [17].

Water use efficiency WUE, intrinsic water-use efficiency (iWUE), The STATGRAPHICS CENTURION
XVLI software was used to determine the variability of the morphological properties of the analyzed clones in
different treatments [18]. In order to determine the variability between clones, descriptive statistics and One-way
Analysis of Variance-ANOVA with Fisher’s test of least significant differences (LSD) were applied.

Results and discussion

Morphological indicators. Heavy metals also have adverse effects on morphological indicators. Their adverse
effects are mostly reflected in the disruption of the chloroplast structure, the synthesis of chlorophyll, carotenoids,
plastoquinone, by destructive action on pigment-protein complexes, enzyme conformation and activity, electron
transfer in the transport chains of respiration and photosynthesis [19-22]. Vasilev, et al. [23] found a decrease
in the concentration of chlorophyll, and consequently the decreset of photosynthesis rate in two willow clones
treated with elevated concentrations of Cd in water cultures. More intense accumulation of cadmium and nickel
in young willow leaves results in impaired photosynthetic and respiratory metabolism. This level is maintained
for some time, and with the aging of the leaf it begins to decrease, as a result of which old leaves have a smaller
contribution to the production of organic matter than young ones.

Primary growth — hight increase in plants. Based on the mean values of plant heights of all clones that were
measured on plants grown in uncontaminated (control) soil, the values ranged from 104.2 ¢cm to 206.9 ¢cm for
clone 1, from 106.8 cm to 216.9 cm for clone 2, from 140.4 cm to 293.5 c¢cm for clone 3 and from 129.1 cm to
177.4 cm for clone 4 (Figure 1).

The obtained results indicate that after the third year, clone 3 exhibited the most significant height growth
among all clones, while clone 4 showed the least height growth.

All clones reached almost the same height between the second and third year, when cutting — rotation could be
carried out. The data indicate that clone 3 has the fastest growth rate, which reached a height of 272 ¢cm in the second
year and 293 cm in the third year. Our data are in line with the data of Greene [24] who obtained remarkable growth
rates of willow Salix babylonica obtained from cuttings. The willows showed good results in terms of tree height,
diameter, trunk, leaf area and root growth rate already after two years. Based on the mean values of plant heights of
all clones that were measured on plants grown in contaminated soil, the values ranged from 56.5 cm to 122.1 cm for
clone 1, from 43.8 cm to 110.4 c¢cm for clone 2, from 61.4 cm to 125.5 cm for clone 3 and from 66.1 cm to 119.8 cm
for clone 4 (Figure 2).
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The obtained results indicate that the clone 3 is the clone with the greatest height growth, while clone 4 is

the clone with the smallest height growth. The studied data (mean values) show that the plants grown on the
contaminated soil are almost twice as low (Hsr = 120 cm) as the control plants (Hsr = 223 c¢m), but still clones 3
and 4 stood out for their height, although the other colons were also very close in height, so that cutting could be
done in the plants after the second year.

Secondary growth — the diameter of plants. Based on mean plant diameter values of clone 1 measured on

plants grown in uncontaminated (control) soil, we obtained the values ranging up to 7.80 mm for the year 2019,
from 9.65 mm to 11.65 mm for 2020 and from 13.09 mm for 2021. Based on mean plant diameter values of clone
2 measured on plants grown in uncontaminated (control) soil, we obtained the values ranging up to 8.57 mm
for the year 2019, from 10.02 mm to 12.48 mm for 2020 and from 13.59 mm for 2021. Based on mean plant
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diameter values of clone 3 measured on plants grown in uncontaminated (control) soil, we obtained the values
ranging up to 9.07 mm for the year 2019, from 12.56 mm to 16.77 mm for 2020 and from 19.97 mm for 2021.
Based on mean plant diameter values of clone 4 measured on plants grown in uncontaminated (control) soil,
we obtained the values ranging up to 11.73 mm for the year 2019, from 13.11 mm to 13.82 mm for 2020 and
from 14.35 mm for 2021. Based on the mean values of plant diameter of all clones that were measured on plants
grown in uncontaminated (control) soil, the values ranged from 7.8 mm to 13.09 mm for clone 1, from 8.57 mm
to 13.59 mm for clone 2, from 9.07 mm to 19.97 mm for clone 3 and from 11.73 mm to 14.35 mm for clone 4
(Figure 3). The obtained results indicate that the clone 3 is the clone with the largest diameter.
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Leaf area. The leaf areas of plants grown in uncontaminated soil ranged from 34.73 cm? (clone 2) to 42.89 cm?
(clone 4), and in plants grown in contaminated soil, they ranged from 22.94 cm? (clone 2) to 31.63 cm? (clone 4).
Based on the results, it can be concluded that contamination with heavy metals has an adverse effect on the
morphology of the plants — the leaf area of the plants for all four clones Table 1.

Table 1
Differences in leaf area between plants on contaminated and non-contaminated soils (cm?)
Clone
I 11 111 v
Factor
Count Average Average Average Average

1 100 25.36 22.94 27.89 31.63

2 100 36.24 3473 36.92 42,89
Total 200 30.80 28.83 3241 37.26

Note. Factor 1 — contaminated soil; Factor 2 — uncontaminated (control) soil.

108



IIpoMbInIeHHAsI M aTpapHAasi JKOJOTHsI
Industrial and Agricultural Ecology

In all four clones, the differences in leaf area between contaminated and uncontaminated plants are highly
significant, but there is a difference in leaf area size among clones. Regardless of the treatment of plants, ie. whether
grown in contaminated or uncontaminated soil, clone 4 always stood out by leaf area, and clone 2 was the lowest.

Photosynthetic indicators. The photosynthetic activity of plants is a decisive factor in the yield of plants and
depends on a number of factors such as the rate, quality and duration of daylight, the concentration of CO, in the
atmosphere [25; 26], the concentration of O, , temperature, water regime and the specifics of mineral nutrition
[27 ], and especially from the genotype of the plant species and the status of the soil, i. e. its pollution [28; 29].
A comparison of 11 different Salix genotypes by Andralojc, et al. [30], showed that the timber yield is positively
correlated with the total leaf area per plant, as well as that the rate of photosynthesis depends on the studied
genotypes. Habitat pollution had a statistically significant effect on all examined clones, which reacted differently
to the degree of pollution. he clone number 1 showed the highest rate of photosynthesis (16.21 pmol CO, m? s™)
and the clone number 4 showed the lowest rate, only 10.33 umol CO, m? s™! (Figure 5).
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Fig. 5. The intensity of photosynthesis of willow clones depending on the soil contamination

Literature data [31] on the impact of soil pollution (Pb, Cr, Ni and diesel fuel) with heavy metals indicate the genotypic
specificity of photosynthesis of the studied willow clones grown in glasshouse with different degrees of pollution.

Stomatal conductance (gs) (mol m?s™). In the process of water release and gas exchange, CO,and O, stomata
occupy a central place because they regulate stomatal conductance by opening and closing, that is, by changing
the size of the stoma opening. Changing the size of the stoma opening also changes the stoma’s conductance [32;
33]. The stomatal conductance indicator is defined as the flux of carbon dioxide and water vapor inside the stoma
and water vapor at the border of stoma-leafand air, and this indicator is the opposite of stomatal resistance [34].

Inthe control habitat (Figure 6), clone number4 stands out with the highest stomatal conductance (0.48 molm™s™),
and clone number 2 is the clone with the lowest stomatal conductance (0.25 mol m? s™!). The situation is different
in the contaminated habitat because heavy metals inhibit the process of stomatal conductance. Namely, in the
contaminated habitat, clone number 4 is the clone with the lowest stomatal conductance (0.13 mol m? s™'), while
clone number 1 is the clone with the highest stomatal conductance (0.30 mol m?s™).

Intercellular concentration of CO, (ci) (umol mol-1). Considering that all leaves are in direct contact with the
atmosphere, mesophyll cells take up CO,, during photosynthetic assimilation, so there is a concentration gradient
in the air outside the leaf and the intercellular space. Having that in mind, the intercellular concentration of CO,
in leaves (Ci) stands as a critical parameter in photosynthesis [35]. This means that during photosynthesis, the
concentration of carbon dioxide in the intercellular space of the leaf determines the flow of carbon dioxide into the
leaf if the stomatal openings and the external concentration are constant.

Comparison of 4 willow genotypes on control variants clearly shows statistically significant differences
between clones. The highest intercellular concentration (Figure 7) is found in clone number 4 (220.7 umol mol ™),
while clone number 2 shows the lowest one (144.9 umol mol™).

Comparison of 4 willow genotypes on contaminated variants clearly shows that there are no statistically
significant differences in the intercellular concentration between the 3 clones (clone 1, 2 and 3) and that only clone
number 4 is statistically different from them.
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Rate of transpiration (E) (mmol H,O m?s”). The measurement of leaf transpiration and the conductivity
of water vapor from the leaf in the atmosphere is a very important indicator for plants in relation to their water
regime. Transpiration primarily determines the leaf’s energy balance, gas exchange, and determines the efficiency
of water use. The exchange of CO, and water vapor (water) affects the intercellular concentration of CO, and
thus limits other biochemical processes of photosynthesis [36; 37]. The rate of transpiration in different willow
genotypes depends on the number, size, arrangement of stomata as well as external and internal factors affecting
the degree of stomata opening during the day and night [38].

Comparison of 4 willow genotypes (Figure 8) on control variants clearly shows statistically significant differences
between clones. The clone number 3 shows the highest rate of transpiration (2.98 mmol H,O m™ s!), while the clone
number 1 shows the lowest rate (1.93 mmol H,O ms™). Comparison of 4 willow genotypes on contaminated variants
clearly shows statistically significant differences between all four genotypes. The clone number 1 shows the highest
rate of transpiration (2.3 Immol H,O m?s™"), while the clone number 4 shows the lowest rate (1.68 mmol H,O m™ s™).

Water use efficiency. Weih and Nordh [39] characterized fourteen willow clones (Salix sp.) in terms of
growth, nitrogen and water use efficiency under different irrigation and fertilization treatments. The results
are discussed in relation to the selection of clones for various willow applications such as biomass production
and phytoremediation.

Comparison of 4 willow genotypes on the control variants clearly shows that there are no statistically significant
differences between the 3 clones (clone 2, 3 and 4) in water use efficiency, and that only clone number 1, which is
significantly more efficient compared to the other clones, is statistically different from them (Figure 9). Soil pollution
certainly reduces the ability to use water, but not to a great extent, except when it comes to clone number 1. It should
be emphasized that there is no statistically significant difference between the tested clones grown on contaminated soil.
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Intrinsic water use efficiency. Intrinsic water use efficiency is defined as the ratio between the rate of
photosynthesis and the stomatal conductance of water vapor (H,O). The reaction of the stomata to the
concentration of CO, both outside, ie. in the atmosphere, as well as inside the stoma, is extremely important
for understanding gas exchange between plants and depends on many factors: plant species, i. €. genotype
within the species, leaf area, number of stomata on the face and back of the leaf. During uptake, mesophyll
cells consume atmospheric CO,, so the concentration of CO, n the intercellular spaces is lower compared to
air CO, and iWUE — intrinsic efficiency of water use [40; 41].

Comparison of 4 willow genotypes on the control variants clearly shows that there are statistically significant
differences between the clones, with clone number 2 standing out the most (Figure 10). From the obtained
results, it can be concluded that the intrinsic water use efficiency depends on the genotype. Contamination in
clones 1 and 2 greatly reduces the intrinsic water use efficiency, while in clone number 4 it increases to a great
extent. For clone number 3, the results show that the contamination had no significant effect on the intrinsic
water use efficiency.

According to the data of Landroth and Cienciala [42] the average long-term efficiency of water use,
estimated based on the measurement of the stand level, would amount to 6.3 g of dry biomass per kg of
transpired water. This value is high compared to values for other tree species and may be related to the high
concentration of nitrogen in the leaves. Water availability is a critical factor in short rotation willow (SRC)
forestry despite the relatively high water use efficiency of this species.
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Conclusion

Based on the obtained results, the following conclusions can be drawn:

Significant genotypic differences were observed among willow clones regarding their height, both in plants
grown in uncontaminated conditions and those in habitats with heavy metal contamination.

The disparity between willows cultivated in contaminated versus uncontaminated soil is evident in their height
and girth growth. Willows grown on uncontaminated soil showed greater height and girth growth compared to
willows grown on contaminated soil. The results of leaf area analyses indicated the existence of statistically
significant differences between all studied clones that were grown in uncontaminated soil, while statistical
analyses of data related to plant material sampled in contaminated soil indicated three homogeneous groups. The
first group, with the highest mean value of the leaf area, consists of clone 4, the second group consists of clones 1
and 3, while the clone 2 constituted the third group, with the lowest mean value of the leaf area.

Comparison of the rate of photosynthesis of 4 willow genotypes on the control variants clearly shows that there
are no statistically significant differences in the rate of photosynthesis between the 3 clones (clone 1, 2, 3) while
clone 4 exhibited distinct differences.

Habitat pollution had a statistically significant effect on all examined clones, which reacted differently to the
degree of pollution. The clone number 1 showed the highest rate of photosynthesis (16.21 pmol CO, m™ s™') and
the clone number 4 showed the lowest rate (only 10.33 umol CO, m?s™).

Significant differences were also found in other studied parameters, especially in the water use efficiency,
which is a significant factor in the cultivation of willow plantations.

As a general conclusion, we can single out clones 3 and 4, as clones with the highest biomass during the
experiment. The contaminated habitat substantially reduces willow biomass, nearly halving it and the plants reach
the time for cutting in 2-3 years. Nonetheless, the thermal energy derived from biomass showed no significant
variance between contaminated and uncontaminated plants, underscoring the disparity in biomass yield.
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