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COHI/IA.HI)HO—SKOJIOFI/I‘IECKI/IE
[MPOBJIEMbI YCTOMUYMBOTI'O PA3BBUTUA

SOCIAL AND ENVIRONMENTAL PROBLEMS
OF SUSTAINABLE DEVELOPMENT

VIIK 378.4

OOPMUPOBAHMNE KOTHUTUBHbBIX KOMIIOHEHTOB 9KOAOI'MYECKOI'O
CO3HAHUNA B ITPOLECCE 3AHIINUTHI A3bIKOBOI'O ITPOEKTA

0. H. BYTKEBHY"

Y Medrcoynapoonwiii 2ocydapcmeennoiil sxonozuueckuil uncmumym um. A. JI. Caxaposa,
Benopyccruii cocyoapecmeennbiii ynusepcumen,
yi. loneobpoockas, 23/1, 220070, e. Munck, Berapyce

B wuccrnenoBanuy BBISIBISIIOTCS. U OOOCHOBBIBAIOTCS. MEXaHM3MbI (DOPMUPOBAHHSI SKOJIOTHYECKOTO CO3HAHUS 4epe3 KOM-
TIOHEHTHBIN aHaJIU3 JJAHHOTO KOHIIENTa. DKOJIOTHYecKoe 00pa3oBaHKUE KaK CTPYKTYPUpPOBaHHOE oOydeHHe, HallpaBjIeHHOE Ha
yITyONeHne MOHMMAHUSI JTIOBMH 9KOJIOTHYECKNX TpodieM, OHopa3Hoo0pasmst M OCOOCHHOCTEH HKOJIOTMUECKUX CHCTEM, SIB-
JISIETCsl TPAKTUYECKUM MHCTPYMEHTOM (DOPMHPOBAHMS SKOJIOTHYECKOro co3HaHus. OHO peanmsyercs depe3 o0pa3oBaTeibHbIe
IPOrpaMMBI, KOTOpbIE HECYT HH(POPMALIUIO O BIMSIHUU YEJIOBEYCCKOH NESATENBbHOCTH Ha OKPYXKAIOLIYIO CPey, HHPOPMHUPYIOT
0 CTpaTerusix yCTOWYMBOTO YIpaBICHHS M COXPAaHEHMs KauecTBa OKPY)KArOIIeH cpeibl. BaKHYIO poiib UTpaeT TakkKe MCUXO-
JIOTO-TIE/IarOTMYECKOe MPOCBEIICHNE, LIEJIbI0 KOTOPOro sBIsieTcs (POPMUPOBAHUE MBILIUICHHS, CIIOCOOCTBYIOIIETO OepekHO-
My OTHOLIEHHIO K OKpy)Karomieil cpeae. MeTosbl SKOJIOrHYecKoro MPOCBEIIEHHS], CTUMYIMPYIOIIHE W PACIIMPSIOIINE SKOJI0-
THYECKHE 3HAHUS M [IEHHOCTH, — 3TO MHTEPAKTHBHbIE CEMHHAPBI, MCKYCCHH, a TAKXKE JAPyrue OOIMIECTBEHHBIE MEPOIPHSTHS,
KOTOpBIE TOOYXIAI0T MIMPOKYIO IMyONMKY 3aJyMaTbCs O CBOMX OTHOMICHMSIX C mpuponoil. PaccmarpuBaercst mporece ¢op-
MHPOBaHUsI KOTHUTHBHBIX KOMIIOHEHTOB OSKOJOTMYECKOTO CO3HAHMS C HCIOIb30BAaHUEM METOIMKH «3alUTa S3bIKOBOTO
MpoeKTa». MeTomuKa SI3BIKOBOTO IMPOEKTa MOTHUBHPYET CTYICHTOB K CAMOCTOATEIBHOMY HCCIIEIOBAHUIO, MPECTaBICHHIO
W 3allUTEe CBOMX WJIEH, KaCAIOIIMXCS aKTyaJbHBIX SKOJIOTHYECKUX MPOOIeM. DTOT MPOLECC HE TOJIBKO YITydIlaeT JIMHIBUCTH-
YECKHE HAaBBIKM O0YYarOLIMXCsl, HO ¥ CIIOCOOCTBYET PA3BUTHIO KPUTHUECKOTO MBIIUICHHS! B OTHOIIEHUH HKOJIOTUUECKUX TEM.
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ConuajibHO-3K0JI0rHYecKHe MPodIeMbl YCTOHYHBOIO Pa3BUTHS
Social and Environmental Problems of Sustainable Development

CTyzeHTBI caMOCTOATENBHO BBIOMPAIOT TEMBI, CBSI3aHHBIE C H3MEHEHNEM KJIMMara, SKOJOTMYECKOH YCTOMYMBOCTBIO TIITAaHETHI,
oxpaHoii pupozpl. [Iporiece uccnenoBanus 1 MpoLeaypa 3aliThl MPOEKTa MO3BOMISAET aKTHBH3UPOBATh MBICIUTEIBHYIO U pe-
YEBYIO JIESTEILHOCTD O0YUaIOIIMXCSI, YTO CIIOCOOCTBYET ITPEBPAILICHHIO HCH BO BHYTPEHHHE YOCK/ICHUS H, KaK CJICIICTBHE, T10-
Oy>XKaeT K aKTHBHBIM JICHCTBHSIM B MOKMCKE perieHnid. OO0CHOBBIBAETCS BBIBOJ O TOM, UTO BKIIFOYEHHE ITPO(PECCHOHAIBHO OpH-
SHTHPOBAHHBIX ITPOEKTOB, TEMaTHIECKU CBA3aHHBIX C YCTOHUMBBIM Pa3BUTHEM H PEIICHHEM IKOIOTHIECKIX ITPOOIIEM B ITpoLiece
TIPETIOIaBaHMsI MTHOCTPAHHOTO SI3bIKa, MOBBIIAET Y(PPEKTUBHOCTD (POPMHUPOBAHNS KOTHUTHBHBIX KOMITOHEHTOB HKOJIOTHYECKOTO
CO3HAHWSI. MHTEerparms TakuX IPOEKTOB B JIMHIBUCTHYECKOE 00pa30BaHNE MO3BOJIAET CTyACHTaM 3(P()EKTHBHO MPUMEHSTh KO-
JIOTMUECKHE 3HAHKSA JUTS PEIICHHS TPAKTHYECKHX IIeJIeH ¢ MCTIONB30BaHNEeM HHOCTPAHHOTO s13bIKa. C OTHOI CTOPOHBI, pelIatoTcs
3a1a4¥l aKTHBU3AIINH SKOJIOTHYECKHUX 3HAHUN U 3aKPeTIeHHs KOJIOTHUECKHUX KOHIIENTOB, a C IPYroi — 3aKperieHHs! TMHIBUCTH-
YECKHX M PEYEBBIX HABBIKOB, B TOM YHCIIC PUTOPUUECKHUX. Takoe COUeTaHne HE TOJBKO CIIOCOOCTBYET MOBBIICHHIO YPOBHS Blla-
JICHHS SI3BIKOM, HO ¥ BOCIIMTHIBACT MH(OPMUPOBAHHBIX, OTBETCTBEHHBIX I'PAXKIAH, CIIOCOOHBIX OCO3HAHHO MPOIIAaraHANpOBaTh
9KOJIOTMYECKYI0 YCTOHYMBOCTh B CBOMX COOOIIECTBAX HA MPO(ECCHOHAILHOM yPOBHE.

Knrouesnvie c1o6a: 3K0I0THYECKOEC CO3HaHHC; SKOJIOTHYCCKOC 06pa303aHHe; OKOJIOTUYECKOC NPOCBCIICHNC, KOTHUTUBHBIC
KOMITIOHCHTbI CO3HAHMUS, SI3LIKOBOM TIPOCKT.

FORMATION OF COGNITIVE COMPONENTS
OF ENVIRONMENTAL CONSCIOUSNESS
IN THE PROCESS OF PROTECTING A LANGUAGE PROJECT

Yu. 1. BUTKEVICH*

*International Sakharov Environmental Institute, Belarusian State University,
23/1 Datithabrodskaja Street, Minsk 220070, Belarus

The article identifies and substantiates the mechanisms of forming environmental consciousness through a component
analysis of this concept. Environmental education, as structured learning aimed at deepening people’s understanding of
environmental issues, biodiversity, and the characteristics of ecological systems, serves as a practical tool for shaping
ecological consciousness. Environmental education is implemented through educational programs that convey information
about the impact of human activities on the environment, inform about strategies for sustainable management and
conservation of environmental quality. Psychological and pedagogical education also plays an important role, aiming to
develop thinking that fosters a caring attitude toward the environment. Methods of environmental education that stimulate
and expand ecological knowledge and values include interactive workshops, discussions, and other public events that
encourage the general public to reflect on their relationship with nature. The article examines the process of forming cognitive
components of ecological consciousness using the «Language Project Defense» methodology. This methodology motivates
students to independently research, present, and defend their ideas on pressing environmental issues. This process not only
enhances students’ linguistic skills but also promotes the development of critical thinking on environmental topics. Students
independently choose topics related to climate change, planetary sustainability, and nature conservation; the research
process and project defense procedure activate students’ cognitive and verbal activities, facilitating the transformation of
ideas into internal beliefs and, consequently, into active efforts to seek solutions. The article concludes that incorporating
professionally oriented projects, thematically linked to sustainable development and solving environmental problems,
into foreign language teaching enhances the effectiveness of forming cognitive components of ecological consciousness.
Integrating such projects into linguistic education allows students to effectively apply environmental knowledge to achieve
practical goals using a foreign language. Thus, two objectives are addressed: the activation of environmental knowledge
and the reinforcement of ecological concepts, on one hand, and the consolidation of linguistic and rhetorical skills, on the
other. This combination not only improves language proficiency but also cultivates informed, responsible citizens capable
of consciously promoting environmental sustainability in their communities at a professional level.

Keywords: environmental consciousness; environmental education; environmental literacy; cognitive components of
consciousness; protection of a language project.

Beenenune

CIHOXXHOCTB 9KOJIOTHYECKOTO CO3HAHMS OTIPEICISCTCS €0 CTPYKTYpPOH, BKIIOUatoLIel pedaeKCUBHbBIE, KOTHH-
TUBHBIE, PETYJIATUBHBIE, SMOLIMOHAJIBHBIE, STHUECKNE U APYTHE IEMEHTHI. B cOBpeMeHHOI uTeparype MOKHO
BBIJICIIUTH HECKOJIBKO OCHOBHBIX HanOoJiee yCTOWUYMBBIX KOHICTILMH KOJIOTHYECKOTO CO3HAHMS:

1. TToBeneHuecKast KOHLENIMA SKOJIOITMYECKOTO CO3HAHMSI, pacCMaTpUBAIOIIAsl 9TO MOHATHE KaK JMYHOCTHOE
OTHOIIIEHHWE, COBOKYNTHOCTh JIEHCTBMH M NMOCTYIKOB MHAMBHJOB M TPYII JIOAEH, a TaKXkKe MX MOBEIACHUYECKHE
YCTAHOBKHU M LICHHOCTH, ONaronpusTHeIE JJ1s1 OKpY Karomen cpensl [2].



Kypnaa Besopycckoro rocyiapcTBeHHOro yHuBepcurtera. Jkojorusi. 2025;1:4-9
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2. Tcuxonornyeckasi KOHIICMIIHSI, ONPEIEISIIOIIAs SKOJIOTHIECKOe CO3HAHNE KaK «MHOTOMEPHBII TMHAMHYECKHN
pedIeKCUBHBIN CIIOM B CO3HAHHMM YENIOBEKa, B KOTOPOM TIPE/ICTABIICHBI IIEJIOCTHBIC aCTIEKThl B3aUMOZICHCTBUSI Yesio-
BEKa C OKPYKAFOIIEH CPeIoi M OKPYKAFOIIM MHUPOM KaK TIPEICTaBUTEISI BU/IA U YEIOBEIECKOTO cooomecTsay [1].

3. Hoocdepnas mapaaurma, oTpakeHHass BO MHOXKECTBE pa0dOT KaK POCCHUHCKUX, TaK M 3apyOeKHBIX HCCIIe-
nmosareneit (B. WM. Bepranckwmii, T. ne lapaen, H. H. Mowucees, A. A. SluuH u ap.), BRIIETSIET YKOIOTHUSCKOE
CO3HaHHE KaK «HOOC(EepHOe 3HAHUE, TPAHCIUPYIOIIee 0CO3HAHHOCTh U OCMBICICHHOCTh JICSITEIBHOCTH Yello-
BEKa B CHCTEME COCYIIecTBOBaHHs co BeenenHoi. Ha 3ToM ypoBHE 3KOJIOTHYECKOe CO3HAHUE XapaKTepH3yeTCs
IIEJIOCTHOCTBIO M OCMBICIICHUEM TII00ATBHEIX TTPOOJIEM BRDKHUBAHUS YesioBedecTBay [1].

4. «[lenarorvueckasi KOHIICTIIHSD), PACCMATPHBAIOIIAS SKOJIOTU3AINIO BCEX YPOBHEH 00pa3oBaHUsl C IIEbI0
(bopMUpPOBaHUsI YCTOHYUBOMN SKOJIIOTHUYECKOM KYJIBTYPhI HA BCEX BO3PACTHBIX JTAlaX JIMYHOCTHOTO U MpodeccHo-
HAJILHOTO Pa3BUTHS YEIOBEKa 1 OOIIECTBA.

MarepuaJjibl 1 METOAbI HCCJICIOBAHUSA

0O06001IeHIE TEOPETHUECKNX JaHHBIX BHIIIIEHA3BAHHBIX KOHIICIIHIA TIO3BOJISIET BRIJICUTH PSIl PyHIaMEHTaIb-
HBIX KOMITOHEHTOB 9KOJIOTMYECKOTO CO3HAHUS: TIPUPOIa CO3HAHUS, CBOWCTBA CO3HAHUS, (DYHKIIMU CO3HAHMUS, KOT-
HUTHBHOCTH CO3HAHHUS, SMOIIMOHATHFHOCTh WITH ah(heKTUBHOCTH CO3HAHUS 1 TIOBEICHYECKUE CTPYKTYPHI.

IIpupoma SKOIOTHYECKOTO CO3HAHUS B JAHHOM CITy4ae pacCMaTPHUBAETCS BHE JKECTKON KOPPEISINH C ecTe-
CTBEHHOHAYYHBIM ITOJIXO/IOM, HO JIeJIaeTCs aKIIeHT Ha COBOKYITHOCTH B3aNMOICHCTBUI HA yPOBHSAX YEIIOBEYECTBO
("FemoBeK 1 00IIEeCTBO) — OKPYKAIOIITHN MUpP (PKUBas W HEXXUBAs MIPUPOJIA), TIOPOXKIast TIOTPEOHOCTH B MEHTAIh-
HOM CO3HaHWH (MHIUBUIYaTFHOM H IPYIIIIOBOM) B OTHOIIIEHWH OXPaHbI U 0€30MaCHOCTH OKpPY KaIOIIeH Cpe/Ibl.

B 5TOM KOHTEKCTE 9KOJOTHYECKOe COZHAHUE OTPEIEISIeT «CIIOCOOHOCTh CYyOhEeKTa BBIMTH 3a TIPE/IEIBI CBOETO
COOCTBEHHOTO CyIIeCTBOBaHU [ 1], 0cO3HABas CBOE OTHOIIEHHE K OKPY)KAIOIIEMY MHUPY ¥ JTMYHYIO OTBETCTBEH-
HOCTB, TO €CTh BKJIIOYaeT B ce0s peIeKCHBHOCTh, 0CO3HAHHOCTD, OIaropasyMue u yopsI04eHHOCTb.

Mmuoroo0pasue (pyHKIHA SKOITOTHIECKOTO CO3HAHMS MPEICTABIEHO TAKUMHU KOMIIOHEHTaMH, KaK PEeTyIsITHB-
HOCTbB, OI[EHKa, KPEeaTHUBHOCTH, LIeJIeTIoNIaraHie 1 IIaHNpPOBaHUe, IPEABHU/ICHHIE, HPPAITMOHATBHOCTD U T. 1.

DKOJIOTHYECKOe CO3HAHME PacCMaTpUBAaeTCs KaK MHOTOKOMITOHEHTHBIH (PeHOMEH, BKIIFOYAIOIMINN KOTHUTHB-
HBIC U IeATEIbHOCTHBIE KOMITOHEHTHI. KOTHUTHBHBIE KOMITOHEHTHI BKJITFOYAIOT B CE€0ST DKOJIOTHYECKOE MBIIIIJICHNE,
HKOJIOTUIECKYIO TTAMATH, SKOJIOTUYECKOe BHUMAHHUE M HKOJIOTHIECKYIO BOMIO. K /IeATebHOCTHBIM MBI OTHECEM
BOCTIPUSITHE OKPYKAIOIIEH CPeNbl M OLIEHKY BO3IEHCTBHS Ha OKpYKaromlyto cpeay. OxapakTepu3yeM KaxKabli n3
KOTHUTHBHBIX KOMITOHEHTOB HKOJIOTHIECKOTO CO3HAHMS.

s 000CHOBaHMSA OTIpeNIeNIeHUs] SKOJIOTHYECKOTO MBIIUICHUS BBIICHUM 3HAYEHUE TTOHITHS «MBIIUICHUEY —
MICUXUYECKHIA MPOIIeCC MO3HAHNS BHEIIHETO ¥ BHYTPEHHETO MHUPA, YCTAHOBICHUE PHYNHHO-CIIEICTBEHHBIX OT-
HOIIICHWH, TIO3HaHUE MH()OPMAIIH 1 MOJISIMPOBAaHIE OTHOIIIEHUH Mex 1y o0bekTaMi. COOTBETCTBEHHO, SKOJIO-
TUYECKOe MBIIUIEHHE — 9TO KOTHUTHBHBIE MIPOIIECCHI aHaN3a, CHHTE3a U OLIEHKH AKOIIOTHIECKON WH(pOpMaInHy,
KOHIENIUKA 1 Tpo0iieM, HaBBIKM KPUTHYECKOTO MBIIIICHUS B OTHONIEHHH K SKOJIOTHYeCKHUM BompocaM. OHO
MperonaraeT Mouck 3(h(HheKTUBHBIX PEeIIeHN 1 KOMIIPOMHUCCOB, TITyOOKO€ MMOHNMaHHe U 0CO3HAHKE IKOJIOTHYe-
CKHX TIPOIIECCOB M TTPOOIIEM.

UYenoBedeckast amMsITh — OTO YIWBUTENbHAsI CIIOCOOHOCTH JIFONIEH 3allOMHUHATh, CTPYKTypHUpPOBATh, HAKaIUIU-
BaTh M B HYKHBII1 MOMEHT BPEMEHH BBIIaBaTh COOTBETCTBYIOIINE 3HaHMA. Bee, uero noctur pox homo sapiens 3a
CBOIO TIPOCMAaTPUBAEMYIO UCTOPHIO, Oa3UpyeTCs Ha YHUKATHPHOM YMEHHUH COXPAHATH U BOCIIPOMU3BOIUTH HH(OP-
MAIIHIO O CBOEM IPOIIIOM OTbITe. TakuM 00pa3oM, TEPMUH «IKOIOTHYECKast TAMITh» — 9aCcTh MACCHBA JaHHBIX,
OTHOCSIIIUXCA K B3aUMOJICHCTBHUIO C OKpYKAIOIIEH cpeoil.

Jlap KOHILIEHTpUPOBaTh MPOIECC MO3TOBOM aKTUBHOCTH Ha TOW MJIM MHOM JIEATETLHOCTH HA3bIBAETCS «BHUMA-
HUEeM». B coBpeMeHHOM MUpe IBITINBEIN YeI0BeUeCKUi YM HE MCIIBITHIBAET HEJAOCTaTKa B MH(POPMAIIH — IS
(hOKyCHpPOBKH BHUMaHHS Ha SKOJIOTUYECKOI MOBECTKE, TEXHOTEHHOM BO3/ICHCTBHH JIFOIEH Ha TUTAHETY, CIIoco0ax
K peKpearyiv MOABEPTIINXCS HETaTHBHOMY BO3/IEHCTBHIO TIPUPOTHBIX 0OBEKTOB, BOBCE HE 0053aTeNIFHO TpedyeT-
cs1 00maath MpopUIHHBIM 00pa30BaHNEM — JIOCTATOYHO MPOSIBIATH HCKPEHHIOI BOBJICUEHHOCTh B YKAa3aHHYIO
MpoOJIeMaTHKy ¥ CBOWM JIMYHBIM TPUMEPOM (OPMHUPOBATH y HEPABHOIYIITHBIX JIFOAECH YyBCTBO MEPCOHAIBHON
OTBETCTBEHHOCTH 3a TIPOHUCXOJISAINEE B OKPYKAIOIIEH cpejie.

IlonsiTre «BOMS» ABMSAETCS OAHWM W3 KpPaeyroNbHBIX KaMHEH TakuX Hayk, Kak (uimocodus W TCHXONIOo-
THSl, OTIPEIETISIET CITOCOOHOCTh YeJIOBeKa K MOpaIbHOMY BBIOOpY. JIfomy B TOCTaTOYHO BHICOKOW CTETIEHH MO-
TYT YOPaBISATh CBOMMH JCWCTBUSMH, HAMPABISAA WX Ha JOCTIDKEHHE TEX WM WHBIX Ienell. BecemepHas mon-
JIepKKa COXPAHEHHUS IKOJIOTHYECKOTO OaaHca, paduTelIbHOE OTHOIIIEHHE K MTPUPOTHBIM pecypcam, COIraabHas
aruTanys B IMOJIb3y 000CHOBAHHOTO MTPHPOIOTIONB30BAHIS — SIIEMEHTHI IKOJIOTUYECKOTO CO3HAHMS, MITH e KO-
JIOTUYECKOM BOJIH.

Kaxum 00pa3zoM 31eMeHTHI AKOIOTHYECKOTO CO3HAHMUS BIHSIIOT Ha OKPYKAIOIIYIO Cpelly M KaKOBBI KPUTEPUHU
OIIEHKH 3TOro Bo3neicTBua? OueBHmHO, (POpMUPOBaHME IEHHOCTH WCXOMHOTO BEIHKOJICIHS OKPYKAFOIIIETO
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MHpa, Pa3HOOOpa3ns MPUPOIHBIX JTAHAIIA(TOB, CMEHIEMOCTH aTMOC(HEPHBIX SBICHUH, KPACOTHI BOAHBIX pPecyp-
COB, CBSI3aHHOTO C IKOJIOTHEH COXPAHEHHUS YEIIOBEYECKOTO 30POBKS, — BBICIIAS 1eJTh BOCITUTAHNS SKOJIOTHYECKO-
ro co3Hanud. [Ipemmaraemast meap caMbIM HETTOCPEACTBEHHBIM 00pa30M BIHSIET HA TOCIEAYIONINEe aKTHBHOCTH
JIOZIEN C BBICOKOM HKOJOIMYECKON OTBETCTBEHHOCTBIO.

OOBEKTUBHBIMH KPUTEPHSIMH OLIEHKH BO3JEHCTBUS Ha OKPYIKAIOIIYIO CPEY BITOJTHE MOTYT CITY’KHUTH BOCTIPO-
M3BOIMMBIE M (PHUKCHPYEMbIe C TIOMOIIBIO CTICITHAIM3NPOBAHHON anmaparypsl (akropsl. OnpeneneHue ypoBHs
3arps3HEHUS TI0YBbI, BO3AYIIHOW W BOAHOM Cpeasl aHTPOIIOTEHHBIME (pakTopamu y)Ke TaBHO HE BBI3BIBAET 3a-
TPYIHEHUH Y COOTBETCTBYIOHIHNX ciryk0. [lIupokoe onoBenienne HaceneHns 00 yXyIIIEHUH WK JKe 00 yydiie-
HUU DKOJOTHYECKOI 00CTaHOBKH B MECTHOCTH TIPOYKMUBAHMS TIOCPECTBOM HOBOCTHBIX UCTOYHHKOB B 3HAUNTEIb-
HOHM CTETICHH MOTHBHPYET JIFOICH MUHUMH3HUPOBATh yIiepO, HAHOCUMBIN OKPYXKAIOIIeH cpene, MOmIepKUBATh
WHUIIATHBBI O COPTHPOBKE OBITOBBIX OTXOJOB M MX MAaKCHMAaJIbHO TIOJTHOM mepepaboTKe, BHICAKUBATH CayKEHITBI
JIEpeBbEB B MapKax M HA MECTax JIECO3arOTOBOK, MPUHUMATh YYaCcTHE B WHUIIMHPYEMBIX MECTHBIMH OpraHaMH
BJIACTH TIPOYHX SKOJOTHUECKUX MEPOTIPUATHSIX.

st 6oree AeTaNbHOTO PACCMOTPEHUS IEKOMITO3HPYEM BECh KOMIUIEKC SKOJIOTHYECKOTO CO3HAHUS Ha CO-
CTaBJISIONIHE!

— MO3HABATEIbHBINA BEKTOD;

— DMOIMOHATIFHOE BOCTIPUSTHE;

— MOBEICHYECKUM NaTTepH.

Ilo3HaBaTenbHBINA, WM KOTHUTHBHBIN 3JIEMEHT IMOJpa3yMeBaeT MEHTAJIbHOE OCO3HAHWE MPUPOIHOTO M CO-
[MATBHOTO OKPY)KEHUS; YMOITMOHAIBHBI O0TOOpakaeT CEHCOPHO-3MOIMOHAIHFHOE BOCIIPUSATHE OKPYKAFOIIIETO
MUpa; TOBEIEHIYECKHU, WIIM BOJIEBOW TPAHCIMPYET CTPATETHH CAMOPETYIISINA U aJaNTallii B Cpee yepe3 B3a-
MMOJICHCTBHE U CAMOBBIpaKEHHE.

BrimeckaszanHoe MPUBOIUT K BBIBOAY, YTO SKOJOTHYECKOE CO3HAHME, pacCMAaTPUBAEMOE B Pa3HBIX 00ia-
CTSX W KOHTEKCTaX HAyYHOHW MBICIIH, MOKET OBITH MHTEPIIPETUPOBAHO KaK HKOJIOTHYECKOE TMTOBEJEHHUE, IKOJIO-
THYECKas OCBEIOMIICHHOCTD, SKOJIOTHYECKash 03a004E€HHOCTh | T. ., HO OCHOBHOW TIACT ATUX MHTEpIIpeTa-
IWH 3aKII09aeT B cebe eMHOe YTBEPKACHHUE O JIMYHOHN U TPYIIIOBON OCBEIOMIEHHOCTH 00 IKOIOTHIECKUX
BOIIpocax u mpobiaemax [3].

THITONOTHS YKOIOTUYECKOTO CO3HAHHS OOBIYHO OCHOBBIBAETCS HAa B3aMMOEHCTBHUU YeTHIpeX 0a30BBIX
KOMITOHEHTOB: dKOJIOTHYECKHX 3HAHUH U OTBITA, B3ANMOACHCTBIE B CHCTEME «CYOBEKT — 00BEKT», Olpeiene-
HUE IeJIeil KaKk HalpaBJIeHU JIeATeIbHOCTH, a TaK)Ke OTHOIIEHHUE K cede, MUPY U JPYTHM JIFoAsIM [5].

DKOJIOTHYECKOe CO3HaHWe peain3yercs B (opMe WHAWNBUAYAJHHOTO WM KOJIJIEKTHBHOTO CO3HAHMS.
PeanbHOE mposiBIieHne MaHHBIX (OPM BKIIOYAET B ¢€0S1 COBOKYITHOCTH aHTPOIOIEHTPHYECKOTO, IKOLIEHTPH-
YECKOTO, CHHEPTETHIECKOTO 3JIEMEHTOB M 3aBHCHUT OT CHTYal[iH, COIIMAIBHBIX YCIOBUH, YKOJOTHIECKUX PH-
CKOB U UHBIX ()aKTOPOB.

B mpouecce hopMupoBaHUs SKOTOTHIECKOTO CO3HAHHUS OCHOBHBIM CTHMYIHPYIOIMIMM (DaKTOPOM SIBISIETCS
YPOBEHB IKOJIIOTHIECKOM KYIBTYPHI, XapaKTePHBIA KaK JJIsl OTAECITHHOTO YeIIOBEYECKOTO COOOIIECTBa, TaK M IS
HaceJIeHns B TUTaHeTapHOM MaciiTade. [Ipu 5ToMm cymiecTByroT onpeeneHHbIe TPOTUBOPEUHS MEXKITY BHICOKUM
YPOBHEM TEOPETH3AIMHN U Pa3padOTKONW MPUMEHUMBIX METOJOJOTHYECKHUX TIOX0I0B K Pa3BUTHIO DKOJIOTHYE-
CKOTO CO3HaHMs, KOTOphIe obecreyrii 06l Hanbonee dPPEKTUBHBIN MTepeXo ] OT ACCUMIIIAIINN YKOJIOTHIECKIX
3HAHWHU K UX MPAKTUIECKOMY HCITOIB30BaHMIO. J[aHHBIE TIOAXOABI CIIOCOOHBI 00eCTIeYUTh (DOPMUPOBAHUE TAKUX
KOMITOHEHTOB IKOJIOTHYECKOTO CO3HAHMA, KaK IKOJIOTHYECKHE 3HAHMUS, SKOIOTHIECKNE YCTAHOBKH, SKOJIOTHYe-
CKHe IIEHHOCTH, SKOJIOTHIECKHE HaMEPEHNs, IKOIIOTHIECKH Oe30macHbIe TIOBEACHYECKNE CTPaTeTuH U T. 1. Bee
9TH 3JIEMEHTHI UTPAIOT OCHOBOIIOJIATAIOITYIO POJIh B (POPMUPOBAHUH IKOJIOTHIECKOHN KYIBTYPHI.

OCHOBHBIM MEXaHH3MOM (DOPMHUPOBAHUS FKOJIOTHUECKON KYJIBTYPHI SIBISETCS 00pa3oBaHUE W MPOCBEIICHUE.
[lemarorudgeckuii Xapakrep MOIEIMPOBAHUS IKOJIOTHIECKOTO MHPOBO33PEHHUS (COBOKYIMHOCTH B3INISAIOB, yOekK-
JIEHWH W TIEHHOCTEH) BIHSET Ha Pa3BUTHE JKOIOTHYECKON OTBETCTBEHHOCTH y HACENEHUsS Ha YPOBHE WH/IWBHU-
J1a, KOJUTEKTHBA M YeJIOBEUECTBa B II00ATFHOM MaciiTade. Ha aTom sTane HeoOXomuMo 3a7eiiCTBOBaTh BCE BUIBI
00pa3oBaTeNbHBIX CTPYKTYP M YPOBHEH JUIS pa3BUTHSI SKOJIOTMYECKOTO HHTEIUIEKTa. MHTEeIeKTyanbHBIA aclIeKT
BKJTIOYAET B Ce0s1 COBOKYITHOCTB SKOJIOTUYECKUX 3HAHUHA 1 HABBIKOB, KOTOPBIE CBSI3aHBI C TPOIIECCOM (hopMHpOBa-
HUSI MUPOBO33pEHHs. B ATOT KOMIIOHEHT BXOISAT METOIBI TIOMCKA MPHYNHHO-CIIEACTBEHHBIX CBS3EH MEXIy Ompe-
JIeTIEHHBIMH SBJICHUSIMH | TIPOIIECCAMU B OKpysKarorieM Mupe. OTKpBIThIe 00pa30oBaTebHbIE TPEHHHTH, CEMHHAPHI
1 IpyTHE IEMEHTHI HKOJIOTHYECKOH MPOoTaran/sl MOKHO OTHECTH K 00pa30BaTeIbHBIM MEXaHHU3MaM.

OO6yuarorme MeponpusATHs, TIOMUMO 3aKPETICHHUS SKOJIOTMYECKOTO CO3HAHMS Ha TI0ICO3HATEIIEHOM YPOBHE,
(hopMHPYIOT CTOHKYIO YBEPEHHOCTD YEJIOBEKA B IMYHOW OTBETCTBEHHOCTH HE TOJIBKO B YACTH MPEIOTBPAICHHS
9KOJIOTUYECKUX KaracTpod, HO 1 3a 3arpsi3HEHNE OKPYKAFOIIEei cpepl Ha OBITOBOM yPOBHE.

BryTpennne crpemiteHns 6epekHO OTHOCHTBCS K MPHUPOIE M eCTh (hHHATH3aIUs chOPMUPOBABIITHXCS Oa-
rozaps 9KOJOTHYECKOMY CO3HAHMIO CHCTEM IIEHHOCTEH, MHPOBO33PEHHS, WACATOB M IMOOYXKTAIONIIX MOTHBOB
K JESTeTHHOCTH I10 3aIUTe, COXPAHEHUIO W IPEYMHOKXEHHUIO KPACOTHI 36MHOM TIPUPOJIBI.
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PaccuautbiBath Ha TO, 9TO FKOJIIOTHYECKHE TTOBEIEHIECKIE TPUBBIYKY CTAHYT HOPMOU JUTS BCEX M K&YKIAOTO CaMO
coboii, He mpuxomuTcs. Heobxommumo pritoyKeHne CHIT, B TOM YHCTIE B B BHIEC TTPOGHIBHOTO 00pazoBaHwsl. B da-
CTH TIPENOAaBaHMsI WHOCTPAHHBIX S3BIKOB OyJeT Ooliee YeM yMECTHO HCIOJIh30BaHHE OOYHaIONINX MaTepHasoB,
COOTBETCTBYIOIINX «3€JI€HON TTOBECTKE» — SKOJIOTHYECKast JIEKCHKA TIPAKTHIECKH HE NMEET YHUKAIFHOTO CIeIHa-
JM3UPOBAHHOTO CIIEHTA, & COOTBETCTBYIOIIN CIIOBAPHBIH 3aI1ac BITOJHE MPUMEHNM Ha MTPAKTUIECKU JTFOObIE TEMBI.

AHTTTUACKUH SI3BIK YK€ JaBHO CTall YHUBEPCAIBLHBIM CPEICTBOM OOIICHUS MEXIy Hapomamu. B cetn MH-
TEPHET PETYISIPHO MyOIMKYIOTCS 3CCe 10 UTOTaM HAyYHBIX MCCIIEIOBAHUH M MEXTYHAPOIHBIX IKOJIOTHIECKUX
KoH(epeHIuil. B OTKPBITOM JOCTYIIE Ha aHIJIMICKOM SI3BIKE HMMEETCsI Macca MHTEPECHOTO MaTepraia KacarelbHO
BOIIPOCOB M3MEHEHUS KIIMMaTa, TasHUs JIETHUKOB, yTPaThl OMOJIOTHYECKOTO pa3HO00pasmsl, 3arpsa3HeHUsT MOpen
1 okeaHoB. JlocTym kK mogo0HOTO poaa HH(OpMAIK Ha aHTIIMICKOM SI3BIKE TTO3BOJISIET JIIOMAM AEpKaTh PYKy Ha
MyJbce TII00ATBHBIX SKOJIOTHYECKUX MPOOIIeM, a TAaK)Ke y3HABATh O TIOTEHIIMAIBHBIX CIIOCO0aX MX peIIeHHi.

Kak yxe ormedanoch, NCHIOIB30BAaHUE B MPOIECCe 0O0yUEHHS YKOIOTUIECKOTO ITI0Ccapysi, KOpperupyrole-
TO ¢ Hanbosee ynoTpeOUTETHHBIMI YHIUBEPCATGHBIMI BRIPAKEHHUSIMHA, BCEMEPHO CIIOCOOCTBYET M3yUSHHIO aH-
TIMICKOTO si3bIKa. [pruKkimamHOi XapakTep SKOJIOTHYECKUX TeM, KOTOPhIe B KOHEYHOM HUTOTe Yepe3 Oe30MacHOCTh
KU3HEIESATETHHOCTH M COXPAaHEHHSI 3[I0POBbhsI 3aTParuBaroT KaKI0Tr0, o0ecrednBaeT 0ojee JeTrkoe 3aKperieHIe
TpaMMaTHYEeCKHUX CTPYKTYpP U (HOPM.

IIprmeneHre aHTITHIICKOTO SI3bIKa B PaMKaX COBMECTHBIX MEKTyHAPOIHBIX NCCIEI0BATEIbCKUX HHUIUATHB pac-
[IAPSIOT BOZMOKHOCTH MTPOPHITGHBIX CIIEMATIFICTOB B YaCTH 0OOMEHAa MHEHUSIMH U JIOHECEHHUS [0 TIPeICTaBUTENeH
COTIPEICTTHHBIX CTPAH OCHOBHBIX ITOJIOKEHUH TOCYIapCTBEHHOMN YKOJIOTUYECKOH MTOUTHKY Pectryonmmku bemapych.

YBepeHHOe BlIaZIeHNEe HHOCTPAHHBIM S3HIKOM TTOBBIIIIAET AaBTOPUTET JIOKIIA9NKa, BEC €r0 apTyMEHTOB BO Bpe-
Ms TEMaTHIeCKHUX TUCKyccHil. CBOOOIHOE BiIaIeHIe aHTITMICKIM TI03BOJISIET OIIEHUTH KaueCTBO IOBOIOB IPYTHX
YYaCTHUKOB KOH(DEPEHIINH: Y TOKIaT9NKa — KOTJ[a OH TOTOBUT MaTrepHall, BEICTYIIaeT C HUM, OTBEYaeT Ha BOIIPO-
CBI ¥ BOBMOXKHBIE 3aMEYaHNs, Y OCTAIBHBIX — BO BPeMs MIPOCITYIINBAHIS U BBICKA3bIBAHNS CBOMX 3aMEYaHMH.

IIpu 3HAKOMCTBE C aHTIIOSI3BIYHON JINTEPATYPOH, MPOCMOTpe HHUITBMOB | TIPU MPOBEICHUH JUCKYCCU B pa3-
HBIX KyJIBTYPHBIX KOHTEKCTaX MTPOUCXOIUT KyTBTYPHBII OOMEH 1 MEeKKYIBTYPHAs: KOMMYHHKAITUS, 9TO TIO3BOJISIET
00yJaromuMcs N3ydarh pa3IMdHbIe TOYKH 3PEHUS Ha DKOJOTHMYECKHE MPOOIeMbl, TIOTy4aTh MPEACTaBIeHHE 00
aJBTEePHATUBHBIX MOAX0/IaX K COXPaHEHHIO OKPYIKAIOIIEH CPe/Ibl, pacCCMaTpUBATh TPAIUIIOHHBIE SKOIOTUIECKIE
3HAHUS ¥ B3MISABI KOPEHHBIX HAPOIOB Ha MPHUPOTY.

PaccmarpuBas sxonmorudeckne mpoOieMsl B Mupe 1 B PecrryOnnke benapych, cpaBHUBasI OTIBIT paniioHaIbHO-
TO TIPUPOJIOTIONBE30BAHUS MEKIYHAPOIHBIMHU M PECITYOIMKAHCKAMHU OpPTaHU3aIUAMHU C HCIIOJIh30BaHUEM aHTIIHHN-
CKOTO 5I3bIKa B 00y4YeHNH, CTYJICHTHI Pa3BUBAIOT YyYBCTBO IPAYKAAHCTBEHHOCTH M OTBETCTBEHHOCTH 32 COXPaHEHHE
OKpY’KaloIIeH Cpelbl, COTyBCTBHE K COOOIIECTBAM, MMOCTPAAAaBIINM OT AECTPAJAlliy OKPYKArOIIEH CPeIbl, CONU-
JAPU3HPYIOTCS C TI00ANTBHBIMI YCHUIIMSIMA TT0 COXPAHEHHUIO U YITYUIIEHHUIO OKPYKAIOIIeH Cpebl M yCTOWIHBOTO
pa3BUTHSL.

Bragenne aHMIMIICKAM SI3BIKOM JTA€T BO3MOKHOCTH OOYYaIOMIMMCSl OTCTaMBaTh CBOM DKOJOTHYECKHE MHTE-
PECHI, Y4acTBOBATh B AKOJIOTUYECKHUX ABIDKEHHSX M BOBJEKATHCS B MPONECCH (POPMUPOBAHHS SKOIOTHUECKOM
MOJIMTHKA HAa MECTHOM, HAIIMOHAJIHHOM M MEXIyHApOAHOM ypoBHsX. CoOIlMaNbHBIE CETH, OHJIAWH-TUIAT()OPMBI
Y MEXTyHapOAHas ceTh MIHTepHET MaroT BO3SMOKHOCTD JICTTUTHCS CBOMMH UCTOPHSMH, aKTHBHPOBATH MOAIEPIKKY
9KOJIOTHYECKUX AEUCTBUH W HAXOIUTH CTOPOHHUKOB MX SKOJIOTHYECKUX B3TJISIOB.

TexHomornn 00y4eHHsT aHTHICKOMY S3BIKY TIPEITararoT psii HTHCTPYMEHTOB ISl CTUMYJIMPOBAaHHS HHTEpeca 00-
YUArOIINXCS K TIO3HAHHUIO MUPA, SKOJIOTHYECKUX MPOOIIEM F OCMBICTIEHHIO CBOETO OTHOIIIEHHS K OKPY>KalOIIIei cperie.
He menee BaxxHOE 3HaUSHNE IMEET SMOIMOHAIBHAS ITOA/IEPIKKA B JIUIIE TIPETIOAaBaTelsi, KOTopasi CIiocoOCTBYeT (op-
MHPOBAHHUIO ¥ HUX TTOJIOKUATEITFHON CaMOOIIEHKH M YBEPEHHOCTH B PEIICHUH YKOJIOTHUECKUX TPoosieM [6].

YdacTue CTyIeHTOB B SKOJIOTHIECKOH JeSATeTHbHOCTH B BH/E Pa3paO0TKU U peasTH3aIliH S3BIKOBBIX TIPOEKTOB, Ha-
MIPaBJICHHBIX HA PEIICHNE U PENyTIPEKICHHE SKOIOTHIECKUX MPOOIIeM, CIIOCOOCTBYET YCIETHOMY (POPMHUPOBAHHIO
9KOJIOTHYECKOTOo co3HaHus. [[poexTHOe 00yUueHue peIcTaBIsIeT cOO0H JIMIHOCTHO-OPHEHTHPOBAHHYTO TEXHOJIOTHIO.
CT0BO «TIPOEKT» MPOUCXOAUT OT JIATHHCKOTO CIIOBA «projectusy, 4ro 03HadaeT «OpOIIeHHBIN BIIEpel, BHICTYIIAI0-
TV, BBIIATOIITHIACS Biepe . [10MroToBKa pOEKTOB 3aKiIaIbIBacT MIPOUHBIN (PYHIAMEHT TSI OyIyIIeit 3anHTepeco-
BaHHOCTH B OCBOSHWH 3HAHWH W 3aKPETUICHUH HABBIKOB, TIOTYYE€HHBIX B XOJI€ PA0OTHI HaJl TPOEKTOM.

OpueHTanus MPOEKTHOTO OOyYEHUs Ha JTUIHOCTHOE Pa3BUTHE OOBSICHICTCS TEM, UTO B XOIE €Tro pa3padoT-
KA W peajn3annuy oOyJarouIiics 3aHUMAeT aBTOPCKYIO TTO3UIUIO, KOT/Ia OH MOYKET BOIUIOTHTBH HKOIIOTHYECKOE
cofiep>KaHNe CBOETO CO3HAHMS M OTKOPPEKTHpOBath ero. [Ipu a3ToM memaror BeICTyMaeT B poiu MapTHepa, KOH-
CYIIbTaHTa, a CHCTEMATU3AIMsl TTOTYYeHHOW HaydYHOW MH(OPMAINH, YCTAHOBICHHE CTETIEHN €€ JOCTOBEPHOCTH
CTAaHOBHTCS IPEPOTATHBOM 00yJAOIIEroCs, KOTOPBI BMECTO YCBOCHHSI TOTOBBIX 3HAHWN W TIOHATHI BBICTpanBa-
€T CBOIO CHCTEMY, MaTepHaJIM3yeT CBOE HKOJIOTUIECKOE CO3HAHUE W MPEACTABICHHE O MHpE. SIBIAACH OMHON 13
WHHOBAIIMOHHBIX TEXHOJOTHH, MPOEKTHBIA METOJ] TIOMOTAeT pa3BUBaTh KOTHUTHBHBIC HABBIKW CTYIACHTOB, CIIO-
COOHOCTH CAMOCTOSITETIFHO MBICITUTD, TIPOSABIISATh TBOPUECKUH MOIXOA W MHUIMATHBY, CTABUTH NpoOIeMy U Ha-
XOIIUTh €€ pelIeHUs], OPHEHTHPOBATHCS B WH(POPMAIMOHHOM IIPOCTPAHCTBE M YMETh OTOMPATh WH(POPMAITHIO,
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KOTOpas SABJSIETCS JTOCTOBEPHOM, pENPE3CHTATUBHON 1 aKTyaJIbHOH. Y CTYIEHTOB MOSBIISETCS CIIOCOOHOCTH 00-
palaTpIBaTh ¥ aHAIM3WPOBATh MEIMAKOHTEHT, MPOTHO3UPOBATh M OIIEHWBATh PE3yAbTaThl cBOei paboTel. OmHO
13 TIPEUMYIIECTB TIPOSKTHOTO METO/a Mepea APYTHMHA 00pa30BaTEbHBIMI TEXHOJIOTHSIMHE 3aKIII0UaeTCsS B TOM,
YTO OHO CITOCOOCTBYET Pa3BUTHIO CAMOCTOSATENFHON JAEITEIHHOCTH CTY/IEHTOB, HHNBHIyaJbHO WK B TPYIIIAX,
AQHATMTHYECKUX U TBOPYECKHUX HABBIKOB, a TAK)KE OPUEHTHUPYET UX Ha NATBHEHIIYIO HCCIIEA0BATEIbCKYIO paboTYy.

OnHa u3 popM IPOEKTHOTO 00YIEHHMS, KOTOpasi peJyIaraeTcs CTyAEHTaM, — 3aIl|Ta S3BIKOBOTO IMTPOEKTA TI0 TEMaM
KyPCOBBIX paboT WM HayYHBIX HHTEpecOoB. Ha moAroToBUTEIFHOM ATare CTyIeHThl 00CYKIal0T BO3MOXKHBIE Cephl
peanm3anuy CBOET0 MPOEKTHOTO HFICCIIEIOBAHS, OMPENENIOT €ro ey 1 3amadn. Ha Bropom srtare (MCTIOMHUTENb-
CKOM) CTY/ICHTBI M3y4JalOT OIBIT UCCIICIOBAHMIA ITOJOOHOTO PO/Ia, TNIAHUPYIOT CBOIO PaOO0TYy, COOMPAIOT M aHATTM3UPYIOT
MarepHa, IPOBOJIAT UCCIeIOBaHus. TpeTnii aTam — 3TO 3aIuTa SI3BIKOBOTO MPOEKTa HA aHIITMHCKOM SI3BIKE, KOTOpast
MIPOXOIUT B (hOpME NEMOHCTPAIINH TPE3EHTAIINN U COTIPOBOXKIAETCS AUCKyccHel. [ [poekT MoykeT OBITh IpeicTaBIeH
Kak B Buze npeseHtarmy PowerPoint B aymuropum, Tak u B (hopMe CTpaHUIBI B CONMANBHBIX ceTsx. [lyOmmkarmst
MPOEKTa B UHTEPHETE MOYKET TIPUBIICUL OOJIee MHUPOKYIO ayAUTOPHIO ISl JUCKYCCHH, OOSCIIEUNB OOPATHYIO CBS3b.
3aKITIOuUTeINBHBIN Tam — pedrekcrBHBIN. Ha 3ToM 3Tare mpoekT oleHnBaeTcs pernoaaBaresieM, a y4acTHUKHA JIeTIsT-
Cs CBOMIMH BIIEUATJICHHSIMU O TIPOJIENTAHHOM padoTe, 00CY>KIAr0T POk 1 BKJIA]] B HETO KKIOTO U3 HUX.

3aKjIoueHue

TakuM 00pazoM, ydacTue B 3aIUTE S3BIKOBBIX MTPO(HECCHOHATBHO 3HAYMMBIX ITPOEKTOB MO3BOJISET TTOATAITHO,
MTOCIIE/IOBATENBHO, IIEJICHANPABICHHO TOBBIIIATH YPOBEHb YKOJIOTMYECKON KYIBTYPHI CTYCHTOB M Tapaielb-
HO Pa3BHBaTh KOMMYHUKAaTHBHYIO KOMIETEHINIO. [IpoeKkTHas eSTEeNbHOCTh JaeT BOSMOXXHOCTH O0YHarOIuMCs
MaKCHUMaJIbHO PacKpbITh CBOW TBOPYECKH IMTOTEHIIMAI, ITOBBIIIAET HHTEIUIEKTYa IbHBII YPOBEHB, CTOCOOCTBYET
Pa3BUTHIO ITO3HABATENFHOTO MHTEPECAa W MOTHBAIIMM K HOBBIM OTKPBITHSIM, BaXKHBIM U TIOJIE3HBIM KakK Ui OT-
JIENIHOTO YeJIOBeKa, TaK I OOIIecTBa B IENIOM. YUYacTHE B S3BIKOBBIX MPOEKTAX MOBHIIIAET 3(PPEKTHBHOCTD
(hopMHUpOBaHNS OTBETCTBEHHOTO OTHOIICHHS K OKPY)KAIOIIEeH cpeie Ha OCHOBE AKOJIOTHYECKOTO CO3HAHMS, MO-
TUBUPYET 00yUaIOMUXCS K 3aHATHIO HaYYHO-HCCIIEI0BATEIhCKON JAEATEIBHOCTEIO B cpepe IKOIOTHH, TTOBHIIIA-
€T YPOBEHB IKOJIOTHUYECKOM KyIBTYPHl U (OPMUPYET aKTUBHYIO KU3HEHHYIO TTO3HIINIO B HAIPABICHUH 3aIIATHI
U OXpaHbl OKpY>Karolen cpeibl.
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OOPMUPOBAHUE COBPEMEHHOI'O APEAAA BOCTOYHOUN
PEUHOU KPEBETKU MACROBRACHIUM NIPPONENSE (DE HAAN)

B. @. KVJIELIT"

DBenopycckuii 2ocydapcmeenmnlil hedazozudeckuil yuusepcumem um. Maxcuma Tanka,
yn. Cosemckas, 18, 220030, e. Munck, benapyco

YCTaHOBIIEHO B MCTOPHYECKOM acrekTe (POPMHUPOBAHME COBPEMEHHOTO apeajia Uy)KepPOJHOTO CYOTPOIMYECKOTro BHaa
BOCTOUHOU peyHOU KpeBeTku (Macrobrachium nipponense) B HOBBIX MecTooOuTaHusx Asuu, EBporbl u CeBepHoit Ame-
puku. [lokazaHbl BEKTOPBI JUIsl LIEJCHANPABICHHON aKKIMMAaTH3allMK 3TOT0 BUJA B BOIOEMax-OXJIAJUTEISIX TEIIOAIeK-
TpocTaniwmii benapycu, Monnossl, Poccuiickoit Denepanuy, a Takke B BojoeMax OacceiiHa Bonru (B HIDKHEM TCUCHUH).
KpeBeTku ycrienmHo akKIMMaTH3UPOBAIMCh B HOBBIX MECTOOOUTAHUSIX. DTH MECTa JIOKAJTU3AIUH SBUITUCH IICHTPAMH J1aJTb-
Heiwero paccenenust M. nipponense. IlocnenoBarenbHo, HauuHas ¢ 1960-x IT., NpUBOJATCS JaHHbIE MO CIy4YallHOMY Bce-
JICHUIO KPEBETOK BMECTE C OAayUTaCTHBIMHU BOIAMH CYJIOB, a TaKXKE C MPOMBICIOBBIMHA BHIAMH PBIO M3 BOIOEMOB-IOHOPOB
ucropryeckoro apeana. IIpexxae Bcero, 3To pacTHTENBHOSIHBIC BHABL: Oembiid amyp (Ctenopharyngodon idella), 6emnbrii
TOJICTONIO0UK (Aristichthys nobilis) n nectpblit Toncronoduk (Hypophthalmichthys molitrix), KOTOPBIX TEPEBO3MIH C IIEIIBIO
BEJICHUSI TIPY/IOBOM aKBaKyJIBTYpBI JIMOO JUIsl YBEIWYEHHUSI PHIOONPOIYKTUBHOCTH MECTHBIX €CTECTBEHHBIX BOI0eMOB. Pac-
CMAaTpPUBAKOTCS CIy4ad CaMOCTOSITEIIFHOTO MPOHHKHOBEHUSI KPEBETOK 10 KaHaJIaM M PEeKaM B BOJHBIC IKOCHCTEMBI EBpo-
el U A3un. OcOOCHHO MHTCHCUBHAS IKCIIAHCHUS BOCTOYHOW PEYHOW KpeBeTKH HaOmromaercst ¢ Hadanma XXI B. B BOIOEMBI
Oacceitna {aenpa (Ykpanna), {aectpa (Mongosa), lynas (Pymerams), a Takxke Tepeka u JJona (Poccuiickas deneparms).

O0pa3en UUTHPOBAHUMA:
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N3yyeHne u peaduInuTaALUSA IKOCHCTEM
The Study and Rehabilitation of Ecosystems

Bnaromaps mmrpoKoi SKOIOTHYeCKON TIIACTHIHOCTH, IMTOTETICHNIO KITMMAaTa SKCIAHCHS ATOTO SBPUOMOHTHOTO BUIA OyAeT
MPOJI0JIKATHCS B XOPOIIIO IPOTpeBaeMblIe 3CTyapHEIe, TPECHOBOAHBIC 1 COIOHOBATHIE BOI0eMBbI Oacceitna Kacrmiickoro u Uep-
HOT'O MOPEH.

Knroueewie cnoea: Boctounas peuHasi KPpEBETKA, MGCTOO6I/ITaHI/I€; AKKJIMMAaTU3anusd; pacClipoCTpaHCHNUE; BOAHBIC 9KOCUCTEC-
MBI; BOOTOEM-OXJIaIUTEIIb.

Bnazooapnocme. ABTop BbIpaxkaeT OJarogapHOCTh 3a MPEAOCTABICHHbIE OTTUCKH CBOMX CTaTel JOKTOpy Buxropy
Cypyry (ynuBepcurer uM. Anekcanapa I'y3a, T. SIccel, PyMbIHNS), TOKTOPY CEIBbCKOXO3SHCTBEHHBIX HayK, Mpogecco-
py II. B. llexky (Onecckuii rocyaapCTBeHHBINH KOJIOTMYECKU yHUBepcuTeT, Ykpauna); H. A. Hebecnxunoii — 3a-
BEIYIOIIEH CEKTOPOM T€HETHYECKUX HccaenoBaHmii A3oBo-UepHomopckoro ¢mmmana PTBHY «BHUPOy; kanaumary
O6monormuecknx Hayk, goueHty @. M. [llakupoBoii, BeaymeMy HaydHOMY cOTpyaHUKY Tatapckoro ¢unmama ®I'BHY
«BHUPO»; E. . Payeky — kananaary OMOJIOTHYECKUX HAYK, BEIyLIEMy HAyYHOMY COTPYIHHUKY OT/AeJa IUIAaHUPOBAHMUS,
OpraHu3aly ¥ KOOPAWHAIIMK HCCIIEAO0BAaHUN B 00JIacTH akBaKkyJabTypbl Tuxookeanckoro ¢punuana ®I'BHY «BHUPO»
(«TUHPO») (Poccuiickas deneparnms).

FORMATION OF THE MODERN AREAS OF THE EASTERN RIVER PRAWN,
MACROBRACHIUM NIPPONENSE (DE HAAN)

V. E KULESH*

*Belarusian State Pedagogical University named after Maxim Tank,
18 Savieckaja Street, Minsk 220030, Belarus

The formation of the modern range of the alien subtropical species of eastern river shrimp (Macrobrachium nipponense)
in new habitats of Asia, Europe and North America has been established from a historical perspective. Vectors of targeted
acclimatization of this species into cooling reservoirs of thermal power plants in Belarus, Moldova, the Russian Federation,
as well as into reservoirs of the Volga basin (in the lower reaches) are shown. The shrimp successfully acclimatized to new
habitats. These localization sites became centers of further settlement of M. nipponense. Consistently, starting from the 60s
of the last century, data are provided on the accidental introduction of shrimp along with the ballast waters of ships, as well
as with commercial fish species from donor water bodies of the historical range. First of all, these are herbivorous species:
grass carp (Ctenopharyngodon idella), silver carp (Aristichthys nobilis) and bighead carp (Hypophthalmichthys molitrix),
which were transported for the purpose of pond aquaculture or to increase the fish productivity of local natural reservoirs.
Cases of independent penetration of shrimp through canals and rivers into the aquatic ecosystems of Europe and Asia are
considered. A particularly intensive expansion of the eastern river shrimp has been observed since the beginning of the 11th
century in the reservoirs of the Dnieper (Ukraine), Dniester (Moldova), Danube (Romania), as well as the Terek and Don
(Russian Federation). Thanks to broad ecological plasticity and climate warming, the expansion of this eurybiont species
will continue into well-warmed estuarine, freshwater and brackish water bodies of the Caspian and Black Seas.

Keywords: eastern river shrimp; habitat; acclimatization; distribution; aquatic ecosystems; cooling pond.
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BBenenue

Bocrounast peunast kpesetka Macrobrachium nipponense (De Haan) mumpoko pacnpocTpaHeHa B peruoHax
IOro-Bocrounoit Azun, KOxnoi Asum, Bkiatouas Anonuto, Kopero, Kuraii, BoqoeMs! ctpan nomyoctposa WH-
noxutail u TaiiBansa. Ha nocnennem M. nipponense BcTpedaeTcs HOBCEMECTHO, OXBAThIBask TIOUTH BCIO TEPPUTO-
puto. bbuIo BBICKa3aHO MPEAION0okKEHHE, YTO ITOT BUJ] BO3HUK B MatepukoBoM Kurae, a 3arem pacrpocTpaHuics
Ha TaiiBaHb 110 CyXOmyTHBIM MOCTaM Mexkay HuM u Kutaem B muieiicrouene [1]. B mectax ecrecTBeHHOr0 00H-
TaHMS 3TH KPEBETKU BCTPEUAIOTCS B COJIOHOBATOM BOAE 3CTyapHeB, JaryH (CoieHocTh 10 10 %o), BIOIBE MOPCKUX
moOepeknil, a Takke B OOJNBIIOM OTAAJICHUH OT MOps: B 03€pax, BOAOXPAHMWIMIIAX, TOPHBIX PYUbsX, peKax
C TIECYaHBIM U WJIUCTHIM JHOM, OOMJIMEM BOTHON PAaCTUTEILHOCTH, IPEANOYUTAs 3aBOJN U MEIUIEHHO TeKYIIHEe
Bozbl [2—-10].
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Kypuaa Besopycckoro rocylapcTBeHHOro yHuBepcurera. Jkojorus. 2025;1:10-23
Journal of the Belarusian State University. Ecology. 2025;1:10-23

Ha JlanmsaeM Boctoke, Ha Tepputopun Poccuiickoit denepanny 3TOT BUI BIIEpBBIE OBLT ONMHCaH B 03epe XaH-
Ka Cpe/i TpeX BUIOB IMPECHOBOIHBIX KPEBETOK B UCCIEIOBAHUAX AMYPCKOH NXTHOIOTHYECKON SKCIETUIIIH KaK
Palaemon superbus [11]. CoBpeMeHHBIE TPAJIOBBIC YUETHI YHCICHHOCTH TTOKA3aJIH, YTO 3arachl dTOW KPEBETKH
B 03epe XaHka cocTaBisoT 22,4 T [12].

Bocrtounas peunas kpeBeTka — He0Os3aTeNbHBIN aM()UIPOMHBIA BU. P momymsiuii ocTaroTes B dCTyapH-
X (YCTBSIX PEK) IS 3aBEPILEHHS CBOETO YKM3HEHHOTO IMKJIA, HO HEKOTOPbIE BCTPEUAIOTCS B MPHOPEKHBIX HITH
BHYTPEHHHX MPECHOBOIHBIX 03epax, YTO SABIAETCS PE3YNIBTaTOM MEPEHOCca UX CPebl OOUTaHHS BO BHYTPEHHHE
npecHoBomHEIE Boab! [9; 10; 12]. U3BectHO, uTO M. nipponense NeMOHCTPHPYET BBICOKYIO CTETICHb TOJICPAHT-
HOCTH K a0MOTHYEeCKUM 1 onoTHdeckuM (paxropam [1; 13]. Ocobu 3TOro Buaa MOTYT TaK)KE MUTPUPOBATH MEKITY
TIPECHON M COJIOHOBATOU BOMOW (aMGUAPOMHBIN BUI) M B OTIMYHE OT MHOTHX BHUAOB poma Macrobrachium ue
TpeOyIOT COTIOHOBATOMN BOJBI TSl PA3MHOXKEHHS. DTO TIO3BOJISIET UM MIPOIBETATh B TAKUX PA3TUIHBIX BHYTPEHHUX
BOJIOEMAX, KaK 03epa, peKH, BOAOXPAHWIIHIIA ¥ TOPHBIE PYYbH, a TAKXKE B ACTYyapHsIX U MEXIIPHOPEKHBIX palioHaX
[1; 3; 14]. B cBoeM ecTecTBeHHOM apeaie (Harmpumep, B peke SHI3EI 1 BomoeMax ee 0acceitHa) JKU3HeIes TeIb-
HOCTH BOCTOYHOU PEUHOU KPEBETKU MPOXOANT IpH TeMmeparype oT 2—5 °C 3umoit u 10 32 °C meroM. OnrTuMars-
Has Temmeparypa — 25-28 °C [15].

WHTepec k aTOMy BHIY B TIOCTeHEE BPEMS BO3pOC Omaromaps ero criocCOOHOCTH K €CTECTBEHHOMY pa3MHO-
KEHHUIO BO BCEX BUIAX MPECHOBOAHBIX BOIOEMOB M BBICOKOW CKOPOCTH POCTa, YCTOHYMBOCTH K 3a00JI€BaHUSAM,
Ooree MTETEHOMY BEreTalliOHHOMY TIepHoy (TI0 cpaBHEHHIO ¢ M. rosenbergii) Tpy BbIpAIINBaHUH B TIPECHBIX
Bomax. OmHO M3 OONBIINX JTOCTOMHCTB — CIIOCOOHOCTE MOCTHTaTh TOBAPHOU MAacChl (5—6 M) M MaKCHMaJIEHOTO
pasMepa Tena 10 9—10 ¢cM B TeUeHHE OJHOTO BEIPOCTHOTO ce30HA. TakuM 00paszoM, Oiaromapst IMUPOKOH IKOJIO-
TUYECKOHN TOJIEPAHTHOCTHU U IOCTATOUYHO BBICOKOW XO3HCTBEHHOM 3HAYMMOCTH, BOCTOUHASI PEUHAasi KPEBETKA SIB-
JISIeTCS OHUM M3 KITIOUEBBIX 0OBEKTOB MPECHOBOAHON aKBaKyIBTYPHI Cpein 0ecrio3BOHOYHBIX B Smonnn, Kurae,
BreTtHame, Ta€ TPOU3BOACTBO MPOMYKITHH 3TOTO BHIIA PACTET ¢ KaxapiM rogoM [8; 16-20]. Ilposenennsie B Mpa-
He TPO(OJIOTHUECKNE UCCIIEOBAHNS CBHUIETEIBCTBYIOT, UTO 3TOT BHJ SBJSIETCS IIEHHBIM IUIIEBBIM MTPOITYKTOM
JUTS YeJTOBEeKa U COAEPIKUT JOCTATOYHOE KOIMYECTBO OeNKa 10 CPaBHEHHUIO C APYTHMH PaKOOOpa3HBIMU, HU3KUI
YPOBEHB JIUTTUIOB M BEICOKUH YPOBEHB N-3 1 n-6 kupHBIX KucioT [21]. ITo marabemM GAO, Tpon3BOICTBO TPECHO-
BOJHBIX KPEBETOK B MHpe cocTaisieT mpuMepHo 500 Teic. T B ron. B 0CHOBHOM 3TO THTaHTCKas MPECHOBOIHAS
KkpeBetka (Macrobrachium rosenbergii) 1 BOCTOUHAs pedHas KPEBETKA, XOTS 10 HEJABHETO BPEMEHU OOJIbIIast
JacTh KOMMEPUECKOW KyIBTYphI ObLTa OCHOBaHA Ha THTAaHTCKOM MMPECHOBOMHOM KpeBeTke. TeM He MeHee, Ooree
250 000 T BocTOUHO# peuHoit kpeBeTkH mpon3sen Kuraii B 2013 1. B pe3ynbTare BRIpAIIMBAHAS U TIPOMBICIIOBOTO
noBa [ 16]. Ha Takom ke ctabmmsHOM ypoBHE (0K0J10 200 THIC. T €KETOIHO) OCTACTCS IPOU3BOICTBO dTOTO JIH/TH-
PYIOIIETro BUAA MMPECHOBOIHBIX KPEBETOK B TEUCHHE MTOCIICTHETO aecaTmneTns [16; 22].

B HacTosmee Bpems OSBIIIETCS Bce OONbBIE CBEACHNH 00 aKTHBHOM TPOIBIYKEHUH STOTO CyOTPOIMYECKOTO
BHJIa TIPECHOBOIHBIX KPEBETOK MO Pa3IMYHBIM BOIHBIM dKOCHCTeMaM A3WH W EBpOIIBI, I1ie OH SBISETCS Y-
KEPOIHBIM BCEJEHIEM. B 3Toif CBs3M, 1esb JaHHOW paboThl — CHCTEMaTH3aIis U aHAIN3 JTaHHBIX TI0 MCTOPHH
AKKIIMMAaTH3aIlH BOCTOYHON PEYHON KPEBETKH B HOBBIX MECTOOOUTAHUSX W YCTAHOBIIEHHE COBPEMEHHBIX MHUTPa-
LMOHHBIX MyTEH.

Pe3yJ'II>TaTLI HCCJICAOBAHHUSA U UX 06cyme1me

1. Paccenenne Macrobrachium nipponense B XX B.

Poccuiickas @edepayus. HauanHas ¢ MIECTUICCATHIX TOMOB XX B., MOCKOBCKHE aKBApUYyMHCTHI JTOOBIBATTH
B ipynax-oxuagureisx I POC mm. Kiraccona (T. DnexTporopck, MockoBckas 00I1.) CBO€OOpa3HBIX MTPECHOBOIHBIX
KpeBeToK. [lepBrie onpeseneHus BUaa UCXOIMINA U3 MPEIIOIOKEeHHS, YTO OH Torai B [lomMocKkoBRe BO BpeMs
MepeBO30K KPEBETOK M3 03epa XaHKa B PriOMHCKOE BogoxpaHuiniie. B cBsi3u ¢ 3THM BUT ObUT HIIEHTH(DUITUPOBAH
kak Macrobrachium asperulum von Martens (Palaemon superbus) — y aBTOPOB, U3y4aBITUX MTPECHOBOIHBIX Kpe-
BeTok JlampHero Bocroka) [23]. bornee TmiarensHOE M3ydeHNE MaTepralia Imokas3aio, OHAKO, YTO 3TO IPYTOi BHU]I
TOTO %€ pona — Macrobrachium nipponense (De Haan). J{yst mpoBepku HAeHTH(OUKAIINN BUIa COOTBETCTBYIOITHE
AK3EMILTAPHI OBLIH TIOCTaHBI KpyIMHEHIeMy 3HaToKy maHHou rpynmsl JI. b. Xonrxeiicy (Holthuis L. B., Jletinen,
Hunepnanapr), KOTOPBIN MTOATBEPANI ATO OIpPEeNIeHNE. YIaloCh YCTaHOBUTH, YTO KPEBETKH OBLTH 3aBE3CHBI
B [TomMockoBbe B 1960 T. BMecTe C MOJIONBIO PACTUTEIBHOSIHBIX PBIO U3 peku SIHIBHI [24].

BtopsiM HOBBIM MecTooOMTaHMEM 3TOoro BHaa B Poccuiickoit denepanny sSBUIOCH 3aMHCKOE BOTOXPaHHU-
JIUIIIe, Ky/lIa KPEeBETOK MHTPOMYITMPOBAIA HaMepeHHO B 1967 T. u3 BogoeMoB OacceliHa p. AMyp B phIOOJIOBHOE
XO3STCTBO B KaueCcTBE KOPMOBO# 0a3bl st Moo Oemoro amypa (Ctenopharyngodon idella) w mectporo Toj-
cronobuka (Hypophthalmichthys molitrix), 3aBe3eHHBIX OTTyIa JJIs MPOMBIIUICHHOTO pPa3BEICHUS. 3aWHCKOE
BOJIOXPAHMJIUIIIE PACTIONIONKEHO B BOocTOUHOW yactu PecmyOmmkm Tarapcran. 3amuackas ['POC mm. 50-merns
CCCP OAO «Taranepro» — OAO «I'enepupyrormiasi Kamrmaaus» MoutHOCThI0 2400 MBT coopykeHO Ha peke 3aii
¥ BBEICHO B dKCIUTyatamuio B 1976 romy. s HyXI TeXHUYeCKoro BogocHaOkeHns 3aumHckoit [ POC Ha peke
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BO3BEJIEH TMAPOY3EN C NPYAOM-OXJIaIUTENEM, TOBEPXHOCTh OXJIAXKAEHUS KoToporo pasHa 20,45 kv’ Cpenmss
TeMITeparypa BOIbI B 3aHCKOM BOJOXPAHMIIAIIE B pa3HBIE TOABI BapbHpoBaia JeToM oT +24° 1o +28 °C. 3umoit
BOJIa B paiioHEe BOMOCIIMBHOW TUIOTHHBI M Ha HECKOJIBKO KHJIOMETPOB ITOCIIE HEe MO PyClly PeKH HE 3aMep3aeT.
3mech maHa KOJHYECTBEHHAs OleHKa, mposemeHHas B 2004-2010 T, KoTopast moka3aia BBICOKYIO IJIOTHOCTH
HOMYJISALNHT KPEBETOK, JTIOKAIBHO gocTuraromei 41 sx3-m™[25]. Kak ykas3bIBaeT aBTOp, JAHHBIN BU JOJDKEH OBITH
TIIATeNFHBIM 00Pa30M M3y4eH, TaK KaK He COBCEM SICHA €ro POJb B 9KOCHCTEME 3aWHCKOTO BOJOXPAHMIIHINA, T/e
OH COCYIIIECTBYET C PEUYHBIM pakoM (Astacus astacus L.).

Henmpanvnan Asusa. B xonme 1950-x IT. B 03epa ApHacaliCKOW CHCTEMBI CIIy9aliHO MTOTIAJIA M TIPHKHIIITUCH
TIPECHOBOAHBIE KPEeBETKH Palaemon superbus (1o ipenBapuTensHoi naeHTHduKanmm). [1o3ke BRIICHUIOCH, UTO
9TO BOCTOYHAsI pedHast KpeBeTka Macrobrachium nipponense, KoTopasi SBUIACh MPEINOYATAEMBIM MTHIIEBBHIM
obBpekTOM I cymaka [26]. [losBuBImIMCH cHadanma B peiOXo3e «banpikum» TamkeHTCKOH 0071., STOT BHI
IIMPOKO PACTIPOCTPAHMIICSA TIO paBHUHHBIM BOOEMaM Y30EKHCTaHa M COCEIHUX CTpaH, YeMy CIOCOOCTBOBAIN
MEPEBO3KM PHIOOTIOCAIOYHOTO MaTepuana. B HacTosmiee BpeMs BOCTOYHAs peyHas KPEeBETKa BCTPEYAeTCs
B TIPECHBIX W COJIOHOBATOBOIHBIX BomoeMax (PEeKH, KaHaJIbl, 03epa, MPyabl) BceX obOnactel Y3OekucraHa.
CrienmanbHBIA TTPOMBICENT KPEBETKH B CTPaHE OTCYTCTBYET, COOpaHHYIO MpH OOJIOBE PHIOOBOMHBIX IIPYIOB
KpPEBETKY HCIIONB3YIOT TIIaBHBIM 00pa3oM KaK KOpM Ul JoMarmHed nTuisl [26]. Hambonee mcciieqoBaHHBEIM
MECTOOOMTaHHEM JTOTO BHAa craja Aimap-ApHacaiickoil cuctembl o3ep. JloHHas ¢ayHa 3THX BOZOESMOB HE
OTIIMYAeTCs pa3HOOOpa3MeM W B HACTOsIIEe BpeMs MpEACTaBlIeHa B OCHOBHOM KpeBeTKoW M. nipponense,
JTUYMHKAMHA XUPOHOMHJI, MaJIOMICTHHKOBEIME depBsiMu ceMmeiicTBa Tubificidae. Alimap-ApHacaiickas cuctema
03ep (AACO) sBrseTcst OTHUM 13 KPYITHEUIITNX phIO0X03SHCTBEHHBIX BOIOEMOB Y30ekucTana (110 60 % noosrdan
PBIOBI) M TIPEACTABIISAET COOON KOMIUTIEKC OECCTOUHBIX 03€p — HAKOIUTEICH MPEHAKHBIX BOA AWIapKyib, Ty3kaH,
Bocrounsnii ApHacaii 1 ApHacaiickoe BOIOXpaHWIHIIE, pacTIHyBIecs Ha 6onee yem 200 km. Takum oOpazom,
COBpPEMEHHBIE NCCIIEAOBAHMS TOATBEPAMIIH TOT (DAKT, 9YTO BOCTOUHAS PEUHAS KPEBETKA SBISIETCSA JOMUHHUPYIOIIM
MIPEJICTaBUTENIEM MaKpPO3000EHTOCA 3TOW SKOCHCTEMBI M BAKHEUIITIM KOMIIOHEHTOM ITHIIIEBOTO CIEKTpa Cyaka
[27; 28].

B Kazaxcrane BocTouHas peyHasi KpeBETKa SIBJISIETCS MHTPOJYLEHTOM, 3aBe3eHHbIM U3 JlanbHero Boctoka
n Kutas mpu akkiImMarTH3aldyd MPOMBICIOBEIX BUAOB pbid [29; 30]. Ilpm mccrenoBanmn Karruaraiickoro
BOJIOXPaHIIINIIA, PACIIONIOKEHHOTO B AJIMaTHHCKON 00m. (Oacceitn peku Mimm), skcnemmmmert MuCTHTYTA
3oonorun HAH benapycu BriepBbie ai1st 3TOTO pernoHa ObLIH 0OHAPY)KEHBI /1Ba BU/Ia TPECHOBOAHBIX KPEBETOK,
KOTOpBIE BITOCIENCTBUU ObLIH maeHTH(uImposansl JI. b. Xonrxelicom kak Exopalaemon modestus u Macro-
brachium nipponense [31]. Ilo pe3ynpratam mccienoBanuii, mposeneHHBIX B 2014-2015 rr., apean BOCTOUHOU
peunoit kpeBeTkn B Kazaxcrame oxBatmin OxHo-Kazaxcranckyro (p. Ceipmapbs, BomoxpaHwidile bamam)
u XKamopuickyto (03. bumkons, Bogoxpanwmimia Illopro, TacoTkens, Akcy) odmactu [30].

B TypxMmenucTane KpeBEeTKH 3TOTO BHIa BIIEPBEIC OBIITH 0OHAPYKEeHBI B patione Mapsriickoii [ POC, Ha 404-M kM
Kapakymckoro kanama (coopsr @. M. Illakuposoii, 1984 r.), B mocieayromeM OHH IPOHUKIIA B BOXOXPaHIIIAIIA
Kapakymckoro kanama (yctHoe coobmienne A. A. HukomaeBa, cOopbl m3 KypTaHMHCKOTO BOJOXpaHWIIHINA,
1988). OtioBneHHBIE KPEBETKU OBUTH ompenenieHbl kKak Macrobrachium nipponense. llosBaeHHe 3TOTO BUAA
paccMarpuBaeTcs Kak MOJOKHTENBHBIA (DaKT, MOCKOJIBKY HOBBIA BHJ SBHJICS JOIIOJHUTEIBHBIM IHIIEBBIM
peCypcoM ISl XHUIMHBIX BUAOB PBIO, a TAakXKe AMETHIECKUM TPOAYKTOM IMUTAHHA, YTO B TIEPCIEKTHBE SBIISETCS
BO3MOJKHBEIM OOBEKTOM TIPYIOBOM aKBAKYJIBTYPHI [32].

benapyce. CnenyroniyiM 3TaroM paccelieHHs 3TOro BUaa ObLIa HaMepeHHas aKKINMaTH3alus B BOJOEMax-
oxXJTIamuTeNsIX TerutodnekrpocTannuii. BrepBeie B CCCP 0Opi10 pa3paboTaHo OHoOJOTHYECKOE 00O0CHOBAHHE
u B 1982 1. IpoBeneHBI TeNIeHANPaBIeHHBIC PA0OTHI 10 aKKIMMATH3AINN CYOTPOITMYECKOTO BHIa — BOCTOUHOM
pEUHOM KpEeBETKH B BomoeM-oxjaautens bepezoBckoit IPOC (bepezoBckmii p-H bpectckoit 001.) ¢ 1enbro
oOorareHus: KOpMOBO# 0a3bl BojoeMa-oxmiaaurens. [locneqnss mon Bo3neicTBIeM COPOCHBIX ITOJOTPETHIX BOJ
I'POC merpaanpoBaa, MOCKOIBKY MHOTHE OECTIO3BOHOYHBIE HE BBIJIEPIKAIIN IPECCA MOBBIIIIEHHON TeMITEPaTyphl
u ucue3nu u3 manHoro Bomoema [30; 31; 33]. Bcenenme BBEIOOPKH KPEeBETOK B KoimuecTBe 1,5 THIC. ocoOeit
Op110 Tpom3BeneHo n3 Bomoema-oxyamutenss [ POC Ne 3 um. Kiaccona (MockoBckas 060:1.). B xonme 1980 1
9TOT BUJI U3 BomoeMa-oxiaauteis bepezosckoit 'POC Ot BcenmeH B BomoeM-oxiaanutenb Jlykommbekoit [ POC
(YamaukoBckuii p-H ButeOckoit 0011.). B 06oux Bomoemax ¢ 0OeMHEHHBIM BHUIOBBIM COCTABOM OHWOTHI OBLTH
c(hopMIPOBAHBI BBICOKOTIPOAYKTHBHBIE ITOMYIISIIIH 3TOTO BH/I, KOTOPbIE 3aHSUTH TN AN PYIOIIee MECTO B OEHTOCHOM
HaceJICHHUH. YK€ OCEHBIO, B TIEPBBIH I'0J aKKIIMMATH3AINH B YKOCHCTEME BooeMa-oxnanutens bepezosckoit [ POC
YUCIICHHOCTH KpeBeTok jgocturia 30—40 Teic. SK3eMIUIIPOB, a B 1985 T. B TeTIoM cOpOCHOM KaHaJIe COCTaBUIIa
B cpenneM 1,5 sk3-M2. KpeBeTku ¢ BOMOM Takke MONANalT B 3€MIISHBIE PHIOOBOIHBIE MPYIbI TEIIOBOIHOIO
PBIOHOTO XO3SICTBA, TAE K KOHITY BEr€TallMOHHOTO CE30Ha JOCTHUTAIOT TOBAapHBIX pasMepoB [34-36]. B 2003—
2007 rr., 9TO, BEPOSITHO, CBSI3aHO C N3MEHEHNEM TEMIIEPaTypHOTO pPeXXMMa B BOIOEME-0XJIaINTele, YUCICHHOCTD
TTOMYJISIIIAA BOCTOYHOM PEUHOM KPEBETKU CHIDKATAach. B mocnemyronuii meproa k 2014 1. 9ucIeHHOCTh KPEBETOK
BHOBb YBEJINUMIIACH, JOCTUTras B TEMIBIX KaHanax 28 sk3-M~ (camku) u 22 ok3-M~ (camusl) [37].
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Monoosa. B ampene 1986 1. Opa ocymiecTBICHa HHTPOAYKITHS BOCTOUHOW PEYHOM KPEBETKH W3 BOIOEMa-
oxmamutens bepe3orckoit [ POC B Kyuypranckoe Bomoxpanumuiie-oxiaauteb Momnasckoir ['POC mromansro
2730 ra u cpennei mryomHOU 3 M. KpeBeTkn mepeBO3MINCH CAMOJIETOM B ITOJIMATHIICHOBBIX TAKETaX W Jajee
aBToMoOmieM. JJTUTENEHOCTL TPAaHCTIOPTHPOBKHU cocTaBmia 14 gacoB. Beero ObI10 BeenmeHo 2 ThIC. 0coOeit He-
OOBIMMMH TIAPTUSMHU B TIPHOPEIKHBIE 30HBI YCTHEBBIX YUACTKOB JIBYX cOpOCHBIX kaHaimoB [ POC c Goraroii Bo-
ITHOW pacTUTEIhHOCTHIO. K KoHITY 1987 T. uncieHHOCTh KpeBeTok mocturia moutu 600 Teic. ocobeit [38].

Poccuiickaa @edepayusn. CoriacHO OMOJIOTHIECKOTO 000CHOBAHMS, YTBEP K IeHHOTO KOCyIbTaTHBHEIM COBE-
TOM TIO BOITPOCAM aKKJIMMaTH3aH IpH VIXTHOIOTHYeCcKoi KoMuccHu MuHHCTEpCTBa piOHOTO X03s1ticTBa CCCP
(mpotokoa Ne 106 ot 12 okTs10ps 1989 1.), u3 Bomoema-oxmaanuteis bepezorckoii 'POC (bemapycs) B MinbMeHb
JloBenkwmii (Gacceitn p. Bonru, Actpaxanckas 0071.) ObII0 BcenleHO 1 ThIC. 0CO0CH BOCTOUHOM pEeTHOM KPEBETKH.
Onu OBUTH TIOMEIIEHBI B TIONMUITHIICHOBBIE MAKETHl M B TEYEHHE CYTOK MEepPEeBE3EHBI CaMOJIETOM MO MapIIpyTy
Bpect-ActpaxaHnb u gajiee BEpTOIETOM MPU YHACTHUH aBTOpa JJAHHOM cTaThu. Beenenne naHHoM napTuu pekpyToB
On110 TIpom3BeneHo 14 utons 1990 1.

B 10 %€ BpeMs ObLTa OCYIIECTBICHO BCEICHHE BOCTOUHON PEIHON KPEBETKH B BOJOEM-0XIaanuTeNb [ Iprumop-
cxoif I'POC (JIygeropckoe BomoOXpaHWIHINE) — KPYITHEHIIIEH TeroanekTpocTanuu Ha Jlamsaem Boctoke Poc-
cuiickoit deaepalnu, pacroyioKeHHOW B moceske ropojackoro tumna Jlyueropck Ilpumopckoro kpas. Ilnomans
3epkaina Bogoxpanmmmma 10,43 km?. PexpyTsr (1120 5k3.) ObUTH 3aBe3€HBI M3 BOIOEMa-0XIaauTeNs bepe3oBckoit
I'POC B 2 mpuema (1988 1. — 400 3K3. mommoBo3penbIx ocodeit; 1989 1. — 720 sk3. pa3HOBO3PACTHRIX 0c0beit). Yuer-
HBIE pa0OTHI OCEHBIO 1989 T. ToKa3ay, 9To YHCICHHOCTh KpeBeTKH yBennamiack B 800 pa3 u coctasmita 900 TrIC.
oco0elt Ha TUTOMmA M, OTPAHMIECHHON TBYXMETPOBOM M300aToi M ype3oM BoAbl. MOXXHO CUNTATh, UTO BCEJIICHHE
BOCTOYHOH PEIHOMN KPEBETKHU B BojoeM-oxianutenb [ POC npomuto yermerHo [39].

IIpu nccnenoBanmsx coctostams OeHTodayHsl B Kamckom orpore KyiObIIeBCKOTO BOIOXPAaHUIIHINA B UIOHE
1986 1. B paitone «IpaxaHCKOTO TTIOBOPOTa» y YCThS p. BATKHM OBLIO OTIOBIEHO 4 3K3. HEMOJIOBO3PEIBIX 0COOCH
MIPECHOBOMHON KpeBeTku Macrobranchium sp. B mocnemyronie Tombl KpEeBETKH B cOopax He momaganuck [40].
ABTOpBI JIeNatoT BBIBOJ, YTO ITO, MMO-BUANMOMY, CIy9alHOE TIOTIaJaHNe B BOJIOEM JaHHOTO BHJA B PE3YIIbTATE
9KCIIEPUMEHTOB TI0 MHTpOAyKInu. K Takomy ke BBIBOAY NMPHIIUIA W ApyTHe wmccienoBarenu: «Panee oOHapy-
xerHas Hamu (1986 1.) Mmononb kpeBeTku Macrobrachium sp. B Kamckom orpore KyHOBIeBCKOTO BOJOXpaHH-
JIUIIA, TTO-BUMMOMY, KaK PE3yNbTaT MOMBITKY €€ aKKIIMMaTH3aIliH ITPH BBIPAIIMBAHUH HA PHIOOBOIHBIX 3aBOAAX
B TaibHEHTIIEM He ObIIa 3aperucTprupoBanay [41]. BeposTHee Bcero 3To OblIa BOCTOYHAS peuHas kpeBeTka. Hamo
rmojiararb, YTO0 TOAOBOW TEMIIEpaTypHBIH PEXUM ITAaHHOTO BOJOEMa HE CIOCOOCTBOBAN aKKIMMATH3AIMHA JTOTO
cyoTpormmyeckoro Buaa. K coxanennto, ¢hakt oOHApyKeHUS KpeBeTKU M. nipponense B KyHOBIIIEBCKOM BOIO-
XpaHWIUIIE ObLT TMPOoAyOIupoBaH [42] Oe3 MOATBEP)KICHUS PEaTbHBIMHU TIOJICBBIMH HCCIenOBaHUIMHU. Harpu-
Mep, P. P. bopucos (2016) yka3bIBaeT, 9T0 3TOT BU IMPECHOBOTHBIX KPEBETOK OOMTAET B BOJTOEMaX-OXaUTEIIIX
Kypcxkoii, Cmonenckoit n Kanmamnackoit [ POC, a Takke nHTpoayImpoBaH B KyiHOBITIEBCKOM BOTOXpaHIIIAIIE, HE
TTOATBEPKIAs 3TO HUKAKUMH NTaHHBIMHA [43].

Hpan. HoBble MeCTOOONTAHHUS BOCTOUHOW PEUHON KPEBETKU OBLTH XapaKTepPHBI IPUMEPHO 0 KOHIAa XX B.
C 1998 r. aToT BUA ycrenHo 000CHOBAJICS B JaryHe AH3aiu npoBuHIUS [ vistH (puc.1) ¢ camoit BEICOKOMH TIIOT-
HOCTBIO, HaOmomaemMoit o peke [la3ukHan.

KpeBeTkn Ha9amm cTpeMHUTENBHO Pa3MHOXKATHCS, PACCEISISICh (PaKTHIECKH BO BCEX KaHaJaX M PydbsAxX B TIpe-
JIeNiaX JIaryHbI, KPOME OTKPBITBIX BOAHBIX LEHTPATBHBIX YacTed, Kak M B MHOTOYHCICHHBIX WPPUTAITUOHHBIX
KaHalax, OKpyKaromux JaryHy. [IJ0THOCTh MOMyNAIuy YMEHbBIIAeTCs K yCTHIO JIATYHBI, M BHJ HE BCTpEYaeT-
Cs B OJIMTOTAJIMHHBIX YacTsIX BO BXOJE B JIATyHY, HH 10 mobepekpio Kacmmiickoro mopst. IIpomepst 108 cam-
110B 1 167 caMOK, moiiMaHHBIX B peke CrnaxaapBHUIlIaH, TIOKa3ajH, YTO CaMIlbl HEMHOTO JUTHHHEE, 9eM CaMKH, CO
cpemHelt TIOTHON THHOH (OT OCTPHUS POCTpyMa 0 KOHIIA TelbcoHa) 49,8 +12,6 MM (cTaHZapTHOE OTKJIOHEHHE)
1 46,4 +£12,2 MM cooTBeTCTBEHHO [44].

B XXI B. oTMeueHa MHOTOYMCIIEHHAs] YCTOMYMBAs MOMYJISMS KPEBETOK B 3TOM Bojoeme. MccnenoBanus,
MPOBEIEHHBIE Ha 3-X CTaHIMAX, IOKA3aJId, YTO CPEIHSSA Macca W o0mmast IJIFHA Tesa MOJI0BO3PETbIX 0coleil co-
craBmia 2,9 £0,03 r m 58,9 £ 0,1 MM coorBercTBeHHO [45]. I10 HeOmMyONMMKOBAaHHBIM TaHHBIM VccmemoBaTebCeKo-
TO IEHTpa aKBaKyJIbTyphl BHYTPEHHUX BOJ MpaHCKOTO HAayYHO-HCCIIEAOBATEIhCKOTO WHCTUTYTA PHIOOIOBCTBA,
Ha DTHUX K€ CTAHIMUAX IUIOTHOCTh MONynsuun M. nipponense Bapbuposana ot 30 10 55 kr/m> (Tak B aBTOPCKOM
Tekcte) [46]. O4eBUAHO, K TAKHUM JTaHHBIM MOXKHO OTHOCHTCS C HEIOBEpHEM, HO MOKHO IPEIITOJIOKHUTE, UTO
Omomacca KpeBeTOK B 3TOM BofoeMe Oblila O4eHb BhICOKA. MccnenoBanus, mpoBerieHHbIEe B peke Crax1apBHIIaH
¢ staBapsI 1Mo nekadps 2015 1., moka3anm BRICOKYIO YUCIIEHHOCTh KPEBETOK [47].

Bocrounas pednas KpeBeTKa SIBISETCS BCESTHBIM BHIOM, H €CTECTBEHHAs! KOPMOBas 0a3a COCTABISIET OCHOB-
HYIO 9acTh €€ pallioHa B BOAHO-O0JOTHBIX YTOALIX AH3amu. [InummeBoii criekTp BKIto9ar 14 KOMITOHEHTOB, CpEIH
KOTOPBIX JJOMUHHPOBAIH (DUTOTUTAHKTOH, MOJITFOCKH U AeTpUTHBIE (hopMmbl. Taknm 0Opa3zoM, BcesiiHOE TUTAHNE,
MO-BUAMMOMY, SIBIIIETCS OJHOM M3 IPUYWH ycIieXa M BEDKUBAaHUS BHIA B OKOCUCTEMAX JIaTyHbI AH3aJIH, TOBBIIIAS
€ro TOJICPAHTHOCTH K (hakTopam cpers [21].
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Caspian Sea

Siahdarvishan River

Puc. 1. PactipenienieHne BOCTOYHOM peyHOM KpeBeTKH B j1aryHe An3anu, Mpan [44]

Fig 1. Distribution of eastern river shrimp in Anzali Lagoon, Iran [44]

Eme onHo MecrooOuTanue 3aperucTpupoBaHo B p. Jkupraex Ha BOCTOKE NpoBUHIMHK [ WIlsiH. DTO PErHoH 10XK-
Horo nooepexbs Kacruiickoro Mopst, KOTopoe IBJISI€TCSl OCHOBHBIM MECTOM OOMTaHHs 3TUX KpeBeTOK. OOpasibl
ObLH coOpansl ¢ anpess 2012 1. mo cenTsiops 2012 roga. OOmas anmuHa U Macca tena M. nipponense BapbUpOBa-
nu B npenenax 1,6-8,8 cm u 0,4—6,3 r coorBeTcTBeHHO [48]. Kak oTMeuaroT aBTopbl, yCIEUIHasl aJanTalus 3TUX
KPEBETOK B PA3IMYHBIX BOJOEMax JAHHOTO PErMOHA 3aKII0YACTCS B OTHOCHTENIBHO JIETKOM BOCIIPOM3BOJICTBE.
Hecmotps Ha TO 4TO 3TOT BUJ BayKEH JJIsl aKBAKYJIBTYPhl M €70 BHEIPEHUE B MECTHBIE BOZOEMbI MOXXHO CUUTAaTh
HOJIOKUTEJIBHBIM, €r0 MHTPOLYKLHS YCHINIA KOHKYPEHIMIO 3a MPOCTPAHCTBO M MHILY C HATUBHBIMU BHJIAMH,
B OCHOBHOM IIPECHOBOJHBIMHU JACCATUHOTMMH PaKaMu.

B urone 2005 1. 0611 ipoBeieH 0TOOp TIPOO BOTHOMN Cpebl 3 03epa AJaroi, pacoloKeHHOTO B 75 KM K ce-
Bepo-3araiy ot ropoxa ['onban nposunms Lonecran (Mpan), rie otinosieno 24 sx3. Macrobrachium nipponense
(caMmIibl, HEeSHMIIEHOCHBIE CAaMKH W SIMIIEHOCHBIE caMKH). [lecsaTh ocobeii codpaHo u3 mpyna Jlactreitd, KoTophlii
HAXOJIUTCS B 25 KM K ceBepy oT ropona Arxana [49].

Her nocroBepHbIX cBeeHUI 0 TOM, KaKUM 00pa3oM 3TOT BuA nonai B Mpan. Hanbonee BeposTHBIM myTeM
SIBJSIETCS] HeNIPeJHAMEPEHHAS! HHTPOAYKLMS BMECTE C PA3IMYHBIMU BUIaMHU pbi0 [49]. JInunHKM U MoOlOIb He-
CKOJIBKHX BHJIOB PHIOBI, BKITFOUast OCIIBI aMyp, TECTPHIA TOJICTONIOOUK, OCITbIil TONCTONOOUK (Aristichthys nobilis)
u xapn (Cyprinus carpio), nepuoandecku umnoprupytoress u3 Kuras u Y30ekucrana u, BO3MOXKHO, JIMUUHKA
M. nipponense 6buIN TIepeBe3€Hbl TaKUM criocoboM. [loaTBepkaeHnemM 3TOH TMIIOTE3Bl SBISETCS TO, YTO HE-
KOTOpBIC M3 BOIOEMOB B NPOBHMHIMHU l0JecTan pacnonarajiuch psaoM ¢ IpyJaMu, B KOTOPBIX KPEBETKHU ObUIH
0OHapy>KEeHbI HapsiAy ¢ OEJIBIM aMypOM U IIECTPBIM TOJICTOJIOOMKOM, KOTOPBIX UMIIOPTHpOBaHbl n3 Kuras [44].

Hpak. B 2006 r. nosIBUWIKCH CBEACHUS O MOSIBIICHUU BOCTOUHOU peuHoii kpeBeTku B Mpake [50]. 10 B OCHOB-
HOM 0OJIOTHCTasi MECTHOCTh Ha fore: AJib-Xammapckue 6onora, 6omora Anb-XyBeiiza, Anb-Uunbatickue Oorora,
oomnoro AOy-3upur u peka ['apmar-Anm (puc. 2).

e ,{ ! / /A' Zvyllum
S~/ xowr®} il

Puc. 2. Jloxanu3zanus BOCTOYHOU peuHO# kpeBeTkH B Mpake [50]: 1) Anp-Xammapckue 60710Ta,
2) 6onota Anb-Xyseiiza, 3) Anp-Unbaiickue 6onora, 4) 6omoro AGy-3upur, 5) p. l'apmar-Anu

Fig. 2. Localization of eastern river shrimp in Iraq [50]: 1) Al-Hammar Marshes, 2) Al-Huwaizah Marshes,
3) Al-Chibayish Marshes, 4) Abu-Zirig Marsh ), 5) Garmat-Ali River
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XoTst HeT JaHHBIX 0 M. nipponense n3 npyrux yacteit pana (kpoMe perHOoHOB, IIPUIICTAIONTNX K FOTY U FOTO-
BOCTOKY OT Kacmmiickoro Mopsi), TO BeChbMa BO3MOXHO, 4TO KPEBETKH, 00HapyeHHBIe B Mpake, MUTprUpoOBaIH 13
pBIOOBOMHEBIX TIPYA0B MpaHa u paccesutuch 1o oxHoMy Mpaky depes 6omora Anb-XyBeitza unu p. ['apmar-
A [50].

Cunzanyp u @ununnunel. B xonne XX B. BOCTOUHAs peyHast KpeBeTKa ObLIa HHTPOAYIpoBaHa B CHHTAITYp
n OununnuHEL Terneps oHa 00BIYHA B MHOTOUHCIIEHHBIX PYUbsX U IPYTHUX BOJOTOKAaX, 0COOEHHO B MEHEE KHCIBIX
Bomax Cunrarrypa [51]. EcTs mpenmomnoxenue, 9To moraja OHa Crofla CIIy9aifHO ¢ IEKOPATHBHBIMU CepeOPSHBIM
KapaceM W KaproMm wiu u3 Kuras, nnm w3 SImoHnn mepBoHA4YalbHO B CENTBCKHE PHIOHBIC MPYIBI, OT KOTOPBIX
¥ TIPOM30IIIO JajbHenIee paccenenue. JleraapHbple MyTH MTPOHUKHOBEHHS B BOAHBIE SKOCHCTEMbl DUIMIIIH
HEM3BECTHBI, HO MOYKHO TIPEITOIOKHTh, YTO 3TH MOMYISAINH C(POPMUPOBAINCH WIIN CIyYallHO OT aKBaKyJbTY-
PATBHBIX TIPYZIOB, OacCeHOB (ITPOU3BOJCTBEHHAS, IEKOPATHBHAS aKBAaKyJIbTypa), WM TIPEAHAMEPEHHO BBEJICHBI
B JTUKHE BOJIOEMEI [5; 44].

2. Paccenenue Macrobrachium nipponense B XXI B.

IIpuBenecHHbBIE JTaHHBIE INOKA3bIBAKOT KAPTHHY PAaCIpPOCTPAHEHUS BOCTOYHOW PEYHOW KPEBETKU 10 Haya-
nma XXI B. B pe3ynbsrare akkIMMaTH3aIMOHHBIX Pa0dOT, MPOBEACHHBIX ¢ moMmonisio MuctuTyTa 30000 HAH
benapycu B 1986, B 1990-¢ 1. Ha Tepputopun EBporeiickoii yactu ObiBiiero Coerckoro Coro3a 00pa3oBainch
2 LIEHTpa pacceIeHUs BOCTOYHON PEeUHON KpEeBETKU. DTO OacceiiH HIKHEro TeueHus p. JlHecTp u Oacceiin HKHe-

TO TEUYCHUA P. BOJ'II‘I/I, OTKyJa HadajlaCb BTOpas BOJIHA SKCIIAHCHUU 3TOI'0 BUaA I10 6JII/I3.HC)KaHII/IM BOJIHBIM 3KOCUCTEC-
mam (puc. 3) [53].
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Puc. 3. AKkuMaTH3ausi BOCTOYHOM peuHoi KpeBeTkH [53]

Fig. 3. Acclimatization of eastern river shrimp [53]

CIIIA. B navane XXI B. BocTOUHast peyHast KpeBeTKa Obllla OOHapykeHa Ha BOcTOYHOM modepexne CIIA
B CeepHnoii u FOxnolt Kaponune, B paiione nomyoctposa ®nopuna. XoTst TOUHBIA BEKTOP UHTPOAYKLIMH HESICEH,
KOJIMYECTBO CITy4aeB OOHApY>KEHHS B HEMTOCPEICTBEHHOHN ONM30CTH OT MOPCKHX TOPTOB 3aCTaBHIIO OMOJIOTOB
MIPEIIONIOKUTh, YTO MosiBleHrne kpeBeTok B CILIA mpouzonuio B pesynbrare cOpoca 6amutacTHbIX Box (Smith S.
North Carolina Division of Marine Fisheries, muanoe coobmenne; Kingsley-Smith P. South Carolina Department
of Natural Resources, mrmanoe coobmmenne). B Ceseproii Kaponmmae 00pa3itsl coONpaich Kaxablil Tof B IEPHO.
2014-2019 . B Bomoemax Oacceitna p. Yant-Oyk [52].

Monoosa, Yxkpauna. B niepsom 1ieHTpe paccencaus B Oacceiine /[nectpa 2008-2016 rT. OBUTO BEISBICHO
o4epeiHoe paclIipeHre apeaja BOCTOYHON PEeYHOH KpeBeTKU. BeposTHO, M3-3a TOTEIIeHHsT KIIMMara dTOT BUJT
MIPOHUK B peKy TypyHUyK, a 3aTeM pacnpocTpanuics no J{Hectpy Bmiotk 10 Tupacnons [54].

Hauunas ¢ 2008 1., kpeBeTkH ObLTH 0OHAPYKEHBI B IebTe JlHeCTpa 1 Oiu3Iexanux npyaax [55; 56], a Takxe
¥ B PBIOOBOIHBIX TIPYy/IaX HAa TEPPUTOPHH B YKPAMHCKON YacTH NenbThl J{HecTpa [57; 58 ], 4To cTano KIto4eBbIM
COOBITHEM JUISI WX NAJbHEHIIEr0 pacCeNleHHs 10 BOAHBIM apTepHsM. JTH TPYILI CBA3aHBI C KPYMTHEUITIMH
MECTHBIMH PBIOOBOTHBIMHU XO3HCTBAMH, TJIE€ Pa3BOIAT PHIOY UIS TIOCIEMYIOMIETO 3apBIONeHNS APYTHX TPYIOB
B Oacceitnax Hmxnero J{nectpa, Hmxrero Jlynas u cocennux mansix pek. Haxomkm storo Buma B OacceifHax
MajblX pek B 2018-2020 rT. 00BsACHAIOTCS THM BekTopoM. Kpome toro, ¢ 2017 T. MpecHOBOAHBIE KPEBETKH
HaOJIOMATNCh B BomoeMax BOmu3u I. Capara Onecckoit 001, Takum oOpa3oM, B HIDKHEM TeUeHHU JIHeCTpa U ero
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yctbe M. nipponense ye XOpOIIO TPWKHIICS W HA MECTHOM YpPOBHE, CTajl MHOTOYHCIIEHHBIM KOMITOHEHTOM
JOHHOM (hayHBI, JOCTHTas IWIOTHOCTH 10 17 5Kk3-M> B JlHecTpoBckoM nmMane U 11 sk3-M? B Kyuypranckom
mumue. B 2018 u 2020 1T. KpeBeTka MPOHUKIIA B HEKOTOPBIE BOJOEMBI OacceifHa HeOOIBIINX PEK, BIAAIOIINX
HeTocpencTBEeHHO B UepHoe Mope [58].

3a nmpenenamu Oacceitna JlHecTpa KpeBeTKH ObUTH OOHApYKEHBI B OacceifHe HeOONMBION pekn AKKapiKaHKa,
Kotopas Bragaet B tumaH Cyxuii Jlmman. Heckonbko oco0Oeit 3Toro Buma Osuti 0Toopanst 23 urons 2018 1. To3xke,
B aBrycre 2018 1., OblIa OLIEHEHA UX TUIOTHOCTH 10 15 5K3-M2. Bo Bcex mpoOax MpUCyTCTBOBAIN MOJIOIBIE OCOOH.
Brio obcnenoBano erne maTh nmpymoB Oacceiina Cyxwmii JImman, a 2 certsaopst 2018 . kpeBeTka ObliTa 00HapyKeHa
B AJIEKCaHIPOBCKOM BOJOXPAHWIMILE C IUIOTHOCTBIO 34 5Kk3'M? (IOJOBO3pENbIE 0COOM, BKJIIOYAs CAMOK
¢ siftamu) 1 13 mMapta 2020 T. ouH SK3eMITISP OBLT 3apETUCTPUPOBAH B BOMOXpaHMHIIe Oacceiina bombiroro
AJDKaNBIKCKOTO JIMMaHa [59]. DTo MecToHaxoKIeHHe M AJIEKCAHAPOBCKOE BOMOXPAHMIIUINE IPEICTABIISIIOT
€000t penkwii THI MECTOOOMTAHMSI — BEPXHUU 3CTyapHuil, OTIACIICHHBIM OT €T0 OCTAILHOW YacTH TUIOTHHAMH
¥ TIPEBPAIICHHBIN B TIPECHOBOIHBINA BOIOEM, KOTOPHIH BCE €IIe CIIILHO MUHEpaIn30BaH [57; 59].

B reuerne 2019-2020 1T. kpeBeTKa M. nipponense ctajga 0OBIIHBIM dJIEMEHTOM OeHTOCHOH (hayHbl Kumniickoro
pykasa p. [lyHaii. 310 moATBEpIKIACTCA PETYISAPHBIMU PETUCTPAIMSIMA MHOTOYHCIIEHHBIX CKOTUIEHHI KPEBETOK
B pa3HBIX dacTix pykasa (oT 32 mo 80 kM ocHoBHOTO TeueHus) ¢ yera 2019 1. (puc. 4). BriomHe BeposTHO, 9TO
anoMaipHO Teruias 3uMma 2019-2020 rr. taxke ObuTa OMArONPHUATHON IUIS PacTPOCTPAHCHUS W Pa3MHOKCHUS
3TOTO UykepoaHoro Buaa [60].

ROMANIA

Puc. 4. Jlokanuzanys BOCTOYHON pEYHON KPEBETKH B YKpAaHHCKOU yacTh AenbThl JyHast: 1) Bomoem «JIucku-1», 32 km ot yctes dyHas,
2) pucoBas cucTema Bo3ie aepeBHHU Jlucku, 25 kM ot yerbs [ynas, 3) Kunuiickuii pykas, CooMOHOBO oTBeTBiIeHUE, 31 KM OT ycTbs lyHas,
4) Bazapuyxckuii 3amuB, 18 kM ot yerbst [lynas, 5) Kumuiickuit pykas, 32 ot ycrest yHas, 6) Kvmiicknii pykas, 80 ot ycrest Jlynas [60]

Fig. 4. Localization of the eastern river shrimp in the Ukrainian part of the Danube delta: 1) reservoir «Liski-1», 32 km from the mouth
of the Danube, 2) rice system near the village of Liski, 25 km from the mouth of the Danube, 3) Kiliya branch, Solomon branch, 31 km
from mouth of the Danube, 4) Bazarchuk Bay, 18 km from the mouth of the Danube, 5) Kiliya branch, 32 from the mouth of the Danube,
6) Kiliya branch, 80 from the mouth of the Danube [60]

B nHacrosiiee Bpemst BOCTOUHAsI peuHasi KPEBETKA MPAKTUUYECKH TOBCEMECTHO MPUCYTCTBYET B HIHKHEM TEUe-
Huu 6acceiinoB Jlynas u Jlaectpa, B JlyHaiicko-/[HECTpOBCKOM MEXTypedbe B BomoeMax K BOCTOKY OT JlHecTpa.
VYeneninas agantanys ¥ 0JaronpUsTHbIC KIMMATHYSCKHE YCIOBUS MOCIEAHUX JIET 00€CIICUMIN 3HAYUTEIbHBII
POCT TIOMYJIANIUI 3TOTO BUAA. B GacceiiHax 3TUX pek OTMEUYeHBI 00Jiee BHICOKUE 3HAYCHHUS MaKCUMAIIBHOM JTH-
HBI Tella KpeBEeTOK (caMiiel — 115 mm, camkxu — 87 mm). IloarBepikmaeTcss poCT YHCICHHOCTH TOIMYJISIIUHN 10
CpaBHEHHIO ¢ mpensiayummu rogamu [59—61]. B urore B 2018-2020 rr. BocTouHas peyHas KpeBeTka Oblia 3a-
pEeTHCTPUPOBaHA B PA3IUIHBIX TUIAX MECTOOOUTAHNN B TPEX 001aCTAX YKPAWHBI, TPEICTABISIIOIINX Pa3THIHBIC
KIIMMATHYECKHUE U IKOJIOTHUECKHUE YCIIOBUS CTPAHBL.

Pymbinua. HanbGornee BepOsSTHBIM HalpaBICHUEM €r0 MHTPOIYKUUH B Oacceiin p. [lyHail siBisieTcs: peiHa-
MEpPEHHOE WM CITy4alHOe Momaaanue u3 dacceiina J{nectpa Ha peiboBomHbIe hepMbl Oin3 ropona Capara [60].
DTOT BUI, BEpOsATHO, HocTur auMana Cackik depes p. Capara u 1o kaHany, coeauastomemy Cacwik ¢ JlyHaewm,
poHUK B pykaB Kumwst. Tereps oHa pacpoCTpaHsIeTCs JaTbIIe BBEPX MO0 TEUCHUIO U, KaK COOOIIAETCs, TOXOIUT
no anama. bonee toro, B urosie 2022 r. MHOTOYUCIICHHBIE OCOOM, BKIIIOUAs SHICKIAAYIIMNX CAMOK W MOJIOJIb,
OBLTH TTOitMaHBI peIOaKamMu B 03epax Mexxmy Kummiickum n CynmMHCKIM pyKaBaMu JeNbThI JlyHast, Kyza OHH, CKO-
pee Bcero, npubsuH Yepe3 karan Ctunok-Ilapamna [53].
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Poccuiickas ®edepayus. Bo BTopoM IIeHTpe pacceneHus (nenpra p. Bonra) pacmmpenue apeana 3Toro Buaa
OBLIO 3aperncTpUpPoBaHoO B OKTsI0pe 2017 . mpu oTOOpE THAPOOHOTIOTHISCKUX MTPOO B HIHKHEM TEUSHHH p. Tepek
(24 xm BpIIIE YCTRS) (pHC. 5). bpUTO TIOMIMaHO 4 TIOIOBO3PEIBIX 0COOM W HECKOIIBKO IK3EMILISIPOB MOJIOIN BOC-
TOYHOW PEUHOMN KPEBETKH paHee HEM3BECTHRIX JIJIS ATOTO perroHa. B mMae n oktsa6pe 2018 . KpeBETKH, B TOM UHC-
JIe MOJIONb, OBUTM HaliIeHBI HUKE TT0 TeYEeHHUIO p. Tepek B HeCKOMbKUX Toukax. OOmas JTMHa Tena MOMaHHBIX
9K3eMIUIIPOB cocTaBmia 36,2-51,7 mm [62].

Puc. 5. Kapra-cxema MecTa epBoro oOHapy»KeHUsI BOCTOYHOM peuHOi KpeBeTKH B p. Tepek [62]

Fig. 5. Schematic map of the site of the first discovery of the eastern river shrimp in the Terek River [62]

HeomnoxparHbsie HaXOMKU B3pOCHBIX 0cobel M. nipponense v TIOSBICHUE €€ MOJIOJU B YCThE p. Tepek mo-
3BOJISIFOT TIPEIIONArarTh CyIleCTBOBAHUE 3716Ch CHOPMUPOBAHHOM M JIOCTATOYHO MHOTOYHMCIICHHOH MOIYIISIHH.
Bo03M0KHO, 4TO 9Ta KpeBeTKa OOMTAET BO BCEX MHOTOYHMCIICHHBIX BOIOEMaX CUCTEMBI yCThs p. Tepek. BepositHee
BCET0 MCTOYHMKOM TEPCKUX MOMYJSIMK CITy>KaT KpeBEeTKH U3 BOI0eMOB OacceliHa p. Bonra. iMu MoryT ObITh
KaK KPEBETKH BEPXHETO TEUCHHS PEKH, TaK M BhIMynieHHbIe B 1990 I. B unbMenb JloBenkuii AcTpaxaHcKoi o0l
B nonb3y 310 Bepcun TOBOPUT TO, UTO PACCTOSIHHE BJIOJIL Oepera Mops OT 3aIlaJHbIX pyKaBoB p. Bonru 10 ycTea
p- Tepek Bcero okono 250 kM. PaifoH HOBOro oOHapy»KEeHUs] HAXOAUTCS MO BIUSIHAEM BOJKCKOTO CTOKA, a CoJie-
HOCTb CEBEPHOI YacTH Mopsi cocTanisieT okono 10 %o, TeueHus B paiioHe ycThs p. Tepek HarpaBiieHbI ¢ ceBepa Ha
IOT, TO €CTh COBIA/IAIOT C HAIIPABJIEHNUEM pacceieHns. BrickazaHHast TOUKa 3peHus MOITBEPKIAETCsI CPaBHEHUEM
HYKJICOTHTHOM mociienoBaresibHocT TeHa COI TepcKuX KPEeBETOK M KPEBETOK, OOMTAIOIINX B JIATyHE AH3aIH
(Upan, roro-3amaa Kacnuiickoro mMopsi; nansele, pazmeniendsle B GenBank). M3 kinagorpamMMel, TpuBeACHHON
B JIaHHOH cTaThe, ClelyeT, YTo 00pasibl SIMOHCKOH KPEBETKU, HATypalU30BaBILIECcsS B BOIOEMaX M BOJOTOKAX
Wpana u Poccuun, BxoasT B pasHbie cyokiiazbl [62]. CiieoBarenbHO, KPEBETKH JIaryH 1kHOTO Kacrus He MoryT
OBITh UCTOYHUKAMHU TEPCKOM MOMyIsAiui. Bo3MoxkHO, 3TOT BUA yKe pacnipocTpaHeHa B Bogoemax Hiknelt Bonru
U, CKopee Bcero, ooutaer B BojoeMax Oacceitna p. Kyma, Haxonsmerocs Mexay yctbsimu p. Bonra u p. Tepek,
B CKOPOM BPEMEHHU MOXET CTaTh OOBIYHBIM BHJIOM JJISl XOPOIIO MPOTPEBACMBIX ICTYapHBIX M IPECHOBOAHBIX KO-
cucreM Oacceitna Kacnmiickoro mops [62].

B cents0pe 2019 1. qBa sK3eMIuIsipa BOCTOYHOW PEYHON KPEeBETKM ObLTH HaleHbI B p. JIoH y Oe3bIMSHHOTO
ocTpoBa BONMM3M cena AprnaynH. HamOomnee KpymHbIM U3 HalAEHHBIX 3K3eMIUIIPOB (CaMel]) UMelT CIIeIyIoLHe
pasmepsl: o01mas [yimHa Tena — 52,2 MM, pombIicioBas JuiuHa — 41,5 M. [t BToporo sK3eMIuisipa (CaMKH) aHa-
JOTUYHBIE apaMeTpsl coctaBmau: 38,3 u 30,9 MM cooTBeTcTBEHHO [63].

B oktsi6pe 2020 1. B menbTe p. on B kanane Mokpasi Kananya Opuin moiMaHbl 2 3K3eMIUTSIpa KPEBETOK, KOTO-
prie ObUTH UICHTU(DHUIUPOBAHBI Kak caMKu M. nipponense. Camasi KpyIHasi KpeBeTKa MMeJia OOLIyIO JUTMHY Tea
55,5 mm, maccy — 1,705 . Bropoii sx3emruisip umen cxonneie mapamerpsl — 48,9 mm u 1,084 r cOOTBETCTBEHHO.
I'eneTnueckuii aHanu3 mokaszai, 4To KpeBeTKU M. nipponense u3 p. JJoH OTHOCUTCS K TOU K€ KJIaje, 94To U 00-
pasusl u3 pana, Upaka u FOro-BocTtounoro Kutas [63].

Takum 00pa3om, MOBTOPHOE 00HApY)keHue M. nipponense B parione Hiknero JloHa uepes ToJ1 ocie nepBoi
perucTpanuy, a TakKe HaJlMuhe CaMOK ¢ STHI[aMH Ha TUICOIIOAX, TIO3BOJISIOT MIPEAIOIOKUTE (POPMUPOBAHHE CIIe
OJTHOM TIOMYJISIMK 3aXBaTyvka B Oojiee HeONaronpusITHBIX KIMMATHYECKUX YCIOBHSIX, YEM Te, KOTOPBIE MPea-
MOJIOKUTEIIBHO TOIXOSIIUE JIJIsl 3TOTO TEIIONIOOMBOTO BUa. B HIKHEM TeueHuu p. JIOH 3TOT TEIIoIr0OUBbIi
BU/I-MHBAI/Iep HAXOAUT ONTHMAJbHBIC YCIOBUS JJISl CBOETO Pa3BUTHUS, TIIABHBIM 00pa3oM B 30HAX TEPMaJIbHBIX
BOJI, KOTOPBIE OH MCIOJB3YyeT B KadecTBe pedyruyma. bivkaifiiim BoqoeMoM Takoro pojia siBSIeTCS] TepMaTbHBIN
kaHan HoBouepkacckoit ruaposnekrpoctanmmu (I'9C) [63].
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3aKjIoueHue

Takum 00pa3oM, MOYKHO TTPEIIIOIOKUTD, YTO Oaroaps IMUPOKOH 3KOJIOTUYECKON IIIACTHYHOCTH SKCIIAHCHS
ATOTO PBPHUOMOHTHOTO BHIA OyAET MPOIOHKATHCS, OH YCIEITHO BCTPOUTCS B OEHTOCHOE COOOIIECTBO M HATY-
pal3upyeTcsi B XOPOIIO MPOTPEBAEMBIX ICTYapHBIX M MPECHOBOIHBIX, & TAKKE COJOHOBATOBOJHBIX BOIOEMax
bacceitra Kacrutickoro m YepHoro Mopeit. DToMy mporieccy, HECOMHEHHO, OyZIET CITOCOOCTBOBATH U MTOTETIIICHHE
KIIMAaTa, 4TO CKaKETCsl B TIEPeCTPOiiKe OMOTHI BOJHBIX DKOCHCTEM B TOJB3Y TEIUIONIOOMBBIX BUIOB. BocTouHas
pEUHasi KPeBETKA SIBIISICTCS] TPOMBICTIOBBIM BUJIOM M C OTOM TOYKHU 3pPEHUSI TIOSIBIICHUE €€ B HOBBIX MECTOOOUTA-
HUSIX MOKHO CUHTATh TIOJIOXKHUTEIBHBIM siBIeHHeM. OCcTaeTcs OTKPBITHIM BOIIPOC O KOHKYPEHTHBIX OTHOIICHUSIX
C PEYHBIMH pakaMH W, B YaCTHOCTH, C JJIMHHOIAJIBIM pakoM Pontastacus leptodactylus (Esch.). Tem He menee,
MOYKHO TIPEJIITOJIOKHTH, YTO BOCTOYHAS PEUHAsi KPEBETKA BMECTE C JIPYTHMU Y>KEPOJHBIMU PAKOOOPAZHBIMH YCH-
JIUT KOHKYPEHTHOE JIaBJICHWE HA MECTHBIC BHIBI JIECTUHOTUX PAKOOOPA3HBIX PaKa, YTO OKAKET BIUSHHUE W HA
BCIO OEHTOCHYIO (hayHy.
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3ATIAC H@ABEMHOI?'I OUTOMACCHI HUJKHUX APYCOB
AECHOUN PACTUTEABHOCTHU B YEPHOOABIINTAHWKE
ITAIIOPOTHHUKOBOM HA IOI'O-BOCTOKE ITOAECHA

A. B. YUIAHEI], C. B. ITYMAKDY, J]. K. T”APBAPYK"

YIoneccruil 2ocyoapemeenvlii paouayuonHO-9KOIOSUYECKULL 3AN08E0HUK,
ya. Tepewxosotl, 7, 247618, e. Xounuxu, benapyco

OreHka OMOIOTHYECKON MMPOAYKTUBHOCTH HIDKHUX SIPYCOB JIECHOH PACTHTEIEHOCTH, 0COOCHHO B TPYAHOIOCTYITHBIX
YEepHOOJIbXOBBIX JIECAX, BECbMA aKTyaslbHa. V3yueHue 3amaca ux HaJ3eMHON (PUTOMACCHI B HACAXKICHUSIX YEPHOOIbIIaHH-
Ka manopoTHUKoBoro (Gluninosa-Alnetum filicosum) TpOBOIUIOCH METOJIOM YKOCOB, OOIIET0 MPOSKTUBHOTO MOKPHITHS
IIOYBBI C UCNOIb30BaHUEM LH(POBOIl oTorpaduu, APyrux MEHOTHYECKUX MOKa3areseil, TpaluIHOHHBIMH METONAMH.
Mecto uccrieioBaHusi — 30Ha OTUYKACHUST UepHOOBUIbCKOW aTOMHOM 3JIeKTpOCTaHIMK B rpanunax [lomecckoro rocy-
JIApPCTBEHHOTO PaJHalliOHHO-IKOJIOTHYECKOr0 3aIll0BE/IHNKA, PAcIlOoKEeHHasl Ha KpaliHeM [oro-Boctoke benopycckoro
[Tonechst. YcTaHOBIIEHO, YTO B COCTaBEe HIDKHHMX SPYCOB UEPHOOJIBIIAHMKA MAlOPOTHUKOBOTO INpou3pacraeT 44 Buaa
pacTeHmii. JIOMUHUPYIOT HHBa3UBHBIA BPEIOHOCHEIN BU Yepea oinucTBeHHas (Bidens frondosus L.) 1 HUTpOQUIBHBIHA
abopureHHBIN BUI KpanuBa aByaomHas (Urtica dioica L.). CyOmOMUHUPYIOT ¢ HUMH WA COIOMHHHPYIOT B Pa3TUIHBIX
coyeraHusx 10 Apyrux BUAOB pPaCTCHUN, XapaKTEPU3YIOIIUXCS BBICOKMM OOMIIMEM U PACIIOIATAIOIIUXCS B BEPXHEM MTOIb-
sipyce TPaBsiHOTO MTOKPOBa. 3arac abCcoNIIOTHO CyXOW HaJl3eMHOW (PUTOMACCHI HHYKHHX SIPYCOB PACTUTEILHOCTH B YEPHO-
OJIBIIIAHKKE MTATOPOTHUKOBOM cocTaBisieT 574 (407—872) kr/ra, o01iee NpOSKTUBHOE MOKPBITHE TT0YBBI — 72 (48—90) %.
Bricokast npocTpaHCTBEHHAsI BADHATHBHOCTH 3TUX ITOKa3aresell 00yCIIOBHIIa CPEIHIO KOPPEISIIUOHHYIO 3aBUCUMOCTh
Mexay HUMH. Ha 3amac HagzeMHON (UTOMACCHl HIDKHHX SIPYCOB PAaCTHTEIBHOCTH M MX 00IIEe MPOEKTUBHOE MOKPHI-
THE, TIPOCTPAHCTBEHHYIO HEOAHOPOAHOCTh M BPEMEHHYIO M3MEHUMBOCThH BIHSIET KOMIUIEKC BHEIIHUX 3KOJIOTHYECKHX
(hakTOpOB: BUIOBON COCTaB M I'yCTOTa JPEBOCTOsI, IYCTOTa MOAPOCTA U MOJUIECKA, ITOTOJHO-KIMMAaTUIECKHE yCIOBHUS,
MECTOIOJIOKEHHE JIECHBIX HACAXK/ICHUH B penbede, paccTosHUE 10 00BEKTOB I'MIPOMETHOPATHBHOM CETH, INKNE KOTIBIT-
HBIC )KMBOTHBIE U BHYTPEHHHUE (PAKTOPBI CAMHX TPaBSHBIX COOOIIECTB (BUOBOH cocTaB, oOmine u MoppoMeTpruIecKue
XapaKTePUCTUKU TPE00IIaIaloNIuX BH/IOB).

Knrouegwie cnosa: benopycckoe Ilonecre; 4epHOONBIIAHUK TAOPOTHUKOBEIHN (Gluninosa-Alnetum filicosum); HAX-
HUI SIpyC JIECHOI PacTHTENIBHOCTH; 3arac Ha/l3eMHOM (uToMacchl; 001ee IPOSKTUBHOE MTOKPBITHE MOYBBI; IKOIOTHYE-
CKuil axrop.
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ABOVEGROUND PHYTOMASS STOCK OF THE LOWER TIERS
OF FOREST VEGETATION IN BLACK ALDER FERN FOREST TYPE
IN THE SOUTH-EAST OF POLESIE

A. V. UGLYANETS", S. V. SHUMAK*, D. K. GARBARUK"

*Polesye State Radiation-Ecological Reserve,
7 Tereshkova Street, Khoiniki 247618, Belarus
Corresponding author: D. K. Garbaruk (dima.garbaruk.77@mail.ru)

Assessment of biological productivity of the lower tiers of forest vegetation, especially in hard-to-reach black alder
forests is very relevant. The study of the stock of their aboveground phytomass in stands of black alder fern forest type
(Gluninosa-Alnetum filicosum) was carried out using the mowing method, the general projective soil cover using digital
photography, and other cenotic indicators using traditional methods. The study site was the exclusion zone of the Chernobyl
nuclear power plant, coinciding with the boundaries of the Polessky State Radiation and Ecological Reserve, located in the
extreme south-east of the Belarusian Polesie. It was found that 44 plant species grow in the lower tiers of black alder fern
forest type. Invasive pest species Bidens frondosus L. and nitrophilic native species Urtica dioica L. dominate. Subdominant
with them or co-dominant in various combinations are 10 other plant species characterized by high abundance and located
in the upper sub-tier of the grass cover. The stock of absolutely dry aboveground phytomass of lower vegetation tiers in
black alder fern forest type 574 (407-872) kg/ha, total projective soil coverage — 72 (48-90) %. High spatial variability
of these indicators determined the average correlation dependence between them. The stock of aboveground phytomass
of lower vegetation tiers and their total projective cover, spatial heterogeneity and temporal variability are influenced by
a complex of external environmental factors. These include species composition and stand density, density of undergrowth
and undeforest, weather and climatic conditions, location of forest stands in the relief, distance to the objects of hydro-
reclamation network, wild ungulates and internal factors of grass communities themselves (species composition, abundance
and morphometric characteristics of dominant species).

Keywords: Belarusian Polesie region; black alder fern forest type (Gluninosa-Alnetum filicosum); the lower tier of forest
vegetation; stock of phytomass; ecological factor.

BBenenne

CaezieHus o 3amacax Haj3eMHOU ¢uromaccel (3H®D) sxuBoro HanousenHoro mokposa (JKHIT) B wepHOmbIa-
HUKaX KHCIMYHOM, YePHIYHOM, KPaITMBHOM, OCOKOBOM H CHBITeBOM benopycckoro [lonecss (ITonecke) mpusene-
HBI B paboTax [1-3]. 3yueHne Macchl TpaBsSHOTO MOKPOBA B HACAXKICHHUSIX YEPHOOJIBIIAHIKA ITATOPOTHUKOBOTO
(Gluninosa-Alnetum filicosum), moxpsiBatoriero 7,2 % miomaaym 4epHoosibXoBoii popmarmu B [lonecbe u 3aHu-
MAIOIIETro B HEH YeTBEPTOE MECTO TI0 PACIIPOCTPAHEHHOCTH [4], HE TIPOBOIUIIOCH.

IIponyxruBHOCTE HagzeMHOU (puTomackl JKHII mecHbIX HacaxaeHU cBA3aHa ¢ ero EHOTHYECKUMH TTOKa3a-
TEJNSMU — BHJIOBBIM COCTaBOM, OOIIMM MPOEKTUBHBIM MOKphITHEM 1ouBHI (OI1I1), o6mmem n mopdomerpude-
CKHMH XapaKTEPUCTUKAMHU OTIENbHBIX BUIOB [2; 3; 5—-8]. IIpolecc ee onpeneneHus JIMTENbHBINA U TPYIOEMKUIA
[5]. YcranoneHo [2; 3; 6-8], uro 3H® XHII nanbonee TecHo cBszan ¢ ero OIIII, kotopoe onpenensiercs Ha-
MHOTO OBICTpee KaK IMOCPEACTBOM BH3YaJIbHOW OIEHKH KIIaCCUYeCKHMHU MeTonamu [5; 9—11], Tak u ¢ npumeHe-
HUEM COBPEMEHHBIX ITUPPOBBIX TexHONOTHH [5; 7; 12; 13]. Ucnonp3oBaHue 3TOTO 1MoKa3areist JaeT BO3MOYKHOCTb
KparHo yckopuTh onpenenenue 3HD XXHII B recHom hutorieHo3e.

Ha Benmuunst 3H® u OINIT XKHII BiuseT KoOMIUIEKC BHEITHUX SKOJOTHUYECKUX (PaKTOPOB — YCIOBHUS MECTO-
MIPOM3paCTaHMsI, BUJOBOI COCTaB U CTPYKTYpa JIECHOTO (PUTOIIEHO3a, XapaKTEPUCTHKH OTACIHHBIX €T0 HJIEMEHTOB
(mpeBocros, moapocTa, noanecka) [ 14—19], morogHo-knmmarndeckue ycnosus [17; 20; 21], onpenensromniue cBe-
TOBOM, TETIOBOI 1 BOJHBIA PEKUMBI TPABSIHO-KYCTAPHUYIKOBOTO K MOXOBOTO SIPYCOB PACTHTEBHBIX COOOIIIECTB.
CymecTBeHHOE BIIMSHUE Ha 1leHoTHIeckue xapakTepuctuku JKHIT 4epHOOIBXOBBIX JIECOB OKa3bIBAET MOTEILIE-
HUe U apuau3aius knumara B [lonecwe [22; 23] B COBOKYITHOCTH € TIOCTIECTBUSIMU IIIMPOKOMACINTAOHBIX THIIPO-
TEXHUYECKHX METHOPANnii 0OJIOT 1 3a00I0UEHHBIX 3eMelb, TPoBeeHHBIX B 1950—1980-x rT. [24].

Lenp uccnenoBaHns — yCTAaHOBUTH 3ariac HaJ3eMHON (UTOMACCHI M 00IIee IPOSKTHBHOE MTOKPHITHE TTOYBbI
HIDKHUX SPYCOB PACTUTEILHOCTH B YEPHOOIBIIIAHUKE ITallOPOTHHUKOBOM Ha FOTO-BOCTOKe [lonechs, BBITBUTH
CBSI3b MKy HIMH U OIIPE/ICIIUTh BIUSIONINE HA HUX (DaKTOPBI.

MaTepna.m)l U METOJAbI HCCJICA0OBAHUSA

OObeKT HMccnenoBaHui — Haa3eMHasl uToMacca HWKHHUX sipycoB pacturensHoctd (HSP), Brmrouaromas
TPaBSHHUCTBIC M MONYKYCTAPHUKOBBIC BBl PACTEHHH [25] B HAaCaKACHHUSX UYEPHOOJbLIAHWKA MAOPOTHHKO-
BOro Ha Tepputopuu llonecckoro rocyaapcTBEHHOIO paAuallMOHHO-3KoJorndeckoro 3amnosennuka (I1I'PO3),
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PacToIOKEHHOTO Ha KpaifHeM 10oro-BocToke [loechs B rpaHuIiax OeIopyccKoro ceKTopa 30HbI oTayxkaeHus (30)
Yeproosutbekoit ADC (HUADC), HaxomsamIerocs B 30HE ONTUMAIBLHOTO TIPOU3pacTaHusl ONbXH yepHoi [26]. Ee
HacaxaeHns B 3amoBennuke B 2020 1. 3aammamn 10,6 % necomokperToil miomann. Tperbs ux gacts (34,2 %)
TIPUXOIUIIACH HA TIATTOPOTHUKOBBIN THII JIeca.

B HacaxneHMsIX 9epHOONBIIAHAKA TTAITOPOTHUKOBOTO 3JIOKHUIIN 5 BPEMEHHBIX TTPOOHBIX muromaneit (BIIIT)
B COOTBETCTBHH C TpeboBaHusIMHU «CripaBodHIKa TakcaTtopay [MupomtHukoB u ap., 1980]. IIpu pacuere Takca-
ITMOHHBIX MTOKa3aTeNel UCIIOIb30BaN NCTOUHUK [27]. ViccrienoBanns poBeIeHB! B BRICOKOBO3PACTHBIX BBHICOKO-
TTOJTHOTHBIX HACAKIIEHUAX OJIbXH YePHOU, MPEeNMYIIecTBeHHO | kimacca Oonurera (Tadm. 1).

Tabnuna 1
TakcanmoHHble MOKA3aTe/U IPEBOCTOEB 0JIbXH YePHOii
Table 1
Taxation indicators of black alder stands
Hudp CocraB Bospacr, Cpenne Kiace I'ycrora, Cymma . 3arnac, Cpenee
mwiomaneit | IlonHora 3 W3MEHEHUe
BIIII JIPEBOCTOs JeT H,m | D,cm OonuTera | mT./Ta ceucHMi. MYra M/ra sanaca. vi/ra
Hno9-11 90mulb+]1 51 23,5 | 22,1 | 864 334 0,89 376 74
Hn77-29 | 100mu+/1,b 62 244 | 28,7 1 568 36,0 0,96 434 7,0
Hnl0-26 | 90mulb+1,A 65 247 | 28,6 1 560 33,2 0,88 392 6,0
b611-20 100m4+b,JIn 70 28,0 | 32,0 1 504 39,2 0,98 540 7,7
Hn77-16 | 100mu+/1,b5,41 75 30,3 | 371 la 444 46,2 1,13 632 8,4

VY4er moxmpocTa U Mmojyiecka MpoBOIIUIH Ha 5 ydueTHsIX tomankax (YII) pasmepom 5x5 m Ha kaxmoit BIIIT
o BumaM pacteHui B cooTBeTcTBHH ¢ TKIT 498-2013 (02080) «PagnannoHHBII MOHUTOPHHT JIECHOTO (OHMA.
3akiaziKa MOCTOSTHHOTO TTyHKTa HaOmoneHus. [lopsimok mpoBeneHns.

Nzyuenne xapaxrepuctuk HAP nposoanmm ¢ 19.07 mo 3.08.2023 1. B cooTBeTcTBUM ¢ MeTonnkou [10] myTem
3aknanku Ha kaxaou BIIIT 20 VII pazmepom 1x1 M. Ha kaxxnoit VII BBISIBISIIM BUIOBOM COCTaB COCYIUCTBIX
pacrenuit HSIP, yrounsim ero ¢ momombto onpenenuTens [28], ycraHaBIMBaNIy ux o0wive B Oaiax Imo mKajie
bpayn-bnanke [29], 3amepsinu BeICOTHI pacTeHn# kaxaoro Buaa. OIIII onernBanm ¢ ucmons3oBanreM nupoBoi
¢dororpaduu B COOTBETCTBHH ¢ PabOTOit [7].

OTt60p 00pasnoB Haj3emMHO# (hutomacch HAP npomsBoanim metomom ykocoB Ha 10 VII (kaxnoi deTHOI)
B COOTBETCTBUH C METOIMYECKIMH yKazaHusMH [30] ¢ pazaeneHreM Macchl TpaB 1o BuaaM. [Ipesiaymmm nccire-
noBaHUeM [3] ycTaHOBIIEHO, 4TO Macca pacTeHuit oqHoro Buaa JXKHII ¢ 6amnom oOmmst 1 1 MeHee He MpeBbITIaeT
10 % ot obmreit B coodmiecTBe. PacTeHus ¢ TakuM OOMIIHIEM OTHOCHIIM K KaTeTOPHH «Pa3HOTPaBbE» ¢ 00beaNHE-
HUEM UX B OJIHY 00IIyr0 mpody coracHo [31].

OO0pa3siel puToMacchl B MOJIEBBIX YCIOBUSAX B3BEIIMBAIHA B CBEKEM COCTOSHHH; B JIA0OPATOPHBIX — BBICY-
IIMBAJIH JI0 TIOCTOSIHHOTO Beca B CyIIiIbHOM Ikady mpu temmeparype 105 °C [32] u paccuntsBanu 3HD mis
kaxxmon YII, BIIII n Tuma neca.

O6pabotky canMKoB U onpeaenerne o HuM Ol mpon3BoaMiM ¢ NCTONB30BaHUEM KOMIIBIOTEPHBIX TIPO-
rpamm ACDSee Photo Manager 12, Corel Draw X3 u Imagel.

s xaxxoit BIIII paccanThiBaim 00Ty o TYCTOTY M CPEIHIO apu(hMETHIECKYO BEICOTY MTOJPOCTA U MOJIe-
CKa, CpeTHUH OalT OOWITHS, CPETHIO0 BHICOTY U BCTpedaeMocTh BUI0B HAP ¢ Oanmom obwiws 2 v BbIIIIe, a TaKKe
OIIIT BceMu BUIaMH pACTEHUMN.

CratucTHYecKnil aHAIIN3 TTOMYYeHHBIX JaHHBIX TPOM3BOIMIIN C HCIIONB30BaHUEM TporpaMM Microsoft Excel
2007 w Statistica 6.0.

Pe3y.]'II>TaTI>I HCCJICA0OBAHUA U UX oﬁcymenne

3anac naozemnoit pumomaccel. B 9epHOOIBIIAHNKE ITATOPOTHUKOBOM cpenHuit apudmerrdeckmii SHD HSIP
(3mechb 1 nanee Mo TEKCTy BCE JIOBEPUTEbHBIE HHTEPBAIBI HA 95 % ypOBHE 3HAUMMOCTH HaXOAATCS B IIpeenax
BBIOOPOK) cocTaBisieT 574 kr/ra npu crangapTHO# ommoke 41,7 kr/ra u tounoctu 7,3 %. Cpenneapudmernde-
CKHUH ee Mala3oH M0 HaCaKIeHUIM BapbupyeT B niepenenax 407—872 xr/ra (tabdm. 2). J[ist cpaBHEHUS] OTMETHM,
4yTo B uepHoojbinaHuke kuciauyHoM [lonecbst 3H® XKHII cocrasnsn 95, yuepuuunom — 288 [2], CHBITEBOM —
607 [3], xparmmBHOM — 730 1 ocokoBoM — 1110 [1] kr/ra.
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CraTucTHYecKHe MOKa3aTe/u 3a1aca Ha/13eMHOii puTomaccesl
1 0011ero NPOEeKTHBHOIO MOKPLITHS MOYBbI HHKHUMH SIPYCAMH PACTHTEJILHOCTH

Tabnuma 2

Table 2

Statistical indices of aboveground phytomass stock and total projective cover of soil by lower tiers of vegetation

Craructuyeckuit Ha BIIIT B tute neca
IHOKa3aTeIb Hn9-11 Hm10-26 Hn77-16 b611-20 Hn77-29
3amac Ha3eMHO# (hUTOMACCHI, KI/Ta
n 10 10 10 10 10 50
min—max 135-779 109-813 233-1101 249-891 515-1725 109-1725
Ci 261-553 412-691 336741 353-652 612-1132 491-658
M+m 407 + 64,6 551 +61,8 539+ 89,5 503 £ 66,0 872 £ 115,0 574 £41,7
c 204 195 283 209 364 295
Cv 50,1 35,3 52,5 41,5 41,7 51,3
P 15,9 11,2 16,6 13,1 13,2 7,3
OO1ee TpOeKTUBHOE OKPBITHE MOYBBI, %
n 20 20 20 20 20 100
min—max 14-79 14-93 57-98 67-95 79-97 14-98
Ci 39-58 46-63 78-88 82-88 87-92 68-76
M=Em 48+£45 55+3,9 83+2,3 85+ 1,6 90+ 1,1 72+£22
o 20 17 10 7 5 22
Cv 41,0 31,0 12,0 8,0 5,0 29,0
)4 9,4 7,1 2,8 1,9 1,2 3,0

I[Ipumeuanue. n — xonmmaectBo HabmoneHui (YII), min 1 max — MUHHMaNbHOE M MaKCHMalIbHOE 3HaueHus, Ci — JOBEPUTEIILHBII HHTEP-
Bas Ha 95 % ypoBHe 3HaUNMOCTH, M — cpeHeapu(hMeTHIecKoe 3HaUCHUE, + /m — CTaHAAPTHAsT OMIMOKa CPeTHEro 3Ha4YeHUs, G — CpeIHe-
KBaJparuyeckoe oTkioHeHune, Cv — koG puimeHT Bapuauu, %, p — TOYHOCTh HCCISIOBAHMSI.

Jlnist 4epHOOIIbIIAHUKA MTATIOPOTHUKOBOTO XapaKTEepeH OYeHb IUPOKHUN pa3Max KOoJeOaHWI YacTHBIX OIpe-
nenennit 3H® HAP na YII — 109-1725 xr/ra, miu 15,8 paza. Paznmmaus cpeareapuMeTHIECKOro KOJIMIeCTBA
turomaccer HAP mexay BIIIT cocrasmstor ot 2,2 % 1o 2,1 pasza. O BBICOKOI BapraOeIbHOCTH aHAIN3UPYEMOTO
MIpU3HAKa B TUIIE Jieca CBUIETEIIbCTBYIOT €r0 BEICOKHE CTaHAapTHOE OTKIIOHEHHE (295 Kr/ra) n Ko pumeHT Ba-
puanuu (51,3 %). B Goxee Mon0OABIX TUCTBEHHBIX (PUTOIIEHO3aX Ha TOP(HSIHUCTO-TTO30IMCTO-TIIEEBATHIX TTOYBAX
Pecrry6onmuku Komu (Poccnst) koaddunmenTs! Bapranuu nanaoro mokaszaress (21,3-35,3 %) B 1,4-2,4 paza ke
[8]. Tem HE MeHee, mpocTpaHcTBeHHOE pactpenenenne 3SHO HAP B turie meca MOXKHO CUUTATh BITOJTHE OHOPOI-
HBIM, TaK KaK TOJIBKO OHO HacaxaeHue (Hm77-29) mocToBepHO OTIMYAETCS OT OCTANBHBIX (Ta0I. 3).

Ta6nuna 3
JlocToBepHOCTH pa3jiM4Mii 3anaca Ha/13eMHOI puTOMAacChl (YUCTUTEIb)
M 0011[er0 MPOEeKTHBHOTO MOKPBITHS MOYBBI HIGKHUMH SIPYCAMH PAaCTHTEILHOCTH (3HAMeHATeJIb)
Table 3
Reliability of differences in aboveground phytomass stock (numerator)
and total projective cover of soil by lower tiers of vegetation (denominator)
BIIII Hm9-11 Hn10-26 Hn77-16 b611-20
Hnl10-26 1,531/ 1,162 - - -
Hn77-16 1,135/6,823 0,105/ 6,188 — -
B611-20 0,986 /7,611 0,504 /7,113 0,307/0,714 -
Hn77-29 3,343 / 8,880 2,332 /8,610 2,167 /2,729 2,640 /2,534

IIpumeuanue. J{ng Bcex BapuanToB cpaBHeHuil 3H® kpurepuii Ctbronenra pasen 2,101, OIIIT - 2,024.
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Obuyee npoexmusnoe nokpovimue nouevt HAP. C Bbicokoi TO4HOCTHIO (3,0 %) yCTaHOBIIEHO, YTO CpeaHee
apupmernueckoe 3nauerune Ol HAP B uepHOOIBIIIaHNKE TAITOPOTHUKOBOM COCTaBIsieT 72 + 2,2 % mpu kod¢-
¢urmente Bapuarmm 29,0 % (tabm. 2). lanHHOMY TIOKa3aTelto CBOMCTBEHHA IPOCTPAHCTBEHHASI HEOTHOPOAHOCTD,
Ha YTO YKa3bIBaIOT MUPOKUI pa3max kojeOanwst nHanBuAyanbHbex 3Hadenuil OIIIT na YII (14-98 %) u cpennnx
Ha BIIII (48-90 %), BeIcOKHe K03(pPHUIIMEHTHI BapHalliy CPEIHUX BEIWYHH B OT/ICIBHBIX HacakAeHUAX. B 80 %
CITyJacB HAONIOMAIOTCS TOCTOBEPHBIC PA3IMUMS ATOTO MPU3HAKA MEX Ty HaCKICHUIMU (Taom. 3).

Css3b 3H® ¢ OIIII HAP. HenopMaibHbIe paciipe/ieiicHus CpaBHUBAeMbIX IOKa3atesei (Tadim. 4) nmpeaorpe-
JIEITAITA pacyeT CTaTHCTHYSCKOW MX B3aUMO3aBUCUMOCTH C IPUMEHEHHEM HellapaMeTpudeckoro kodddurmenra
panroBoii koppemsiunn Crimpmena (7).

Tabnumna 4
ITpoBepka nepeMeHHBIX HA HOPMAJILHOCTb pacnpeeJeHust
Table 4
Checking variables for normality of distribution
[Tapametp Oobmiee TPOESKTUBHOE MOKPBITHE 3amac HaI3eMHOM puTOMACCEI
Kpurepuii Lllamupo — Ywika (W) 0,92 0,91
YpoBeHs 3HaunMOCTH (p), % 0,001 0,002

Ycranosnena ymepernnas (7 = 0,36) 3nauumast (p < 0,05), 3aeck u manee o Yemmoky, koppemsuus 3SHD HSP
¢ ero OIIII amst 50 Y11 u cpemnss (= 0,60) nesnaunmas (p > 0,05) — mrs 5 BIII. OyHKIIMOHaTBHAS 3aBUCHIMOCTD
M€Ky STUMH IIpHU3HaKaMu 110 AaHHbM 50 VII nanGonee mocroepHo (R’ = 0,28) annpoKCUMUPYETCs ypaBHEHH-
€M DKCIIOHEHIIUAJIbHON KPHUBOM:

M = 183,21 x exp (0,014 x OIIII),

1o sanubiM 5 BIIIT — ypaBHEHHEM MOIMHOMHATLHON KPUBOI BTOpOii ctrerenu (R* = 0,52):
M =0,51 x OIIIT " 2 — 64,8 x OIIII + 2428,

e M — 3amac HagzemHo# guromaccsl HSP, kr/ra, OIIII — o0iiiee npoeKTHBHOE MOKPBITHE, Y.

AJIeKBaTHOCTb MPUBEACHHBIX YPAaBHEHUI IOATBEPKIAETCS CTAaTUCTHUECKH 3HAYUMBIMH OTIMYUSAMH OT
0 (p <0,05) ko3 urMeHTOB perpeccuit.

OTMeTHM, 4TO ISt 5 TUCTBEHHBIX (0epe30BbIX U YEPHOOJILXOBBIX ) HacaxaeHUH [loecks nomyueHa muHeiHas
zagucumocts OITIT ot npoxykrusHocT HAP (R’ = 0,86) [2].

Ilenomuueckan xapaxmepucmuxa HAP. Bunosoii cocras HSP uepHOOmbIIaHMKA NAIIOPOTHUKOBOIO
B 2023 1. Bkitoyan 44 Buzaa pacrenuit [25]. CteneHp ero BKIIOYEHUs B CIIMCOK (IIOPHI TPABSIHUCTHIX PacTeHUI
atoro tuna jeca benapycu, nim unnexc Cumricona (o [26]), cocrapnsut 53,3 %, [loneces (o [4]) — 21,0 %.
B 2020 r. B 3THX HacaXIeHUSIX ObUIO 3aperucTpupoBaHo 35 BUAOB [33], a mpuBenEHHBIC BBIILIE WHIEKCHI, pac-
CYMTAHHBIC 10 JAHHBIM 3TOH Pa0bOThI, cocTaBisuin 27,0 u 28,8 % COOTBETCTBEHHO, YTO YKa3bIBACT HA M3MCHEHHE
BHUz0BOro cocrasa HAP Bo Bpemenu.

ComntacHo 0eJI0pPYCCKUM JIECOTHITOIOTHYeCKUM Tabnuiiam [34], B 4epHOOJIBIIIAHUKE TAlIOPOTHUKOBOM OCHOB-
HBIMU WH/IMKATOPHBIMU BUJIAMH TPABSHUCTBIX PACTCHUH SIBIISFOTCS KOUSIBDKHUK KEHCKUN, HEJOTPOTra O0OBIKHO-
BEHHAs1, IIUTOBHUK IIAPTPCKUHM, KpanuBa IBYAOMHAs, TABOJTa BA30JIUCTHAS, CEJIC3CHOUHUK OYCPETHOIUCTHBIN,
OCOKH cepoBaTasi ¥ yJJIMHCHHAs, JIFOTUK IOJI3y4Yri, TIACICH CIIAJIKO-TOPbKHM, TOJJMAPSHHUKHA OOJIOTHBIN U IICTI-
KWW, TEIUNTEPUC OOJIOTHBIN, BEPOCHHUK OOBIKHOBEHHBIH, TPOCTHUK. M3 MaHHOTO TiepeuHs i mnpeodiaiaro-
IIMX BUJOB 3TOr0 TUNa jieca B [lonecbe HE yKa3aHbl CENE3CHOYHUK, TOAMAPCHHUKHU U TEIUNTEPUC, HO OTMEUCHO
MIPUCYTCTBUE 3F03HUKA €BPOICHCKOr0, OCOKH ITy3bIpYaTOi, KacaTuka JIOKHOAHPOBOT0, OEIIOKPBUIBHIKA 0OJI0THO-
0, KIy>)KHUIIBI 000THO# [4]. KonruecTBO MHIMKATOPHBIX BHJIOB B UCCIICIOBAHHBIX HACAKICHUSIX COCTABIISCT
53,3 % ot ux Konu4ecTBa B TUIIE Jieca [34], a yrcio npeodiaaaronmx BUI0B — 75 % OT Yuciia TAKOBBIX B UEPHO-
OJIbIIIAHUKAX MAanopoTHUKOBLIX [Tonechs.

ITo oOunmro B 2023 1. B 4epHOOJIbIIAHUKE MTAIIOPOTHUKOBOM JIOMHUHUPOBAJIA HHBa3UOHHBIH BPEIOHOCHBIH BUJT
4yepenia OJIMCTBEHHAs U a0OPUTeHHBIM HUTOPOQMI KpanuBa JByaoMHas. CyOIOMUHUPOBAIA C HUMH WJIH COZO-
MUHUPOBAJIU B Pa3HBIX COUYETAHUSAX KACATHUK JIOKHOAUPOBBIN, JTYTOBUK JIEPHUCTBIN, €KEBUKA CU3asl, TPOCTHUK
OOBIKHOBEHHBIH, IIUTOBHUKH MIAPTPCKUN M MYIKCKOH, IIIJIEMHUK OOBIKHOBEHHBIN, OCOKH JIOXKHOCHITEBAS U ITy-
3bIpuaTasi, HOAMAPECHHUK Ay CThIN. COMOMUHAHTAMU TAKXKE SBISUTUCH KPaIlMBa IBYIOMHAs U Yepe/ia OJIMCTBCH-
Has (Tabm. 5).
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Tabnunma 5
Lenoruyeckasi XapaKTePHUCTHKA MPe00IaIal0NIUX BUI0B HU/KHUX SIPYCOB PACTUTEIbHOCTH
Table 5
Cenotic characterization predominant species of lower tiers of vegetation
Ha BIIIT
B tune neca
Hmn9-11 Hm10-26 Hn77-16 B611-20 Hn'77-29
Bun pacrenus
14 A 14 A 14 A 14 A 14 A 14 M
H M H M H M H M H M H M (%)
JlyroBuk 45 + 90 2 B 3 B 3 15 2 30 1314
JCPHUCTHII 36,2 | 83,8 | 594 | 414,2 80,7 | 159,1 | 58,8 | 22,9
Uepesa o ] o 3 [0 4 [ o [ 2 | 58 |sss
OJINCTBEHHAs 543 | 851 | 53,5 [ 2183 | 742 | 124,1 | 60,7 | 14,9
ExeBuka S 2 35 1 90 2 50 1 95 2 59 | 76.0
cuzast 28,0 - 39,5 - 254 | 139,7 | 28,5 | 252 | 264 | 2150 | 29,6 | 13,2
TpocTHUK OOBIKHOBEHHBIH | — - - - 40 2 - - 15 2 1 2.3
156,5 | 1254 1857 | 87,0 | 171,1 | 74
Kpanusa 20 [ 1| [ _ Jwo| 3 [s0 | 1 [1w0] 2|60 |282
JBYJOMHAs 14,0 - 10,0 | 44,9 7,1 154 | 354 | 80,9 | 16,6 4,9
Kacaruk 10 2 _ _ 10 2 10 2 10 2 8 | 237
JIO’)KHOAUPOBBIH 102,5 | 16,7 115,0 | 38,6 | 103,5 | 26,7 | 104,0 | 36,3 | 106,2 | 4,1
3103HHK - B B B 35 + 80 1 75 1 31 | 234
eBpOIeHCKUi 21,4 - 422 | 38,1 | 293 | 78,9 | 38,0 41
Ocoxa 65 2 _ _ _ _ _ _ _ _ 13| 198
JIOXKHOCEITEBAsI 61,9 | 99,2 61,9 3,5
Ocoxka _ B 70 2 _ N _ _ _ N 14 | 16,6
my3bIpuaTas 50,4 | 83,0 50,4 29
Ocoxka 15 1 _ B _ B 30 + 10 1 1| 1.9
NeneybHO-cepas 277 | 59,6 24,3 — 30,0 — 273 2,1
L{nroBHmK ss | s 2| | ] ] _ |lw] 2116 |wu4
MAPTPCKUI 21,5 | 50,9 | 27,0 6,0 26,0 - 24.8 2,0
Beltnnk _ B _ B 50 + 60 1 _ B 22 11.3
ceIeronTuit 28,1 - 40,4 | 56,3 34,3 2,0
n « .| 10 2 5 r 35 + 40 1 25 + 25 54
OAMAPEHHIK AVIHICTII | 5 5 | 46 | 4,0 170 | 226 | 166 | — | 76 | — | 133 | 09
Kaunysxunna 3 3 N B _ N 15 2 3 1 4 3.5
0oJoTHAs 46,0 | 174 | 190 — 32,5 0,6
[IneMHUK OOBIKHOBEHHBIN 10 * - - 15 2 15 * 40 2 28 2.2
12,6 35 36,0 21,0 - 19,8 | 11,2 | 22,3 0,5
Lok o 2w 2]s 2] 5|2
MYKCKOH 35,0 55 24,0 7,7 19,0 — 26,0 | 0,5
Topen 35 b _ _ 85 1 15 r 30 1 3 | 22
MSTKUH 12,6 - 26,3 29 | 203 - 28,8 8,3 22,0 0,4
E>xeBuka 35 + B B - B - B - B 7 1.2
CKaJibHas 14,1 6,1 14,1 0,2
3amac Ha3eMHOH huTo- _ 82.5 _ 482 _ 738 _ 975 _ 714 _ 74.7
MacChl pa3HOTPABbS 13,0
Wroro 3anaca Haa3eMHOIT - 406.9 - 5514 - 538.5 - 502.6 - 872.2 - 5743
(uToMaccel 100,0

I[Ipumeuanue. V — BcTpedaeMocThb, %; H — cpennsis Boicora, cm; A — obntie o mkane bpayn-branke (- — Bua 4pe3BBIYaHO peloK ¢ He-
3HAYUTENBHBIM TTOKPBITUEM); + — BHJ] BCTPEIAETCSI PEAKO, CTEMEHb MOKPHITHA Maja; 1 — KOIM4eCTBO 0CO0EH BENUKO, CTETIEHb TTOKPBITUS
Majia Wi 0co0eil Majo, HO MOKPBITHE OONBIIOE; 2 — KOJTUIECTBO 0COOCH BEUKO, MPOCKTUBHOE MOKPBITHE 5—25 %; 3 — uncino ocobeit
moboe, mpoeKTuBHOE MOKphITHE 25-50 %; 4 — uncio ocobeit mobdoe, npoekTuBHOE MOKpEITHE 50—75 %); M — 3amac abcomoTHO cyxoit
HaJ3eMHOH uTomaccsl, kr/ra; M (%) — To *&e B IPOIEHTax OT OOIIETO.
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Haubomnbmmeii ecmpeuaemocmoto (61 %) Boiaemnsiics BepOSHHUK OOBIKHOBEHHBIH. Y €XKEBUKH CHU30MH, Yepebl
ONTMCTBEHHOM ¥ KPanuBbI JBYJOMHOM 3TOT IMOKa3arenb Haxoawics Ha ypoBHe 58—60 %. Beicokas BcTpedaeMocCTh
(43 %) ormeuena y repaan PobGepra. YacTora BcTpeuaemoct 6 BuaoB coctasisina 2140 %, eme 6 — 11-20 %,
27 -1-10 %.

3anac naozemnoii pumomaccot HSP hopmupyror 18 BuI0B pacTeHuid, CyMMapHO aKKyMmysupyromie 87 %
o0miei opranmueckoi Macchl sipyca. [loutn nonosuna ee (58,4 %) npuxoautcs Ha 4 BHIA pacTeHUH (JIyTOBHK
JIEPHUCTBHIH, Yepena oJMCTBEHHAs, €)KeBHUKa CU3asi M TPOCTHUK OOBIKHOBEHHBIH ), 4eTBepTas 9acTh (25,5 %) — Ha
8 BUIOB (KparmuBa JIByIOMHasl, KACATHK JIOXKHOAUPOBBIH, 3I03HUK EBPOTICHCKUHN, OCOKHU JIOKHOCBHITEBYIO, ITy3bIpya-
TYIO U MIENeNbHO-CEPYI0, IMUTOBHUK MAPTPCKUHA U BEHHUK ceaeromuil), 3,1 % — Ha octanpHbIe 6 BUIOB (Ta0I. 5).

Ha mpoune 26 BunoB (29,9 % oT 06111ero ux KoJIMYeCcTBa B THIIE JIECA), TPECTABIAIONINE «Pa3HOTPaBbe», IpH-
xomutes 13 % 3HD HSAP ¢ Bapuarnmeit mo mHacakaeHusm ot 8,2 1o 19,4 % (tabm. 6).

Tabnuna 6
XapakTepucTHKA PA3HOTPABbS
Table 6
Characteristics of various grasses
Kommuectso Buios
Hamzemuast putomacca
HIugp BIII scero B TOM YMCJIE PA3HOTPaBbs pasuoTpaBss, %
TyK %

Hn9-11 19 11 57,9 17,9
Hm10-26 6 3 50,0 8,7
Hn77-16 23 15 65,2 13,7
B611-20 23 15 65,2 19,4
Hn77-29 27 18 66,7 8,2
B Tumne neca 44 26 59,9 13,0

Mopgpomempuueckue xapaxmepucmuku OTACTHLHLIX BUI0B HAP B 3HAUNTENEHOM MEpe ONpenessitoT uX o0u-
JMe ¥ BIMSIOT HA HAKOIUICHWE Ha/J3eMHOUM ¢urtomaccsl [3; 5]. B uepHoobIIaHUKE MAOPOTHUKOBOM KPYITHBIC
Byl HSIP xapakrepusyroTcs, kak mpaBuiio, 0ojiee BEICOKUM obmnueM. [1o3ToMy Ha 3 BEICOKOPOCHBIX BUaa (de-
pela OJMCTBeHHAsI, TPOCTHHK OOBIKHOBEHHBIH M KacaTHK JIOKHOAUpoBbIi ) ipuxonutcs 26,4 % 3HD (tabm. 5).

B cootBercTBHH ¢ [35] ycTanoBieHo, uTo u3 18 ocHOBHBIX Bu0oB HAP B BepxueM nombspyce (60 cM 1 BbIe)
pacrionaratorcst 7 BUIIOB pacTeHnH cpeHeit BeicoToi 91,4 cm ¢ muddepentmarpeii no Bunam ot 60,2 10 178,6 cm,
Ha KoTopsie puxoautcs 59,7 % obmero 3HD. Cpennwmii monwsipyc (30—-60 cm) nmpeactapiieH 4 BUIaMu CpeaHEH
BBICOTOM 44,4 ¢cM U KoJle0aHMEM BBICOT OTACNBHBIX BUIOB B auama3one 30,9—59,0 cM, B KOTOPOM CONEPIKUTCS
17,8 % naazemuol puromaccsl spyca. B HikHeM noabsipyce (110 30 ¢cM), cocrosiiiieM u3 7 BUIOB CPETHEH BBICO-
Toit 25,6 (21,0-30,0) cMm, memornpoBano 9,5 % cyxoro opraHMUECKOTO BEIIECTRA.

Bnuanue enewnux pakmopos na 3H® u OIIIl HAP. Beicokas mpocTpaHCTBEHHAst HEOAHOPOAHOCTD U U3-
MEHYHMBOCTb IICHOTHUECKHUX XapakrepucTuk HSP B HacaxkaeHUsIX 4epHOOIbLIaHUKA TATOPOTHUKOBOTO 00YCIIOB-
JICHA BJIMSAHHUEM BHCIIHUX J3KOJOTHMYCCKUX (I)aKTOpOB, 3a UCKJIFOUCHHUEM IPAMOI0 aHTPOIIOTCHHOI'O BO3I[GI7[CTBPI51
0 TIPUYMHE OTCYTCTBHUS XO3AHCTBEHHOW JIEATENLHOCTH B TeUeHue 37 JIeT U3-3a BBICOKOTO PaJOaKTUBHOIO 3a-
IpSA3HEHUS] MECTHOCTH. B necHbIX (huTomeH03aX BeaymuM (HaKkTopoM, IUMHUTUPYIOIIUM pocT U pa3sutue HAP,
SBJISIETCSI OCBEIIEHHOCTH €r0 IIOBEPXHOCTH, KOTOPAst 3aBUCHUT OT XapaKTEPUCTHK APEBECHOTO U MTOIPOCTOBO-IOA-
JIECOUYHOTIO IPYCOB HACAXKICHUIA.

/JIpesocmoii. HanGonpiiee BIUsHAE HA IIEHOTHYECKHE XapakTepucTuku HSP okaspiBatoT monHoTa ¥ mopoa-
HBII COCTaB JPEBOCTOEB, ONMPEACISIIONIIE COMKHYTOCTh IPEBECHOTO MOJIOTa M PETYAUPYIOLINE MOCTYIUICHHE MO
Hero Teruia, cBeta u Biaru [14—19]. Onbxa yepHas — cpeaHe cBeTonoOuBas moposa [36]. [IpoTsbkeHHOCTH KpOH
€€ BBICOKOBO3PACTHBIX HAaCaXIeHUH cocTaBisieT 35 % [26]. [Tox ux mojaorom o6ecredynBarOTCs BIOJIHE TPUEMIIe-
MBbI€ YCIIOBHSI ISl POCTa M PAa3BUTHS HUKHUX SIPYyCcOB pacTuTenbHOcTH [37]. Hanudue TeHeBBIHOCIUBBIX OPOJ
B cocTase JipeBocToeB criocoOcTyeT cHrnkeruto OITIT HAP [3].

Hccnenyemblie qpeBOCTOM YEPHOOJIbIIIAHUKA MTAIOPOTHUKOBOTO (Tal. 1) MO OCHOBHBIM TaKCAIlMOHHBIM I10-
KazaTeJisiM OJIM3KK K HOPMaJIbHBIM HacaxJIeHUsM [27]. B HacaKACHUAX C eIMHUYHBIM yY4aCTHEM B COCTaBE JIPY-
rux apeecHbix mopoxa OIMI HAP cocrasnser 83—90 %, a B apeBoctosax ¢ 10 % noneit Gepe3bl U eqMHUYHON
npuMeckio 1y0a u sicens — 48—55 % (tabn. 2 u 7). OaHako 3Ta JOJs IPUMECH B COCTaBE JIPEBOCTOEB BPsiJ JIH
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okazpiBaeT 3HaunMoe Bimssare Ha OIII1. CymectBennoit pazuuiel B 3HD® HAP Mexay aTiMu HacakIEHUSIMHU HE
HaOIrOIaeTCs.

Ycranosnens! He3HauuMbIe (p > 0,05) cpemnue u BBICOKHME Koppemsauu [lupcona, yMepeHHBIE U CPEIHUE
xoppemsmun Crimpmena OIIIT HSP ¢ TakcarmoHHBIME MTOKa3aTesIME IPEBOCTOEB. OUEBUIHO, UTO HAMOOIBITICE
prusiaue Ha OITIT HSP oka3piBaeT ux rycrora, O4eHb TECHO Koppenupyromias ¢ Bo3pactom (r-ITupcona =—0,96).
BeposiTHO moaToMy HamOoJee HM3KOe MOKPBITHE TOYBHI TPABSIHBIM ITOKPOBOM HAOIIONAETCS B CAMOM T'YCTOM
HacaxaeHnn HanMmenbIrero Bo3pacta (BIIIT Hi9-11). Ces3u 3H® ¢ TakcarimoOHHBIME XapaKTePUCTHKAMHE JPEBO-
CTOSI HE BBIABIICHBI (TA0M. 7).

Tabnuma 7

Koa¢ppuuuents koppesasinuu [Iupcona (yucanresb)/Cnupmena (3HaMeHATeJb)
NoKa3sarteJieli HHZKHHX SIpPYCOB PACTUTEJIbHOCTH U ApeBocTos (n =S5)

Table 7

Pearson (numerator)/Spearman (denominator) correlation coefficientsof lower tiers of vegetation and forest stand (n =5)

TakcanroHHbIE TTOKA3aTEIN JAPEBOCTOCB

Cymma
IIomaaei ITomaOTA
cedeHuil, m*/ra

IIpoekTuBHOE mokpeiTHE, % | 0,66/0,30 | 0,57/0,30 | 0,70/0,60 | —0,74/-0,30 0,63/0,50 0,67/0,50 | 0,67/0,60
3amnac ¢puroMaccel, Kr/ra 0,11/0,10 | —0,16/0,10 | 0,15/0,20 | —0,35/-0,10 | -0,02/~0,10 |0,0/~0,10 | —0,05/0,20

IoxazaTenn Bospacr, Cpennss Cpennuit I'ycrora,
et BBICOTA, M | IMAMETP, CM miT./ra

3amnac,
M3/ra

Iloopocm u noonecox cymectsenro camxkaror OIIII [3] u 3H® [38] HAP B necHpIX coobmiecTBax depe3
KOHKYPEHTHBIE B3aNMOOTHOIIICHHUS 1 YXY/IIIIEHHE CBETOBOTO JIOBOJILCTBUS. B McCiieIoBaHHBIX HACAXKISHUSIX TTOI-
POCT PEIKUil B OCHOBHOM KPYITHBIN; TYCTOTa MOJJIECKA BAPUPYET OT PEAKOTO O OYEHb T'YCTOTO TIPH BBICOTE
0,8-1,8 M (Tabmn. 8). B HacaxxaeHNUAX ¢ HaUOONBIIMM CyMMapHBIM KOJHMUYECTBOM ToapocTa u momnecka (BIIII
Hm9-11 u Hu10-26) nadmronarores HanMenbIwe mokasarenn OIIIT (tadm. 2).

Tabnuma 8
XapakTepucTHKA MOAPOCTA H MOIJIeCKA
Table 8
Characteristics of undergrowth and underforest
DeMeHT Ha BpeMeHHBIX MPOOHBIX IUIOMATIX B tumne
XapakTepUuCTUKU
¢uronenosza Hn9-11 Hnl0-26 Hn77-16 b611-20 Hn77-29 jieca
O01as rycTora, mT./ra 1440 1520 960 560 400 976
Iloxpoct
Cpenusis BBICOTa, M 2,31 1,59 0,69 2,33 1,98 1,78
OO0mras rycrora, mrT./Ta 5840 30000 1680 5760 1840 9024
Tlomecox
CpenHsisi BBICOTa, M 1,24 1,39 1,51 0,78 1,81 1,34

VYeranosnena oOparHas cpeusis (r = —0,65) nesnaunmas (p > 0,05) xoppemnsius [Tupcona rycToTsl moapocta
¢ 3H® HAP u ouens Boicokas (» = —0,94) snaunmas (p < 0,05) — ¢ OIIIL I'ycrora moaniecka HE3HAYUMO KOppe-
mupyet ¢ OIIT HAP (r = —0,58) u abcomoTHO HEe cBsi3aHa ¢ 3amacoM ero guromaccs (r = —0,19). CymmapHas
TyCTOTa MOJPOCTa U nojjiecka umeet cpeanioro c¢Bsasb ¢ O HAAP (» = —0,60) 1 aGcomoTHO He BIMSIET Ha 3amac
¢uromaccer (» = —0,21). [lomy4eHHbIE 3aBUCHMOCTH M COMIOCTaBIICHUE JITAHHBIX Ta0d. 2 U § CBUACTEIBCTBYIOT
0 CyIIECTBEHHOM BIUSHUU ToApocTa u noaiecka Ha O HAP u mano3naunmom — Ha ux 3HO.

Doaghuueckue ycnosusn niis TUTA Jieca alPUOPH SBISIOTCS KOHCTAHTHBIMU. UEpPHOOIBIITIAHUK MAaIOPOTHUKO-
BBII XapaKTepu3yeTcsl TUIIOM JiecopacTUTeNnbHbIX ycinoBuil C, [26]. B Tlonecke ero HacakieHHs TOKAJTN30BaHBI
B MOHIKEHUSIX U OTOP(OBAHHBIX JIOKOWHAX CO CPEIHCOOBOIHEHHBIMU CJIA00PCHUPOBAHHBIMEI TOP(SIHUCTO-
1 To(hsSTHO-TIEeBBIMU, TOP(SHBIMI MAJIOMOIIHBIMHU TTOYBaMH [4].

HccnenoBaHHble HACAKACHHUS Pa3IMYalOTCs M0 BOAOOOECTICYCHHOCTH M BOJHOMY PEXKHMMY IOYB, YTO OOY-
CIJIOBJICHO TIOCJIE/ICTBUSIMH OCYIINTEIBHON MEINOPAaLUK U MIPUYPOUYEHHOCTBIO UX K Pa3InYHBIM TeoMopdooru-
yecKkuM cTpykrypam. Tak, B 1950—-1980-¢ rr. 66110 ocymieHo 85 Thic. ra, wiu 39,3 % coBpeMEHHON TEPPUTOPUH
3anoBeHuKa [39] ¢ obpasosanuem rycroit (1,1 kM/kM?) rugporpaguueckoil CeTH, 4To MPUBENIO K YCTOUUHBOMY
MOHIDKEHUIO YPOBHEH IPYHTOBBIX BOJ M HAPYIICHUIO HX PEKMMOB Ha COIPEICTBHBIX TEPPUTOPHUSIX, B TOM YHCIIE
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1 B yepHoombimannkax. Hacaxxmenus BIIIT Ho9-11 u H10-26 pacronoskeHs! Ha iepexonae XOWHUKCKOW BOTHO-
JIETHUKOBOW paBHUHEI K TOJMHE p. IIpunsaTh 1 XapakTepru3yroTCsl HECKOIBKO MTOBBIIIIEHHBIM MECTOIIOIOKEHUEM
o penbedy 1 HaXOKIEHHEM B 30HE ocymuTeNbHO# cetr (0,8 n 1,1 kM mo Ommkaiimrero kanaia). CoriacHo uc-
cnemoBanmsiM [40], ee BIUSHUE HA YPOBHH T'PYHTOBBIX BOJ COMPEACIBHBIX TEPPUTOPUNA MOKET JOCTUTATE 4—5 KM
u Oomee. [ToaTOMY B 3THX HaCaKICHUSAX MPOUCXOTUT OoJIee paHHMA CIaJ TAJIBIX TIOBEPXHOCTHBIX M Ooiee Obl-
CTpOE OMyCKaHNE yPOBHEW TPYHTOBBIX BO/I.

Hmxe o pensedy Haxomsates macaxaerwst BIIIT Hn77-16, b611-20 u Hn'77-29, mpuypodeHHbIE K TIOHUXKE-
HUSM BTOPOW HaJmomMeHHOU Teppackl p. [Ipunars. X mOHMKEHHOE MECTOMOOKEHNE, CIMBAHUE MOA3EMHBIX
BOJI Pa3IMYHBIX TOJIIII B €MUHBIA TOPH30HT OS3HATIOPHBIX BOI B TIpenenax HaAmoHMeHHBIX Teppac [pumsaru [41]
Y HaXOX/IEHUE BHE 30HBI BIUSHHSA THAPOMEIHOPATUBHON CETH 00€CTIeUrBaIOT O0JIee ITUTENFHOE CTOSTHHE TaJIbIX
BOJI Ha TIOBEPXHOCTH TIOYBBI X MEJIEHHOE UX CHIDKEHHE CO BPEMEHEM.

ITozoono-knumamuueckue ycinoeus. OOBOTHEHHOCTh TIOYB B YEPHOOJBINIAHUKAX OMPENEISIOT TPYHTOBEIC
BOJBI. B uepHOONBIIIaHNKE KaCAaTUKOBOM, OJIM3KOM IO JIECOPACTUTENBHBIM YCIOBHUSAM K YEPHOJBIIAHUKY Taro-
POTHUKOBOMY [34], X YPOBHHU B TOJIOBBIX IUKJIAX GOPMHUPYIOT aTMOC(HEpPHBIE OCAJIKH, @ TIOTIOTHEHUE ITPOUCXO-
JIUT B OCCHHE-3UMHUI W BECEHHUH mepuost [1].

B 3anoBennuke B 2014-2022 rT. B cpaBHEHUH € NpeabIayM rnepronoM (1997-2012 rr.) cymiecTBeHHO BbI-
pociia cpeIHsisl TeMIiepaTypa Bo3yxa v Ha 25 % yMeHbIIICS Kod(QGHUIMEHT YBIAXKHEHUS TeppUTOprH (Tadm. 9).
3a 3TO BpeMs B YEpHOOJbIIAHUKAX MAMOPOTHUKOBBIX MPOM30IIUIA CHIIbHAs cpaboTKa 3armacoB IPyHTOBBIX BOJI
1 YCTOIUMBOE OMyCKaHNE UX YPOBHE; TOBEPXHOCTH MOYB MPAKTHYECKH HE 3aTallINBajIach, IETOM U OCEHBIO Ha-
011r01aJI0Ch UCCYIIEHUE BEPXHUX €€ CIIOEB.

Tabnuna 9
Ioxa3are/iu Tenyio- U BjIaroodecrneyeHHOCTH TEPPUTOPUH
Table 9
Indicators of heat and moisture availability of the territory
MeteopooruuecKue MoKa3aTen

e e P e | rommseermo acazsan, e | 1 o)
1997-2012 [mo 42]) 7,8 609 1,05
2014-2022 8,8 586 0,79
2022 8,4 698 0,87
VIII 2022—-VII 2023 9,9 554 0,84

B ToMm uncne:

VIII 2022 21,3 24 0,19
[X 2022 11,2 139 3,30
X 2022 9,3 95 2,59
X12022 2,5 54 3,83
XII 2022 -1,7 56 4,46
12023 —-0,7 21 1,45
112023 -1,4 26 1,27
1112023 3,6 50 1,33
IV 2023 9,6 37 0,59
V2023 14,6 6 0,05
V12023 18,7 42 0,39
VII 2023 20,0 62 0,64
1X 2022-VII1 2023 7,8 673 1,20
VIII 2022—-1V 2023 6,0 502 1,42
Bereraunonnstit nepron (V-VII 2023) 18,9 72 0,21

[Ipumeuanue. 3a 1997-2021 rr. naHHbIE HAYYHO-MCCIIEA0BATENBCKOM cTanun «Macanbi» 3anosennnka, 2022 n 2023 rT. — MeTeo-
crannuu «bparuny Benruapomera.
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M3BectHo [20; 21], uto 3H® u OIIIT HAP onpenenseT moroaa TEKyIero BereTalliOHHOTO TIEPHUO/Ia | TTPEIbI-
mymero roga. [IpemmectBoBasmmmii uccienoanusm 2022 1. u iepuon ¢ VIII 2022 o VII 2023 TT. ObUTH TETUTEIME
C TIOBBIIIIEHHBIM YBIIAKHEHUEM TeppUTOpHH B cpaBHeHNH ¢ 2014-2022 1T. 3a ceHTA0pb—HOs0ph 2022 T. BBIMAIIO
52 % ocaakoB, no Havana Bererarun (3a VIII 2022-1V 2023 rr.) — 92 % oT o0miero 3a aHamTM3UpyeMoe BpeMs
(Tabm. 9). bompIoe KOTMYECTBO TOCTYIHBIICH C CEHTIOPS IT0 MapT aTMOC(EPHOH BIIATH MPH OTPHUIIATEIIHHBIX
3UMHHUX TeMIlepaTypax OoOecTedmn HaKOIUIEHHEe 3HAYMTENHHOTO 3amaca BIard B YepHOOIbIIaHWKaxX. BecHoit
2023 r. B HaCaXKICHUSIX MAIIOPOTHUKOBOTO THIIA JIECA BOCCTAHOBMIJIMCH 3aIachl TPYHTOBBIX BOJ, MOAHSINCH MX
YPOBHH, TIPOHU30IILIO BECEHHEE 3aTOIUIEHNE TOBEPXHOCTH TOUBHI. [le(pUIUT OYBEHHON BIIary, 00pa30BaBIINICS
3a BpeMs MHOTOJIETHEH 3acyXH, ObIT ycTpaHeH. HecMOTpst Ha TETUTBIN 1 CyXOoi BereTallMOHHBIN TIEPHOJT TO/1a HC-
ciemoBaHmid (Tabm. 9), mouBa BCe JIETO ObIIa MMepeHACHIIIICHA BJIaro.

Ha BIIIT Hn77-16, b611-20 u Hn77-29 moBepXHOCTHBIC BOJIBI B HAHOTIOHIKEHUSIX CTOSUTH 10 KOHITA UIOJIS —
Havaja aBrycTa, BEpXHHE CJION TIOUBHI ObLTH ITepeyBiakHeHbl. M ecim B 2020 1. B cocTase (iopsr HAP ueprOOTH-
[IMaHUKa TMAITOPOTHUKOBOTO Mpeodianany Me30o(puTHbIe BUABI pacTeHuit [33], To B 2023 1. ObLIH 3apeTUCTPHUPOBAHBI
BJIAroIOOMBBIE BHIIBI — TOPEI] 3eMHOBOHBIN, 3Be39aTKa O0M0THAs, KaMBIIIl JIECHOM, OKOITHUK JIEKapCTBEHHBIH,
JacTyXa MOTOPOKHUKOBAS, YHCTEIT OOJIOTHBIN, MOPYUCHHHUK IIIMPOKOIMCTHRIN. Halmronamace 3aaepxka B pocTe
Y pa3BUTUH BeCbMa PaclpOCTPAHEHHOTO B MTOCIIEIHUE TOMIBI B THITE Jieca Me30()UTHOTO BHa — KPAITUBEI JBYIOM-
HOM. Ee cpenHsis BbICOTa Ha KOHEI[ MIONS — HaYaJlo aBTyCTa COCTaBisuIa B cpeaHeM 27,4 ¢M, 4TO OTpa3mioch Ha
HebombIoH ee norne B coctaBe 3HD sipyca (4,9 %). B 10 jxe BpeMst IIMPOKO paccenuicss Me3orurpoduT yepena
onmucTBeHHas (Taom. 5). Tak, B 2024 1. 1o TITa30MepHOIi OlleHKe ee MpoeKTuBHOE okphITHe Ha BIIIT H77-29 co-
crasisio 90-95 %.

Ha BIIIT H9-11 u Hr10-26 moromasie yCIIOBUS MEHBIIIE OTPA3WINCh Ha PEKAME TPYHTOBBIX BOfI. M3-3a mo-
BBIIIEHHOTO MECTOTIOIOKEHHSI 1 OTHOCHUTENFHONW ONIM30CTH OCYIIMTEIHHON CETH BO/A C MOBEPXHOCTH TTOYBHI
B HUX yIIa panbie. Bumooit coctaB HAP B aTux HacaxaeHusx 6omnee 0enubrii. OCHOBHYIO 9acTh (DUTOMACCHI
B HUX (hOPMHUPYIOT JIYTOBUK IEPHUCTHIN, OCOKH U pa3HOTpaBke (TadI. 5). Konebanne Mukpopenbeda 1 HaTHIHe
mouaxkud Ha BIIIT Hn9-11 cramo omHOI M3 IpUYWH IPOCTPAHCTBEHHOTO Pa3IUIHS BHIOBOTO COCTaBa PACTECHHI
n HI3KuX nokazareneit SHO n OIIIT HAP B Hacaxxnennu.

CrereHb B3aUMOBKITIOUCHHS cICKOB (hiiopsl HAP gepHOOMbmanmka manoporaukooro 2020 u 2023 1. co-
craBnsieT 78,1 %, koo dunment cxonctaa (opsl atux net (mmo XKakkapy) — 0,48, manexc Yexkanockoro — Che-
percena — 0,66, 9To yKa3pIBaeT Ha CYIECTBEHHOEC N3MEHEHNE UX BHIOBOTO COCTABA.

3oonozuueckuii paxmop. Ha BIIIT Hn9-11 u H10-26 npousonuio camkerne O u 3HD HAP mo npuunne
CYIIECTBEHHON «BBIOUTOCTID TPABSIHOM PACTUTEIHLHOCTH HA MHOTOUHCIIEHHBIX TPOTaX JUKHUX KOTIBITHBIX )KUBOT-
HBIX, KOTOPBIE BKJIIOUAJIUCH B YII.

Kax cnemyer u3 BBIMIEH3IOKEHHOTO, B KaxaoM Hacaxacanu 3H® u OIIIl HAP ompenensieT KOHKpeTHAs
rpyIa SKOJOTHIeCKUX (haKTOpOB.

3aKijIoueHue

3arac aOCONIOTHO Cyxol Haa3eMHOW (uromaccsl HSP B BBICOKOBO3PACTHBIX YEPHOOJBIIAHUKAX IAIO-
porankoBbix 30 YADC, pacnonokeHHOH Ha 10T0-BocTOKe benopycckoro Ilonecss, B yCIOBHSIX OTCyTCTBUS
IPSIMOTO aHTPOIIOTEHHOTO BIIMSIHHS COCTaBIsIeT B cpepHeM 574 kr/ra, O — 72 %. O6a mokasareins xapak-
TEPHU3YIOTCS BHICOKOI MPOCTPAaHCTBEHHOHN BapralOenbHOCThIO. MeXy HUMH HAaONIOaeTCsl CpeIHss KOppems-
[IUOHHAS CBS3b.

Bunosoii cocraB HAP neborat, n3MeHYNB B IPOCTPAHCTBE M BpeMEeHU. [|OMHUHHUPYIOT BPEIOHOCHBIH MH-
Ba3MOHHBII BUJI Yepelia OJMCTBEHHAs! 1 a0OPUTeHHBIH HUTPO(UI KparuBa JIBYJIOMHAS, WJIH HECKOIBKO BHJIOB
COJIOMMHHHPYIOT B Pa3HBIX COYCTAHUIX.

Ocuognoit 3H® HAP B tune jaeca (87 %) Gopmupyror 18 (41 % ot o0I1ero kojn4ecTsa) BUAOB pacTe-
Huii. boneinyto ero gacte (58,4 %) comepkar 4 BumIa, B TOM YHCIe 3 BRICOKOPOCHBIX (26,4 %), 4eTBEpTYIO
gacTh — 8 Bua0OB U 3,1 % — 6. Ha 26 BumoB rpynmsl «pa3HoTpaBbey mpuxonutcs 13,0 % oOmelt Hag3eMHOM
(uromaccel. Pactenus Bepxuero noabsipyca HIP dopmupytror 59,7 % obmero 3HD, cpeanero — 17,8, Huxk-
Hero — 9,5 %.

3H® u OIIII HAP, nX n3MeH4YnBOCTh U MPOCTPAHCTBEHHOE pacIpeiejieHNe B HACAKACHUAX 00yCIOBICHBI
BJIIMSIHUEM KOMITJIEKCA B3aMMOCBSI3aHHBIX JKOJIOTHMYECKUX (akTopoB. Hanboree 3HAYUMBIMU SIBISIOTCS T10-
POIHBIN COCTAaB M I'yCTOTa PEBOCTOsI, TYCTOTa MOJPOCTa U MOAJIECKa, HadUuecKre 1 OroIHO-KIMMaTnye-
CKH€ YCIIOBUS, OJIN30CTh 00BEKTOB OCYIINTEIHHON CETH, TPUCYTCTBHE TUKUX KOMBITHBIX. [IpH cXomHBIX N1ECO-
PACTHTEIBHBIX YCIOBHSIX M OJM3KUX I10 CUJIC BHEIIHUX BO3/ICHCTBUSIX CYIIECTBEHHYIO POJIb B (HOPMUPOBAHUH
OIIIT u nakorennu 3H® wurparor BUI0BOI cocTaB, oOWIIHe, BCTPEYAEMOCTh M pa3sMepbl peola aronmnx
BugoB HAP.
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OBOBIIEHHBLIE AMHEMHBIE CMEIIIAHHBIE MOAEAU (GLMM)
B NICCAEAOBAHUAX IKOAOI'MU COOBIIIECTB
C UCITOAB3OBAHMEM CTATUCTUYECKOMU CPEABI R

I. I CYIIIKO", A. C. TKAYEHOK"

YBumebckuii 2ocyoapcmeennbiii yuusepcumem um. I1. M. Maweposa,
np. Mocroeckuii, 33, 210038, e. Bumebck, benapyco

AHanmm3 JaHHBIX B YKOJIOTHH COOOIIECTB YaCTO MMEET ONPEICTICHHBIC TPYIHOCTH, TaK KaK CTaHIAPTHEIC TapaMeTPHICCKIC
METOIIBI HEMPUMEHHIMBI BCIICJICTBHE TOTO, YTO SKOJIOTHUSCKHUE TAaHHBIEC PEIKO COOTBETCTBYIOT 3aKOHY HOPMAIILHOTO pacIipesie-
JICHUS1, OTCYTCTBYIOT JIMHEHHBIE COOTHOIIICHUS MEXK Ty IIEPEMEHHBIMHE, MOXKET OBITh KOJUTMHEAPHOCTh MEXKIY OOBSICHIIOIINMHA
MIepEeMEHHBIMHU U U30BITOYHAS TUCTIEPCHsI B HA0Opax NaHHBIX. B MpeanokeHHOM HCCIeIOBaHUN pacCMaTpuBaeTCsl TOAXO]I,
OCHOBAHHBIH Ha TIPUMEHEHNH 000OIIEHHBIX PErPECCHOHHBIX MojieNel co cMemanHbiMu dpdexramu (GLMM), KoTopslii 1mo-
3BOJISIET QHAJTM3UPOBAThH JIaHHBIE CMHAKOJIOTUYECKUX HCCIEOBAHUI C YUETOM YKa3aHHBIX CJIOKHOCTEH, a Takke BKIIIOUaTh
B aHAIIU3 HE TOJHKO KOJMYCCTBCHHBIC, HO M KAYECTBEHHBIC MPEIUKTOPEL. C HCIONBE30BaHUEM COOCTBCHHBIX PE3YIIBTATOB HC-
CIICIOBAaHMIA accaMONel Ky KENUI] B HECKOJBKIX THIIAX JICCOB MPOIEMOHCTPHPOBAHKI 3Tanbl BeimoinHeHnss GLMM B cratu-
ctrdeckoii cpene R. [Ipeanoken HecaoKHBIN porpaMMHBIi Kox st GLMM, mocTymHBIH AT MCTIONb30BaHMS HAYWHATOIITIM
WCCIIeNoBaTeNsIM. J{eTabHO pacCMOTPEH MPOTOKOM Pa3BEOYHOTO aHAIM3a JAHHBIX, 000CHOBAHO HCIOIB30BAaHHE COOTBET-
CTBYIOIIMX MTAKETOB, BKITFoUast Ime4, performance, car u ap.

Knrouesvie cnosa: sxonorus coodmecTs; perpeccrornsii anam3; GLMM; craructudeckas cpena R.
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Data analysis in community ecology often has certain difficulties, since standard parametric methods are inapplicable
due to the fact that ecological data rarely normal distributed, there are no linear relationships between variables, there may be
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Using our own results of studies of ground beetle assemblages in several types of forests, the stages of GLMM
implementation in the R statistical environment are demonstrated. A simple program code for GLMM is proposed, available
for use by novice researchers. The protocol for exploratory data analysis is considered in detail, the use of appropriate
packages, including Ime4, performance, car, etc. is justified.

Keywords: community ecology; regression analysis; GLMM; R statistical environment.

BBenenne

OnHO¥ M3 KITIOYEBBIX 33]1a4 B MCCIIEOBAHUIX SKOJIOTHH COOOIIECTB SBISAETCS MOMCK (PaKTOPOB CPEJIbl, OKa-
3BIBAIOMINX BJIMSHUE HA MOKA3aTeH CTPYKTYpHOW OpraHU3alMy, BUO0BOI COCTaB, YMCIIO BUIOB, OOWIIHE U Jp.
B nannoM ciygae s (hopMHpPOBaHUS TOKA3aTeIbHOM 0a3bl 1 000CHOBAHHBIX BBIBOJIOB TPEeOYIOTCS crieruduye-
CKH€ METO/IbI aHAJIM3a M CTATUCTUYECKON 00pabOTKH JaHHBIX. B Hamm qam, Gmarogaps pa3BUTHIO KOMITBIOTEPHOM
TEeXHUKH W TPOTPAaMMHOTO oOecriedeHns, MHCTPYMEHTAPHH I aHATUTHIEeCKO 00pabOTKM JaHHBIX HKOJIOTHU-
YECKUX MCCIEOBAHHM MMOCTOSHHO pacimpsieTcsa. B yacTHOCTH, B 9KOJIOTHN Bce OOIblee MPUMEHEHNE HAXOIAT
BO3MO)KHOCTH CTaTUCTHYECKOH cpesibl R, KoTopast B mocieHee BpeMs SBIAETCS OHOW U3 HanOoJee JMHAMUYIHO
Pa3BUBAIOIIMXCS TUTATGOPM aHAIH3A TAHHBIX, O0BEAMHACT S3bIK MPOTPAMMHUPOBAHHS BHICOKOTO YPOBHS U MOIII-
HbIe OMOINOTEKH MPOTPAMMHBIX MOJYJIeH /IS BEIYNCIUTEIHHON U rpadudeckoit 00padoTku JaHHBIX [1].

OfHUM 13 METOJIOB OIEHKHU BIMSIHHAA (DAKTOPOB CPEbl HA PA3INYHBIE TTApaMETPhl COOOIIECTB SBISIETCS pe-
TPECCHOHHBIN aHamu3. B 00mmx yeprax ero MOKHO OXapaKTepH30BaTh Kak COOPHBIN HA0Op METOIOB, KOTOPHII
MIPUMEHSIETCS [T TIPeICKa3aHNsI H3MEHUYNBOCTH TIEPEMEHHOM OTKIIMKA (MIJIM 3aBUCUMOM ITEPEeMEHHOI) B 3aBHUCH-
MOCTH OT BapHalluy 3HaY€HUI OJHOHN mim OoJiee TPeACKa3bIBAIONINX TEPEMEHHBIX (HE3aBUCHUMBIE, WIIH 00BsC-
HSOIINE TIepeMeHHsbIe) [2; 3]. Perpeccnonnblil aHaIN3 MOKHO HCIIONB30BATh JIJIsi 0OHAPYKEHHUS HE3aBUCHUMBIX
MEPEMEHHBIX, KOTOPHIE OKA3bIBAIOT BIMSHNAE HAa 3aBUCUMYIO C LIEJIBI0 OMIMCAHNS THITa B3AUMOCBSI3H, a TAKXKE IS
COCTAaBJICHHS YPaBHEHHUS, ITO3BOJISIONIETO MPEICKa3aTh 3HAUEHUS 3aBUCHMOM TTEPEMEHHOM 110 M3MEHEHHIO 3Ha-
YEHHI HE3aBUCHUMBIX MepeMeHHBIX [3]. B cuH3KO0MI0OTHY 110/T HE3aBUCHUMBIMH ITEPEMEHHBIMHA TOHUMAIOT HCITOIb-
3yeMble OMOTHYECKHE U aOMOTHIECKHE (PaKTOPHI CPEbl, KOTOPBIE MOTYT OBITh KaK KOJTMYECTBEHHBIMH (TeMIIe-
parypa, BIa)KHOCTb, KOHIIEHTPAIUS XUMHUYECKHIX BEIIECTB B BOJIE, MJIH MTOYBE), TAK M KaU€CTBEHHBIMHU (HATHIHE
WJIN OTCYTCTBHE MIPU3HAKA, CTETICHh aHTPOTIOTEHHOTO Bo3AeicTBU) [4; 5]. Kitaccuduxkarms meTonos perpeccu-
OHHOTO aHaJIN3a JOCTaTOYHO OOIIMPHA U €€ IETATbHOE PACCMOTPEHHUE BBIXOJHT 32 PaMKH JAHHOM MyOIINKaIliuu.
O3HaKOMUTHCS TOAPOOHO C PA3TMYHBIMHA METOJJAMH PErPECCHOHHOTO aHaIM3a MOXKHO B CIIEIIHAIEHON JTUTepa-
type [1; 3; 6; 7]. Yarme Bcero B pyCCKOS3BIYHBIX HAYYHBIX MYOIUKAIMSIX 11O SKOJIOTUHA MOXKHO YBHJICTH aHAIIN3
C WCITOJIb30BaHUEM MPOCTOH JTMHEWHOHN perpeccuy, ¢ MOMOIIIbI0, KOTOPOW OIEHMBAETCS BIMSHUE OIHOW Tepe-
MeHHOH (00BsCHSIOMEN) Ha ApYTYIo (TIepeMeHHas oTKIuKa). OmHaKo s psfa MCCIIEAOBaHU BO3HUKAET He-
00XOZMMOCTH BBISIBUTH BIUSTHIE KOMIUIEKca (paKTOPOB CPEbl Ha 3aBUCHMYIO TIEpEMEHHYI0, HalTpUMep Ha YUCIIO
BHJIOB OTIPE/IETICHHOTO TAaKCOHA B MECTOOOUTAHUM MJIH UX CIIEKTpe. B JaHHOM ciydyae yMECTHO MCIIOb30BaHHE
TaKMX TUIIOB aHaln3a, Kak 00o0mennrie tuHelHbIe (generalized linear models, GLM) u cMenranHbie MOAETH
MHOXeCTBeHHOH perpeccun (generalized linear mixed models, GLMM) [8—10]. OTu Momenn UMEIOT BaKHOE
3HayeHrne. OHM MOJTYYHIN IHUPOKOE MPUMEHEHHEe, TaK KaK AKOJIOTUYECKHE JTaHHBIE PEIKO COOTBETCTBYIOT 3a-
KOHY HOPMAaJIFHOTO pacrpe/ie]ieHns, a aHaJu3upyeMble TIepeMEHHbBIE HE BCEra XapaKTepU3yIOTCs TMHEHHBIMH
3aBucuMocTsami [8; 9]. [Ipumenenne GLM 1 GLMM c nucnons3oBanreM OMHOMHANBHOM, OTpHIIaTeTbHON Ou-
HOMHAJIBHOH ¥ ITyaCCOHOBCKOM perpeccruu JaeT BOZMOKHOCTD pelaTh 3Td npooiemsl [8; 10]. OtnensHO ciemy-
€T BBIACTTUTH CMEIIaHHbIE MOZICSTH MHOKeCTBEeHHOH perpeccun (GLMM), koTopbie TTO3BOJISIIOT AETATU3NPOBAThH
OIICHKY BJIMSIHUS HE3aBUCUMBIX IIEPEMEHHBIX, O1aroapsi BO3SMOKHOCTH BKJIFOYEHUS B MOJIENb (PMKCUPOBAHHBIX
U ciay4daiHbIX 3(h(eKToB, a TakKe KaKk KOIMYECTBEHHBIE, TaK U Ka4eCTBEHHBIE (KaTeTOpHAIIbHBIE) TePEeMEHHBIE
[8]. OTo sBIsIETCS HEcOMHEHHBIM ocTOMHCTBOM GLMM (110 CpaBHEHHIO C IPYTUMHU METOJAMHU, JJIT HCCIIEI0-
BaHUU YKOJIOTUU COOOIIIECTR).

Cryuaitabsie 3(h(hexTbI — 3T0 IepeMeHHbIe, KOTOPbIe MOTYT BaphbHPOBATh CIIydaifHBIM 00pa3oM, YPOBHH KOTO-
PBIX OTIPENEISIOTCS CITydaifHON BRIOOPKOH M3 COBOKYITHOCTH BCEX BOZMOXKHBIX ypoBHEH. Hanpumep, n3mepeHust
BBITIOTHEHBI B Pa3HOE BPEMs, B Pa3HBIX TOUKAX MPOCTPAHCTBA, JI0 U MOCIe BO3AeHcTBuUS (akTopa u np. [8; 11].
Taxum 00pa3om, OIHH U T€ JKe JeTalli, IPOU3BEACHHbIE Ha PA3HbIX CTAHKAX MJIM BHITIOJTHEHHBIE pa3HBIMH MacTe-
pamu, Kak MpaBUiI0, UMEIOT HEKOTOPBIE pazanduns. TOUHO Tak)Ke OpraHN3MBbl U3 OAHOH MOMYNIAINN OyIyT UMETh
Te WU nHbIe paznuunsd. OukcupoBaHHbIE 3()()EKTH — ITO TEPEMEHHBIE, KOTOPHIE SBISIOTCS MTPEIMETOM HHTEpe-
ca MCCIenoBaTells, TO €CTh He3aBUCHUMEBIC TIEPEMEHHEIE, YPOBHH KOTOPBIX OH KOHTposmpyeT [8; 11]. Hampumep,
MBI XOTHUM BBISICHUTB, Kakue (PaKTOpbI Cpebl BIMSIOT Ha ITapaMeTphl OMOpa3HO00pa3ns B HECKOIBKUX OMOTOTAX.
s aToro camu BeIOMpaeM OMOTOTHI 171 ccienoBannii. CiieoBaTebHO, THIT OMOTONA MOJKHO paccMaTpHUBaTh
Kak (pUKCHpOBaHHBIN 2(PdexT. J[anee Mpl BBITONHAEM H3MEpPEHHs a0NOTHYECKUX (PaKTOPOB CPEIIbl TSl OIIEHKH
WX BO3ICMCTBYUS Ha 3aBUCHMYIO TIEpEMEHHYI0, KOTOPBIE TaK)Ke OTHOCITCS K (PUKCUPOBAHHBIM 3 deKTam.
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B TO Xe Bpems Ha OIWH W TOT K& (HaKTOp MOKHO ITOCMOTPETh M KaK (DMKCHPOBAHHBIA M KaK CITydalHBINA
B 3aBHCHMOCTH OT IIeJIel MccaeoBaHusl. B 4acTHOCTH, Kak y)Ke CKa3aHO, OMOTOIl MOXKHO PacCMaTpHUBaTh Kak
(hmkcupoBaHHBINA (DaKTOP, TaK KaK MBI 3aMHTEPECOBAHBI B TOM, YTOOBI CAENAaTh BBIBOABI 00 3THX KOHKPETHBIX
Mectax oouranus. CirydalHeIil 2QdexT HabmromaeTcs, Korja JaHHbIe BKIIIOYAIOT PAHIOMHYIO BRIOOPKY U3 MHO-
THUX BO3MOXHBIX ypOBHEH (pakTopa. BaxkHO TO, UTO JaHHBIE BRIOOPOK (HAIpUMEp, YHCIO BHUAOB, OOWINE H Ap.)
W3 OTHOTO OMOTOTIAa MOTYT UMETHh HEKOTOPYIO KOPPETSITHIO MEXK Ty CO00M (TIpOCTPaHCTBEHHAS aBTOKOPPEIISAIINS),
ITOCKOJIBKY BBIOOPKH TOJTYYEHBI U3 JIOKATUTETOB CO CXOTHBIMHU YCIOBHSMHE OKpY»Karorei cpenpl. Jlaxe ecnm Bac
He uHTepecyeT 3(h(HeKT KakI0ro JOKAJIUTETa, TJIe B3ATa BEIOOPKA, BBI IOJDKHBI YYUTHIBATH 3Ty MOTEHIIHAIEHYTO
KOPPEJIAINIO, 9YTOOBI CIIeaTh BRIBOABI O OMOTOMaX B IesioM. ClieoBaTellbHO, B TAKOM CITydae OMOTOIl CIIEAyeT
paccMmarpuBarh Kak cirydaiHeii gaktop. [lepemernsie co ciaydaitHeIM 3¢ (hekToM, Kak MPaBuilo, SIBIIFOTCS Kade-
CTBEHHBIMH TIEPEMEHHBIMH (KaTeropruaabHeIMA) [8; 9].

Herpynuo ydenutbes, 9To 06001eHHbIC JIMHEHHBIE cMenTanabie Monenn (GLMM) — 310 yaoOHBIH HHCTPY-
MEHT [T OTINCAHUS B3aMMOCBSI3M MEKIy TIEPEMEHHBIMU B KOJIOTHUECKUX HCCIIEAOBaHMAX. B Toxe BpeMs B 10-
CTYITHOH PYCCKOSI3BIYHOM JINTEpaType OMHUCAHUS METOIUK (IIPOTOKOJIOB) BBITIOHEHUS JAHHOTO aHAIN3a KpaiHe
orpannveHsl. Kak moxasasa nmpaxTrka, HCCIIe0BaTeNH, CBSI3aHHbIE C aHAIM30M JTaHHBIX, OTPaHUYHBAIOTCS B CBO-
et paboTe, Kak mpaBmIiIo, cpeacTBamu Microsoft Office Excel niam HemoCTaTOUHO THOKOM TpoTrpamMMBl Statistica,
TOTZa KaK CTaTUCTHYECKas cpena R sABisieTcs mo-HacTosmeMy HHTEIUICKTyaIbHOM, THOKOHM 1 60TaTol MeToIaMu
[1]. B Toxe Bpems miist paboTel ¢ R TpeOyroTCsl HaBBIKK HAITMCAHUS ITPOTPAMMHOTO KOZ[a, UTO JIJIT MHOTHUX OHMO-
JIOTOB BBI3BIBACT 3aTpyIHEHHE. B CBSI3M ¢ 3TUM IIeTh TaHHOH paboThI — MPEIOCTaBUTH IPUMEP HECIOKHOTO TPO-
rpammHOro Koza B R it GLMM, a Takke 03HaKOMUTH YATATENsI C HEOOXOAMMBIMHE dTallaMH aHAJIM3a U TTaKeTaMHt
JUTS UX PeaT3aliim.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

B kadecTBe MILTIOCTPATHBHOTO Marepualia HCIONMb30BaHbI PE3YIBTaThl COOCTBEHHBIX UCCIICAOBAHUI MTapame-
TPOB OMOPa3HOOOPa3Hs KYKEIUI] B HECKOJILKUX THIIAX COCHOBBIX JiecoB B benopycckom [Toozepre. B kauectse
TIePEMEHHBIX OTKIJIMKA OBUTA BEIOPAHBI YMCIIO BUIOB M YUCIIO 0c00ei B BEIOOpKax (110 10 BEIOOPOK B KayKI0M OHO-
Torie). B kauecTBe OOBSICHSIOMINX TEPEMEHHBIX MCIIOJIb30BAHBI: YUCIIO BHJIOB BBICIINX COCYIUCTBIX PACTCHUI,
BBICOTa TPaBSIHO-KyCTaPHUYKOBOTO spyca (CM), MPOSKTUBHOE MOKPHITHE TPaBSHO-KYCTapHUIKOBOTO sipyca (%),
MTPOEKTUBHOE TIOKPBITHE MOXOBOTO sipyca (%), mpoekTnBHOE IOKpBITHE ToACTWIKH (%), pH, BIa)KHOCTH TyMycCO-
Boro cios (%) (m3mepens! Ha 10 mmomaakax 1x1 M); KOTUYIEeCTBO JepeBhEB, BHICOTA JIEPEBHEB (M) (M3MEpEHBI Ha
10 urommamkax 10x10 m).

JLs BRITTONTHEHUST aHAJIM3a MCIIOJIb30BaHbI MakeTHl factoextra, corrplot, Hmisc, Ime4, MuMIn, performance
U car craTucTHdeckoi cpemsl R [12; 13].

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

IIpm moaroTroBKe TaOMWIBI MAHHBIX CIIEMYEeT Y4eCTh, YTO MEpeMeHHBIC IOJDKHBI OBITH PAaCITONOKEHBI
B CTONOIAaX, KOTOpbIe HYXHO 0003HAYNTh JATHHCKAMHU OyKBaMH, COKpPATHB Ha3BaHWSA, a B CTPOKax IMpHBeE-
JIeHBI TaHHBIE TI0 BRIOOpKaM. B Hamem o0pasiie CToIh30BaHbl CIEAYIOMNE COKPAIICHHS: S — YUCIIO BHIIOB,
N — uncio ocobeii B BBIOOpKe, Nvid — YHCII0 BUIOB BBICIIIAX COCYTUCTBIX PAacTEHUH, Vysjt — BBICOTA TPaBsSIHO-
KyCTapHHYKOBOTO sipyca, Pokrr — mpoeKTHBHOE MOKPHITHE TPABIHO-KYyCTApHUYKOBOTO sipyca, Pokmoh — mpo-
eKTHBHOE TIOKPBITHE MOXOBOTO sipyca, Pokpod — mpoekTtnBHOE mokpeiTHe TToncTuiku, Kolder — komndaecTBo
nepeBbeB, Vysder — BeICOTa AepeBbeB, pH — BOmMOpoaHEIi Moka3aTeins, Viag — BIaXHOCTh TYMYCOBOTO CITOSI.
OTnenpHO MOSICHUM HaITOJTHEHHUE TTEPBBIX IBYX CTOJIONOB. Habitat — kareropranbHas mepeMeHHast, TIe Kakaas
CTpOKa — 3TO Ha3BaHWE THUIIA JIEca, B KOTOPOM TIOIyUEHBI BEIOOPKH (SOS MOSS — COCHSIK MITUCTBIN, SOS cher —
COCHSIK YepHHUYHBIH). Subarea — KareropuanbHas epeMeHHasl, rae mudpa B cTpoke 06o3HadaeT Oojee TOU-
HOE MECTO TPOBEICHUS MCCIEAOBaHUN (3TO MOXKET OBITh MOAPETHOH B TPEJEeNNax peruoHa, cTpara, CHHY3Hs
B (hurorieHoO3e 1 Ap.). B 4acTHOCTH, y4eTHl, BBIITOIIHEHHEIE B JIECY B OTHOM PErHOHE, 0003HAaUYE€HbI HOMEpOM 1,
B APYTOM — HOMEPOM 2, B TpeTheM — HoMepoMm 3 (puc. 1). HazoBem nux ycinoBHO mompernonamu. Takas mera-
TU3anyg Hy)KHA JUTSL CHATHS TIPOOJIEMBI aBTOKOPPEISAINN, KOTOpass MOKET BO3ZHUKHYTb, €CITH TOYKH YYETOB
pacmnookeHbI 05M3K0. Ecii BBI yBepeHBI, 4TO MTPOCTPAHCTBEHHAS aBTOKOPPEISALNS HE SBISETCS MPOOIeMOH,
TaK KaK BEIOOPKH TMOJTYUYEHBI B JJOKAIUTETAaX Ha OOJBIINX PACCTOSHUAXK, ITY MMEPEMEHHYIO MOKHO HE BBOJUTH.
CoxpanseM Tabmuiry B ¢popmare .csv 3arpykaem ee B RStudio, ykazaB ee pacmonoxkenue: demo<- read.csv
(«C:\\Users\\datapinefor.csv», header = T, sep = «;»). C momorsio view(demo) ybexxmaeMcsi, 9T0 OHa 3arpy-
JKeHa TPaBHUIBHO.

AHaN3 COCTONT U3 TPeX OJIOKOB: Pa3BEIOUHBIN aHAIN3 JAHHBIX, COOCTBEHHO rmocTpoenrne GLMM u tectupo-
BaHWE TTOCTPOCHHON Mozenn. KaxapIit 3 3THX OJOKOB BKJITFOUACT PSIIT 3TATIOB.
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Habitat Subarea S N Nvid Vysjt Pokir Pokmotl Pokpod Kolder Vysder pH Vlag

1
2 |SOS MOss 1 9 65 5 18 10 90 3 15 22 5.5 1150
3 |50S mMOSS 1 11 88 9 14 17 78 5 9 20 5.8 12.00
4 S0S MOSs 2 10 72 i { 13 12 87 4 11 19 6.2 11.50
5 |SOS MOss 2 11 69 9 16 10 86 3 9 10 5.8 12.00
6 'S0S MOSS 3 11 74 9 17 14 83 2 12 12 6.1 1420
7 SOS MOSS 3 12 59 10 12 8 88 3 15 20 5.5 1630
8 |S0S MOss 4 11 78 9 14 14 36 4 10 20 5.8 14.20
9 |SOS MOSS 4 9 83 6 16 16 75 4 11 19 6.1 11.00
10 SOS MOSS 5 11 65 8 16 11 87 3 10 19 5.8 12.00
11 S0S MOss 5 10 77 7 15 13 82 2 12 14 6.1 11.00
12 sos cher 6 7 92 5 30 62 76 5 7 14 59 11.00
173 sos cher 6 10 87 7 27 59 62 6 8 16 6.4 16.20
14 sos cher 7 13 65 8 19 38 57 11 11 16 6.6 18.70
15 50s cher g 19 76 10 24 54 86 7 9 19 6.4 21.30
16 sos cher 8 17 89 9 17 58 54 5 6 12 58 19.6
17 sos cher 8 11 64 7 21 43 63 4 9 21 59 17.5
18 sos cher 9 14 105 9 18 62 49 8 11 23 64 184
19 |sos cher 9 8 76 6 27 52 64 5 10 18 6.6 14.8
20 sos cher 10 12 88 8 19 59 57 6 12 12 58 184
21 | sos cher 10 10 97 8 24 61 57 7 10 10 6.1 17.5

Puc. 1. dparMeHT aHANMN3UPyeMOi TaOJIUIIBI JaHHBIX

Fig. 1. Fragment of the analyzed data table

IIpenmymectsa GLMM 1 HCTIONB30BaHUS B 9KOJIOTHH OOYCIIOBICHO TEM, UTO HE TPEOYEeTCs MPEIITOIOMKE-
HUN 0 HOPMAJILHOCTH pacIpeIesIeHHs] IaHHbIX, THHEHHBIX B3aHMOOTHOIIIEHUH 3aBUCUMOMN 1 HE3aBUCUMOM Tepe-
MEHHOH ¥ OHOPOAHOCTH Aucriepcni. OCHOBHBIMH 3TallaMy Pa3BEJOYHOTO aHAIIN3a SBISIFOTCSA MTPOBEPKa HA BBI-
OpOCHI, KOJUTMHEAPHOCTh U Ype3MEPHYI0 nucrnepcuto [ 14].

Ilposepxa na viopocet. IIprnurHOI HaMM4Ks BEIOpOCa MOYKET OBITh OIIMOKA BBOJIA MITH HAOIIOICHHUE, KOTOPOE
MUMEET OTHOCHUTEIBHO OOMBIYI0 MM Mayl0 BEIMYMHY 110 CPAaBHEHHUIO ¢ OOJBIIMHCTBOM JIPYTUX HAOTIOICHHH.
I'paduueckre HHCTPYMEHTHI, KOTOPbIE OOBIYHO MCIIONB3YIOTCS JIJIsl OOHAPYKEHHsI BHIOPOCOB — THarpaMMBbl pac-
CesTHUSI U TUarpaMMbl pa3maxa (0okcruioTsl) [ 14]. Huke npuBeeH Kojl OCTPOSHUsT OOKCILIOTOB IS 3aBUCHUMBIX
TIEPEMEHHBIX — YHCII0 BUIOB M YHCIIO 0cO0el B BEIOOPKAX.

demo<- read.csv(“C:\\Users\\datapinefor.csv”, header = T, sep = *“;”)

par(mfrow = ¢(1,2), mar = ¢(5,5,4,1))

boxplot(demo[,3:3], outpch = 16, outcol = “darkorangel”, outcex = 1, boxwex = 0.45, boxlwd = 0.1,

whisklwd = 2, whiskcol = ¢(*“orange4”, “#0e598f”), xlab = “S”)

boxplot(demo$N, outpch = 16, outcol = “darkorange1”, outcex = 1, boxwex = 0.45, boxlwd = 0.1, whisklwd =2,

whiskcol = ¢(“orange4”, “#0e598f”), xlab = “N”)

Juist ynydieHnst BU3yalu3anii OOKCIUIOTa HCIO0JIb30BaHa 0a30Bast rpadiika ¢ yCTaHOBKOW TapaMeTpoB C T10-
Motibto GyHKIMHY par() A7l BEIBEACHUS JBYX rpa)UKOB Ha OJTHY ITaHEIb.

Kak cremyer u3 puc. 2, mepeMeHHast S XapakTepu3yeTcsl HaJluuneM JIByX BeIOpocoB. IIpu gerambHOM pac-
CMOTPEHHH 3HAUYCHHH, COOTBETCTBYIOIINX BBIOpOCaM, yOeKaaeMcs, 4TO 3TO HE OMIMOKa BBOJA, a HAOIIOICHUS
C BBICOKMMHM 3HAYCHUSIMHE (B ABYX BBIOOPKAX YMCIIO BUAOB OBLIO BHIIIE, TIO CPABHCHHIO C IPYTHMH).

Ilpoeepxa xonnuneapnocmu. KonanHeapHOCTh — 3TO HAIWYHE KOPPEISIMHM MEXITy He3aBUCHUMBIMH Iepe-
MEHHBIMU. EciM KoJITMHEeapHOCTh IPOUTHOPUPOBAHA, TO PE3YNIbTaThl aHAJIN3a MOTYT NMPUBECTH K HEMPABUIIbHBIM
W 3allyTaHHBIM BbIBOJaM. Harpumep, Bce HCIONb30BaHHbIC HE3aBUCUMBIE MEPEMEHHBIE OyIyT UMETh 3HAUUMOE
BIIMSTHHE, XOTsl HEKOTOPbIE U3 HUX KOPPENUPYIOT MeXIy co00ii [ 14]. [ToaToMy JIOTHYHO, YTO KIIIOUEBOE BIUSIHUE
OyZieT oKa3bIBaTh O/lHA M3 ABYX WM OOJiee IepeMEHHBIX, KOTOpbIE CKOpPPETHPOBaHbl. BeiOpars Hanboee BasKHYIO
U3 JByX WK OoJiee IEpeMEHHBIX 3a/1aua He Bceraa mpocTast. J{Jist 3Toro UCnoib3yroT crenuaibHbi Kodddumm-
eHt — ¢axrop nHpmsiunu aucnepcuu (Variance Inflation Factor, VIF). Uem oH BbIle AJst j-ro IpenuKTopa, TeM
CUJIbHEE JIMHEIHASI CBSI3b MEXJly 3TUM U OCTaJIbHbIMU IpeaukTopamu. IIpu onpenenennom 3nauenuun VIF nepe-
MEHHAas UCKJIHYaeTCsl U3 Mojieny. ECTh pa3Hble MHEHMs 110 TIOBOAY NOPOroBbix 3HadeHuit VIF. Yaie Bcero kpu-
TrYeckuM cuntarot 3HaueHue VIF =5, neckonbko pexe VIF = 10 [14]. @yukuuu 1711 aBTOMAaTHUECKOTO pacyeTa
VIF peanu3oBaHbl B HECKOIBKUX NakeTax uig R. OxHuM 13 npuMepoB Takux GyHKIHH siBsiercs vif() u3 makera
car. J{yist mpoBepKu HaJIM4Ks KOJUIMHEAPHOCTH Ha HayaJIbHOM JTalle UCIOMNb3YIOT pa3Hble MOAXo/bl. Yale Bcero
B UX YHMCJIE aHan3 TaBHBIX KoMIOHEHT (PCA) u mocTpoeHue KoppesiuoHHbIX MaTpull. Jlanee, B ciaydyae BbI-
SIBJICHUS KOJUTMHEAPHOCTH, OJ{HA MJIM HECKOJIBKO MEPEMEHHBIX yalsieTcss U3 Mojienu 1o 3HaueHuo VIF.
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Puc. 2. HpOBepKa Ha HaJIn4ue BI)I6pOCOB TNEPEMEHHBLIX OTKJIIMKA

Fig. 2. Testing for outliers in response variables

st BermonraeHust PCA ¢ momortpio hyHKIIE prcomp() HCIIONB3YeM CIEAYIONTUI KOJI:

demo<- read.csv(“C:\\Users\\datapinefor.csv”, header =T, sep = *“;”)

demodata<- demo[,5:ncol(demo)]

res.pca<- prcomp(demodata, scale = T)

print(res.pca)

summary(res.pca)

library(factoextra)

fviz_pca_var(res.pca, col.var = “greend”)

Juisa ymydmieHus: BU3yanu3arnun OWTUTOTa MCIONh30BaH makeT factoextra m ¢yHKIms 3Toro makera fviz_pca
var().

Juarpamma opimHanuu (puc. 3) JeMOHCTPUPYET KOJUTMHEAPHOCTh HEKOTOPHIX TEPEMEHHBIX, TaK KaK COOT-
BETCTBYIOIIME UM BEKTOpa JINOO HAKIAJBIBAIOTCS APYT Ha Jpyra, 100 pacnoynokeHsl psjaom. Hampumep, pH
Y TIPOEKTHBHOE TIOKPHITHE TPABSIHO-KYCTAPHUIKOBOTO SIPyCa, KOJINYECTBO JIEPEBLEB U BHICOTA JICPECBHEB.

Variables — PCA
1.0- L

Dim2 (18.3 %)

Dim]1 (44.8 %)

Puc. 3. Inarpamma PCA 1715t mpoBepKH KOJUTMHEAPHOCTU OOBSACHSAIONINX MEPEMEHHBIX

Fig. 3. PCA diagram for testing collinearity of explanatory variables
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BrImoaHNM KOppensiuoHHbINA aHamn3, paccuntaeM koddduiuent koppemsun Crmpmena. [lapsr mepemen-
HBIX, KOTOPBIC UMEIOT KOPPEISIIIHIO MEKIy co00#, BeIOepeM npu kKodddummente koppemsaiuu Rs > 6 [14].

s mocTpoeHnst KOPPEISIIMOHHON MaTPHIIBI M €€ BU3YaJTH3aIiH (OCTABISEM TOJIBKO CTATUCTHYECKH 3HAYH-
MbIe KoadduImeHTs Koppersnd, p < 0.05) ¢ momomsio maketoB Hmisc (pacdet k03 PHUIEEHTOB KOPPETIAITIH,
npuMeHeHa (GYHKITHS rcort() AT BEIYUCICHS K03 QUIIenTa KOppesIui U €ro P-ypoBHS) U corrplot (Bu3yau-
3anus KOPPENSIIUOHHONW MaTPHIIbI) UCTIONB3yeM CIIETYIOIINN KO

library(Hmisc)

library(corrplot)

demo <- read.csv(“C:\\Users \\datapinefor.csv”, header = T, sep = ;")

demodata<- demol[,5:ncol(demo)]

res2 <- rcorr(as.matrix(demodata), type = “spearman”

corrplot(res2$r, type="upper”, order="hclust”,

p.mat = res2$P, sig.level = 0.05, insig = “blank”, addCoef.col = “black™)

AHanmm3upysi KOPPeNSIUOHYI0 MaTpully (puc. 4), HETPYIHO 3aMETHTh, YTO CPEIX NIEPEMEHHBIX €CTh TaKue,
KOTOPBIE UMEIOT BBICOKYIO 3HaUMMYI0 Koppersnuio. B wactHoct, Mexty Pokmoh 1 Pokrr (rs = - 0.82, p < 0.05),
Pokmoh u Pokpod (rs = - 0.70, p < 0.05), Vlag u Pokpod (rs = 0.64, p < 0.05) u np. lanee, B X01e TOATOHKH MO-
nenr OyzieM MPUHUMATh perieHne 00 HCKITIOUEHNH KOHKPETHBIX epeMeHHbIX ¢ VIF > 5.

[ 'g L ©

8 E O = E 8

2 = ¥ B Do T X =x

> [e] ] > = 5 > O O

> o 4 Z > a > o o i

Vysder @
0.8
i @ @

0.6

Kolder @ L 04
Nvid @ - 0.2

s @ ®
®
- O@®| ™
-0.6

Pokrr @ .
-0.8

Pokpod @

-1

Puc. 4. KoppensunoHHas MaTpyLa Jis IPOBEPKH KOJIMHEAPHOCTH OOBSCHSIOIMX TIEPEMEHHbIX

Fig. 4. Correlation matrix for testing collinearity of explanatory variables

CrenyrommM BaKHBIM 3TarloM Pa3BeI0YHOIO aHaJIM3a SBJISIETCS MPOBEpKa Ha HAJIMUME YPE3MEpHOM Auctep-
cuu (overdispersion). Takast aucriepcnst BOSHUKAET B JAaHHBIX, €CIIM OHA MIPEBBIIIACT cpeHee 3HadeHue. Upesmep-
Hasl IUCTIEPCHUs] BO3HUKAET €IIe U TOr/a, Koraa Habmomaemast JUCIepcHs JaHHBIX OOJbIle, YeM HpeicKa3bIBaeT
pacnipenenenue Ilyaccona. [Ipu pacnpenenenun Ilyaccona cpeqnee 3HaueHHE U AUCIIEPCUSI PABHBI, YTO MOXKET
NPUBECTU K 3aHIKCHUIO CTAHJAPTHBIX OLUIMOOK M HENpaBWIBHBIM BbIBoAaM [8; 9]. Hammuue upesmeproii muc-
NepCUr UMeeT 3Ha4eHHUe AJIsl BEIOOpa THIIA paciipeAeIeH sl PU MOCTPOSHUH Mojieni. Bo MHOTUX ciyvasx, eciiu
JAHHBIC HE COOTBETCTBYIOT 3aKOHY HOPMAJILHOTO PacrpeieNIeHUs, MOAEIH CTPOSIT ¢ pacnpenesneHueM [lyaccona,
HO TOJIBKO B CIIy4ae OTCYTCTBUS Upe3MEpHOM nuctiepcun. Eciu oHa BBISIBIICHA, ClIeLyeT BBIOpaTh APYIroi THII pac-
npeiesieHus, HapuMep, OTpULaTeIbHOe OMHOMUHAJIBHOE.

JlaHHBIH 3TaI COBNAAAET ¢ MPEABAPUTEIILHOMN TOATOHKOH MOJIENIN € HCIIOIb30BaHUEM BCEX MepeMeHHBbIX. [is
nocrpoenusi GLMM uncnone3yem maket Ime4, a [u1s BBISBJICHUS Upe3MEpHON Aucnepcun — naket performance.
MBI HCIIONTB30BAJIH TaKKe BCTPOCHHYIO (PyHKLHIO ITakeTa Ime4, KoTopasi yKas3bIBaeT KOIWYECTBO UTEpauii (Ipo-
TOHOB WJIM TIOBTOPOB BbInonHeHust mozaenu) glmer Control [13]. O6parute BHUMaHUE TaKXe U HA TO, YTO B MOJIE-
nm go0aBieHsl 1Ba ciydainelx dakrtopa (1|Habitat) u (1|Subarea).
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demo<- read.csv(“C:\\Users\\ datapinefor.csv”, header =T, sep = ;)

library(Ime4)

model global<- glmer(S ~ Nvid + Vysjt + Pokrr + Pokmoh + Pokpod + Kolder + Vysder + pH + Vlag +
(1|Habitat) + (1|Subarea), data = demo, family = poisson(),

glmerControl(optimizer = “bobyqa”, optCtrl = list(maxfun = 100000)))

library(performance)

check overdispersion(model global)

Pe3ynbrarsl mpoBepKH, KOTOPhIE IPUBEAEHBI HUXKE, T0KAa3aIM OTCYTCTBUE Upe3MepHOi aucnepceun. Ciaenosa-
TEJIbHO, UCTIONIb30BaHKe pacnpeznenenus [lyaccona 3neck ymecTHo.

>check overdispersion(model global)

Dispersion ratio = 0.116

Pearson’s Chi-Squared = 0.928

p-value = 0.999

No overdispersion detected

Jarnee nmepexomum K cieyronieMy OIOKy aHalu3a — HEIOCPEACTBEHHOMY TIOCTpOeHHI0 Mojienu. [lepByto mo-
JIeNTb TIOCTPOMM ISl 3aBUCHMOM NIEpEMEHHOM — 4ncio BUIOB (S). BHawgane Hy)KHO ONpenenuThes, Kakue He3a-
BHUCHMBIE IIEPEMEHHBIE caenyeT ocTaBuTh. [l pacyera VIF ncnionb3yem naker car. ITpu 3ToM B MOJ1€1H UCIIOJIb-
3yeM BCE€ MMEIOIINECs He3aBUCUMBIE TIEpEMEHHBIE.

demo<- read.csv(“C:\\Users\\ datapinefor.csv”, header =T, sep = ;)

library(Ime4)

library(car)

model S<-glmer(S ~ Nvid+Vysjt+Pokrr+Pokmoh+Pokpod+Kolder+Vysder+pH+Vlag+

(1|Habitat)+(1|Subarea), data = demo, family = poisson(), glmerControl(optimizer = “bobyqa”, optCtrl =

list(maxfun = 100000)))

summary(model S)

vif(model_S)

ITonyuens! cnenyromue 3HaueHust VIF:

Nvid Vys;jt Pokrr Pokmoh Pokpod Kolder Vysder pH Vlag

4.071 7.23 14.525.80 3.23 1.67 1.32 2.206.13

Kax BuiHO, HECKONBKO MepeMeHHbIX nMetoT 3HaueHue VIF > 5. YoepeM nepeMeHHyIo ¢ caMbIM BBICOKHM 3Have-
uueM VIF = 14.52 (Pokir) 1 moBropum ananus eme pa3. [lomyueHHbIe pe3y/bTrarsl IeMOHCTPUPYIOT IIOPOTOBOE 3Ha-
yenue VIF = 5.08 mis mepemenHolt Vlag, cienoBarenbHo, ee Takke UCKITFOYaeM |3 MOJIeNd. Tereph Bce He3aBUCH-
Mble iepeMeHHble umetoT VIF > 5. Takum 00pa3oM, B MOenb MbI BKITIOYaeM cieayromue nepemennsie: Nvid, Vysit,
Pokmoh, Pokpod, Kolder, Vysder u pH. Jlanee He0OX0AMMO BBITIONHHUTH MOATOHKY MOJENIEH U BHIOPATH JTyUIIIYEO
MOJIEb, UCTIONB3Ysl PA3INYHbIE COUETaHUS HE3aBUCUMBIX ITEpEMEHHBIX. Takue coueTanus CTpOSITCs MyTeM IOIIaro-
BOT'O YAQJICHUSI WM T00ABJICHUH TOH MIIM MHOH IEpeMEHHOM TSl TOTyYeHHS B UTOTE TAKOTO COYETaHHS IEPEMEHHBIX,
KOTOpOE HAWTY4IINM 00Pa30M CMOXKET OIHCATh 3aBUCHMOCTH, €CIN TaKUEe UMEIOTCS.

[Naker MuMIn conepxut ¢ynkuuro dredge(), KOTopast OCYILECTBISIET TOCTPOSHUE BCEX BO3MOKHBIX BapHAHTOB
Mozieneld U3 pa3InvHbIX KOMOMHALMK HE3aBUCUMBIX MEPEMEHHBIX, BKIIOYEHHBIX B M3HAYAIBHYIO TIOJHYIO MOACIb
[13]. Jlnst oueHmBaHMsI MojeNield B JAHHOM CIydae HCIOJb3yeTcss MH(QOpMauoHHbIN Kputepuid Akanke (AICc)
u nokazaress AAICc. Jlyuieid cuuraercs Ta Mozenb (gi), KOTopasi cpeid BceX MocTpoeHHbIX Moneneit (Gr), nme-
eT HauMmeHblee 3HaueHne AICc. 3HadeHne BTOpOro Mokasareis, Kak MpaBuIo, YCTAaHABIUBAETCS B ONPE/IEIEHHBIX
npenenax. B vactnoctu, st myurimx mozaeneid AAICe < 3 [8; 9]. Eie oaux nokasaresns, OnpeaesieMblid Kak HOpMU-
POBaHHOE 3HAYEHUE CHIIbI 0OOCHOBAHHOCTH MOJIENHN — 3TO OTHOCHUTENbHAsI BEPOSATHOCTHASI Mepa KaXKIIOH MOJIENH gi
B aHcambOiie u3 Gr mozenel, wim ee Bec (weight). HaiieHHbIe Beca O3BOJISIIOT OLIEHUTH OTHOCHTEIBHYIO BaXKHOCTh
Ka)KJI0M HE3aBUCHMOM ITepEMEHHOM KaK CyMMY BECOB T€X MOJIETIEH, B KOTOPBIX MPUCYTCTBYET COOTBETCTBYIOLIAs He-
3aBHCUMasl IepeMeHHas. Bee 3TH mokasarenu BKIIOYEHBI B UTOTOBYIO TaONHIly aHaiu3a. Tenepb MOCTPOHM CEPUI0
Moyieneld ¢ pa3HbIMA KOMOMHALMSIMU HE3aBUCHMBIX TIEPEeMEHHBIX MCTIONb3Ys (yHKUMIo dredge() makera MuMIn.

demo<- read.csv(“C:\\Users\\ datapinefor.csv”, header = T, sep = ;)

library(lme4)

library(MuMlIn)

model S 2 <- glmer(S ~ Nvid + Vysjt + Pokmoh + Pokpod + Kolder + Vysder + pH + (1|Habitat) +
(1|Subarea), data = demo, family = poisson(),

glmerControl(optimizer = “bobyqa”, optCtrl = list(maxfun = 100000)))
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options(na.action=na.fail)

dredge S <- dredge(model S 2)

Kak noka3zanu pe3ynsTaTsl IOCTPOCHHUS MOJIEIICH, HAMTYUIINM SIBJISIETCS] HCIIOIBb30BAHUE B HTOTOBOW MOAEIN
onHOH mepemenHor Nvid, Tak Kak oHa Xapakrepusyercs HanOoabiuM BecoM (0.287) 1 HanMeHBIIIMH 3HAYEeHHU-
smu AICc (100.8) m AAICc (0.00) (puc. 5).

Mode] selection table
(Intrc) Koldr Nvid pH pokmh Pokpd Wysdr WVysjt df logLik AICc deltaweight

1.4620 0.1220 4 -45.043 100.8 0.00 0.287
1.3500 0.1170 0.03057 5 -44.517 103.3 2.57 0.080
1.7310 0.1256 -0.00408 S -44.681 103.6 2.90 0.067
0.4156 0.1263 0.16 5 -44.722 103.7 2.98 0.065
1.6770 0.1224 5 -44.801 103.9 3.14 0.060
1.1550 0.1363 0.010345 -44.810 103.9 3.15 0.059
1.3880 0.1223 0.00422 5 -45.010 104.3 3.55 0.049
2.4290 3 -48.492 104.5 3.73 0.044
2.2310 0.04004 4 -47.597 105.9 5.11 0.022
2.6850 -0.0034 4 -48.238 107.1 6.39 0.012

Puc. 5. ®parmeHT Tabnuipl BeIOOpa mydmeid Mmoaenu (ckpuHmot RStudio)

Fig. 5. Fragment of the table for selecting the best model (screenshot RStudio)

BBbIMOITHUM aHAN3 ¢ UCTIOIB30BAHUEM BBISIBICHHOTO JIyUIIIero Habopa MmepeMeHHbBIX (B HAIIEM CITy4Yae OJHON
MePEMEHHOI ) UCTIONB3YsT KOJI:

best model S<- glmer(S ~ Nvid + (1|Habitat) + (1|Subarea), data = demo, family = poisson())

summary(best_ model S).

IMomyuaeM pe3ynbTaThl, MPUBEICHHBIC HUXKE.

Generalized linear mixed model fit by maximum likelihood (Laplace Approximation)
[‘glmer Mod’]

Family: poisson

Formula: S ~ Nvid + (1 | Habitat) + (1 | Subarea)
Data: demo

AIC BIC log Lik deviance df.resid

98.1 102.1 -45.0 90.1 16

Scaled residuals:

Min 1Q Median 3Q Max

-0.68369 -0.45586 -0.04234 0.27784 1.14744
Random effects:

Groups Name Variance Std.Dev.

Subarea (Intercept) 0.000e+00 0.000e+00

Habitat (Intercept) 1.776e-17 4.215¢-09

Number of obs: 20, groups: Subarea, 10; Habitat, 2
Fixed effects:

Estimate Std. Error z value Pr(>|z|)

(Intercept) 1.46202 0.38574 3.790 0.000151 ***
Nvid 0.12199 0.04719 2.585 0.009729 **

Signif. codes: 0 “***>0.001 “***0.01 “**0.05 “.>0.1 ** 1

Pe3ynbraTel 1EMOHCTPUPYIOT 3HAUMMYIO 3aBUCUMOCTD uncia BUA0B Kkyxenul (p = 0,009) ot uncna BuoB
pacTeHuil B MECTOOOHMTaHUSAK. DKOJIOTHYECKass HHTEPIPETalus 3eCh BIIOJHE OYEBHJHA, TaK KaK C YBEJH-
YeHHEM BHJIOBOrO OOrarcTBa pacTeHUH, BO3pAcTaeT BEPOSTHOCTh YBEIMUYEHHUS! pazHooOpaszus (urtodaros,
KOTOpBIE MOTYT OBITh KEPTBaMH OOJBILEr0 YUCJIa BUAOB JKY)KEJIHII, KOTOPBIE SIBISIOTCS MPEUMYILECTBEHHO
300¢aramu.

Hanee nocrpoum GLMM st nepemennoit N (unciio oco6eid B BHIOOpKax), Cieays dTamnam, 0XapakTepu30BaH-
HBIM BBILIE C IIEBI0 IEMOHCTPALMI HAIIMCAHUS KOJIA.

#3arpyxxaeM B RStudio Tabnuily ¢ HalmmMu TaHHBIMU, 3aTpykaeM MakeT Ime4 u yka3plBaeM 3aBHCUMYIO Tiepe-
MeHHy10 (N) 1 yepe3 TUIIbY BCe HE3aBHCHUMbIE IIEPEMEHHbIE; YKa3bIBaeM THII pacrpeeieHus (C Hayaja pacmpe-
nenenue [lyaccona)
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demo<- read.csv(«C:\\Users\\datapinefor.csv», header = T, sep = «;»)
library(Ime4)
model global<- glmer(N ~ Nvid +Vysjt + Pokrr + Pokmoh + Pokpod + Kolder +Vysder + pH + Vlag +
(1|Habitat) + (1|Subarea), data = demo, family = poisson(), glmerControl(optimizer = “bobyqa”, optCtrl =
list(maxfun = 100000)))
#nposepsieM HaIM4YMe N30BITOYHOM JUCTIEPCHH C TTOMOIIBIO TTakeTa performance
library(performance)
check overdispersion(model global)
#1omyyaeM pe3yJIbTaThl TECTa; KaK BUIHO U30BITOUHAS AUCIIEPCHS HE BBISBICHA, CIICOBATEIBHO, pacipesie-
nenue [lyaccona ocraercs
Dispersion ratio = 0.774
Pearson’s Chi-Squared = 6.191 p-value = 0.626
No overdispersion detected.
#tak kak paHee PCA 1 KOppersIMOHHBIIN aHAIN3 MTOKa3aJll HAJIMYNE KOJUTMHEAPHOCTH HE3aBUCHMBIX TTepeMeH-
HBIX, yaJIsieM U3 aHali3a Te, KOTOPbIe NMEIOT BBICOKYIO KOPPEJISIIHIO, C TOMOLIBIO ITakeTa car U ¢pyHkimu VIF().
library(car)
model N<- glmer(N ~ Nvid +Vysjt + Pokrr +Pokmoh + Pokpod + Kolder +Vysder + pH + Vlag + (1|Habitat)
+ (1|Subarea), data = demo, family = poisson(), glmerControl(optimizer = “bobyqa”, optCtrl = list(maxfun =
100000)))
vif(model N)
#pesynbrarsl nokazanu VIF > 5 nis 4 nepeMeHHbBIX; ynanseM rnepeMenHble ¢ Hanoonbmum VIF
Nvid Vys;jt Pokrr Pokmoh Pokpod Kolder Vysder pH Vlag
4.318.4115.296.33 3.03 1.74 1.321.945.73
#1oBToOpsieM ToXxe camoe Oe3 mepemMeHHoi Pokrr
model N 1 <- <- glmer(N ~ Nvid +Vysjt + Pokrr +Pokmoh + Pokpod + Kolder +Vysder + pH + Vlag +
(1|Habitat) + (1|Subarea), data = demo, family = poisson(), glmerControl(optimizer = “bobyqa”, optCtrl =
list(maxfun = 100000)))
vif(model N 1)
#pe3ynbrarel nokazanu VIF <5 ams Bcex mepeMeHHbBIX
Nvid Vysjt Pokmoh Pokpod Kolder Vysder pH Vlag
4.223.63 3.36 2.92 1.63 1.291.824.95
#cTponuM Ccepuro MozeNeil ¢ pa3sHbBIMH KOMOMHAIMSAMH HE3aBUCHMBIX IEPEMEHHBIX, HUCIONB3YS (yHKIHIO
dredge() makera MuMIn
library(MuMIn)
options(na.action=na.fail)
dredge N<- dredge(model N 1)
dredge N
#momyyaeM TaONHMILy pe3yasTaToB (pUC. 6); HAMIYYIINM SBISETCS HCIOJIB30BAaHUE B UTOTOBOM MOJICIH TIepe-
mennbIx Nvid, Pokmoh, Vlag, Tak kak 3Ta Mmonens xapakrepusyercs HanoonbsuM BecoM (0.258) n HauMeHb-
mumu 3HaueHussMu AICce (158.5) u AAICc (0.00).
Hodel selection table

(Intrc) Koldr Nvid pH pokmh Pokpd \Vysdr Vysjt Viag df logLik AICC delta weight
4,845 0.0002 -0.006634 0.0293 4 -73.919 158.5 0.00 0.258
4.974 -0.02006 -0.005577 S -72.734 159.8 1.25 0.138
4,721 0.0002 -0.006042 0.0042 S -73.623 161.5 3.03 0.057
4.897 -0.006407 -0.004 S -73.718 161.7 3.22 0.052
4.708 -0.03390 4 -75.678 162.0 3.52 0.044
4.889 -0.007007 -0.0034 S -73.895 162.1 3.57 0.043
4,876 -0.004 -0.006681 S -73.917 162.1 3.62 0.042
4.847 -0. 006634 S -73.919 162.1 3.62 0.042
4,556 -0.02936 0.0215 S -74,608 163.5 5.00 0.021
4.989 -0.01916 -0.005528 -0.001 6 -72.706 163.9 5.37 0.018
5.006 -0.01999 -0.005859 -0.0025 6 -72.722 163.9 5.40 0,017
5.068 -0.02018 -0.013 -0.005708 6 -72.723 163.9 5.40 0.017
4,945 -0,01912 -0.005516 0.0008 6 -72.727 163.9 5.41 90.017
4.962 -0.02022 0.0017 -0.005569 6 -72.731 163.9 5.42 0.017

Puc. 6. DparmenT Tabnuipl BeIOOpa mydiei Mmoaenu (ckpunmot RStudio)

Fig. 6. Fragment of the table for selecting the best model (screenshot RStudio)
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# BBITOJTHSIEM aHAJIN3 C UCTIONL30BAHUEM BBISIBIICHHOTO JYYIIEro HA00pa MepeMEeHHBIX

best model N<- glmer(N ~ Nvid + Pokmoh + Vlag + (1|Habitat) + (1|Subarea), data = demo, family =
poisson())

summary(best model N)

#omy4yaem pe3yabTaThl

Generalized linear mixed model fit by maximum likelihood (Laplace Approximation) [‘glmerMod’]

Family: poisson

Formula: N ~ Nvid + Pokmoh + Vlag + (1 | Habitat) + (1 | Subarea)

Data: demo

AIC BIC logLik deviance df.resid

155.8 159.8 -73.9 147.8 16

Scaledresiduals:

Min 1Q Median 3Q Max

-2.36661 -0.63351 0.09057 0.66928 1.73795

Random effects:

Groups Name Variance Std.Dev.

Subarea (Intercept) 0.000e 0.000e

Habitat (Intercept) 1.246e-12 2.417e-09

Number of obs: 20, groups: Subarea, 10; Habitat, 2

Fixed effects:

Estimate Std. Error z value Pr(>|z|)

(Intercept) 4.845016 0.135709 35.702 < 2e-16 ***

Nvid 0.13142 0.03737 2.483 0.003729 **

Pokmoh -0.006634 0.001849 -3.588 0.000333 ***

Vlag -0.034544 0.037667 -2.456 0.045479 *

Signif. codes: 0 “***70.001 “**>0.01 “*0.05 0.1 *’ 1

Pe3synbrarsl 1eMOHCTPUPYIOT 3HAYMMYIO 3aBUCHMOCTh uHcia ocobeil xyxemnun (p < 0,05) ot uncna BUIOB
pacTeHuii B MECTOOOUTAHUSIX, IPOSKTUBHOTO MOKPBITHSI MOXOBOT'O sIpyca M BIaKHOCTHU. DKOJIOTHYECKas HHTEP-
IpeTauus 3aBUCUMOCTEN 3aKII0YaeTCs B TOM, YTO C YBEIWYEHHEM YHCIIAa BUJIOB PACTCHUI PacIMPSIETCs CIIEKTP
¢urodaros ¢ HUIMHU CBS3aHHBIX, YTO CIIOCOOCTBYET PACIIMPEHUIO KOPMOBOH 0a3bl XMIIHBIX KyXelIul. C MOKpHI-
THEM MOXOBOTO sIpyca BBISIBIICHA OTpULATENIbHAS 3aBUCUMOCTh. MOXKHO HPEAIONOKHUTh, YTO IJIOTHBIH MOXOBBIN
MIOKPOB 3aTPYyIHSET MIEPEMELICHUE JKYKEIIHLI, KOTOPhIE MIEPEIBUTAIOTCS 110 IOBEPXHOCTH MOYBBI, TaK KaKk 00JIb-
HIMHCTBO BHJOB HE CIIOCOOHBI JieTaTb. OTpULATeIbHAs 3aBUCHMOCTh OT PEXHUMa YBJIKHEHHUS TaKKe BIOJIHE
OYEBUIHA.

3aKiaouenue

Merononorus OLEHKH BIUSHUS (DAKTOPOB CPeAbl HA MPEACTABUTENIEH Pa3InYHbBIX TAKCOHOB, BXOISIIUX B CO-
CTaB OMOTHYECKUX COOOIIECTB, JOCTATOYHO CIeUU(PHUIHA, TAK KAK MHOTE OMOIIEHOTHYECKHIE TIOKa3aTesld He CO-
OTBETCTBYIOT 3aKOHY HOPMaJIbHOTO pacnpeneneHus. Tpanchopmarust JaHHBIX U UX MTOATOHKH K HOPMaJIbHOMY
pacIpeIe/IeHUI0 He BCEr/a AaeT XOpoure pe3ynbTrarsl. C qpyroil CTOPOHBI, BO MHOTHX CIIy4asx MCCIe0BaTeNN
OrpaHUYMBAIOTCA B CBOW pabote Bo3MoxkHOCTAMU Microsoft Office Excel n Statistica, 9To KpaiiHe Cy>KaeT CIIEKTP
AQHAJMTUYECKUX BO3MOXKHOCTEH. B Hamm nHu cratuctryeckas cpena R spisiercst o01enpiu3HaHHbIM CTaHAapTOM
B HAYYHBIX MyONUKALUSAX B MUPE M MOLIHBIM HHCTPYMEHTOM aHain3a JaHHbIX. OfHaKo y OMOJIOTOB BO3HHUKA-
eT npoOsemMa ¢ HalMcaHUeM MPOorpaMMHOro kozxa. HecMoTpst Ha To 4TO B mociieHee BpeMsl MOSBUIIOCH MHOTO
JUTEpaTyphl Ha PYCCKOM SI3bIKE 1O R, oThenbpHbIe BOpock! TpeOytoT Oojiee AeTalbHOro paccMoTpeHus. B yact-
HOCTH, METO/IMKA IIOCTPOCHHS 0000IIEHHBIX JIMHEHHBIX cMemaHHbIX Moenelt (GLMM), KoTopble HaIlLIH HIUPO-
KO€ TIPUMEHEHHUE B DKOJIOTUYECKUX HCCIIeNoBaHMAX. [IpeaioxkeHHbI TporpaMMHBIN KOJI MOYKET CTaTh IOJIE3HBIM
HIMPOKOMY KpPYTY MCCIIeJOBaTeNIeH 11l aHaJIn3a AaHHBIX B 00JIACTH HKOJIOTMH COOOILECTB, BKIIKOYasl BHISIBICHUE
3aBUCUMOCTEH OMOLICHOTHYECKUX MTOKa3aTeleld OT OMOTHUECKUX U OMOTHYECKHUX (haKTOPOB Cpesbl, U (GOPMHUPO-
BaHMs1 00OCHOBaHHBIX BHIBOJIOB.
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YCTaHOBJIEHO, YTO JUTMTENBHOCT TIEPEPHIBOB B JIyUEBOH Tepaliy ¥ cyMMa [IIicOHa SBISIOTCS] 3HAYMMBIMH TIPOTHOCTHYE-
ckumu akropamu (p < 0,05). V nalmeHToB ¢ HU3KKM U IIPOMEXKYTOYHBIM PUCKOM Pa3jinyksl B BBDKUBAEMOCTH MPH TIEpephIBaX
MeHee 3 HeJlenb M 6osee 3 HeJleNb He ObUTH CTaTUCTUYECKH 3HAYMMBIMU (89,2 % rpotuB 92,5 %, piogan= 0,612). B rpynmax BbI-
COKOT'0 ¥ KpaiiHe BBICOKOTO pUCKa 0oJiee JINTENIbHBIE TIepephIBbI (>3 Hellelb) acCOLMUPOBAIIMCH CO CHIPKEHHEM PaKOBO-CIICIIH-
(bunueckoii BeukuBaeMocTH (96,1 % npotus 89,1 %, pioga= 0,026). IomydeHHble pe3ynsTaThl HOTYEPKHBAIOT BAKHOCTH CTPOTO-
TO KOHTPOJISI CPOKOB TIPOBEICHHS JTyIE€BOH TEPAITiH, 0COOCHHO Yy MAIEHTOB C BHICOKOH CTEIEHBIO PHCKA PEIU/Ba 3a00ICBaHNSL.
MuanBuayanu3upoBaHHbIN OAXON K JISYEHHIO, UCIIONIb30BaHUE TakuX coBpeMeHHbIX MeTos10B JIT, kak IMRT u VMAT, a takxe
KOMIIEHCAIINA IIEPEPHIBOB B JTy'-IeBOﬁ TCparu MOTyT CII0COOCTBOBATH YIYYUICHUIO JOJTOCPOYHBIX KIIMHUYCCKHUX NCXOI0B.

Knrwouesvie cnosa: JIydeBas TCparivd; aICHOKapunHoMa HpeﬂCTaTCHLHOﬁ JKCJIC3bI; IEPEPLIBBI B JICUCHUU; PAKOBO-CIICIIU-
q)quCKaH BBDKHMBACMOCTD.

RETROSPECTIVE ANALYSIS OF THE IMPACT OF INTERRUPTIONS
IN RADIATION THERAPY ON LONG-TERM TREATMENT OUTCOMES
FOR PROSTATE ADENOCARCINOMA

A. N. BATYAN, P. D. DEMESHKO", E. V. HANCHAROVA®, T. A. DAMASHNIKAVA®

International Sakharov Environmental Institute, Belarusian State University,
23/1 Datithabrodskaja Street, Minsk 220070, Belarus
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Village Lesnoy 23040, Minsk District, Belarus
°Brest Regional Oncological Dispensary,
6 Mediczinskaja Street, Brest 224027, Belarus
Corresponding author: A. N. Batyan (bat@iseu.by)

The aim of this study was to analyze the impact of interruptions in radiation therapy on cancer-specific survival in patients
with prostate adenocarcinoma, taking into account factors such as age, Gleason score, and prostate-specific antigen level.
The retrospective study included data from 360 patients who underwent radical radiation therapy at the N. N. Alexandrov
National Cancer Center and the Brest Regional Oncology Dispensary between 2008 and 2016. Patients were stratified
according to recurrence risk classification: the first group included patients with low and intermediate risk, while the second
group consisted of those with high and very high risk. The median follow-up period was 60 months. Statistical analysis was
performed using Cox regression and the Kaplan-Meier method. It was found that the duration of treatment interruptions
and the Gleason score were significant prognostic factors (p < 0.05). Among patients with low and intermediate recurrence
risk, differences in survival between those with treatment interruptions of less than or more than three weeks were not
statistically significant (89,2 % versus 92,5 %, piograme= 0,612). In the high and very high-risk groups, longer interruptions
(=3 weeks) were associated with decreased cancer-specific survival (96,1 % versus 89,1 %, pioga= 0,026). The obtained
results emphasize the importance of strict adherence to radiation therapy schedules, especially for patients at high risk of
disease recurrence. An individualized treatment approach, the use of modern radiation therapy techniques such as IMRT
and VMAT, as well as compensation for treatment interruptions, may contribute to improved long-term clinical outcomes.

Keywords: radiation therapy; prostate adenocarcinoma, treatment interruptions; cancer-specific survival.

BBenenne

M3ygas BiustHEE 00N MPOJAODKATEIHFHOCTH TydeBoi Tepanuu (JIT) Ha JIOKaapHBIA KOHTPOJIb OMYXOJICH
B CITy4asx 3a00JieBaHMN, XapaKTePU3YIONINXCS TAKUM MEJICHHBIM PO epaTHBHBIM MTPOIIECCOM, KaK aJeHO-
KapIyrHOMa IPECTaTeIbHON JKEeJIe3bl, UCCIEI0BATENN YaCTO CTAIIKUBAIOTCS C OTPAaHMYEHHBIM 00bEMOM HAYYHBIX
JTAaHHBIX, HEPEJIKO OTMEYAEMBIX IPOTHUBOPECUUSIMHU.

B uneane cymmapnas obmiasi 103a M3IMydeHUs JOJDKHA OBITH MOJBEIEHA K OIyXOJIM B paMKax CTPOTO Ompe-
JIENIEHHBIX BPEMEHHBIX HHTEpBaioB. OHAKO B PyTUHHOW KIMHWYECKOH npakTruke nepepbiBbl B JIT He sBhstoTCs
PEAKOCTBIO, UTO MOXKET TIPUBECTH K YBETUUEHHUIO O0IIIEH MPOIOIKUTEIBHOCTH Kypca JIydeBOTO JICUEHHS.

JluteparypHble JaHHBIE COIEPIKAT PAa3IMYHBIE OIEHKH CKOPOCTH Mposrepalni KIETOK paka MpecTaTelb-
Hoii sxenessl (PIDK). HexoTopele nccrenoBanns mokaseIBaroT, yro pernomnyisius PIDK ananormana TakoBoit mpu
IJIOCKOKJIETOUHOM PAKE T'OJIOBBI U ILIE€H, YTO CTaBUT I10JI COMHEHHUE MPEICTABICHHSI O MEHEE CPOYHOM JICUCHUH
paka npocTaThl.

buonornueckoe noBeaeHNE MEAJIEHHO PACTYIIMX OITyXOJEH MOXXET BapbUPOBATh B 3aBUCUMOCTH OT JIJIUTEIIb-
HoctH niepepriBoB B JIT. Hanmpumep, uccnenosanue [ 1] mokasao, 4To yBeImUeHUE OOIICH MPOJOHKATEIFHOCTH
JIT Ha AT MHEH He OKa3bIBaeT BIMAHWS Ha PE3YyNbTar JICYCHHUS (JIOKaJbHBIH KOHTPOJh M BBDKHBAEMOCTH)

49



Kypnaa Besopycckoro rocylapcTBeHHOr0 yHUBepcuTera. JkoJorust. 2025;1:48-55
Journal of the Belarusian State University. Ecology. 2025;1:48-55

y maimenToB ¢ PIDK. B To sxe Bpems yummHeHne Kypca JIeueHus 10 9 HeJellb BeAeT K CHIDKEHUIO BEDKUBAEMOCTH
10 CpaBHEHUIO ¢ Ooee KOPOTKUMH TepepbiBaMu [2]. HekoTopble ydueHbIe YTBEP)KIAIOT, YTO YBEIHUCHHE TIPO-
JOJDKUATENTFHOCTH JISUSHHSI Ha JIBE HEIEH He MMEET CYIIECTBEHHOTO BO3/ICHCTBHS Ha JIONTOCPOYHBIE PE3yIbTAThI
JIT [3; 4], HO Hake B ciTydae MPOIUICHUS OOIIETO BpeMEHH JIeUeHHs OoJiee YeM Ha TIATh JHEH, pacCMaTPHBAIOTCS
CreTMajIbHBIe METO/IbI KOMITEHCAIINY TaKUX MepephiBOB [1].

Ilems maHHOTO WICCTIEMOBAHUS 3aKIIOYaach B aHAIW3e PaKoBO-CHeNH(UUEScKo BepkuBaeMocTd mpu PIDK
y MalKeHTOB, 3aBEPIIUBIINX Kypc paaukaibHoil JIT. B Xone aHanm3a yuuThIBaIuCh MPOIOJKUTENILHOCTD Tepe-
pBIBOB B ppakunonnpoBanHoil JIT u BiusHUE TaKUX pa3iMdHBIX HE3aBUCHMBIX (DAKTOPOB, KaK BO3PACT, CyMMa
I'macona u yposens I1CA.

B namem uccrienoBaHny UCTonab30Basics MeTo hpakuonrpoBanHoi 3D-CRT, KoTopslit OBLT MPUHAT B KITH-
HUYECKOW TpakTHKe M cornacoBaH ¢ npotokonamu JIT. Crout oTMeTnuTs, 9T0 (PpakimoHUPOBAHHBIE KypCHI Jie-
YeHHS WHOTZA MTPUMEHSIOTCS ISl CHIDKEHUS TSDKECTH TIOOOYHBIX AP (PEKTOB y MAMEeHTOB, 0COOCHHO MOXKUIOTO
BO3pacTa WU C COMYTCTBYIOMMMH 3a0oneBanusmu. [Iprmanasl nepepbiBoB B JIT MOTYT OBITH pa3muYHBIMA: OHH
MOTYT OBITh YaCThIO 3apaHee CIUIAHUPOBAHHOW JIEY€0HON CTPaTEerny MITH BOZHUKATh TI0 COBEPIIEHHO WHBIM TPH-
YUHAM. DT TIEPEPHIBBI MOTYT 3aBUCETH OT COOIOEHUS MAITMEHTOM MEIUIIMHCKAX PEKOMEH AN I OBITH BBI-
3BaHbI HETIPeICKa3yeMbIMU 00CTOSTENLCTBAMH, Ha KOTOPbIE HU IMAIMEHT, HA Bpad He MOT'YT MOBIHSTH (HapuMep,
CIIOYKHASI AMMHIEMUOJIOTHIECKast 00CTaHOBKA, TTOJIOMKH 000pyIOBaHUS U T. 11.). ClIeyeT OTMETUTD, YTO HEKOTOPBIC
KITMHHUKH JI0 CUX TTOP UCTIOIB3YIOT TPATUIIMOHHBIE TIPOTOKOIIBI JIEYEHHSI. DTO MOXKET OBITh CBS3aHO C OTCYTCTBHEM
COBPEMEHHBIX JIMHEWHBIX YCKOpUTENEH U HEBO3MOXKHOCThIO puMeHeHus1 MeTo/10B IMRT nu VMAT, koTtopsle mno-
3BOJISTFOT 3HAYUTEBHO CHU3HUTH JI03Y U3ITYUYEHUS IS OPTaHOB PHCKA U ITOJIBECTH O0JIee BEICOKUE JO3bI M3ITyIEHUS
K OITyXOJIH B PEKHME THITO(PPAKITHOHUPOBAHHS.

MaTepI/IaJ'ILI U METOAbI HCCJICA0OBAHUSA

Hamu ObL1 poBeieH peTpOCHEKTUBHBIN aHaIu3 NalMeHToB, npomenmux Kype JIT B pamkax paaukanbHON
MIPOrpaMMBbI ITPHU TUCTOJIOTUYECKH TTOATBEPKACHHON a/IeHOKAapLIMHOME IIPeCTaTeNIbHON Kene3bl. B nccnenosa-
HHUHM UCIIOIb30BaHbl JaHHbIE ManreHToB, 3apepuBux JIT B mepuoz ¢ 2012 no 2016 1. B Bpectckom oGnacTHOM
onkonoruyeckoM aucnancepe u ¢ 2008 mo 2012 r. 8 PHIIL[ OMP um. H. H. Anekcanaposa. CxeMbl JieueHUs
OBUTM BOCCTAQHOBJICHBI HAa OCHOBE JaHHBIX M3 0a3bl JaHHBIX IUIaHUpYoLel cucteMsl Eclipse U comoctaBiieHbI
¢ (aKTHUECKUM BbITNIOJIHEHHEM Ha anmnaparax JIT. OToT nporecc mo3BosiviI NOMydUuTh HHPOpMALHUIO 0 haKkTHye-
CKHX JIaTax Hadaja 1 OKOHYaHMs JICUEHUS Ha PaJUOTEPANIEBTHUECKUX YCTPONUCTBAX, & TAKKE O MPOJOIKUTEIBHO-
CTH IIEPEPHIBOB MEXkK 1y 3Tarnamu GppaxiauonnpoBanHoi JIT. Kpome Toro, Obiin yuTeHbI BO3pACT MAalUEHTA, CTaIus
3aboneBanusi, cymma I rcona u yposens [ICA.

Bcero 360 nanmeHTOB COOTBETCTBOBAIN KPUTEPHSIM 0TOOpa: oHM mponutd Toabko JIT ¢ 00bruHbIM (pakuno-
HUpoBaHMEM (2 I'p Ha OMyXOJIEBYIO MUIICHB 33 CEAaHC, IISITh CEaHCOB 00Ty4eHHs B Heiem0). OCHOBHBIC XapaKTe-
PHUCTHKH NALMEHTOB NPEJICTaBICHBI B Ta0MI. 1.

Memooonozua oucmanyuonnou ayyeeoii mepanuu. JIT npoBoaUIach ¢ KUCMOJB30BAHUEM COBPEMEHHBIX
BBICOKOHEPTEeTHYECKHUX JIMHEWHBIX YCKOpUTENel: Synergy npousBoacTBa koMnanuu Elekta n Clinac iX npons-
BOJICTBA KOMIIAHUHM Varian, a Taxke paJuoTepaneBTHYECKOro KoOansToBOro obmyuarens tuna lerabalt monenu
ACS. s co3nanus JO3MMETPUUYECKUX MJIAaHOB JIEUEHHS HCIIONb30Bajach TexHosnorus miaanuposanust 3D-CRT,
C COOJIOIEHNEM KPUTEPHEB U30/103HOTO OKPHITHS OMYXOJIH 1 MUHUMHU3AIMHA BO3MOXKHBIX HAarpy30K Ha OpraHBbl,
HaxXOJsIMeCs B 30HE pucka, cornacHo pekomenaauusim QUANTEC [5].

Konmypuposanue oovemos oonyuenus u naznauenue 003vl paouayuu. OnpeneneHnbii oobeMm omyxomu (GTV),
BKJIIOYAs KaK NEPBUYHYIO OIyXOJlb, TaK M IMM(ATHUECKHE Y37Ibl, IOPayKEHHbIE OITyXOJIbIO, a TAKKE IPYTUe aHATOMH-
Yyeckue CTPyKTypbl, ocHOBbIBaJIcs HA MPT/KT- w/nmu [19T/KT-n300pakennsix. Bee nmarueHTsI MpoXOaHii KOMITHEO-
TepHyto Tomorpaduro (KT) a1 rmuiaHupoBanus JedeHus, BBIIOMHEHHYI0 Ha MHorocnoiinom KT-ckanepe ¢ Tommm-
HOH cpe3a 3—5 MM. KoHTypsl 00beMOB 00Ty4eHUS M KPUTHUECKIX OPTaHOB BBITIOHSUTUCH Ha KaxioM KT-cHuMKe.

Kimandeckuit oopem omyxonu (CTV) Brirouan GTV 1uroc HONOTHUTENBHBIM 00beM TKaHEeH (30HBI BbI-
COKOTI'0 pUCKa CYyOKIIMHHUYECKOTrO pacipocTpaneHus omyxonn) Ha 0,5-1,0 cM Bo Bcex HanpaBICHUSX, a TAKKE
YPOBHH HETOPAXEHHBIX JTUM(AaTHUECKUX Y3JI0B, HAXOAALIMXCS B 30HE PUCKA CYOKIIMHMYECKOTO pacripocTpa-
HeHus oryxonu. [lmanupyemsiii 06bem oomydenus (PTV) sxirouan CTV mmoc 0,8—1,0 cM Bo Bcex Hampasiie-
HusiX. HazHaueHHas 1o3a u1s IiiaHUpyeMoro oobemMa 00JydeHHsl B 00bIYHON cXeMe pajinoTepanui COCTaBsIa
68—74 I'p ¢ ucnonp3oBaHreM (PAKIIMOHUPOBAHHOTO Kypca: MOCie MOABEACHHS 3allaHupOBaHHON 10361 40—
50 I'p nenancs nepepsiB B JIy4EeBOM JeueHUU Ha 2—4 Henenu, nocie yero JIT nponomkanack ¢ JOMOIHUTENbHON
no3oii 30-20 I'p coorBeTcTBeHHO. JIMM(DaTHdecKue y3i1bpl MaJoro Ta3a JIEYMINCh BBIOOPOYHO Y mannueHToB ¢ N1
u NO, UMEIOMHKX BBICOKUH PUCK CyOKIMHUYECKOTO pacipocTpaHeHus onyxonu (mo ¢popmyne Poaua mis mpo-
THO3MPOBAHMSI BOBJICYCHHOCTH TUM(paTHUeCKHX y3/10B). Jlo3a 1ist nuMpaTnyecKux y310B Majoro Taza 00bIMHO
coctaBmsia 45-50 I'p. Aunporennas nenpuBanunonHas tepanus (AJIT) Oputa HazHadeHa 83,9 % narueHTam
¢ HeOIAronpHUsATHBIM BEICOKUM HJIM OUY€Hb BBICOKMM pHUCKOM peruana PIDK.
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Tabnuma 1

XapakTepuCTHKH NallMeHTOB

Table 1

Patient characteristics

IToxasarenn 3HaueHue

Yucio mamueHToB 360
Mennana Bo3pacta (pa3opoc 3HauUeHHUI), TObI 71 (36—-89)

<70, abe. (%) 147 (40,8)

> 70, abc. (%) 182 (50,6)

JTAHHBIC OTCYTCTBYIOT 31 (8,6)
Kimanueckast cragus

T1-T2, a6¢. (%) 110 (30,6)

T3-T4, a6c. (%) 250 (69,4)
MenuaHna iepepbIBoOB (pa30poc 3HAYEHHI), HeJIeTH 3 (0-11)

<3, abc. (%) 191 (53,1)

>3, abce. (%) 169 (46,9)
[ICA

<10, abc. (%) 110 (30,6)

1020, a6c. (%) 82 (22,8)

> 20, abc. (%) 121 (33,6)

JTAaHHBIE OTCYTCTBYIOT 47 (13,1)
Kareropus N

NO, a6c. (%) 348 (96,7)

N1, a6e. (%) 12 (3,3)
Cymma ['mucona

<6, abc. (%) 180 (50,0)

7, adce. (%) 120 (33,3)

> 8, aoc¢. (%) 30 (8,3)

JTAHHBIC OTCYTCTBYIOT 30 (8,3)
Menuana CO/J 74 Tp
Mennana IIUTETFHOCTH HaOmroneHus (pa3dpoc 3HAYCHNIT), MECSIIBI 60 (6-131)
I'pynnel pucka

Hwuskas n npomexyTtounasi, adc. (%) 77 (24,1)

Beicokas u kpaiine Bbicokas, adc. (%) 283 (78,6)
AHporeHHast IepUBaIMOHHAS TePAITUs

I'pynmna 6e3 AT, abe. (%) 58 (16,1)

I'pynma ¢ AT, a6e. (%) 302 (83,9)

Cmpamudgpuxayus no zpynnam pucka peyuouea 3zavonesanusn. Ha ocHose nanupix o6 ypoHe [ICA, cymmbl
['mucona B OMoONCHU U KIMHUYECKOH CTaJuH paclpocTpaHeHusl 3a001eBaHMsl, COMIACHO ACHCTBYIOMIEMY MIPOTO-
KOJTy JICYCHHUSI B COOTBETCTBUHY C KIIMHHYECKUMH peKoMeHaanusMu U knaccuduramnueid NCCN [6; 7], manueHTh
OBUTH pa3/esieHbl Ha JIBE TPYIIIELL. B epByIo rpymniny BKIIOYEHBI MAIMEHThI C HU3KUM M IPOMEKYTOYHBIM PHCKOM
peunanBa 3a0oneBaHus, onpeaensieMpM 1o caenyromuM kpurepusm: [ICA < 10 ur/mi u cymma [ncona < 6
(cT1—cT2a) wm I[ICA 10-20 ur/mia, cymma [mucona = 7 (cT2b). Bo Bropyto rpymnmy BOLIIM HAlMEHTHI C BbI-
COKUM M KpaiiHe BBICOKMM PHCKOM peluauBa, xapakrepusytomuecst [ICA >20 ur/mn unu cymmoit [mucona > 7
(cT2c), a Taxxke nmroObiMu TtokazaressiMu [ICA u cymmer [rcona ipu ¢T3—T4 wim N1. PazneneHue naiueHToB
I10 3TUM TPYIIIaM [T03BOJIMIIO IPOBECTH CPAaBHUTENBHBIN aHaIM3 BIUSHUS nepepbiBoB B JIT Ha pakoBo-crienudu-
YECKYIO BBDKUBAEMOCTH € YYE€TOM MPOTHOCTHYECKHX (DaKTOPOB.

Cmamucmuueckuit anaau3. VicxonHele JaHHBbIE BKIIOYAIHA KaK KOJIMYECTBEHHBIE, TAK M Ka4eCTBEHHBIE Xa-
pakrepuctuku. CraTrcTudeckas oOpaboTKa MOJTYYSHHBIX JaHHBIX BKJIIOYalla aHaimmu3 perpeccun Kokca, mpose-
JICHHBIH C [EJBI0 OTPENEICHUs] TOTO, CBA3aHbI JIM TIEPEMEHHBIE C BEDKUBAEMOCTBIO HCCIIEIYEMBIX U JUIS OIICH-
KU BIISHUS HE3aBHCHUMBIX ITEPEMEHHBIX Ha BEPOSTHOCTh HACTYIUICHHUS COOBITHA. /I OLIEHKH pe3yibTaToB I0
BpEMEHH OBLI NMPOBEJICH aHAIN3 TaHHBIX C UCIOJb30BaHUueM Meroza Karmana — Metiepa. B kauecTBe kKoHEUHOM
TOYKH JIJISI OTCJICKUBAHUS OBIJIO BRIOPAHO HACTYILICHHE CMEPTH OT OCHOBHOTO 3a00JIeBaHMS C aKIIEHTOM Ha pa-
KOBO-CITEIIU(PHUECKYIO BEDKUBAEMOCTh. TakuM 00pa3oM, COOBITHE MTPOU30NLIO y 27 MalUeHTOB, YTO COCTaBHUIIO
7.5 % oT 0011ero Ynciia nayueHToB.
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Pe3yabTarhl Hccjie10BaHUs U UX 00CyKIeHUe

OnHo(hakTOpHBIN aHATIM3 IOKA3aJl, YTO JITUTENILHOCTH TiepepbiBoB B JIT n cymma [JcoHa MMEIOT MPOTHOCTH-
YecKoe 3HauCHHE ISl PaKOBO-CIieNn(UUECKON BBDKMBAEMOCTH (YpOBeHb 3HaunMocTH, p < 0,05) (tadm. 2). Tor
e Tpena Habmronancs it yposHeit [ICA u Bozpacra namuenTtoB (< 70 net npotus > 70 ner). Craructuiecku
3HAYMMBIX Pa3UuUi MEXAY KIMHIYECKUMH CTaIUsIMU HE ObLIIO OOHAPYKEHO.

Tabununa 2

IIpornocruueckue paxkropbl ogHOpakTOpHOI Moaenu perpeccuu Kokea (n =360)

Table 2

Prognostic factors by univariate Cox regression model (z = 360)

[lepemenHbIe Ortnomrenue puckos, HR (95 % Cl) YpoBEHb 3HAUUMOCTH Pcox

Bospact (romsr)

<70 npoTtus > 70 0,478 (0,209-1,092) 0,080
Knunuveckas cranus

T1-T2 npotus T3-T4 1,053 (0,461-2,4006) 0,903
JmuTensHOCTH TIepephiBa 1,027 (1,000-1,054) <0,05
T[ICA

< 10 mpotus 10-20 0,313 (0,088-1,110) 0,072

< 10 mpotus >20 0,645 (0,264-1,579) 0,337
Cymma ['mucona

<6 npotus 7 2,053 (0,809-5,208) 0,130

< 6 IpoTHB > § 3,678 (1,103-12,266) <0,05
AT

I'pynmna ¢ AT npotus 6e3 AT 1,129 (0,390-3,267) 0,823

MHorodakTopHBIi aHANIN3 BKIIOUMI T€ MOKA3aTeNr, KOTOPbIE OKa3ald HanOoJbllee BIMSHUE Ha BBDKHBAC-
MOCTB: JUIMTEIbHOCTH epepbiBoB B JIT u cymmy [ucona (tadam. 3).

Tabnuma 3

MHoro¢akTopHbIii aHAJIN3 HAa 0CHOBe Mo e1u perpeccuu Koxca (n = 360)

Table 3

Multivariate analyses of factors based on the Cox regression model (z = 360)

Ilepemennbie OrtHomenue puckos, HR (95 % Cl) Y poBEHb 3HAYMMOCTH Pcox
Cymma ['mucona 1,835 (1,026-3,283) <0,05
JmuTenpHOCTD TIepephiBa 1,027 (0,996-1,058) 0,086

MHorodakTopHBIi aHANIN3 CBHACTENBCTBYET, YTO cymMMa [ICOHA MMeeT HauOoublIee BIMSHUE HA PaKOBO-
cnenuUIecKyro BDKMBaeMOCTh (YpoBeHb 3HauumoctH, p < 0,05). XoTs jmrenbHOCTh nepepbiBoB B JIT He
MOKa3aJa CTaTUCTUYECKU 3HAUMMOTO BIMSIHUS HA BBKMBAEMOCTh TALIMEHTOB B MHOTO()aKTOPHOM aHanu3e, ObIIo
MIPOBENIEHO JOMOIHUTEILHOE MCCIIE0BaHNE IS OLEHKH BIMSHMS 3TOTO MapaMeTpa B YCIOBHUSX, KOIJla CyMMa
I'mucona, yposens [ICA u cragus 3a00neBaHusl OKa3bIBalOT paBHOE BIMSHHUE Ha JIOITOCPOYHbIC PE3YJIbTaThI Jie-
YeHUsI — IPU CTpaTH(UKALMHU AIMEHTOB 110 TPYIIaM pHCKa.

Mer nposenu ananu3 Karutana — Meiiepa oTnenpHO AJis ABYyX TPy nanueHtoB. [lepBas rpynma Briroyanta
MAlMEHTOB ¢ HU3KUM M MPOMEXKYTOYHBIM PHUCKOM pelHIuBa 3a0oneBaHus (cM. Tadn. 1), a BO BTOPYIO TPpyIILy
BXOJIWJIN TTAllUEHTHI C BHICOKUM M KpaiHe BBICOKMM PUCKOM. B rpymnmax ¢ HU3KUM U NMPOMEKYTOUYHBIM PHUCKOM
ObLTO 3aUKCUPOBAHO 7 cOOBITHI. B rpyIminax ¢ BRICOKMM U KpaiiHe BEICOKUM PUCKOM MPou30nuio 20 coObITHiA.

Pesynsrarsl ananusa nokassiBatoT, 4to nepepsiBbl B JIT PIDK He oka3pIBaioT cTaTUCTHYECKH 3HAYMMOTO BIIU-
SHUS Ha BBIKMBAEMOCTh IAIIMEHTOB B IPYINIAX C HU3KUM U HPOMEKYTOYHBIM PUCKOM (Piogant = 0,612) (Tabm. 4,
puc. 1). Ongnako B ciyuae JIT PIDK B rpynmax ¢ BBICOKMM M KpaiHEe BBICOKMM PHUCKOM HEPEPBIBBI B JIy4EBOM
JIYEHHHN OKAa3bIBAIOT BIMSHUE HA BEIKUBAEMOCTb MALIUEHTOB (Pjogan = 0,026) (Tabm. 4, puc. 2).
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Tabnuna 4
Cpennee BpeMsi BbIKHBA€MOCTH H MPOLEHT HAKOIJIEHHO# BHIKHBAEMOCTH
B 3aBHCHMOCTH OT IPOJO)KHTEJbHOCTH NEePEPHIBOB B JIeYeHHH
Table 4

Mean survival time and percentage of cumulative survival depending on the duration of treatment interruption

I onmit arTo Io KomuuectBo | Menmnana BpeMeHH Hakonennas nons | YpoBeHb 3Hau.
PYHIHPYIOLIH Top APy TITIBL MaIueHTOB BBDKUBAHUS BBDKHBIINX, % + SE (Progrank)
Huzknit IlepepsbiB < 3 Hexenb 37 HE IOCTUTHYTa 88,20 + 5,6
W TIPOME)KY TOUHBIN 0,612
PHCK PeIvHBa IepepsiB > 3 HEnens 40 HE JIOCTUTHYTa 89,70 £5,7
Beicokuii 1 kpaiine | IlepepsiB < 3 Hezenb 154 HE JOCTUTHYTa 95,90+ 1,6
BBICOKHI PHCK 0,026
pelBa IlepepsiB > 3 Henenb 129 HE IOCTUTHYTa 87,70+ 3.3
1,00
10,95
=
g
=
)
T 0,90 — — 11— ————
]
=
=
=
g 0,85
<
0,80
0,00 25,00 50,00 75,00 100,00 125,00

Time, month

Puc. 1. PakoBo-crierupuueckast BBDKMBAGMOCTb JJIst | TPyIIITbI MAIIMEHTOB B 3aBUCUMOCTH OT [1EPEPHIBOB
B JIy4EBOM JICUEHHH, Piog/an: = 0,012. CHUHASA TMHUA COOTBETCTBYET NEPEPBIBAM < 3 HEJI., KpacHas TMHHSA — > 3 HeJl.

Fig. 1. Cancer-specific survival for group I patients depending on interruptions in radiation treatment,
Plogrank= 0,612. The blue line corresponds to breaks of less than 3 weeks, the red line to more

Accumulated Survival

1,00 _HT?:L‘L.L
0,95/ .
0,90
0,85
ER S
0,80 |
0,00 25,00 50,00 75,00 100,00 125,00

Time, month

Puc. 2. PakoBo-cnieninpuueckasi BEbKUBAEMOCTh JUTs ] TpyTIibl ManueHToB B 3aBUCHMOCTH OT IIEPEPHIBOB
B JIy4€BOM JICUEHHH, Piogrank = 0,026. CHHAA TMHMA COOTBETCTBYET NEepepbIBaM < 3 HeJl., KpacHast IMHUS — > 3 Hell.

Fig. 2. Cancer-specific survival for group II patients depending on interruptions in radiation treatment,
Progrank = 0,026. The blue line corresponds to breaks of less than 3 weeks, the red line to more
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OnHo(aKkTOpHBII aHATH3 BBRISBHI TPOTHOCTHYECKOE 3HAUCHUE THTEILHOCTH IepephiBoB B JIT u cymme! [n-
COHA ISl pakoBO-cHeH(puIecKoil BebKHBaeMocTH (p < 0,05). [logoOHBIe 3aKOHOMEPHOCTH HAOTIONATIICH TAKXKE
st ypoBHelt IICA u Bo3pacTta marmuenToB (< 70 sret mpotus > 70 J1eT), MPU 3TOM CTAaTHCTUYICCKH 3HAYNMBIX pa3-
JMYUH 110 KIIMHUYECKAM CTaIusiM He ObLTo 00HapyKEeHO.

B muOTrOdakTopHOM aHanmm3e cymma [TmcoHa mokasajia Hamboliee BRIPAKCHHYIO CBS3h C PaKOBO-CIICH(H-
9ecKkoi BEDKHBaeMOCThIO (p < 0,05). XoTsa mmmTenbHOCTs TiepephiBoB B JIT He okazana CTaTUCTUIECKH 3HAYH-
MOTO BIUSTHHS Ha BEDKHBAEMOCTH MAIEHTOB B MHOTO()AaKTOPHOM aHAJIN3e, OBLIO MPOBEACHO JAOTOTHUTEIHEHOE
WCCIIeIOBaHNE TIPH yCIIOBHH, Koraa cymMma [mcona, yposens [ICA u ctamus 3a0oneBaHNs OKa3bIBAIOT PaBHOE
BJIMSTHUE Ha JIOJITOCPOYHBIE PE3yAbTaTHI JISUEHHUS TIPY CTPATH(PHUKANN TAIMEHTOB 0 TPYTIIaM PHCKa PeIHIuBa
3aboneBanus. beuto BeIIBIEHO, uTO TepephiBhl B JIT PIDK He oka3piBamm 3HAUNTENHHOTO BIFSIHHSI Ha BBDKH-
BAEMOCTb IAIIMEHTOB B IPYNIAX C HU3KMM U IPOMEKYTOUHBIM PUCKOM (Piogan = 0,612). Omnaxo aus JIT PIDK
B TPyMIIax C BBICOKUM M KpailHE BRICOKUM PHUCKOM TiepepbIBbI B JIT okazanu BIMsHNE Ha BBDKUBAEMOCTD ITaIld-
€HTOB (Diogram = 0,026).

Hcxonst n3 pe3ynsraToB aHaian3a, MOXKHO CJIENaTh BBIBOA, YTO MCCIENOBaHUS BIUsSHUS nepepsiBoB B JIT Ha
JIOJITOCPOYHBIE PE3yAbTaThl JICYSHHS I1eTIeco00pa3Ho MPOBOIUTH MPU CTpaTU(HUKAIMN TMAMEHTOB HA TPYTIITHI
pucKa permauBa 3aboneBanus. [y TPy ¢ HU3KAM W TIPOMEXYTOYHBIM PHUCKOM OHOJIOTHSI POILIECCOB, IMPO-
WCXOMIAIINX B OIYyXOJH, OTIIMYAETCS OT TAKOBOM B TPYIIMAX C BHICOKHM U KpaifHEe BBHICOKUM PHCKOM, YTO 00B-
SICHSICT ITUPOKUI JUAIa30H 3HAYCHUH K0d(PPHUIIeHTa Tpoaudepanny paka IpeacTaTenbHo xemnessl oT 0,24 mo
0,52 I'p/nens [8-10].

Kpome Toro, HEoOX0aMMO TTOTUIEPKHYTH, YTO TpH TuTanupoBanuu JIT I marmeHToB ¢ BRICOKUM U KpaifHe
BBICOKAM PHCKOM 0CO00€ BHIMAaHHE CIEAYET yACIUTh HE TOIBKO COOMONEHHUIO T030BO-BPEMEHHBIX ITapaMeTpPOB,
HO ¥ MUHUMH3AIIAN BO3ACUCTBHS BO3MOXKHBIX TIepephiBoB B Xoze JIT. B cydae HeoOxoammocTtn niepepsia B JIT
PEKOMEHyeTCsI TIATeNbHO OLEHHUTh CHIDKEeHHE 3(D(heKTUBHOCTH JOCTABIEHHON O3Bl PAHalliN OITyXOJIH C HC-
MOJIb30BaHUEM MHCTPYMEHTOB JIJIsl TAKOH OIIEHKH, HAaIpuMep BeO-npruiiokeHus «JImHeliHo-KBagpaTnaHas MOIEb
JUTST METUITMHCKUX (DU3WKOB M Bpadel pamuaIlliOHHBIX OHKOJIOTOB» [11-13]. MeToamka pa3paboTrana aBTopamMu
1 3apeTUCTPUpPOBaHa Kak 00BEKT aBTOPCKOTO TpaBa (CBHACTEIHLCTBO O PETUCTPANH 00BEKTa aBTOPCKOTO TIpaBa
Ne 1487-KII ot 25.03.2022 1.)'. D10 mog4epKuUBaET BAXHOCTh WHAMBUIYAIN3UPOBAHHOIO MMOAXO0A K JICYEHHIO,
OCHOBaHHOTO Ha YHUKAJIGHBIX XapaKTEPUCTHKAX KaXKIOTO MAI[EHTa K OCOOCHHOCTSAX UX OIYXOJIH.

3aKiIouenue

B oxgHOdakTOpHOM aHaNM3€ MepeMEeHHBIX OBLTO YCTAaHOBJICHO, YTO JITUTEIHHOCTE TiepepbiBoB B JIT u cymma
I'mrcoHa UMEIOT MPOTHOCTHYECKOE 3HAYEHUE JUIS PAKOBO-CIEM(PHUECKOil BEDKUBAEMOCTH MPH pake MPOCTAThI
(p <0,05). AramorndHast TeHACHINS Habmonanack s yposHeit [ICA u Bo3pacra manueHToB (MeHee 70 JeT mpo-
TuB 6onee 70 ser). CTaTUCTHYECKN 3HAYMMBIX PA3TUYNi 110 KIIMHUYECKUM CTaIUsM He ObLTO BBISBIICHO.

MHuorohakTOpHBII aHaNMNA3 MMOKa3all, 9To cymMMa [lmcoHa mMeeT HanOONBIITYIO0 CBSA3b C PaBOBO-CIIEIU(IYe-
CKOM BEDKHBaeMOCTEIO (p < 0,05).

Haxkorennas pakoBo-crienuduaeckas BEbKHBAEMOCTh y TPYIIIBI C HU3KAM U TPOMEKYTOYHBIM PUCKOM C JUTH-
TENbHOCTHIO TIepepbIBOB B JIT <3 Henenu 1o cpaBHEHUIO € IPYIIION MaIMEHTOB, 3aBEPIIUBIINX JICYEHUE C TIEepe-
pBEIBOM Ooriee 3 Heslelnb, He MOKa3aa CTaTUCTHYECKH 3HAYMMOM pasHuLb (89,2 % npotus 92,5 %, piogan= 0,612).

Haxkoriennast pakoBo-cniennrdeckasl BEDKHBAEMOCTh Y TPYTMIBI ¢ BBICOKUM W KpalfHE BBICOKHM PHCKOM
C JUIUTENBbHOCTHIO niepepbIBOB B JIT <3 Hepenu 1o cpaBHEHUIO ¢ TPYNION MallMEHTOB, 3aBEPIIMBIINX JICYEHUE
C epephIBOM Oortee 3 Helleb, MIMEET CTAaTUCTUYECKH 3HAYUMyT0 pasHuy (96,1 % npotus 89,1 %, piogau= 0,026).

Takum oOpazom, BIUsHUE TTepepbiBoB B xone JIT u moHMMaHWe BO3IEHCTBUS KOHTPOIUPYEMBIX (HhaKTOPOB
Ba)XKHO YYHUTHIBATh MTPH BEIOOPE ONTHMATBHBIX CTPATETHiA JICUCHUSI.
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BAUSAHUE KYPEHUS HA BUOAEMEHTHBIN CTATYC MOAOABIX AIOAEN

B. 3. TYPIT'YHOBAY, K. b. AJVTAEBA?, 0. B. JKUJIBI[OBA®

Y Uspanscrutl meouyunckuil yenmp penpooyKmueHou MeOuyubl U 300P06bsi CeMbl,
ya. Hapxan, 3, 100052, 2. Tawxenm, Y3bexucman
DIamomopghonocuueckas rabopamopus «IPSUM Pathology»,
yi. @apabu, 3324, 100015, e. Tawxenm, Y36exucman
dMeaicoynapoousiii 2ocyoapcmeennviii sxkono2uyeckutt uncmumym um. A. J{. Caxaposa,
Benopyccruii cocyoapecmeennbiii ynusepcumen,
yi. loneobpoockas, 23/1, 220070, e. Munck, Benapyce

[omy4eHs! JaHHBIC O COIEP KAaHUU MAaKpO- M MUKPOJIEMEHTOB B OPTaHU3Me KyPAIINX U HEKYPAIINX MOJIOABIX Jironeit 18—
22 JieT, 4TO BaKHO JUISl CBOEBPEMEHHOW KOPPEKILIMK OMOAIEMEHTHOTO CTaTyca MOJIOAEKH, COXPAHEHHSI U YKPETUICHUSI UX 3710-
POBBSI, a TAK)KE TPOIIaraH/Ibl 30POBOTO 00pa3a >KM3HH. YCTaHOBJICHO, YTO MEIMAHbl KOHIICHTPAIMH 110 BCEM HCCIIEI0BaHHBIM
anementam (Ca, Cu, Fe, Mn, Zn, Cr, Pb, Cd 1 Hg) B Boocax y KypsIIux 1 HeKypsIIIX MOJIOJIBIX JIIOZICH HE IMENHN CTaTHCTHYe-
CKuX paznanit (p > 0,05). OxHako y KypsIIuX FOHOIISH 3HAYMMO Yallle BCTpedascss HeIOCTaToK Kaimblust (B 2 pasa, p = 0,05),
Maprania (B 1,05 pa3a) u pexe HopmanbpHoe comepkanne Fe (B 1,1 pa3a), uem y HeKypsIIIX CBEPCTHHUKOB. Y KypPSIIHX JICBYIICK
3HAYMMO Yallle BCTPEJaJICsl HeOCTATOK IMHKA (B 1,6 pas3a), 4eM y HeKypsIIMX POBECHHUII, Y KOTOPBIX K TOMY e KOHIICHTpaIUH
KaubLwst B 3,1 pasa yarie HaXOAWIIHCh B AnanazoHe pedepeHcHbIX 3HaueHui. Kypsiiume neBymiky 3aaqnmo yaie (p = 0,05) ume-
71 cOaraHe TakuX 2JIeMEeHTOB, kak Cu (130bIToK), Fe (Henocrarok), Zn (HEAOCTATOK) MO CPABHEHHIO C KYPSIIIIMH FOHOIIAMH.

Knrouesvle cnosa: Kypenne, BEHIMHT; XUMHYECKHE 2IIEMEHTHI; OMO3IEMEHTHBINA CTaTyC; TSDKEIbIe METaJUTbL; ONOJIoTHYe-
CKast pOJIb AJIEMEHTOB; BOJIOCHI; MOJIOJIBIC JTFOH.

Bnazooapnocms. ABTOPBI BBIPAXKAIOT TPHU3HATCIBHOCTh COTPYIHHKAM JIA0OPATOPUU 3KOJIOTUYCCKOTO MOHUTOPHHIA
u skonoruyeckoro menemxkmenta MI'OU nm. A. JI. Caxaposa BI'Y, oka3pIBaBIIMX COAEHCTBUE MTPU BHITOIHEHUH JUITIOMHOTO
MIPOCKTUPOBAHHIS.

INFLUENCE OF SMOKING
ON THE BIOLEMMENTAL STATUS OF YOUNG PEOPLE

B. E. TURGUNOVA®, K. B. ALAYEVA®, Yu. V. ZHYLTSOVA*

*Israeli Medical Center for Reproductive Medicine and Family Health,
3 Darhan Street, Tashkent 100052, Uzbekistan
>Pathomorphological laboratory «[IPSUM Pathology»,

3324 Faraby Street, Tashkent 100015, Uzbekistan
¢International Sakharov Environmental Institute, Belarusian State University,
23/1 Datthabrodskaja Street, Minsk 220070, Belarus
Corresponding author: Zhyltsova@mail.ru (Zhyltsova@mail.ru)

For citation:
Turgunova BE, Alayeva KB, Zhyltsova YuV. Influence of smok-

O0pa3en LUTHPOBAHUMA:
Typrynosa B3, Amnmaesa Kb, XXunsiosa FOB. Brsiane xypenus

Ha OMOJIEMEHTHBII CTaTyC MOJNOABIX Jronei. Kypran benopycckoeo
2ocyoapcmeennozo ynueepcumema. Jxonoeus. 2025;1:56—66.
https://doi.org//10.46646/2521-683X/2025-1-56-66

ing on the biolemmental status of young people. Journal of
the Belarusian State University. Ecology. 2025;1:56—66. Russian.
https://doi.org//10.46646/2521-683X/2025-1-56-66

ABTOpBI:

Bazuna Inemyxammao kusu Typzynoea — Bpad-nabopaHT.
Komuna Bomuposna Annaeea — Bpau-nabopaHt maroMmopgosio-
THYECKOI JTa00paToOpHH.

HOnusa Banenmunoena Kunvyoea — xanmunar OHoiormde-
CKUX HayK; JOLEHT Kadeapsl oOmiell OMOIOTUH U TeHETHKH.

Authors:

Bagila E. Turgunova, laboratory doctor.
Bagilaturgunova7@gmail.com

Komila B. Alayeva, laboratory doctor at the laboratory of
pathomorphology.

akamila628@gmail.com

Yuliya V. Zhyltsova, PhD (biology); associate professor at the
department of general biology and genetics.

Zhyltsova@mail.ru

56



MeauuuHcKast KOO Hsl
Medical Ecology

Data were obtained on the content of macro- and microelements in the organism of smoking and non-smoking young
people aged 18-22. The results are important for the timely correction of the bioelement status of young people, for pre-
serving and strengthening their health, and promoting a healthy lifestyle. It was found that the median concentrations for
all studied elements (Ca, Cu, Fe, Mn, Zn, Cr, Pb, Cd u Hg) in the hair of smoking and non-smoking young people did not
have statistical differences (p > 0.05). However, smoking young men were significantly more likely to have a deficiency
of calcium (2 times, p = 0.05), manganese (1.05 times) and less likely to have a normal Fe content (1.1 times) than their
non-smoking peers. Smoking girls were significantly more likely to have zinc deficiency (1.6 times) than non-smoking
girls of the same age, whose calcium concentrations were 3.1 times more likely to be within the reference range. Smoking
girls were significantly (p = 0.05) more likely to have an imbalance of elements such as Cu (excess), Fe (deficiency), Zn
(deficiency) compared to smoking boys.

Keywords: smoking; vaping; chemical elements; bioelement status; heavy metals; biological role of elements; hair;
young people.
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BBenenne

Kypenne — omuH w3 (akTOpoB, CYNMIECTBEHHO OTATOIIAIONINN HMMEIOIIHecs 3a00JeBaHUs ABIXaTeIbHOM,
CEpIICUHO-COCYAUCTONM M MNUIIEBAPUTENBHON cucTteM [1], MOBBILIAET PUCKM BO3HUKHOBEHHS paka JIETKUX,
ITOYEK, MOYEBOTO ITy3BIPs, MOUYETOUYHHUKA, TIPUIATOYHBIX TTa3yX HOCA, MIOJIOCTH PTa, IJIOTKH, TOPTaHH, THIIEBO/IA,
JKeITy/IKa, TIOKEITyIOYHON KeJe3bl, TIEYeHH W KPOBH [2], XpOHUUECKAX OPOHXWUTOB W APYTHX MATOJOTHMA, YTO
B CBOIO OUe€pe/Ib CKa3bIBAETCS Ha KAYECTBE KU3HU U €€ TIPOJOIDKUTENIFHOCTH Y KYPIIIBIIUKOB. B pesynsrare mera-
aHanuza [3] yCTaHOBJIEHO, YTO y aKTUBHBIX KypHJIbLIUMKOB B 1,37 pa3a, a y maccuBHbIX — B 1,22 pa3a BbllIe
OTHOCHTENBHBI PUCK pa3BUTHs caxapHOro nuadera 2 Tuma. OCHOBHBIMH JIOKa3aHHBIMH B OKCIIEPHMEHTAaX
HEraTUBHBIMH d(PPEKTaMi KOMITOHEHTOB ITapa 3JIEeKTPOHHBIX CHUTapeT SIBISIOTCS: apTepualbHas THIEPTECH3NS,
runepTpoduss MHOKapaa, UCTOHICHHE CTCHKH aopThl [4], TTOBPEKICHHE TeIaTOIMTOB TIeUeH! [5], aKTHBAIIHS
BOCHAJIMTENILHOTO [6] M OKCHJIATUBHOIO cTpecca [S] B medyeHu, Helponartuu [7], akThBalMs anonTo3a KIJIETOK
IOYEeK B pe3yibTare TMOBBIIEHHOTO COJAEepKaHWs aKTHBHBIX (hopM Kuciopoaa u muchyHkuus mnodek [5]. [lo
JTAaHHBIM BceMupHOM opraHu3aiiu 3paBoOXpaHeHNs, KypeHne sBisercs npuauHoit 10 % obmeit cmepTHOCTH
B3pociuoro HaceneHus [2]. ITo nannbeiM T. B. UmkoBoii [1], cyniecTByeT NONMKUTEIbHAS KOPPEISLIMOHHAS CBS3b
MEXK]Ty YHCIIOM JIFOIeH, IMEIOIINX OIpe/iesieHHbIe 3a00IeBaHUs, ¥ CTAXKeM KypeHHs: KOd(h(OUITMEHT KOPPEIAITUT
n3MeHsiercs B penenax 0,77-0,87, mpudem y jKEHIIWH 3Ta CBSI3b 00JIee TeCHas.

TabOadHBI JBIM CONEPIKUT OONBIIOE KOIMUSCTBO XMMHUYECKHX BemiecTB (O6omee 4000, B Tabake — OKOJIO
3000 [2]), HeOmaronpusATHO BIHSIONINX Ha 370POBBE YEIOBEKA: CEPOBOMOPOI, CHHIIIBHYIO KHCIIOTY, YTapHBIHA
ra3, aMMuaKk ¥ TabadyHBIA JETOTh, KOTOPBIA MPEACTABIIET COOON KOHIEHTPAT M3 MPOMYKTOB TOPEHHS U CyXOi
MEPETOHKN Tabaka, COMEPKUT OOJNBIIOE KONWYECTBO XMMHUYECKHX COCIMHEHHUH (OKOJIO COTHH, B TOM YHCIE
Tsoxenbie Metaisl — As, Hg, Cd, Pb, Cr, Zn, Cu, Ni), MHOTHE U3 KOTOPBIX CTIOCOOHBI OKa3bIBATH KAHIIEPOTESHHBII
a¢dext. YeraHoieHo, uto 3a 10 meT u Oomee mpu BhIKypuBaHUU Oosiee 20 cHTapeT eKeIHEBHO B OPTraHU3M
ronagaet 6osee 1,5 KT pa3mmIHbIX XUMHUYECKUX BEIIIECTB, @ MacCa TSHKEITBIX METAJIIIOB MOXKET TOCTHTaTh 21-24 T
[8]. Kpome Toro, n3BecTHO, 4TO ps TsKenbix MeTainioB (Zn, Cd, Pb, Cu, Hg, Ni [2]), conepxamtuxcs B Tabake
CUTapeT, B MPOLECCE KYypEHUs] YACTUYHO [8] MM MOJHOCTBIO MEPEXOAUT B CUTapeTHBId AbIM [9], momagaer
B OpTaHM3M YeJIOBEeKa B BHJIE a3PO30JII U UMEET OMOJIOTHYECKH ¥ XUMHUECKH akTUBHYIO (popmy. M3BecTHO, 4TO
OOKOBO TaOAYHBIH JBIM, KOTOPBIH BBIAETSETCS Yepe3 MaupOCHYI0 OyMary B OKPY’KaloIIyI0 Cpely U BIbIXaeTcs
OKpY’KaIOMIMMHU TIPH TTAaCCUBHOM KYPEHHWH, cofepkuT B 2,9-3,3 pasa Oombmie Pb, B 4,3-12,2 paza 6ombire Cd,
B 3 paza 6ombiie Hg o cpaBHEHHIO ¢ OCHOBHBIM TaOauHBIM JIBIMOM, B/IBIXaeMbIM KypHJIbIIUKOM [2]. HexkoTopeie
AIIEKTPOHHBIE CUTAPETHI COMEPKAT OONBIIOE KOJUYIECTBO MOHOB CBHHIA M JAPYTHX TSHKENBIX METAJIOB, MOHBI
KOTOPBIX BBIJEISIOTCS M3 CHHPANTN HAKAIWBAaHUS MCIIAPHUTENS. YCTAHOBJIEHO, YTO B ITape BEWUITOB COAEPIKUTCS
CBUHEII, HUKEJb, XpOM W MapraHei. [Ipm »ToM 10is TSHKENBIX METAJUIOB B MCIAPEHUSX IPEBBIIIAET HOPMY
B AecaTkH pa3. [laccuBHOE KypeHne criocoOHO TPOBOIMPOBATH, COMTACHO CTATUCTUYECKUM JaHHBIM, Oomee 30 %
3a00JIeBaHNH, aCCOIMMPOBAHHBIX C TA0AKOM. TakuM 00pa3oMm, B TPyTIie pUCKa HAXOAATCS KaK CaMH KyPHITBITHKH
1 BEHUIepHl, TaK U OKPYKAIOIINE WX JFOIH.

ITocTynast B KpOBOTOK, TSIKEINbIE METAJIIBI CIIOCOOHBI 3aITy CKaTh TIPOIIECCHI TopakeHus cocynos [8; 10]. Kpome
TOTO, CBHHEIl, KaIMUI W PTYTh OOJAIAIOT TOKCHYHBIMH, KAHIIEPOTEHHBIMH M KyMYIISITUBHBIMH CBOWHCTBAaMHU.
W3BecTtHO, 4TO HAONMOMAETCS MPSMOIIPONOPIIMOHATBEHAS 3aBUCHMOCTh MEXAY JUTUTEIHHOCTHIO M HYacTOTOM
KypeHusi, konmdectBoM Cd BO BHYTpEHHEM CIIO€ a0pThI KypSIIETo YenoBeKa, a KoHeHTpanus Cd B CBIBOPOTKe
KpPOBH y KypsIIIIETO YelloBeKa B 2 pasa BbIlIe, 4eM y Hekypsmero. Pb, Cu u Cd oOHapyeHbI B MOBBIIIIEHHBIX
KOHIIEHTPAIMSIX B XpyCTaJMKe IJa3a Jitofiel, BhIKypuBatonmx Oomee 10 curaper B AeHb B TedueHue 10 mer
u 6omnee [8]. Y xypsmmx mroneit Beire conepkanre Cd, Pb u Hg B Bonocax [11].
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[ocryrienrie B OpraHu3M MOBBINICHHOTO KOJMYECTBA TSDKENIBIX METAJUIOB MPEISITCTBYET YCBOCHHIO
JCCEHITHANBHBIX  (KM3HEHHOHEOOXOMUMBIX) DJIEMEHTOB, CITOCOOCTBYET pa3BUTHIO MHKPOIIEMEHTO30B —
COCTOSTHHH, OOBEAMHSIOIINX BCE CUMIITOMBI U 3a00J€BaHHMS, SIBISIFOIIUECS CIEACTBHEM HAIMUMs TeQHIUTA,
M30BITKA WK JTUcOaiaHca MUKPOJIEMEHTOB B oprann3me. CoriacHO COBPEMEHHBIM HAYYHBIM TIPEJICTABICHUSIM,
MHUKPOIJIIEMEHTO3bI SIBISIFOTCS OHOW W3 OCHOBOIOJATAIONINX TMPHYHH PA3BUTHSI M HAPYIICHUS COCTOSIHUS
3MI0POBBSI YETIOBEKA.

Ilens uccenoBaHus — BBISIBUTH OCOOCHHOCTH DJIEMEHTHOTO CTaryca KypsIuX MOJIOnbIX aroneit (18-22 mer).
B cBs3u ¢ uem penianuck clueayromme 3a1aqu:

1. [IpoBecTn aHKeTHPOBAaHNE MOJIOABIX JIFOIEH U 0TOOP Mpod Oromarepuaa (BOJIOCH).

2. OnpeienuTh KOHIIEHTPAIUH MaKpO- 1 MHKPOAJIEMEHTOB B BOJIOCAX MOJIOZBIX JIFOICH.

3. OneHUTH pazauare OMOAIEMEHTHOTO CTaTyca KypsAITUX U HEKYPSIITIX JTFOICH.

B pabote moHsTHE «KypAIIHE» SBISETCS COOMpPATEIbHBIM, OOBEANHSIONUM KYPHIIBIIUKOB KIACCUUECKUX
CHUrapeT W/ UCTIONB3YIOIINX dJICKTPOHHBIC YCTPOWCTBA.

MarepuaJjibl 1 METOAbI HCCJICIOBAHUSA

Anxemuposanue nipoBouiock B nepuon ¢ 2021 nmo 2023 1. cpean MoioabIX JtoAeil B Bozpacte 18—22 ner,
oOygaromuxcsi B MeXIyHapOAHOM TOCYIapCTBEHHOM JKojormdeckoM wuHcTUTyTe MM. A. JI. Caxaposa
Benmopycckoro rocynapctsenHoro yauBepcuteTa (manee — MI'OU um. A. JI. Caxaposa BI'Y).

B kadecTBe HHCTpyMEHTa NCCIIEIOBAHMS UCTIONB30BANIACh pa3paboTaHHas aHKeTa, cocTosmas n3 10 myHKTOB.
CrynenTtam OBLTH 33J]aHBI BOIIPOCKHI O MOJIOBOM MPUHA/IISKHOCTH, BO3PACTE, OTHOIIEHNH K KypEeHHUIO/BEHITHHTY,
4acTOTe W CTaXe KypeHWs/BeHNHMHTra. B aHKeTy Takyke BXOIMII OIOK BOMPOCOB O MPUMEHEHHWH CIICITHAIBHBIX
CPEICTB yXOJa 3a BOJIOCAMH, HCITOJH30BaHHE KOTOPHIX B TOCIENHHE 2 HENEeNHd MOIIO TOBIUATH HA WUTOTH
uccreoBaHui. B pesysnprare mMpoBEIEHHOTO aHKETHPOBAHWS OBLTH C(OPMHPOBAHBI TPYNIIBI KypAIIuX (M,
KOTOpBIE B HACTOAIIEE BpeMs KypsT TaOadHbIe W3IENUs €XKETHEBHO WIM HEPEeryIsIPHO) W HEeKypAInX (JIHIa,
HUKOT/Ia He KYPHBIITHE) MOJOJIBIX JIFONEH.

B ankernpoBanum npuHsImM ydactie 69 ctyaeHToB, u3 Hux 60,9 % (n = 42) — rononm u 39,1 % (n = 27) —
JIEBYIIIKH.

Bonocvr xax obvexm uccnedosanuil. Obocnosanue evibopa o6uocyocmpama 011 ananuza. CoTIIacHO
COBPEMEHHBIM IPE/ICTABICHUSM, JIIEMEHTHBII COCTaB TAKUX OMOCYOCTPATOB UeJIOBEKa, KK KPOBb, MOUA, BOJIOCHI,
OTpa)kaeT KOHIICHTPAIIMI0 XMUMHUYECKUX DJIEMEHTOB BO BHYTPEHHEH cpene opranm3Ma u ux merabonmsm. Ilpu
WHTEPIIPETAIIMY TIOJTyYCHHBIX PE3YIIBTATOB COJEPKaHMUsI XUMUIESCKHUX JIEMEHTOB B OpraHaX M TKaHSIX YelIOBEKa
YUUTBIBAIOTCSI BCE BO3MOYKHBIC ITYTH MOCTYIUICHHSI KX B OPTaHU3M — ITOBBIIICHHOE COJIEPKAHUE DIIECMEHTOB BOJIC,
B MOYBE, MHIIE, TPOKUBAHHUE JIO/ICH BOIN3M MPOMBINUICHHBIX 00BEKTOB, MpeTHaMepeHHoe BBeeHne. Hanbomee
JOCTYIHBIMU MaTtepuaiiamu JJisi 3a00pa mpod U MCCIIEI0BaHUs HX JIEMEHTHOTO COCTaBa SIBJSIFOTCSI MOYa, KPOBb
1 BoJjochl. OJTHAKO BOJIOCHI KaK OOBEKT HCCIICNOBAHHS MMEIOT CICAYIONIME MPEHMYIIECTBA MO CPaBHEHHUIO
¢ IpYruMH OrocyOcTpaTtamMu: BBICOKask KOHIICHTPAIIUS B HUX XMMHUYECKUX DJIEMEHTOB, HEMHBA3HMBHOCTH 0TOOpA
npo0, JEerkocTh cOOpa, TPAHCTIOPTHPOBKU M XpaHEHHs. Y BBIPOCIIETO BOJOCA OTCYTCTBYET METa0OIMYeCcKast
AKTHBHOCTb, YTO IMPUBOJIUT K HAKOTUICHHIO MaKpPO- M MHUKPOAJIEMEHTOB, TIO3BOJISIET TPOBOJIUTH PETPOCTICKTUBHBIE
aHaJM3bI 32 ONPE/ICIICHHbBIC TIPOMEKYTKH BPEMEHH M HA PAHHHUX CTaJIHSIX BBISIBISITh K3MEHEHUS B OpraHu3Me IIpU
JIATEHTHOM TEYCHUH MATAIOTHYECKUX TPOIECCOB.

OObexTamMu UCCIIeIOBaHUS ABIIUTUCH BONOCH! 69 ctynenToB MI'OU um. A. JI. Caxaposa bI'Y B Bo3pacte 18—
22 net. Y3 Hux 36 xypsmmx (21 toHomma, 15 neBymek), 33 nekypsammx (21 ronoma, 12 neBymiex). Bee cTyneHTs
JIAJTY TICBbMEHHOE JIOOPOBOJIBHOE COTNIACHE Ha yYacTHE B aHKETHPOBAHUH U OTIPE/ICIICHIH XUMHYECKHIX DJIEMCHTOB
B BojIocax. B Bosocax ompeesnsuiich KOHIEHTpaluu cieayronux anementoB: Ca, Fe, Cu, Zn, Mn, Cr, Pb, Cd
u Hg. [TonyyeHHbIe pe3ynbrarhl CPAaBHUBAINCH C peepEeHCHBIMHI 3HAYCHUSIMH, TIPE/ICTABICHHBIMU B TaOM. 1.

Ilopaook ombopa npo6 sonoc. IlpaBuna cOopa BOJIOC BKIIOYATIH B ce0s BHINOIHEHHE TPeOOBAHUI, C KOTO-
PpBHIMU OBLITH 03HAKOMJICHBI YYACTHUKHU MCCIICAOBAHHS: BOJIOCHI JJOJDKHBI ObIIIH OBITh YUCTHIMHU, HE JIOITYCKAJIOCh
Hepel aHAIM30M HAaHECEHHE Ha BOJIOCHI CPEACTB 110 YXOAY U yKiajke. [TpoBoauTh aHaIN3 OKPALIEHHBIX BOJIOC
PEKOMEHI0BAJIOCh Yepe3 2 Mec. Iocie IMPOoLeayphl UX OKpallUBaHUA. 3a 2 HEJeNU 10 CAAa4U BOJIOC Ha aHAJIU3
OBUIO PEKOMEH/IOBAHO MPEKPATUTh MCIONb30BaHUE JICUCOHBIX IIAMITyHEH, CPEJCTB MPOTUB MEPXOTH, MYCCOB,
ne4eOHBIX 0aIb3aMOB U reneil.

[Tpu otOope mpod BOIOCH COCTPUTAIN B BUJIE TOHKUX Ips/el u3 4—5 MecT Ha 3aTbuike Onke K mee. Beero
MOJTyYaJId Iy4OK TOJIIMHON B 3—4 MM u anuHOU 4 cM. Eciii Bonockl ObUTH JUTMHHBIMH — OCTaBIBIIH 4 CM ITydKa
BOJIOC OT KopHeH. Eciii Boockl ObUTH KOPOTKHE, COCTPUTANIN CTOIBKO BOJIOC, YTOOBI 3aIIOJTHUTh YaHHYIO JOKKY.
[psiau BKIAABIBAIM B YHCTBHIH OyMakKHBIH KOHBEPT, Ha KOTOPOM YKasbIBalM HMICHTU(QHKAIOHHBI HOMED,
IyOIHMpyeMblli B aHKETE.
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Tabnuma 1

Pedepencubie 3HaYeHNs KOHUEHTPALUi 3JIEMEHTOB B BOJIOCAX YeJI0BeKa, MI/KI

Table 1

Reference values for concentrations of elements in human hair, mg/kg

DeMeHT Pedepencusie 3HaueHns [12—14]
MHUHHMYM MUHUMYM MaKCUMYyM
Ca MY KUHHBI 300 1000
JKEHIIIUHBI 300 1700
Zn 114 320
Fe 13 35
Cu 4 30
Mn 0,5 2
Cr 0 5
Cd 0 1
Pb 0 5
Hg 0 2

Onpeoenenue coOepicanus XUMUUECKUX DNEMEHINO0G 6 GON0CAX PEHMESEHOGPIYOPEeCYEHMHIM MEmOOOM.
ConepkaHre XUMHYECKHX JJIEMEHTOB B BOJIOCAX OTPENENSIN COINAcCHO 3aperHCTPHUPOBAHHON METOINKE
BEITIOJTHCHMSI M3MEPEHHUH MacCOBOH MO XMMHUYECKHX OJJIEMEHTOB B OHOOOBEKTax (BOJOCAX) METOIOM
peHTreHo(ITyOpeCeHIINH C NCTIONb30BaHIEM CIIeKTpoMeTpa sHepruil peatreHoBckoro u3mydenuss CEP-01 (ElvaX,
VYkpauna, peructpartus B benl UM mog Ne MBU.MH 3814-2011) ra 6a3e maboparopuu kadeapsl SKOTOTHIESCKOTO
MoHHuTOpHHTa U MeHemkMenTa MI'OU nm. A. JI. Caxaposa BI'Y. Otobpanasie 00pa3iibl TPOMBIBAIIN B alleTOHE
¥ JUCTHUIUIMPOBAHHOW BOJE OT TMOBEPXHOCTHOTO 3arpsi3HEHHsS, BBICYIIUBAIN B JIA0OPATOPHOM CYIIMIHHOM
mkady mpu Temmeparype 40 °C, TmiarenbHO H3MENBYAIM HOXHHUIAMHU. V3 M3MENBIeHHOTO KOJIMYECTBA
BoJioc Ha Becax (hopmuposanu HaBecky 0,1000 r + 0,0001 r. B HaBecky 100aBIAIN KJIEEBOW COCTAaB M TOCTE
BBICBIXaHHsI CIIPECCOBBIBAIIN B TaONIETKy AraMeTpoM 10 MM IpH ITOMOIIM THIPABIMYECKOTO IIPecca U3 KOMITJIEKTa
cnekTpomMeTpa. MI3MepeHns moiroToBIeHHBIX 00pasIioB, a TakyKe 00padOTKy MOTYYEHHBIX PE3YIIETATOB POBOINIH
COIJIACHO PYKOBOJICTBY IO AKCILTyaTanuu mpudopa. [lapannensusie n3Mepenns o0pasiia MpoBOIMIN B 4-KpaTHOM
TTOBTOPHOCTH.

Cmamucmuueckue — obpabomxa  Oamnvix. OUEHKa HOPMAJIBHOCTH  paclpelesieHHs IapaMeTpoB
MIPOBOAMIIACH C MCTIONB30BaHueM KputepueB lllanupo — Yunka ams BEIOOpOK ¢ yuciioM 3HaueHui 50 1 MeHee
u Konmoroposa — CMupHOBa 151 00JBIIMX BEIOOPOK.

KonmuecTBeHHbIE XapaKTEPUCTUKH, COOTBETCTBYIOIINE 3aKOHY HOPMAJIBHOTO PAaCIpeesIeHNs, IPEACTaBIsIN
B BHJIE CPEIHET0 3HAYCHWUS, CTAHIAPTHOIO OTKIIOHEHWS, CPEAHEH CTaHJapTHOW OMIMOKH, MHHUMAJIbHBIX
¥ MaKCHMAaJbHBIX 3HaueHuH. CpaBHEHHE ABYX TPYMIl C KOJIWYECTBEHHBIMH XapaKTEPHCTUKAMH C OIMHAKOBOM
o01eit aucnepcreil U B COOTBETCTBHH ¢ HOPMAIBHBIM 3aKOHOM PAaCIpe/esieHNs] POBOAMIOCH B COOTBETCTBHU
¢ kputepusiMu CTbIOZCHTA.

JUIs  KOJMMYECTBEHHBIX XapaKTEPUCTHK, HE TMOAYMHSIOMINXCS HOPMAaJbHOMY 3aKOHY paclpeesieHus,
OTIpeJIeNAINCh MeANaHa, KBapTHIIU, KBAPTHIBHBIN pa3Max, MUHIMaJIbHOE U MaKCHMalbHOe 3HaYeHns. CpaBHEHHE
JIBYX TPYII C KOJIMYECTBEHHBIMU XapaKTepPUCTUKAMH, UMEIOIIUMHU pacripeielieHle, OTIIMYHOE OT HOPMaJIbHOTO,
IIPOBOJIMIIM B COOTBETCTBUU C kputepusamu [Ilanupo — Yuka.

Bo Bcex cimywasx pasnuuMs CUMTAJIMCh CTATHCTHUECKHM 3HAYMMBIMU IIpH ypoBHE 3Hauumoctd p < 0,05.
CrarucTuueckuil aHaiMu3 TOJTYYEHHBIX PE3YJIbTaTOB BBIMIOJIHEH C HCIIOIb30BAHMEM KOMIBIOTEPHBIX MAKETOB
craructudeckux nporpamm EXCEL 2016 w STATISTICA, tpaduueckoe MPeIoOCTaBICHUE pE3yJbTaToB
MIPOBOAMIIOCH C MCIIOJIb30BAHUEM TMaKeTa MPUKIAAHBIX porpamMm EXCEL 2016, STATISTICA 13.

Pe3yabTarhl nccie10BaHUSA U UX 00CYKIEHUE

Pesynomamuor ankemuposanuss monoowix niodei MIOU um. A. JI. Caxaposa BI'Y no eonpocam kypenus.
Bonee uem y 86 % Kypsmmx MOJOABIX JIFOACH CTaX KypeHHUs: cocTaBisiI oT 1 1o 3 set. M3 ompoca ycTaHOBIICHO,
YTO FOHOILHU MPEIOUYUTAIOT 00bIuHbIC TabauHbie u3neus (81 % KypsIMx PeCrOHICHTOB), a JCBYIIKUA OTIAIOT
MpeArnouTeHNE MEKTPOHHbIM curapetaM (80 %). KonnuecTBo curaper, KOTOpoe BBIKYPUBAIOT MOJIOJBIE JIFOAU
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B JICHb BapbHpyeT OT 3 10 25 mTyK. B cpearem 310 13 + 1 mTyk/cyTku (Meauana — 12 mtyk/cyTku). Kommaectso
BIIOXOB («mmapeHuii») y Beitnepos nsMensercs ot 200 mo 1000. B cpemaem 310 562 + 25 BIOXOB/CYyTKH (MeIHaHa —
525 BmoxoB/cyTkn). YacToi mpuanHON KypeHHsI MOJIOZBIE JIIOIN Ha3bIBAIN «HEPBHOE TepeHanpsokerne» — 50 %
ompomenHbix. Kpome toro, 22 % Kypsiiei MOJONEKH CYATAET, YTO TaKUM O00pa3oM OHH «CIEAYIOT MOIHBIM
TeHACHIMAMY»; 14 % pEeCIOHIEHTOB MOABEPKEHBI BIUAHUIO Kpyra OOIICHUS: MOJIOJBIE JIOMU HE XOTAT OBITh
«OenpIME BOPOHAMU» B KOMITAHWH KYDSIIUX CBEPCTHHKOB; CTOJBKO )K€ CUUTAET, YTO KypEeHHE CIIOCOOCTBYET
TIOJTHSITHIO HACTPOCHHUSI.

OtMmedeHo, uto 66 den. u3 69 pecrmoHICHTOB CYUTAeT HEOOXOMMMBIM MPUACPKUBATHCS 340POBOTO 0Opasa
JKU3HU, cpeu HUX Bce Hekypsmue (33 gen.) n 33 kypsmmx cryaerta (92 %). OtBeTsl Ha Bompoc, «4To Bbl
JIMYHO JIeNIaeTe JUTS COXPaHEHHS U YKPETUICHHSI CBOETO 37I0POBBSA?» CPEIN KYPSIIHX CTYJCHTOB PaCIpeeIHINCh
CIICYIOIMM 00pa3oM: OOIBIIUHCTBO CTYJICHTOB OTBETHIIM, YTO MPUACPIKHBAIOTCS TMPABHIBHOTO MUTAHUS
1 310poBoro cHa (0omnee 30 %), 24 % 3arMMaroTcs ciopToM, 15 % MpUHUMAIOT OHOJIOTHYECKH aKTHBHBIE T00aBKH
(bAIp1).

Cooepoicanue MaxKpo- u MUKPOIIEMEHMOB 8 BOJIOCAX MOL0ObIX Tiodell. OQyenKa coomeemcmaus co0epiCcanisl
XUMUYECKUX DNEeMEHMO8 6 B0J10CAX CMYOeHmos pegepeHcHvim 3HaueHusm. TIpu TIPOBEICHUH HCCIICIOBAHUS
B BOJIOCAX MOJIOJIBIX JIFOJICH OBLIM BBISBJICHBI MHOTHE XuUMUdeckue aiemeHThl. Kontenrparuu Cd u Hg Obuin
HIDKE Tpejieia YyBCTBUTEIBHOCTH TPUOOpa U HE BBIXOIUIIHN 3a Mpefeibl pedepeHcHbIX HOpM. KoHleHTpanus
Pb B BOsIOcax OOJIBIIMHCTBA OOCIICIOBAHHBIX ObLIAa HMXKE YyBCTBHTENBHOCTH mpubopa (92,8 %), mis 5,8 % —
KoHIIeHTpa1mst Pb B Bonocax onpenensiiach 1 0bl1a HIKe pedepeHCHBIX HOpM. B Bonocax 1 yenoBeka — Kypsiiero
IOHONIN — KOHIIEHTPAIIWS CBUHIIA BBIILIA 32 MPEEIIbl BEPXHET0 OHOIIOTHYECKH JOIYCTUMOTO YPOBHS (5 MI/KT).

B Ta6JI. 2 MMpEACTABJICHbI JAHHBIC O KOHUHCHTPAIUAX XUMHWYCCKUX 3JICMCHTOB B BOJIOCAX MOJIOABIX JHO)Z[eﬁ,
y4aCTBOBaBIIMX B UCCJIICAOBAHUAX, B CPABHCHHUU C pe(bepeHCHbIMI/I 3HAYCHHUAMU.

Ta6nuua 2

ConepsxaHue XMMUYECKHUX 3JIeMEHTOB B BOJIOCAX MOJIOABIX Joeii (17 = 69), Mr/kr

Table 2

Content of chemical elements in the hair of students (» = 69), mg/kg

Min-Max Pedepencubie 3Hauenus [12—-14]
OnemeHT Me

P25-75 MUHHMYM MaKCHUMyM

219,92-4579,36
Ca 881,82 300 1000; 1700
442,36 — 1986,41

70,81-448,11
Zn 136,31 114 320
118,65-201,21

4,57-47,79
Fe 13,40 13 35
7,67-21,91

2,93-101,75
Cu 8,32 9 30
5,66—-12,63

0-27,49
Mn 0,92 0,5 2
0-1,66

0,92-2,34
Cr 1,72 0 5
1,58-2,01
I[Ipumeuanus. n — 0ObeM BEIOOPKH, Min-max — MUHUMAJbHbIC 1 MaKCUMaJIbHbIe 3Ha4YeHHUsI BbIOOpKH, Me — meaunana. P 25-0,75 — npo-

nenTmm. Pedepencusre 3Hadenus st Ca npecTaBieHbl ¢ YIeTOM ITOJI0BBIX pa3iIninii (IlepBoe 3HAYEHHE — JUIsl OHOLIEH, BTOpoe — IS
JIEBYIIEK).

Notes. n — sample size, min-max — minimum and maximum sample values, Me — median. P 25-75 — percentiles. Reference values for Ca
are presented taking into account gender differences (the first value is for boys, the second value is for girls).
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YcTaHOBIICHO, YTO MEIHAaHHBIC 3HAUeHU KoHIleHTpanuii Ca, Fe, Zn, Mn u Cr B Bojtocax JeBYyIIEK U FOHO-
el HaXomATCs B IIpenenax pedepeHcHbIX 3HaueHU. MeananHbie 3HadeHus KoHIeHTpanuii Cu Himke pede-
peHcHBIX 3HaueHu. Ognako mis Ca, Fe, Zn, Mn u Cu Takke HaOTIOMAIOTCST 3HAUCHHSI KaK BBIIIE, TaK U HIDKE
pedepeHCHBIX.

B Tab6m. 3 nmpencraBieHb! TaHHBIE 00 3JIEMEHTHOM CTaTyCe IEBYIIEK C yIeTOM CTaTyca B OTHOIIEHUH KYPCHHSL.

Tabnuna 3
CoaepixaHue XMMHYEeCKHX 3JIeMEHTOB B BOJI0CAX JeBYIleK, MI/KI
Table 3
Content of chemical elements in girls’ hair, mg/kg
Min-Max
Me Pedepencubie 3naueHust' [12—13]
DeMeHT P25-75
Kypsimue neBymiku, n =15 Hexypsiue neBymiku, n = 12 MUHUMYM MaKCUMYM
778,82-3378,21 486,92—-4579,35
Ca 2452,92 2031,29 300 1700
1779,20-3142,94 1235,63-2967,81
5,00-30,82 6,40-16,71
Fe 9,71 13,11 13 35
7,4917,73 8,26-14,42
2,926—41,91 2,97-45,61
Cu 11,78 8,26 9 30
8,065-14,79 5,42-16,15
1,65-2,02 0,97-1,84
Cr 1,81 1,69 0 5
1,67-1,97 1,47-1,79
0-2,07 0-2,976667
Mn 0,83 0,67 0,5 2
0,69-1,22 0,31-1,64
80,18—409,62 85,80—-448,11
Zn 136,66 198,23 114 320
118,24-263,16 125,85-413,42

B niemmom, MearaHbI KOHIIEHTPAITHH TI0 BCEM HCCIIEIOBAHHBIM 2JIEMEHTaM B BOJIOCAX Y KYPSIIUX M HEKYPSIIAX
JIEBYIIEK HE UMENN CTAaTHCTHYEeCKUX pasimuauii (p > 0,05). Meanana KOHIIEHTPAIUK KalbIH B BOJIOCAX Kypsi-
X AeByek HesHaanMo (p = 0,391) Beime B 1,2 paza, ueM Hekypsmux nesymiex; Cu— B 1,4 paza (p = 0,516);
Cr-81,1 paza(p=0,153); Mn—B 1,2 paza (p = 0,775). B Bomocax KypsImux JeByIIeK MeAHaHa KOHIICHTPaIHH
Fe B 1,4 paza (p = 0,979), Zn B 1,5 paza (p = 0,242) HuKe IO CPAaBHEHHUIO C TTOKA3aTEISIMHA HEKYPSIIUX ACBYIIIEK.

B 1a6n. 4 npeacraBieHsl JaHHBIE O COAEP)KAHUN XUMHUECKHX JIEMEHTOB B BOJIOCAX FOHOIIEH C y4eTOM CTa-
Tyca B OTHOIICHUH KypEHHSI.

B nienmom MenmaHbI KOHIIGHTPAITHA TI0 BCEM HCCIIETOBAaHHBIM JIEMEHTaM B BOJIOCAX Y KYPAILINX W HEKYPSIIAX
IOHOIIIEW He WMENH CTaTHCTHYeCKuX paznuunii (p > 0,05). ¥V xypsmux roromen cogepxanne Cr (B 1,1 pasa,
p = 0,098), Mn (B 1,6 pasa, p = 0,132), Zn (B 1,02 pa3a, p = 0,331) Bemme u Cu (8 1,4 pasa, p = 0,07), Fe
(8 1,04 paza, p = 0,884) HIKe TI0O CpaBHEHUIO C TTOKA3aTEIIIMA HEKYPSIITUX FOHOIIICH.

Brrxopsmuie 3a rpaHUII HOPMBI YaCTOTHI 3HAYEHWH KOHIIEHTPALMH MaKpo- ¥ MHKpPO3JIEMEHTOB B BOJIOCAX
MOJIOZIBIX JTFONICH TIpeACTaBICHBI B TA0. 5.

"MeTo/1 TUrHeHIIECKOl OIIEHKH OaaHca XUMUYECKUX DIIEMEHTOB Y JI€Tel (PErHOHANBHBIN MUKPOIJIEMEHTHBIN macropt). MHCTpyKIms
o npumenernto Ne 015-1112. YTBepx/eHa MOCTaHOBIEHHEM IIIaBHOTO TOCYAAapCTBEHHOTO Bpada PecryOmuku bemapycs 2012.12.12.
Munck: Munsznapas, 2012. 19 c.
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Coneprxanue XHMHUYECKHUX )JIEMEHTOB B BOJIOCAX IOHOLIEH, MI/KT

Content of chemical elements in boys’ hair, mg/kg

Tabnuma 4

Table 4

Min-Max
2
SeMenT , 21\;1575 Pedepencusie 3navenus” [12—13]
Kypstue ronomu, n =21 Hexypsimue roHomu, n =21 MHHUMYM MaKCUMyM
143,02-4897,21 219,92-4147,21
Ca 524,04 526,58 300 1000
411,22-723,46 401,04-881,81
5,31-42,96 4,57-47,79
Fe 13,99 14,57 13 35
7,67-25,61 9,45-22,75
2,98-101,75 5,06-23,15
Cu 6,37 8,98 9 30
5,28-8,58 6,38—11,58
1,36-2,34 0,922,193
Cr 1,82 1,67 0 5
1,60-2,19 1,30-1,91
0,00-27,49 0,00-1,81
Mn 1,36 0,83 0,5 2
0,18-2,69 0-1,36
84,40-242,05 111,94-260,86
Zn 136,52 133,83 114 320
123,05-177,39 114,76-148,62
Tabnuna 5

PacnpocTrpaHeHHOCTD JepUuUTA M H30BITKA XUMHYECKHX 3JIEMEHTOB B BOJIOCAX MOJIOABIX JHofei, %

Table 5
Prevalence of deficiency and excess of chemical elements in the hair of young people, %
DeMeHT Craryc 1Ououmn Henyuici
KypsiLue HEKypsLe Kypsiye HEKypsue
HEJIOCTATOK 9,5+ 4,5* 4.6+ 1,7* 0,0 0,0
Ca HOpMa 76,2 +4.,5 68,2 +4)7 13,3+ 6,7* 41,7 + 18,8*
M30BITOK 14,3 +£4,5% 273 +£4,7* 86,7+ 16,8 58,3 £18.8
HEJIOCTATOK 76,2 +£5,1 50,0+ 0,0 26,7+4,1 50,0+4,1
Cu HOpMa 19,1 £5,1 50,0 £ 0,0%** 60,0 +4,1 33,3 +4,] **
M30BITOK 4,8 +4,0%* 0,0 13,3 +4,1* ** 16,7 £ 4,1*
HEJ0CTATOK 47,6 £4,5%* 40,9 £ 3,5%* 60,0 + 0,0%** 41,7 £ 0,0%*
Fe HOpMa 47,6 £4,5*% ** 50,0 + 3,5% ** 40,0 £ 0,0%* 58,3 £ 0,0**
H30BITOK 48 +£41* 9.1+ 3,5% 0,0 0,0
HEJIOCTATOK 19,1 £2 9% ** 18,2 £ 0,0* ** 6,7 £ 5,1% ** 16,7 £ 5,1% **
Mn HOpMa 524+£29 81,8 + 0,0%** 86,7 £ 7,1* 66,7 £ 5,1* **
H30BITOK 28,6+29 0,0 6,7+ 5,1%* 16,7 + 5,1*
HEJI0CTATOK 19,1 £ 0,0%* ** 27,3 £0,0% ** 26,7 + 3,5% ** 16,7 £4,1* **
Zn HOpMa 81,0 £ 0,0* 72,7 +£0,0% ** 53,3 +3,5% 50,0 £+ 4,1* **
HM30BITOK 0,0** 0,0** 20,0 & 3,5% ** 33,3 £4,1* **

IIpumedanus. * — Hamuuue CymecTBEHHbIX pasnuunii (p = 0,05) Mexxay rpynmaMu KypsInux ¥ HeKypsAIuX; ** — HaJTM4ue CyIeCTBEH-
HBIX pazanuuii (p = 0,05) Mexxay TpynnamMu KypsIyx I0HOLIEH U KypsIuX JeBYIIEK WK HEKYPSIINX FOHOIIEH 1 HEKYPAIIUX JEBYIIEK.
Notes. * — the presence of significant differences (p = 0.05) between the groups of smoking and non-smoking; ** — the presence of
significant differences (p = 0.05) between the groups of boys and girls who smoke or boys and girls who do not smoke.

2MeTo/ THTHEHHYECKOH OIIEHKH OalaHca XMMHYECKHX AJIEMEHTOB Y JeTel (PerMOHaIbHBIA MUKPOAIEMEHTHBIN macrnopr). MHCTPYKIMs
o npumenenuto Ne 015-1112. YTBepkaeHa NOCTaHOBICHUEM IVIaBHOTO rocylapcTBeHHOro Bpadya PecryOnuku benapycs 2012.12.12.
Munck: Munsgapas, 2012. 19 c.
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MenwanHOe 3HaUYCHUE KOHIICHTPAITNH KaIbIINs Y ACBYIIEK BBIIIC 3HAYCHUNA peepeHCHBIX HOPM, Y IOHOIIICH —
OHO BXOMUT B peEepeHCHBIN Iuama3oH 3HaueHWH. KambInii MpemsTCTBYET BCACHIBAHUIO B KHUIIICYHHKE
1 JICTIOHMPOBAHMIO B OPTaHWU3ME TOKCHHOB M TSKEJBIX METAJUIOB, TO3TOMY aJ€KBATHOE TIOTPEOICHNE KaTTBITHS
BaYXHO TS IPEAOTBPAIIEHHUS TIOCTYIIICHNS TSHKEIBIX METAIJIOB B opranm3M. Cpenu KypsImnX mapHel HeIoCTaToK
KaJbIHs BcTpevaeTcs gare B 2 pasza (p = 0,05) u coctaBnseT 9,5 %. Y Bcex 00cne10BaHHBIX JEBYIIIEK HE BHISBICHO
HEIOCTaTKa KaJbIHA, OJHAKO, Y KypAIINX JAEBYIIEK CoAepKaHNe KaIbIKs B BOJIOCAX B Mpenenax pedepeHCHBIX
3HaYCHUH BCTpedaercs B 3 paza pexe (p = 0,05), yem y Hexypsmmx. V3BeCTHO, YTO CHIDKCHHE COACPKAHFI
ACTPOTEHOB, CBA3aHHOE C WX TIOBBIMIEHHBIM Pa3pyIICHHEM B ITEUEHH, SBIISIETCS OMHIM U3 OCHOBHBIX MEXaHHU3MOB
Pa3BUTHS OCTEONOPO3a Y KyPHIBIIUKOB. OCTe00IacThl CTAHOBATCS MEHEE YYBCTBUTEIHHBI K THPEOKATBITUTOHHHY
u Oornee — K TApaTTOPMOHY, B pE3yNbTare 4ero CriocOOHOCTh YCBAaMBATh KaJIBIH KOCTHOW TKaHBIO CHIKAETCH,
a BBIBEJICHWE €r0 B IUIa3My KPOBH — TIOBBIMIAeTca. TakuM 00pa3oM, TOBBIIICHHOE CONEP)KaHWE KaJIbIIHS
B BOJIOCaX MOXET OBITh CBS3aHO HE TONBKO C €ro M30BITOYHBIM YMOTPEOIeHNEM, HO U CTaTh PE3yIBTaTOM €ro
YCHIIEHHOTO OOMEHa: TIOBBIIICHHBIE KOHIICHTPAIINH KaJIbIHS U3 ITa3Mbl KDOBH BBIBOISATCS B BOIOCHL. CuuTaercs,
YTO COAEp)KaHUe KaJbIUs, KaK U APYTHX AJIEMEHTOB, IMEHHO B BOJIOCAX, B OTIIMYHME OT JAPYTHX OMOIOTHIECKUX
cyOcTpatoB (MoOYa, KpOBB), IO3BOJSIET ITHATHOCTHPOBATh XPOHWUYECCKHE HApYIICHUS OOMEHa 3JIeMEHTa
B opranusme. OTHaKO JUIS YTBEPKACHUS O BIMSAHWU KypeHHUs Ha yCBOSHHE KalbIMs B OPraHU3Me U ero oOMeH
TpeOyeTcst MpOoBeZIeHNE JOMOTHUTENBHBIX NCCIIEIOBAHAN MO0 M3YYEHHIO BOMPOCOB, CBA3aHHBIX C MOCTYIUIEHUEM
KaJbIHs C THUIIEH 1 00eCTeYeHHOCTHI0 BUTAMUHOM D, OHO# M3 MPUYWH HapyIIeHHS OOMEHA KOTOPOTO TaKKe
ABTISIETCS KypeHHe.

Menp BXOIOHT B COCTaB MHOTHX BUTAMHUHOB, ()€PMEHTOB, TOPMOHOB, YIaCTBYET B IIPOIIECCAX KPOBETBOPEHUS,
oOMeHa BEIIECTB M KJIETOYHOTO JIBIXaHWsS, CHHTE3e COCIUHHUTEIbHON TKaHW W MUTMEHTA MEeJaHWHa, Tepeaade
HEPBHBIX UMITYJIbCOB, PETYISIIIAN OKHCIUTEIHHO-BOCCTAHOBUTENBHBIX IPOLIECCOB, MOJICPKUBAET HOPMAITBHYTO
CTPYKTYpY KOCTEH, XpSIIEeH U CyXOKUIINH, TaK KaK BXOJUT B COCTaB OeJIKa KoJJIareHa, y9acTBYeT B MO IePyKaHIH
AIIACTHYHOCTH CTEHOK KPOBEHOCHBIX COCY/IOB M KOXH, TIOCKOJIBKY BXOIWT B COCTaB O€JIKa 3JIacTHHA, YIaCTBYET
B PETYJISIHAN YTIIEBOAHOTO M OEIKOBOTO 00MeHOB. Cpenn Ky psIux JeByIIeK H30bITOK Meiu cocTaBiseT 13 %, uro
B 3 paza game (p = 0,05), vem y Kypsimux ronomeil. Cpenn KypsAmux mapHei n30bIToK Menu cocTasisieT 4,8 %,
B TO BpeMs KaK Cpeir HEeKypsIIuX M30BITOK MeIu He BCTpedaeTcs. B murteparype oTmedaercs, 4To, HECMOTPS
Ha TO YTO Me/Ib OTHOCHUTCS K ACCEHIMAIbHBIM MHUKPOIJIEMEHTaM, €€ M30BITOYHOE COfIepKaHue (IIPEBHIIICHUE
pedepeHCHBIX HOPM) B OpraHN3Me BeCbMa TOKCHYHO JIJIs YeJTOBEKa M MOYKET BBI3BIBATH AJJIEPTUYECKHE PEAKIINH,
BBITIAJICHHE BOJIOC, IOPAKEHHUE MOYEK W HEPBHOM CHUCTEMBI, HapyIIEHHE MEHCTPYaJbHOTO ITUKIA, MOpaKEHUE
TOJIOBHOTO MO3Ta, CHWKAaTh YCBOCHHE OPTaHM3MOM KeJie3a, KoOanbTa, IIMHKA, MOInO/IeHa, BuTaMuHa A. Menpb
MIPUCYTCTBYET B Tabake M B MPOIECCEe KypeHHsI MOXKET COAEPKaThcs B TaDAUHOM JIbIME, ITOTaaTh B OPTaHU3M
YeJ0BeKa B BUJIE a9PO30JIsi B OMOIOTHIECKH U XMMUYECKH aKTUBHOM (hopMe, a TakKe 0OHAPYKUBATHCS C TEIEHUEM
BpEMEHH B U30BITKE B PA3TUYHBIX OpraHax (Xpycrainuk miasa [8]). OmHako M30BITOK METU B OPTAaHU3ME MOXKET
OBITH CBSI3aH W C APYTUMH (PaKTOpaMH, N3ydeHHe KOTOPhIX B PaMKax TaHHBIX MCCIEOBAaHUHI HE MPOBOIMIOCH:
3arpsA3HEHNEM OKPYKAIOMIEH Cpenmpl, NPHEeMOM JIEKApCTBEHHBIX CPENICTB (OpajbHbIE KOHTPAIETITHBHI,
TOPMOHAJIFHBIE CPEACTBA, Npemnaparbl KOPTHU30HA), CIIOCOOCTBYIOIINX YCHJIIEHHOMY BBIBEICHUIO MW WX
opranmsMa, H30bITOYHOE CofiepKaHne KOTOPOH MOXKET OBITh KakK pa3 M OOHapyXeHO B Bojocax. HopmambHOe
comepkanue menu HaOmromaetrcs y 50 % Hexypsimux roHommel n 33 % HeKypsIuX AeBYIIeK. Y HEeKypsIIuX
FOHOIIIE HOpMAJIbHOE COJIEpPIKaHKE MeIU BCcTpeuaeTcs B 1,5 pasa yaiie, yem y HeKypsImux aesyuiek. Hepocrarok
MEIH B OpTaHu3Me XapakTepeH s 76,2 % Kypsamnmx 1oHome u 26,7 % KypsAmx JIeByIIeK.

MennaHHOe 3HaY€HHE KOHIIEHTPAIUH JKeJle3a y KypsIIuX AEBYIIeK HIDKE 3HadeHWH pe(epeHCHBIX HOPM.
M30BITOK XKene3a He HAaOMIoMaeTcs y AeBYIIEK 000MX TPYMIL, a HEAOCTATOK BCTPEUAeTCs dYallle, 9eM y FOHOIIEeH
(8 1,02-1,3 paza, p = 0,05), 9TO JIOTHYHO, TaK KaK W3BECTHO, YTO B CHIIy (PU3UOJOTHICCKUX OCOOECHHOCTEH
y JKEHIIWH PacXoj] ¥ TIOTeps skerne3a Oorplire, 4eM y Myk4urH. OHAKO B TPyMIe KypAIINX AEBYIIEK HETOCTATOK
Oomee TmyOokmii M BcTpedaercs dame. HopmanbHoe conepikanue skene3a HaOmomaercs y 50 % Hexypsmmx
foHOIIEH 1 58 % HeKypsIHWX JOeByIIEK, a y KypAIINX IOHOIIeH HOPMaJIbHOE COMAEpKAHWE JKeJle3a BCTPEJaeTCs
y 47,6 % (B 1,1 paza (p = 0,05) pexxe, uem y Kypsmmx roHomei) n 'y 40 % xypsimux nesymek (B 1,2 paza (p = 0,05)
peke, 9eM y KypsIIHuX FOHOIIEH).

MenvaHHple 3Ha4YeHHs KOHIIEHTPAIMA MapraHia y BCEX PAacCMaTPHBAEMBIX TPYIN BXOAST B JHAMa30H
3Ha4YeHUH pedepeHcHBIX HopM. Cpenyn KypsImuX IOHOIIeH N30BITOK MapraHia cocTaBiseT 29 %, B TO BpeMst Kak
Cpeay HeKypAMMX M30BITOK JAHHOTO dIIeMeHTa He HalmomaeTcs. M30bIToYHOE coepskaHie MapraHia MOXKET
MIPUBOUTH K TIOPAKEHUIO IIEHTPAILHON HEPBHOM cucTeMbl. HabmonaeTcst BAIOCTh, yTOMIIIEMOCTb, COHITUBOCTD,
3aTOPMOKEHHOCTh, YXYAIICHUE MaMATH, IENpeccusi, HapyIIeHus MBIIIEYHOTO TOHyca, nedopMmanys KOCTEH,
HEPBHBIE PacCcTPONCTBA. B OOMBIIMX KOMTMYECTBaX MapraHel] MOKET MOpaXkaTh JIETKHUE, CePACIHO-COCYIUCTYIO
CHUCTEMY, BBI3BIBATh AIIEPTHYECKUi U MyTareHHbIN 2 dexTsl. HopmansHOe conepxanne MapraHiia HaOmomaeTcs
B 1,2 paza (p = 0,05) y Hekypsammx roHomeH (82 %), yem y HeKypsammx aeBymiek (67 %). Jledumur mapranma
MOXKET TMPUBOAWTH K CHIDKEHHIO TIAMATH W CKOPOCTH PEaKIMH, Cra3MaM M Cyaoporam, OOJsM B MBIIIIAX,
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JBUTATETLHBIM pPacCTPONCTBaM, jaedopmarnyy CKeneTa, JETeHEPaTUBHBIM HM3MEHEHHUSM COCTUHHUTEIHHOMN
TKaHU W Pa3BUTHIO ocTeoroposa. llpym mnwurensHOM AeduunTe MapraHia MOTYT HAOJMIOMAThCS HapYIICHUS
MMUTMEHTAINN KOXKH, BUTHJIMTO (HapyIIeHWe CHHTe3a MeJaHWHA), YMEHBIIEHHE TOJIEPAaHTHOCTH K IIIFOKO3E,
THITOXOJIECTEPUHEMISI, HapacTaHWe H30BITOYHOTO Beca, aJUIePTHUH, MPOBOIMPYET IOCTOSHHYIO CIIa0oCTh,
YCTaIOCTh M pa3fApakuTenbHOCTh. Hemoctatok Mn darre BeTpewasncsi y I0HOIIEH, TPUYEM B TPYIIE KypsIIuX
FOHOITICH HETOCTaTOK JAHHOTO dJIEMEHTa ObLT Oosiee BhIpaXkeH: HepocTatok Mn HaOmomancs B 1,05 pa3za gare
(»=0,05) o cpaBHEHHIO C TPYMIION HEKYPSITUX FOHOMIEH U B 2,9 pa3za vaie (p = 0,05) — 1o CpaBHEHHUIO C TPYIIION
KyPAIINX IEBYIIEK.

MennaHHaple 3HaU€HWs KOHIIGHTpAIMid IIMHKA y BCEX pacCMaTpUBAEMBIX TPYI BXOAAT B IHAIA30H
3HadeHUH pedepeHcHpIx HopM. Cpenn KypsIuX JEBYIIeK HeJocTaTok IuHKa (26 %) BcTpewaeTcs daie, 4yem
cpemu HeKypsmmx neBymek (B 1,6 pas, p = 0,05) u xypsmux ronomei (B 1,4 pasza, p = 0,05). B 3aBucumoctn
OT CTereHH JeUuIHTa U ero JTUTEIHHOCTH, a TakkKe aJaNTallOHHBIX BO3MOXKHOCTEH OpraHM3Ma YelloBeKa
CHUMIITOMBI U TIOCIIE/ICTBUSI HEAOCTaTKa IIMHKA MOTYT OBITh Pa3lMYHBIMH: CO CTOPOHBI KOXKHBIX ITOKPOBOB,
paboTHI TICHTPATLHONM HEPBHON, IMMYHHOU cucTeM. KpoMe Toro, HemocTaToK IMMHKA CIIOCOOCTBYET HAKOTIIICHHIO
B OpTraHU3Me JKelle3a, MM, KaJMHs, CBHHIIA B M30BITOYHBIX KOJTHYECTBAX.

MennaHHble 3HAY€HUS KOHIIEHTPAIMKA XpOMa y BCEX paCCMaTPUBAEMBIX TPYTIN BXOIAT B AWANA30H 3HAUCHUH
pedepencHbx HOpM. Hemoctarka m W30BITKa JAHHOTO AIIEMEHTA, COIMIACHO HCIONB3YeMBIM pedepeHCHBIM
HOpMaM, He HaOJI0maeTCsl.

3ak/IoueHue

Cpenu 69 monoapix moneit MI'OU nm. A. JI. CaxapoBa ObIIO IMPOBEICHO aHKETUPOBAHKE U OTOOPAHBI TIPO-
Ob1 Bostoc Kypsimux (15 neByirek u 21 10HOIIA) CO CTaXKEM KypeHHUsI B OCHOBHOM OT 1 710 3 neT u Hekypsimux (12
JeByIIeK 1 21 1oHoIIa) MOJIOBIX JItojiel B Bo3pacte 18—22 neT. B Bomocax oTcyTcTByeT MeTabonmndecKkasi akTHB-
HOCTb, B PE3YJIBTETE YEr0 HAKOIUICHHBIC B HUX 3JIEMEHTHI [TO3BOJISIIOT CYJUTh 00 NX HOCTYIUICHUH B OPraHU3M 32
MIPOJOJDKUTENIBHBIN 1epruoa BpeMeHH. M3 ompoca ycTaHOBIEHO, YTO IOHOIIM HPEIIOYUTAIOT OObIYHBIE Tabau-
Heie u3zenns (81 %), a IeBYIIKK OTAIOT MTPEAIoYTeHHE MEKTPOHHBIM curaperam (80 %). OmHako B KUAKOCTIX
3NIEKTPOHHBIX CHUTapeT COACPKUTCS HUKOTHH, U CYILECTBYIOT (aKThl [5—7], B TOM uHcie 3asBieHus BecemupHoit
OpraHM3alK 30paBOOXpaHeHus [ 14], CBUIETENbCTBYIOIIUE, YTO JIEKTPOHHBIC CUTaPEThl BPEIHBI ISl 3110POBbS
n HeOe3onacHbl. [loHATHE «KypALIMe) paccMaTpUBaIN KaK cOOMpaTesIbHOE, KOTOPOEe O0BEIMHACT KypHIIBIINKOB
KJIACCHUECKUX CUrapeT W/WIIN UCIIOIb3YIOIINX AIIEKTPOHHbIE ycTpoiicTBa. KonndecTBo curapet, KoTopoe BBIKYpH-
BaIOT MOJIOZIBIC JIFOJH B JICHb B cpeiHeM cocTapisieT 13 £ 1 mtyk/cyTku (Mennana — 12 mtyk/cyTku). KonmudecTBo
«rapeHuiy (BOOXOB KYpUTENIbHOM cMecH) y BeHIepoB B cpeaHeM — 562 + 25 BnoxoB/cyTkH (MeauaHa — 525 Blo-
x0B/cyTKH). [IpnunHBI KypeHus pacrogoXWINCh B CISIYIOMNN psia: HepBHOE nepeHanpsbxenue (50 %) > «cie-
JIOBaHUE MOJHBIM TeHACHIUAMY» (22 %) > «BNusHUE KpyTra OOLICHUS» = «JIJIs MOTHATHS HacTpoeHus» (14 %).

Konnentpanun snementos Cd n Hg Obuin HIbKe mpezena 4yBCTBUTEIBHOCTH MPUOOpa M HE BBIXOAWIN 32
npenensl pedepercHbx HopM. Konuentpauust Pb B Bonocax OosplinHCTBA 00CIEIOBaHHBIX OblIa HIKE YyB-
cTBUTENBHOCTH Iprdopa (92,8 %), nist 5,8 % — koHueHTpauus Pb B Bojocax onpezaensiack 1 Obuia HUKE pede-
PEHCHBIX HOpM. B Bosocax uenoBeka — KypsIIero IOHOIIM — KOHLIEHTPALUsI CBUHLIA BBIILIA 3@ [IPEACIIbI BEPXHETO
OHMOIIOTUYECKH JOMYCTUMOTO YPOBHS (5 MI/KT).

Menunans! koHIeHTparuii Cr, Zn, Mn HaXoAWJIKCh B TMara3oHe peepeHCHBIX HOpM. A MeTHUaHbl KOHIIEHTpa-
uuit Ca B BoJlocax JIeByILIEK — BbIIIE pe)epeHCHBIX 3HaYeHMi, Fe — B Bonocax Kypsmux zeBymek 1 Cu — B Bo-
J0cax KypsIIHUX IOHOLEH — HIKE PeepEeHCHBIX HOPM.

B nenom, MeanaHbl KOHIEHTPALMI 110 BCEM HCCIICI0BAHHBIM BJIEMEHTaM B BOJIOCAX Y KyPSIILIUX U HEKYPSIILIIX
MOJIOZIBIX JIFO/IEH He MMEIH cTaTucThYecKuX pasmmunii (p = 0,05). OqHako Meinana KOHIIEHTPAITUH KaJIbIUS B BO-
Jocax Kypslux AeBylek HesHaunmo (p = 0,391) Beime B 1,2 pasa, yem Hekypsuwmx aesymiek; Cu — B 1,4 pasa
(»=0,516); Cr—38 1,1 paza (p = 0,153); Mn — B 1,2 pa3za (p = 0,775) Bbime. B Bomocax KypsIux AeByIIeK Me-
mraHa koHnenTpanuu Fe B 1,4 paza (p = 0,979), Zn B 1,5 paza (p = 0,242) HroKe 110 CPaBHEHHUIO C TIOKA3aTEISIMHU
HEKypsIIUX JeByIIeK. Y KypsIux foHomei menuana copepkanus Cr (B 1,1 paza, p = 0,098), Mn (B 1,6 pasa,
p=0,132), Zn (8 1,02 paza, p = 0,331) Bemme u Cu (B 1,4 paza, p = 0,07), Fe (8 1,04 paza, p = 0,884) Hmxe 1o
CPaBHEHHUIO C II0Ka3aTesIMU HEKYPSIINX IOHOLIEH.

VY KypsIIuX FOHOIIEH yalie BCTpeuaeTcs HeIOCTaToK Kablws (B 2 pasa, p = 0,05), menu (B 1,5 pa3a), xenesza
(1,2 paza), mapranma (B 1,05 paza, p = 0,05) u u30brTox Menu (Ha 4,8 %), maprania (Ha 28,6 %), 4eM y HeKypsi-
IIMX CBEPCTHUKOB, Y KOTOPBIX collepKaHue Meu B 2,6 pasa, xene3a B 1,1 pasza (p = 0,05), mapranmna — B 1,6 paza
Yalie HaXo[sTCs B 1uana3oHe pedepeHCHBIX 3HAYeHUHH. Y Kypsiuux JeByluek 4ame (B 1,5 pasa) BcTpeuaercst
M30BITOK KaJbIus, HeqocTaTok xkenesa (1,4 pasza) u nuaka (B 1,6 pasa, p = 0,05), 4eMm y HEeKypsIIUX pOBECHHII,
Y KOTOPBIX KOHIIEHTpanuu Kbl B 3 pasa (p = 0,05), a sxene3a B 1,5 pa3a yaie HaxoaaTcs B quana3zone pede-
peHcHbIX 3HaueHu. Kypsiue neBymiku 3HagnmMo (p = 0,05) garie uMeroT aucbanaHc Takux 3JIeMeHTOB, kak Cu
(m30b1TOK), Fe (HemocTarok), Zn (HeI0CTaTOK) 0 CPAaBHEHHIO C KYPSIIUMH FOHOIIIAMHU.
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Takwum oOpa3om, make HEMPOAODKUTEIBHBIA IMepHo KypeHUs (10 3-X JIET) MOXKET OKa3bIBaTh BIUSHHUE
Ha OMOXJIEMEHTHBIN CTaTyc MOJIOABIX JrofeH, 3HaumMo (p = 0,05) yBeawuyuBas 9acTOTY BCTPEIAEMOCTH
Henoctarka Ca (B 2 paza), Mn (B 1,05 paza) u pexxe HopMmbl Fe (B 1,1 pa3a) y roHoIeH; yBeTUINBasi 9acTO-
Ty BCTpeUaeMOCTH Hemoctarka Zn (B 1,6 pa3a) u pexxe HOpMEI Ca (B 3 pasza) y KypsAImIUX OEBYIIEK. XOTS,
HECOMHEHHO, U3-32 HAIMYKsI OOJIBIIOr0 KOJIMYecTBa (haKTOPOB, BIMSIONIMX HA MOCTYIUICHHE H METa0O0IU3M
9JIEMEHTOB B OpPTaHU3Me, HEOJIHOPOJHOCTH PACCMATPHBACMBIX TPYIII 110 UCTOYHHUKY MOCTYTICHUS! HUKOTH-
Ha, BOIIPOCHI, KTO OOJBINE TOABEPIKEH NHCOaTaHCy OMO3IEMEHTOB (KypSIIHe IOHOITH WU IEBYIIKH ); KaKOBa
pOJb KypeHUs: B GOPMUPOBAHUU MHUKPOIIEMEHTO30B, TPEOYIOT MPOBEACHUS JOMOTHUTEIbLHBIX UCCIIEI0Ba-
HUH (TOCTYIUICGHHE DJIEMEHTOB C THINEH, 00eCIeYeHHOCTh BUTAMUHAMU, TIPUEM JICKaPCTBEHHBIX CPEJICTB,
Hanwawe 3a0071eBaHui U T. 1.).

[IpoBeneHHbIE UCCIEIOBAHHS PACIIUPSIFOT TEOPETUUECKUE TPENICTABICHUS O COEPKAHUM MaKpO- U MUKPO-
SIIEMEHTOB B OpraHU3Me KypsIUX M HEKypsuX B Bo3pacte 18-22 set. [loiydeHHbIe JaHHBIE O COACPIKAHUN
MaKpO- ¥ MUKPOBJIEMEHTOB B OPTaHM3ME MOJIOJIBIX JIFONIEH HEOOXOMUMBI JJIsl CBOEBPEMEHHOW KOPPEKITHU OHOdIe-
MEHTHOT'O CTaTyca MOJIOJIC)KHU, COXPAHEHHS ¥ YKPETUICHUS X 3J0POBbSI, @ TAKKE MPOIaraHipl 3[0pOBOro oopasa
HKH3HU.
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AHAAN3 ITPUEMOB YBEAUMYEHUA ITPON3BOACTBA
MACAOCEMSH PAIICA N1 X OKOAOI'MYECKAS COCTABASIOIIAS
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ya. Ilempycs bposku, 6, 220013, . Munck, berapyco
DUnocmpannoe 06uecmeo ¢ 0ZpanUHeHHOU Omeemcmeennocmolo «Panyio Beny,
yi. Pooicoecmeencras, 5A, 223043, 0. Huanxa, Munckuii p-n, Munckas oon., Berapyco

[Tpoanann3upoBaHbl OCHOBHBIE TEHACHIIMK M 0COOCHHOCTH MPOU3BOJICTBA MACIIOCEMSIH parica (03UMOT0 U SIPOBOTO) B pas-
pes3e ero KioueBbIx cocTapistromux 3a 2019-2023 rr. IIpuBeneHs! pe3yasTaTsl CPaBHUTEIBHOIO aHAIM3a CTAaTUCTUYECKUX
JMaHHbIX HarponansHOTO cTarnctiuyeckoro komutera PecryOnmikn Benapych 3a MATHICTHUI MTEPHOJ IO TIOCEBHBIM IIIOINIA-
JISIM parica W ypOBHIO €TO MPOAYKTUBHOCTH, a TakkKe 00beMaM BHECEHHs MUHEPAJbHBIX YIOOPCHUH IO NaHHYIO KYJIBTY-
py. C ygeToM mpoaHaIN3UPOBAHHON HAyYHO-CTATUCTHYECKOM WH(POPMANNH TIPEJIaracTcsi MepPCIeKTUBHBIHN, IKOIOTHIESCKH
0e30IacHbII 1 SKOHOMUUECKH OIIPABAAHHBIN ITyTh JATBHEHIIIEr0 YBETHUSHHS BaJIOBOTO cOOpa MacIOCeMsH 3a CUeT pacIInpe-
HUsI TOCEBHBIX IUIONIAACH HEMOCPEICTBEHHO Mo/ rubpunamu parca. B Pecryonuke benapych Ha npotspkernn 2019-2023 rr
HaOJIFO/IaeTCsl POCT TIOCEBHBIX IUIOIIA/ICH MOJI O3UMBIM M SIPOBBIM paricoM. [Iomaas ero Bo3iesbIBaHus 3a MCCIIeyeMbli
nepuo yBenuumiack Ha 71 Teic. Ta U B 2023 . coctaBuia 495 ThIC. ra ¢ yAeIbHBIM BECOM B CTPYKType MOceBOB 8,6 %.
Pocrt BanoBoro cOopa cemsH parca 10 899 ThIC. T OTMEUAeTCs 3a CYECT YBEIUUCHHS KOJIUECTBA TPUMECHIEMBIX MHHEPATEHBIX
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ynoOpennii Ha 35 %, nocturHyB ypoBHs 329 kr/ra 1. B. NPK. B pe3ynbrare aHanuza ypoxxaifHOCTH MacJIOCEMsIH parica B 3a-
BHUCHMOCTH OT YAETHHOTO Beca TMOPUIOB B CTPYKTYPE MOCEBHBIX IUIONIA/ICH yCTaHOBIEHA JOCTOBEpPHAs KOPPESIMOHHAS
CBsI3b MOBBILICHHS yporkaiiHOCTH ¢ 16,8 110 23,1 11/ra o Mepe yBenuyenus 1onu rudpuaos ¢ 24 % B 2019 T 1o 49 % B 2023 1,
UCTIONB3YEeMBIX JUIsl IToceBa. BosznenbiBanre THOPUIOB 03MMOTO M SIPOBOTO parica MO3BOJISIET SKOHOMUTB a30THBIE ynoOpe-
HUSA 32 c4eT MX dPPEKTHBHOTO HCIIOIb30BaHNSI COBPEMEHHBIMU THOPHIAMH. YPOBEHb SKOHOMHH MOXET COCTABIISITH OKOJIO
7-8 xr/ra 1. B. a3ota wu 17,2—19,6 6en. py0. Ha 1 ra B AeHS)KHOM BhIpaykeHHH 110 TieHaM Ha 01.11.2024 .

Kniouesvie cnosa: o3uMblii M SIPOBOM pAIIC; MPOAYKTHBHOCTh; MUHEPAJIBHBIC YI0OPEHUs; THOPUIIBI parica; KOJIOTHS;
OKpY’Karomasi cpefia.

ANALYSIS OF METHODS FOR INCREASING THE PRODUCTION
OF RAPESEED OILSEEDS AND THEIR ENVIRONMENTAL COMPONENT

V. L. LAMANOS*, M. M. LAMANOS"
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The article analyzes the main trends and features of the production of rapeseed oilseeds (winter and spring) in the
context of its key components for the period 2019-2023. The results of a comparative analysis of statistical data from the
National Statistical Committee of the Republic of Belarus for a five-year period on the area of rapeseed and the level of its
productivity, as well as the volume of mineral fertilizers applied to this crop are presented. Taking into account the analyzed
scientific and statistical information, a promising, environmentally safe and economically viable way to further increase
the gross harvest of rapeseed oilseeds by expanding the acreage directly under rapeseed hybrids is proposed. In the republic
during 2019-2023 there is an increase in the area under winter and spring rapeseed. The area of rapeseed during the study
period increased by 71 thousand hectares and in 2023 amounted to 495 thousand hectares with a specific weight in the
structure of crops of 8.6 %. An increase in the gross harvest of rapeseed to 899 thousand tons is also noted due to an increase
in the amount of mineral fertilizers used by 35 %, reaching a level of 329 kg/ha a. i. NPK. As a result of the analysis of the
yield of rapeseed oilseeds depending on the proportion of hybrids in the structure of sown areas, a reliable correlation was
established between an increase in yield from 16.8 to 23.1 dt/ha as the share of hybrids used for sowing increased from
24 % in 2019 to 49 % in 2023. Cultivation of hybrids of winter and spring rape allows saving nitrogen fertilizers due to their
effective use by modern hybrids. The level of savings can be about 7-8 kg/ha a.i. nitrogen or 17.2—19.6 Belarusian rubles
per 1 ha in monetary terms at prices as of November 1, 2024.

Keywords: winter and spring rapeseed; productivity; mineral fertilizers; rapeseed hybrids; ecology; environment.

BBenenue

AKTyaJIbHOCTb NPOOJIeMbl MOBBIEHUS 3(P()EKTUBHOCTH BO3JENBIBAHUS parica MpeAoNpeesieHa TeM, 4TO
MOCIIEIHUE TPU JECATWIETHs] OH SIBISETCS OCHOBHOM MAacCIMYHOM KyJIBTypOll MHpoOBOro semienenus. Jlns
KIIMMaTHYECKUX YCIIOBUI benapycu Bo3aensiBaHue parca Kak KylIbTypbl YHHBEPCAIbHOIO THITA UCTIOIB30BaHUS
npruoOpeNIo MEPBOCTENICHHOE 3HAYCHHUE: ATl yCTPaHeHUs JeUIUTa B MUILIEBBIX PACTUTEIBHBIX KHUPAX 33 CUET
OTEYECTBEHHOTO ITPOM3BOICTBA PAIICOBOTO MacJa, a TaKKe MoxydeHus Onotomusa. [lapannensHo mpon3BoACTBO
CEMSIH parica cocoOCTBYET 00€CIICUeHHUIO >KHBOTHOBOJICTBA BEICOKOOSTKOBBIMH U KHPOCOAEPKAILIUMH KOPMAMHU
3a c4yeT MOOOYHBIX MPOAYKTOB IepepadaThIBAIOLICH MPOMBIIUIEHHOCTH — ParcoBOrO XKMbIXa W mpota [1].
HemanoBakHoe 3HaueHNE 3aHUMAET M SKCIIOPTHAs COCTABJISAIONIAs MPOTYKIIMH PAIICOBOTO MOAKOMITIEKCA.

st ynoBieTBopeHHst MOTpeOHOCTEN HACENICHNsI PECITyOJIMKH B PACTUTEIIBHBIX KHUPaX €KEroJHO HEOOX0AUMO
npon3BoauTh 120—140 ThIC. T paCTUTENBHOIO MACIa, TE Ha JJOJIO paricoBoro Macina npuxoaurcsa §5-90 teic. T [2].
OpnHa TOHHA MacIOCeMsIH parca Mpu ee nepepadoTke criocoOHa cOanaHCUPOBATh 1O OEJIKY M MHBIM BEILIECTBAM
HECKOJIbKO TOHH JIpyTuX KOpMOB. IIpoayKTsl mepepaOoTKH ceMsH parica — )KMBIXH U IIPOThl coaepkar 30—40 %
Oenka, cOalaHCHPOBAHHOTO MO aMHUHOKHCIOTHOMY coctaBy. B 100 kr mpora coxepxurcs 1o 90 xopwm. en.
ParcoBblif mIpoT MPEeBOCXOANUT MOACOTHEYHBIN 10 MEPEBAPUMOCTH OPraHUYECKUX BEIIECTB U M0 CONEPKAHUIO
HE3aMEHHMBIX aMHHOKHUCIIOT — Jin3uHa Ha 33 %, nuctuna B 2,1 pasa [3]. 3a mocneanue roasl (2019-2023 rr)
MIPOU3BOJICTBO pANCOBOIO Macja CTAJ0 OJHMM M3 Ba)KHBIX HMCTOYHUKOB TOCTYIUIEHHS BAJIOTHOM BBIPYYKH
B okoHOMHUKY AIIK Pecryonuku Benapycs [4].
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Kpome o4eBHAHBIX IKOHOMHYECKHX MPEUMYIIECTB, Palic MMEET JKOJOTHUYECKHE W arpOTeXHUYECKHE
mrockl. Tak, 1 Ta Xopomio pa3BHUTHIX ITOOETOB O3WMOTO parica BeiAenseT B armochepy 10-11 murH i
KHCIIOpO/ia, yCTyMas B OTOM TOJBKO caxapHOW cBekie. Ele oamH SKOIOTHYECKUil TUIIOC CBS3aH C TEM, 9TO
paric nmpeacTaBiseT co00H OTIIMYHOE CPEICTBO PEKYIBTHBAIINN PATHOAKTUBHOTO 3apakeHus TTo4B. Min B3STH
JIpyTroe HampaBiieHNe — paric Tt MPOu3BOICTBA Onoamn3es. [ cpaBHeHns, | 1 AM3eTHHOTO TOTIITNBA BRIIEISET
B atmocdepy 3 kr CO,, a 1 1 6momuzens — 0,5 xr. [lomumo 3TOTO, 1 Ta parca B TedeHNE BETETAIINH ITOTIIONIACT
22 1 CO,, KoTOpBIe 00pa3yIOTCs MPH CHKUTaHUU 6,5—7,0 T mu3eapHOTO HePTIHOTO TOIUIMBAa. MacioceMeHa
parca Taxke HaKalUTMBAarOT 3HAYMTENbHOE KOJIMYECTBO SHEPTHH, 4TO B 2,25 pa3a Ooble, 4eM pacxomyeTcs
Ha ero Npou3BOJICTBO. [[J1s1 cpaBHEHHUs y caXapHOM CBEKJIbI 3TOT MoKaszaTeib paBeH 1,63, y Kkykypy3sl — 1,28,
y mmeHuns — 1,14, y kaprodens — 1,04 [5].

Hecmotpst Ha TO 4TO B HacTosmIee BpeMsl B CTpaHE HAOIIONAETCS POCT TIOCEBHBIX IUIOMIAJEH O3MMOTO
M SPOBOTO parica, MpodiieMa CcaMOOOECTeYeHUs] PACTHUTEIBHBIM MAacjioM M KOPMOBBIM OEJKOM OCTaeTcs
aKkTyajabHOU. MIMeroluiics moTeHIMall B BO3/IeNbIBAHUN JAHHOM KYJIBTYPhI pealiu3yeTcsl He MOJHOCThI0. M3 rona
B TOJI KOJIEOMIOTCS TTOCEBHBIE TUIOMIAN, & YPOBEHb YPOKaWHHOCTH HE JOCTHTAeT MOTEHIIHAIBHO BO3MOYKHOTO.
HeobOxomnMocTs yBenmnueHus: 00HeMOB TIPOM3BOICTBA parica 00yCIOBICHA, ¢ OTHOW CTOPOHBI, TOTPEOHOCTHIO
o0ecriedeHnsT MUIIEBOH MPOMBIIITIEHHOCTH CTPAaHBI CHIPhEM, & OTEUECTBEHHOTO KHBOTHOBOJCTBA — KOPMOBBIM
oenxom. Iloka BeIpamBaeMble OOBEMBI TO3BOJSIOT 3arpy3UTh IPOWU3BOJICTBO JIMIIh YaCTHYHO, BCIIE/ICTBHE
Yero HEKOTOpHIE MPEIANPHUATHS BBIHYKICHBI IIPOCTANBATh MO0 OCYIIECTBIATH 3aKYITKH CHIPBS B ONM3IEKAIINX
ctpanax [6]. C npyroif cTOpOHBI, HapaluBaHue 00HEMOB TIPON3BOICTBA MACIOCEMSIH parica 00yCIIOBICHO POCTOM
CrIpoca Ha paCTUTEIHHOE MACIIO Ha BHEITHUX PBIHKAX IS TPOIOBOIBCTBEHHBIX U MPOMBIIIIEHHBIX IIENeH.

be3ycnoBHO, ycIiex B BO3ACTBIBAHUHN parica Kak v TF000H IPyTOH CeTbCKOX03TCTBEHHOM KYITBTY PBI 3aKTFOUASTCS
B Ka4eCTBEHHOM M CBOEBPEMEHHOM BBITIOJIHEHUH BCEX TEXHOJOTHYECKHX orepanuii: auddQepeHnrpoBaHHAS
OCHOBHasi 00pa0OTKa TOYBHI B 3aBHCHMOCTH OT IPEIIIECTBEHHHKA, HCIIOIB30BAHNE BBICOKOTPOAYKTHBHBIX
THOPHIIOB, COOJNIOZICHNE TEXHOJOTHH ITI0CEBa B ONTHMAJbHBIE CPOKH, MHTEIPHPOBAHHAS CHUCTEMa 3allUThHI
parca B TEYEHHH BCETO BETeTAIMOHHOTO TepHofa, paldOHaIbHAS CHCTeMa YAOOpEHUs, BKIIIOYAOIIAs
muddepeHIIpoBaHHOE TTPUMEHEHNE a30THBIX YAOOPEHMH, WCKITIOUas HEMpPOM3BOICTBEHHBIC motepu [7-10].
Lenb nccenoBaHus: MPOBECTH CPABHUTENHHBIN aHATN3 HAYIHO-CTATUCTHYECKON HH(POPMAITUH TI0 TPOU3BOICTBY
MacioceMstH parica B Pecrryomnmke bemapycs 3a mepron 2019—2023 1. 11 onipeneInTh MOTSHIINATFHO BO3MOYKHBIC
Y DKOJIOTHYECKH O€30TacHbIe yTH YBEIWYCHHUS €0 IPON3BOACTBA.

MarepuaJjibl 1 METOABI HCCJICIOBAHUSA

[Ipenmer 1 00BEKT MCCIIeOBaHUS — Paric (O3UMBIH, SPOBOW) ¥ ITyTH YBEIHMUYESHHS €T0 MTPOU3BOJICTBA.

Merton rccie[0BaHUI — CHCTEMHBIN aHAJTN3 C TPAUMEHEHHEM OOIICTTPUHSATHIX METOANK 00paOOTKN JaHHBIX.

WNudopmanmonHoit 6a30if WCCIIEIOBaHHUA CITY)KWJIM OTpPAacieBble CIPAaBOYHO-HOPMATUBHBIC MaTepHAIIbI,
PEKOMEHIAINY U PE3YJbTaThl SKCIIEPIMEHTOB CIICIIHATN3NPOBAHHBIX OTEYECTBEHHBIX M 3apyOE)KHBIX HAYIHO-
WCCIIEIOBATENbCKAX YIPEIKICHAN.

[Ipu mpoBeneHWM WCCIENOBAaHUM WCIIONB30BAIM JIaHHBIE HaIMOHAIBHOTO CTAaTHCTUYECKOTO KOMHUTETa
Pecrryonmukn benapych [11], MuHHCTEpCTBa CENTLCKOTO XO3sCTBA M MPONOBONBCTBUS Pecnyomuku benapycs,
I'V «J'ocynapcTBeHHAsi HHCIEKUHUS IO UCOBITAHUIO U OXPAaHE COPTOB PACTEHMID BO BCEX KATEIOPUSAX XO3SIMCTB
pecmyomuku 3a 2019-2023 rr. [12; 13]:

— IIOCEBHBIC TUIOMIAIN parica (03MMOT0 B IPOBOTO), THIC. Ta;

— BaJIOBBIN cOOp M ypOXKAMHOCTH parica (03UMOro | SPOBOT0), 1/Ta;

— BHECEHHE MUHEPAILHBIX yaoopenHwii (B mepecyere Ha 100 % murarensHBIX BelecTs), Kr/Ta 1. B. NPK;

— COPTOBOI COCTaB MOCEBHBIX TUIOLIAJCH parica.

Pe3y.]'II>TaTI>I HCCJICAOBAHHUA U UX oﬁcymenne

CornacHo nanHbIM HanmoHansHOTO cTatnctudeckoro komutera Pecnyommku benapycs 3a 2019-2023 rr,
B CTpaHe HaOJIOMaeTcsl POCT MOCEBHBIX IUIOIMIAACH 03MMOTO U sipoBoTo parca (tadm. 1). B 2023 1. miomanb
€ro BO3/EJIBIBAHMS B LIEJIOM 110 peciyOnuke no cpaBHeHuto ¢ 2019 r. yBennuniack Ha 71 Teic. ra unum 16,7 %,
a JIOJSI B CTPYKTYPE MMOCeBOB BhIpociac 7,3 110 8,6 %. DTo crtocoOCTBOBAIO pOCTY BaJIOBOTO cOOpa MacIOCEeMSH,
kotopeiii B 2023 1. moctur ypoBHsA B 899 ThIc. T mpu ypoxaitHoctn 23,1 1/ra. besycnoBHO, yOopodHas
IUIOIIAJb PAIlCAa MEHBIIE IMOCEBHOM, YTO BBI3BAHO HOTEPEH ILIOMIANEHi B OCHOBHOM B PE3YyNbTaTe BIUSHUS
MOTOAHO-KIMMAaTHYECKUX YCIOBUH B IIEpUO] NEPE3UMOBKH O3MMOTI0 parca U B TEUEHUE BEreTalluu 03UMOT0
U SIPOBOTO parica, a TakkKe IPYTHX NPOU3BOACTBEHHBIX (haKTOpoB. M eciy OLEHHUTH IOJI0 Parca, KOTOPbIi
HOJUIEKUT yOOpKe, K 001Iell TOCEeBHOH IO, TO OHA HECKOJIBKO HIKE. B Hamem ciydae B 3aBUCUMOCTH
oT roga cocrasisina 6,2-6,9 %. [loaTomy BakHOH 3a7auell yBeJIMYEHUS IIPOU3BOCTBA MACIOCEMSIH SABIAETCA
MOBBIIIEHNE COXPAaHHOCTH PACTeHHH parica K yoopke.
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Tabnuma 1

JInHaMuKa OCHOBHBIX MOKAa3aTesell MPOM3BOACTBA parnca (03MMOro u IpoBOIo) BO Beex Kareropusx xossiiicrs Pecimyosmuku benapyen

Table 1

Dynamics of the main indicators of rapeseed production (winter and spring) in all categories of farms in the Republic of Belarus

VnenbHBIN BeC .
To [loceBnas momanp, | YoopouHas mio- ) Banossrii coop, Vi . /
JIbI B CTPYKTYp€ IIOCEB POXKalHOCTD, 11/Ta
TBIC. Ta b, ThIC. ra o TBIC. T
HBIX IIIommaneH, %
2023 495 395 8,6 899 23,1
2022 451 383 7.8 806 21,3
2021 416 390 72 715 19,0
2020 410 364 7,0 733 20,6
2019 424 363 73 578 16,8

Crnenyer OTMETUTh, YTO YBEIMUYCHHE BalloOBOTO cOopa 3a CYeT PacCIIUpeHHs IUIOMAJICH MOTEeHIMAIBLHO
B Oy/IyIlleM MOXET BBI3BaTh POCT CE0ECTOMMOCTH IPOU3BOJICTBA, TAK KaK IMOYBCHHO-KIIMMATUYECKHUE YCIOBHS
Benapycu He MO3BOJISIFOT BO3/IEJIBIBATh PalriC HA BCEX MOCEBHBIX ILIOMIAJSNX, YTO YBEIMYHUT €r0 YACIbHBIN BeC
B CTPYKTYpE€ MOCEBOB. DTO MOBBICUT PUCKU POCTa MH(EKIIMOHHOW HATPy3KH B CEBOOOOPOTE, YTO B KOHEYHOM
cdete noTpedyer 0ojiee MHTEHCHMBHOTO NMPUMEHEHUS CPEACTB 3alllUThl PACTEHUI, YBEIUYUT CEOCCTOMMOCTH
MIPOU3BOJICTBA, & TAKIKE PUCKU 3arpsI3HEHUST OKPYIKAIOIIECH CpeJibl, BbI3BaHHBIC 00JICe YaCThIM HCIIOIb30BAHUEM
TIECTHIINIOB,

C yBeIIMYEHUEM IOCEBHBIX IUIOIIAJICH parica B HCCIIEAYeMbI MEePHOJl OTMEUACTCs IMOBBIIICHHE O00BEMOB
MIPUMEHCHUS MUHEPAJILHBIX YJI00pEHHUsI IO]] ITAHHYIO KYJIbTYypy (puc. 1).
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Puc. 1. JlunaMuika nprMeHeHUs MUHEPaJIbHBIX yIoOpeHHi oy paric (03uMblii 1 sipoBoii) B benapycu 3a nepuox 2019-2023 rr., kr 1. B./Ta

Fig. 1. Dynamics of the application of mineral fertilizers for rapeseed (winter and spring) in Belarus for the period 2019-2023, kg a. i./ha

Tak, ¢ 2019 mo 2023 TIT. KOTWMYECTBO TMPHUMEHSIEMBIX MHHEPAIBHBIX YIOOPESHHH YBEIHMYIIOCH Ha
86 kr/ra 1. B. NPK nnu 35 %, nocturays yposHs 329 kr/ra 1. B. NPK, 4to Taxke crtocoOCTBOBaIO MOBBIIIIE-
HUIO TIPOAYKTUBHOCTH MacioceMsH parica. OJHaKo 3/1eCh HEOOXOANMO OTMETHTD, YTO Y JAHHOTO MPOIIecca eCTh
TIpeIelt, Kak IKOHOMUIECKHH, TO €CTh OKYIIACTCs JIM IPUMEHEHHNE BHICOKHUX 103 YAOOpEHUH puOaBKoi yporkaii-
HOCTH WJIM HET, TaK M DKOJOTMYECKHA, MOCKOJBKY MTPUMEHEeHNE yIOOPEHUI U APYTUX CPEICTB XUMHU3AINU — ITO
BeChMa aKTHBHOE BIMSHUE HA MIPUPOAHYIO CPEY.

Y4uuteiBas TOT (axT, YTO CETBCKOXO3IUCTBEHHBIE KYIBTYPHI (B CpPEIHEM) B IIEPBBII IO/ ICHCTBUS yCBaUBAIOT
n3 ymoopenuit 15-20 % docdopa, 50-60 % wamms, 60-70 % azora [14], a psa uccinemoBareneii 0TMEYaIOT,
YTO TPU BBICOKMX YPOBHSIX BHECEHUs ymoOpeHuil 3(p(peKTHBHOCTH MCHONB30BaHMS a30Ta Ha O3UMOM parice
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MOXeT CHmKatbesl u komebaercs ot 50 mo 60 % [15]. Cepre3Hoii mpobiemMoii B IPOU3BOACTBE parica sBISETCs
3HAYNTENFHBIA H30BITOK MUHEPAIBHOTO MIATAHKS U B IEPBYIO OYEPEIb a30Ta, 0COOEHHO B (ha3y IMOITHON CTIEIOCTH
[16; 17], 9T0 OKa3pIBAaET HEOIATONIPHISITHOE BIMSHIE HA OKPYKAOIIYIO CPEIy M3-3a YBEIMUEHUS TIOTEPh a30Ta 3a
CYeT BBIIICTAaYNBAHIS 1 Ta3000pa3HBIX MoTepsh [18].

CrnenoBarensHO, TOBBIIIEHHE () (hEKTHBHOCTH UCTIONIE30BaHNS a30THBIX U APYTHX MUHEPAIBbHBIX yIOOpeHUH —
KITFOYEBOM BOIIPOC TMOBBIIICHHUS MTPOU3BOJCTBA MACIOCEMSH parica, a TAKKe yCTOMYMBOCTH ATOTO TIPOU3BOICTBA
B DKOJIOTHYECKOM M SKOHOMHYECKOM aCTIeKTax.

ITocennaue nccnemoBanus YKa3bIBAIOT Ha O0JIee SKOJIOTHYECKUH 0€30TIaCHBIN Iy Th YBETMYEHHS IPON3BOJICTBA
MacJIOCEMSH parica — WCIOIb30BaHNE COBPEMEHHBIX CEJIEKIIMOHHBIX JOCTIKeHHH. [IpaBuibHOE MpUMeHeHHe
PEe3yNIbTaTOB T€HETUKH M CEJeKIIMH MO)KET CTaTh BaYKHBIM IIarOM Ha MYTH K TOBBIIICHUIO €T0 YPOXKaHHOCTH
7 3¢ hEKTUBHOCTH HCIIONB30BAHUS a30Ta U JAPYTHUX dJIEeMEHTOB TuTanwst [16—17; 19-21].

Ilo maHHBIM WCCTeMOBaHUM, TPOBEACHHBIX B [epMaHWuM, TO OIEHKE BIHSHUS a30THBIX YIAOOPSHHU Ha
yporkaifHOCTh 30 THOPHIOB 0O3MMOTO parca ObUTa OTMEUeHA JIUINh HeOONbIIas pasHHUIA B YPOKAWHOCTH
MacJI0CEeMsTH MEKIY BEICOKHM M HU3KUM YPOBHEM MTPUMEHEHUS a30THBIX yaoopenwii [20].

B 6oee mosnamx nccaenopanmsix R. Hnilicka u J. Skefik (2020 1) ycranHoBneHa Bemymiast poiib JOCTHKEHHI
CEJIeKIIUM parica B MOBBIIIEHHH 3(D(HEeKTUBHOCTH HCIIONH30BAaHMS HJIEMEHTOB MUTAHUS W B TEPBYIO OYepedb a30Ta
[22]. CormacHO TIpOBEIEHHBIX PACUETOB Ha OCHOBAHWH PE3YJIBTATOB HCCIICIOBAHUI ACCOIMAITIH TTPOM3BOIUTEICH
1 iepepaboTINKOB MACITUYHBIX KyJBTYp Uexun, coBpeMeHHbIe THOPHIBI 03MMOT0 parica ¢ yCTOMYUBOCTRIO K BUPYCY
noxxenteHns Typrenca (TuY'V) ucnonb3yror it (GopMUpOBAHS SIUHATIIB YPOXKast Ha 7—8 KT 1. B. a30Ta MEHBIIIE, UeM
OOBIYHEIE COpTA parica M Ha 2—3 KT 1. B. B CPaBHEHUH C THOpUIaMu 0€3 YCTOMIMBOCTH K YKa3aHHOMY BUPYCY (pHC. 2).
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Puc. 2. DpdhexTuBHOCTH MPUMEHEHUsI a30THBIX YI00pPEHHIA Ha copTax ¥ THOpUAaX 03UMOTO parca

Fig. 2. Efficiency of using nitrogen fertilizers on varieties and hybrids of winter oilseed rape

Ha ocHoBaHuM JaHHBIX PE3YNBTATOB MCCIIEIOBAHMI YKOHOMUS OKOJIO 7—8 KI/Ta JI. B. a30Ta MO3BOJIMUT CHU3UTD
3aTparhl MU MIPOM3BOICTBE MacioceMsiH parica Ha 17,2—19,6 Gen. py0. Ha | ra B IEHEKHOM BBIPRKEHUHU TIO
nenaMm Ha 01.11.2024 .
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OTH JaHHbIE YKa3bIBAIOT, YTO C TOMOIIBIO COBPEMEHHBIX METOJOB CENEKIIMH MOYKHO IOCTUTHYTH HE TOJBKO
YCTOHYHBOCTH K OOJIE3HM, HO M Ha (DOHE 3TOTO CHU3HUTH UCTIOIB30BaHNE a30THBIX YAOOPEHHUH 1 TEM CaMbIM HE TTOTEPSTh
B TIPOIYKTUBHOCTH, a Ia’ke HA000POT — YBEJTMYHTH €€ 1 TIPH 3TOM CHU3HUTH Harpy3Ky Ha OKPYKArOIIyIO Cpery.

B mocnexgnne ronpl HaOmomaeTcsl TEHACHIMS PACIIMPEHHs TOCEBHBIX IUIOMAAEH TMOA THOpHIaMH parica,
TaK KaKk OHU 00JaJaroT 0ojiee MHTEHCHUBHBIM POCTOM W Pa3BUTHEM, 00pa3yIoT OONbIIE CTPYYKOB HAa PACTECHUH,
(dhopMHUpPYIOT O0JIee BEICOKYIO YPOXKANHOCTD 3€JICHON MacChl M ceMsH. [ mOpHIBI parica XxapakTepu3yroTcs 0omee
BBICOKMMH TEMITAMHU POCTA M PA3BUTHS HAJ3EMHON MaCChl pAaCTEHNI W KOPHEBOW CHCTEMBI Ha TIPOTSHKEHUH BCETO
MeproJia OCEHHEH BereTamyy, 4TO TO3BOJISET UM JOCTHYh ONTHMAIFHBIX TTApAaMETPOB PA3BUTHS PACTECHHU 3a
Ooree KOPOTKWI TIEpHOJ] BPEMEHH M TPW MEHbIeH cymMmme 3(QeKTUBHBIX Temreparyp. IIpu mo3mHux cpokax
TIOJTyYEHHUsT BCXOIOB KYJIBTYPHI JaHHAs OWONOTHYECKas OCOOCHHOCTH IO3BOJISIET THOpHIaM C(OPMHpPOBATH
MOTEHIMAJILHO O0JIee MPOTYKTHBHBIE M YCTOHYHBEIE K HEOIaronprsTHBIM yCIOBHASAM 3UMHETO TIEpHOa PACTEHUSI.
YpokaifHOCTh CeMsiH THMOpWIOB parica, Kak IMPaBHJIO, TPEBBIIIAET YPOKaWHOCTH copToB Ha 15% [23-24],
a B YCIIOBHSX CeIbCKOX03sicTBeHHON opranm3aimun CXD «Kpacuerit maity OAO «MUHCKHH 3aBOA MTPHCTHIX
BUH» [lyXoBHUCKOTO p-Ha ypOrkaifHOCTH THOPH/IOB IO CPABHEHHUIO C COPTOM ObLia BhImIe Ha 28—44 % [25], uto
B CBOIO O4Yepe/ib B HECKOJIBKO pa3 OKyIaeT 3aTpaThl Ha CeMEeHa THOPHU/IOB.

Hcnonp3oBanue rTHOPUIOB parica ¢ yCTOHINBOCTHIO K BPEIHBIM ITATOTeHAM SIBIISIETCS HanOoJiee SKOHOMUYIECKU
BBITOAHBIM ¥ DKOJIIOTHYECKH O€30MacHBIM CIIOCOOOM yBENMYEHHS MPOM3BOACTBA MacloceMsH. Tak,
B HICCJIEJIOBAaHUSX, ITPOBEIEHHBIX B YCIOBHUAX BenmukoOpuTanuu, motepu ypoxkas MpH BO3EIBIBAHUN THOPHIOB
parica ¢ yCTOMUHNBOCTRIO K BO30yIuTento Leptosphaeria maculans B cpemuaem coctaswmm 3,0-5,9 1/ra, a ruOpuaoB
0e3 manHOU ycToanBoCcTH — 3,9—7,9 1/ra, To ecTh Ha 0,9—2,0 11/Ta BRImIE [27]. Bolee MO3THIME HCCIIeIOBAHUSIMHA
2017-2020 rr. James A. Fortune ¢ coaBropamu [28], a Taroke O. A. Cepmrok, JI. A. T'opmosoii (2020-2022 rT.) [26]
YCTaHOBIIEHO, YTO HCIIOIB30BaHNE THOPHIOB C TOBBIIIIEHHON YCTOHYHUBOCTHIO K OOJIE3HSM ITPH CT1a00M HITH CPETHEM
YpOBHE pa3BUTHs BO30ynuTens Leptosphaeria maculans SJKOHOMIYECKH U DKOJIOTHIECKH OoJIee 1enecooopasHo,
TaK Kak He TpeOyeT MPUMEHEHHs TPHA30JIbHBIX (DYHTHIHIOB, YTO CHI)KAET Harpy3Ky Ha OKPYKAIOIIYIO Cpedy 3a
CYET MOJHOTO OTKa3a OT MPUMEHEHHI CPEICTB 3aIUTHI pacTeHUi. | MOPUIBI C yCTOWYMBOCTHIO K OONIE3HAM TaKKe
CMSTYAIOT TIOCIEACTBHS M3MEHEHHs KIMMaTa, YBEINYHBAIOT MPOIXYKTHBHOCTH parica Ha eIWHHIy BHECEHHBIX
a30THBIX YIOOPEHHA, YMEHBIIAs TIPH 3TOM BBIOPOCHI ITAPHUKOBEIX Ta30B B atMochepy [27].

Ceppe3Hyro yrpo3y Ajsl MPOW3BOJCTBA parca B YCIOBHSX W3MEHEHHS KJIMMara B CTOPOHY TOTETUICHHS
MIPEICTABISIIOT BUPYCHEIE 3a00eBaHus. Tak, 1o OIleHKaM CIIeIHAIUCTOB, BUPYC TTokenTeHus Typrerca (TuY'V —
OCHOBHOE BHpPYCHOE 3a0oseBaHme parca) [29], BBI3BIBAIONINN TOXKEITECHUE, KApIHKOBOCTH, ITOKPACHCHHE
JMCTHEB, MEXOKUIIKOBBIA XJIOPO3 M 33/IEPKKy POCTa, MOXKET NMPHUBECTH K 3HAYMTEIBHBIM IOTEPSIM ypoXKas —
ot 11 go 46 % [30-32]. Ha cerogusmmHwmii neHs TuYV — ofHa W3 OCHOBHBIX NMPHYWH, IO KOTOPOH KYyJIBTypa
parica He JOCTHTaeT CBOETO T€HETHYECKOTO TMOTEeHIHaNa ypoxaiHoCTH. ClemyeT OTMETHUTh, YTO B MOCIIEIHUE
TONBI CTal Bce dYarie (PMKCHPOBATHCS CIlydad Pa3BUTHS JTAHHOTO 3a00JI€BaHMs B ITOCEBaX O3MMOTO parica
Ha Tepputopun bemapycu. BaxkHbIM crocoOoM 3amuThl OT OOJIE3HU SBISIETCS NMPUMEHEHHE HHCEKTHUIIHIOB
C 1enbi0 OOPHOBI TIPOTHB OCHOBHBIX TEPEHOCYNKOB BO3OYIUTENS OOJE3HM: PAa3TUYHBIX BHIOB TIH U IPYTHX
COCYIIMX BPEIHUTENEH, YTO B CBOIO OUepeb MPUBOINT K YBEITUYCHUIO MPHUMEHEHHSI CPE/ICTB 3aIUTHl PACTEHHH
U SBJISIETCS DKOJIOTHYECKH HeOe30TTacHBIM, MTOBHIIIIAS PACXO/IBI HA TPOMN3BOJICTBO MACIIOCEMSTH H CHIYKAS TIPH ATOM
9KOHOMHUYECKYIO 3(D(DeKTUBHOCTH BO3ZIENBIBAHUS KYJABTYpHl. Bee 3TO akTyanmsnpyeT MCIoNb30BaHNEe THOPHIIOB
parica ¢ yCTOWYMBOCTBIO K BHPYCY TIOKEITEHUS] TypHETICa B HAIINX YCIIOBHSX, MMOCKOJIBKY SBISIETCS OCHOBHOM
HanOoIee JCHCTBEHHOM, YKOJIOTHIECKH TIeJIeCO00pa3HONM U SKOHOMUYIECKH OIpaBIaHHON Mepoit [29-30; 33-34].

IIpoBeneHHbIil aHAMN3 YpOXKAHHOCTH parica B ycioBusax bemapycu 3a 2019-2023 1. B 3aBHCHMOCTH OT
YAETHHOTO Beca THOPHU/IOB B CTPYKTYPE IMOCEBHBIX IUIOMIA/IEH MTOKA3hIBAET IOCTOBEPHYIO KOPPESIIHOHHYIO CBSI3h
(R*=10,9189) pocTa IpOAYKTUBHOCTH Parica ¢ yBEIUYEHUEM O THOPHIOB, HCIIONL3YEMBIX IS TIoceBa (puc. 3).

Tak, ¢ pOCTOM HCTIONB30BaHMS BBICOKOPOAYKTUBHBIX THOpHAOB parca ¢ 24 % B 2019 . mo 49 % B 2023 1.
OTMEUCH JITHEHHBIA POCT €To ypoxkaitHocT ¢ 16,8 11/Ta 10 23,1 11/Ta COOTBETCTBEHHO, UTO TAK)KE CITOCOOCTBOBAJIO
YBEIMUEHHUIO TTPON3BOICTBA MacioceMsH Ha 321 Teic. Tk 2023 1.

Hcxons w3 BBIIEN3MOKEHHOTO, MOKHO CJIENIaTh BBIBOM, YTO YBEIWYHUTH BaJOBBIM COOp MaciIOCEMSH parica
B JlajpHeleM B ycioBusix bemapycu BO3MOXKHO B OCHOBHOM MHTEHCHMBHBIM IyTeM. Tak, mo gaHHbiM PVYII
«/HCTUTYT TIOYBOBENEHHS W arpoOXMMHW», B PECIyONrKe TUIOMAAb IT0YB, MPUTOAHBIX JUIS BO3/ICIBIBAHHA
03UMOTO U SIpOBOTO parica, cocrasiser 10 2100 teic. ra — 41,9 % ot o0mieit miomaay maxoTHeIX 3eMenb [35].
C yuetom TpebOoBaHMI ceBOOOOpOTa (HA OTHO M TO YK€ MECTO paric MOXKHO BO3BpaIllaTh HE paHee YeM depes
3—4 roma) ¥ MPUTOAHOCTH TMAXOTHBIX MOYB MOKHO €KETOHO HCITOIh30BaTh MO TTOCEBHI O3MMOTO H SIPOBOTO
parica 420525 Tpic. Ta manrHY (0 B CTPYKTYpe MoceBHBIX Tutomanei 8,4—10,5 %). B cenpckoxo3sHCTBEHHBIX
OpTaHM3AIUAX PECITyONNKN YPOBEHb OCBOCHHS TOCEBHBIX Tutomaneit B 2023 1. cocraBmr 495 ThIC. Ta, a OIS
parica B CTpyKType IOCEBHBIX IuIommazei — 8,6 %, 4To CBUAETENHCTBYET 00 OTCYTCTBHH BOSMOYKHOCTH YBEITHINTH
MTPOM3BOJICTBO MACIIOCEMSIH 33 CUET PACIIMPEHNS IOCEBHBIX MuoIaeil. [ [pn 3ToMm exxeroaHast mpuroHas Iiomaib
TIAITHA TS BO3ZCNBIBAHUS parica (03UMOTo, SIPOBOTO) B OOJNBIIWHCTBE PErMOHOB loMennckoi, bpecTckoi,
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I'ponrenckoit m MuHCKol 0o0macTeill TOTHOCTRIO OCBOEHA. MIMeeTcss BOSMOXKHOCTh OCBOCHUS TTPUTOAHBIX TTOYB
JUTSL €TO BBIpAINTUBaHUS JTUITh B MOTHIIEBCKOM 1 BuTeOCcKoi 001acTsAx. DTH perHOHBI PacIoIaraloT HanOOIBITIM
yAenbHBIM BecoM (44,6—53,2 %) mpuToaHBIX TI0YB [T BO3AENbIBaHMS parica [36], HO He B COCTOSHUH UX OCBOHTb.
DTO CBA3aHO C HEAOCTATOYHBIM KOJMIECTBOM TUIOMIA/IeH paHO yOMpaeMbIX MPEAIIECTBEHHUKOB ISl YBETHUCHHS
€XKEroIHON MMOCEBHOM IIIOMIAIN O3MMOTO parca, a Takke 0ojee MO3AHAS uX yOOpKa M0 CPaBHEHHIO C APYTHMH
pEerHOHaMH, YTO CO3AAeT BBICOKYIO HaNpsHKEHHOCTh padOT MpH TOATOTOBKE IMOJIEH I MoceBa M BOBPEMS
€ro C IIeTbI0 OCYIIECTBIEHHUS padoT B ONTHMajibHBIE cpokd. Kpome Toro, /st ButeOckoi 00n. xapakTepHa
MEJIKOKOHTYPHOCTB IT0JIEH 3HAYMTEIHHOI TEPPUTOPHH, YTO YCIOKHSET ITOCEATh KYIBTYPY B ONITUMAIIbHBIE CPOKH,
a Takke W30BITOYHOE TIepeyBIAKHEHNE B PAaHHEBECEHHHI TIEPHO/I, MPUBOAAIIEE K THOETH TTOCEBOB HA TAHHBIX
y9acTKaxX ¥ TeM CaMbIM HMCKITI0Yasi BO3MOKHOCTh BO3/IETIBIBAHIS 03UMOTO parica.
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Puc. 3. YpoxailHOCTb parca B 3aBUCUMOCTH OT YJeJIbHOIO Beca THOPUIOB B CTPYKTYpe ITOCEBHBIX Iutomaaei 3a nepuoa 2019-2023 rr.

Fig. 3. Rapeseed yield depending on the share of hybrids in the structure of sown areas for the period 2019-2023

Crenyer mMOTYEpKHYTb, YTO B Cllydyae YBEIMYCHHUS YIEIBHOTO Beca pamca B CTPYKTYpE IOCEBHBIX
IUIOINAACH TOBBICATCS PUCKM MH(EKIMOHHOW HAarpy3kd B CEBOOOOPOTE, YTO B KOHEUHOM CueTe MoTpedyer
0oJiee MHTCHCUBHOIO NMPUMEHEHUS CPEACTB 3alLUTHl PACTCHHH, YBEIHUYUT, COOTBETCTBEHHO, c€0ECTONMOCTh
MIPOM3BOACTBA, a TAaKKE PHUCKH 3arps3HEHUS OKpYy’Kalolled cpeabl M3-3a 0ojee 4acToro HCIOJb30BaHUS
MECTHLUIOB.

HapammBanue BasoBoro cOopa MacioceMsH 3a CYET YBEJIMUYCHHsS OOBEMOB HNPUMEHEHHS MUHEPabHBIX
yAOOpEeHU B M3MEHSIOLINXCS arpOKIMMAaTHYECKUX YCIOBHUSIX JOJDKHO OBITh SKOHOMHUYECKU M 3KOJIOTMYECKU
OIIPaBAAHHBIM C YUETOM IUIOAOPOIMS TIOUB U IUNIAHUPYEMOH YPOXKaHHOCTH.

[IpenmyiiecTBEHHBIM MYTEM HWHTEHCH(DHKALMKM BO3MCIBIBAHUS O3MMOIO M SPOBOIO parica sBIsIETCS
HCIOJIB30BaHUE JUIS €r0 OCeBa THOPUIOB, KOTOPBIE XapaKTEPU3YIOTCsl yCTOWYMBOCTBIO K OCHOBHBIM OOJIC3HAM
JAHHOM KyJIBTYpPBI, 8 TAKXKE PallMOHAJIbHBIM HCIIOJIb30BAHUEM YJIEMEHTOB MUTAHUS IPH (OPMUPOBAHUN YPOXKAsL.
JlaHHbIl pHeM MMEET KaK 3KOHOMUYECKHH aCIEKT, NO3BOJISIOMINN YBEIMYUTH MPOU3BOACTBO MACIOCEMSIH,
TaK M SKOJOTMUYECKUH, CHIKAIOIMI MHTEHCUBHOCTh IPUMEHEHUSI CPEJCTB 3aLUThl PACTEHUN U MUHEPAJIBHbBIX
yAoOpeHUH 3a CUeT MPOBEICHHS MEHBLIETO KOJMYECTBa XUMOOPaboTOK 1 Oosee 3PEeKTUBHOTO UCIIONb30BaHNUS
a30Ta U APYTHX JIEMEHTOB TUTAHMSL.
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3akijIoueHue

3a narunernuit mepuoy (2019-2023 ) BasyoBsiil cOop MacioceMsiH parica B benapycu Beipoc Ha 321 ThIC. T
M OCTUT YpoBHA 899 ThIC. T 3a CUeT pPAaCHIMPEHHs MOCEBHBIX IUIoImazel 10 495 Tric. Ta (mpu 3TOM yOOpoUyHas
wiomaab coctaBuia 395 TeIC. Ta) ¢ yACIBHBIM BECOM B CTPYKType MOCEBOB 8,6 %, a TakkKe MOCPEICTBOM
yBeIMYEeHUS] 00bEMOB NMPUMEHEHHsI MUHEpaIIbHBIX yao0penuit Ha 35 % (329 xr/ra n. B. NPK) u pacmmpenuem
MOCEBOB 110j1 ero rudpugamu 10 49 % ot o01Ieli T0CEBHOM TUIOINAIH.

C y4eToM NMEIOIIMXCS MOIITHOCTEH IiepepadarhiBaroInX opranu3sanuii benapycu (0koio 2 MITH T BTO[T), B IEIISX
oOecrieueHHsl HACEJICHNsI CTPaHbl MMUIIEBBIMI PACTUTEIBLHBIMU KUPAMH 32 CUET MPOU3BOACTBA OTEYCCTBEHHOTO
parcoBoro macia W TPOAYKTOB MUTAHUS C €r0 HMCIOJNB30BAHUEM, TPOW3BOACTBA OMOTOIUINBA, CHAOKEHHS
JKMBOTHOBOJICTBA COOCTBEHHBIMH BBICOKOOCIKOBBIMH M KHPOCOACPKAIIUMU KOPMaMH B BUJIC PAIICOBOTO KMBbIXa
W TIPOTa, a TaKXKe YBEJIMUCHHUS SKCIIOPTAa PACTUTEIBHBIX JKUPOB HEOOXOAWMO HapalldBaHWE MPOM3BOJCTBA
MacJOCeMsIH MHTEHCHBHBIM IyTeM. [J1aBHBIM 00pa3oM, MOCPEACTBOM Ooliee IIMPOKOTO HMCHONB30BAHUS IO
MOCEBBI 03UMOTO U SIPOBOTO Parica BEICOKONPOIYKTUBHBIX, YCTOMUUBBIX K OOJIC3HSIM, PACTPECKUBAHUIO CTPYUKOB,
BBICOKOAIANITUPOBAHBIX K M3MEHSIONIMMCS arpOKIMMAaTHYECKHM YCIOBHSM C BBICOKUM COJCPIKAHMEM Maclia
ruOpuoB. Kak ykaspiBaeT MUPOBasi IPAKTHKA, YBEIMUCHHE THOPHUIIOB parica B CTPYKTYpe MOCEBHBIX IIOIIAACH
MpeIonaraeT CHIDKCHUE HArPy3KU Ha OKPY’KAOIIyI0 Cpelly 3a CYET COKPaIICHHS IPUMEHEHHUS CPEJICTB 3aIUTHI
pacTeHui BBUY YCTOMYUBOCTH I'MOPU/IOB K OCHOBHBIM 0OJIE3HSIM, a Takxke 0oee 3PEKTUBHOTO HCIIOIb30BaHUS
AIIEMEHTOB MMUTAHUS Ha (OPMHUPOBAHHUE CMHUIIBI YPOXKAS.
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TIPOTUBODPO3NOHHAYI CTOUKOCTD
AEPHOBO-TIOA30OAUCTBIX [TIOYB HA PA3HBIX ATPO®OHAX

H. H. [[BIFYJIBKO", B. b. [IBIPHBKO?, A. B. OXHOBEIP, H. H. JKYKOBA®, H. A. TOTAYEB®

DMeoicoynapoonsiii 2ocyoapemeenmbpiil sxkonouveckui uncmumym um. A. . Caxaposa,
benopycckuii cocyoapcmeennwiii yHugepcumem,
yn. [oneobpoockas, 23/1, 220070, e. Munck, Benapycs
DUnemumym nousosedenus u azpoxumuu, Hayuonarvnas akademus nayk berapycu,
vi. Kasunya, 90, 220108, 2. Munck, Berapyce
dBenopycckuii 2ocyoapcmeennviii nedazo2uueckutl ynueepcumem um. Maxcuma Tanxa,
yn. Cosemckas, 18, 220030, o. Munck, benapyco

J1epHOBO-TIOI30IMCTHIC TIOYBBI HETIOCPEICTBEHHO TIOCIIE MEXaHHIECKOH 00paOOTKH XapaKTepHU3yIOTCs O4eHb HU3KOH IPo-
THBO3PO3HOHHOI CTOMKOCTBIO. BenuunHa pazMeIBaromieli CKOpoCTH BOIHOTO moToka (V,,) He mpeBbimaet 11,1 cm/c. Yertoii-
YHMBOCTb IT0YB K Pa3MbIBY CHIKAETCS C MOBBIIICHUEM CTETICHH X D)PO3HOHHOM Aerpanaiuu. Vcrnonbp30BaHue 3poIupOBaHHBIX
1I0YB B TIOYBO3ALUTHBIX TPABSIHO-36PHOBBIX CEBOOOOPOTAX CIIOCOOCTBYET YJIyUILEHHIO YCTOHYMBOCTH K 3po3uu. CpenHe-
U CHJIBHO?POAUPOBAHHBIE II0UYBbI HA JIECCOBUJHBIX CYINIMHKAX B 36pPHOBOM CEBOOOOPOTE OTIUYAIUCH HU3KUMU V,,— 16,5—
18,5 cm/c, a B TpaBSHO-3€pPHOBOM CEBOOOOPOTE C BO3EIIBIBAHUEM JIIOLIEPHBI — BEICOKMM M cpeHuM Vy,— 33,1 u 29,8 cm/c
COOTBETCTBEHHO. [Ipn opranoMuHepaIbHOH CHCTeMe YI0OpeHNS HaOII0aI0Ch TOBBIIICHHE TPOTHBOIPO3HOHHON CTOHKOCTH
TIOYB 10 CPAaBHEHUIO C MUHEPAJIbHOM cucTeMO# ynoOpenusi. Pa3MbiBaroliasi COpocTh BOJAHOTO NOTOKA COCTaBMIIA B CPEIHEM
Ha HEAPOJMPOBAHHOMU MMOYBE 25,7 CM/C, CpeTHEIPOAUPOBAHHON — 21,8 ¥ CHIIBHOIPOIUPOBaHHOI TTouBe — 18,5 cM/c. BHecenue
U3BECTKOBBIX MEJIMOPAHTOB Ha (JOHE OPraHOMHMHEPATLHOMN CUCTEMBI YI00PEHHs HE TIPUBEIIO K MOBBILIEHHIO V 5, YCTaHOBIIEHA
TECHasl KOPPEILIHOHHAS CBs3b (7 = 0,76) pa3MBIBaIOIIECH CKOPOCTH BOAHOTO MTOTOKA C ITOKA3aTEIeM CPEIHEB3BEIICHHOTO Ha-
MeTpa BOJOMPOYHBIX arperaTtoB B BEPXHEM CJIOC MTOYBEI.

Knroueevie cnosa: >poqupoBaHHBIC TIOYBBI; CEBOOOOPOTHI; CHCTEMa YAOOPEHUS;, TPOTHBOIPO3HOHHAS CTOHKOCTB; Pa3Mbl-
BaIOIIEH CKOPOCTH BOITHOTO MIOTOKA.

bnazooaprnocme. ViccnenoBaHNs BBINOJHEHBI 10 3a1aHUI0 2.42. «YCTaHOBIICHHE 3aKOHOMEPHOCTEHN BIMSHHUS OCHOBHBIX
nokasareseil MIo0poIusl U AIEMEHTOB arpOTEXHOJIOTUI Ha YCTOMYMBOCTB IOUB K 3po3uoHHOM aerpagauum» I'TIHU «Kaue-
CTBO ¥ 3()()eKTHBHOCTH arpONPOMBIIUIEHHOTO MPpon3BoAcTBay Ha 20162020 rompl, moamnporpamma «CoxpaHEeHUE U TTOBBI-

IICHUEC TUIOAOPOAMS MTOYBY.
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EROSION STABILITY OF SOD-PODZOLIC SOILS
IN DIFFERENT AGRICULTURAL FIELDS
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Soddy-podzolic soils immediately after mechanical treatment are characterized by very low erosion resistance. The
erosive velocity of the water flow does (V,,) not exceed 11.1 cm/s. Soil resistance to erosion decreases with increasing
degree of erosion degradation. The use of eroded soils in soil-protective grass-grain crop rotations helps improve their
resistance to erosion. Moderately and highly eroded soils on loess-like loams in grain crop rotation were characterized
by low V,, — 16.5-18.5 cm/s, and in grass-grain crop rotation with alfalfa cultivation — high and medium ¥, — 33.1 and
29 cm/s. With the organomineral fertilizer system, an increase in the anti-erosion resistance of soils was observed compared
to the mineral fertilizer system. The eroding velocity of water flow averaged 25.7 cm/s on non-eroded soil, 21.8 cm/s on
moderately eroded soil, and 18.5 cm-s™ on highly eroded soil. The application of lime ameliorants against the background
of an organomineral fertilizer system did not lead to an increase in V,,. A close correlation has been established (r = 0.76)
between the erosive velocity of water flow and the weighted average diameter of water-resistant aggregates in the soil.

Keywords: eroded soils; crop rotation; fertilization system; erosion resistance; erosion speed of water flow.

Asknowledgments. The research was carried out according to task 2.42. «Establishing patterns of influence of the
main indicators of fertility and elements of agrotechnologies on soil resistance to erosion degradation» GPNI «Quality and
efficiency of agro-industrial production» for 2016-2020, the subprogram «Conservation and improvement of soil fertility».

BBenenue

Ha tepputopuu benapycu BogHON 3po3un NoABEPkKEHO 473,3 ThIC. ra CEIbCKOXO3UCTBEHHBIX 3€MeNb. JPo-
JUPYEMOCTh (CMBIBAEMOCTB) TTOYBBI OIMH U3 OCHOBHBIX (DaKTOPOB BOAHOM 3po3uH. [[pOTHBOAPO3MOHHAS CTOM-
KOCTB TIOYBHI SIBJISIETCS MHTETPAJIbHBIM TTOKA3aTeNIeM W OTIPe/IeIsIeTCs KOMIUIEKCOM TaKUX CBOMCTB, Kak MUHEpa-
JIOTHYECKUH COCTaB, (GPU3NYECKUe M arpoXuMUIecKre rmokasarend. OCHOBHBIMU (PH3MYECKUMH CBOHCTBAMU ITOYB,
OTIPENIENAIONIUMHE YCTOMYUBOCTD UX K OPO3UH, SBISIOTCS TPAaHYJIIOMETPHUYECKUI, MUKPOATrPETaTHBIA U CTPYKTYp-
HO-arperaTHbIi COCTaB, INIOTHOCTH, IOPUCTOCTH U CIIETIJICHNE.

B MHpOBO#l MpakTHKe SPO3NOHHBIX HCCIIEAOBAHHWN M3BECTHO MHOXECTBO IMOIXOMOB W METOZOB OIpeiese-
HUS POAMPYEMOCTH TIOYBHI KaK MPSMBIX, TaK ¥ KOCBEHHBIX. J[JIs1 KOMUYECTBEHHON OIEHKH 3TOTO MapaMeTpa,
MCTIONB3YEMOTO KaK B CTATUCTHYECKUX, TaK U B (PU3MUECKH 00OCHOBAHHBIX MOJIEIISIX CMBIBA TTOYB, TIPETIOKEHO
OoJjiee mecsTKa Pa3IMIHBIX TTOIXOI0B M crtoco0oB [1]. B kadecTBe oqHON M3 OMPEACIISIONINX BEIIMINH, TIOMAMO
CBOICTB CaMOH TIOYBBHI, IPETarafoTCd KHHETHYECKNE XapaKTEPUCTUKN CKIOHOBBIX TOTOKOB — HEpa3MBIBAIOIIAS
CKOpOCTb [2; 3], KpuTHUECKOE KacaTesnbHOe HanpsbkeHue [4]. s OLeHKH 3poaupyeMOCTH HNPUMEHSIETCS T10-
KazaTellb B BHJIE YaCTHOTO OT JEJICHWS HMHTEHCHUBHOCTH CMbIBA Ha KyO CKOPOCTH ITOTOKA, KOTOPBIHA JIJIsl BOJHBIX
MIOTOKOB YMCJICHHO PaBEH IOJIOBUHE yeabHOU MomHOCcTH notoka [5—7]. B CILIA u crpanax 3anaaHoil EBponsl
JUIsL OLICHKU MOAATIMBOCTH MOYBBI 3pO3UH HUCIoNb3yeTcs npennoxernHoe B. X. Yummeriepom u 1. 1. Cmurom
OTIpeJIeNIeHUE €€ SPOANPYEMOCTH — KOJTHMUECTBO CMBITOW ITOYBBI C STAIIOHHOM TUIOMIAIKH 110 OECCMEHHOMY TIapy
Ha €IMHUILY SPO3HMOHHOIO MOTEHIMANa 0CaIKoB [8].

M. C. Ky3HeloBbIM yCTaHOBJIEHA 3aBUCHMOCTh MEX/Iy CPEIHEB3BEIICHHBIM JHAMETPOM BOIOTIPOYHBIX arpe-
raToB, CIEIUIEHHEM M TUIOTHOCTBIO TIOUBKI, COJIEpyKaHNEeM KOpHEH pacTeHni auaMeTpoMm <l MM M Tak Ha3bIBae-
MOI JOHHOH pa3MbIBAIOIIEH CKOPOCTHIO BOIHOIO MOTOKA. ABTOPOM IPEUIOKEHO YPaBHEHUE ISl ONIPEACICHUS
JIOHHOM pa3MbIBAIOIIEH CKOPOCTH BOJIHOTO IMOTOKA JIJIs1 ITOYB I10 BBILIETIEPEUYUCIICHHBIM Moka3atessim [9]. ITokaza-
HO, YTO TIPOTHBOIPO3HOHHASI CTOMKOCTH TIOYB KOJMYECTBEHHO BBIPAKAETCS BETTMUMHON pa3MBIBAIOIIEH CKOPOCTH
MOTOKA, KOTOpasi HETIOCPEACTBEHHO OTPEIEIIsIeTCs IBYMSI MTOKA3aTeNIMU ITOYBBI: pa3MepOM BOIOTIPOYHBIX arpe-
TaToB U CIIETICHNEM HX JIpyT ¢ npyroM. OcTaibHbIE CBOMCTBA ITOYB BIHSAIOT HAa TPOTHBOAPO3UOHHYIO CTOHKOCTh
KOCBEHHO, 4epe3 dTH mokazarend. ClieoBaTebHO, TIPOTHBOIPO3HOHHAS CTOMKOCTH MOYBHI B IIEJIOM OTIPEIEIsIeT-
Cs1 BOIONPOYHOCTBIO €€ CTPYKTypHl [10].

Lenb uccnenoBaHus — ONpeeeHrue pa3MbIBAIOIIE CKOPOCTH BOIHOTO TIOTOKA IS IEPHOBO-TIO30JIUCTHIX
MOYB B pa3HOU CTETIEHH TIOABEPKEHHBIX IPO3HOHHOM JIeTpalallii, a TAKKE B 3aBUCHMOCTH OT WX UCTIONb30BaHHS
B Pa3HBIX CEBOOOOPOTaX, MPUEMOB 00PAOOTKH TTOYBBI U CHCTEMBI YIOOPEHUSI.
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MarepuaJjibl 1 METOAbI HCCJIEIOBAHUSA

OObekTaMH UCCIIeJOBAHMS SIBIISUIMCH MIOYBEHHO-TeoMopdonornieckrue npoduiim, npeacTaBlieHHbIC B Pa3HON
CTETICHN SPOAMPOBAHHBIMU (CMBITHIMH) JEPHOBO-IIOA30IUCTEIMUA MOYBAMH, C(HOPMUPOBAHHBIMHU Ha JIECCOBUJI-
HBIX U MOPEHHBIX CYIIMHKaX. /lepHOBO-TIO30HMCThIC 3POANPOBAHHbBIEC TIOYBBI Ha JIECCOBH/IHBIX CYIIIMHKAX pac-
NOJIarajuCh Ha CKIIOHE FOYKHOM DKCTIO3UIIMHU KPYTHU3HOH 6—7°, a IepHOBO-TI0/I30JIUCTHIC SPOANPOBAHHBIC TIOUBBI HA
MOPEHHBIX CYIIMHKaX — Ha CKJIOHE CEBEPO-BOCTOYHOM IKCMO3UIINHU KPyTU3HOH 5—7°. Ha 1epHOBO-TI0/130IMCTHIX
9POJMPOBAHHBIX TIOYBAX Ha JIECCOBUIHBIX CYITIMHKAX MCCIIEIOBAHMS MPOBOAMIN B 36PHOBOM M TPaBSIHO-3€PHO-
BOM ceBoobOopoTax. Ha 1epHOBO-11030IMCTHIX POIUPOBAHHBIX TOYBAX HA MOPEHHBIX CYIIIMHKAX UCCIICAOBAHUS
MPOBOJIUIIY B 3¢PHOTPABSHOM U TPAaBSHO-36PHOBOM CEBOOOOPOTAX.

Ha nepHOBO-TIO301MCTHIX HEIPOAUPOBAHHBIX, CI1a00- U CHIILHOAPOAUPOBAHHBIX TIOUBaX B 3BEHE 3€pHOTpa-
BSTHOTO CEBOOOOPOTA (S[pOBast MIICHHUIIA — 03UMast pOXKb — 0000BO-371aKOBBIC TPaBbl) U3YUCHO BIUSIHUE HA Pa3Mbl-
BAIOIIYI0 CKOPOCTh BOJIHOT'O TIOTOKA CIIOCOOOB OCHOBHOM 00pa0OTKH MOYB — OTBajbHOM Bemamku Ha 20-22 cwm,
0e30TBaNbHON YN3eNbHOM 00pa0boTKK Ha 20—22 ¢M M METIKOH AUCKOBOH 00padoTku Ha 10—12 cMm.

Ha nepHOBO-IION30IHMCTBHIX HEIPOJUPOBAHHBIX, CPEIHE- M CHIBLHOIPOANPOBAHHBIX TOYBAX HA JIECCOBHIHBIX
CYDJIMHKAX M3y4YCHO BIMSHHE Pa3HBIX CHCTEM YIOOPEHHs CEIbLCKOXO3SIMCTBEHHBIX KYJIBTYp Ha MOKa3aTelb pas-
MBIBAIOILIEH CKOPOCTH BOJHOTO TOTOKA. CXeMa OMbITa M I03bI MPUMEHEHUSI H3BECTKOBOTO MEJIMOPAHTA, OpTaHH-
YECKHUX U MUHEPAIbHBIX YIOOPEHHH B 36PHOBOM CEBOOOOPOTE MPHUBEACHBI B TA0M. 1.

Taonuma 1

Cxema onbITa U 103bI IPUMEHEHUSI H3BECTKOBOI0 MEeJIHOPAHTA, OPraHHYECKHUX U MUHEPAJIbHBIX Y100peHu i
MPH Pa3HbIX CHCTEMAX Y100peHHsi B ceBO0GOpOTE

Table 1

Scheme of experience and rates of lime meliorant, organic and mineral fertilizers in different fertilizer systems in crop rotation

KynbTypsl ceBoobopoTa
Cuctema ynoOpeHust : =
OBEC | SAPOBOU paric | ApoBasi NIICHUIIA | o3uMast poxb
HesponupoBannas nousa

MuHepasbHas NooPsoKso Ni30PsoKoo Ni20Ps0Koo Ni30Ps0Koo
MuHepanbHas + U3BECTKOBAHHME TIOUBBI NooPsoKgo+ JAM6,5 Ni30Ps0Kog Ni20PsoKoo Ni30Ps0Koo
OpFaHOMI/IHepaHBHaH N90P60K80 + Oy40 N130P60K90 N120P60K90 + Oy40 N130P60K90
OprasoMuHepalibHas + H3BECTKOBaHHE MOY- | NoogPyoKg,+ OV40 +
BI)I; b e Iﬁ\(}m 5 Ni30Ps0Koo Ni20PsoKogo + OY40 Ni30PsoKoo

Ipumeuanue. JIM — nonomurosas Myka B T/ra; OY — opranuueckue ynoopeHus (OICTUIIOYHBIH HABO3) B T/Ta.

CTpyKTypHO-arperaTHblii aHaJIu3 TI0YB /ISl OTIPENIEIICHUS CPETHEB3BEIICHHOTO THaMETpa BOAOMPOYHBIX arpe-
TaToB TMPH BOJHOM IPOCEHBAHUU BBITTONHSIN 10 MeToxy CaBBruHOBa [11]. Pa3MbIBaromIyto CKOpOCTh BOIHOTO
MOTOKA JISI TIOYB PaCCYUTHIBAIH M0 MofuduiinpoBannomy ypasaernto M. C. Kysuerona [12]. [IpotuBospo3non-
HYIO CTOMKOCTB TIOYB OIICHUBAIIN TI0 TiKase (Tadi. 2). Cratuctuueckas o0padboTka (omnpemaencHue J0BepHUTEIbHO-
TO HHTEpBaja) MpoBeeHa B IporpaMMHoM akete MS Excel.

Ta6naumna 2
Kuacendukanusi noys no npoTuB03pO3MOHHOI CTOHKOCTH
Table 2
Classification of soils by erosion resistance
[IpoTuBO3pO3UOHHAS PasmbIBaroas ckopocTtb
. s TTouBBI, TOPH30OHTEI
CTOHKOCTb TIOYBBI BOJIHOTO [IOTOKA, CM/C

OdeHb HU3KAs <15 PhIxJible MaxoTHBIC TOPU30HTHI 0€3 PACTUTEIBHOCTH

[TaxoTHBIC TOPU3OHTEHI MO 3ePHOBEIMH KYJIETYypaMH (INIOTHOCTh
Huzkas 1520 3

mouBHI <1,2 T/CM°)

[TaxoTHBIE TOPU3OHTHI MOJT 3€PHOBBIMU KYJIBTYpaMu (INIOTHOCTH
Cpennsis 20-30 3

1ouBsl >1,2 r/em?)

[TaxOoTHBIE TOPU3OHTEHI MO TPABAMHU M 36PHOO0OOBEIMH CMECIMU
Bricokas 30-50 p TP p

U MTOATNIAXOTHBIE TOPU3OHTHI IIOYB

[TaxOTHBIE TOPU3OHTBHI MOJT XOPOLIO PA3BUTHIMU MHOTOJIETHUMU
OueHb BbICOKast > 50 PH3OH AL XOP p

TPaBaMH U JIYTOBOM PACTUTEIBHOCTHIO

Ipumeuanue. J{ns notoka nyouHoi 1 cm, cm/c.
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Pe3yabTarhl Hccjie10BaHUs U UX 00CyKIeHUe

B nHayuHoOli nuTEpaType BCTPEUAIOTCSl TPOTUBOPEUMBBIC PE3YNIBTAaThl UCCICIOBAHMUS BIMSHUS MEXaHUUECKUX
00paboTOK MMOYB Ha YCTOWYHMBOCTh MX K CMBIBY. OTMeUaeTcs, uTo 0e30TBajbHbIC IPUEMbl 00paOOTKH CIIOCO0-
CTBYIOT TIOBBILICHUIO COJIEPYKaHMS B ITOYBE IPO3HOHHO-YCTOHUUBBIX arperartoB MO CPAaBHEHUIO C TPAJUIIMOHHON
oTBaJIbHOH Bemamkoit [13]. MmetoTcst HayuHble myOlMKalyy, B KOTOPBIX OTMEYAETCsl, YTO TIOKa3aTelld YCTOHYH-
BOCTH K 9PO3UHU 3aBUCST OT 00PaOOTKH JI0 ONPENCICHHOTO Mpeielia, Korja MeXaHHIeCKue 00padOTKH HE OKa3bl-
BAaIOT HA HUX MPSMOTo Bo3aeicTus [14; 15].

B Hammx mccienoBaHusax onpesesaeHue JJOHHOW pa3sMbIBaroOLIel CKOPOCTH BOIHOIO noroka (V,,) mokasaio,
YTO PBIXJIBbII MTAXOTHBII TOPU30HT MOYBHI HEMOCPEACTBEHHO MOCIIE TIPOBEICHHS MEXaHUIEeCKOH 00pab0OTKU XapaK-
TEPU3YIOTCS OYEHb HU3KOH yCTOHYMBOCTBIO K CMBIBY U pa3MbIBY (MeHee 15 cm/c). Bennuuna V), konebdanach mo
BapHUaHTaM C OTBaJIbHOW M 0€30TBaJIbHBIMHU YU3EJIbHOM U TUCKOBOW 00paboTkamu B npenenax 9,4—11,1 cm/c. He-
3HAYMTEJILHO BBIIIE 3TOT ITOKa3aTelb ObLT Ha 0€30TBaIbHBIX 00pab0TKaX, 4TO 00YCIIOBICHO 3aI[UTHBIM BIUSTHUEM
M0CJIeyOOPOYHBIX PACTUTEIBHBIX OCTaTKOB HA CKOPOCTh BOAHOIO MMOTOKA (Tad. 3).

Ta6nuna 3
Biiusinue 00paGoTok NOYBBI B 3BeHe CeBO00OPOTA
sIpoBasi NIIEHULA — 03UMAs1 POKDb — 0000B0-3/1aKOBbIE TPABBI
Ha Pa3MbIBAIOLIYIO CKOPOCTH BOJHOIO NMOTOKA, CM/C
Table 3
The effect of soil treatments in the crop rotation link
spring wheat — winter rye — legume-cereal grasses on the erosion rate of water flow, cm/s
OcroBHas 06pa6oTKa OpOonUpPOBAHHOCTH NTOYBBI
TOFBRI HEdPOMPOBaHHASL c11ab03pOANPOBAHHAS CHJIBHO?POAIMPOBAHHAS
OtBanpHas Bcramka Ha 2022 cm 10,4 +£0,2 10,1 £0,2 94+0,1
bezorBanbHas unzenbHas
11,1 £0,3 10,4 +£0,2 99+0,2
Ha 2022 cm
IToBepxHOCTHAs AUCKOBas
P A 111+03 10,3+ 0,2 97+0,1
Ha 10—12 cm

PesynbraTsl Hccae10BaHUN TOKA3aIM, YTO YCTOHYHUBOCTH ITOYB K CMBIBY M Pa3MbIBY CYLIECTBEHHO 3aBHCUT
OT CTENEHHU UX 3PO3MOHHON ACTpajalliy U HUCIOJIb30BaHus. Tak, IepHOBO-MIO30JUCTHIC IOUBbI HA JIECCOBU/I-
HBIX CYIJIMHKaX, HE MOJBEP>KEHHBIC 3PO3HH, B 36PHOBOM CEBOOOOPOTE OTIUYAINCH CPEIHEH MPOTHUBOIPO3H-
OHHOI1 cToiikocThio mo mkane M. C. Ky3nenoBa. JlonHasi pa3MbIBarolas CKOPOCTh BOJHOIO MOTOKA JJIsl HUX
kojiebanace B npexnenax 20,3-26,5 cm/c (B cpeaneM 23,4 cm/c). CpeaHe- U CHIIBHO3POJUPOBAHHbIE TTOUBbI
MMeEJN HU3KYIO yCTOHUMBOCTE ¢ V,, 18,5 1 16,5 cM/c COOTBETCTBEHHO.

HespoaupoBanHas u cpeiHedpoIupoBaHHasl IIOUBBI IPU TPEXJIETHEM BO3/EIbIBAHUY JIIOLEPHBI TOCEBHON
B TPAaBSIHO-3€PHOBOM CEBOOOOPOTE XapaKTEPU30BAINCH BBICOKOH yCTOMUYMBOCTBIO, CHIBHOIPOANPOBAHHAS
MoYBa — CpeAHe yCTOWYMBOCTHIO K CMBIBY. Pa3mbiBatomiue ckopoctu cocrapmiu 40,1, 33,1 u 29,8 cm/c co-
OTBETCTBEHHO (TabII. 4).

JlepHOBO-IIOA30UCTHIC TIOUBBI HA MOPEHHBIX CYITIMHKAaX UMeNn Oojiee BEICOKHE 3HAUCHUS Pa3MbIBaloIIeh
CKOPOCTH BOJHOTO MOTOKA, TO €CTh OTIUYAINCH JIYYIICH MPOTUBO3PO3UOHHON CTOWKOCTBIO 1O CPAaBHEHUIO
C IMOYBaMH Ha JIECCOBUAHBIX CYIIMHKAX. B 3epHOTpaBsiHOM ceBOOOOPOTE NPHU BO3CIBIBAHUN 36PHOBBIX KYJIb-
TYp ¥ OJHOJETHUX 000OBO-371aKOBBIX TPaB V), HEAPOIUPOBAHHON MOYBBI H3MEHANACH O rojgam ot 26,2 1o
29,0 cm/c, cmabo- U CpeaHeIPOIUPOBAHHON MOYB — OT 23,3 1m0 26,5, CHIFHO3POAUPOBAHHON TIOYBBI — OT
20,5 mo 23,7 cM/c, uto B cpenHeM coctaBuia 27,0 cm/c, 24,2 cm/c u 22,1 cM/c cooTBeTcTBeHHO. Clie/ioBaTeb-
HO, TIOUBBI 110 BEJTMYMHE PAa3MBIBAIOIIEH CKOPOCTH BOJHOIO MMOTOKa oTHOCcKIKCh (1o mkaie M. C. Ky3nernosa)
K CpellHEe MPOTUBOIPO3UOHHON CTOMKOCTH.

B TpaBsiHO-3¢pHOBOM CEBOOOOPOTE MPHU TPEXJIETHEM BO3JEIBIBAHMH JIIOLEPHBI OCEBHON HAOIIOIANI0CH
CYLIECTBEHHOE MOBBILICHUE YCTOWYMBOCTH TOYB K CMBIBY. Ha Bcex MO 3pOJMpOBaHHOCTH MTOYBAX 3HAUCHUS
pa3MbIBaIOLIECH CKOPOCTH BOAHOTO MOTOKA OBUIH BBICOKUMH — > 30 cM/c, a TIOA JIIOLEPHON BTOPOTO U TPETHETO
TO/I0B MOJb30BaHMs pocTuraiza 60 cM/c U BBILIE, YTO COOTBETCTBYET OUEHBb BBICOKOW NMPOTHBOIPO3HOHHON
CTOWKOCTH MOYBBI.
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Tabnuma 4

Pa3MbIBaomIasi CKOPOCTH BOIHOTO MOTOKA (CM/C) 1151 JePHOBO-ITOA30/IMCTHIX MOYB B PAa3HBIX CEBO0OOPOTAX

Table 4
Erosion rate of water flow (cm/s) for sod-podzolic soils in different crop rotations
CTCHCHB SpOAUPOBAHHOCTH ITOYBBL
CeBoobopor KynbTyps! ceBoobopoTa
HEOPOMPOBAHHAs ciabo3pou- CpeIHEe3POIH- CHJIBHOBPOIH-
poBaHHas poBaHHas poBaHHas
JlepHOBO-TIO130/IHCTAS TTOYBA, CHOPMHUPOBAHHAS Ha JIETKHUX JICCCOBHIHBIX CYTIIMHKAX

OBec 23,0+33 - 16,5+ 1,8 16,4+2,0

SpoBoii paric 20,3+0,5 - 16,4 + 0,3 16,2 £0,2
2€pHOBOI/I CeBOO- SIpoast mueHuA 237+37 - 20,5+3,6 16,7+ 6,8

opoT

O3zumast poxb 26,5+2,7 - 20,5 £0,1 16,7 £ 6,5

Cpennee 3a ceB00OOPOT 23,4 - 18,5 16,5

OnHoNeTHHE TPaABBI + JIOLEpHA 39,9+5,8 - 28,1+34 27,7+49

JlronepHa 1-ro rosa moxp30BaHAS 39,9 +6,1 - 344 +0,6 27,7+5,2
Tp\a't BAHO-3CPHO™ | 71151 1epra 2-ro roja nons3oBaus 404 +0,1 - 350+5,3 28,6+6,3
BO¥ ceBOOOOPOT

JlrotiepHa 3-ro roja moibp30BaHuUs 40,4 +5,3 - 35,0+0,2 35,0+6,3

CpenHee 3a ceB0060OpPOT 40,1 - 33,1 29,8

JlepHOBO-TI0/130IHCTast TOYBa, CHOPMHUPOBAHHASL HA MOPEHHBIX CYTJIIMHKAX

OnHONETHHE TPaBHI 26,2 +3,2 234+3,8 233+2,5 237+3,3

O3umasi TpuTHKAJIE 26,2+ 5,6 234+5)5 23,3+£8,9 20,5+3,1
3CpHOTPABANOI | () 0o rivte Tpanbl 26,5+2.5 26,5+2,7 26,5+2,7 237+3,1
CeBOOOOPOT

O3umas MieHuIa 29,0£83 23,7+£3,1 237+3,2 20,5 £3,7

Cpennee 3a ceBo060poT 27,0 24,2 24,2 22,1

SIpoBas nuieHuua + JroLuepHa 30,7+54 29,0+ 3,9 26,1 £5,1 23,5+33

ﬂp‘;ﬂep‘*a 1-ro rona nos3osa- 444 +9,1 449+ 8.4 452+0,8 39,9499
Tple}IHO—BCpHO- Jlrouepna 2-ro rona moyib30Ba- 63.9 + 164 5724131 60,647 452498
BO# CeBOOOOPOT | HUS

gg{“ep}‘a 3-T0 roza noi308a- 60,6+ 10,9 5724154 | 452+11,5 | 452+13.6

Cpennee 3a ceB00OOPOT 49,9 47,1 443 38,4

W3ydeHo BiusiHME M3BECTKOBOTO MEIHOPAHTa (JOJIOMHTOBAsE MyKa), OpraHHYECKHUX (TOICTHIIOYHBIH Ha-
BO3) U MUHEPAIbHBIX (a30THBIX, (HOCHOPHBIX, KaJTUHHBIX) YIOOPEHUH Ha MOoKa3aTellb pa3MbIBAIOLIEH CKOPO-
CTU BOAHOI'O IMOTOKA AJId ACPHOBO-IIOA30JIMCTHIX ITOYB HaA JICCCOBUJHBIX CYTJIMHKAX B pa3HOI>'I CTCIICHU ITOABEP-
JKEHHBIX BOAHOH 9po3uu. B cpeqHem 3a ceBOOOOPOT MpU MUHEPAIBHOW cUcTeMe YIO0OpeHHUs pa3MbIBArOIas
CKOPOCTh BOJIHOTO ITOTOKA HEIPOJUPOBAHHOM MMOYBHI ObljIa HA ypoBHE 23,4 cM/C, CpEIHEIPOIMPOBAHHON I10-
4yBBI — 18,5 cM/c 1 cCUITbHOpOANPOBaHHOM OUBHL — 16,5 cm/c. [1o romam TOT Mokaszarens konebdancs. M3sect-
KOBaHHUE IIOYB HA q)OHC MHHCpaJ’ILHOﬁ CHUCTCEMBbI YI[O6peHI/I$I HE3HAYUTCJIIbHO MMOBLIIIAJIO IMIPOTUBOIPO3UOHHYIO
YCTOWYUBOCTH 110YB (TabII. 5).
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Pa3mbIBaomas cKOpoCTh BOIHOIO MOTOKA (CM/C) 1JIsl 1€PHOBO-MOA30IUCTHIX MOYB
NPH Pa3HBIX CHCTEMaXx yI100peHus B ceB0000poTaX

Tabnuma 5

Table 5

Erosion rate of water flow (cm/s) for sod-podzolic soils with different fertilizer systems in crop rotations

KynbTypsl ceBoobopoTa

Cucrema ynoOpenus SIPOBOM sIpoBast o31Mas Cpenice 3a
oBeC ceB000OPOT
panc MIIEHULA pOXb
HesponupoBannas nousa
MunepanbHast 23,033 20,3+0,5 237 +3,7 26,5+2,7 23,4
MunepaibHas + U3BECTKOBAHHE TTOYBBI 257+3,1 19,9+ 3,1 23,7+0,1 26,5+0,1 24,0
OpranomMuHepalbHas 304+24 19,9+ 0,6 235+0,1 29,0+ 3,0 25,7
OpranomuHepanbHas + H3BECTKOBAHUE ITOYBHI 344+32 230+24 237+13 237+3,1 26,2
CpennespoaupoBaHHas MoYBa
MunepanbHast 16,5+ 1,8 16,4 + 0,3 20,5+ 3,6 20,5 +£0,1 18,5
MunepanabpHas + H3BECTKOBAHHE TTIOYBBI 16,5+2,7 16,5+0,3 20,5+3,1 20,5+3,1 18,5
OpranomMuHepalibHas 20,1 +2,0 20,10+ 0,4 20,5+ 3,7 26,5+8,3 21,8
OpranomuHepanbHas + H3BECTKOBAHUE ITOYBHI 20,3+2,6 20,1 £33 20,5+ 1,1 26,5+3,6 21,9
CHIIBHO?POUPOBAHHAS TTOYBA
MunepanpHas 16,4+2,0 16,2+ 0,2 16,7+ 6,8 16,7+ 6,5 16,5
MuHepanpHas + H3BECTKOBAHHE TIOYBBI 16,4+ 1,8 16,4 +0,2 20,5+ 3,7 16,7+0,2 17,5
OpranomuHepalbHas 16,5+2,6 16,5+ 3,9 20,5+3,6 23,7+5,8 19,3
OpranomuHepajbHas + U3BECTKOBAHUE MOYBBI 164+14 16,5+0,2 20,5+2,1 20,5+3,7 18,5

[IpumeHeHne opraHOMUHEPAIHHOW CHCTEMBI YIOOPEHHsI CIIOCOOCTBOBAJIO HEKOTOPOMY YIIYHUIIIEHHIO YCTONIHBO-
CTH TIOYB K CMBIBY. Pa3MbIBaromiasi CKOpoCTh BOJHOTO TIOTOKA COCTABMIIA B CPETHEM 3a CEBOOOOPOT Ha HEIPOIUPO-
BaHHOM mouBe 25,7 cM/c, cpemHedpomupoBanHoi — 21,8 1 CHIIbHOApOIMpPOBaHHON TouBe — 18,5 cMm/c. BHecenue
M3BECTKOBBIX MEJIMOPAHTOB Ha (DOHE OPraHOMUHEPAIILHOM CHCTEMBI YZIOOPEHHS HE PHUBEIIO K ITOBBILICHUIO V.

Panee Hamu ObUTH TIpeNICTaBIEHBI PE3YNNBTATHl U3YUYECHUS BIUSHHS Pa3HBIX KYJIBTYp CEBOOOOPOTOB M CHCTEM
ya0OpeHusl Ha BOJOYCTOHYNBOCTh MAaKPOCTPYKTYPHI (COOTHOIIEHHE arperatoB auameTpom > 0,25 MM mpu Bo-
JTHOM U CYXOM TIPOCEUBAHNH) JEPHOBO-ITOI30JUCTHIX ITOYB, B PA3HOU CTEIIEHH TOIBEPKEHHBIX YPO3NOHHOM Jie-
rpamaruu [16]. BeIomHEHHBI KOPPEIAINOHHO-PETPECCHOHHBIA aHAIN3 COMPSDKEHHBIX JTaHHBIX ITOKA3all, 9To
MeX/Ty 3HaUEHHSIMHA BOJOYCTOHYNBOCTH TTOYBEHHOW MaKPOCTPYKTYPhI M pa3MBIBAIOIIEH CKOPOCTHIO BOIHOTO TI0-
TOKa JUIsl AEPHOBO-TIOA3O0JMCTHIX TOYB CYIIECTBYET KOPPENSAIIMOHHAs CBA3b cpenHei cuibl (r = 0,52), kotopas
orckiBaeTcs ypaBHeHueM y = 0,4728x + 17,17 (puc. 1).
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Puc. 1. 3aBUCHMOCTb pa3MbIBaIOLIEH CKOPOCTBIO BOJHOIO MOTOKA (V,) OT BOAOYCTOMUHUBOCTH MaKPOCTPYKTYPBI TOUBEI

Fig. 1. Dependence of the eroding velocity of the water flow (¥,,) on the waterproofness of the soil macrostructure
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TecHast KOppeTIIMOHHAs B3aUMOCBS3b (I = (0,76) pa3MBIBarOIIEeH CKOPOCTH BOIHOTO TIOTOKA IS IEPHOBO-TTON-
30JIUCTHIX TTOYB YCTAHOBIIEHA C ITOKA3aTeIeM CPEIHEB3BEIICHHOTO AUaMeTpa BOJAOMPOUHBIX arperartos (puc. 2).
IIpu cpemHeB3BeIeHHOM AUaMeTpe BOIOMPOUIHBIX arperatoB 0,2—0,4 MM pa3MbIBaroIias CKOPOCTh BOTHOTO TI0-
TOKa MOXET M3MeHATHCS oT 15 mo 30 cm/c, uro cootBeTcTByeT( M0 TiKasie M. C. Ky3HernoBa) HU3KO#M U cpemHei
MIPOTHBOAPO3NOHHON CTOMKOCTH TIoUBEL. [Ipm muamerpe arperaro ot 0,5 mo 0,8 MM BenmUWHA pa3MBIBAIOIICH
CKOpoCTH BOmHOTO TToTOKA (30—50 ¢M/C) COOTBETCTBYET BHICOKOM TIPOTHBOIPO3UOHHON CTOUKOCTH MTOYBEI. OYCHD
BBICOKOW IIPOTUBOIPO3NOHHON CTOHKOCTHIO 00Ia1at0T ITOYBBI CO CPETHEB3BEIICHHBIM JUAMETPOM BOJOTIPOUHBIX
arperaros > 0,8 Mm u V,, > 50 cm/c.
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Puc. 2. 3aBUCUMOCTb pa3MbIBatOLIel CKOPOCTHIO BOZHOTO NoToKa (V)
OT CPE/IHEB3BEIICHHOTO AUaMeTpa BOAONPOYHBIX arperaros B IOYBE

Fig. 1. Dependence of the eroding velocity of the water flow (V,,)
on the weighted average diameter of the water-bearing aggregates in the soil

3aKiIoueHue

Takum 00pa3om, JIepHOBO-TIOA30JUCTBIE MOYBBI HEMOCPEACTBEHHO IOCIE MPOBENEHHS WX MEXaHHYEeCKOU
00paboTKM XapaKTepU3YIOTCS OUCHb HU3KOH YCTOHUMBOCTBIO K CMBIBY M pa3MbIBy. Benmnunna pa3MbiBarorieit
CKOPOCTH BOJHOTO IOTOKA MPU OTBAJILHOH M 0E30TBAIBHBIX YU3EIBHON M JUCKOBOH 00pabOTKaxX COCTaBISAET
9,4-11,1 cm/c. Ha Ge30TBalIbHBIX 00pabOTKaX 3TOT MOKA3aTelb BBIIIE, YTO OOYCIOBICHO 3all[UTHBIM BIUSHUEM
N0CJIeyOOPOYHBIX PACTUTENBHBIX OCTATKOB. YCTOWYHMBOCTD MOYB K Pa3MbIBY CHHIKAETCS C TIOBBIIEHUEM CTETIEHU
MX 3PO3UOHHOM Aerpajaluu.

Hcnonp3oBanue 3poupoBaHHBIX TTOYB B MOYBO3AIIUTHBIX TPABIHO-3€PHOBBIX CEBOOOOPOTAX CIIOCOOCTBYET
MOBBILICHUIO UX MTPOTUBOIPO3MOHHOM CTOWKOCTH. B 3epHOBOM ceBOOOOpOTE CpeiHe- U CHIIbHOAPOAUPOBAHHBIC
TI0YBbI, C(OPMUPOBAHHBIE HA JIECCOBU/IHBIX CYIIIMHKAX, OTIIMYAINCh HU3KkuMHU V,,—16,5-18,5 cm/c, a B TpaBsiHO-
3epHOBOM CEBOOOOPOTE, B KOTOPOM B TEUEHHE TPEX JIET BO3ACIBIBAIIH JIIOLEPHY MOCEBHYIO, BBICOKUM U CPETHUM
Vap,—33,1 1 29,8 cM/c COOTBETCTBEHHO.

Ha ¢one npumeHneHus opraHOMUHEPATIBHOM CUCTEMBI YIOOPEHHUS B CEBOOOOPOTE HAOIIOAATIOCH HE3HAYNTEIb-
HOE TIOBBIIICHHE TIPOTHBOAPO3MOHHON CTOWKOCTH TMOYB MO CPAaBHEHUIO ¢ MHHEPAIBLHON CHCTEMOW YIOOpEHHSI.
PasmbIBaromasi CKOpoCTh BOAHOTO IMOTOKA COCTABWIIA B CPEAHEM Ha HEAPOAUPOBAHHOH mouBe 25,7 cm/c, cpenHe-
3ponupoBaHHOi — 21,8 U CHIBHOAPOUPOBAHHOM TIoUBe — 18,5 cM/c. BHeCeHMEe M3BECTKOBBIX MEJIMOPAHTOB Ha
OpraHOMHHEPATBbHOM cuCTEME YT0OpEHHUs! He TIPUBENIO K MOBBIILEHHIO V .

VYcranosneHa TecHast koppensanus (7 = 0,76) pa3MbIBaroIIel CKOPOCTH BOIHOTO MOTOKA I IEPHOBO-TIOA30-
JIMCTHIX TIOYB C TIOKA3aTeJIeM CPEeTHEB3BEIIEHHOTO TMaMeTpa BOIONPOYHbIX arperaroB. [Ipu cpeqHeB3BeieHHOM
JaMeTpe BoJonpouHbIX arperaros 0,2—0,4 MM pa3mbIBaroIias CKOPOCTh BOJHOTO TOTOKA MOKET U3MEHATHCS OT
15 mo 30 cm/c, 9TO COOTBETCTBYET HU3KOH M CpeHel MPOTHBOIPO3UOHHOM cTOiKOCTH mouBbl. [Ipu nuamerpe
arperaros ot 0,5 1o 0,8 MM BenuuuHa V,,. COOTBETCTBYET BBICOKOH IPOTUBO3PO3UOHHON CTOMKOCTH IIOYBBI.
OueHb BBICOKOH MPOTHBO3PO3NOHHON CTOMKOCTBIO 00JIaJat0T MOYBHI CO CPEIHEB3BEIICHHBIM AUAMETPOM BOJIO-
HpoYHBIX arperaros > 0,8 mm u V), > 50 cm/c.
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VIK 574
ITAACTUKOBBIE OTXOABI: BAUSSHUE HA 9KOCUCTEMY ITAAHETHI

K. B. AMUPMETOBAY, 3. A. AJIUEB"

YAzepbatioocanciuil 20cydapcmeeniolil yHuGepcumen Heghmu u npomblulIeHHOCTU,
np. Azaonvie, 20, AZ1010, e. Baxy, A3epbatioscan

[TnacTuKOBBIC OTXO/BI, HECMOTPS HA UX YHUBEPCAIBHOCTD U IIUPOKUI CIIEKTP MPUMEHEHUS, CO3AI0T CEPbE3HYI0 YIpo3y
JUIsL SKOCHCTEMBI IIaHeThl. MUpOBOE MPOU3BOJCTBO IIACTHKA yBeIUuuiaoch ¢ 1,5 MiaH T B 1950 . 1o 335 mun T B 2016 n XoT4
YPOBEHB IIepepadOTKH TUIACTHKOBBIX M3/EINI PAacTeT, OAHAKO OOJbIIAs YacTh OCTABIIMXCS MO-TIPEKHEMY BBIOPACHIBACTCS
B OKpY’Karollyto cpeay. [leppoHadanbHO 00mIECTBEHHOE BHIMaHUE B OCHOBHOM OBLIO COCPEIOTOYCHO Ha KPYITHBIX TUIACTH-
KOBBIX OTXO71aX. B mocieiHne HeCKOMbKO JIET MEJIKHME TUIACTHKOBBIE (DparMEHThI, 0COOCHHO MHUKPOIIIACTHK, BBI3BIBAIOT BCE
60IBIIYI0 00ECIOKOEHHOCTD M3-3a UX 3arpsi3HEHUS] U PUCKOB AT OKpyXKaromiei cpenpl. OHM OKa3bIBAIOT HETAaTUBHOE BO3-
JIeHCTBHE HAa KOMIIOHEHTBI OKPYKAIOIIEH Cpeibl U 37I0POBbE KHUBBIX OPraHU3MOB, BKJIIOYas deroBeka. I1o oleHKkaM yueHBIX,
TUTIACTHK cOCTaBiIsIeT 10 54 % (110 Macce) aHTPOIIOI€HHBIX OTXO0/I0B, BEIOPACHIBAEMBIX B IPUPOJLY. ITH OTXOJIbI YACTO HAKAILTH-
BAIOTCSI B TAKMX YKOCHUCTEMaxX, Kak OKEaHBbI, PEKH, TIOYBBI M Ja)ke BO3AYIIHAS cpena. YpOaHU3aIysl, akTHBHOE SKOHOMHUUECKOE
Pa3BUTHE U POCT HACEIIEHHS CIOCOOCTBYIOT YBEIMUEHUIO 00BEMOB IUIACTHKOBOTO 3arpsi3HEHHS, YTO yCyTryOIIsieT mo0anbHyI0
SKOJIOTHYECKYIO CUTYaIHIo. BriepBrie mpobiema 3arps3HeHNns TTaCTHKOM Oblia 3adukcrupoBana B 1960 1., Koraa ero 9acTHIIbI
00HapY KU B KUIIEYHHKE MOPCKUX NTHILL. C TeX MOp CUTyalusi TOJIBKO yXy/IIIUIACk: B HAIIN JHU MUKPOILIACTHK IIOBCEMECT-
HO BCTPEUaeTCs B MOPSIX, MOYBAX, PeKax, 03epax, B BO3AyXe, Ha IUIsbkax. bojee Toro, ero 4acTUIlb! BBISBIEHBI B TUTHEBOM BOZIE
TaKux cTpaH, kak [epmanns, Hopserus, CILA, Kuraii u np., uto noguepkuaer miobanbHbI Maciitad npodieMsl. B crarbe
AHAIM3UPYETCs JINTEPaTypa, MOCBSIICHHAsI HICTOYHNKAM MHUKpOIUIACTHKa B arMocdepe, ruapocdepe n mouse. [IpoBomurcs
OLICHKA €T0 PACIPOCTPAHEHHOCTHU B SKOCHCTEMAX B BUJIE OTXOJI0B PA3INYHBIX (JOPM, pazMepOB U IIBETOB. YIIEJICHO BHUMAHNE
HETaTHBHOMY BIIMSTHHIO MUKPOIUIACTHKA Ha TaKHe KUBBIE OPTaHU3MBI, KaK pbIObI, MOPCKHE Yepenaxy 1 nTuisl. Paccmarpu-
BAIOTCs TIO3UTHBHBIC I11aTH, HAIIPABJICHHBIE HA CHIKEHHUE 3arPsi3HEHHS: ITepepadoTKa OTXO0B, UCTIONb30BAaHNE HKOTOTHUHBIX
MaTepralioB M MOBbIIIEHHE HHPOPMUPOBAHHOCTH OOIIECTBA.

Kniouesvle cnosa: iacTUKOBBIE OTXOABL; 3arpsA3HEHUE OKPYKAIOLIEH CPEmbl; 3arpsi3HCHNE BO3yXa; 3arpsi3HEHHE IIOYBI;
3arpsi3HECHNE BOJBI; MUKPOIUIACTHK; TOKCHKOJIOTHYECKOE BO3/ICHCTBHE; 3/10POBbE UEIOBEKA; SKOJOTMUECKHE MOCIECICTBHS;
YCTOMUYMBOE Pa3BUTHE.
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Plastic waste, despite its versatility and wide range of uses, poses a serious threat to the planet’s ecosystem. Global
plastic production increased from 1.5 million tonnes in 1950 to 335 million tonnes in 2016. Although recycling rates for
plastic products are increasing, much of the remainder is still discarded into the environment. Initially, public attention was
mainly focused on large plastic waste. In the past few years, small plastic fragments, especially microplastics, have become
increasingly concerned due to their pollution and environmental risks. They have a negative impact on environmental
components and the health of living organisms, including humans. It is estimated that plastic makes up to 54 % (by weight)
of anthropogenic waste discarded into nature. This waste often accumulates in various ecosystems such as oceans, rivers,
soils and even the air. Urbanization, rapid economic development and population growth contribute to the increase in plastic
pollution, which worsens the global environmental situation. The problem of plastic pollution was first recorded in 1960,
when plastic particles were found in the intestines of seabirds. Since then, the situation has only worsened; today, microplastics
are ubiquitous in the seas, beaches, soils, rivers, lakes and air. Moreover, plastic particles have even been found in drinking
water in countries such as Germany, Norway, the United States, China and elsewhere, highlighting the global scale of the
problem. This article reviews the literature on the sources of microplastics in the atmosphere, hydrosphere and soil. It also
assesses their prevalence in ecosystems in the form of waste of various shapes, sizes and colours. Particular attention is paid
to the negative impacts of microplastics on living organisms such as fish, sea turtles and birds. In addition, positive steps
aimed at reducing pollution are discussed: recycling, using eco-friendly materials and raising public awareness.

Keywords: plastic waste; environmental pollution; air pollution; soil pollution; water pollution; microplastic;
toxicological impact; human health; ecological consequences; sustainable development.

Introduction

Since its introduction in the early 20" century, plastic has revolutionized industries due to its durability, flexibility,
and low cost. Used in everything from packaging to automotive parts, medical devices to electronics, plastics are
integral to daily life. Most plastics are made from petrochemicals, though bioplastics are derived from renewable
sources like corn starch or cellulose. Despite their benefits, the widespread use and disposal of plastic have caused
serious environmental issues. First invented in 1860, plastic production began in 1907 and expanded significantly
in the 1920s. By 1950, global production was around 2 million tons, reaching 368 million tons by 2019 [1; 3].

Thus, plastic consumption has increased approximately 180-fold from 1950 to 2018. It is expected that plastic
production will continue to grow exponentially in the future. According to source [4], global plastics production
has grown exponentially: over 380 million tons are produced annually, with about 50 % of this volume consisting
of single-use products that are discarded within a year of purchase. According to source [5], of the 275 million
tons of plastic waste, between 4.8 and 12.7 million tons are dumped into the sea.

Plastics can generally be divided into «biological (also known as organic polymers)» or «engineering» plastics.
According to source [2], about 4 % of fossil fuels are used for plastics production. Discarded plastic waste can
accumulate in various natural habitats. The first evidence of plastic in the wild was discovered in the guts of
seabirds, as reported in 1960. Available data indicate a growing impact related to public health issues resulting
from the current use of plastics.

Plastic pollution poses a significant global environmental challenge for several reasons. The production,
transportation, and disposal of plastics release substantial greenhouse gases, contributing to climate change.
Moreover, plastic waste disrupts natural ecosystems and impacts carbon storage processes in soils and oceans,
hindering the carbon cycle. Plastics can persist in the environment for centuries, with decomposition timelines
ranging from 100 to 1000 years, during which they pollute surrounding air and water. Thin films less than
20 microns thick clog drainage systems in many cities, causing uncontrolled flooding during the rainy season.
Plastic waste is estimated to kill a million marine creatures every year. Marine animals may mistake this particles
for food, causing internal injuries, blockages, and starvation. The clogging of plastic bags has led to bans on the
use of thin plastic bags in light industry during retail sales in many countries [3].

Microplastics, particles smaller than 5 millimeters, can absorb pollutants like pesticides and heavy metals, leading
to bioaccumulation and toxicity in soil organisms. Additionally, microplastics have been detected in drinking water,
seafood, and air, raising concerns about potential health impacts on humans, including the possibility of ingesting
these particles through food [1; 4]. Microplastics can be classified into different size categories:

1. Large microplastics (1-5 mm) — The largest microplastic particles, visible to the naked eye. They often
originate from the fragmentation of larger plastic debris, industrial resin pellets (nurdles), or microbeads used in
personal care products.

2. Small microplastics (0.1-1 mm) — These particles are smaller and more difficult to detect without magnifi-
cation. They can result from further degradation of plastic materials, synthetic fibers from textiles, or abrasion of
rubber products (e. g., tire wear).

3. Nanoplastics (<100 nm) — The smallest plastic particles, often at the nanoscale, making them particularly
concerning. Due to their minuscule size, they can penetrate biological membranes, enter cells, and accumulate in
tissues, potentially leading to toxic effects on organisms [1-5].
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This article analyzes literature to identify sources of microplastics in the atmosphere, hydrosphere, soil,
and living organisms. It provides assessments of the prevalence of microplastics in the ecosystem in various
forms, sizes, and colors of plastic waste. The impact of microplastics on various living organisms, including
fish, sea turtles, and seabirds, is discussed. We also explore positive interventions aimed at reducing the negative
consequences of plastic waste.

Impact on the Atmosphere. The study [11] conducted field investigations on unregulated plastic burning
based on measured PM2.5 emissions. It was found that the burning process leads to the unintentional release of
0.92 + 0.53 Mt of aerosols worldwide, with most emissions originating from developing countries. The largest
amount of aerosols is produced by China (166 + 96 kt), followed by India (112 + 64 kt), Brazil (85 + 49 kt),
Indonesia (72 + 41 kt), and the Russian Federation (58 = 33 kt). Even in Europe, a small portion of unregulated
burned plastic waste unexpectedly releases 30 + 17 kt of aerosols. These aerosols generated from unregulated burning
of commerecial plastics contain numerous hazardous chemicals, which unintentionally released 705 = 378 t of PAHs,
23 + 11 kg of PCDDs/Fs, and 487 + 135 kg of PCBs worldwide, respectively. The results show that people living in
developing regions are at higher risk of toxic exposure from plastic burning than those living in developed regions [6].

The study referenced in [10] examined potential sources of microplastics in the atmosphere of 11 remote
U.S. reserves and measured their deposition rates. The research focused on both primary microplastics, which are
manufactured at a specific size (e. g., microbeads), and secondary microplastics, which arise from the breakdown
of larger plastic items due to physical wear or ultraviolet exposure [6]. A total of 236 samples were collected
after precipitation, and 103 samples were collected dry. Results showed microplastics in 98 % of all wet and dry
samples. The particle sizes ranged from 4 to 188 um, while fibers varied between 20 um and ~3 pum, with an
average width of 18 mm and depth of 6 mm. One key factor in the transportability of plastics is their relatively low
density (0.65—1.8 g/cm?), which is lighter than that of soil particles (~2.65 g/cm?®). Additionally, the larger surface
area-to-volume ratio of plastic fibers increases their drag forces, which slows down their rate of deposition [10].

While atmospheric microfibers have recently been detected in Europe and the Arctic [9], the exact pathways
through which primary and secondary microplastics (such as microfibers and particles) enter the atmosphere are still
not fully understood. Data collected in recent studies were compared with previous findings from 2018, revealing
that microplastics deposited through wet conditions come from different regions compared to those deposited dry.
Larger and fewer microplastics were found in wet deposits, which showed a correlation with both dust deposition
and population density, suggesting that regional storms play a key role in transporting and depositing these particles.
On the other hand, dry deposition appears to be linked to large-scale global dispersion, pointing to the widespread
transport of microplastics. These particles are often found far from their original production sites, even in remote areas
like Antarctica, far from industrial hubs [6; 9]. Regional storms are particularly important for delivering larger plastics
to national parks, with dry deposits making up over 75 % of the plastic mass found. This suggests that plastics, while
possibly originating in urban centers, can accumulate in the atmosphere over time, traveling long distances before
being deposited under favorable conditions, such as slower air mass speeds or the presence of mountain ranges [10].

The study in article [11] examined atmospheric microplastic deposits in a pristine mountain watershed in the
French Pyrenees during the 2017-2018 winter. Over five months, samples were collected representing both wet and
dry atmospheric deposits. The microplastics identified included fibers up to approximately 750 um and fragments
smaller than 300 um. The daily average deposition rate was 249 fragments, 73 films, and 44 fibers per square meter.
Air mass trajectory analysis revealed that microplastics were transported through the atmosphere from distances
of up to 95 km. The findings highlight that microplastics can impact even remote, sparsely populated regions
via atmospheric transport. During the monitoring period from January to March, the samples also contained fine
orange quartz-like dust, which had characteristics typical of Saharan dust (grain size ~8 um, color, and chemical
properties), indicating that some of the microplastics may have originated from the Sahara, North Africa, or the
Iberian Peninsula. This further illustrates the distance that plastic particles are capable of traveling.

The length of plastic fibers found in atmospheric deposition samples suggests a predominant fiber length of
100-200 um and 200-300 um. The longest fiber identified as plastic in this mountain field study was 3000 pm.

The composition of plastic deposits varied during the study period. The diversity in plastic composition could
be attributed to factors such as the source of the plastic particles, which influences wind direction and strength, as
well as the occurrence of storms and the length of calm periods in comparison to storm events. Polystyrene (PS),
primarily in the form of fragments, was the most abundant plastic found in the samples, followed by polyethylene
(PE). PS and PE are commonly used in single-use plastic products and packaging. Along with polypropylene (PP),
these three plastics constitute the majority of atmospheric deposits at this location [11]. Numerous studies have
indicated that controlled burning of various plastic materials, simulating open-air burning, generates a range of
toxic compounds, including volatile and semi-volatile substances, organic compounds, and harmful metals [11;
13]. The distance over which microplastic particles can be transported is currently unknown, and further research
based on events is needed to determine the source and vectors of atmospheric microplastic particle transport [16].
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In the study [12], laboratory experiments were conducted on the burning of industrial polymer materials,
simulating open fire conditions. The experiment utilized various types of plastics, including poly(vinyl
chloride) (PVC), low-density polyethylene (LDPE), high-density polyethylene (HDPE), polystyrene (PS),
polypropylene (PP), and polyethylene terephthalate (PET). Smoke and solid particle samples (soot) were
collected on filters, and solid ash residues were produced under controlled combustion at temperatures
between 600-750 °C. The analysis focused on the emissions of solid particles, persistent free radicals
embedded in the polymer matrix, heavy metals, and other elements in both soot and ash samples. Results
revealed that all plastics combust easily, generating charred residues, solid ash, and black smoke particles.
Toxic persistent carbon- and oxygen-centered radicals were found in both soot particles and ash residues,
which are known to have harmful effects when inhaled. Heavy metals such as lead (Pb), zinc (Zn), chromium
(Cr), nickel (Ni), and cadmium (Cd) were detected at low levels, while higher concentrations of lithophile
elements like sodium (Na), calcium (Ca), magnesium (Mg), silicon (Si), and aluminum (Al) were present
in soot and ash residues [7].

Understanding the primary mechanisms behind plastic emissions into he atmosphere is essential for
creating scalable solutions. While the full ecological impact remains unclear, it is an unavoidable issue that
will become increasingly evident. To effectively reduce the potential risks posed by microplastics in the
environment, both the scope of the solution and the degree of global cooperation required call for widespread
involvement from the international community [10].

Impact on Soil. As early as 2012, researchers first assessed the potential of soil contamination with
microplastics [16]. Statistical data from 2016 showed that approximately 63,000 and 44,000 tons of plastic
products were used annually on agricultural lands in Europe and North America, respectively [16].

According to a 2018 study, it was estimated that about 44,000-300,000 and 63,000-430,000 tons of MP
annually enter agricultural lands in North America and Europe through wastewater [12].

If plastic is not recycled and discarded immediately after use, most of it persists in the environment for tens
to hundreds of years. Moreover, plastic will break down into smaller plastics under the influence of physical,
chemical, and biological factors [13]. Plastics can fragment into MPs under UV radiation and elevated
temperatures on the soil surface, degrade by insects and gut microorganisms, and migrate deeper into the soil
due to soil organism movement and anthropogenic activities (Fig.) [12; 14].

In some 2016 studies, 0.03-6.7% of plastic was found in the surface layer of soil along roads in industrial
zones [14; 16].
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It was estimated that MPs in soil mainly arise from irrigation with wastewater; sediments that enter the soil
ecosystem. Plastic film in agricultural production is the main source of MPs in agricultural soils, for example,
vinyl tunnels, plastic film mulching [13; 14; 16]. Plastic mulching is widely used for preserving heat, retaining
water, fertilizers, and improving soil in agricultural activities [12; 16].
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Furthermore, under the action of wind and water, some MPs migrate horizontally to other parts of the land
or into the atmosphere or rivers. Others remain and can be transported vertically in the soil, eventually being
transported to deep soil. MPs in the soil can adsorb other pollutants, such as persistent organic pollutants and
heavy metals, making them more harmful in the long term, they can adsorb some contaminants (such as pesticides,
antibiotics, and heavy metals) and transport them to organisms, which can have a strong toxic effect [13].

Article [13] comprehensively investigated microplastics in agricultural soils in Northwest China. Microplastics
were found in all soil samples from Shaanxi Province, indicating significant soil contamination. MP concentrations
ranged from 1430 to 3410 particles/kg. Fibers and small particles (0—0.49 mm) were the predominant types and
sizes, respectively. Polystyrene (PS), polyethylene (PE), polypropylene (PP), high-density polyethylene (HDPE),
polyvinyl chloride (PVC), and polyethylene terephthalate (PET) particles were detected in the agricultural soils.

The authors’ research [13] also demonstrates a correlation between microplastic content in agricultural soils
and soil planting type and climatic factors. The study results confirmed high MP levels in agricultural soils and
showed that agricultural activities likely caused this MP soil contamination.

Study [14] investigated microplastic contamination of agricultural lands in the suburbs of Wuhan, central
China. The study found that MP concentrations near suburban roads were 1.8 times higher than in residential
areas, posing a potential threat to vegetable cultivation along roadsides. Results showed that microplastic content
ranged from 320 to 12,560 particles/kg of dry weight. Microplastics less than 0.2 mm in size predominated,
accounting for 70 % of the total volume. Fibers and microbeads were the main types of microplastics. Polyamide
(32.5 %) and polypropylene (28.8 %) were the dominant polymer types identified.

In article [15] soil samples from 15 agricultural lands in Schleswig-Holstein, northern Germany, were analyzed
to examine the abundance, distribution, and composition of MPs in the size range of 1 to 5 mm. Particle content in
sampling units ranged from 0 to 217.8 MPs per kg of dry weight, with an average content of 3.7 + 11.9 MPs per
kg of dry weight per unit area. While MPs were found in all study sites, only 34 % of the sampling units contained
synthetic particles.

Comparing German and Chinese data suggests significantly lower microplastic contamination levels in German
agricultural soils. However, the size range of MPs considered in the German study was limited.

Study [16] examined 20 agricultural sites near Shanghai for microplastics (20 mm — 5 mm) and mesoplastics
(5 mm-2 cm). Three replicate soil samples were collected from shallow (0-3 cm) and deep (3—6 cm) soil layers
at each site. Microplastic content was 78.00 £ 12.91 and 62.50 + 12.97 particles/kg in shallow and deep soils,
respectively. Mesoplastic counts were 6.75+ 1.51 and 3.25 £ 1.04 particles/kg in shallow and deep soils. 48.79 and
59.81 % of these micro/mesoplastics were < 1 mm in size in shallow and deep soils, respectively. Fibers, fragments,
and films were the main microplastic morphologies, predominantly black or transparent. Higher concentrations and
larger sizes of micro/mesoplastics were found in the topsoil compared to deeper soil. Polypropylene (50.51 %) and
polyethylene (43.43 %) were the dominant polymers, suggesting that plastic mulching and wastewater sediment
are major sources of microplastic contamination in these agricultural lands.

Studies in 2016 and 2019 demonstrated a significant impact on soil enzyme activity. Furthermore, these studies
concluded that MPs can alter key ecological functions and biogeochemical processes in the soil environment.
Research in 2017 investigated how MP accumulation accelerates the enzymatic activity of organic compounds
containing phosphorus, nitrogen, and carbon, allowing them to accumulate in dissolved form [12].

Study [17] examined the effects of polyethylene microplastics, polyethylene resins, and plastic additives on
soil nitrogen content, physicochemical properties, nitrogen cycle functional genes, microbial composition and
nitrogen transformation rates. Polyethylene microplastics and additives increased dissolved organic nitrogen, while
polyethylene resin decreased it and showed a higher microbial biomass. It was proven that plastic additives, unlike
polyethylene microplastics and resin, hinder organic decomposition and microbial immobilization of soil nitrogen.
They have a significant, specific impact on microbial community structure, inhibit nitrogen transformation rates,
and ultimately affect the nitrogen cycle.

The study mentioned in [18] reports that, under constant moisture conditions, soil microbial biomass, enzyme
activity, and functional diversity tended to decrease with increasing concentrations of plastic mulch residue. Given
the widespread and often improper use of plastic mulch in some agro-ecosystems, studying the soil microbiome
can provide insights into the long-term consequences of plastic pollution on land.

According to research cited in [12], MPs in soil are responsible for disrupting soil structure, reducing the
soil’s infiltration capacity for rain and irrigation water, and negatively affecting the soil’s water retention capacity.
2018 research indicates that MPs in soil significantly alter soil structure, including its porosity. In large quantities,
these particles or fibers fill and block soil pores, ultimately reducing the soil’s infiltration capacity. This disrupts
nutrient cycling in the soil, alters microbial structure, and ultimately affects crop growth.

Agricultural and urban soils are considered major reservoirs for MPs. Plastic residues from mulching, over
time and through environmental weathering, break down into MPs. These MPs disperse in the soil and associate
with other pollutants like heavy metals, pesticides, and persistent organic pollutants, causing combined toxic
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effects on soil flora and fauna. These MPs can ultimately be transported to rivers, oceans, and other water bodies
via agricultural runoff, spreading contamination to other ecosystem components such as rivers and lakes [14; 15].

Impact on the Hydrosphere. Plastic has become an important component of human life, widely used in
packaging, construction, and consumer goods production. According to 2017 studies, 8.3 billion metric tons
of plastic were produced between 1950 and 2015. According to UNEP studies from 2017 and 2018, 12 % of
plastic waste is incinerated, 9 % recycled, and 79 % discarded in landfills [19; 20].

Unfortunately, the presence of plastics in the aquatic environment is inevitable, especially considering
modern plastic usage and waste management practices. For example, the main sources of ocean plastic pollution
are land-based sources (70—80 % of the pollution). MPs can reach seas and oceans through various pathways:
river and atmospheric transport, beach littering, and directly through marine activities such as fishing, shipping,
and aquaculture [22].

Once in the marine environment, unmanaged plastic waste never disappears. Its low degradation rate and
chemical stability increase the accumulation rate of plastic in millions of tons in the marine environment.
Larger pieces of plastic waste break down into smaller particles due to mechanical degradation, oxidation,
fragmentation, and ultraviolet radiation. Thus, macroplastics (> 25 mm) break down into microplastics (< 5 mm)
and then into nanoplastics (< 1 um) [22; 24].

Despite the fact that plastic components come in various forms, a 2020 study showed that more than 64%
of plastic particles in surface waters are in the form of fibers, with the rest being fragments [20]. Given the size
of plastic particles, it can be assumed that plastic waste is present not only in water but also in biota (e. g. fish,
turtles, bivalves) and sediments [19; 22].

MPs, when entering marine organisms, simultaneously cause numerous negative effects on their vital
activities. Moreover, MPs and the additives they contain are transferred through the food chain from the lower
trophic levels to the upper ones in the marine environment, and eventually to humans. Therefore, every process,
from the sources of MPs entering the marine ecosystem to their impact on marine organisms, should continue
to be studied by researchers and closely monitored [19; 20].

In a 2024 study [21], samples from the northeastern coast of Venezuela (NECV), the Pacific and Arctic
Oceans (PAO), and the Gulf Stream (GSC), each of 0.5 liters in volume, were examined. According to the data
obtained, the overwhelming majority of plastic pollutants in individual samples of seawater from the NECYV,
PAO, and GSC regions were MPs smaller than 6 micrometers in size. The concentration of MPs in the NECV
samples was approximately 10 times higher than in the PAO and GSC samples. Moreover, the concentration of
MPs was significantly higher along the northeastern coast of Venezuela compared to the less anthropogenically
impacted stations in the Pacific and Arctic Oceans and the Gulf Stream. Qualitative and quantitative analysis
of the polymers in the NECV, GSC, and PAO samples showed the presence of micro-polymers in the following
order (PP > PcCu > PS > PE > PET) [21].

In [22] plastic waste data were analyzed across three marine compartments of the South American Atlantic
coast in Latin America, the Caribbean, and South America. This study highlighted that Brazil, the largest country
in South America, ranked 7" among the countries discharging microplastic waste into the oceans from rivers.
Despite this, 80 % of emissions came from only 75 rivers. Five major hotspots for microplastic waste discharge
from Brazil into the Atlantic Ocean were identified: the La Plata River estuary between Argentina and Uruguay;
Guanabara Bay; the Amazon River; the Sdo Francisco River; and the Tocantins River. Domestic wastewater was
identified as the primary source of these materials entering the ocean, particularly in densely populated coastal
areas such as the Bahia Blanca estuary (Argentina) and the bays of Guanabara and Todos os Santos (Brazil). The
most common polymers in the samples were microfibers of polyethylene (PE) and polypropylene (PP). In studies
collecting macroplastics from beaches, these materials accounted for an average of 70 % of items larger than
25 micrometers.

According to [24], among the 25 trillion plastic particles present on the surface of the world’s oceans, the Indian
Ocean contains 4 billion MPs/km?. This is partly due to the fact that India ranks 12" in terms of its contribution
to ocean waste disposal, with a coastline of about 8 000 km and in 2022 India was estimated to produce about
25903 tons of plastic waste per day.

For a deeper understanding of plastic presence not only in the water column but also in marine organisms,
oysters, known as effective filter feeders, are the most suitable model as bioindicators of plastic pollution. Thanks
to their efficient filtering capabilities, contaminants can accumulate in oyster bodies, which have limited self-
cleaning and expelling capabilities.

Studies in the Wadden Sea show widespread microplastic contamination in benthic-feeding seabirds, specifically
common eiders and shelducks. Almost all eiders (92.9 %) and shelducks (95 %) had ingested plastic, primarily
small, colorful threads (<5 mm). This indicates regular ingestion and excretion, highlighting significant habitat
contamination. High microplastic levels, coupled with declining bird populations, raise concerns about potential
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health risks. Long-term ecotoxicological studies are needed. The UN Environment Programme and UNESCO are
developing monitoring guidelines for ocean plastic pollution. Regional studies and hydrodynamic modeling are
crucial for assessing the impact of land-based plastic input [22; 23].

In [24] 500 samples of Saccostrea cuccullata oysters were examined. Samples were taken from 5 sites in the
intertidal zone along the Gujarat coast, India. It was found that each sample contained microplastic particles, with
a concentration of 2.72 + 1.98 MPs/g. A negative correlation was found between shell length and the amount of
MPs. Predominantly fibers were registered in all research samples. The main colors were black, blue, and red
microplastics, measuring 1-2 mm in size. The polymer composition of the MPs was identified as polyethylene
terephthalate and polypropylene. The intertidal zone of Shivrajpur showed the highest recorded MP level, followed
by Dwarka, Veraval, Diu, and Vanakbara. Based on the chemical composition of these identified polymers,
potential sources of MPs in the ocean may include plastic waste, fishing activities, and sealants.

Microplastics in drinking water have garnered attention following reports of their widespread detection
worldwide. Records of microplastics in freshwater environments continue to expand and update, especially in
rivers, lakes, reservoirs, and groundwater. Targeted studies on the presence of microplastics in drinking water
began in 2018, initially focusing on bottled water. Despite the late start, knowledge of microplastics in drinking
water is rapidly growing [25].

In [20] tap water samples were studied. The study showed that up to 83 % of them contained microplastic
fibers. In terms of composition, 2023 studies showed that polyethylene, polyester, propylene, polyamide, and
polyethylene terephthalate were detected in drinking water in descending order of concentration. These findings
highlight potential health risks, as microplastics can enter the human body primarily through drinking water,
which serves as a significant exposure pathway.

Microplastics have been found in drinking water worldwide, including bottled water, tap water, and water
from treatment plants in Europe, Asia, and the Americas. The concentrations of microplastics vary due to
differences in study methodologies. The most common types identified were fibrous and fragmented particles
made of polyester, polyethylene, polypropylene, and polystyrene, with sizes typically under 10 micrometers. The
levels of microplastics varied by region and water type, and the color of the particles was generally not emphasized
in the studies [25].

The collected data shows that microplastics are widespread in drinking water, with recorded concentrations
varying greatly. Further research is needed to improve sampling and analysis of microplastics in drinking water,
especially nanoplastics. There is a need to better understand the occurrence and fate of microplastics throughout the
water supply chain. The results of previous and subsequent studies provide baseline information on MP contamination
levels, which can be used to monitor the future impacts of MP contamination [22]. Ingested microplastic particles
are already associated with harmful effects on animals, raising concerns about similar consequences for humans.

Plastic and living organisms. Microplastics are widespread in marine environments. For example, fibers
have been detected in the deep waters of the northeastern Atlantic at 70.8 particles/m*. Due to their small size,
they easily enter marine organisms [27]. Along the Turkish Mediterranean coast, 1,822 microplastic particles
were found in the digestive tracts of 1,337 fish, mostly fibers (70 %) and hard plastics (20.8 %). In China, MPs
were detected in 26 fish species, making up 55.9-92.3 % of plastic debris per species. Marine fish are especially
prone to ingesting particles under 500 pm, increasing bioaccumulation risks. Higher MP concentrations have been
observed in deep-sea fish, though both pelagic and demersal species are affected, facilitating microplastic transfer
through marine food webs [23; 24; 27].

The presence and impact of plastic waste on organisms have been increasingly studied in recent years. During
the production of plastics, various chemicals are added to improve the mechanical, chemical, and physical
properties of the products. Additives are chemical substances introduced during manufacturing to perform various
functions [26]. These chemicals include antioxidants, lubricants, corrosion inhibitors, plasticizers, adhesives,
thermal stabilizers, and flame retardants (FR). It is known that plastics contain 10000 different chemicals in the
form of «chemical additives» that are not covalently bonded to the original polymers [29; 26].

More than 2 500 additives have been identified in the global market. These chemicals have attracted attention due
to the growing amount of plastic waste being discharged into the ocean, leading to the leaching of these additives and
potential impacts on biota [26]. However, only 25 % of plastic additives are characterized as potentially hazardous
to the environment. Since plastic additives are not covalently bonded, they can freely leach into the environment.
Due to their presence in various environmental conditions, additives possess significant ecotoxicity. There is an
inevitable threat of human exposure to plastic additives as they are part of the «big three» — air, water, and food [26].

These chemicals have been found in aquatic ecosystems as well as in various organisms exposed to them. In
ecosystems, the impact of additives on species occurs when microplastics or additives bioaccumulated in prey
species are ingested, inhaled, or absorbed through the skin from the surrounding water. This exposure causes a range
of potentially adverse effects, such as inhibition of microalgae growth, reduced fertilization and reproduction in
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mussel species, and increased mortality in fish species. Some additives have already been restricted in certain
countries due to their potential to disrupt the endocrine system [26].

Microplastics can act as carriers, accumulating and transferring organic pollutants and heavy metals on
their surfaces, leading to the bioaccumulation of contaminants and toxins in the aquatic environment [35].
Translocation of MPs through the gastrointestinal tract has been demonstrated in laboratory studies on crabs
and mussels. The presence of MPs in tissues outside the gastrointestinal tract in fish has yet to be evaluated.
However, one study reported the presence of MPs in the liver of fish fed with plastic particles [30]. Many
studies have shown that microplastics are highly efficient adsorbents of hydrophobic/hydrophilic organic
pollutants [35; 31].

In the study [39] marine organisms such as Mytilaster lineatus and Amphibalanus improvisus were examined as
biomonitors of MP pollution in the Caspian Sea. Samples were collected from nine areas along the coastal waters
of the southern Caspian Sea between July and September 2022. A total of 25 specimens of Mytilaster lineatus and
25 specimens of Amphibalanus improvisus were collected from each area. The study revealed that microplastics
were detected in all analyzed organisms. On average, 1.69 £ 0.79 particles per individual or 7.96 & 3.231 particles
per gram of wet weight were found in M. lineatus, while 1.8 + 0.9 particles per individual or 35.18 +35.33 particles
per gram were found in A. improvisus. Most of the detected microplastics were 1000-3000 um in size, primarily
composed of polyamide, and had a black fibrous shape.

It is widely known that seafood is one of the most beneficial food sources for humans, mainly due to its
high protein content. Unfortunately, it is also reported that microplastics enter, are absorbed, or bioaccumulate in
marine organisms. For example, in the study [32], more than 200 um were found in the digestive tract of 277 out
of 390 individuals from 26 different species of edible fish, mollusks, and crustaceans. According to the study, no
signs of bioaccumulation were found in the muscle tissue of fish, mollusks, and crustaceans. The research results
confirm that carnivorous species suffer the most from microplastic ingestion. Carnivorous species had the highest
prevalence of plastic ingestion, at 79 + 9.4 %, followed by planktonic species at 74 + 15.5 %, and detritivores at
38 £36.9 %, suggesting trophic transfer [32].

Thus, both solid particles and chemical additives leached from microplastics (MPs) contribute to environmental
MP pollution. The global plastic additives market is expected to grow at an average annual rate of 5.7 % from 2021
to 2028, with the market size increasing from $51.04 billion to $75.20 billion [29]. Therefore, several knowledge
gaps remain concerning chemical additives in plastics, including their presence, transfer, human exposure, and the
risks associated with these additives for human health and ecosystems [29].

Microplastics as carriers of toxic substances. Microplastics are essential carriers for a range of potentially
hazardous substances, including metals like Pb, Cd, Fe, Mn, Zn, Cu and ect. as well as hydrophobic organic
contaminants such as polyaromatic hydrocarbons (PAHs), organochlorine pesticides, and polychlorinated biphenyls.

Additionally, metal-based catalysts used in the production of water bottles can enter drinking water. The release
of antimony (Sb), used as a catalyst in industrial PET plastic bottles, has been demonstrated at high temperatures
(60-85 °C). Since Sb can cause health effects (nausea, vomiting, and diarrhea), it is advisable to avoid using plastic
bottles of this type and storing them at elevated temperatures that degrade water quality. Another study showed
the accumulation of Zn in the earthworm Lumbricus terrestris exposed to Zn-associated PE fragments, with Zn
desorption in the synthetic earthworm gut being higher from these MPs (40—60 %) than from soil (2—15 %) [30].

Recently, attention has focused on the role of microplastics in the adsorption of heavy metals from aquatic
environments. Lead, a metal that can cause diseases in humans, such as mental retardation, kidney and nervous
system damage, cancer, etc., is widely used in the electroplating, steel, electrical, and explosives industries.
However, as far as is known, little effort has been made to study the adsorption role of microplastics for lead ions
and related mechanisms [35].

Studies [31] show that depending on the physicochemical properties of MP surfaces, adsorption behavior
can vary significantly. Therefore, the adsorption process of Pb**, Cu*", and Cd*" metals on MPs should be easily
influenced by other environmental media. For example, pH can significantly affect metal sorption on MPs, while
ionic strength has relatively little effect on this process. It has been found that the sorption affinity of the three
metals to model MPs followed the order of HDPE >PVC > LDPE > PP. Moreover, Pb** demonstrated significantly
stronger sorption than Cu?" and Cd**, which is explained by strong electrostatic interactions. This study shows that
depending on the surface physicochemical properties of MPs, sorption behavior can vary significantly, providing
additional information about the behavior of MPs as metal carriers.

Wastewater and cultivation zones are typical sources of heavy metal pollution, and microplastics may be key
carriers of its transport in marine systems. A study on the adsorption of heavy metals (lead, copper, and cadmium) by
microplastics found that various types of plastics — polyvinyl chloride (PVC), polypropylene (PP), polyethylene (PE),
polyamides (PA), and polyoxymethylene (POM) — differ in their ability to adsorb these metals. PVC and PP exhibited
higher adsorption compared to PA, PE, and POM. The adsorption was influenced by factors like ion concentration,

92



IIpoMbInIeHHAsI M aTpapHAasi JKOJOTHsI
Industrial and Agricultural Ecology

adsorption time, and particle size. The study also noted competition between different heavy metals for adsorption
sites on microplastics, with varying selectivity, suggesting the need for further research on this process [34].

The study [10] examined the adsorption behavior of trace elements (Cd, Cr, Cu, Co, Ni, Pb) on polyethylene
(PE) and found that aged PE has higher adsorption capacity than primary PE. It was established that pH value
and residence time of microplastics in the environment are important factors influencing the metal ion adsorption
capacity on PE under freshwater conditions. The amount of adsorbed lead (II) decreased with increasing sodium
chloride concentration but increased with increasing pH. Adsorption efficiency was about 91 % at pH 6.

Previous studies confirmed that heavy metal ions can adsorb onto primary PS beads (polystyrene) and aged
PVC fragments (polyvinyl chloride) in seawater. Additionally, 2012 studies confirmed that plastic resin pellets can
be a significant transport vehicle for metals in the marine environment.

The study [27] examined the relationship between microplastics and polycyclic aromatic hydrocarbons (PAHs) in
marine organisms from Sanggou Bay. The results showed that the concentration of microplastics and PAHs ranged
from 1.23 + 0.23 to 5.77 &+ 1.10 items/g, and from 6.98 £ 0.45 to 15.07 + 1.25 pg/kg, respectively. The analysis of
PAH concentrations in organisms revealed the presence of 16 types of PAHs, with 2-3 ring compounds, particularly
naphthalene, contributing the most. Microplastics ranging from 30 to 500 um showed a particularly strong positive
correlation with the human risk posed by PAHs, suggesting that smaller microplastics may adsorb more PAHs, thereby
contributing to increased human health risks. Six types of microplastic components were identified in the organisms of
Sanggou Bay, including polystyrene (PS), polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET),
cellulose, and cellophane. The main microplastic component in organisms is PE, with a proportion ranging from 37.1
to 56.1 %. Additionally, important microplastic components include cellulose, polyethylene, and polypropylene.

A major concern is the possibility of marine organisms mistaking these microplastics for food and
indiscriminately consuming them, thereby being exposed to many hazardous pollutants, including persistent
organic pollutants (POPs), such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
polybrominated diphenyl ethers (PBDEs), and dichlorodiphenyltrichloroethane (DDT), as well as heavy metals,
which adsorb onto their surfaces from the environment. These additives also become bioavailable to marine biota
upon ingestion and can have various harmful effects on marine life, such as altered metabolic and reproductive
activity, reduced immune response, oxidative stress, cellular or subcellular toxicity, inflammation, and cancer [33].

The article [40] mentions the term «plasticosis» to describe a recently discovered disease directly linked to
microplastic exposure and its toxicological effects in seabirds. The unintentional ingestion and accumulation of
microplastic particles in the digestive system lead to chronic inflammation, causing significant tissue alterations.
This disease, named «plasticosis», was first identified in Ardenna carneipes seabirds inhabiting Lord Howe Island,
Australia. Additionally, aside from scar tissue formation, plastic exposure has been associated with slowed chick
growth, changes in blood chemistry, and severe tissue damage in seabirds.

Recent studies highlight seafood consumption as a major pathway for microplastics to enter the human body.
While the health risks of microplastic pollution are a concern, the long-term effects remain largely unknown. More
research is needed to fully understand these impacts and develop effective solutions. As awareness of the issue
grows, there is increasing demand for measures to reduce plastic use and improve waste management to protect
both human health and the environment.

Solutions. In the world we live in, plastic is ubiquitous. Without proper disposal methods, dumping or burning
these polymers can cause serious risks, such as heart failure, serious respiratory problems including asthma and
emphysema, vomiting, kidney or liver damage, and reproductive system damage. Unfortunately, there is no single
effective method to address the issue of plastic pollution of the ecosystem. Although the potential risk associated
with plastic waste will likely vary depending on the type of plastic, they still have a negative impact on the
environment. Today, a range of measures are being used to address these issues, including: recycling technologies,
legislative initiatives, public and corporate initiatives, international cooperation.

There are currently several technologies available for the management of solid plastic waste. These include
chemical, physical, and biological treatment methods. However, each has its own drawbacks. Chemical methods
cannot be used in large-scale operations because the chemicals used to break down plastic create huge amounts of
chemical waste. The waste incineration process (a physical method) eliminates the need for landfills and produces
energy that can be used for other purposes. However, the gases released during the combustion of plastic waste are
extremely hazardous and can cause a number of respiratory diseases. Biological methods of converting organic
polymers into methane and manure through microbial intervention are applicable to certain groups of waste.
Unfortunately, not all plastic can be replaced with biodegradable plastics today [41].

Legal regulations target reducing plastic waste through bans on single-use plastics, mandatory recycling, and
eco-friendly packaging requirements. Phasing out single-use plastics could cut aquatic plastic waste by 40 %. The
EU seta 55 % plastic recycling target by 2030. Denmark pioneered a plastic bag tax, while Germany will introduce
a «plastic tax» in 2024. France will ban plastic-wrapped newspapers from 2025 but postponed restrictions on
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styrene-based products. Norway banned plastic straws and cutlery in 2021 and Taiwan aims to eliminate single-
use plastics in restaurants and businesses by 2030 [41; 42].

In 2013 China introduced a temporary restriction on waste imports, calling it the «Green Fence». In 2017,
China announced a ban on the import of non-industrial plastic waste. Following the 2019 G20 summit in Osaka,
Japan committed to reducing marine plastic waste. To prevent pollution of Boracay, the Philippine government
closed the island to tourists from April 2019 for 6 months [41].

Programs aimed at gathering plastic waste like bottles and packaging can be organized, with designated
collection points and specialized disposal efforts. For instance, the «Ocean Cleanupy initiative works to remove
plastic debris from oceans and rivers using floating barriers and filtration systems. The Ocean Plastics Initiative
(PI) seeks to promote sustainable plastic production and consumption, ultimately aiming for a waste-free plastics
economy. NGO One Island One Voice led a massive effort by more than 20000 people to clean up 120 beaches
around the popular Indonesian island of Bali in March 2018 [34-38; 41].

Atrticle [43] discusses how technology and policy can jointly address microplastic pollution. For instance,
plastic fees and taxes have funded cleanup efforts in U. S. cities like Oakland and Washington, D.C. Technological
solutions complement policies by tracking emissions and reducing harmful chemicals, especially in synthetic
textiles. Examples include wastewater treatment projects like «GoJelly», which uses jellyfish mucus to capture
microplastics, and laundry filters like «Cora Ball» and «Fibre Free». Household filtration systems such as «Lint
LUV-R» and «Showerloop» further aid in microplastic removal from domestic water sources.

Based on all of the above, we begin to understand the global nature of the ongoing pollution. It is safe to
say that not only we but also the next generation will face the consequences. Each of us has the opportunity to
influence this situation by being careful about the environment.

Conclusion

Plastic waste pollution poses a significant threat to both ecosystems and human health, necessitating urgent and
impactful actions to mitigate its effects. The key points identified in this work are as follows:

1. The Scale of the Problem: Plastic waste permeates all corners of the planet, accumulating in both oceans and
land, leading to severe environmental consequences.

2. Environmental Consequences: The breakdown of plastic into micro-particles threatens biodiversity, and
absorbed toxins can enter food chains, posing a risk to both animal and human health.

3. Human Health: Toxic substances released from plastic waste can accumulate in the human body through
food and water, creating potential health threats.

4. Need for Action: To reduce the environmental impact of plastic waste, it is essential to lower plastic
consumption, improve waste management systems, and increase public education on environmental responsibility.
These actions are crucial in minimizing the harmful effects of plastic pollution on ecosystems and human health.

5. Global Approach: Solving the problem requires joint efforts at the international level, including the development
of international agreements and standards aimed at reducing plastic pollution and protecting the environment.

In conclusion, to minimize the negative impact of plastic waste on the biosphere and humanity, not only is
a change in consumer habits necessary, but also the active implementation of innovative technologies and policies
that promote sustainable plastic waste management. Only through the combined efforts of the international
community can we ensure the well-being of our planet for the future.
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