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OPTAHU3ALIAA NEHUA )KEJTOCIIMHHOM MYXOJIOBKH
(FICEDULA ZANTHOPYGIA, MUSCICAPIDAE, AVES)

s1. B. Joméposckas ™, A. C. Onaes

Hncemumym npobnem sxonoeuu u s6otoyuu um. A. H. Cesepyosa PAH
Poccus, 119071, 2. Mockea, Jlenunckuii npocnexkm, 0. 33

TMocrynuia B penakimio 30.03.2023 r., nocie ropaborku 26.04.2023 r., npusnsita 26.04.2023 r., ony6iukosana 21.06.2023 r.

Annotauust. [IeHHe NTHI] COCTOMT U3 CTEPEOTHIHBIX aKyCTHYECKHX CAMHHMII (HAmpHMep, THIIOB
IECEH), KOTOPhIE YePEdyIOTCS MO ONpPEACIEHHBIM PABUIaM. BBIIESIOT TMHEHHBIH 1 KOMOUHA-
TOPHBI CHHTAKCHCBI. B 1epBOM Ciydae NTHIA LHKIMYECKH TIOBTOPSIET BCE MECHH U3 CBOETO pe-
nepryapa B JIMHEHHOI mocie0BaTenbHOCTH. KOMONHATOPHBI CHHTAKCHC MOAPa3yMeBaeT HalH-
YHe HECKOJIBKUX KJIACTEPOB B3aMMHO-aCCOIMUPOBAHHBIX TUIIOB MECEH, BHYTPH KOTOPBIX BO3MOXK-
Hbl H3MEHEHHUsI TIOPsIIKa UX HCroNHeHns. CTPYKTYpa M OpraHM3aLysl HeHHs OMMCAHbI ISl MHOTHX
BHJIOB IITHL], HO BCE elIE OCTAIOTCSl HeM3yYEHHBIMH sl OOJIBIIMHCTBA M3 HUX. B Hacrosiei pa-
GOTe BIEPBbIE ONMMCAIN CTPYKTYPY M OPraHHU3alMIO MEHHs, & TAKKE MATTEPHBI MCIIOIb30BAHHUS
00LIMX IeceH B MOIyJISILHM JKeNTOCIMHHON MyxonoBku Ficedula zanthopygia (Hay, 1845). s
M3YYeHHUsI CTPYKTYPBI MEHHs KaXI0Tr0 CamIiia COCTaBIISUIA KaTalloTH THIOB HeceH. OpraHu3aiuio
[eHHUsl AHATM3UPOBAIM C NPUMEHEHHEM METOJOB TeopuH MH(opMaruu U Teopud rpados. s
aHanu3a O0IMX neceH (MICHTUYHBIX MM OYeHb CXOAHBIX Y Pa3HBIX CAMIIOB) CPABHUBAJIHN MOMAp-
HO BCE THIIBI TIECEH BCEX CaMIIOB. HAMBHIyaIbHBIE perepTyaphl BKIoyand 8 — 31 THIIOB MeceH.
TIpy NEHUH CaMIlbl MyXOJIOBKH M30€raroT OBTOPATH OJMH U TOT K€ THII [IECHH JBa U Goliee pasa
nozapsy (HerpepbiBHAsT BAPUATHBHOCTD). [IpH 9TOM pasHbIe THIIBI MECEH YEPEeayIOTCs CO 3HAYH-
TENBHON CTENEHBI0 CBOOO/bI: B OPraHW3alMHU MIEHHUS )KENTOCIMHHON MyXOJIOBKH HE BBISIBIICHO 3a-
KOHOMEPHOCTEH, KOTOPbIE MOTJIN bl FOBOPHUTH O IPUBEPIKEHHOCTH €€ IMHEHHOMY JTHO0 KOMOUHa-
TOPHOMY CHHTAKCHCY. BBIICHUIOCH, Y4TO CXOZCTBO PENEpTyapoB JBYX Hayraj B3STHIX CaMIIOB
00BIYHO HEBENHKO (Maso o0umx necet). CaMIbl IPH TIEHUH HEe MCIIOJB30BAJIH PEANOYTHTEIBHO
o0ume 11M60 MHANBHUAYAIbHBIE TUIIBI TIECEH, a GIM30CTh TEPPUTOPHIA HE MpeAroNiaraia Haaudus
OOJIbIIEro KoanyecTBa o0IMX neceH. [1omydeHHbIe pe3yIbTaThl COMOCTABICHBI ¢ MATEPHAIIOM IO
TpeM IpyTuM BHIaM TOro ke poaa Ficedula.
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BBEJEHHE

[lenue nTul — 3TO MOMU(YHKIMOHABHBINA CHUTHAN, CIy)Kalldii B OCHOBHOM [UIS
OpHBIeYCHHUsT OpayHoro mapteépa, a Takke OOO3HAYEHWS W OXPAHBl TEPPHUTOPHU
(Catchpole, Slater, 2008). IleHne COCTOMT M3 CTEPEOTHUITHBIX aKyCTHYCCKHX €IMHHIL
(HampuMep, TUIOB MECEH M THIIOB 3BYKOB), KOTOPbIE OOBIYHO YEPEIYIOTCS MO OIpe-
nenennsiM mpasmiam (Omaes, 2021; Kershenbaum et al., 2016). TTostomy menne nTui
HUMEeT CHHTAKCHC, T.€. HAbOp MPAaBHII, ONMCHIBAIOIINIA YepPEIOBaHUE AKYCTHUCCKUX €lIU-
HuIl[ TpH eHnd. CHHTAKCHC, WK, TI0-APYTOMY, OpraHH3alysl MICHUsI, MTOAPOOHO OIMHCaH
Juis psga BuaoB nruil (0030pel cM.. MBanunkuii, 2015; Veanunukuii, Maposa, 2021).
[Ipu onmucaHUHU UCCICAOBATEIN YACTO UCIIONB3YIOT MAPKOBCKHE IIETH TEPBOro (BIUIHUE
JAHHOT'O THIIA MECHH/3ByKa TONBKO Ha CIEAYIOIINH 32 HUM) WM Oojiee BHICOKUX MOPSI-
KOB (BIUSHHE JAQHHOTO THIA MECHH/3BYKa Ha HECKOJBKO MOCICAYIOMHMX). BBIICTIOT
JIMHEHHBIH 1 KOMOMHATOPHBIN CHHTAaKCUCHI. JIMHEHHBIN BBIpaXkeH, HAIIpUMep, Y Ceporo-
noBoii oukoBoii menouku Phylloscopus tephrocephalus (Anderson, 1871). Muorue cam-
bl 9TOTO BHAA IUKIMYECKH MOBTOPSIOT BCE IIECHH U3 CBOETO PEIEpTyapa B JKECTKON
nuHelHOM nocnenosarensHocTr (Opaev, 2016). KoMOUHATOPHEBIH CHHTAKCHC TIOApa3y-
MEBAaeT HAIMYHE HECKONBKHX KIACTEPOB B3aMMHO-aCCOLMMPOBAHHBIX THUIIOB IECEH,
BHYTPH KOTOPBIX BO3MOYKHBI H3MECHCHUSI MOPSAKA MX HUCTOJTHEHHUs. TaKoW THIT CHHTaK-
crca BBUIBICH, HAmpuMmep, y Kaau(OPHHHUCKOTO KPHBOKIIOBOTO IEPECMEIITHHKA
Toxostoma redivivum (Gambel, 1845) (Cody et al., 2016).

Jnst pa3BUTHS IECHU B OHTOT€HE3¢ Ba)YKHO BOKAJIBbHOE OOYUCHHE: MOJIOJBIC CaMI[bI
KOMUPYIOT menue B3pocibix mrull (Catchpole, Slater, 2008). 3to mpuBoOAMT K TOMY, YTO
pasHble caMIbl OJJHOW TOIYJISIIUKM MOTYT UMETh B CBOMX perepTyapax WACHTHYHBIC WIIH
OYeHb MOX0XKHE NEeCHU. DTO SBJICHUE MOTYYUIIO Ha3BaHue «obume mecan» (Shared song
types) (Slater, 1989; Beecher, Brenowitz, 2005). Cuuraercs, uTo Hajau4ue OOIUX MECEH
UrpaeT poilb B TEPPUTOPHANBHBIX B3aMMOINCUCTBHAX Mekmy cammamu (Beecher,
Brenowitz, 2005). OmHako (GyHKIMOHAJIBHBEIE MPEMMYIIECTBA WCIIOIBb30BAHMS TAKUX
TeceH y MHOTHX BHIOB ocTaroTcs HesicueiMu (Beecher et al., 1997; Catchpole, Slater,
2008). Kpome ToOTO, 10751 OOIINX TIECEH B PeriepTyapax CYIIECTBEHHO BAPbUPYET OT BHU-
Ja K BHIY, a MHOTJA — Jake MEXIy pasHbiMu momyssiusmu ogaoro Buaa (Hill et al.,
1999; Kroodsma et al., 1999). OnuH U3 BO3MOKHBIX JIETEPMUHAHTOB 3THUX PA3IMUYHUN —
CTerneHb ocemocTh. VIMEroTes TaHHbIe, YTO OOIIHe MTIECHU 60Jiee CBOMCTBEHHBI OCETBIM
BumaM, Hexenn murpupyrommm (Ewert, Kroodsma, 1994; Kroodsma et al., 1999). Oxn-
HAKO M3 3TOH BO3MOYKHOW 3aKOHOMEPHOCTH €CTh MHOTO UCKIroueHui (Hampumep: Hill et
al., 1999).

He uckimodeHo, 4To 0COOCHHOCTH CHHTAaKCHCA TIEHHS TaAK)KEe MOTYT BIIMATH HA Mat-
TEPHBI PACIPOCTPAHCHHSI W HCIOJIBb30BaHMS OOIIMX IeceH. PaHee ObUIO IMOKA3aHO, UTO
caMmIlsl TIEHOUEK CeporojioBoil o4koBoit W Tosocucroit Phylloscopus schwarzi (Radde,
1863), nmeHne KOTOPHIX XapaKTEePU3yeTCs TMHEHHBIM CHHTAKCHCOM, MMEIOT OOIITHE TIeCEH-
HbIC MOCIIEJOBATENFHOCTH W3 HECKOJBKHMX IIECeH, T.C., MPEAIONIOKHTENBHO, MOJObIe
CaMI[bl 9TUX BHIOB MOTYT IIEPEHHMATh y OOJee B3POCIBIX NTHI] HE TOIBKO OTACIbHBIC
IIECHH, HO Tarke ux nocienoparensroctu (Omaes, 2022; Opaev, Kolesnikova, 2022).

HecMoTpst Ha TO YTO Kak CHHTAKCHC TEHMS, TaK U SIBJICHHE OOIIMX MECEH OMUCAHBI
JUTS MHOTHX BOPOOBHHBIX MTHII, OOJIbIIIEE KOTHYESCTBO BUIOB BCE el OCTAaETCsi Hen3y-
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YeHHBIM B ATOM IUIaHE. JTO, OYEBHIHO, 3aTPYyIHICT MPOBEACHUE KaKMX-THO0 060011e-
Huii. B mamHOi paboTe m3ydanu >xentocnuHHYR0 MyxonoBky Ficedula zanthopygia
(Hay, 1845). Dra Hebonblias reByast MTHIA OOUTAET B JIUCTBEHHBIX, IIPEUMYIIIECTBEHHO
no¥MeHHbIX jJecax BocTounoit Asun. Camifsl SpKO OKpaIlleHbl B YEPHBIN U XKENTHIN IBe-
Ta ¢ BKparuieHreM Oenoro. CaMKH OJMBKOBO-CEpbIe, HO, KaK M CaMIIbl, HIMEIOT XKENTOE
nanxBoctee (I[Texso, 1987). INonydeHHble MaTepHaIbl CPABHIUIN C JAHHBIMH MO TPEM
JOpYTHM BHIaM TOTO K€ poJa — 3TO MyxosoBka-niectpymka F. hypoleuca (Pallas, 1764)
(BabumieBuu, ®opmo3os, 2008; Toperkast u map., 2014; lamkos u ap., 2022; Espmark,
Lampe, 1993), myxonoska-6enomeiika F. albicollis (Temminck, 1815) (Garamszegi et
al., 2012; Zsebdk et al., 2021) u Taexuas myxosnoska F. mugimaki (Temminck, 1815)
(Tepemkuna, 2018; Tepemkuna, Canosapos, 2018).

[enp HACTOSILETO MCCIENOBaHHUS — OMKMCATh CTPYKTYPY M OPraHU3allMIo NEHUs, a
TaKKe MaTTEPHBI UCTIOJIB30BaHMS OOILIMX TIECEH B IOMYJISIMU KEITOCITUHHOW MYyXOJIOB-
K1 XHWHTaHCKOT'O 3aIll0BETHHKA.

MATEPHUAJI U METO/IbI

ITosieBble McciaenoBanusi. Matepuan coOpaH B AHTOHOBCKOM JIECHUYECTBE XHH-
raHckoro 3amoBemHuka (Amypckast obmacte; 49°24' c.m., 129°43' B.1.) B mepuonx ¢
27 mast o 6 utonst 2021 r. MyxoJIOBKY MPUJIETAIOT B PallOH MCCIIEOBAaHUS B CEpeIUHE
Mast und HemHoro mozxe (A. M. AHTOHOB, Jnu4H. coobml.; cMm. Takke: Ilexmo, 1987;
Tnymenko u ap., 2016). Bo BpeMmst npoBeieHusT HAlIUX pabOT MHOTHE CaMIlbl aKTHBHO
nenu. Hama koHTponpHas 1omanka (6 ra) pacmosaranack Ha Gepery o3epa Knémien-
CKOTO — B pélke, 00pa30BaHHON B OCHOBHOM pa3iuuHbIME Bujiamu Oepe3 (Betula spp.) u
MoHroneckuM aybom (Quercus mongolica, Fisch. ex Ledeb). Busyanuzammio pacnpene-
JICHUS CaMIIOB KEITOCIMHHOM MyXO0JIOBKH 10 1iommaake (puc. 1) u moacuér paccrostHumin
MEXITy HIMH OCYIIECTBISsLIH B iporpamme SAS.ITnamera (WWw.Sasgis.ru).

[lenne camiioB 3amuchiBaNK Ha npodeccroHanbHBI MaranTodon Marantz PMD-
660 (Marantz, Slnonus), ocHareHHbIi Mukpodorom Sennheiser ME66 ¢ mpemycuiire-
nem K6 (Sennheiser, T'epmanust). Jins aHanu3a ObUTH BBIOpaHBI 3amucH nexus 11 cam-
1LIOB, MPEIOJIOKHUTENLHO — Pa3HBIX. B MONB3y TOTO, YTO aHAIM3UPOBAIN BOKAIU3AIMIO
pa3HbIX 0co0ei, TOBOPSAT CYILECTBEHHBIC Pa3IUuus MEXIy HHUMHU B CTPYKType pemnep-
TyapoB (HaGOpOB THITOB TIECEH; CM. HIDKe B paszzene «Obmmue necHn»). st 8 camios u3
11 npoaHaIM3UpOBAIH 110 OJJHOI HENPEPHIBHOW 3aIiCH, a st 3 NTHL — 110 2—3 pa3HbIe
3amucu. JIjist IBYX CaMIlOB OHU OBLIU CIIENIAHbI B OJIMH JIEHb, HO ¢ KOPOTKHUM HHTEPBAJIOM
B HECKOJIBKO MHHYT, a JUIsl TPEThEro — B JBa Pa3HbIX AHs (29 Mas U 2 UIOHS) B OJHOW U
TOH K€ TOUKE.

W3yueHHbIE NTHIBI HACEISIIM KOHTPOJIBHYIO IUIONIAIKY JHOBOJIBHO IUIOTHO: PaccTo-
SIHUE MEXJY TOYKAMH 3alKiCH ONMKaHIINX caMIloB BapbHpoBano ot 26 m g0 191 m
(cpemmee 77444 m, n = 11). Tlpu 5TOM, CKOpEe BCETO, 3aMMMCAITN HE BCEX CAMIIOB, TaK UTO
peasbHas IIOTHOCTh HaceJeHUs: Moruia ObITh erie Oosbiie. OOIIas UIMTENbHOCTh H3Y-
YEeHHBIX 3amMcei — 77 MuH, s Kaxmoro camia 3 — 17 muH (B cpemnem 7+4 MuH,
n = 11). Cymmapsro Ha Bcex 3ammcsx 6buto 1009 mecen, mo 57 — 180 mst kaxaoro camiia
(B cpennem 92440, n = 11).
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Puc. 1. Kapra KOHTPOJILHOM IUIOMIA/IKU, Ha KOTOPOi IIOKa3aHbl TOUKH 3amucu caMmioB («JKM»)
Fig. 1. Map of the study plot to show recording points (“2XKM”)

AxycTnyeckuii ananm3. Busyamusanuioo (oHOrpaMM IEHHUsI NMPOBOIMIM B IIPO-
rpamme Syrinx 2.5 (Burt, 2001). Ilpn mocTpoeHHH CIIEKTPOrPaMM HCIIONIB30BATH OKHO
brokmana u jnuHy ObicTporo mpeoOpasoBanus Dypne, paBHyo 1024 toukam. [leHue
JKEITOCTIMHHONW MYXOJIOBKH TUCKPETHOE, T.e. COCTOMT M3 OTAENBHBIX IECEH, pa3/ielicH-
HBIX BBIP2)KEHHBIMHU Nay3aMH. HemocpeacTBEeHHO Ha CHEKTPOrpaMmax HM3Mepsuld JUTU-
TEMBHOCTH KaXI0H MecHH (C) U may3bl MEK/Iy MOCIeI0BATSIBHBIME MTECHAMH (C).

Bce necHu naHHOTO camiia MyXOJIOBKH JISNSITCS Ha OT/AENBHBIC THUIBI NeceH. Tur
MIECHU — 3TO CTEPEOTHITHAsI aKyCTHYeCKash KOHCTPYKIMS, B KOTOPOH pa3iMyYHbIC THIIBI
3BYKOB HCIOJHSIOTCS B OINpeeréHHOM mopsiake. Ha mepBom stane aHanm3a COCTaBHIN
KaTaJIoT THIIOB ITIeCeH KaXkaoro camua. Kaxnuprii Tum 0611 0003HaueH 1udpoit, a mocie-
JOBAaTEeNLHOCTD TICHHS NIPEACTABICHA B BUJIE TIOCIEIOBATEIILHOCTH LIH(P.

AHanu3 opranuzaumm nenusi. Ha ciexyromiem stane aHaaM3upOBad IOCIEA0BA-
TeBHOCTH TGP (T.€. THITOB IeceH), paboTas B mporpamme Past 3 (Hammer et al., 2001)
u cpene nporpammupoBanus R 3.6.3 (R Core Team, 2020).

B paboTte nocnenoBaTenbHOCTD MIEHUS pacCMaTPUBAIN KaK MAapKOBCKYIO IeIlb Tep-
BOTO TOPS/IKA, T.€. TaKyl0, TAe coObITHE N+1 3aBUCUT TOJBKO OT coOBITHSA N. M3BecTHO,
YTO MapKOBCKasl LeIb MEPBOTO MOPs/IKa aJeKBATHO OMMCHIBAECT OPraHU3alUI0 MOCIIE10-
BAaTENILHOCTH TeCeH y psiaa BumoB nesunx nruil (Meanuikuit, 2015; Mpanunkuii, Mapo-
Ba, 2021; Gill, Slater, 2000; Briefer et al., 2010; Ivanitskii et al., 2012; Okanoya, 2013;
Opaev, 2016), xors u He y Bcex (Markowitz et al., 2013). [lns aHanmu3a 3aKOHOMEPHO-
CTell B UepeJOBaHUM Pa3HbIX THUIOB IeceH Npu neHuu B mporpamme PAST 3 crponmm
MaTpuIbl HaOIIOIaeMBIX TIEPEeX0J0B H IEePEeXOJHBIX BeposTHocTel. [lo MaTpuam pac-
CUMTHIBAIM UHACKC JUHEWHOCTH (SLiN) B OTHOCHTENBHYIO SHTPOIMIO MEPBOTO MOPSAKA
(RE1) st kaxmoro camiia. DTH TIOKa3aTell XapakTepU3yloT CTEIEHb MPEACKa3yeMOCTH
B CJICIOBaHHH JIPYT 32 JIPYTOM MECEH Pa3HbIX THIIOB.

134 TTOBOJIKCKUM SKOJIOTMUYECKHUI JKYPHAJT Ne2 2023



OPTAHM3ALMA ITEHWUS XKEJITOCITIMHHOM MY XOJIOBKH

Wuneke muHeHOCTH paccunThiBaics mo dopmyre (Scharff, Nottebohm, 1991):
SLin = pa3mep peniepryapa / KOJMHYECTBO THITOB MEPEXOI0B MEK/IY MECHSIMH Pa3HbIX TH-
MOB. DTOT MHIEKC OMKCHIBACT KOJMYECTBO HAOMIOIACMBIX MEPEX00B. B miHeHHOH mo-
CIIeTOBATEILHOCTH MOCIIE Ka)XI0T0 TUITa TIeCHU OyIeT BCeraa CiefoBaTh APYroi CTPOro
omnpenenennblii Tan (A—B—C—D...). B atom ciyuyae Syn = 1. Ecniu Tunos nepexosios
Goublie, TO Sy N COKpaIAeTCs, CTPEMSCH K HYJIIO.

OTHOCHTENIBHYIO DHTPOIHMIO TepBoro mnopsaka RE: paccumTeiBanmu 1o Qopmye:
RE; = E1/ Eq (Briefer et al., 2010). [dns pacuyera E; (ouTpomust mepBoro mopsaka) u Eq
(sHTpONHSI HYIEBOTO TOPSIAKA) HCIOIb30BaH (popmyity [llenHoHa!

Eo=-Z1/K |ng(1/K),
rae K — pasmep penepryapa (koiamdyecTBO THIOB meceH); Ei = -ZP; logaPi, rme Pi —
HabIro1aeMast BEpOSITHOCTE KX I0TO THTIA TIEPEX0/1a MEXKIY [TECHSIMH Pa3HBIX THIIOB.

Takum 06pasom, Eg OMUCBIBAET THIOTETHYECKYIO MOCICIOBATEILHOCTD, 1€ BCE
Mepexo/ibl PABHOBEPOSTHBI, U 3aBUCHUT TOJBKO OT pa3Mepa perepTyapa. Ei ommceiBaer
HaOJroaeMble Mepexo/ibl. A OTHOILCHUE 3TUX ABYX mepeMeHHbIX (RE1) MOXHO Mcmons-
30BaTh KaK MOKa3aTelb «CBOOO/BI BEIOOpa» CaMIIOM KaXKIIOTO CICAYFOLIEro THIA ITIECHH.
Hanpuwmep, B ciydae, eciau RE; = 0.70, MokHO cuuTath, uro camerl umeet /0% «cBobo-
ne» Beibopa (Briefer et al., 2010), wnu nocienoBateapHOCTS neceH Ha 70% ciyuaiiHa.

[epexompl MEXAy pa3HBIMH THIIAMH MECEH TPH IEHUH BU3YAIH3HPOBAIU C MIOMO-
o makera “markovchain” B cpene R (Spedicato, 2017).

MO3HO cKa3aTh, uTO Syy ¥ RE; XapakTepu3yIoT COOTBETCTBHE MECCHHO MOCIIeI0-
BAaTENIbHOCTH JIMHEWHOMY CHHTaKCHCY. UTOOBI OXapaKTepH30BaTh KOMOMHATOPHBINA CHH-
TaKCHC, MCIOJB30BAIM METOJbI Teopuu rpados (Sasahara et al., 2012; Weiss et al.,
2014). B makete “igraph” B cpeme R (Csérdi, 2018), Bo-TiepBbIX, BU3yaIH3HPOBAIHN KJla-
CTephl B3aMMHO-aCCOLIMUPOBAHHBIX THIIOB IIECEH M, BO-BTOPBIX, PACCUUTAIN HHICKCHI
moaymsipocti Q. Mupexc moaynspHocti u3mensiercss ot 0 10 1 u mokasbiBaeT cuity
CBSI3M MEX]Y MECHSIMU BHYTPHU KJIACTEPa M0 CPAaBHEHHIO CO CBS3SIMHU MECEH U3 Pa3HBIX
Ki1actepoB. TakuM 00pa3oM, HHAECKC MOIYJIAPHOCTH B H3BECTHOM CTEIIEHH XapaKTepHU3y-
eT KOMOMHATOPHBIA cHHTaKCHC. O TOCIEIHEM CBHIACTEIbCTBYIOT 3HaueHus Q > 0.3 —
0.4: cumTaetcsi, YTO B 3TOM CIIydae YK€ MOXKHO TOBOPHTH O HATMIHUHU KIACTEPHOH CTPYK-
typst (Newman, 2004).

I[To maTpuLe HAOMIOZAEMBIX NEPEXOAO0B ISl KaXKJIOr0 caMla pacCUMTalM TaKKe Ya-
CTOTY CMEHBI HAIleBa — OTHOIICHHE CYMMBI TIEPEXO0/I0B K TECHE APYroro THMA K CyMMe
BCEX MEPEXOJI0B.

O6mue necun. O0mmmu necHsiMu (Shared song types) Ha3bIBaKOT Takue, KOTOPHIE
HOJTHOCTBIO WITH IIOYTH HACHTHYHBI IT0 CTPYKTYPE B perepryapax pasusix camioB (béme,
Topertkast, 2013; Catchpole, Slater, 2008). Jlsst BBIsIBICHHS 0OIINX TECEH B M3YyYCHHOI
MOMYJISIAN CPABHUBAIN MOMAPHO BCE THIIBI MIECEH BCex caMiloB. Jlamee cocTaBuIii Mo-
MyJILMOHHBIA KaTalOT YHUKAJIBHBIX THIIOB MECEH, KAXABIH 13 KOTOPBIX ObUT 0003HAYCH
poit. TTomy IAIHOHHBIN KaTaaor BKIOYAN Kak oOmue (BCTpedeHsl y ABYX H Goiee
CaMIIOB), TaK U HHANBHAyalIbHBIC (0OHAPYKEHBI TOJIBKO Y OHOTO CaMIla) TUIIBI IECEH.

Cratucruyeckuii aHanm3. AHamu3 TPOBEJCH B Cpele MpOrpaMMHPOBAHUS
R 3.5.2. Tak Kkak BO MHOTHX CJTy4asiX paclpe/ieliecHue U3yYCHHBIX EPEMEHHbIX HE OTIIH-
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qaock 0T HopManbHoro (Kputepwii [llanmpo — Yunka, p > 0.05), mwis xapakTepucTuKu
BapUAIMOHHBIX PSZOB HCIONB30BAIH CPEIHEE M CTAHAAPTHOE OTKIOHEHUSI.

YT10oOBI OICHUTH CXOJCTBO PEMEPTYapoB IBYX JAHHBIX CAMIIOB, HCIIOJIB30BAIH KO-
s¢pduiment JKakkapaa. Ero paccuursiBanu npu momomy nakera “betapart” B cpene R
(Baselga et al., 2018). 3nayenust koapdurmenta BapsupyioT oT 0 (y ABYX CaMIlOB HET
o6mux meceH) 0 1 (pemepTyapbl MOJHOCTBIO COBMAAAIOT). JIJisl BBISBICHUS MMOTEHIU-
ANBHOM CBSA3M Mexay kodpduimentom XKakkapia v pacCTOSHUSAM MEXIYy TOYKaMH 3a-
MHCH CaMIIOB MCIONB30BaIU TecT Manrena. Pacuér npoBoguwin B cpene R ¢ momouso
makera “ecodist” (Goslee, Urban, 2007). YpoBeHb 3HAYMMOCTH TeCTa OICHUBAIM Ha
ocHose 1000 mepmyTanmit (crydaifiHbIX MEPECTAHOBOK).

Jarnee mpoaHaM3UpPOBaIH, paclpeiesieHbl JIn 00IIre TECHH MEXIy pa3HbIMH CaM-
[aMU CJIy4yaiiHO, WK HeT. J{jis 3Toro aHanu3a oTMevaliy, CKOJIbKO CaMIIOB UIMEET B CBO-
UX pernepTyapax KakIblil TUI IecHU. Ecnu pacrpeneneHne 3Toi BRIOOPKH COOTBETCTBY-
€T CTENECHHOMY pacIpeAeieHHI0, TO, KaK CUUTAETCs, PaCHpPOCTPAHEHHE MECEH pa3HbIX
THIIOB B MOMYJISAMH OOYCIOBICHO CIy4allHBIMH TPOIECCaMU, HAPHMEP KyJIbTYPHBIM
npeiidpom (Byers et al., 2010). MubiMu cioBaMH, caMIlbl He KOMUPYIOT APYyT y Ipyra Ka-
KHE-TO OIpeIeNICHHbIC THITBI [IECEH M TPYIIIBI ECeH Yalie, yeM apyrue. Jis oneHKu
COOTBETCTBHS paclpeeieH s M0 caMIlaM Pa3HbIX TUIIOB IECEH CTEMIEHHOMY HCIIOJb30-
Banu nakeT “poweRlaw” B cpene R (Gillespie, 2015).

Taroke B pabote ncmons3oBau Koppernsimto [lupcona u kpurepmit ManHa — YHUTHH.

PE3YJIBTATBI

CtpykTypa u opraHm3anus mecHu. JKenrocnuHHas MyXxojioBKa oOnamaer Iuc-
KpeTHOW MaHepoil nmeHus. IMerTess 48TKO BBIPAXXSHHbBIE ECHH, CPEAHSIS [UTUTEBHOCTD
KOTOpBIX Yy pa3ubix camuoB coctasiia 0.61 — 0.89 ¢ (cpennee 0.72+0.08 ¢, n = 11). Ilo-
ClleloBaTeNIbHbIC TIECHU Pa3IeNieHbl ay30, CpeaHss JINTENEHOCTh KOTOPOH Y pa3HbIX
camrioB 2.06 — 4.57 ¢ (cpemnee 3.37+0.76 c, n = 11). Cama TecHs1 TOBOJBHO TPOMKas,
OHa COCTOUT M3 3 — 5 3BYKOB, IPEHMYIIECTBEHHO TOHOBBIX, MHOTUE M3 KOTOPBIX MOIY-
JIMPOBAHEI 110 yacToTe (pHc. 2).

Puc. 2. ®parMenT Karanora TUIOB meceH camia Ne 3 )KeITOCITUHHON MYXOJIOBKH
Fig. 2. A fragment of the song type catalog of male no. 3 of the Yellow-rumped flycatcher
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WupuBunyanshbie peniepTyaps! Bkiodand 8 — 31 tunoB neceH, B cpexnem 176
(n = 11). He BBISBICHO CBSA3M MEXIY pasMepoM periepryapa JaHHOTO CaMIla M KOJIHde-
CTBOM 3alMCaHHBIX meceH (Koppemsius [Tupcona: p > 0.05). Takum o6pasom, Hamra BbI-
0opKa M03BOJIMIIA a/IEKBATHO OLICHUTh PETIEPTyapbl pa3HbIX MTHII.

B mporecce neHus RKeITOCIUHHAS MYXOJIOBKa OOBIYHO HE UCIONB3YET OJMH U TOT
JKe THII TIECHU JBa WK Gosiee pasa moapsim. YacToTa CMEHBI HAleBa y PasHBIX CaMIIOB
cocramia B cpeaaem 0.98+0.03 (n = 11). B To ke BpeMst caMIlbl HMEIH CYIIECTBEHHYTO
cB00OIY BBIOOpA Kaxmoi cieayromeit mecan (puc. 3). O6 3TOM roBOPAT HU3KHE 3HAUe-
HUSl WHJEKCA JIMHEWHOCTH M BBICOKHME — OTHOCHUTEIHHOW SHTpONHH. B Hamiel BBIOOpKe
Sun B cpenrem pasasics 0.28+0.06 (pasopoc 0.16 — 0.35, n = 11), a RE; — 0.40+0.12
(pasbpoc 0.27 — 0.64, n = 11). 3HayeHust HHAEKCA MOIYJIIPHOCTH TAK)Ke ObLIM HEBETHKH
n menpine 0.3, 4TO yKa3plBaeT Ha OTCYTCTBHE KIIACTEPHOM CTPYKTYpBI: B CpEIHEM
0.16+0.08 (pa3opoc 0.05 — 0.32, n = 11). Takum 06pa3oM, B OpraHU3aIMU TIEHHUS KEITO-
CHHMHHON MYyXOJIOBKM HE BBISBIIEHO 3aKOHOMEPHOCTEH, KOTOpbhIe MOTJIH OBl TOBOPHUTH O
MPUBEPKEHHOCTH €€ JIMHEHHOMY JIN00 KOMOMHATOPHOMY cHHTaKcucy. OIHaKO B MEHUU
psiaa ocobeit MOXKHO OOHAPYKUTH KOPOTKUE TTOCIEA0BATEIbHOCTH U3 2—3 THUIIOB TIECCH,
WCTIOJTHSAEMBIX CaMIIOM B aCCOITMAIMH JIPYT C ApYroM. TakoBbI, HalpuMep, 0003HAUEH-
HBIC 3€JICHBIM KJIACTEPHI Ha PUC. 3. OHU BKJIFOYAIOT THITBI ITeceH 7, 13 u 38 y camma Ne 2,
u tunsl neceH 43 u 58 y camma Ne 9. OxnHako, Kak BUAHO W3 pUC. 3, lake HAa3BaHHBIC
THUIIBI MOTYT HEPEIKO HCIIONHSITHCS B JPYTHX KOMOUHAIHSX.

O6mme mecuu. [Ipoanamusuposas 1008 mecen 11 camiios, cocraBuin oOmumit (1mo-
MyJAIHOHHBIHN) Katamor. B Hem 6buto 108 Tumos meced. 3 Hux 65 THIIOB OKa3aawch
WHAUBUAYAJIIBHBIMU, T.C. UCIIOJIB30BAJIMCh TOJIBKO OJHHUM CaMIIOM. OCTaJ'[BHBIe 43 TUla —
at0 o6mwme necuu (puc. 4). Kaxmas u3 Hux ObLia BBISBICHA B penepryapax 2 — 8 ocobeii
(cpennee 2.911.4, n = 43). Unnekc XKaxkapna B cpeanem coctasun 0.09+0.08 (paz6poc
0- 0.43, n = 55). Takum 00pas3oM, y CaMIIOB JKEATOCIIMHHON MYXOJIOBKH B IIEJIOM JIO-
BOJIbHO MHOI'0 MHAMBHUAYAJIBbHBIX IMECCH, 4 CXOACTBO PECHEPTYyapoOB JABYX HayraJ B3SATBIX
CaMIIOB OOBIYHO HEBENMKO. TeM He MEHee, MO/ OOLIMX MEeCCH B MHIMBHIYAIBHBIX pe-
nepTyapax MOKET ObITh BBICOKA — B cpeaHeM 65.6+21.0% (paszopoc 16.6 —91.7%, n = 11).

Tecr Manrtena mokasain, uto koddunuent Kakkapia He CBA3aH C PACCTOSHHEM
MEXy TOUKaMH 3alHCH IBYX JaHHbIX camiio (P > 0.05), T.e. GIM30CTh TEPPUTOPHIA HE
MPE/OJIaracT HaJUYHsi OOJBIIOTO KOJINYECTBa OOIIMX MMECeH. 3aTeM MOCMOTPEINH, COOT-
BETCTBYET JIM pacrpeesicHie OOIIIX MECCH MEKIY Pa3HBIMH CaMIlaMH CTETIEHHOMY 3a-
KOHY. YPOBEHb 3HAYMMOCTH B 3TOM aHanu3e coctasii P = 0.49. CrenoBarenbHO, MbI HE
MOXEM Ha YpPOBHE 3HAYMMOCTH 5% OTBEpPTrHYTh HYJIEBYIO TMIIOTE3Yy O TOM, YTO JaHHOE
pacrnpezieiecHie COOTBETCTBYET CTEIICHHOMY.

CaM]_H)I Ipyu CHUU HE HMCIIOJIB30BaJIM MPCATTOYTUTEIIBHO O6H_[I/Ie J'[I/I6O WHIAWBULOY-
anbHble THIBI TeceH. Y 10 camiioB u3 11 yacToTa UCMOIB30BAHUS TEX M APYTUX HE OTIIH-
yayack (kpurepuit Manna — Yurau, W = 5.5 - 110, p > 0.05 ms kaxmoro u3 10 camios).
JIuurs oHA 0c00B MCTIOMB30BaNA O0IIHE TECHH TOCTOBEPHO Yallle, YeM WHIUBHIYATbHBIC
(xputepuit Manna — Yurau, W = 10, p = 0.03).
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Puc. 3. OpI‘aHI/ISaHI/ISI NEeHUd IBYX CaMIIOB JKEJITOCIIMHHOM MYXOJIOBKH, ITIOKa3aHHas B BUJE€ MapKOB-
CKO#i 1ieru TiepBoro mnopsinka (ciesa) M BbIsIBIEHHass MeTomaMu Teopud rpadoB (cnpasa). Kpyxku
COOTBETCTBYIOT OTACJILHBIM TUIIaM IIE€CEH, LII/I(I)pI)I B HMX — HOMEpA 3THUX TUIIOB B MOITYJIAIHOHHOM
katanore. Ha PUCYHKaXx cJjesa TOKa3aHbl BCE HaﬁJ‘[}OﬂaeMHe NEPEXOoZbl MEKIY pa3sHbIMU THUIIaMU
TIIECeH NPH INEHUH M NPHBEACHBI HAOMIOJaeMble BEPOSATHOCTH 3THX nepexonoB. Cnpasa pasHbIMH
IIBETAMH BBIJACJICHBI IICCHU pa3Hle K.]'laCTGPOB (Ha pncymce cresa IJis1 HarjisiAHOCTH npnBeneHm TC
K€ [[BETA); CTPEJIKH MMOKA3BIBAIOT HAMOOJIEE YacThle MEPEXO/Ibl: YEPHBIC BHYTPH KIIACTEPOB, & Kpac-
HBIE — MEX/y KJlacTepamu. benbie Kpy>KKu — IeCHU, HE OTHECEHHBIE HU K OZJTHOMY M3 KJIaCTEPOB

Fig. 3. All transition types between song types in two Yellow-rumped flycatcher males illustrated
using the first-order Markov chain approach (left) and network analysis (right). Numbers in circles
show the individual song types of each male; these numbers correspond to the numbers in the cata-
log of the population repertoire. On the left figure, each arrow represents the observed transitions
between song types, and the number at the arrow shows transition probability. On the right figure,
different clusters of song types are highlighted in different colors (the same colors are shown in the
left figure for clarity); arrows show the most frequent transitions: black arrows show transitions
within one cluster, and red arrows — between song types from different clusters. White circles are
song types which were not assigned to any cluster
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Puc. 4. HpI/IMepLI O6H_[I/IX THUIIOB IIECCH Y pasHbIX CaMIIOB JKEIITOCITUHHOM MYXOJIOBKH. HpI/IBeZ[eHLI
HOMEDP THUIIOB IIECHU B INOMYJIAIUOHHOM KaTajIore 1 HOMEpP caMlia, OT KOTOPOro JAaHHas IECHA ObLTa
3amrcaHa

Fig. 4. Spectrograms of shared song types of the Yellow-rumped flycatchers. The song type num-
ber and the individual which the song was recorded from are shown for each spectrogram

OBCYXJIEHUE PE3YJIbTATOB

B nanHO# paboTe BrepBble aHATMTHYCCKH OMUCATH OCHOBHBIC OCOOCHHOCTH MEHHUS
JKEITOCIIMHHON MYXOJIOBKH. PerepTyapsl caMIIOB 3TOI0 BHIA COCTOST M3 CTEPEOTHUITHBIX
THUIOB TIeceH. [Ipy IeHnu caMIbl YepeayroT pa3Hble THIIBI ¢ BEICOKOH CTENeHbI0 CBOOO-
Ibl, HO M30EratoT MOBTOPSITH OJMH M TOT JKE THUII TecHH aBa (niu Oonee) pasa MOIpsi.
IMenue apyrux BUIOB MyX0JI0BOK poja Ficedula Mosker GbITh OpraHu30BaHO [MO-HHOMY.

Oco0eHHO XOpOIIO HM3y4YeHAa BOKAIM3alUsA IBYX OJIM3KHX BHAOB — MYXOJOBKH-
MECTPYIIKH U MyXOJIOBKH-Oenomeiiku. MaHepa meHus 3TUX BUIOB TUCKPETHAs, OJHAKO
CTEPEOTUITHBIC TUIBI MECEH OTCYTCTBYIOT. MHAMBHAyalbHBIC pErepTyapbl BKIHOYAIOT
HECKOJIBKO JICCATKOB THIIOB 3ByKOB — 110 64 y myxosoBku-niectpymiku (I'armkoB u mp.,
2022) u oxoio 50 — y myxonoBku-6emnomieiiku (Zsebok et al., 2021). INpu meHnu camiibi
COCTABIISIOT M3 ATUX 3BYKOB IIECHH, B TOW HJIM MHOM CTENEHH UMIPOBU3HPYs. OqHAKO
pasHbIe TUIIBI 3BYKOB YEePEAYIOTCS BCE ke He ciiydaiiHo. Tak, y MyXOJIOBKH-Oenoneiku
32 HEKOTOPBIMH U3 THIIOB 3BYKOB BCETr/a CIIENyeT IPYrHe, CTPOro ONMpeneEHHbIC THITBI
(Zsebok et al., 2021).

[Tenne taexnoit myxonoBku omucano FO. JI. Tepemkunoit u B. O. CamoBapoBbiM
(Tepemrkuna, 2018; Tepemkuna, Canoapos, 2018). Penepryap 3T0r0 BHIa, Kak U MyX0-
JIOBKHU XCHTOCHHHHOﬁ, COCTOUT U3 OTACIBHBIX THUIIOB IECCH MJIUTCIBHOCTBIO OKOJIO
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1.8 — 3.3 ¢ xaxmas. Kakiast leCHsI COCTOUT M3 TPEJICBOTO BCTYIUICHHS (IIPOIOIKUATENb-
HOCTh KOTOPOTO 0COOEHHO BapuabenbHa) U 0OCHOBHON yacTd. Cyisl TI0 TIPOCMOTPCHHBIM
HaAMH HECKOJBKMM (poHOrpammam, Jr00e3Ho mpenoctaBieHHbM 0. 1. TepemkuHoi,
pasHble THIBI TIECEH OJHOTO caMila 4acTo (WM Jake BCEra) HMEIOT OJMHAKOBOES
BCTYIUICHHE, HO PA3INYAOTCs OCHOBHON 4YacThio. MHIMBUIYAbHBIE PETIePTyaphl, Cy /st
M0 BCEMY, CYIIECTBEHHO MEHBIIE TAKOBBIX Y KEITOCIUHHOW MYXOJIOBKH U BKJIFOUYAIOT
BCEr0 HECKOJBKO TUMOB meceH. Ho BOT caMa IecHs HaAMHOTO CJIOJKHEEe TMECHHU HKENTO-
CcUHHON MyX0n0BKU. OHA MOXET COCTOSATh M3 00Jiee, YeM JeCAaTKa Pa3HbIX KOPOTKUX
TOHOBBIX 3BYKOB. BOJBIIMHCTBO UX MMEET PE3KYIO0 BOCXOSIIYIO MM HACXOJSIYIO Ya-
CTOTHYO MOJYJISLHIO.

Takum 00pasoMm, B nipesenax poaa Ficedula BeipaxkeHa TUBepreHIus B CTPYKType U
oprauuzanuu rnexus. OHa IPOSBIISIETCS W TPU CPaBHEHUHU OJIM3KMX BUIOB. JKenTocnuu-
Has MYXOJIOBKa OTHOCHTCSI K KOMIUICKCY BHJIOB SITOHCKas MyxojoBka F. narcissina
(Temminck, 1836) — xentocnuuHas MyxojioBka. Ciofa OTHOCSTCS MyXOJOBKHU YKEJITO-
CTWHHAsI, AMOHCKas, kurtaiickas F. elisae (Weigold, 1922) u prokiockas F. owstoni
(Bangs, 1901) (Dong et al., 2015). Opranuzanus neHus MOCISTHAX TPEX BHUIOB B JeTa-
JsIX He onmcana. Ho U3BECTHO, 4TO CTPYKTYpa OTAENBHBIX MECEH MyXOJOBOK Ha3BaHHO-
ro KOMIUIEKCa CYIIECTBEHHO pa3lidyuHa, 4TO JIETKO JeTeKTHpyeTcs u Ha ciyx (Dong et
al., 2015; Chen et al., 2020).

Haime viccneioBanue mokasanio, 4YT0 WHANBUIYaTbHOCTh PEIEPTYaPOB CaMIIOB JKell-
TOCTIMHHOW MYXOJIOBKH BBICOKA. B momyssimonHOM Kartamore 60msimyro gacts (58%)
COCTABIISUTH WHAWBHIyalbHBIE THIBI TeCeH (BBISIBIEHBI TOJNBKO Yy OJHOTO CaMIiia), a
CXOJICTBO PEIepTyapoB ABYX JAHHBIX CaMIOB OOBIYHO HeBenuko. COIMOCTaBUTH ITH
JaHHbIE C IPYTMMH MHUTPHPYIOIIUMH BOPOOBHHBIMH TPYAHO. J[eN0 B TOM, YTO Cpemu
HUX HW3BECTHBI KaK BHUIBI, BOOOIIC HE WMEIONME OOMUX meceH (Hampumep, Apo3.-
ormensuuk Catharus guttatus (Pallas, 1811): Roach et al., 2012), tak u Te, B peneprya-
pax KOTOPBIX OOIIHE BOKATIBbHBIC CTPYKTYPhI COCTABISAIOT OOJBIIMHCTBO (IPO3I0BHIHAS
kameireBka Acrocephalus arundinaceus (Linnaeus, 1758): Wegrzyn, Leniowski, 2010).
IpuyrHBl TaKKX pa3Iu4Yuil HE SICHBL. AHAJIOTMYHO, MBI HE MOXEM yKa3aTh Ha (aKTOPHI,
BJIMSIIOIINE HA OTHOCHTEIILHO HEOOJIBINYIO JIOMI0 OOIINX MECEH B U3YYCHHOU MOMYJIAIHN
JKENTOCIIUHHON MYXOJIOBKH.

BprickaxeM 0JJHO COOOpaKEHHUE [0 ITOMY MOBOAY. PaHee ObLIO MPEANONI0KEHO, YTO
YIHOPSZIOYCHHAS OPTaHU3AIUsI TICHHSI MOXET CIIOCOOCTBOBATH PACHPOCTPAHEHHIO B TO-
myssiua o6mx tumoB meced (Omaes, 2022). B kauecTBe MPUMEPOB MOXHO TPUBECTH
nBa Buja neHouek — romocuctyro Phylloscopus schwarzi (Radde, 1863) u ceporomnosyro
oukoByio (Omnaes, 2022; Opaev, Kolesnikova, 2022). Ilenne MHOTUX caMilOB O0OMX BH-
JIOB YIOPSIOYCHO — JaHHAsI MECHsI OMpPEACNACT Ty, YTO OyAeT HCIHONHEHA CIeayomeit
(muHeitHbI cuHTaKCUC). MHIMBHIyaNbHBIE PENEPTyaphbl TOJOCUCTON MEHOYKH BKIIIOYA-
qu 18 — 42 TunoB meceH, a ceporoyioBor pacmucHoi — 29 — 42. Oka3anoch, 4To B MOMY-
JSIIUAX 3THX BUJIOB OOIIME MECHU PACIIPOCTPAHEHBI CYIIECTBEHHO IUPE, YeEM Y JKEITO-
CIHUHHON MyX0J0BKU. Tak, y ceporojoBoil pacuCHOMN MeHOYKH 00umMMu Obur 93 Tuma
n3 118, cocTaBisromux MOMyIAIMOHHBIN KaTajor, a y romocuctoi — 96 u3 116. Ckopee,
JIENI0 B TOM, YTO JIMHEHHBIH CUHTAKCUC JAET BO3MOXKHOCTh CaMIIaM MEPeHUMATh IPYT y
Jpyra He TOJBKO OTHEbHBIC TIECHH, HO W KOPOTKHE (10 5 THITOB TIeceH) TeCeHHbIe Mo~

140 TTOBOJIKCKUM SKOJIOTMUYECKHUI JKYPHAJT Ne2 2023



OPTAHM3ALMA ITEHWUS XKEJITOCITIMHHOM MY XOJIOBKH

cremoBarensHocT (Omaes, 2022). A 3T0, IPH MPOYUX PABHBIX YCIOBHSX, YBEIHUHBACT
YHCJIO TUIIOB IIECEH, BEIyUYEHHBIX JAHHBIM CaMIIOM y OJHOI KOHKPETHON 0COOH-YUUTEIS.
B KOHeuHOM HTOTe ATO MOXKET MPUBOIUTH K IMIMPOKOMY PACHPOCTPAHEHHUIO OOIIUX Ie-
CeH B momyJsinuu. Takum o0pa3oM, JIMHEHHBIH CHHTAKCUC U 00WIIMe OOIIUX IEeCeH MO-
I'yT OBITh CBs3aHBI. EciM 3TO Tak, TO CIpaBeIIMBO U 00paTHOE. Y BHJOB C HEYMOPSIO-
YEeHHOW OpraHm3anueil meHus Aol OOIIMX ITeCeH B CPeTHEM JI0JDKHA OBITh MEHBIIIE, YTO
1 HaOMIOaeTCsl y JKeNTOCIIMHHOM MyX0JIoBKH. KOCBEHHO 3Ty HMJICI0 OATBEPKIACT TaK-
K€ TO, UTO pacrpesiesieHne OOIINX MECEH B M3YUEHHOM MOMYJIISIIUN MyXOJIOBKH COOTBET-
CTBYET CTENIEHHOMY. KaK CUHMTA€TCsl, 3TO TOBOPUT O BIMSHHU CIy4alHBIX (DAaKTOPOB.
Takxum 00pazom, puBenEHHBIE B padOTe JaHHBIE HE TIPOTUBOPEYAT PaHee BHICKA3aHHOM
ujee 0 TOM, 4TO PACHpPOCTPAaHEHHE B MOMYJALMU OOIIMX THIIOB IECCH 3aBUCHT B TOM
YHciIe OT 0COOEHHOCTEH OpraHu3aIuy MeHUs.
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Abstract. Birdsong consists of stereotypical song types or syllables which follow each other ac-
cording to certain rules. Based on these rules, linear and combinatorial syntaxes are identified. The
former one implies a fixed sequence of song types repeated cyclically. In the combinatorial syntax,
there are clusters of song types, within which song types may be performed in a varying sequence.
The structure and organization of birdsong have been described for many species, but still remain
unexplored for most of them. We studied for the first time the song structure and organization, as
well as song sharing for the Yellow-rumped flycatcher Ficedula zanthopygia (Hay, 1845). First of
all, we determined the repertoire of song types in each male. Then, the organization of singing was
analyzed using methods of information theory and network analysis. To analyze the patterns of
song sharing, we compared all song types of all males. Individual repertoires consisted from 8—
31 song types. While singing, male flycatchers avoid repeating the same song type two or more
times in a row (continuous variety). At the same time, different song types alternate with a much
degree of freedom: we did not reveal any patterns which could indicate the presence of either line-
ar or combinatorial syntax. Males generally shared few song types, and the similarity of the reper-
toires of any two males was small. Besides, males did not preferably use shared or individual (i.e.,
found in the only one male) song types. Song sharing was not related to the distance between
males. The results were compared to what is known about the song structure and organization of
the other three Ficedula species studied to date.

Keywords: bird song, song sharing, song organization, flycatchers
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AHHoTanus. OOLIENPU3HAHHO, YTO 3arpA3HEHUE OKPYIKaIOIIEeH cpe/ibl XMMUUECKUMH BEIECTBa-
MH, HCHOJIB3yEMBIMH B arpOTEXHHYECKUX MEPOIIPUSTHUSX, SBISACTCS KPyIHEHel mpobiemoii co-
XpaHEHHs1 OHOJIOTMYECKOrO Pa3HOOOpa3usl U MUIIECBON OE30MaCHOCTH YEJIOBEKA, XOTS MOJHOCTHIO
HCKJIFOUUTh UX NPUMEHEHHE HEBO3MOXKHO. Oco00e 3HaYeHHE NPUHA/UIEKUT COBPEMEHHBIM POJICH-
TULIWAAM — cynepBapdapuHaM, NpeJHA3HaYCHHBIM Ui COKPAIICHHS YUCICHHOCTH TPBI3YHOB,
HAHOCAIINX YIIEPO CEIbCKOMY XO3SIMCTB, T.€. YHHUYTOKCHUsI )KUBOTHBIX. OJIHAKO STH Mperaparsl
BBICOKO TOKCHYHBI M NEPENAOTCS MO MUIIEBBIM LensM. [IpoBecTH rpaHb Mexly arpoleHO3aMu B
MX KIaCCHMYEeCKOM NMOHMUMAHHMU U €CTECTBEHHOH WIIM MaJl0 M3MEHEHHOH Cpelol MPaKTHYECKU He-
BO3MOXHO. OTCYTCTBHE SIBHBIX, (PU3NUECKUX I'PAHUI] alPOLICHO30B 03HAYAET, YTO MPOIECCHI, MPO-
UCXOSIIIUE B HHX, BIHSAIOT Ha OMOJIOTMYECKOe pasHOOoOpasue CONpEneNbHBIX TePPHUTOPHA, CUH-
TAIOIMXCS €CTECTBEHHBIMU. JKMBOTHBIE UCTIONB3YIOT KakK IOJIs, TaK M MPOCTPAHCTBA, MPUJIETalo-
e K HuM. [IOMUMO TOT0, MPOMCXOIUT BOJOOOMEH MEXy 00padaThiBaeMbIMH MOJISIMU | TIPHUIIE-
rarolIMMH K HUIM €CTECTBEHHBIMU TEPPUTOPUAMHU U BojloeMaMu. COBPEMEHHbBIE H3MEHEHHUS CTPYK-
TYpPBI arpoI€HO30B (TIOBBIIICHHUE JIOJH TIOJIEH, HA KOTOPHIX MPOBOASAT 00Pa0OTKY POIECHTHIINIAMIM)
¥ pacraiika OpHOBpaXkuii (0naromapst yiydiieHHI0 KauyecTBa TEXHHKH) OOJErdaroT MomagaHue
POJICHTHIINIOB B BooeMBl. [IpecTaBieHsl JaHHbIe O HOCIEACTBUAX NPHUMEHEHHS cynepBapdapu-
HOB B HEKOTOPBIX aHTPOIIOTEHHBIX OHMOIEHO3aX I0KHBIX pernoHoB PO. TIpuBeneHs! GpakThl Macco-
BO# THOENIN KOHCYMEHTOB 1 1 2 mopsijika (Tak Ha3bIBAeMble HEIleJIEBBIE BUJIBI), IPSIMO CBSI3aHHBIE
¢ X npuMeHeHueM. Briepseie B PD BBINONHEHB! KOMIUIEKCHBIE TATOMOP(OIOrHYECKHE U TOKCH-
KOJIOTMYECKHE UCCIIEA0BaHMS KUBOTHBIX, MOTHOIINX B TIpHpoae. [loaTBepxIeHo Hamuuue Gpoma-
JTUOJIOHA B TIPO0aX TKaHEH, C/IeNaH aHalli3 OMKMCAHUI BCKPBITHIT MOruOImux nruil. [ToAroToBICHBI
PEKOMEH/IAMHK 110 OCOOCHHOCTSIM cOOpa M XpaHECHHsI MaTePHAJIOB, HANPABIAEMBIX JUIS HCCIEIO-
BaHUM.
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COBPEMEHHBIE POJEHTULIM/bI U HELIEJIEBBIE BU/IbI

BBEJEHHE

Xumudeckne 0o0pabOTKM Jie)KaT B OCHOBE COBPEMEHHOH arpokyibTypbl. OHH
BKJIIOYAIOT YHUYTOXKCHHE HEKENATENbHOH PaCTUTENBHOCTH, CTUMYJIILHIO Pa3BUTHS
pacTeHHH, COKpalleHHe YHCICHHOCTH >XHBOTHBIX, NPH3HABACMBIX HEXKEJATSIbHBIMU
MPOU3BOAUTEISIME CENbXO3MPOAYKIHMU. BeliecTBa, mpuMeHseMble A1 XUMHUYECKOH 00-
PabOTKH, NPUCYTCTBYIOT HE TOJBKO B NPOAYKIUH arpOLEHO30B, HO U B TUKOPACTYIIEH
pactuTenbHOCTH, TpyHTe M Bomoemax (Yadav et al., 2015). Hu oxna yacts yenmoBede-
CKOU MOTMYJISIMY HE 3alHIICHA MOJHOCTHIO OT BIUSHHS arpOXHMMHUYECKHX MpernapaTos,
BO3JIEiCTRYIONINX Ha 0Olilee COCTosiHME W pas3BuTHe 3abosieBanuii (Aktar et al., 2009;
Thomson, Darwish, 2019).

Ocoboe 3HaueHHE TPHHAUISKHUT TpernapataM IS YHHYTOXKEHHs Tpb3yHOB. Kak
omucano Hamu panee (EpodeeBa u ap., 2021), mpu MX HCMOIB30BAHHU B HEKOTOPBIX
CITy4asX MPOUCXOIAT MAaCCOBBIC OTPABICHHUS JHKUX JKUBOTHBIX, OOYCIOBJICHHBIC Tepe-
Jayell TOKCMKAHTOB TI0 MHUIIEBBIM LEIISM.

PonenTuimapl — npenapaThl Uil YHHYTOXKEHUS TPBI3YHOB, OCTaJIbHBIC JKHBOTHBIE,
Ha KOTOPBIX OHH MOTYT BIIUSTH, Ha3bIBAIOTCS HELENeBBIMU 00BbeKTaMu. B criicok Herle-
JeBBIX 0OBEKTOB BXOJAT MIICKOIMTAIOIINUE, IITULB], PENTIINN U aM(bUOHH, pHIObI H, KO-
HE4HO, 4esioBeK. OTpaBiIeHHs MoAei pOASHTUIUIAMU IIPOUCXOIAT OOBIYHO CITyYalHO U
He Bceraa ObIBAalOT 3aperHCTPUPOBAHbI, OTPABIEHMS AUKUX M JOMAILIHUX >KUBOTHBIX
4acTo COMpPOBOXIaI0TCs uxX rudensio (Berny et al., 2010).

HaOnronenusi, nexaniye B OCHOBE JaHHOH pabOThI, CeNaHbl MPEUMYIIECTBEHHO B
Bonrorpazackoii obnactu, ogHoM n3 pernonoB Hmkuero IToBomxbs. TToBokbe BKITIO-
YyaeT HECKOJBKO (pr3mKo-Teorpauyecknx 30H: TPaHUILy 30HBI MIMPOKOINCTBEHHBIX Jie-
COB — JIECOCTEIb Ha CeBEpe PETrHOHa, OOIIMPHBIE CTEITHBIE IPOCTPAHCTBA C OBparamMu u
JIECOTIONIOCaMH B IIEHTPAIILHOM YacTH, CyXHe CTENH U IMOJYIyCTHIHU Ha fore. JTO OJUH
W3 KPYMHEHIIHX CeIhCKOXO3AWCTBEHHBIX PETHOHOB Poccum, BKIFOYaomui Oonee
48 MJIH Ta CeNbCKOXO3SHCTBEHHBIX Yrojaui, cocrapmsmonmx Oonee 70% TeppuTopum.
ArpoTexHHYecKas Harpyska 37eCh HEOAWHAKOBa. Ha Iore mpeobiiazaeT MACHOE CKOTO-
BOJICTBO, B IIEHTPAJILHOW YacTH M Ha CeBepe — 3epHOBbIE M MACIM4HbIE KyJIbTyphl. Tu-
NUYHBIA JaHMmadT — MoJs, OTPaHUYCHHBIE OBparaMu M JieconosiocaMy. COOTHOIICHUE
30H CEJICKOTO XO034HCTBA M «YCIIOBHO HETPOHYTHIX» IOKA3bIBaeT, YTO BO3ACHCTBHUE Be-
IIECTB, NPUMEHIEMBIX NIPH arpOTEXHUYECKUX MEPONPHATHSIX, HE OTPaHUYEHO Ipeerna-
MH COOCTBEHHO arpoueHo30B. [103ToMy 0COOEHHOCTH arpoTeXHHH CTallM JTOMUHHPYIO-
UM QHTPOTIOT¢HHBIM BO3JICHCTBHEM.

B mocnennue 20 et npousonuio cymectBeHHoe (Oonee yeM Ha 10%) yBenmdeHue
TUTOIIA/ICH 3epPHOBBIX W MACIHMYHBIX 32 CUET CHIIKCHUS JOJIH KOPMOBBIX KynbTyp (Poc-
CHHCKHH PBIHOK CEIbX03CHIPh..., 2021). Bospocma moinst murormaneit 3epHOBBIX, 3€pHO-
6000BBIX U MACITHIHEIX (MBI OOBEIHHACM 3Ty TPYIITY KYJIBTYP, TaK Kak MPH CEBOOOOPO-
Te Hem30eKHO WX UepelOBaHWE), a 0N WHBIX moneil cHmkaercs. O6paboTka moseit
KOPMOBBIX KYJIBTYD, €CTECTBEHHBIX M OOHOBIIIEMBIX CEHOKOCOB, 3aJIeXeH, macTOuI]
Hp.l POACHTHUINIAMHU HE MPOBOJAUTCA, B OTIMYMUEC OT 3€CPHOBBIX U MACJIMYHBIX, ITOOTOMY

1 Tunel mosei NPUBEIACHBI IO «HeyI‘O,I[I)SI 3eMeJb CENLCKOXO3SHMCTBEHHOrO Ha3HAYEHUS»
(https://freespravochnik.net/info/neugodja-zemel-selskohozjajstvennogo-naznachenija/).
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TaK{e N3MEHEHHS BEAYT K MOBBIIICHUIO TOJH YTOJAUH, B KOTOPbIE BHOCST POACHTUI/IBI.
Uccnenosanus B KpacHomapckom kpae mokaspiBatot, uyto B 1999 — 2007 rr. mnomiaan
POJEHTHIIUIHBEIX 00paboTOK Goee ueM yaBomIuch (SIkosnes u mp., 2007), mpomopiro-
HaJbHO CHWKEHMIO JIOJIM TOJIeH ¢ KOPMOBBIMH KynbTypamu. [lo Bonrorpaackoii u Ca-
PaToBCKOI 00JacTsIM TaKUX JaHHBIX HET, HO, MO JMYHBIM HAOJIOJCHUSM, CYIIECTBYET
TaKas e TCHACHIIHS.

Io nanubiM UKAP (MHCTHUTYTa KOHBIOHKTYpBI arpapHoro peiHka), k 2020 r. monu
00pabaThIBaEMBIX IT0JIEH B FOXKHBIX PETMOHAX BO3POCIHN MOYTH YETHIPEXKPATHO TI0 CpaB-
menuro ¢ 2000 r. (http://www.agrospeaker.ru/var/fck/image/RUS_GO-2019-01-2.jpg).
DTO MO3BOISET IMOJIATaTh, YTO K HACTOSIIEMY BPEMEHH MHTEHCHBHOH 00paboTKe arpo-
XMMUKaTaMH ¥ POAECHTHIUAMHU TIO/IBEpraeTcsa OOobIlasi YacTh 30H HHTCHCUBHOTO 3EM-
nenenust. Takum 00pa3oM, KOJIMYECTBO BHOCUMBIX MpENapaToB pa3HOro COCTaBa CyIlle-
CTBEHHO BO3POCJIO.

Crenyer y4uThIBaTh, YTO KOJIMYECTBO BHOCHMBIX IIPENapaToB HE TOJIBKO BO3POC-
JI0 — U3MEHIIach CTPYKTypa BOJOCOOPHBIX 30H. 30Ha BoxocOopa — BogocOOpHBIN Oac-
CeiiH W HaJIONMEHHbIE Teppachl — BKIIIOYAET pacllaXMBaeMble MO, TPAJAUIMOHHO
Ha3bIBaeMbIC arpolcHO3aMH, U MPUJIETAIONINEe K HUM TeppUTOpHHU (YUACTKH Jieca, JIeco-
HOJIOCHI, MTPUOBPAXhst). biaronapsi MOBBIICHUIO KAYeCTBA TEXHHKU MPOHMCXOIHT pac-
TalnIKa CKJIOHOB OBPAroB, CHIKAIOMIAS ILIONIA(b yYacTKOB, OTJEISBIINX paHee oOpaba-
TBIBAEMBbIC TTOJISI OT 30H BOIOCTOKA. MICTOPHYIECKH HMPHIIETAIOIINE TEPPUTOPHN OTACIIIH
30HBI BOJIOCOOpa OT 30H BOJOCTOKA, BHITONHASA (YHKIUIO €CTECTBEHHBIX (UIBTPOB KaK
JUISL TUIOZIOPOJTHOTO TPYHTA, TaK M BHOCHMBIX XMMHKaTOB. OHHU BBIONHSIN OydepHyio
(GyHKIUIO, 3a/iep>KUBasi CMBIBBI C IIOJEH, T.e. NMPOW3BOAA YAaCTHYHYIO (HIBTPALHIO H
TPOJIOHTUPYA NEPHUOJ OT BHECCHUS TOKCHUKAHTOB J0 HX ITOIIagAaHUA B BOJOCMBI. Nzme-
HEHUE CTPYKTYpbI IIOCEBOB U 30H PACHAlIKH NMPHUBOJUT K TOMY, YTO B IPHIONMEHHON
30HE BO3pacTaeT 3arps3HeHHe MPOAYKTaMH arPOXUMHUH, MTOTAIAI0IIUMH B BOJOEMBI.

CymecTByIOT B (hOPMBI BO3IEHCTBUS POACHTUIIMIOB. MPSIMOE OTPaBJICHHE U Tie-
penada o MMIIEBHIM IiemnsM. [IpsiMoe oTpaBiieHHe HaIllpaBIeHO Ha TPHI3YHOB, HO 00pa-
OOTKM HEpEeaKO MPOBOJATCS C TPYOBIMH HapyHICHHSIMH PEriaMeHTa MOoJIb30BaHus, KOTO-
pble, MHOTa, yaaeTcs BEIIBUTh. Kak 610yIoroB, Hac 00JIbIe BCEro HHTEPECYET BO3MOXK-
HOCTD IIepe/Iadui TOKCHKAHTOB I10 MUIIEBBIM LEISIM, T.€. UX BO3/IEHCTBHIE IPH IIepexoaax
MeXITy TpoduuecKuMH ypoBHSAMH. Tako#t 3¢ ekt HaxoauTcs BHE Mot 3peHus MuH-
cenbxo3 U Munnpupoasl PO u, Tem 6omee, He MOKET KOHTPOIHUPOBATHCS CEIBXO3MPO-
n3BoutensiMi. OJJHAKO ero 3Ha4YeHUe I IOJAEpKaHusT OHOpazHOOOpas3usi, MOJIEBBIX
300JI0THYECKUX U IKOJOTMYECKUX HCCIIEeIOBaHHH, OXOTHUYbEro XO03siicTBa M Oe3omac-
HOCTH HaceJIeHHs TIEPEOLIEHUTh HEBO3MOKHO.

B maccoBoM co3HaHMM TpeobiagaeT omuOouHOe yOexkIeHne o Oe3BpPEAHOCTH CO-
BPEMEHHBIX POJACHTHLUAOB. Llenb 3TO cTaTbu — NMpuBIEYb BHUMaHHE OHOJIOTOB K pe-
AJIBHBIM MOCJICACTBUAM UX IMIPUMEHCHUA U1 JUKHUX )KUBOTHBIX U Y€JIOBCKA.

IIpo6aema npuMeHeHust

PernaMeHTsl MCIONB30BaHUS POJCHTULIMAOB BHE HACENEHHBIX IIYHKTOB BEChbMa
pasmbiThl (MBanuikas u ap., 2011), a HeomHo3HaUHbIC 3G (EKTH HAKOIUICHHUS U TIepea-
i u3ydens! Hepocratouno (Morgan, 2006; Berny et al., 2010).
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[IpuHsTO MOAPA3AENATh POACHTUIM/IBI HA JIBE TPYIIbI KOPOTKOXKHUBYIINE U UIU-
TEJILHOTO JICWCTBHS, MPEUMYILECTBEHHO AHTUKOATYJISHThI, HAa3bIBAEMbIC B QHTJIOS3bIY-
noii nureparype LAAR (longacting anticoagulant rodenticides) (PeutbHukoB u ap.,
2011; Caravati et al., 2007). OcoGeHHOCTPIO aHTHKOATYJIIHTOB JJIMTEIBHOTO JIEUCTBHS
SIBJISIETCS. CIIOCOOHOCTh K HAKOIUIEHUIO B opranmsMe — kymyssiuuu ([amasimosa, 2013;
BoiiriexoBckuit u ap., 2020). Jlaxke eciid OHO HE MPUBOJUT K JIETATBHOMY MCXOJY, MPO-
HCXOJIUT CHU)KEHHE COTPOTHBISIEMOCTH K MHBIM TIOBPEXKIAIONINM (PAKTOPaM.

PoIeHTHIHM/IbI-aHTUKOATYJISIHTBI BOIIUTH B OOMXOJ B CEPEIMHE MPOIILIOTO BEKa, a B
HAIK JHU cTanu o0mmenpuHsaThl. OHU BKIIIOYAIOT aHTHKOArYJSIHTBI [IEPBOTO MTOKOJICHHUS
(KyMapHHOBBIH ps: HanboOJee M3BECTEH 300KyMapHH; MHAAHIMOHOBBIN PSI: ATHI(EHA-
LMH, TA(QaIdHOH, TpU(EHAH, XJIOPPUUHOH, TeTpad)eHAMH U JIp.), Ha3bIBAEMBIE YaCTO
BaphapruHaMH.

C xonma XX B. Bce IIMpE NPUMEHSIOT AHTUKOATYJSHTBI BTOPOTO TOKOJICHHS,
Ha3bIBaeMbIMH cyrnepBapbapuHamu (qudeHaky™m, OpomamuoinoH, ¢iaokymaden, Opo-
qudakym, aupernanon). OnpeneneHue UX MPUCYTCTBHS METOIHUECKH CIIOKHO U TpeOy-
€T CIeNUalbHOM anmapaTypbl’ U KBaIU(HUIMPOBAHHOIO MepcoHana. IIpu XpaHeHHH B
TEIIe U Ha BO3/yXe OHHU pacnanarorcs. [lepuon monypasznoxenus (JIT) 6pomaanosnona
npu temmneparype +20°C cocrasiser B cpenHeM 14 cyTtok. B 3aBucuMocTH OT ycnoBuid
NTso (mepuon pacnama 50%) xonebnercs ot 3 qo 269 ameit, ATq ot 14 g0 658 nmeit
(Bpomanamoson, 2021).

WHCTpYKIMU TI0 NPUMEHEHUIO MPOTHBOPEUUBBI. OTMEUYEHA KYMYJISIHS U BO3MOXK-
HOCTh OTpPAaBJICHHS Yepe3 KOXKY M JbIXaTelbHbIC MyTH, HO OCHOBOW MPHHATO CUMTATh
MIUIIIEBOE OTPaBJICHHUE — JUISI KOTOPOTO M PACCUMTHIBAETCS JICTaNbHAs 1032 (Hampumep,
Bepesorckuii, 1998). IpusHana ocobasi OMacHOCTh CyrepBap(GapHHOB UIS JOMAIITHHX
KPOJIMKOB ¥ TTHII, IO3TOMY NPUMAaHKH PEKOMEHIYIOT pa3MelaTh B eMKOCTSIX, YTO TaK-
JKe JIOJDKHO CHIIKATH 3arpsi3HEHME MOYBBI M CMBIB B BojoeMbl (MBanunkas u ap., 2011).
B mocneanue rogpl HEpEAKH COOOIIEHHS O CITydasx MacCOBOM THOeNU phIObI B PyAax U
KPYIHBIX pEKax, HO TECThl Ha MPUCYTCTBHE AHTUKOATYJITHTOB HUKOT/IA HE TPOBOIHUIIH.
OnHaKo ecTh JaHHbIE, CBUICTEIbCTRYIOIINE O 3arPSI3HEHUH POJCHTHIIUIAMH HE TOJIBKO
pek u 03ep, HO U Mopckux skocuctem (Masuda et al., 2015).

CoryacHo npuHATEIM B PD mpaBuiaMm oOpalieHus SIOXHMUKATOB U MECTUIU/IOB
rOCYZIapCTBO PEryJIUpyeT UX 000pOT U MPUMEHEHHE, MCIOJb3Ysl Ha3BaHHs MPOU3BOJIH-
tenelt. Exunbiii, exerogno o6HoBmsiembrit peectp (Iocymapcreenusiii karamor, 2020,
2021) BrmroyaeT KOMMEpYECKHE Ha3BaHMsI, HO He JEHCTBYIOIINE BEIIECTBA, X KOHIICH-
TpalyK, YPOBHH OYHCTKH; MOATOMY OILIEHKA COOTBETCTBHS KOHIIEHTPALM M COCTaBa
3asiBJIeHHOMY He npoBoauTcsi. CriocoObl MPUMEHEHHUs] HA MECTaX PasiMYHbI, TAJIEKO He
BCETJa COOTBETCTBYIOT MHCTPYKIHSIM, YaCTO MPOXOST ¢ IPyOBIMH HApYIICHUSAMH pe-
rnamenTa. Toproeoe Ha3BaHHe BbIOHpaeT (HHUpPMa-IPOU3BOIUTEND, TIOITOMY HE HCKIIIO-
YEeHO HEYMBIIUICHHOE MPEBBIIIEHHE BHOCMMOW JT03bI TOKCHKAHTOB 3a CUET MCITIOJIh30Ba-
HUSI Pa3HBIX MPENapaToB PasHbIX (UPM U pa3HOro coctaBa. HekoTopble mpemapaThl uc-
KITIOYAIOT M3 IMPUMEHEHUs] U BO3BpallaoT BHOBb. Hampumep, Gocdun unka (Kak u ero

2 Onpenenenye NPUCYTCTBHA CylepBap(hapUHOB OCHOBAHO HA M3MEPEHHH MACCOBOIl JONH
METOJI0M 00pameHHO-(ha3HoH KUAKOCTHOH XpoMmaTorpadun ¢ Y D-neTeKTupoBaHueM, C KOJIHIe-
CTBEHHOI1 OIIEHKOW METOI0M BHelHero cranaapra (Anapees u ap., 2019).
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aHanord, hochua Maraus U GOCHUIT ATFOMHUHES) HECKOIBKO JICT OBLT 3alpeIieH 1Mo He-
KOTOPBIM naHHeM® (SIkosnes, Babuu, 2011). B nHacTosimiee BpeMs BEIECTBO BXOAUT B
Karanor paspemennsix npenapatoB P® ¢ pa3nuyHbIME KOMMEPYECKUMH Ha3BaHHSMH.
[Mocnennue necarunerusi B Poccun HUKaK HE OTCIICKUBACTCS MPOU3BOJICTBO, pean3a-
¥s, XpaHeHUe U IPUMEHEHUE arpOXUMHKATOB TIPH 00paboTKe Toei.

Komrieke cBeneHnii 0 BO3SMOXKHOCTSX M pPe3yNbTaTaX MPUMEHEHHsS! COBPEMEHHBIX
POAEHTHIINIOB TIO3BOJISIET YTBEPXKIATh, YTO B CBOOOJHOM Mpopaxke HAaXOMATCS OTpaB-
JISIFOIIME BEIECTBA, BEPOSATHOCTH IMarHOCTUKU KOTOPBIX KpaiHe OrpaHHyeHa.

Hao.1ronenns 3a npuMeHeHHeM POJeHTHLHAOB
B HEKOTOPBIX NPUPOAHBIX cucTeMax P®

OTpaBiicHUs HELETICBbIX BHIOB BO3MOXKHBI BO BCEX PErHOHAX, HO OMBIT MOKa3bIBa-
€T, YTO HAHOOJBUIYIO YTPO3y UX HPHUMEHEHUE MPEACTABISCT B JICCOCTEIHBIX H CTEIHBIX
30Hax, IPEBOCXO/SIIUX IPOYHUE [0 arPOKINMATHUECKIM PECYPCaM.

Panee (Epodeesa u mp., 2021; Erofeeva et al., 2022) mb1 moapo6HO orvcanu pe-
3yJbTaThl IPUMEHEHHUS pOAECHTULMA0B B HoBoHMKOIaeBckoM paiione Bonarorpaackoi
o6mactu B 2019 r. CoBMeCTHBIE IEWCTBHS MECTHOrO HaceleHHs (CooOIIeHus 0 THOenn
JKMBOTHBIX B TIOJISIX), AUPEKIIHH YHHUTAPHOTO Tpeanpusitusi «HOBOHHKONACBCKHI 0XOT-
HUK», aIMHHUCTPAIAK PailoHa W OXOTHHCIEKITHH MO3BOJIMIN COOpaTh 00pasibl (TYIIKH
MEPTBBIX 3alIIeB-PYCAKOB) U MepeaaTh UxX B paiioHHyro CTaHIuio Mo 60pbde ¢ Gose3Hs-
mu xuBOTHBIX (CBBX). BekphiTHe MOKas3ago Haluyde YepHO-KPACHOTO JKCCynara B
TPYAHOI MONIOCTH, MPU HOPMAJIBHON YMUTAHHOCTU MABIIMX YKUBOTHBIX M OTCYTCTBHH
KaK BHEIIHUX MOBPEKACHHH, TaK M MOBPEKICHHUN JKETyIOYHO-KHIIEYHOTO TpakTa. MH-
(beKIroHHbIe 3a00JeBaHMs TOMANIHIX KPOJUKOB, CIEKTP KOTOPBIX IEPECEKaeTCs C Ta-
KOBBIM y 3aiieB, yeToM U ocenbo 2019 r. B HOBOHHKOIAEBCKOM paiioHe He 3aperu-
CTPUPOBAHBI, YTO MOATBEPKAAIO MPEANOTIOKEHHE O TOKCHUECKOI PUPO/IC PUYKH Ma-
nexa. Tpyrmbl 3aiilieB HAXOJUIM B Pa3HbIX MECTax, HO B MOJISAX, TPAHUYAIIUX C 30HAMH
UX OOHApYXEHHs, YUCICHHOCTh JKUBOTHBIX 3TOrO BHJA HE COKPATHIACh U MPHUMEPHO
COOTBETCTBOBaNa HAOMIOJABIIEMYCsl paHee, YTO TaKXKe CBUICTEIbCTBYET 00 OTCYTCTBHU
MH(EKIIMOHHOTO 3a00JICBAHUSL.

Bbu10 ycTaHOBIIEHO, UTO JIepaTH3alfio TPOBOIIH IyTeM pa30OpachiBanusi 00pado-
TAHHOTO TIPENapaToM 3epHa C IOMOMIBI CaMOJCIBHBIX YCTPOUCTB B KOHIIE CEHTIOPS —
Havasie okTs0ps. Ha3zsanue nmpenapata u rpadguk o0pabOTOK HE OBUT MPEJOCTABIICH ar-
podHpMOH, Ha MOJAX KOTOPOW OBUI OTMEYEH Manexk, CO CCHUIKOH Ha KOMMEPYECKYIO
TaiiHy. Mcnonp30Baii caMoeNbHbIe MEXaHUUSCKUEe MPUCIOCOOIEHUS ISl PacChIaHus
B II0JI€ 3¢pHa KPaCHOBATOTO IBETA, IPOTPABICHHOT'O BOJHBIM PACTBOPOM, YTO HAPYyILIACT
periiaMeHT PUMEHEHUsI IaHHOM rpymibl npenaparos. [1og naBieHHEM aIMHUHUCTPALIUH
paiiona arpodupma TOpeKpaTHia KCIOJb30BAHUE CAMOJECIBHBIX ~MEXaHHUYECKUX
ycTpoiicTB s pazopackiBanus 3epHa B 2019 r. u ve npumensiia ux B 2020 — 2022 rr.

3 ®ochuna nuHKa, (ZN3P2) — 0 HEKOTOPHIM TaHHBIM, ObUT OQUIMATEHO 3ampelieH B Halen
CTpaHe, HO aKTHBHO WCIOJb3yeTcss B mpou3BojctBe apyrux mecrtunumos (https://fb.ru/article/
277941 /fosfid-tsinka-opisanie-deystvie-simptomyi-otravleniya-mojno-li-primenyat-fosfid-tsinka;
https://geradez.ru/5-insekticidov-zapreshhennyx-v-evrope).
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O6cnenoBanue noieit ¢ cobakamu yepes3 40 — 60 aHeit mociae 0OpabOTKU O3BOJIH-
70 HalTH OoJylee ABaIIIATH MallepUpOBAaHHBIX TyIIeK 3aiieB u 1 6apcyka. [loacuer unc-
Ja cliefioB Ha 00pabOTaHHBIX MOJSIX BOCHPOM3BOJCTBEHHOTO Yy4acTKa 3aiflia-pycaka,
MPOBEJICHHBIN B JeKkabpe Mo Mopolle, MMoKa3ai, YTO Ha 3HAYMTENIbHOM YacTH ydacTKa
MIPU3HAKH aKTHBHOCTH 3ai{l[a OTCYTCTBOBAIIH.

B smBape 2020 r. B HeckonbkuxX paiioHax KpacHomapckoro kpas CHElHalIUCThI
MuHHCTEpCTBa MPUPOIHBIX pecypcoB KpacHOmapckoro Kpas yCTaHOBUIM MAacCCOBBIC
(cobpano 6omee 3000 Tymiek Ha MapipyTe 7 KM) TAAEKH NMTHI U 3aiflleB-pycakoB Ha
OTJEJBHBIX y4YacTKaX. DTO OBUIO M OCTAeTCsl €AMHCTBEHHBIM IOJIHBIM COOpOM OTpaB-
JICHHBIX KMBOTHBIX JIO HACTOSILNEr0 BpeMeHH. YacTh COOpaHHBIX TYIIEK OTIPABWIM Ha
uccienoBanre B KpOmoTKMHCKYIO KpaeByl0 BETEPHUHAPHYIO J1a00PATOPHUIO, MCKIIOUUB-
IyI0 MHQEKIIMOHHBIE 3a00JIEBaHUS TPEICTABICHHBIX MITHII.

N3 coGpaHHBIX )KABOTHBIX 3€PHOSITHBIMH (KOHCYMEHTaMHU 1-T0 TIOpSIKa) ABISIOTCS
royOH W 3aiIIbl, COpPOKa M COMKa — BCesaHbIe, a emie 6 BuaoB mrui (Ne 6 — 11) — xumr-
ueie (1abn. 1). OTpaBieHre KOHCYMEHTOB 1-T0o mMOpsiaKa MOTJIO MPOMCXOIWTH MPH TO-
€/laHi1 JXKMBOTHBIMH OTPABJICHHOI'O 3€pHa JIN0O NMpU KOHTaKTe ¢ HUM. OIHAKO XHIIHbIC
HTHIBI — KOHCYMEHTBI 2-TO MOPSAAKA — MOIJIH MOJYYHTh TOKCHKAHTBI TOJBKO TPH I10-
C€IaHuN 3CPHOAIHBIX IITUI] U MBIIICBUAHBIX TI'PbI3YHOB — KOHCYMCHTOB 1-FO TnopsAaka,
00 TPH BBIXaHHUU MPETapaTa, pacChIIaHHOTO 110 PACTCHUSIM U 110 3eMIIE.

Tadomuma 1. Bo3MOXHOCTh MepoOpaIbHOrO OTPABICHUS NTHIl U MIICKOIMMTAIOMINX, COOPaHHBIX B
Kpacnonapckom kpae 24 — 25 suBapst 2020 r.

Table 1. Possibility of oral poisoning of birds and mammals collected in the Krasnodar region,
24-25 January, 2020

B03MOXKHOCTB OTpaBIICHHUS
Nen/m/ . Kon-Bo/ | Tlopsinok koHcymeHra / pH MOCAaHUH 3epHa /
No. Bun/ Species Amount Lesel of the cgnsumer F—I’)oisoning possibI?Iity
when eating grain
1 Bsixups Columba palumbus 2998 1 Beicokas / High
2 Kimaryx Columba oenas 35 1 Bsicokas / High
3 3asi-pycak Lepus europaeus 5 1 Beicokas / High
4 Copoxka Pica pica 5 1-2 Huskas / Low
5 Cotixa Garrulus glandarius 3 1-2 Huskas / Low
6 Kantok Buteo buteo 11 2 Orcyrcrayer / Absent
7 3umusik Buteo lagopus 4 2 Orcyrersyer / Absent
8 Kyprauuuk Buteo rufinus 2 2 OrtcytctByer / Absent
9 OOBIKHOBEHHAs1 ~ IyCTENbra 2 2 OrtcytctByert / Absent
Falco tinnunculus
10 Bonornas cosa Asio flammeus 3 2 Orcytcteyet / Absent
11 VYacrast coBa Asio otus 2 2 OrtcytctByer / Absent

Ipumeuanue. Jlanapie mo cOOpy TYIIEK B MECTax MAacCOBOM T'MOeNH HpencTaBlIeHb MuH-
npupopl (MIIP) u mosnmimei KpacHomapckoro kpas.

Note. Data on the collection of carcasses in the places of mass death were presented by the
Ministry of Natural Resources and the police of the Krasnodar region.
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Kak u B Bonrorpazckoit obiactu, arpoupMbl pacchinalid IPOTPABICHHOE 3ePHO C
TIOMOIIBI0 CAMOJIEIBHBIX YCTPOUCTB (coobienne corpyauankoB MIIP). Otnudre B TOM,
YTO C CaMOTro Hayaja 3asBJIeHHE 0 MaccoBoM majaexe noctynuio B MUC. CrenuaiucTsl
MIIP 06paTHINCh B MOJNHUIUIO, BO30YKACHO YrOJIOBHOE Aej10. J{Jst maTtojgoroaHaToMuye-
CKOI'O BCKPBITHA U UCCIICAOBAHUA Ha TOKCUKAHTBI B MECTAaX MaCCOBOTI'O IaJicKa C06paHI)I
TYIIKH )KMBOTHBIX 11 BHIOB, mperMyIecTBeHHO nTHI] (cM. Tadi. 1). [ToBTopHBIX 00CIe-
JIOBaHUH MECTHOCTH HE ITPOBOAMIIH, T.€. (h)aKThl OTCPOUCHHON THOEIIN HE OLICHUBAIH.

Pe3yJIl>TaT]>I MaToOJIOTOAHATOMHUYECCKUX H TOKCHKOJOITHYEeCKUX nccnenonannﬁ

Jlis maTooroaHaTOMIYECKOro oOceoBaHus OblTa coOpaHa KOMHUCCHS BETEpH-
HapHBIX Bpadeil 1 OHOJIOTOB B COOTBETCTBHHM C MPHUKA30M 10 MHCTHTYTY mpobiieM 3Ko-
JIOTMH ¥ 3BoJonuu Poccuiickoil akamemun Hayk (UI1DD PAH). Tyiuku Bcex MNTHIL,
NPE/ICTABICHHBIX U BCKPBITHS, TPUHAJICKATN JKUBOTHBIM XOPOIIEH YMUTaHHOCTH,
0e3 MpU3HAKOB MCTOIICHHS W JeruapaTanuy. B Taba. 2 npencraBieHsl BU3yalbHO pas-
JMYMMBIE OTKJIOHEHHS COCTOSIHUSI W TOITBEPXKAAIOMIMN HX MaTOJIOr0aHaTOMHUYECKHUH

JAWarHos, BBINOJHEHHEIN ¢ HCIOJb30BaHUEM THCTOJIOTTYSCKUX HCCHC,I[OBaHPIﬁ.

Taomuma 2. KpaTkast cBoJKa pe3yJIbTaToB MaTOJIOr0aHATOMHUYECKOTO HCCIIeIOBaHUS
Table 2. A brief summary of the results of our pathoanatomical research

BusyaibHeie HapyIeHust /
Visual deviations

TTaTaHaTOMHUYECKHUI AUArHO3 /
Pathanatomical diagnosis

3o0Ha nopaxeHust /
Damage zone

1 2 3
1. Baxups, &, 291 r / Columba palumbus, &, 291 g
Crnusucras pOTOBOﬁ T0JIOCTH MaCCHpOBaHHBIe KPOBOM3JIUAHUSA B JICTKUX, KHUJIE TPyan- Cucrema KpOBOO6an.ICHHH

KpPacHOro IBE€Ta, Kuib TI'PYyIHHbI
60p1.10|30r0 1BETA, JICTKUE KpOBEC-
HAMOJIHEHBI, PaBHOMEpPHO  Oop-
noBoro 1gera / The mucous mem-
brane of the oral cavity is red, the
carina of the sternum is burgundy,
the lungs are blood-filled, uniform-
ly burgundy

Hbl. CHCTEMHOE paccTPOMCTBO TeMOJIMHAMMKH 10 THITY
HEPABHOMEPHOI'O KPOBEHAITIOJITHEHHU BHYTPEHHUX OPraHOB
¢ SIBJICHUSIMU CTa30B M TPOMO00Opa30BaHus, HAPYLIEHHEM
TIPOHHUIIAEMOCTHA COCYIMUCTBIX CTCHOK W HaJIMYUEM Juare-
JE3HbIX KpOBOI/ISHI/lS{Hl/lﬁ, 04YaroBbIX HEKPOGI/IOTI/I‘IBCKI/IX
HM3MEHEHMH B IApEHXMMATO3HbIX opraHax. OuaroBas
3M¢)H3€Ma, 0YaroBbId FeMOppaFl/lquKHﬁ OTE€K JIETKOTO.
OuaroBblii  HekpoHedpo3. OTek, TeMOpparuu MATKHX
MO3TOBBIX OﬁOJ’lO‘{CK, OTEK BEIIECTBa I'OJIOBHOIO MO3ra.
Mopdonoruyeckue MpU3HAKK HOCTTUIIOKCHYECKOH 3HIIe-
¢anonarun / Massive hemorrhages in the lungs, hernia of
the sternum. Systemic disorder of hemodynamics by the
type of uneven blood filling of internal organs with the
phenomena of stasis and thrombosis, violation of the
permeability of vascular walls and the presence of dia-
pedic hemorrhages, focal necrobiotic changes in paren-
chymal organs. Focal emphysema, focal hemorrhagic
pulmonary edema. Focal necronephrosis. Edema, hemor-
rhages of soft meninges, swelling of the brain substance.
Morphological signs of posthypoxic encephalopathy

U TEeMOCTa3a; JbIXaTellb-
Hasi CHCTeMa; TOJIOBHOU
MO3r;, KOCTHHIE TKaHu [
Circulatory system and
hemostasis; respiratory
system; brain; bone tissue

2. Bsixups, ¢, 418 r / Columba palumbus, @, 418 r

B poToBO#f MOMOCTH KPOBB, KHIIb
rpyauHbl G6opoBoro nsera. Kocru
Yyepera ¢ KPOBOU3IUSHUSIMU OKPYT-
J0i  (opmbl. MpllieuHas CTEHKa
crpaBa CHM3Y JIOKAJIBHO HPOIUTA-
Ha KpoBblo. B mpocsere Tpaxeu
cryctok KpoBH. C BEHTpaJIbHOH 110~
BEPXHOCTH JIETKHE TE€MHO-BHILIHE-

MHOK€eCTBEHHBIE KpOBOM3JIUAHUA B JIETKHUX, Tpaxee,
pOTOBOﬁ TIOJIOCTH, TOHKOM KHINE€YHHUKE, KHJIE TPYAUHBI,
koctHoi Tkauu uepena / Multiple hemorrhages in the
lungs, trachea, oral cavity, small intestine, sternal hernia,
bone tissue of the skull

Cucrema KpoBOOOpaILeH s
M reMocTasa; JbIxaTeJibHast
CHCTEMA, MHUIIEBapUEIIbHAs
CHUCTEMa; KOCTHBIE TKaHH /
Circulatory system and he-
mostasis; respiratory sys-
tem; digestive system; bone
tissue

154

TTOBOJIKCKUM SKOJIOTMUYECKHUI JKYPHAJT Ne2 2023



COBPEMEHHBIE POJEHTULIM/bI U HELIEJIEBBIE BU/IbI

ITponomkenne Tadu. 2
Table 2. Continuation

1

3

BOTO I[BeTa. B poToBoii monoctu —
KpoBb. B mpocBere TOHKOro Ku-
IICYHUKA KHUJIKOC COACPIKUMOE
Gopaosoro usera. / There is blood
in the oral cavity, burgundy ster-
num carina. Bones of the skull with
hemorrhages of a rounded shape.
The muscular wall on the lower
right is locally soaked with blood.
A blood clot in the lumen of the
trachea. From the ventral surface,
the lungs are dark cherry in color.
There is blood in the oral cavity. In
the lumen of the small intestine, the
liquid content is burgundy

3.

Bsixups, came, 304 r / Columba palumbus, &, 304 g

Ha mee c¢ jopcanbHOW CTOPOHBI
KpoBOM3IMsSHME Ha Koxe. Ha
ueHTpaanoﬁ YacTH M IOJIHOCTBIO
C HpaBOﬁ CTOPOHBI remaromMma
GopsoBoro 1sera. Kuib rpyauHbl
GoppoBoro msera. B monoctu Tena
HEOOJIbIIOE  KOJIMYECTBO 3aMOpo-
JKEHHON KPOBSIHUCTOH JKHJIKOCTH.
Jlerkue TEMHO-BHIIHEBOIO BeTa,
KpaeBas 4acTb — pPO30BOIo LBETA.
I'ematomMa B JIEBOM BO3yXOHOC-
HOM MCENIKE, Ha I1I€€ YaCTHYHO
3arponyna 300 / Hemorrhage on
the skin on the dorsal side of the
neck. Hematoma of burgundy color
in the central part and completely
on the right side. The keel of the
sternum is burgundy. There is a
small amount of frozen bloody
fluid in the body cavity. The lungs
are dark cherry in color, the mar-
ginal part is pink in color. Hema-
toma in the left air sac, the neck
was partially affected by the goiter

MHOXeCTBEHHbIE KpOBO]/lSJ'IHSIH"S{Z KOXa uopcanm{oﬁ
CTOPOHBI 1I€H, IPYAHBIE MBILIIbI, KWJIb IPYJAWHBI, JETKUE,
BO3J[yXOHOCHBI/l MEILIOK, YacCTUYHO 300; KHJKOCTh B
TIOJIOCTHU TEJ1a. CHCTCMHOG pacc’rpoﬁc‘rBo TEMOANHAMUKHU
10 THUITYy HEPABHOMEPHOI'O KPOBEHANOJHEHUS BHY TPEHHUX
OpraHOB C SABJICHUSAMHU CTa30B H TpOM6006pa30BaHl/l${,
HapyUICHHEM NPOHHMIIAEMOCTH COCYIUCTBIX CTEHOK M Ha-
JIMYUEM JTUANICAC3HBIX KpOBOI/BJ’Il/lﬂHHf‘I, 04aroBbIX HEKPO-
OMOTHYECKMX M3MEHEHUH B TIAapEHXMMATO3HBIX OpraHax.
OuaroBasi dM(H3eMa, 04aroBbIi reMOpPPAarnYecKuil OTeK
nerkoro. OwaroBelii HekpoHedpos. Otek, remopparuu
MSATKHX MO3T'OBBIX oﬁonoqek, OTEK BECIIECTBA I'OJIOBHOI'O
Mo3ra. Mopdonoriuyeckue npu3Haki HOCTTUIIOKCHYECKOH
BHLIG(i)aJ'IOI'IaTI/H/I. KpOBO"SJ’IMﬂH"ﬂ B JICTKHX, KUJIEC IPyau-
ubl / Multiple hemorrhages: Skin of the dorsal side of the
neck, pectoral muscles, sternal carina, lungs, air sac,
partial goiter; liquid in the body cavity. Systemic disorder
of hemodynamics by the type of uneven blood filling of
internal organs with the phenomena of stasis and throm-
bosis, violation of the permeability of vascular walls and
the presence of diapedic hemorrhages, focal necrobiotic
changes in parenchymal organs. Focal emphysema, focal
hemorrhagic pulmonary edema. Focal necronephrosis. Ede-
ma, hemorrhages of soft meninges, swelling of the brain
substance. Morphological signs of posthypoxic encepha-
lopathy. Hemorrhages in the lungs, hernia of the sternum

Cucrema  KpoBOoOOparie-
HUS U TEMOCTAas3a, JbIXa-
TEJbHAsE CHUCTEMA; I'0JIOB-
Hoit wmosr / Circulatory
system and hemostasis;
respiratory system; brain

4. Coiika, 101 HE

omnpenenen, 218 r / Garrulus glandarius, gender not specified, 218 g

Kuib rpynusbl 60pioBoro 1pera.
C nopcanbHOl CTOPOHBI JIETKUE PO-
30BOro 1BETA, KpPaeBbI€ YYaCTKH —
TemMHO-BHIIHEeBoro neta / The keel
of the sternum is burgundy. The
dorsal side is light pink, the mar-
ginal areas are dark cherry

KpoBousnusnus B Jierkux, kuie rpyausst / Hemorrhages
in the lungs, hernia of the sternum

Cucrema  KpoBooGpaiie-
HHSI M TeMOCTas3a, AbIXa-
TeJbHAsE CUCTEMaA, KOCT-
ueie Tkanu / Circulatory
system and hemostasis;
respiratory system; bone
tissue

5. OObIKHOBEHHas TycTenbra, camka, 232 1/ Falco tinnunculus, 9, 232

9

Kuib rpynusbl 60pioBoro 1pera.
Jlerkne ¢ BEeHTpanbHON CTOPOHBI — C
y4aCTKaMH TEMHO-BUIIIHEBOI'O LIBETA /
The keel of the sternum is burgun-
dy. Lungs from the ventral side —

with areas of dark cherry color

KpoBousnusiHust B JIerkux, Kune rpyaunbsl / Hemorrhages
in the lungs, hernia of the sternum

Cucrema KpoBOOOpalLeHHs!
M TeMOCTa3a, AbIXaTeIbHas
cHcTemMa; KOCTHbIE TKaHu /
Circulatory system and
hemostasis; respiratory
system; bone tissue
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ITponomkenne Tadu. 2
Table 2. Continuation

2

| 3

6. Kantok, camka, 874 r / Buteo buteo, ¢, 874 g

B porosoit monoctu kpoBb. Kuib
rpyauHsl  GopaoBoro 1Bera. B
TI0JIOCTH T€JIa — )KUAKOCTh, CTYCTKH
MU JieJl TEMHO-BHIIHCBOI'O IIBETA.
CTeHKa BO3IyXOHOCHBIX MEIIKOB
KkpacHas. Tpaxes mponuTaHa Kpo-
BbIO, TIPOCBET CBOOOJICH. B x0oaHax
JKUJKasi KpoBb. Jlerkue BuULIHEBOTO
1BETA, JICBBIC JOJIM OKpalICHbI 60-
JIe€ UHTCHCHUBHO. Hpaxmqecxn JIn-
LICHBI Yy4YaCTKOB BOSI{yXOHOCHOﬁ
TKaHU. B poTOBO# mosnocTH sKuakas
kpoBb / There is blood in the mouth.
The keel of the sternum is burgun-
dy. In the body cavity — liquid,
clots and dark cherry-colored ice.
The wall of the air bags is red. The
trachea is saturated with blood, the
lumen is free. There is liquid blood
in the choanae. The lungs are
cherry-colored, the left lobes are
more intensely colored. They are
practically devoid of areas of vesic-
breathing tissue. Liquid blood in
the oral cavity

MHOXeCTBEHHBIE KpPOBOM3JIUSAHUS B pOTOBOﬁ 0JI0CTH,
Tpaxesx, KWJIE€ IPYyJIMHBI, JIETKHUX, BO3IAYLIHBIX MEIIKax,
cocyrax KOCTeH uepemna, B MOJOCTH Tena. Tokcudeckuit
110K B BUI€ CUCTEMHOI'O paCCTpOﬁCTBa TEMOJMHAMMKH 11O
TUITYy HEPAaBHOMEPHOT'O KPOBCHAIIOJIHEHHUS BHYTPCHHUX
OpPraHoB C SBICHHSMH MHKPOTPOMOOOOpa3oBaHust u
cliajika S3pUTPOLUTOB, HApPYIIEHUS IPOHUIIAEMOCTH COCY-
JUCTBIX CTEHOK C KPYIIHO- U MEJIKOOYaroBbIMU KPOBOHU3-
JIMAHUAMH BO BHYTPECHHHX OpraHax, J.II/ICTpod)MI/I n HE-
KPOOHOTHYECKUX U3MEHEHUH MapeHXUMATO3HBIX OPraHOB
/ Multiple hemorrhages in the oral cavity, trachea, sternal
hernia, lungs, air sacs, vessels of the bones of the skull, in
the body cavity. Toxic shock in the form of a systemic
disorder of hemodynamics in the form of uneven blood
filling of internal organs with microthromboformation and
erythrocyte sludge, vascular wall permeability disorders
with large- and small-focal hemorrhages in internal or-
gans), dystrophy and necrobiotic changes in parenchymal
organs

Cucrema kpoBooOpatie-
HUA M T€MOCTAa3a; JblXa-
TEJIbHasI CUCTEMA,; KOCT-
ubie Tkauu / Circulatory
system and hemostasis;
respiratory system; bone
tissue

7. 3umnsik, camen, 977 r / Buteo lagopus, &, 977 g

Ha OpromHoil cTeHKe JIOKaIbHOE
KPOBOM3JIUAHUE BHUIIHEBOI'O IIBETA.
Ha kuie ouaroseie KPOBOU3JIUAHUA
60plIOBOF0 nBera. B nonoctu tena
COJEPIKUTCS JKHUJIKasi KPOBb, CryCT-
KH U JIC]I TECMHO-BHIITHEBOI'O IIBETA.
[lox >xupoM B MOJIOCTH Teda oOHa-
pPYXX€H KpYIHbBIH CryCTOK KpOBU
BUIITHEBOTO IIBETA, SEIHOJ'IHSIIO]_HHﬁ
BCIO IIOJIOCTH T€lla B KayﬂaﬂLHOﬁ
4acTH. CTCHKa BO3QyXOHOCHBIX MEII-
KOB Ipo3pa4Has, 4acTh, IIpUJICTaro-
mast k JKKT, mpormrana KpoBbO).
XKemynok mycr, Ha paspese cepos-
HBIN ¥ MBIIICYHBIN CIIOM TIPONATAHBL
KpoBbl0. KyTnkyna He CHHUMaeTcs.
Cri3ucTas TOHKOTO KUIICYHHKA TH-
MepeMUpOBaHa. YYaCTKH IIECYEHH,
MIPUJIETAIOIINE K IKEIYJKY, MPOINu-
Tanbl KpoBbto / Local cherry-colo-
red hemorrhage on the abdominal
wall. On the hernia, focal hemor-
rhages of burgundy color. The
body cavity contains liquid blood,
clots and dark cherry-colored ice.
Under the fat in the body cavity, a
large cherry-colored blood clot was
found, filling the entire body cavity
in the caudal part. The wall of the
air sacs is transparent, the part
adjacent to the gastrointestinal tract

CucreMHOe paccTpOHCTBO I'€MOJMHAMUKM 110 THUITy He-
PaBHOMEPHOT'O0 KPOBCHAIIOJIHEHHUS BHYTPEHHHUX OPTaHOB C
SIBIGHUSIMU CTa30B U TPOMOOOOpa30oBaHus, HapyIICHHEM
TIPOHUIIAEMOCTHA COCYAUCTBIX CTEHOK W HAJIMYHUEM JHarie-
JIe3HBIX KPOBOM3JIMSIHUM U pasBUTHEM IHMCTPO(UUECKUX
HM3MEHEHHH B TIap€HXHUMATO3HBIX OpraHax. KpOBOHBJ’lHH-
HUS HHOUIBTPUPYIOIIETO XapakTepa B CepALE, CIUZUCTOH
u ceposr{oﬁ 00o004Kax JKEIIyiKa, )l(PIpOBOfI KJIETYaTKE
cpenoctenus / Systemic disorder of hemodynamics by the
type of uneven blood filling of internal organs with the
phenomena of stasis and thrombosis, violation of the
permeability of vascular walls and the presence of dia-
pedic hemorrhages and the development of dystrophic
changes in parenchymal organs. Hemorrhages of an
infiltrative nature in the heart, mucous and serous mem-
branes of the stomach, fatty tissue of the mediastinum

Cucrema  KpoBooGpaiie-
HUS U TeMocCTasa, JbIXa-
TENIbHASl CHCTEMa; IHIIE-
BapuTe/bHas cUCTEMa;
koctubie Tkauu / Circula-
tory system and hemosta-

sis; respiratory  system;
digestive system; bone
tissue
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Oxonuyanue Ta0J1. 2

Table 2. Continuation

1 2 3

is soaked with blood). The stomach

is empty, on cross-section the serous

and muscular layers are soaked with

blood. The cuticle is not removed.

The mucous membrane of the small

intestine is hyperemic. The areas of

the liver adjacent to the stomach are

soaked with blood

8. Kyprannuk, camel, JaHHble 1o Becy yrepsusl / Buteo rufinus, &, weight data is lost

Kenynok.  OuaroBo-muddysnblit | TokcHdeckni IOK — HEKPO3 CIM3MCTON oOomoukn xe- | Cucrema  KpoBoobpare-
HEKPO3, KPOBOM3IMSHUE CIIM3M- | Iy[KA, KPOBOM3IMSHUS B CIM3MUCTBIN, MBIIIEUHBIH U | HUS M TEMOCTa3a; MHMILE-
CTOH, OTEK BCEX CJIOEB JKEIYJKa, | CEPO3HBIH CIIOM jKelyiKa, KPOBOU3JIMSHUS 110 XOJly MOYe- | BAPUTEIIbHAS CHCTEMa; Ibl-
NHQUIBTPHUPYIOIIEE  KPOBOU3JIHSA- | TOYHMKA, MAIOKPOBHE MUOKAp/a, O4arn HEKPOTHUIECKOro | xarenbHas cucrema / Cir-
HHE B MBIIIEYHOM M CEPO3HOM | Hedpo3a B IOYKAX, MOHOLENIOUISPHBIC HEKPO3bl napeH- | culatory system and he-
cnosix.  Jlerkoe — momHOKpoBHe | xumbl medenn / Toxic shock — necrosis of the mucous | mostasis; digestive sys-

COCYJIOB Pa3IMYHBIX KaIHOpOB, ...
cenapanus KpoBHU. MenkoouyaroBsie
MHOECTBECHHbIE KPOBOU3JIUAHUA. ..
Maccsl JKUJIKOCTH B IPOCBETAX

membrane of the stomach, hemorrhages in the mucous,
muscular, and serous layers of the stomach, hemorrhages
along the course of the ureter, anemic myocardium, foci
of necrotic nephrosis in the kidneys, monocellular necro-

tem; respiratory system

otzenbHbIX  OponxoB / Stomach
Focal-diffuse necrosis, mucosal
hemorrhage, edema of all layers of
the stomach, infiltrating hemor-
rhage in the muscular and serous
layers. Light full-blooded vessels
of various calibers, ... separation of
blood. Small focal multiple hemor-
rhages... Liquid masses in the
lumens of individual bronchi

sis of the liver parenchyma

IIpencraBneHHbIc B Ta0N. 2 TaHHBIC CBUCTEIBCTBYIOT, UTO YCTAHOBJICHBI U3MCHE-
uust: 8/8 — cucremMbl KpoBOOOpaIlleHHsT U TeMocTa3a; 8/8 — apIxarenbHOl cucTeMsr; 7/8 —
KOCTHBIX TKaHeit; 3/8 — nuineBapuTebHON cucTeMbl; 2/8 — roJIOBHOTO Mo3ra.

CootHomienue (cM. TabJl. 2) 4aCTOT MOPAKEHUSI PA3HBIX CHCTEM OPraHOB IO3BOJIS-
€T YTBEepIK/JaTh, YTO MPU3HAKHK PEAKIIMU HA TOKCHMKAHT NPUCYTCTBYIOT HE TOJIBKO B KPO-
BEHOCHOM, HO ¥ B JIbIXaTEIbHON CUCTEME: Y BCeX 8 )KUBOTHBIX OTMEUYCHBI OTKIIOHEHHS €€
cocTosTHUSA, Ha (hOHE HApyIICHUHA CHCTEMBI KPOBOOOPAIIIEHHUS ¥ TeMOCTa3a U, y 7 0cobei,
KPOBOM3IMSHUIN B KOCTHBIC TKAaHH. [IopakeHUsI OPraHOB JKEITyI0YHO-KHIIIEYHOTO TPaKTa
OTMEYEHBI TOJBKO ¥ 3 0co0el (Kak 3€pPHOSIHBIX, TaK M XHIIHBIX), T.€. B OOJBIIMHCTBE
CIIy4aeB sii HE JOCTHTaN JKeIyIKa W KHUIICYHUKA IO HACTyIUIeHHs cMepTH. COBOKYII-
HOCTB JAHHBLIX MO3BOJISIET I10JIaraTh, YTO JJIS THOENIM MTHI] HEOOXOAMMO M JOCTATOYHO
MOCTYIJICHUE Tperapara B HOCOBYIO U POTOBYIO IMOJIOCTH, a IMOMAJaHUC B JKEIYIOK W
KHIICYHUK He 00s3arenbHo. TakuM 00pa3oM, y NTHII OCHOBHEIM ITyTEM BO3JCHCTBHSA
TOKCHKAHTa SBJSICTCS JbIXaTeNbHAs CHCTEMa, HO He MUIeBapuTeNbHas. UHCiIo BCKPHI-
THIX 3aHIIEB HEJIOCTATOYHO BEIMKO, HO, HAIIOMHHM, 4TO y 4 0CcO0ei, McCIeIOBaHHBIX B
CBBX HoBonnkomaeBckoro paiioHa, OTMEUEHO HAJIMYHE YEPHO-KPACHOTO HKCCyJaTa B
TPyIHOI MOJOCTH MPU OTCYTCTBHU FEMOPpAruil eayAKa U KUIICYHHUKA, T.C. TAKXKE ue-
pe3 IBIXaTeNbHYI0 CHcTeMy (POTOBast M HOCOBAS TOJIOCTD C MOCTYIICHHEM B KPOBEHOC-
HYyIO cucTeMy). PasymeeTcs, Helb3sl MCKIIFOUHTD MOMATaHHe HEKOTOPBIX KOJIUYECTB si/a
IIPY MIPUKOCHOBEHHH SI3BIKOM C MOCIEAYIOLIel abcopOuueil U momnajgaHieM B KPOBEHOC-
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Hyto cucteMy. Ho Takoil myTe oTpaBieHHs HE OOBSICHAET NPHCYTCTBUE HAPYIICHUH
MMEHHO B JIbIXaTeJIbHOW CHCTEME Y BCEX )KUBOTHBIX.

MexaHu3MoM NosiBJIeHHs Takoro 3ddekra sBisieTcss 00U A TUKUX )KUBOTHBIX
CTEPEOTHIT KOPMOBOTO TTOBE/ICHHUS: KaK 3BEPH, TaK W TTHIILI AT He Bee moapsa (He Kak
OJTHOPOJIHYIO TMHIY K3 KOPMYIIKH), a MPUKACAIOTCS, TepeOrparoT, BBIOUPAst MOIX01s-
tiee. Pasymeercs, Ipu 3TOM OHH MHOTOKPATHO BJBIXAOT MpEMapaThl, MOMAaBIIHE Ha 3ep-
HO W/WITH TpaBy /WM TYIIKH MBINICBUAHBIX. VI3 aHATM3a pe3yIbTaTOB BCKPBITHS CIICIY-
eT, uTo pacueT LDsg At IUKUX KUBOTHBIX HYKHO MPOM3BOANTH MCXOJs U3 Mpeoldiiaia-
HUS IOCTYIUICHHS TOKCHKAHTA Yepe3 JbIXaTelbHYI0 CUCTEMY, a HE THIIEBAPUTENBHYIO.

MpbI yOEKICHBI, YTO BaKHEHIINM (DAaKTOM, KOTOPBIH yIaJIOCh YCTAHOBHUTH OJraroza-
Psl MHOTOYHCIICHHBIM BCKPBITHSIM MOTHOIINX JKUBOTHBIX, SIBIISICTCS HEJIOCTATOUHAS H3Y-
YEHHOCTh MyTel MOCTYIUICHHSI TOKCUKAaHTA. Pe3ynbTaThl MATAHATOMHYECKUX BCKPBITHIA
JIOKa3bIBAIOT BO3MOXHOCTh OTPABJICHUS JUKUX JKHBOTHBIX U COOAK (CM. HHKE) HMEHHO
[IPY BJIBIXaHUU M CIIM3bIBAHUM TOKCUKAHTA — PU 3TOM JI03bI, IOJy4aeMble )KUBOTHBIMH,
HAMHOTO HM)KE TeX, KOTOPBIE MOT'YT TIOCTYIIHTh P MOSTAHUK TIPUMaHKH.

Hanuune OpomannosioHa MOATBEPKICHO XMMHYECKUM aHanu3oMm B JlabopaTtopuu
XUMHYECKUX HcclenoBannid ne3nHdexnnonabx cpeacts ®BYH HUU [lesundexTomno-
ruu Pocriotpebramzopa (tabn. 3). Ero npucyTcTBHE YCTAaHOBICHO B TKaHSX BHYTPEHHHX
OpraHoB TOTHOIIMX NTUI (KypraHHHK, YIIacTasi COBa, KaHIOK, KIMHTYX, TOJIEBKa U3 3002
cosl). Cpemnne 3nadenus (0.005 — 0.05 mrk/r, ato coorBerctByet 0.005 — 0.05 mr/kr) y
IITHI] OY€Hb MAJTbl U BIBOE HIDKE HAOIIOIABIIErOCs y MOJEBKH U3 Toi xe Beioopku (0.09
Mrk/T, cootBercTByeT 0.09 Mr/Kr). YUHTBIBasI, UTO 0 XUMHYECKOTO aHalIn3a TPYIbl 6o-
nee 6 MecsIeB XpaHWIN B 3aMOpOkeHHOM cocTostHun (kapantua 2020 T.), Hemb3s wc-
KJTFOYMTh YaCTHYHBIN pacmaj] TOKCHKaHTa. B TO e BpeMst Hccie0BaHus KabaHoB, moe-
JI@ABIIKX OTpaBieHHbIe npumanku (Morriss et al., 2005), mokasano, 4To KOHIEHTPALIUH
TOKCHKAHTOB B TKaHsX nedenu Bapbupoamu oT 0.005 mo 0.46 mr/kr. OmHako mpu crie-
[MAIFHOM OTpPAaBIICHHH KaOaHOB Bap(papHHOMOMOOHBIMH COeTUHEHUAMHU (BEIIECTBO HE
yKa3aHo) B COCTaBE TBEPJBIX MPHMAHOK X COIACPKAHUE B TKAHAX (HE yKa3aHO KaKhX)
MOTHOIINX KMBOTHBIX OBLIO CYIIECTBEHHO BHImIe U BapbupoBamo ot 0.93 mxo 8.06 mr/kr
(Poché et al., 2018).

HemHorouunciieHHbIE JAHHBIE O KOJIMYECTBE aHTHKOATYJISIHTOB B TKAHSIX MOTHOIINX
JKMBOTHBIX COOTBETCTBYIOT MOJYYCHHBIM HAMHU WJIM TPEBOCXOJIT MX. Pazymeercs, pac-
npe/eneHie TOKCHKAHTOB B TKAHSAX Pa3HBIX OPraHOB HE MOXET OBITh OJIMHAKOBO IAXe y
Npe/ICTaBUTENe OHOTO BHIA W, TeM OoJiee, OJDKHO 3aBHCETh OT THUIA MPHUMAHOK
(TBepmBIE MITH TIOPOIIKOOOPAa3HbIe) U BHIa TOKCHKAHTA.

[pu uccnenoBannu BaphapuHOMOI0OHBIX COSMHEHHI B KPOBH 4YesoBeka (3axapo-
Ba u 1p., 2019) npenen oOHapykenus cocraisut 0.2 Mr/i mpu auamna3oHe KOHIEHTpa-
muit 0.5 — 2.0 mr/i. B esmom ToT (hakT, YTO MOMyUEHHBIE UTS TITHI] 3HAYECHUS OKa3bIBa-
FOTCS HIDKE, YeM JUTS YelIOBEKa, MOKHO OOBSICHUTH 00Jiee BBICOKOH YyBCTBUTEIHLHOCTHIO
HEKOTOPBIX MpencTaBuTesel aBudayHbl K HATMYMIO TOKCUKAHTOB. Tak, Hampumep, uc-
CITCTOBAHUSI OTPABJICHHWI XWIIHBIX NTUI (aMEpHKAHCKas WM BOPOOBHMHAS ITyCTENbra,
Falco sparverius) mo3BossieT roBOpuTh 00 UX OOJIbIICi YyBCTBUTEIBHOCTU K AUDAIH-
HOHY, 4eM y KpsKoBbIX yToK (Anas platyrhynchos) (Rattner et al., 2011).
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Taomuna 3. Konuenrtpauus OpoMasioioHa B TKaHAX, OTOOPAHHBIX U1l XUMHUYECKOTO UCCIIeI0Ba-
HHMS IIPH BCKPBITHH
Table 3. Bromadiolone concentration in tissues selected for chemical analysis at autopsy

No/ Konuenrpauwus / Concentration MecTo B mHIEBEX emsix /
N_O Bun / Species Uamepenns C, mg/l / | Cpemnee C cp, mg/l/ | X, mxr/r / Place in food chains
) Measured C, mg/L Mean C, mg/L X, Ho/g
1 |Kyprammuk Buteo 0.04758
rufinus 0.04859
0.05208 0.05120 0.015
0.04859
0.05916
2 |Kamrok Buteo buteo 0.02286
001339 KOHCyMeHTLI 2'1"0 opsana-
0.01750 0.02006 0012 |2 Heueremuie mut /
0.02315 Consumers 2_nd order
0.02336 non-target species
3 |Vmacras cosa Asio 0.08001
otus 0.06968
0.07814 0.07644 0.047
0.08005
0.07431
4 |[lonéBka u3 *Ke- 0.10430
?YﬂKa %OBH / VOlﬁ 0.10621 KoHcymeHT 1-ro mopsjka
rom the stomac 0.10100 nenesoit Buj / Consumer
of an owl 0.00072 0.08470 0.093 1o the 1st order target
0.09311 species
0.10286
5 |Kmuaryx Columba 0.01071
oenas 0.01052 Komcyment 1-ro mopsimka
0.01086 nernenesoit Bum / Con-
0.01396 001043 0005 Ismer of the 1st order
0.00923 non-target species
0.00727

Takum o6pazom, (1) ¢akr orpaBieHHs OPOMaIMOIOHOM OBUT TOATBEPKICH Ha
OTULAX OBYX TPOPUUECKUX YpPOBHEH, (2) MONyYCHHBIC MaHHBIC [O3BOILIIOT IIPEAIOIa-
raTh, YTO JICTAIBHBIC O3Bl JUIS ITHI CYLICCTBEHHO HIDKE OIMMCAHHBIX IS TPBHI3YHOB,
YTO, COIJIACHO NMPUBEICHHOMY BBILIE aHAIN3Y MPOTOKOJIOB BCKPBITHI, MOXKET OBITH CBS-
3aHO C MIOCTYIUICHHEM Iperapara yepes AbIXaTeIbHYI0 CHCTEMY.

Eme B 2006 — 2011 rr. Ha Teppuropun borannueckoro cajga MOCKOBCKOTO rocy-
JlapcTBeHHOro yHuBepcutera uM. M. B. JlomonocoBa UIT19D PAH 3aduxcuposain ¢dak-
ThI HEPETJIAMEHTHOTO IpuMeHeHus poaeHtunaoB (Epodeesa u ap., 2021). B nporoko-
7ax BCKPBITHH 8 moruOumx cobak W3 KOJUICKIHH MHCTUTYyTa HE YIOMSHYTHI KPOBOM3-
JMSHUS B TIHIIEBOJIE, JKEMyAKE, KHIIEYHHKE, HO OMMCAHBI TEMOPPArky B JIETKUX, KPOBS-
HHCTas JKUJKOCTh B JIETOYHOW IOJIOCTH, OOUIMPHBIC COCYAMCTBIC W3MEHEHHs, MHOTIa
OTEeK MO3ra. JTO MO3BOJISET YTBEPXKAATh, YTO, KAK M y YaCTH NTHUII U 3aillieB, MOCTYIIe-
HHE TOKCHKAHTa MPOUCXOIUIO MO0 MPSIMO B CHCTEMY KpOBOOOpalieHHs (BCachlBaHUE
4yepe3 CIU3HCTYI0 POTOBOM M HOCOBOM MOJOCTE#), MO0 B AbIxaTenbHble myTH. OTBET-
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CTBEHHOCTh* 3a He COOTBETCTBYIOIIEE IPaBUIaM NPUMEHEHHE IIPENapaToB Ha OCHOBE
OpomasinosioHa mpuHsia Ha cedsl rocyapCcTBeHHAs iepaTH3aloHHas cTanims. OnHako
3arpera Ha oOpalieHue 0B He ObLIO, Pa3bsCHUTEIbHYIO PabOTy C COTPYAHUKAMHU HE
BeITH, U €Ille TPU T0J1a MPOUCXOIUIO HEPErJIaMeHTHOE IPUMEHEHHE 108 (ChIany UX Ha
TPYHT) AJIS COKPAIIIEHHS IOTOJIOBbS MBIIICBUIHBIX TPbI3yHOB. [locie rubenu eie 4 co-
0ak ymanoch IOOWTHCS IpEKpalleHus] IPUMEHEHHs $/10B, Ojlarofapsi CCbUIKE Ha Jei-
creosasmmii Torna Can-ITun (CIT 3.5.3.1129-02)° — noo3peHue Ha OTPaBJIEHHE TOYBbI
paccMaTpHMBanOCh Kak upe3BblYaiiHas cutyauus. B coBpemenHoMm Can-Ilun (CII
1.2.2584-10) (I'urnennueckue tpeboBanus..., 2010) Takue onpemencHUss 1 HOPMBI Jeii-
CTBUH OTCYTCTBYIOT.

Takum 006pa3oM, pe3ynbTaTbl MATOJIONOAHATOMHUYECKHX MCCIECIOBaHMH TpeOyroT
0c000ro BHUMAaHHSI K M3YYEHMIO IyTeH MOCTYIUICHUS aHTHKOAryJISHTOB B OPraHHU3MBI
JKMBOTHBIX M, YTO HE HCKIIOUEHO, PEBU3UHM COBPEMEHHBIX IPEICTABICHHH 00 OLCHKE
JIETAIBHBIX JI03.

Oﬁcymeﬂne — HCTOPHS H COBPEMECHHOCTH NIPUMECHECHUA POACHTUIIUI0B

Jo Hayaja MHMPOKOro MPHMEHEHHWsS aHTHKOAryJITHTOB Hauboyee pacripoCTpaHCH-
HBIM POJCHTUIMAOM ObuT pochu uHKa (MarHus, aJlOMHHUS) — TP CMAYMBAHUH BbI-
nemsiercst pocduH, omacHsI AT BCEX KMBOTHBIX, BKIIOUYas HaceKoMbIX. Docduasl Be-
IyT K OBICTPOi THOENH KUBOTHBIX, HO OHU OONAJal0T PE3KUM BKYCOM M 3alaxOM, UTO
JeaeT BO3MOXKHBIM aIaNTAIMI0 K X IPUMEHEHHUIO: TPBI3YHBI, MOTYYHBIIAE MAJIBIC J0-
3bl, MOTYT BBDKUTh U HAUMHAIOT M30erath npuMaHky. [IoMiuMo Toro, pabora ¢ HUMHU Tpe-
OyeT mpodeccHoHaNIN3Ma U CTPOrOro COONIOCHHS NPAaBHI TEXHUKH OS30MacHOCTH MPH
XpaHEeHHUH U UCTIONb30BaHUH (OHM JIETKO AKTUBUPYIOTCSI TIPU YBIAXKHCHUN U TIOPTATCA), B
OTJIMYHE OT aHTHKOATYJSIHTOB, TO3TOMY B HACTOSIIIIEE BPEMST IPUMEHSIIOTCSI PEXKe.

JleTanpHbIA aHaNU3 Pe3yJbTATOB NMPUMEHEHHUs Pa3HBIX BUIOB POJICHTHLHUIOB CIE-
JIaH TOYTH JIBa JEeCATHICTHs Ha3aj DpukcoHoM u Ypbaunom (Erickson, Urban, 2004). B
pabote «IloTeHIMATBHBIA PUCK 9 POACHTULUIOB Ul NTHUIl H HELEIEBBIX MICKOIHTAIO-
IIX», BBIIOJTHEHHOHN MO 3aka3dy AreHctBa oxpanbl nmpuponsl CIIA, mpoBenen anamms
MepBUYHOTO (IPSIMOE TI0EAaHKe) U BTOPUYHOTO (moeaanne JOOBIYH WK TIaIa)TH) PUCKOB
MPUMCHCHHST TOKCHKAHTOB. VI3y4aii aHTHKOATYJISTHTHI Pa3HBIX IIOKOJICHHI U HHBIC Ipe-
naparsl. Ucnons3osanu nrui (6osee 80 BuaoB) u muekonutarommx (6oxee 50 BumoB).
[TpoBeneHO CpaBHEHHE CMEPTHOCTH B 3aBHCHMOCTH OT Crioco0a moTpebieHus, J03HI,
KOHIICHTpAIMK B IpHMaHKax. Kak ¥ cieqoBano 0XujaaTh, MAKCHMAbHBIN MEPBUYHBIN
PHCK M y NITHIL, U y MIEKONHUTAIOIMX HaOmoaancs i Gocdraa unHKa. A BOT C TO3U-
[[Hif BTOPHYHOTO pHcKa (Gochua MUHKA OKasalics MeHee omaceH (ObICTphINA pacman), B
omnune ot 6poaubakyma u audernanona (Erickson, Urban, 2004). CpasHenue mep-

4 B 2008 r. mst rocyJapCTBEHHOM JepaTH3alMORHOM CTAHIMKU ObLIO JOCTATOYHO ONUCAHMH
BCKPBITHI )KHBOTHBIX, HOTMOLINX B 30HE MPUMEHEHHUSI TOKCHKAHTA.

5 B ciyyasx BO3HMKHOBEHHs YPE3BBIYAMHBIX CHTYyallWi, CBA3aHHEIX C OTpaBieHHEM (MOJ0-
3pEHHEM Ha OTpaBJIEHHE) JIFOJEH, 3arpsA3HEHHEM MOMEIIEHHUH, aTMOC(EPHOrO BO3/yXa, MOYBHI,
HEMEJIEHHO M3BEIAETCs OpraH, YIOJHOMOYEHHBIH OCYHIECTBIATE (helepaibHbIil rOCy1apCTBEH-
HBI CAHUTAPHO-3IHAEMHOIOTHYECKHUI HAI30P.
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BHUYHOT'O M BTOPUYHOTO PHCKa OKa3aJOCh BECbMa HHTEPECHBIM U TpeOdyeT 0coboro mox-
XO/Ia TIpH aHau3e Onoaorudeckoro 3dexra poAeHTUIINIOB.

TOKCHKAHTBI PA3IMYAOTCS TTO0 BBIPAKCHHOCTH MEPBHYHBIX M BTOPUYHBIX PHCKOB.
OTH pasznuuusi HeOOXOMUMO YUHTHIBATH MPHU IUIAHMPOBAHHK M MPOBEACHHH 0OpabOTOK
oT TpbI3yHOB. [IpencraBnsercs BeChbMa BEPOSTHBIM, UTO ISl COXPAHEHUS €CTECTBEHHBIX
9KOCHCTEM 0oJiee BaXKHBIM SBISIETCS HE MpsiMasi TOKCHYHOCTh MPEMapaToB, a CKOPOCTh
UX pacraja, T.c. CHI)KCHUE PUCKOB BTOPUYHBIX OTpaBieHud. Henb3st 3a0bIBaTh, 4TO elie
JBaJLATh JIET Ha3aa ObUTM paboThI, TOKa3bIBaBLIME IPEUMYILECTBO (HOCPUAOB 1O Cpas-
HeHuto ¢ cynepBapdapunamu (Staples et al., 2003). Takum 06pa3om, EPBHYHBINA PUCK,
0COOEHHO I MJIEKOITUTAIONINX, JOCTATOYHO BBICOK BO BCEil JIMHEIKe IMepedrcIeHHBIX
BemecTB. Ho puCKH BTOPHYHOTO OTPABJICHUS HECONOCTABHMO BBIIIE NPHU NPHUMEHEHUH
AHTHKOATYJITHTOB 2-TO TIOKOJICHHUSL.

Ha Tepputopuu CIIIA u EBponeiickoro Coro3a BBEICHB OTPAaHUUEHUS TI0 TIPHMeE-
HEHHUIO POJICHTHUIIMIOB, YTOOBI CHU3UTh PHCK s HeueneBbix BHIOB (Risk Mitigation
Decision for Ten Rodenticides, 2008). O6cyskmaercst MOJTHBIN 3ampeT Ha MPUMEHEHHE
AHTHKOAryJITHTOB BTOPOTO TOKoyeHus B Benukobpuranuu (Wade, 2021).

B 2011 r. B P® 6bumn paspemensl 18 mpenaparoB — aHTUKOATyJITHTOB 2-TO TTOKO-
JICHHs Ha OCHOBE MPOU3BOJHBIX OKCHKyMapuHa (Opomudakyma, 6Gpomanuonona u ¢io-
KyMadeHa), MPOU3BOAHBIX U H30MepoB (eHannHa (Skosne, badwuy, 2011). AnTHKOArY-
JSTHTHI 1-TO MOKOJIEHHs TAkKe HaXOAATCS B CBOOOXHOH mpopaxe. B Hactosmiee Bpems
CIIMCOK pa3pelIeHHBIX JOIOIHEH MpernapaTaMi Ha OCHOBe (oc(hHIOB IMHKA, aTFOMHHUS
W MarHus1, OTHOCSAIIMMUCS K ITperapaTaM ObICTPOro NeHCTBHAL.

HamoMHuM, 4TO NOATBEpXKIEHUE HAINYMS aHTUKOATYISIHTOB 2-TO IOKOJICHUS Tpe-
OyeT crennaabHOro 000pyAOBaHUS, OTCYTCTBYIOIIETO B OOJIBIINHCTBE KIMHHUK U TOKCHU-
Kojorudeckux Jjaboparopuii PD. XuMHKO-aHAIMTHYECKHE WCCIEAOBAaHUS B Hallen
CTpaHe JI0 HACTOSILEr0 BPEMEHH IMOCBSIIEHBI OLIEHKE COOTHOIICHHS Pa3IMYHBIX CyIep-
BapdapuHoB B mpumaHkax (Anapees u ap., 2019). OtedecTBeHHBIX PabOT MO U3YUYCHHIO
COJIepKaHUs STHX TPENapaToB y uenoBeka u xuBOoTHbIX B WOS (Web of Science) ne
HaizeHo, xoTa I'. M. anctsn ¢ coaBropamu (2020) ynmoMHHAIOT 0 TOKCHKOJIIOTHYECKOM
HCCIIeA0BaHUU OOJBHBIX TIPH MacCOBOM OTpaBlicHUH. [IpucyTcTBHE CynepBappapuHOB B
npobax KpoBH yesoBeka obcyxaaercs ['. B. 3axapoBoii ¢ coaBropamu (2019).

Hamboiee pacmpocTpaHeHH mpemapaTsl Ha OCHOBE OpoMannojioHa U Opomudaxy-
Ma. VIX NpUHATO CYMTATh HpenapaTaMyd KUIIEYHOIO AEHCTBHS, COUCTAIOLIMMH KOMOH-
HUPOBAHHBIA MeXaHU3M ¢ ocTphIM 3dexToM. ITo ocTpoit TOKCHIHOCTH MIPH BBEICHUHU B
XKEITyJOK OTHOCSTCS K YPe3BBIYAHHO onacHbIM BemiecTBaM. Kak u y Bapdapuna, oT™e-
YEeHO KOXHO-pe3opOTuBHOe neiicteue (MBanuikas u ap., 2011). JIso (metansHas no3a)
OpoMasMoIoOHa Yy MIIEKONHUTAIOUIMX BapbUpyeT Ha TOPSAKH: Uil KabaHa cocTaBisieT
3wmr/kr, a s xkpeic 150 mr/kr (Poché et al., 2018). B nocneame ropl MPUHATO YIUThI-
BaTh xponuyeckoe JI/Iso: OHO cocTaBisier s Kponuka — 1 Mr/Kr, Jis TOMaliHe# CBHU-
HbM — 3 Mr/kr, Juis uelwisAT — 5 mr/kr, a s gomainHer komku 25 mr/kr (I"ammsmosa,
2022; bpomasauonon, 2021).

[TocnenHue naHHBIE CBUAETENBCTBYIOT O BO3MOXKHOCTH Bo3zaeicTsus Ha [IHC npu
OTCYTCTBHH BBIPaXKEHHOTO TeMouTHYeckoro curapoma (Feinstein et al., 2017; Wang et
al., 2017; Zuo et al., 2019), 9ro COOTBETCTBYET HAIINM HAOIIOAEHUAM MPH THOENH cO0aK
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nuromuuka B 2006 — 2011 rr. u pe3ynbTaTaM BCKPBHITHH — B IByX Cllydasix ObUIM ycTa-
HOBJICHBI ITATOMOP(OJIOTMIECKHE TPU3HAKU MOPAKEHUS TOJIOBHOTO MO3Ta.

YT0 erire U3BECTHO MPO MPAKTHUKY U CIEACTBUS MIPUMEHEHHS aHTUKOATYIISIHTOB 2-T0
MOKOJICHHUS ?

Emie B meBstHOCTBIX romax (C pacHIdpeHHeM MPUMEHEHHs STHX POACHTHIINIOB)
OIMUCAHbI OTPABIICHHUSI TONyOeH M KypOIaToK, CephIX Ianeib, BOAOIUIABAIOIINX M XHUII-
ueix trur (Lamarque et al., 1999; nwur. no: Guitart et al., 2009), nucui u packiieBbIBa-
foux ux opios (Antoniou et al., 1996; uut. no: Guitart et al., 2009). Orpasnenue npu-
3HAHO PHUYMHOMN rHOeH MoIOBHHE (52.6%) MMKMX MTHIL, MOCTYIUBIIMX HA TOKCHKOJIO-
ruveckuii aHanu3 B ['permmu 3a 6 srer (Antoniou et al., 2005; mur. mo: Guitart et al.,
2009). Bropoii 1Mo pactmpoCTpaHEHHIO TPYIIION KUBOTHBIX, CHCTEMATHIECKHA THOHYIIINX
IpU IPUMEHEHUH POJEHTHIIMIOB, NPUHATO CYMTATh 3aiineoOpasueix (Edwards et al.,
2000; mur. mo: Guitart et al., 2009).

[epenady aHTHKOATYJSIHTOB B MHUIIEBBIX IEMAX YIOMUHAIN HEOMTHOKPATHO, B pas-
HBIX CTpaHax M Ha pa3HbIX KoHTHHEeHTax (Morriss et al., 2005). Haubonee emkoii mpen-
crapisiercst pabota G. Joermann (1998), Bkmrovaromas cOOCTBEHHBIC AaHHBIC U 0030D
pabot B pa3HbIX cTpaHax 3a 40-netHuii nepuox (1955 — 1995 rr.). CpaBHUBaNHU JeTANb-
HOCTh POACHTHLUIOB JUTS XHIIHUKOB M MMaJANBIIHUKOB MPH MOSIAHUH TPHI3YHOB, MOJY-
YaBIINX OTPABJICHHBIC MPUMAaHKH. Pe3ybTaThl HCCICIOBAHHS OKA3aJIHCh MapagoKcab-
Hbl. HanmeHee onacHBIM Uil XMIIHUKOB M TaJaJIbIIUKOB OKa3zaiucs Gocul HUHKA: He
OBUIO BBISBICHO THOEIH ITOJONBITHBIX )KUBOTHBIX HPH MOSIAHUH UMH TPBI3YHOB, OTPaB-
JICHHBIX OTUM POACHTHLHUIOM, XOTS U PErHCTPUPOBAIKCH CIy4ad MHTOKCHKAIMH, YTO
MOATBEPXKIAIOT U coBpeMeHHbIe paboTsl (Hinds et al., 2023). HanpoTuB, aHTHKOATYJIsSH-
TBI 2-T0 TIOKOJIeHus (Opoandakym, 6poMaaronoH, aupeHakym U GpaokymadeH) BbI3bIBa-
JI1 THOEITh TIOIONBITHBIX MTHI] TIOCIIE X MUTAHUS OTPABICHHBIMU IPhI3YHAMHU B TEYCHUE
BCEr0 HECKOJIBKHUX THEH, B UCKIFOYUTEIbHBIX Clydasx — 1 JHs, a MICKOMUTAIONIHX CITy-
crsa 3 mus (Joermann, 1998).

CoBpeMeHHbIE HCCIeJOBAHMUS MOATBEPKAAIOT (aKThl MEpeaud POJACHTHIIUIOB 110
NHIICBBIM LEMsIM. AHTHKOATYJISHTBI, MPEUMYIIECTBEHHO BTOPOTO MOKOJEHHs, 0OHAPY-
*KeHbl Yy 68% wu3 344 uccrnemoBaHHBIX XUINHBIX ITHI] U MIEKOMUTAIOMUX B Mcmanumn
(L6pez-Perea et al., 2015), HaiineHHBIX MEPTBBIMH WM arOHH3UPYOIMMA. bpomaano-
JI0H 1 OpomanudakyM, HCIOIB30BABIINECS IS OOPBOBI ¢ TPHIZyHAMH, OIIPEIEIEHBI KaK
npuunHa rubenn kootor (Canis latrans), peiceit (Lynx rufus) m mymser (Puma conco-
lor) (Riley et al., 2007; Uzal et al., 2007; Serieys et al., 2013; our. mo: Poessel et al.,
2015).

MHoroneTHue HCCIEIOBaHMA KyHbHX Ha COJICp)KaHHE aHTHKOAryJITHTOB-
POMEHTHIUIOB 2-T0 mokodeHus mposenensl B Januu (Elmeros et al., 2018). Usyuanu
TKAHU KABOTHBIX, COUTHIX aBTOMANIMHAMH M YHHYTOXXEHHBIX MpPHU 3aIUTE JTOMAIIHEH
OTHUIE! (BHYTPH MOMELICHHH U B pamuyce 25 M OT HUX). Y CTaHOBJIEHO, YTO CIEIbI ITHX
BEI[ECTB NPUCYTCTBYIOT B TKaHAX y 99% kamenHbIx kyHul (Martes foina, n = 71) u 90%
necHblx xopbkoB (Mustela putorius, n = 69). B Mcnanun BcTpedaeMocTh cynepBapda-
PHHOB B TKaHSAX JUKHX KHBOTHBIX — KOHCYMEHTOB 2-TO THOPSJKA, HOJOXUTEIBHO KOp-
penmpyer ¢ ypbanusaiueit (LOpez-Perea et al., 2019), T.e. ¢ UX HCIONB30BaHHEM TOPOJI-
CKHMH KUTEIIMH U hepMepamu.
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Taxkum 00pa3zoM, ONTaCHOCTh AHTHUKOATYJISTHTOB JUISA HEIEJIEBbIX BUIOB TECHO CBSI3a-
Ha CO CJIOXWBIICHCS MPAKTUKONW WX MPUMEHEHHS U OTCYTCTBHEM NPO(ECCHOHATIBHOTO
KOHTPOJIS. DTO TaKkKe 03HAUYaeT, YTO HAXOJSIIIMECS B OTKPHITON Mpoaaxe IIHPOKOI0-
CTYIIHBIE TOKCHKAHTHI IOCTYNAIOT B IPOIYKTHI MUTAHUS U MEPEXOIAT K YETIOBEKY.

CynepBapdapuHbl 1 YeJI0BEK

[Ipsimoe TokcHueckoe BO3IEHCTBUE CynepBaphapuHOB Ha 4eJoBeKa MEHee BbIpa-
JKeHo, ueM Ha cobak (Ruiz-Suarez et al., 2015), uTo He UCKITIOYAET KyMYJISIUU U OTJIO-
JKeHHBIX 2 pekToB. CyliecTByeT nepeaaya OpoMaauoioHa B MHUIIEBbIE IPOIYKTHI Yeio-
BEKa — OHU MOTYT IIPHCYTCTBOBaTh B Mosioke. B IlIBelinapin pa3padaTbiBaloTCS METOIBI
UX JETEKIMH B KyJbTypax Horypra myteM moadopa OakTepuaibHBIX KYyJbTYp, MpeKpa-
MIAIONIMX POCT B pHCYyTcTBHU Opomauoionos (Hathurusinghe, Ibrahim, 2012, 2016).

B 2000 — 2003 rr. Lientpst orpaBnenust CIIA coobummm o 65891 crnyyae paznuy-
HBIX OTPAaBJICHUH aHTHKOATYJSHTaMH — POJICHTHIHMIAMH JUIUTENBHOrO nedcTBust, 96%
W3 KOTOPBIX ObUTH ciydaiitasivu. [IpeoGnamanu oTpasienns neteii — B 89% (Caravati et
al., 2007). B apyrux crpaHax 3aperdCTPHPOBAHBI IPSIMbIE OTPABIICHHS JTIOEH POIECHTH-
UIaMH — HO, 10 HOCIEIHUX IBYX-TPeX JIeT, aHaIu3 ObLI OrpaHHYeH CIy4asiMU CYHUILU-
JIOB U CIy4YailHBIX OTPABICHUH, IPH KOTOPHIX YCTaHOBJIECHHE TOKCUKAHTA HE TpedyeTcs u
He MPOBOAMTCS. AHAIN3 U3MEHEHHUS YaCTOThI UCIIOJIb30BAHMUS POJCHTHIIM/IOB B KAYECTBE
sia TIPH CYUIMIC B MPOBUHIMK XyOeH Mmoka3an Bo3pacTaHUe Yucia ciiydacs oT 5.6% B
1957 — 1982 no 19.7% B 1999 — 2008 rr. OTpaBicHHS JIIOJCH POACHTUIIUIAMA COCTAB-
JISIFOT CYIIECTBEHHYIO JIOJII0 IPUYMH cMepTH He Tosibko B Kutae, Ho u B CeBepHoii 1n-
muu (Liu et al., 2009). [TogpoGHO OIMECAHBI KIMHUYECKUE CHMIITOMBI B MIEPHOJ MPEObI-
BaHUs B CTallMOHApe, jiedyeHue (300HuH u 1p., 2013). CaenaHo naToaoroaHaTOMHYECKOe
OIMMCaHHEe W3MEHEHHH TOJIOBHOTO MO3ra HpH OTpaBieHHH pojaeHTHuunamu (MBnea u
ap., 2018), ecthb ormmrcaHne METOJAMH MarHHTHO-pe30HaHCHON Tomorpaduu (Wang et
al., 2017). MpaBuinbHOE OIpe/elicHHe OTPABICHHUs POICHTHIMIAMH-aHTHKOAT Y ISTHTAMHE
OCJIOXHSETCSI KaK OTCYTCTBHEM JIETKOI'O JOCTyIa K HEOOXOJMMOMY BBICOKOTOYHOMY
000pYyJIOBaHUIO, TaK M HEZOCTATOYHON OCBEJIOMIICHHOCTBIO MEIUKOB O BO3MOXKHOCTH
orpasienus (Chong, Mak, 2019).

OtpaBiieHUs] PONSHTHIMIAMH 3aperHCTPUPOBAHBI Ha BCEX KOHTHUHEHTaX. LleHTp
oTpaBieHui B MumHoiice onuchIBaeT pe3koe BO3pacTaHHE YMCiia MalUeHTOB C KPOBO-
TOYMBOCTBIO Pa3HOM STHOJIOTHHU: Y BCeX 00CIIe/IOBAHHBIX OTMEUYCHBI CyOJIeTAIbHBIE TO3bI
Opoxudakyma, u/nmu audpenakyma, u/mim 6pomaauonona (Devgun et al., 2020). B Ca-
MapcKoil U YIbSHOBCKOH 00nacTsax mpou3ouuio MaccoBoe (80 ycTaHOBICHHBIX MalUCH-
toB B 2019 r.) oTpaBneHue moacoaHeuHbIM MacsioM ([anctsH u ap., 2020). Macno Oswu10
M3TOTOBJICHO C UCIIOJIB30BaHUEM CEMSIH IOJICOJTHEYHHKA, 00pa0OTaHHBIX POIACHTUIINAA-
MH. Y BCeX IalMeHTOB HAOIIOMAJCS TeMOPParndecKhii CHHAPOM pPa3HOW BBIPaKCHHO-
CTH. AHaNu3Bbl, CeNaHHbIe Y YaCTH MalUeHTOB, MTOATBEPIMIN HAMYHE aHTUKOATYJISH-
TOB B KPOBH U HICIIOJIb30BAaHHOM MacJe.

CpaBHUTENBHBINM aHAJIM3 OTPABICHUI IOKA3bIBAET, YTO IIPEIapaThl, KaKylmuecs He
OCTPO AEHCTBYIONIMMH — aHTHUKOAryJISTHTHI BTOPOTO IOKOJICHUS, B MPAKTHKE IPHMEHE-
HHSL FOpaszio onacHee. JTO CBS3aHO CO CHOCOOHOCTBIO K HAKOIICHHUIO U JIUTEILHOCTHIO
uXx BbIBeJeHUs. Tak, HanmpuMep, MoJyBbIBEACHHE BapdaprHa y KPBICH IPOUCXOJUT 3a
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40 gacos, a 6pomudakyma gocturaetr 180 mmeit — 4320 gacos (Erickson, Urban, 2004).
VY d4enoBeka mepuoj mMonyBbiBeneHus Opoaudakyma konebnercs ot 10 mo 69 cyrox
(243 — 1656 uacos) (I"anctsu u ap., 2020).

CoBpeMeHHbIE JaHHbBIE MMOKA3bIBAIOT BBHICOKYIO OMACHOCTH CylepBap(apHHOB: IO
JIMMUTHUPYIOHIEMY IMOKA3aTCJII0 TOKCHYHOCTH OIMaCHOCTU POACHTHIHUIAOB — KyMYJIATHB-
HOMY 3((eKTy — CpeAcTBa OTHOCATCA K 1-My Kilaccy 4Ype3BBIYAHHO OMACHBIX MO Jei-
CTByMOLICH KiacCH(pUKANK TOKCHYHOCTH U OMACHOCTH POJICHTHUHMIOB. BpomanuonoH
ocTpo TokcmueH B Hu3kuX no3ax (https://biopax.ru/articles/bromdialon/). Omnako cu-
CTeMHbIE HUCCIEeOBAaHMs MPUCYTCTBHS ITHX MpernapaTroB He mpoBoasTcs — ['occTanaapt
(TOCT P 58481-2019) npennasHaveH Uit ONpeneieHus HU3MKO-XUMHUIECKAX MOKa3a-
Teleil mpenapaToB Ha OCHOBE OpPOMaJIMOIOHOB, HO HE ISl OLICHKU OTPABJICHHS UMH JKH-
BOTHBIX U YeJIOBEKa.

IIpencraBneHHbI KpaTKUH 0030p MOKA3bIBAET COYETAHHE BBICOKOM OMAacHOCTH aH-
THKOAryJITHTOB BTOPOT'O MOKOJICHHS C KpailHe HU3KOH BEPOSTHOCTHIO UX CBOCBPEMEHHO-
ro oOHapyxenust. OcoObIe OMACeHHUs BBI3BIBACT OTCYTCTBUE HAYYHO OOOCHOBAHHBIX TaK-
THK, CTPATErHl M KOHTPOJISI IPUMEHEHHSI TOKCHKAHTOB, BKJIFOYAsl POACHTHLUIBI U Y-
THe XUMHYECKH aKTUBHBIC BEILECTBA, BIUSIONIME HA TPEICTABUTENCH )KUBOTHOTO MHpPA
U YeJIOBeKa.

IIpakTHyecKkHe aCIeKThI

Hcnonp3oBaHue pPOJNSHTULIMAOB B IMPHUPOJAHBIX CHCTEMaxX BKIIOYAeT JiBa OCHOBHBIX
HarpaeJeHus: 00paboTKy MoJel OT MBIILIEBUHBIX IPHI3YHOB U KOHTPOJIb YHCICHHOCTH
HocHUTeNned Bo30OyauTeneit 0cob60 onacHsiX MHGEKIHHA (4yMbI, TYJIIPEMUH U Op.) U 30-
OHO30B (CaJbMOHEIUIE30B, JICNTOCMUPO3a, TEMOPPAarndeckux JUXOpamok u ap.). Ilpo-
GiemMa B TOM, YTO KOHTPOJIEM UYHCIICHHOCTH BHIOB-HOCHTEJNICH 3aHMMAIOTCS CHIELHalIH-
CTHI TIPOTUBOYYMHBIX yupexaeHuil PocrmorpeOHam3opa, a oOpabOTKH moJied MpOBOIAT
CEJTIbXO3IPOM3BOIUTENI 110 CBOEMY YCMOTPEHHIO. JlesATeNbHOCTh —CIEHAINCTOB
HalpaBJIeHa Ha MPEIOTBPAIICHNE BCIBIIIEK 0C000 ONMACHBIX HMPHPOAHBIX 3a00JIeBaHHM,
BKJIIOYAET «OPTaHHU3aIMIO U MPOBEICHHE CAaHUTAPHO-IPOTHBOAMUASMHUYECKUX (mpodu-
JTaKTUYECKUX) MEPOIPHATHHA NPU BO3HUKHOBCHHH 4YyMBl H APYIHX 0CO0O OIACHBIX
(OON), npupoaHO-0YArOBBIX U 300HO3HBIX MH()EKIMOHHBIX 3a00JIeBaHUiA, HX Jabopa-
TOPHYIO TMarHOCTUKY; COOItoieHne TpeOOBaHHUI CIIEIMalbHON TEXHUKU 0€30MacHOCTH
pabot ¢ mukpoopranusMamu | — Il rpynn marorenHoctu (omacuoct» (Ilosokenue 06
opranuzauud. .., 2015)). B P® cymecrByer 19 ®enepanbHbIX NPOTHBOYYMHBIX ydpe-
JKIEHUH, YbM 3a[aull BKIIFOYAIOT IPOTHBOIITUIEMUYECKNE MEPOTIPUATHS, HO OTHIOJb HE
cOOp M 10CTaBKy MaTEpHAJIOB JJIsl yCTAHOBIICHUS! TOKCHKAHTOB. BaskHOI yacTbio Mepo-
MIPUSTHH, TPESITCTBYIOMNX BOSHUKHOBeHUIO OO, sIBNIsIeTCss KOHTPOJIb H OTpaHHYCHHUE
YHCJICHHOCTH TPBI3YHOB. Ero BBIMONHSIOT Kak TOCYIapCTBEHHBIC MPENIPHATHS, TaK H
YacTHBIE (UPMBI W MHAWBHIyalbHBIC NpeAnpUHUMaTend. COBPEMEHHBIH periaMeHT
U3JI0KEH B HOBBIX «CaHHUTAapHBIX MpaBHIaX M0 NPO(QHMIAKTHKE MH(EKINOHHBIX Ooes-
Heii» (CanlluH 3.3686-21). Ognako o6bekToM HOBOro CanlluHa SBISOTCS 30HBI pe-
KpealuH, JeCOIapKy, IPHIETralonie K HaceIeHHBIM ITyHKTaM M COOCTBEHHO HacCeJeH-
Heie Mecta (m. 112), rme dopmupyroTes ¥ QYHKIMOHHUPYIOT TPHPOAHBIC, MPHPOIHO-
AHTPOIYPrHYeCKHe U aHTpoIMyprudeckue oyarn nHdekimit (mo. 112 — 124). He ymoms-
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HYThl MHJUIMOHBI T€KTapOB IOJIEH 3€PHOBBIX M MACIMYHBIX KYJIBTYpP, COCTABIISIOLIHNE
OCHOBHYIO TUIOIIah 30H BO0COOpa. 3aBepiiaroiiee MoJI0KeHHEe COBPEMEHHOTO periia-
MCHTa O ACPATU3ALINOHHBIX MCPOMPUATUAX — KTPYIbI OTJIOBJICHHBIX JXUBOTHBIX YTUJIN-
3UPYIOTCSI B COOTBETCTBUH C 3aKOHOAATENILCTBOM B obnactu BeTepuHapuu» (c. 37) B
IIPUHIUIIC HE BBIITOJIHUMO B JICCOIIApKaX, arpol€Ho3ax U CONPEACIbHBIX C HUMHU TEPPU-
TOPUSIX.

JlesITeIbHOCTD CeIbXO03MPOU3BOANTENICH HATIPaBICHA HA MOBHIIICHUE PEHTA0CIEHO-
CTH ¥ TIOJTy4YeHUE TPUOBLTH. Pab0Ty ¢ TOKCHKaHTaMH BBHITIOTHSIOT HAEGMHBIC PAOOTHHUKH,
HE UMEIOIINE CIeUaIbHOT0 00pa30BaHus U, B JIyUIIeM Cy4ae, IPOUICAIINEe JTHIIb 00-
il MHCTpYKTax. Crenuain3upoBaHHble 00CIEIOBAHNS I MOHUTOPUHT COCTOSIHHSI X
3II0POBBSI OTCYTCTBYIOT.

Bo3MoxHOCTH HcciieioBaTenel, Ipex/e BCero IUKOW MPUPOABI U €CTECTBEHHBIX
OouocucteM, KpailHe OrpaHHYEHBI: CEIbX03MPOU3BOAUTEIN HAUOOJee aKTUBHO HCIIOJb-
3YIOT POJCHTHUIIMIBI MOCTEC YOOPKH, O HACTYIUICHHS XOJOJO0B. JTO MPHUBOIMUT K TOMY,
4TO OOHApyXKEHHUE, COOp U JOCTAaBKA JJIs MCCIICOBAHUI MOTUOIINX JKUBOTHBIX 3aTPY/I-
HUTENbHBI (Mano peanbHbl). [Ipu ciydaiiHoM cOOpe MPUXOIUTCS BBIMONHATH AHAIN3
YaCTUYHO Pa3NIOKMBINUXCS TKAHEH, B KOTOPBIX KOHIICHTPAIUS TOKCHKAHTOB CHIDKEHA 3a
CYET ECTECTBCHHOTO PacIaia.

Tokcukonorndeckue J1adOpaTopuul HE JHUICH3UPOBAHBI JJISI BCKPBITUI U H3BATUS
mpod — 3TO JOJDKHBI JIeNIaTh UHbIE OopraHu3aiuu. [103ToMy Jaxke mpu ONepaTHBHOW pa-
00Te 0XOTHA/A30pa, OXOTHUKOB, MECTHOI'O HACEJICHUsI HE SICHO, KyJa CIEeIyeT OTIpaB-
JSTh coOpaHHbIi Marepual. [Ipu mpuBiIeYeHHH OPraHOB BHYTPEHHUX JEJ CHTYAIHs HE
YIIY4IIAeTCsl — Y HUX OTCYTCTBYIOT YCJIOBUSI M 000pY/IOBaHUE [UIsl XPAHEHHUS], HOPMATHBBI
u paspenienus. Ctannuu o 6opb0e ¢ 60Ie3HIMHU KUBOTHBIX HEe 00s3aHBI MPUHUMATH U
o0ecrieuynBaTh COXPAHHOCTh MATEPHUANIOB, JaKE €CIM OHM HE MOIAAAyTCs IaBICHHIO
MECTHBIX arponpOM3BOJUTEIICH, HE 3aHHTEPCCOBAHHBIX B YCTAHOBJIICHUHM HApPYIICHHMA
perjiaMeHTa MPUMEHEHHs] TOKCUKAHTOB. J[JIsl mepeBo3ky OMOMAaTepHAIOB B APYTHE PErH-
OHBI TpebyeTCs 3aKiIoUeHre 00 OTCYTCTBUM MX HHpuIMpoBaHHOCTH (O6 yTBEPKIEHUN
[paBui1 TpaHCIOPTHPOBKH. .., 2017) — ciemoBaTeNnbHO, KOIHYECTBO COOMpaeMbIX 00pas-
0B (TyIEK) JODKHO OBITh JIOCTATOYHO JJIsl TPOBEICHHUS TIEPBUYHBIX HCCIICAOBAHUI B
mpeaenax paioHa W JUId Tepefadll Ha HWCCIICNOBAaHUS W U3BATHE MPOO IS aHAIH30B.
HaxkoHell, He yCTaHOBIICHO, KAKHE IMEHHO OPTaHU3alUi MOTYT IIPOM3BOAUTH aHAIM3BI U
YyCTaHABIMBATh KOHKPETHbIE TOKCHKAHTHI — €CIIM HE CYMTATh €AMHUYHBIC KOMMEPUYECKUE
¢up™Mel, obecrieunBalOIie COMPOBOXKICHWE MAaTepPHaJIOB TPH CYAeOHBIX CIOpax IO
OUYEHb BBICOKUM LIEHaM, HETOCTYITHBIM JJISl CEJIbCKMX PaiiOHOB.

3a BpeMsI MOATOTOBKH 3TOW CTaThU MOCTYITHIIN HOBBIC JAHHBIC: B HOSIOpE — Iexadpe
2021 r. B KppIMy ycTaHOBIJICH Majek Apodbl mocie 00pabOTKU MOJIeH POACHTUIIHIAMH.
ITo HEKOTOPBIM TaHHBIM, PEYb UAET O NMECATKAX HAHJICHHBIX U 3aXOPOHCHHBIX ITHII, O
apyruM — 06 otaensHeiX 0cobsx (Illakuposa, 2021; PocoxoTpri60a0BCO03..., 2022).
YcranoBneHo oTcyreTBre Bochuaa MUHKA B OCTATKaX MAlEpUPOBAHHBIX TYIIEK (BIIPO-
YyeM, TaM YK€ HH €ro, HM aHTHKOAryJsIHTOB U OBITh HE MOIJIO), HO COOp MOTrUOIINX HKH-
BOTHBIX, BCKPHITHS ¥ TOKCHKOJOTHUYCCKHUI aHamu3 He npoBoxwin. B 2022 r. B Pocros-
CKOI1 00sracTH, yCTaHOBHB (hakThI mazaexa, OOMIecTBO OXOTHHKOB CMOTJIO OPTaHU30BaTh
TOKCHKOJIOTMYECKUE MCCICIOBaHMS, J0KA3aBIINe HATUYNE CynepBappaprHOB B TKAHIX
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noruOmux KUBOTHEIX. B 2022 r. B CTaBpOIOJIbCKOM Kpae 3aperuCTPHUPOBAINA MHOTO-
YuCleHHbIe (DaKThl THOeNN 3alIeB-pyCakoB M JIMCHIBI OOBIKHOBEHHOH, HO HaM He u3-
BECTHBI pE3YyJIbTaThl TOKCUKOJIOTHYCCKUX PICCHCI[OBaHPIfI.

[TpuBenenHbie (akThl MOKa3bIBAIOT, YTO B PD He KOHTpONMpYyeTcs MPakTU4ecKoe
HCIOJB30BaHUC POACHTUIIMAOB B MPUPOJHBIX CHUCTEMAaAX, CONPsKECHHBIX C arporcHo3a-
MH. BeneacTBre 3Toro mpoucxomuT mpsiMoe Bo3aeicTBHE Ha (hayHy JUKHUX U JOMAIIHUX
JKMBOTHBIX, a HaCeJICHWE HE 3aIlWIIEHO OT CIy4aiHbIX oTpasieHuil. K coxanenuro, na-
e ObIcTpoe OOHapy»KeHHE OTPaBICHHH JIIOAEH M )KUBOTHBIX HE TapaHTHPYET CBOEBpE-
MEHHOT'0 ¥ IPAaBUIILHOTO ONPECTICHHs IIPHINH ITUX COOBITHH.

Pexomenaauuu mo cﬁopy U XpPaHCHUI0 MaTepUuaJjaoB,
HanmpaBJAsA€eMbIX 1JIfl HCCICA0OBAHUSA

1. YuureiBasi BepoSATHOCTb NPOHUKHOBEHHMsI Bap(hapuHOB U cynepBapdaprnHOB de-
pe3 Koxy, cOOp MOrHOIMNX KUBOTHBIX CIEAYET MIPOBOAUTH B IIEpUATKaX, 3aX01s CO CTO-
POHBI BETpa, C OOWIFHBIM YMBIBAHUEM IEPEN OTABIXOM H IIPHEMAMH BOABI, C 003aTelNb-
HOM CTUPKOH OAEX bl ITOCIIE 3aBEPIICHHUS.

2. Bce mpoOsI (TYLIKK )KHBOTHBIX, 36PHO U TPYHT) CICAYET Cpa3y CKIagbIBaTh B OT-
JIeNTbHbIC TIACTUKOBBIE ITAKETHI, JTy4Ille BAKyyMHBIE.

3. [IpoObI HEOOXOAMMO KaK MOXKHO OBICTpPEE 3aMOPaKUBaTh, XPAHUTh U MIEPEBO3UTH
0e3 oTTanBaHMsI.

4. Bekpoitust MmoryT npoBoauth CBBXX — Makponaronorndeckie M3MeHEHHs, yKa-
3bIBAIOINE HA OTPABJICHHs aHTUKOATYJITHTAMH, JIOCTAaTOYHO XapakTepHbl. Cienyer o0-
pamars BHUIMaHHE Ha TeMOpparuy BHYTPEHHUX OPTraHOB W HAJIWYHME KPOBU HIIM KPOBS-
HHUCTOH )KHUIKOCTH B ITOJIOCTSAX TENa, IPH OTCYTCTBHH BHEITHUX MOBpeXIeHUH. Jlokanu-
3anusi KPOBOMJIMSHNIN HAaOJI0OAaeTCs Yalle B JIbIXaTeNbHOM CUCTEeME, B KHJIE TPYAUHBI U
KOCTSIX 4Uepena, HEPEeNKO COMPOBOKAAETCS OTEKOM MO3ra, pPEXe B IKEIyIO0YHO-
KUIIEYHOM TPAaKTe.

5. I XUMHYECKOTO aHajIu3a OTOMpaTh MPOOB BHYTPEHHUX OPTaHOB C TpHU3HAKA-
MM MaKpOIIATOJOTHIECKHX H3MeHEeHHH. IIpo6hl IUIsi XUMHYECKOro aHaau3a (I0IycTrMas
macca ot 30 — 50 r) Hajo 3aMOpaKUBaTh B MPpoOHpKax. [lepeBo3uTh 6€3 pa3sMOpaKMBAHUS.

3AK/IIOYEHHE

B poccuiickux 3akoHax 0 HMpUMEHEHHWH poaeHTUluaoB a0 2021 r. mpuMeHsuach
ycCTapeBuiasa KJ'IaCCI/I(l)I/IKaI_H/IH JKUBOTHBIX — UX MOJAPA3ACICHUC HA MOJIE3HBIX U BPCAHBIX.
B nmocneanem Canllun (3.3686-21) sti nonstus yopansl. OHAKO B HEM YETKO OIpeJie-
JICHO, 4TO JEWCTBHS C arpOXMMHUKATAMH U NPSMBIMH SIIAMU — POJICHTUIINAAMHU HUKAK He
PETYIMPYIOTCA HAa OTPOMHBIX TEPPUTOPHUSIX BOAOCOOPA, BKIIFOUYAIONIMX arpoIEHO3HI,
MPUMBIKAIOIIHE K HUM YYaCTKH HEYTOAUN U BO0eMbl. [IpuMeHeHrne TOTOBBIX IIPHMAHOK
(mapaguHOBBIE OJIOKH, TPaHYJIbI U T.I1.), BO3MOKHO, MOXET CHUXATh BEJIUUUHY yiepOa
JUIS HEIleJIeBhIX BHUJIOB, HO HE MpPEPhIBAET Mepeaady MO MUIIEBBIM IersM. [loaTomy
OTpaBJICHUE PA3THUYHBIMU J03aMU arpOXUMUKATOB M POJAECHTUIM/IOB SABJISETCS (HaKTOPOM
CHCTEMHOTO BO3/ICHCTBHS HA MOIMYJISAIMN JUKUX KUBOTHBIX U, HECOMHEHHO, XJIET CBOUX
HUCCIEIoOBaTENEN.
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I'nGenp xuIHbIX NTHL (KOHCYMEHTOB 2-TO HOPSIIKA) CBUACTEIBCTBYET O COXpaHe-
HHMH TOKCHYECKHX /103 BEIIECTB B OpPraHM3MaX TPABOSAHBIX (KOHCYMEHTOB 1-TO mopsia-
Ka), TO €CTh O Mepe/ade Mo MUIIEBBIM HersiM. UeToBeK TakKe SBISETCS KOHCYMEHTOM 2-
ro mopsiaka. Takum 006pa3oM, OTPaBICHUE XUIIHBIX (JICTAIONIMX U HA3eMHBIX) JOKa3bIBa-
€T BO3MOXKHOCTh NIOCTYIJICHUSI TOKCUKAaHTOB B OPraHU3M 4eloBeka ¢ numieid. OTtpasie-
HUSI NITHI, CBSI3aHHBIX C BOJOEMAaMH, CBUIETEIBCTBYET O MOCTYIUICHMH TOKCHKAHTOB B
BOJly — 1 O PUCKE OTpaBJICHHUs desioBeka. [lepenada 108 o TpopUIECKUM LEIsIM Cpean
JKMBOTHBIX JIOKA3bIBACT MX CIIOCOOHOCTH ITOCTYIIATh B MUILY YenoBeka. PaxTel, yrnoms-
HyTbIe BBIIC (IPHCYTCTBUE B MOJIOKE, PACTHTEIBHOM MAcIie), HOATBEPIKAAIOT, Y4TO 3Ta
MEpPCIIEKTHBA PEATN30BaHa Ha MPAKTHKe. Peakuusl XUITHUKOB — TMOeNh — 03HAYaeT He-
JIONTYCTHUMBIH YPOBEHb HCIIOJIb30BaHKs, HAPYIICHUE PErjiaMeHTa JIM0O HENpUroJHOCTb
MPUMEHSAEMBIX NIPENapaToB.

Takum 00pa3zoMm, IpUMEHEHHE COBPEMEHHBIX POJCHTUIIUAOB B Poccuiickoit dene-
pauuy KOHTPOJIMPYETCS JIMIIb OT4ACTU. M3ydeHue aureparypsl U IMPaKTHKUA NPUMEHe-
HUS JIOKA3bIBACT CYIIECTBOBAHUE YIPO3bI OMOJOTHUECKOW OE30MacHOCTH B 00acTH,
COYETAOIEeH BO3IEHCTBIE XUMUYECKUX M OMOJIOTMYECKUX (haKTOPOB.

Heobxoauma opranuzaiiysi CHCTEMBI ITOJIEBOI'O MOHUTOPHHIA U JIAOOPATOPHBIX HC-
CJIC/IOBAaHUM NPUMEHEHUs] POACHTHINAOB. OHU JOJDKHBI BKIIFOYATh HECKOJBKO TECHO
B3aMMOCBSI3aHHBIX HaIlPaBJICHHM:

1) ueneHanpasieHHbIN cOOp AaHHBIX O PE3yJbTATaX MPUMEHEHUS POACHTHIUAOB B
MPUPOTHBIX CHCTEMaX, BKIIOYAIOIINX arpOeHO3bI M IPUPOTHBIE OMOIIEHO3HI;

2) DOCTYIHYIO TOCYIapCTBEHHYIO SKCIIEPTU3y HA COBPEMEHHOM 000PYIOBaHHUH TSI
OlpeIeIeHUs/ UCKITIOUeHHST (DAKTOB MOCTYIUICHUSI TOKCHKAHTOB B OPraHM3Mbl JHKHX U
JIOMAILHUX KUBOTHBIX, JIFOJEH U CENbCKOXO03HCTBEHHON MPOYKLMHY;

3) mporpamMMmBbl TaGOPATOPHBIX U TIOJEBBIX HUCCIICAOBAHUIN BIMSHUSA CyOICTATBHBIX
JI03 POJICHTHUIIMIIOB Pa3HOTO THIA Ha )KUBOTHBIX U YEJIOBEKa;

4) moaTBepKACHHE OO0 ONPOBEPIKEHUE (haKTa OTpaBICHHUs CyriepBaphapruHaMu 10
MOCTYIUICHHUS B JKEJTyJIOK M KUILIEYHHK, YTO MOXKET IOTpeOOBaTh U3MEHEHHS MoXo/a K
MIPUMEHEHHIO M CHCTEMbI OLICHKH JIETaJbHBIX /103 Bap(apHHOB U cymepBapdhapHHOB;

5) ampoGamo U BHEIPEHUE XUMHUYECKUX MapKePOB MPUCYTCTBUS POACHTHIHIOB 1
JPYTUX arpOXMMHKATOB;

6) pa3paboTKy U BHEIPEHHE CHCTEMbl HH(POPMUPOBAHKS CIICIUAIUCTOB U HAcewIe-
HUS 0 (haKTax MPUMEHEHHS U JOJITOBPEMEHHBIX CIEACTBHAX POACHTHUIINIOB,

7) ocoboe BHHMaHHE CIEIyeT YACHIATh AHTHKOATYITHTAM BTOPOTO IOKOJCHHS,
HEoOX0MMa KeCTKasl PeryJisius X 060poTa, BIUIOTh JI0 OJHOTO 3alpeLeHus.

Iepsuunviii cbop mamepuana opeanuzoéan aomunucmpayueti Hogonuxonaesckozo
pationa Boneoepadckoii obracmu u compyonuxamu Munucmepcmea npupoousix pecyp-
cos Kpacnooapckoeo xpas. [lamonocoanamomuueckue uccredosanus suinoanensvt ¢ HMu-
cmumyme npobnem sxonocuu u 38omoyuu um. A. H. Cesepyosa PAH npu ywacmuu cne-
yuanucmog: namomopgonoea E. B. bapanosou, eemepunapunvix épaueti M. B. TokyHo-
soil, D. I'. Bonwg. Toxcuxonoeuveckuti ananus evinonnen noo pykosoocmeom C. B. An-
opeesa 8 1aOOPAMOPUU XUMULECKUX UCCAe008aHUll de3unexyuonnbvix cpedcme PbYH
HUH Jlesungexmonocuu Pocnompebnaodsopa. Ilpu noocomoske cmamuvl HeoyeHUMYo
nomowb okazanu 3amedanus u pexomenoayuu J. b. Bepocyyxkozo.
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Abstract. It is generally recognized that environmental pollution with agrotechnical substances is
the major problem for the conservation of biological diversity and human food security. However,
their use cannot be completely excluded. Of particular importance are modern rodenticides, i.e.
superwarfarins, designed to reduce the numbers of rodents damaging agriculture, i.e. to destroy an-
imals. However, these poisons are highly toxic and are passed up the food chains. Besides, it is
impossible to draw a line between agrocenoses in their classical sense and the natural or slightly
modified environment. The absence of clear physical boundaries of agrocenoses means that the
processes occurring therein affect the biological diversity of adjacent territories, which are consid-
ered natural. Animals use both fields and the spaces adjacent to them. In addition, there is a water
exchange between cultivated fields and the adjacent natural areas and reservoirs. Modern changes
in the structure of agrocenoses increase the segment of fields which rodenticides are used on. The
plowing of ravines, riversides and other inconvenient lands (due to an improved quality of equip-
ment) facilitates the ingress of rodenticides into water bodies. Data on the consequences of the use
of superwarfarins in some anthropogenic biocenoses of the southern regions of the Russian Fed-
eration are presented. Facts of mass destruction of consumers of the 1% and 2" order (the so-called
non-target species), directly related to rodenticid use, are given. Complex pathomorphological and
toxicological studies of animals died in nature were carried out for the first time in the Russian
Federation. The presence of bromadiolone in tissue samples was confirmed by chemical analysis,
and the descriptions of autopsies of dead birds have been processed. Recommendations on the spe-
cific features for the collecting and storage of materials sent for research have been prepared.
Keywords: rodenticides, anticoagulants, non-target species, wild animals, natural systems
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Abstract. The objective of present study was to assess the physical land capacity for an annual
cassava crop, aiming to understanding spatial parameters and environment parameters required for
locating potential areas of cassava cultivation. According to FAO guidelines, a spatial model was
built to assess the potential land for facilitating sustainable cassava production through the integra-
tion of the AHP-GIS-Remote Sensing method. The present study showed that the land analysis in-
dicated that the high potential land was 6101.1 ha (8% total area), concentrated in the middle and
eastern part of the study area. These areas face limitations for the cultivation of cassava due to
climatic conditions of the minimum temperature of the coldest month (P; < 14°C), average annual
sunny hours (Ps < 1500 h) and potential factors for providing quality products (LULC, annual pre-
cipitation and soil pH are the most significant factors). The areas of cassava crop cultivation were
simultaneously reduced. Still, the reason for that has been not dependent on the physical environ-
mental conditions, the limiting factors from the domestic market, backward processing technology,
and the purchase price of raw cassava may possibly play a prominent role in the local farms.
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INTRODUCTION

The long-term health of a community's food system is an essential indicator of its
vitality and sustainability. A logical and appropriate way to revitalize a community is by
developing a local food economy (Feenstra, 1997; Anderson, Rivera-Ferre, 2021). Land
potential evaluation played an essential role in utility land use, especially for potential
crops selected in categories that adapt to climate change. Vietnam is a developing coun-
try that could create food insecurity. Cassava is an excellent alternative to mitigate this
dependency. This crop plays an important role in rural support the production of food in
a sustainable manner (Noerwijati, Budiono, 2015; Campo et al., 2011). Even though
cassava production is mostly geared toward the food sector, there are only a few avenues
for its commercialization. In some tropical countries, land suitability studies may be used
to determine the prospective cassava area, which can then be used to guide long-term
cassava production. The integration of multi-criteria assessment and pair-wise compari-
son matrix revealed that cassava production should be encouraged among Southern Ad-
amawa State farmers to utilize the land for improved cassava output effectively (Zemba
et al., 2017). Likewise, one of the most burning issues should be considered to improve
cassava cultivation management to increase production on land resource sustainability. It
was advised by Akinwumiju et al. (2020) that the best site for cassava production in Ni-
geria was determined mostly by the soil characteristics, sunlight hours, and amount of
rainfall. Cassava played an important role in the development of agriculture, because of
its economic importance (Vurro et al., 2010). The production of cassava has been limited
by high diversity of the crop's inherent benefits, poor on-farm management (e.g., lack
over seeding and planting, poor soil health, and weeds), all of which have had harmed
output and the occurrence of mosaic disease in some cultivars (Akano et al., 2002). The
knowledge on the social-economic-environmental affecting cassava production is still
insufficient, especially compared to other cereals crops (Burns et al., 2012). Several
studies reported that the cassava plant played a crucial role in food security and cannot
be over-emphasized (Kinshella, 2015; Purnamasari et al., 2019). Its food security within
the tropical regions that cassava can combat hunger and address food security issues
(Sharma et al., 2017; Adiele et al., 2021). The suitable land for cassava crop was the
object of many researches, of which the environmental factors such as climate, soil type,
topographic parameters played an influential role in cassava growth, as well as a
knowledge of the biophysical constraints that exist in the local environment (Zemba et
al., 2017; Akinwumiju et al., 2020; Purnamasari et al., 2019). Ba Thuoc district faced
annual agricultural production supply deficiency, an intractable problem in the past dec-
ades. The volatility of the market trends affecting crops. Previously, rice gave priority in
Ba Thuoc; likewise today, cassava has been given more attention due to its ability to
adapt to the ecological condition. However, the variability in yield across the trial loca-
tions indicates the influence of some social-economic-environmental factors. Poor
knowledge and unreliable data for agricultural planning cause a decrease of production
value in the country's market (D’haeze et al., 2005). Likewise, today finding potential
fuel resources come from cassava, the factors observed in literature, namely availability
of resources, social awareness, capability production, economy, technology, education,
and policy (Okudoh et al., 2014; Rewlay-ngoen et al., 2021). These results showed that
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organic fuel resources are determined by the biggest weight policy factor (Zhu et al.,
2015). It means that people who live around organic fuel resources must be supported
first by the government policy to transform production into small-scale industry. Cassava
is a plant that originates in the tropics and is considered a drought-tolerant plant, but in
the growth and development process, cassava also requires a certain amount of water,
especially in the sprouting period and seedlings (Santisopasri et al., 2001; El-Sharkawy,
2007). Purnamasari et al. (2019) suggested that GIS technology can be considered a ro-
bust tool suitable for discovering agricultural areas. The use of AHP-GIS methodologies
provides the ability to integrate linguistic information about annual cropland in the anal-
ysis. The datasets on cropland can be used to estimate the size of cassava plantations in
other locations. To evaluate land appropriateness, which features might restrict the
amount of land accessible for cassava production, the research set out to determine land
suitability. Because land features cannot be improved easily, physical land productivity
is regarded the most significant factor in obtaining the greatest possible value from the
land. Geographic Information System (GIS) technology provides a dynamic approach
for land use assessment and geo-environmental analysis based on geographic infor-
mation (Pereira, Duckstein, 1993). Because multiple map layers are overlaid on over of
one other, it enables the user to combine databases created from various sources and
evaluate them properly in a spatiotemporal domain. The combination of AHP and GIS
technology to model prospective cassava crop production areas in Ba Thuoc district of
Thanh Hoa province utilizing FAO standards for land evaluation was carried out in this
study. It was also utilized as a tool to choose the number of factors to be included in the
modeling process. An instruction for cassava production land evaluation of 1SO 84009:
2012 Vietnam Ministry of Science and Technology (2021) was also employed. Consid-
ering this existing work, the main objectives of this study were: (1) physical environ-
mental evaluation was being used to map the potential area for cassava crop production,
and (2) analyze the spatial variability of this crop in study area and zoning the potential
land for cassava crop. In addition, all the data was collected and processed in ArcGIS to
visualize geographically. Furthermore, an integrated use of GIS-based AHP can support
extend vast vegetation land, which is analyzed from the land-use map to assess the site
of cassava crops.

MATERIAL AND METHODS

Data collection. The collection database of surveys such as: questionnaires, semi-
structured interviews and reports. The locations of cassava fields also were recorded by
global positioning system (GPS). The cassava planted in the highly suitable areas of dis-
trict also were determined (Fig. 1). The data were used in this study include climatic
parameters (P1, Py, ..., Ps) from https://www.worldclim.org in format csv, which were
processed by the IDW interpolation method in GIS. A collection of 30x30 m digital ele-
vation models (DEMs) from http://srtm.csi.cgiar.org/ were used to study of terrain and
slope (P7). Soil factors: Soil type (Ps), soil texture (Ps), soil layer thickness (Pg) and pro-
portion of stones mixed in the soil obtained from The Soil map of Vietnam’s Ministry of
Natural Resources and Environment.
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Fig. 1. Map location of study area (The random point is the site of cassava fields, and it utilized in
the validation of the model)

The information used in evaluating environmental efficiencies, such as soil pH
(P10), N (P11, %N in soil) were gathered through a survey.

Regarding socio-economic variables, it is necessary to consider the impact of main
roads on the extent of the cassava stock market as a parameter effect. In addition to facil-
itating access to transportation infrastructure, distances between fields and roads (Pi2)
also assist farmers and agricultural operations to marketing. To evaluate suitability levels
for cassava production, physical variables connected with water supply (Pi3), such as the
distance from water bodies, streams, rivers, and watering zones, were considered. The
land use cover map (P14) was collected from the Ministry of Science and Technology
Vietnam, 2015, to extract the agricultural land types (Table 1).

Collection of soil sampling and analysis. Soil samples were taken from agricultur-
al regions in Ba Thuoc district between the years 2020 and 2021, and the results were
analyzed. The research field was divided into grid squares of 11 km by 11 km. A total of
300 soil samples were collected from the surface soil (0-20 cm) of each grid crossroad
point in cultivable fields, ranging from 0 to 20 cm in depth. The sampling was carried
out after the harvesting season in the fall and before the following cropping season to
reduce the influence of cultivation and agricultural operations carried out during the pre-
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vious growing season, such as irrigation, fertilization, traffic and the soil. It was deter-
mined that certain sample sites would be captured on a portable global positioning sys-

tem device (Garmin).

Table 1. Data were used in the analysis

Data Unit Description Source Data
Pu: AT mean! celsius degree 30 m resolution https://www.worldclim.org | Raster
temperature
P,: Max Temperature of . . . .
Warmest Month Celsius degree 30 m resolution https://www.worldclim.org | Raster
Ps: Min Temperature of n n . .
Coldest Month Celsius degree 30 m resolution https://www.worldclim.org Raster
P4: Annual precipitation Millimeter 30 m resolution https://www.worldclim.org Raster
E; h:gblfsrage EHICE) Sl Hours 30 m resolution https://www.worldclim.org Raster
Extracted from Soil | Vietnam General Department Shape
Ps: Soil type map of scale 1:100.000. | of Land Administration, 2010. fils
Survey (2021) Research team
i Extracted from DEM, . .
P7: Slope Degree 30 m resolution http://srtm.csi.cgiar.org/ Raster
Extracted from Soil | Vietnam General Department Shape
Ps: Soil texture map of scale 1:100.000. | of Land Administration, 2010. fils
Survey (2021) Research team
Extracted from Soil | Vietnam General Department Shape
Po: Soil depth Centimeter | map of scale 1:100.000. | of Land Administration, 2010. fils
Survey (2021) Research team
P1o: pH Survey (2021) Research team Raster
P11: Nitrogen (N) % Survey (2021) Research team Raster
Extracted from . - .
P1,: Distance from roads Meter traffic map of scale V'iﬂgﬁggmﬁy onS(;:llgnce S?i‘?se
1: 100.000 9.
8 [PREETER T Ve Meter Extracted from traffic | Vietnam Ministry of Science | Shape
= map of scale 1: 100.000 | and Technology Vietnam, 2010 file
P14 Land use cover Sentinel 2 (2020) Google Earth Engine Raster

Analytic hierarchy process (AHP). The decision-making problem can be a com-
plex issue regarding the involvement of multiple objectives and parameters (Multi crite-
ria Decision AnalysissMCDA). One of the tools used for the selection of suitable candi-
dates or ordering priorities in the MCDA problem is the Analytical Hierarchy Process
(AHP). The AHP method is the potential way of solving the problem of important une-
qual factors in nature by giving weight to the experts. Still, expert opinions remain un-
certain, due to human behavioral bias or even because of experts’ backgrounds. This
technique was used to determine the most potential alternative for idea solution based on
the weight of importance of each parameter in the relation with others (Saaty, 2008). A
focus group discussion held among the farmers and committee members were complet-
ed. Information from interviews to determine factors influencing cassava crop land suit-
ability. Furthermore, this work also aimed to weight these factors. Overall priorities can
be made through synthesizing or pooling together the judgment made in the pairwise
comparisons (Table 2, Fig. 2). Each factor is categorized into 4 levels (S1, S2, S3, N)
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based on ecological requirement of cassava crop of Instruction for agricultural produc-
tion land evaluation of Vietnamese Standard (ISO 8409: 2012 (Ministry of Science and
Published technology, 2021)). The integration of AHP-GIS was used in this model. A
consistency ratio is taken as the ratio of the consistency of the results. CR is calculated
from the ratio between CI, which is derived from the comparison matrix and the random
consistency index (RI). The RI is the consistency index of a randomly generated pair-
wise comparison matrix, simply obtained from the random inconsistency indices. If a
consistency ratio of less than 0.10, the results are sufficiently accurate and there is no
need for further evaluation. However, if the consistency ratio is greater than 0.10, the
results may be arbitrary, and preferences must be reassessed (MacCormac, 1983; Saaty,
2008).

Table 2. Nine-point scale using in expert judgement

Scale Degree of preference
Absolute importance
Very strongly importance or preferred
Strong importance or strongly preferred
Weak importance, moderately important or preferred
4,6,8 The two judgements that are adjacent to each other have intermediate values
Equally important or preferred is favored over more important or recommended

(N |w|o|~|©

Fig. 2. The process to select optimal land for cassava production in Ba Thuoc district, Thanh Hoa
province, Vietnam
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Remote sensing technique. QGIS 3.12.1 software was used to capture the normal-
ized difference vegetation index (NDVI). Rouse et al. (1974) discovered that NDVI is
the most common indicator in the cultivation study. The NDVI has two main bands: the
NIR and the Red Band. The land use cover and the map of yield monitoring were fre-
quently utilized in agriculture. The NDVI was computed using the band combination for
the red and NIR reflections using band 4 and band 8 from every accessible cloud-free
Sentinel-2 scenes (2016-2020). Similarly, Purnamasari et al. (2019) revealed the places
near significant water resources such as big rivers and water bodies, rice fields were
found to be abundant, but cassava crops were found to be abundant on sloping terrain in
areas distant from water resources. The normalized vegetation difference index (NVDI)
has been developed to assess changes in the vegetation index because of satellite obser-
vations (NDVI). The Normalized Difference Vegetation Indicator (NDVI) is a vegeta-
tion index connected to various biophysical parameters and used to produce several agri-
cultural indices. Regarding to crop area, the NDVI was calculated using temporal infor-
mation from Sentinel-2 (Google Earth Engine, 2020), gathered near the end of the cassa-
va growing season and just before harvest.

GIS technique. In the present work, GIS was used to map the potential land for
cassava crop. The data of factors which were inputted to the model classified according
to 4 levels. Weight of each factor was obtained by experts (Table 3). Integrated using the
Boolean operations and the weighted linear combination to create component maps in
raster form. ArcGIS 10.2 was used to map potential cassava cropland by overlaying ras-
ter component maps. Finally, a map of potential cassava cropland was created, which
was divided into four classifications (SI1, SI12, SI3, N) in agreement with Equation (1)
and the FAO's framework for land suitability (FAO, 1993). This technique makes use of
a combination and manipulation of geographical data as well as decision-maker opinions
in accordance with given decision rules, whereas the parametric method simply makes
use of multiplication for the score of all elements.

Sl = zi=l(Wi . Xi) (1)

Score of each factor (X;) was obtained on each land mapping unit, importance of

factor i are converted to factor weight (W;), i ranges from 1 to n, n was the total number

of factors in the model. The weighted linear combination of W; and X;, was calculated by

Equation (1), give suitability index (SI) which was an evaluation for each land mapping
unit. Land mapping unit is a unit of land which have the same characteristic.

Table 3. The weights of parameters in land analysis of cassava cultivation in Ba Thuoc district of
Thanh Hoa province, Vietnam

Parameters S1 S2 S3 N Weight (W)
1 2 3 4 5 6
tpulr:e/-\nnual Mean Tempera-| > 2225 >20-22 | >25,>18-20 <18 0.038
P,: Max Temperature of
Warmest Month >30 >27-30 >24-27 <24 0.038
Ps: Min Temperatre of .. .o >14-17 =920 <14 0.038

Coldest Month
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Table 3. Continuation

1 2 3 4 5 6
P,: Annual Precipitation 1500-1900 1100-1500 1900-2300 | > 2300, <1100 0.089
e, Average annual sunny| 5 5500 2000-2500 | 1500-2000 <1500 0.036
Pe: Soil type Ft, Fk, Fu, Fv, |Fa, Fq, Fp, Fs, .
8 Fn, Ru, Rv, Fj, | X, Phe, Phe, |70 Hk Hb i g 504 0.204
3 s, Ha, Hq
= Fs Py
g P7: Slope 3-8 0-3,8-15 15-25 0.051 0.051
& [Py Soil texture Clay Sandy loam Loam 0.068 0.068
2 Pgy: Soil depth > 70 50-70 30-50 0.068 0.068
3 P1o: pH 6.5-7.5 5.5-6.5 7.5-8.2 <55and>8.2 0.086
P.:: Nitrogen 0.17 0.17-0.09 0.09-0.045 <0.045 0.060
P1,: Distance from roads <1000 1000-2000 2000-3000 > 3000 0.035
P13: Distance from rivers <500 500-1000 1000-1500 > 1500 0.048
P14 Land use cover Settlements,
Vegetation in Rice field; Plantation | residents. Water 0179
fertile soils intercropping | forests land | bodies; Natural '
forest

RESULTS AND DISCUSSION
Spatial distribution of potential area

These highly potential (S1) areas concentrated in some characterized including an-
nual mean temperature from 22-25°C, yearly precipitation from 1500-1900 mm, aver-
age annual sunny hours above 2500 hours: Slope degree from 3 to 8°, soil depth above
70cm, texture class clay (Table 3). Three parameters have the most suitable land area for
a crop, such as P, (Max Temperature of Warmest Month), P; (Annual mean temperature)
(Table 3). The land of low potential (N) located in the large areas with slope degree >30°
also was classified due to the presence of settlements, water bodies, natural forest land,
and residences that cannot replace with cassava fields. The area with climatic conditions
ranges in minimum temperature of the coldest month (Ps; < 14°C), average annual sunny
hours (Ps < 1500 h), which were the most significant areas not potential for cassava. This
result is similar to Akinwumiju et al. (2020), who showed that climatic conditions exert
the most limiting effects on cassava production.

According to focus group interviews, literature reviews, and local people's
knowledge, a limited number of physical environment characteristics were selected for
the model. The assessment process was an application taking into cassava environmental
requirements regarding local conditions based primarily on the physical element of sail,
topography, climate and geographical condition. LULC, annual precipitation and soil pH
are the most significant factors among these.

Based on the weighted overlay maps used to find appropriate cassava production
sites, as shown in (Fig. 3), the land suitability maps may serve as a potential map for
forecasting instrumentation that could assist measures to increase local food production
in the Ba Thuoc district. Results indicated that the amount of land areas allocated to each
category was as follows: highly potential land (S1: 6101.1 ha, 8%), moderately potential
land (S2: 20826.40 ha, 27%), marginally potential land (S3: 32288.77 ha, 42%), and not
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potential (N: 18305.75 ha, 24%) (Table 4, Fig. 4). Therefore, the study suggested the
cassava area proposal for cultivation in the high potential area (S1). In contrast, diversi-
fication of marginally potential (S3) and not potential (N) areas to other idea solutions
than cassava potentially adapted to the environmental requirements. In the model, sever-
al contents (Planted area, yield, production) were collected from the General Statistics
Office of Vietnam from 2015 to 2019. These data revealed that the size of cassava culti-
vation decreased from 1470 ha to 918 ha (37.5%); Production of cassava decreased from
24402 to 15494 tons (36.5%) from 2015 to 2019; Yield of cassava increased 1.68% (Ta-
ble 5).

This study produced information on the importance of each parameter useful for fu-
ture studies on cassava crops of other regions, especially the approach that can provide a
framework for another crop of this region. Therefore, to enhancing food security, the
annual cassava production capacity can be increased by extending the cultivation to the
other areas reasonably favorable for the root crop. Edet et al. (2015) found that the plant
growth parameters of cassava at 4-6 months after planting all contributed to enlarge the
fresh root biomass at 12 months after growing harvest. Furthermore, Amarullah et al.
(2017) reported that growth traits' most excellent vegetative phase began to show a sig-
nificant positive contribution to the tuber weight.

Fig. 3. Reclassification of parameters of model (P1— P14): P1 — Annual mean temperature, P2 —
Max Temperature of Warmest Month, Ps — Min Temperature of Coldest Month, P4 — Annual pre-
cipitation, Ps — Average annual sunny hours
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Fig. 3. Continued. Ps — Soil type, P7 — Slope, Ps — Soil texture, Ps — Soil depth, P10 — Soil pH, P11 —
Nitrogen, P12 — Distance from roads, P13 — Distance from rivers, P14 — Land use cover
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Table 4. Potential area for cassava production in Ba Thuoc district, Thanh Hoa province, Vietnam

Potential class Area, ha Percentage area, %
Highly potential (S1) 6101.10 8
Moderately potential (S2) 20826.40 27
Marginally potential (S3) 32288.77 42
Not potential (N) 18305.75 24
Sum 77522.02 100

Our result analyzed the contributions of yield and cassava production in Ba Thuoc
district, Vietnam. During this period, the yield increased while the planted area and pro-
duction decreased. Although, Boansi (2017) used the short and long-run models, cassava
yield was affected by standard climate variables and within-season rainfall variability.
But our research results showed that the areas of cassava crop cultivation simultaneously
reduced, and the reason for that has been not dependent on the physical characteristic
environmental conditions, which have been very potential factors for providing quality
products. Especially the potential land was illustrated by the map result with a larger
area (6101.1 ha) than present area cassava planting (918 ha). The status of cassava plants
was cultivated fragment. The big farms never planned to be established yet. Thus, the
limiting factors from the domestic market, backward processing technology, and the
purchase price of raw cassava will play a prominent role in the local farms.

The agricultural land potential was affected by asymmetries caused by climatic and
socioeconomic systems, which may worsen present productivity (Fischer et al., 2005).
Therefore, restoring bare land, reforestation, soil water conservation strategies, and poli-
cies for developmental agricultural output must be encouraged. In recent years, the in-

a b
Fig. 4. Actual cassava and crop cultivation area, 2020 (a) and potential cassava cultivation area (b)
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creasing urbanization rate, and the need for land usage of different projects have caused
a decline in the quantity of agricultural land (Bravo, 2017). In the meantime, our results
showed the potential area for cassava production is many times larger than the actual
area in the study area. In addition, a suitable land category for agriculture confirmed by
farmers has a greater probability, especially when agricultural land is challenged by cli-
mate change and unplanned human growth (Fischer et al., 2005). Hence, national, and
regional policies on land management techniques influence agricultural output, both di-
rectly and indirectly.

Table 5. Status of cassava cultivation (General Statistics Office of Vietnam, 2019)

Category Explication Unit 2015 | 2016 | 2017 | 2018 | 2019
When the plant begins its growth process
for each cropping season, the annual plant-
ed area is recorded. If crops are replanted
several times in the same place owing to
being dead, the area is also recorded only
once in that location

The primary product per one area unit of a
certain agricultural crop or set of agricul-
Yield |tural crops collected in a production season
or in a year on average planted area is
referred to as crop yield

Cassava production is measured in the
form of fresh bulbs

Planted area Ha 1470 | 1544 | 995 915 918

Quintal /

ha 166 |166.40|170.90 | 167.46 | 168.79

Production Ton 24402 | 25693 | 17005 | 15323 | 15495

Methodological Challenge

Some of the criteria evaluated for mapping the PI land include continuous numeri-
cal data (e.g., soil depth, rainfall, temperature, etc.), leaving this difficult to accurately
relate such data to the high potential area (Zhang et al., 2015). All these variables have
distinct magnitudes, making them incomparable for usage. Furthermore, determining the
appropriate weight of all criteria is difficult due to the apparent uneven effect on cassava
growth. Those data derived from physical environmental data (soil, climate), which may
result in some issues and barriers in the result obtained because micro-scale analyses are
required to address the significant ecological variability and distinguish between the in-
fluences of anthropogenic activities (Papastergiadou et al., 2010; Lamsal et al., 2019).
Another cause of current problems is a disparity between the spatial-temporal resolution
of satellite images and the socioeconomic-ecological aspects. Due to their spatial resolu-
tion, current soil maps and climate data cannot reveal spatial variation at fine resolution.
Hence, a fine scale is required to analyze stream stability, accumulation, and soil degra-
dation that occurs in the cassava planting area. As a result, fine - scale spatial resolution
remote sensing products and field research are suggested for upcoming investigations.

Field-level crop monitoring employed Sentinel-2 MSI vegetation index (VI) da-
tasets and NDVI data. Satellite-based normalized differential vegetation index fluctua-
tions were assessed. (NDVI). The NDVI generates crop indices and is connected with
numerous biophysical parameters. Sentinel 1A and 1B satellites and Sentinel 2A and 2B
satellites provided data. ESA's Scientific Data Hub provided all orbital data:
https://scihub.copernicus.eu/dhus/#/home.
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Semi-structured interviews and field data were collected during cropping seasons
using Sentinel-2 MSI taken at the end of the growing period and before harvest. NDVI
describes land surface vegetation, water, and natural surfaces... Given irregular field pat-
terns and small field sizes, different management approaches, extremely heterogeneous
growing environments, and other mapping issues associated with smallholder farming
systems, crop type mapping in study area smallholder settings are hard. During the
growing season, frequent cloud cover makes crop-type mapping, particularly intercrop-
ping, difficult.

Thus, freely available European Copernicus Program satellite data, notably S2A/B,
enable considerable breakthroughs in mapping and monitoring crop kinds in smallholder
farming systems of the study areas. This study added cassava and intercropping combi-
nations to crop type mapping. Our crop mapping approach had an 82% ROC curve for
complex smallholder cropping systems. (Field data were collected during the cropping
seasons and used to test the accurate ratio of the NDVI map). This is essential to under-
standing Sentinel-2 data's potential and limitations for monitoring smallholder agricul-
tural systems.

However, our crop maps are good enough for informed land-use change, broad-
scale early warning systems, and regional crop production monitoring. In smallholder
systems with high intercropping, similar methodologies could be used due to similar
climatic circumstances, satellite data frequency, cloud cover, management, and agricul-
tural practices.

Validation

According to GPS coordinates for high-yielding cassava fields recorded in Survey
2021, most cassava planting sites are in the central and eastern sections of the country.
This ground reference information is used to validate the land potential model using
ROC Analysis (www.jrocfit.org) (Eng, 2014). The results' validation demonstrates this
study results application of the model through in-situ observations. Using Receiver Op-
el'a'[ing CharaCteriStic (ROC) ROC Curve Summary Statistics:
curve analysis, the results were s = [wumoer o :
validated by using site selected
from the survey. The results
showed an area under the ROC
curve value of 82%, indicating
that the AHP method accurately
predicts and models potential /
land in the study area and that 0.0k , ‘
the methOd iS appropriate for " FalsePus?t.I‘r\:eFractlan " :
assessing and modeling poten-
tial land in the study area. Sig-

nificant knowledge of the impact iy 5 Receiver operating characteristic (ROC) curve (Key
of optimal cassava area on sus- for the ROC Plot: RED symbols and BLUE line: Fitted
tainable land use management ROC curve; GRAY lines: 95% confidence interval of the
and development in the district is fitted ROC curve; BLACK symbols + GREEN line: Points
given by this analysis (Fig. 5). making up the empirical ROC curve)

=
W
!

True Positive Fraction

ROC Curve Type: Fitted Empirical
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CONCLUSIONS

In this study, the primary purpose of the land evaluation was to predict the potential
or limitations of land for cassava production. The study revealed an assessment model to
determine the land suitability for planting cassava. Cassava crop is not an indigenous
product, Vietnam has been and continues to be the world's second-largest exporter of
this product. Our results suggest that the potential land area for cassava production is
still quite huge, eight times larger than the current cassava area. The results also high-
lighted that these areas face limitations for the cultivation of cassava due to climatic
conditions of the minimum temperature of the coldest month (Ps < 14°C), average annu-
al sunny hours (Ps< 1500 h); Land use, land cover, annual precipitation and soil pH are
the most significant factors. The high potential area was 8% concentrated in the study
area's middle and eastern part. Although, the research showed the areas of cassava crop
cultivation simultaneously reduced, the reason for that has not been dependent on the
physical environmental conditions, which have been very potential factors for providing
quality products. Product prices, farmer psychology, and agricultural product develop-
ment policies are just a few of the market factors that must be considered.
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N ITMCTAHIIUOHHOI'0 30HAUPOBAHUSA

T. T. H. Hryen ®, T. X. Tour

Texnuueckuit ynusepcumem Jle Kyu /lon
Bvemnam, 2. Xanoii, yn. Xoane Kyox Bvem, 0. 236

TMocrynuia B penakimto 02.02.2023 r., nocie nropabotkn 29.03.2023 r., npunsita 03.04.2023 r., omy6imkosana 21.06.2023 r.

AnHoTamys. L{ep HACTOSIIEro MCCIIEIOBAHNS — OLICHUTh XapaKTEPHCTUKH 3€MEJIb JUIS BHIPALIU-
BaHUsI OJIHOJIETHEH MAHHOKHU C IEBI0 BHIOOpA MPOCTPAHCTBEHHBIX CBOMCTB M MapaMETPOB OKPY-
JKAIOMIEN Cpelibl, HEOOXOMUMBIX JIUIS YKa3aHUs TIEPCIIEKTUBHBIX YUACTKOB JJIsSi BHIPAIIUBAHUS Ma-
HHOKH. B cootBercTBHY ¢ pykoBomsimmmu npuHImnamu @AO Oblia HOCTpOEHA MPOCTPAHCTBEH-
Hasi MOJIENb JUTSl OIIEHKH MEPCHEKTHBHBIX 3€MEIb ISl YCTOWYMBOTO BHIPAIIMBAHUS MaHHOKHU I10-
cpenctBoM uHTerparuu Merona AHP-GIS-Remote Sensing. Ananu3 3eMenb TIOKa3all, 9T 3eMITH C
BBICOKMM TToTeHIanoM cocrasisiior 6101.1 ra (8% ot obuieii iomanu), OHH COCPEAOTOUYCHBI B
Cpe/Hel U BOCTOYHO YaCTH M3y4aeMON TEPPUTOPUH. DTH PaiOHBI MMEIOT OTPAHMYEHHS IS BBI-
paliBaHus MaHHOKH HM3-3a KIMMATHYECKHX YCIOBHI: MHHHMAJbHAs TEMIEpAaTypa CaMoro Xo-
noxHoro mecsina (Ps < 14°C), cpenneroioBoe Kosm4ecTBo coiHedHbIx YacoB (Ps < 1500 u) u psix
MOTEHIHATBHBIX (haKTOPOB O0ECTICUeHHsT KAYeCTBEHHON MPOMYKIMH (Hanboiee BaxkHble (akTo-
PBI — TOIOBOE KOJIHUYECTBO 0CaKoB M pH mouBsr). [lnomany moceBoB MAHHOKH COKPATHIINCE, HO
IPHYMHA 3TOTO He 3aBHCeNa OT (DM3UYECKUX YCIOBHI OKpyxkaromieil cpensl. Bo3moxHo, Ha MecT-
HBIX (pepMax UTPAIOT BaXHYIO POJIb OrpaHHYHBaioNIne (aKTOpPbl BHYTPEHHETO PBIHKA, YCTapeB-
[IIe TEXHOJIOTHH MepepabOTKH M HU3Kask 3aKyMOYHAs [[EHA Ha CBIPYI0 MAHHOKY.

Kurouesnle ciioBa: AHP (Metox aHanm3a uepapxuii), MaHHOKa, yposxaii, nousa, [UC, ®AO

dunancupoBanme. ViccaenoBanue BbINoMHEHO npu GuHaHcoBoi noanepxke CoBmectHoro Poc-
cuiicko-BreTHaMckoro Tponnueckoro Hay4yHO-UCCIEN0BATENBCKOTO H TEXHOIOTHYECKOTO LIEHTpPa
(mpoexrt E1.4) B 2021 1.

Jas unruposanus. Nguyen T. T. N, Tong T. H. Assessment of lands for cassava (Manihot escu-
lenta Crantz; Euphorbiaceae, Magnoliopsida) cultivation using the AHP-GIS-Remote Sensing
technique [Heyen T. T. H., Tone T. X. OneHka 3emens Juist BipanmBanus mannokn (Manihot escu-
lenta Crantz; Euphorbiaceae, Magnoliopsida) ¢ ucnons3oBannem metona ananusa uepapxuii, [MC
U TUCTAHIMOHHOTO 30HipoBanws] // TloBomkckuit skomormaeckuit xyprai. 2023. Ne 2. C. 179 -
195. https://doi.org/10.35885/1684-7318-2023-2-179-195

= Jna koppecnonoenyuu. Kadenpa reonesnn u kaprorpaduu MHCTUTYTa TEXHUKH CHEIMATLHOTO MAIIMHO-
crpoenusi, Texunueckuit yausepcuret Jle Kyii Jlon, BeeTHam.

ORCID u e-mail adpeca: Hryen Txu Txy Hra: https://orcid.org/0000-0001-7021-9698, Thungatdbd@Ilgdtu.edu.vn;
Tonr Txu Xans: https://orcid.org/0000-0002-6639-0318, Tonghanh@lqdtu.edu.vn.
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TOKCUYHOCTD JBIMA JIJISI BUOTHI U BUOJIOT MYECKOM
AKTUBHOCTH ITOYB TP MOJEJIUPOBAHHUU ITIOKAPOB

M. C. Huxennckuii 2, K. II1. Kazees, B. B. BuiikoBa,
A. H. ®enopenxo, C. . Konecunkon

FOoicnwiii gheoepanvhuiil ynusepcumem
Poccus, 344090, 2. Pocmos-na-/ony, ya. b. Caoosas, 0. 105/42

TMocrynuia B penakimio 18.08.2022 r., nocie nopaborku 22.02.2023 r., npusnsita 07.03.2023 r., ony6imkosana 21.06.2023 r.

Aunoranusi. IIpuBomsTCS pE3y/nbTaThl 1O BIMSHHIO OJHOTO W3 BHAOB MHPOICHHOro (aktopa
(mpIM) TIOCHIE CKMTAHHSI CTPYKEK XBOMHBIX MOPOJ JCPEeBbEB Ha OMOMHIMKATOPH! (IOYBEHHBIC
(bepMeHTbI, MUKPOOPraHU3Mbl, Me30(ayHa, pacTeHHsl CelIbCKOXO3SMCTBEHHBIX KYJIbTyp). Ycra-
HOBJICHO, YTO 3aJBIMJICHHE B TeucHHE 60 MUHYT 3HAYUTEILHO HOBIMIO HAa PEePMEHTATHBHYO aK-
THBHOCTb YEepHO3eMa OOBIKHOBEHHOro. I[locpescTBOM (hyMHTamuy IPOU30LUIO CHIKEHHE TaKHX
(bepMeHTOB, Kak Karanasa, IlepoKcu/asa, nompeHoIokcHiasa u naseprasa. Hanbosnee uyBcTBu-
TENBHBIMU K JBIMY OKa3aluch ()epMEHTHI Kiacca OKCHIOpPEayKTa3. BhlsBicHa BbICOKas TOKCHY-
HOCTh Ta3000pa3HbIX MPOIYKTOB OPEHHs K MOYBEHHOI (uope u dayHe. B pesynprare BO3zmei-
crBUs (pyMHUranuy Ha OMOMHIMKATOPBI ONpeJelieHa 0CTpas TOKCHYHOCTh AbIMa. 3aMKCHpOBaHa
BBICOKasi CMEPTHOCTH TecT-00bekToB B onbiTax (Eisenia fetida, Nauphoeta cinerea). [Tousennsie
mukpooprauu3msl (Azotobacter chroococcum u Penicillium chrysogenum) okasanuce undopma-
THBHBIM TToKa3ateneM rociie 30 — 120 MunyT ymurannu. BeisiBiieHa ycTOHINBOCTS BCXOMOB pac-
rennit (Raphanus sativus, Triticum aestivum, Pisum sativum) x ra3ooGpasHbsiM IPOIYKTaM rope-
HUSl. BBITIOJIHEH 9KCIEPUMEHT IO ONpPEICICHHI0 XUMIUYECKOr0 COCTaBa ra3oB B JbIMY. Y CTaHOB-
JICHO, YTO B HEM COZEPIKATCsI TAKKE ONACHBIC COCAMHEHMS, Kak AHoKcHA cepsl (SO,), okcua u au-
okcupx asora (NO, NO,), okenn yrnepona (CO), aueransaerun (CoHs0), dopmansaernn (CH,0),
tdenon (CeHeO) ruapoxcnben3on u aApyrue, KOTOPhIE OKa3ald HeOIaronpusaTHOEe BO3ACHCTBHIE HA
WHANKATOPBI. AHAIIM3 BBISIBIJI, YTO KOHICHTpAIMs OKCHIA yriepoxa B 714 pa3 mpesblinana Mak-
CHMAJIbHO Pa3oByIO TpeebHo gonyctumyto koHuerrpauuio (I1/1K), aneransaernna — 8 24100 pas,
KOHIIEHTpALHs OKCHAA a30Ta 1 qrokcuaa azora — B 100 u 300 pa3 coOTBETCTBEHHO.

KiioueBble €J10Ba: MIPOr€HHOE BO3ACHCTBHE, OHOTECTHPOBAHNE, OHOMHIMKATOPHI, (EPMEHTHI,
TECT-00BEKThI, MUKPOOPTaHW3MBI, TOKCHYHOCTb, XHMHUYECKHUIA COCTAB JbIMa

dunaHcHpoBaHue. lccienoBaHue BBIOIHEHO NpH (QUHAHCOBOH mHoamepkke MHHHCTEpCTBa
HayKH U BBICIIEr0 00pa3oBanus PO B paMkax rocyapcTBEHHOTO 3aaHus B cepe HayqIHOU Jes-
tenprocTH (Ne FENW-2023-0008) 1 mpu ¢rHaHCOBON MOUIEpXKKE BeAyLIeH HAy4YHOH IIKOJIBI
Poccwuiickoit ®eneparmu (HII-449.2022.5).

= s koppecnonoenyuu. Kadenpa 3KoJI0THU U NPUPOAONONB30BaHUsS AKaJeMUH OUOJIOTUH M OHOTEXHOJIO-
run uM. J[. Y. UBanoBckoro, FOxHbIN (enepanbHblil YHHBEPCUTET.
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TOKCUYHOCTD JAbIMA JUJISI BUOThBI

Jst murupoBanust. Huocenvckuii M. C., Kazees K. 111, Bunkosa B. B., @edopenxo A. H., Konec-
Huxoe C. . TOKCHYHOCTB JbIMa JIsi OHOTHI M OHOJIOTMYECKOM aKTHBHOCTH MOYB TIPU MOACIHUPO-
BaHuu 1oxapoB // TloBomkckuit skomormdeckmit sxkypHain. 2023. Ne2. C.196 - 213.
https://doi.org/10.35885/1684-7318-2023-2-196-213

BBEJIEHUE

TMoxapsl HAHOCAT KaracTpoPUUIEeCKuil yiuepd NPUPOTHBIM COOOLIECTBAM, B TOM
YHCITe OKa3hIBAIOT HEOIArONPHATHOE BO3/ICHCTBIE Ha TI0YBY. B pesysbrare H3MEHSIIOTCS
OMOXMMHYECKHME CBOMCTBA TI0YB, KOTOPHIE BIMSIOT HAa JIOCTYITHOCTH NHTATENbHBIX Be-
mects s pacrenuit (Pellegrini et al., 2020). B 3HauuTeNnbHON CTENMEHH MPOUCXOIST
n3menenus U 6uotel mous (Certini et al., 2021). ITocnencTBus IPUPOAHBIX MOKAPOB
MOT'YT BKJIIOYATh IOBBIIEHUE YpoBHs adpozoierd u CO; B aTMoc(epHOM BO3yXe C I0-
CIIEAYIONUM OCAXJEHHEM TOKCHYHBIX BEIIECTB Ha mouBy. OHH, B CBOIO OuY€pe/ib, OKa-
3BIBAIOT MPSIMOE HETAaTUBHOE BO3JICHCTBUE HA (DYHKIIMOHUPOBAHUE OMOTHI U HA 37I0POBHE
MOYB.

Bosbiras yacTh OPraHW3MOB, OOWTAIOIINX B MOYBE, (HAKTHUECKH HAXOIWTCS B I10-
BEPXHOCTHOM CJIO€, HauboJiee MOJBEPKEHHOM BO3IEHCTBUIO BBICOKHX TEMIIEPATYP BO
Bpems moskapa (Swengel, 2001; Doamba et al., 2014).

W3BecTHO, YTO MpPH THPOTCHHOM BO3ICHCTBHM HM3MCHSCTCS TEMIICPATYPHBII pe-
JKUM, XUMUYECKHE CBOUCTBA TOYB, MPOUCXOIUT YMEHBIIECHHE BJIATOEMKOCTH U BOO-
MPOHHUIIAEMOCTH, YMEHBIIICHHE YUCIIEHHOCTH MuKpoopranusmos (Kazeev et al., 2020 a,
b). OnHako akTHBHOE 3a[BIMIICHHUE TAKXKE MOYKET IIPUBECTH K CHIDKCHUIO MHTEHCHBHO-
CTH MHUKPOOUOJIOTHYECKUX MPOIECCOB U (hepMEeHTATUBHOMN akTuBHOCTH (Banbkos u mp.,
1996). IMostomy ciemyeT Gojee MOAPOOHO PACCMOTPETH MPOTEKAIONIME B MMOYBE MPO-
11eCChl, 00YCITOBIICHHBIE (yMuTaIme (3amasiMiueHnem). JIsIM COIEPKUT OTIACHBIC TOKCHU-
KaHTBI, B HEM MHOTO (DEHOJILHBIX COCIMHEHHH, KOTOpPhIC, KaK U3BECTHO, 00J1a1al0T My-
TareHHbIMH ¥ KaHIeporeHHbIMU cBoiictBamu (CuubkoB, Ilouanckuii, 2017; Bepauuko-
Ba, 2019). Okcuapl yriepoja, a30Ta U Apyrye BEIIECTBA TAKKE OMACHBI B COCTAaBe MPO-
JIyKTOB TOPEHHMs, 00Pa3yIOIIMXCSI B PE3YIbTATE TEPMUUECKON TECTPYKIHH.

Jlnist BBIABJIEHHS W3MEHEHHH, MPOUCXOISIIMX B TOYBE, MPOBOISIT MOHUTOPHHT.
BuonHauKaIys SIBISCTCS PACHPOCTPAHEHHBIM METOJIOM OIEHKH M3MEHEHUH B IOYBE
(Breg et al., 2017; Erdds et al., 2017). J)KuBble opraHU3MBI TIPEIOCTABIISAIOT HHPOpMa-
IIMO0 O HETAaTHBHOM BO3JIEHCTBHU CTPECCOBBIX (PAKTOPOB OKPYIKAIOIIEH CPelbl, U TI09TO-
My OHOMHIMKANHS TOTOMHSAET (BU3UIECKHe W XUMHUECKne uccienoanus mous (Heger
et al., 2012). buorecTupoBaHKe MPOBOIAT TSI OTIPEIEIICHHUSI O0IIeH TOKCHYHOCTH, MyTa-
TeHHOCTH | KaHueporenHoctu mous (Pomanos, Jlrobomuposa, 2009; Terekhova, 2011).
Hcnonp30BaHre PacTeHUI B OIEHKE KAueCTBa MOYB SIBJISIETCS MPHUOPUTETHBIM HAIpPaB-
JIeHWeM OMOMHMKAIMK. DTO CBSI3aHO C T€M, YTO MPOJYIEHTAM MPUHAIEKUT OCHOBO-
MOJIAraromias pojib B XHU3HU OMOTEOICHO30B U KPYTrOBOPOTE BEHIECTB U SHEPTUH B OHO-
chepe (Heseposa, Epemeera, 2006). OUTOMHIUKAIHS OCYIIECTBISETCS 110 PEAKIIUAH
pacTeHuil Ha BO3ICHCTBIE BHEITHUX (PaKTOPOB. BEIOOp M3y4aeMBIX mOKasaTeeit Onoio-
TMYECKON aKTUBHOCTH MOBPEKACHHBIX TOYB JOJDKEH OCHOBBIBATHCS HA HECKOIBKHX
KpUTEpUsIX: WHGOPMATHBHOCTH MOKA3aTelsl, BHICOKOH TyBCTBHTEIBHOCTH, HEOOIBIIOH
omuOKe OMBITOB, HE3HAYMTEILHOM BaPbUPOBAHUH MMOKA3aTENs], IIMPOKON JTOCTYITHOCTH
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ucnosnp3oBanus metona (Kasees u np., 2016). Hanbosee KOppEeKTHBIN pe3yibTaT TOCTH-
raercs IpH HCIOJIB30BaHUU HECKOJBKHX TECT-OOBEKTOB M3 Pa3HBIX CHCTEMaTHYECKUX
rpynn (®@enepaibHblit 3akoH 0T 24.06.98 N 89-03 «O6 oTx0max MPOU3BOACTBA H IIO-
TpeOneHus»).

Lenp paboThl — HCCIEIOBATH BIMSHHE IbIMA MPU MOJCIUPOBAHHU MOXKAPOB HA
(hepMEHTaTHBHYIO aKTHBHOCTh YEpHO3eMa OOBIKHOBEHHOro, Me3o(dayHy, MHKpoopra-
HH3MBI U PACTEHHS CEIbCKOXO3SIMCTBEHHBIX KYAbTYp. Jiis 3TOr0 TpeboBaiock NpoBeCTH
aHaJU3 MO0 U3MCHECHHUIO aKTUBHOCTH IOYBEHHBIX (hepMEHTOB (KaTaiasbl, MOJH(EHOIOK-
CHJIa3bl, IEPOKCHIA3bl, HHBEPTa3bl, ypeasbl) U ONPEACIHTh OKa3aTeIH, Hanboee YyB-
CTBUTENBHBIC K BO3ACHCTBHIO JbiMa. Takke B XOJe MPOBEICHUS HCCICIOBAHUHA OBLIO
HE00XOJMMO YCTAHOBUTH BPEMEHHON MOPOT BIHAHHS (yMHTalliH, B IPOLEcce KOTOPOi
Oyner 3auKCHpOBaHA CMEPTHOCTh Me30(ayHbl (TapakaHOB M JI0KACBBIX YepBEi), BbI-
SIBUTh PE3UCTCHTHOCTb MPOPOCTKOB PACTCHUH K (pyMUramvy W BBUIBUTH MOAABICHHUE
MHKPOOPTaHH3MOB ITOCTIE 38 bIMJICHHSI.

MATEPHUAJI 1 METO/IbI

OObekTaMH HCCIEIOBaHMi OBUTM TaKWe >KHUBBIC OpraHm3Mbl, kak Penicillium
chrysogenum (Thom, 1910), asordukcupyroume Gakrepun Azotobacter chroococcum
(Beijerinck, 1901), Tapakansr Nauphoeta cinerea (Olivier, 1789), uepsu Eisenia fetida
(Savigny, 1826), cemena pacrenmii — Pisum sativum L., (1753), Triticum aestivum L.,
(1753), Raphanus sativus L., (1753), a taxxe mouBeHHBIC (hepMeHTHI (KaTanasa, MoJH-
(eHoTOKCHIa3a, TIEPOKCH/Ia3a, MHBEPTasa, ypeasa).

IMouBa, MOABEPraroIIasCs BO3ACHCTBUIO JbIMAa — YSPHO3eM OOBIKHOBEHHBIN FOKHO-
eBporneickoil pamun kapoonatHslii ierkornuaucTbid (Haplic Chernozem (Aric, Loamic,
Pachic)), otobpannsiit u3 boranuueckoro cama FOHOTO (eaepanbHOr0 yHHBEPCHTETA
(0 — 10 cm). OHa oOnamaeT BBICOKHM IUIOZOPOANEM U ONarONpUSTHBIMU CBOHCTBAMH:
XOpoLIEH CTPYKTYpO#, ONTUMAJIBHOHN IUIOTHOCTBIO CIIOKEHUS, XOpOLIEH BOIOIPOHMLIA-
€MOCTBIO, BBICOKOH 00ECIIEUEHHOCTRIO KalmneM, a3oToM u (ocpopom (Basbkos u 1mp.,
2008; Azarenko et al., 2020; Kazeev et al., 2020 a). [TouBa OIBITHOTO y4acTKa Xapakre-
pH3yeTCs CIEAYIOIMMU MOKa3aTe/sIMU: MOLIHOCTh T'YMYCOBBIX TOpH30HTOB (A+B) —
80 cM, comepikaHUE OPraHUYECKOTO yriepoja B MaxoTHOM ropusonte — 2.0%, nerko-
TIMHUCTBIA TpaHyJIoMeTpudeckuil cocraB (coaepxanue ¢usmdeckoil rmuael — 53%),
conepkanne moasmwxkHoro ocpopa — 3.3 mr P,0s/100 r, odmennoro kamms, KO —
341 mr/kr, uutparoB, N-NO; — 8.4 mr/kr (Nizhelskiy et al., 2022).

Cepuist MOJICITBHBIX SKCIIEPHMEHTOB ObLIa MPOBEICHA B KOHTPOJIUPYEMbBIX YCIOBHUSIX
npu moMoun aeiMoreHepatopa «Merkel Standart» (Helicon, Poccus). ®ymuranuro
OCYLIECTBIISUIN, UCIONB3YsI HHCTPYKIUIO mpousBoauTes komnanuu Helicon (Poccus).
BruonamikaTopsl momemany B Tra3oByr0 kamepy oosemom 50 1. [Momauy Bo3myxa B Ka-
Mepy OCYILECTBISUTH MTOPIIHEBBIM KoMmpeccopoM Hailia Aco 208 (Haili Group Co. Ltd,
Kwuraif), ¢ MHTEHCHBHOCTBIO 3amoyiHeHus AbiMoM 17.5 m/muH. Cxema YCTAaHOBKH ISt
OTIBITOB JIsl KQXKIOTO U3 UCCIIeyeMbIX 00bEKTOB MpecTaBieHa Ha puc. 1. Bo Bcex skc-
MEepUMEHTaX TeMIiepatypa Bo3ayxa Obuta uaeHTHuHa (21°C), a mMartepranamMu rOpEHUs
OBLTH CTPYXKKH XBOWHBIX MOPOJ JepeBbeB. [Ipu MpOBEICHUH SKCIEPHMEHTOB OTHOCH-
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TENbHAs BIAXHOCTh cocTaBisuia 54 — 58%, armocdeproe masnenue 755 — 757 MM pr. CT.
(100.67 — 100.93 kIla). ITapameTpbl BO3AYIIHOW CPE/IbI OMPEACITUIN MPH MOMOIIH Me-
teomerpa MOC-200A (3AO HIIII Dnekrporcranaapt, Poccus). B ombiTax mcciemoBaiti
TOJILKO BIMSIHUE JbIMA HA MOYBY U OMOTY, TeMIIepaTypHbIi (akTop U OroHb ObLTH HC-
KJTFOYCHBI KOHCTPYKTUBHBIMU OCOOCHHOCTSMH YCTPOWCTBA ISl pymuranuu (3agpiMire-
HEs). B X0/e 9KCIICPUMEHTOB YCTAHOBICHO, YTO TEMIICPATypa BBIACISIOIICTOCS MIPU
TOPCHHH XBOMHBIX CTPYXEK [IbiMa He mpebimrana 25.8°C (ompemeneHo TepMOMETPOM
TJI-2 (OAO Tepmormpubop, Poccus)).

Puc. 1. Cxema 3KCHepI/IMeHTOB: 1- ra3oBas Kamepa, 2 - JAbIMOBast pr68. JUIA 1oaavyu JAbIMa B ra-
30BYI0 KaMepy, 3 — MaTepuaibl ropeHus, 4 — TpyOka s ofaYu BO3AyXa B JBIMOBYIO TpyOy, 5 —
IIUIAHT OT BO3JYIIHOTO KOMIIpEccopa, 6 — BO3LYIIHbINH KOMIIPECCop, 7 — OTBEPCTHE JUIS PO3XKUTa,
8 — KOHTEHHepHI ¢ M0YBOi1, 9 — KOHTEHHEPBI ¢ TeCT-00bEKTAMH

Fig. 1. Scheme of the experiments: 1 — gas chamber, 2 — smoke pipe for smoke supply to the gas
chamber, 3 — combustion materials, 4 — air supply pipe to the smoke pipe, 5 — hose from the air
compressor, 6 — air compressor, 7 — ignition opening, 8 — containers with soil, 9 — containers with
test objects

Hsmenenue ouoxumuyecxkux nokazamerneti. Ilouy cinoem 0.6 cm u maccoii 40 r mo-
Memanu B KoHTeiHepsl o0beMoM 200 M. Bpemst 00paboTKH Kakoro oopasia J5IMOM
coctaBmio 60 MuH. VI3MeHeHHe akTHBHOCTH ITIOYBEHHBIX ()EPMEHTOB OMPEIEISUIN MOCIIe
(¢ymuranyu. AKTHBHOCTH KaTajia3bl — BOJIOMETPHUECKMM METOJIOM IO CKOPOCTH pas-
noxenust nepexkucu Bogopona (CamcrsH, 1982). AKTUBHOCTH MOJIM()EHOIOKCHIAA3HI H
MEPOKCHUAA3BI ONPEICIICHBl KOJOPUMETPHYSCKIM METOJOM 10 CKOPOCTH NPEBPAILCHUS
THIPOXHUHOHA B OCH30XWHOH. AKTUBHOCTB 3THX (PEPMEHTOB B 3HAUHTEIHHOW CTEICHH
3aBUcUT oT pH u HekoTopbix npyrux mapamerpop (Gianfreda, Rao, 2004; Sinsabaugh,
2010). [dnst onpeneneHus akKTHBHOCTH HHBEPTA3bl MCIOIB30BAIH KOJIOPUMETPHUCCKHUI
METO/]1 OIIpeieIeH s 00pa3yIolLeiics TIIIOKO3bI U3 Caxapo3bl ¢ HOMOLIBIO peakTua Pe-
JUHTa. MeTo1 orpe/iesieH!s] aKTUBHOCTH ypea3bl OCHOBAH Ha ONPEENICHUH COJIepIKaHHsI
aMMOHMITHOTO a30Ta MpHU TMAPOJIU3€ MOYEBUHBI C IOMOIIbIO peakTuBa Heccnepa. Ak-
TUBHOCTH (pepMEHTa 3aBUCHT OT MHUKPOOHOTO COOOIIECTBa, a Takke (PU3NICCKUX U XU-
MHUYECKHX XapaKTEPHUCTHK IT0YB M MEHSETCS NPU M3MEHEHNH COJIEP KaHMsI OpraHNIecKo-
ro BelecTBa, IIyOuHbI mouBkl, Temmeparypsl u pH (Yang et al., 2006; Corstanje et al.,
2007).
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Obunue muxpoopeanuszmos. YUCIEeHHOCTh MUKPOCKOIIMYECKUX IPUOOB OIpesieieHa
METOIOM MoceBa. JIJist 5TOro MCIoIb30Balk YMCTyI0 KynsTypy Penicillium chrysogenum
U3 KOJUICKIMH Kadeapbl OMOXMMHH M MHUKpoOuoiorud. IloceB MpOBOOWIM Ha Cpemy
Yareka U3 CyCIIEH3MM MHKPOMMIIETA, JOBEAEHHOM 10 KoHuenTpamuu 10° KOE/mn, uuc-
JICHHOCTh KOHHINI KOHTPOJIHPOBAIM ¢ MOMOIIBI0 Kamepsl ['opseBa. O0mnume Oakrepmit
Azotobacter chroococcum ompenernsin METOIOM KOMOYKOB 00pacTaHus MOYBbI Ha Ge3-
azotuctoit cpene Dmbu. Yamku [letpu ¢ MUKpoopraHu3aMaMy TOMENIAIA B Ta30BYIO
Kamepy Ui ymuranuu. TOKCHYHOCTH JbIMa OIPEeNsUId MOACYETOM HCCIEeIyeMbIX
MHKPOOPTaHH3MOB Ha OTBITHBIX Yalikax [leTpu B CpaBHEHHH C KOHTPOJBHBIMHU YaIllKa-
MU 6e3 pymuranuu.

Hcnonvzosanue 002coesbix uepeell U mapakamos 6 Kauecmee mecm-o0beKmos.
[Tpy mOMOIIYM JOXKAEBBIX YEPBEH OLCHHBACTCS OCTPAas TOKCHYHOCTD, PENPONYKTHBHBIH
MOTEHIMAaN, MpupocT Ouomacchl. [Ipyu mpoBeAeHUH SKCIEPUMEHTOB 32 OCHOBY B3sUIM
METOJl M3 TOCYIapCcTBEHHOTO craHmapra Poccum (MeXrocymnapCTBEHHBIN CTaHmapT
I'OCT 33036-2014). Yepsu Eisenia fetida Obutn momemiensr B kouTeliHeps! Ha 200 mi
BO BiiaxkHyo nouBy cioem 0.6 cm u maccoii 40 r. [IpenBapuTesbHO TOYBY YBIQXHUIN
Bojoit (BrmaxuocTh 40% ot mMacchl mouBbl). [loodepenHo oOpadaThIBann KOHTEHHEPHI C
4yepBAMHU IbIMOM B TeueHue 1, 5, 10, 30 MuH. AHAIOTHMYHO MPOBOVMIN CKPUHHHTOBBIMA
TECT, TJie BMECTO MOYBBI ObUTa (pUIIBTPOBabHAS OyMara. B xoze SkcrepuMeHTa Cleaniu
3a peaknuel OpraHu3MoB (CKOPOCTb 3apbIBaHUs YepBel B M0UBY). [10 OKOHYaHHIO OITbI-
Ta, a TaKXkKe CIycTsA 24 4 3apUKCUPOBAIH JIeTaIbHEIN uexon (%) opranusmos. Emie ox-
HUM HE MCHEE BaKHBIM TECT-O0BEKTOM, KOTOPBIA YacTO HUCMOJB3YIOT MPU OLIEHKE CO-
CTOSIHHSL Ha3eMHBIX DKOCHCTEM, SBIIAIOTCS Hacekomble. Tapakansl (Nauphoeta cinerea)
ObUTH MOMEIeHBI B Mpo3pauHble KoHTeitHepbl o0beMom 1000 mi. Bpems dymurarmum u
MOJICUET TapakaHOB OBUTH TAaKHMH K€, KaK M Ui JOKAEBBIX uepBeil. Buibop Tect-
OpPraHU3MOB OOYCJIOBJIEH yJIOOCTBOM HX HCIOJIB30BaHUS M MH()OPMATHBHOCTBIO MOIY-
YEHHBIX Pe3yabTaroB npu OuoauarHoctuke (Paccaguna, 2007). Kputepuem TOKCHYHO-
CTH sIBILIaCh THOENb O6onee 50% TapakaHOB M YEpBEH 3a CYTKH B TECTHPYEMOM 00pasIie
M0 CPABHEHHIO C KOHTPOJIEM.

Hcnonvzosanue pacmenuii 6 kavecmee mecm-o6vekma. JIjist 9KCIIepUMEHTa BIIAX-
HYIO TOYBY TOMECTHJIM B IUIACTHKOBBIE KOHTeiHepsl 00beMoMm 200 MII M yBIKHHIH
BOJIONIPOBOAHON BOmoi (40% oT Macchl MOYBBI). 3aTeM B KaXKIblii U3 KOHTEHHEPOB C
nouBoii cesimu mo 10 cemsin pasubix Kyaeryp (Raphanus sativus, Triticum aestivum,
Pisum sativum). B TedeHue 4 CyTOK MOJICPKUBANH ONTHMAIbHBIC ISl MPOPACTAHUSL
CEMSH yCJIOBHUS — BIAXKHOCTh, OCBELICHHOCTD. [10 OKOHYaHHHU CpOKa MPOPOCLINE CeMEHA
noaseprany gymuramuu — 5, 10, 30 mun. Ilocne skcrmepumeHTa B TedeHHE 3 CYTOK
HaAOJIFOANTN 32 BHEIIHUMU M3MEHEHUSIMU MPOPOCTKOB. Tarke U3Mepsuid [UIMHY KOpHE#H
¥ I00ETOB pacTeHHi Yepe3 3 CYyTOK Mmociie (pyMUTaIlHH.

Xumuueckuii cocmag Ovima. IIpu MPOBENCHUH SKCIIEPUMEHTOB 0 BIHMSHHUIO ra30-
00pa3HbIX MPOAYKTOB IOPEHHs Ha MOYBY M OWOTY ONPENENUIIN TAKKe U XHUMHUUECKHN
cocTaB JpiMa. 3a00p JbIMa OCYIIECTBUIIN PH MOMOIIM ra3oananusaropa JAI-16 (OO0
Hutras, Poccus) mo meromukam: [THJ] @ 13.1.41-2003 (uzmanme 2012), TTHJ @
13.1:2:3.59-07 (u3mamme 2005), TIHA @ 13.1:2:3.23-98 (u3ganue 2005),
®P.1.31.2009.05508 (u3manme 2004), M-MBU 173-06 (usmanue 2006), TTH @
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13.1:2:3.27-99 (uzmanme 2005), M-18 (m3manue 2002), M-14 (uzganue 2011), M-15
(uzmanune 2001), ITHJ @ 12.1.1-99 (uzganue 1999). Jlist onpeaeseHuss MaCCOBBIX KOH-
LCHTPaLMA XHMAYECKHX COCIAUHCHUI OBUTH HMCIOJIb30BAHBI TAKUE MPUOOPHI, KaK ra3o-
Bl xpomarorpad kpuctami-2000M (3AO CKB Xpomarsk, Poccus), xpomarorpad
OI'X-01 (OO0 HII® AHATOK, Poceust), poromerp KPK-3-01-30M3 (AOOT 3arop-
CKHMH ONTHKO-MEXaHWUeCKuit 3aBoj, Poccus), crexrpodoromerp UV-1800 (Shimadzu
Corporation, Smomwus).

[TomyuyenHsle TaHHBIE OLIEHUBAIN Ha JOCTOBEPHOCTh PE3yJIbTaTOB C MPUMEHEHHEM
0JIHO(AKTOPHOTO JHUCIIEPCHOHHOTO aHain3a C YPOBHEM CTATHCTHYECKOH 3HAYUMOCTH
p < 0.05. Bee pacuersl MpoBOMMIM C TpUMEHeHHeM MakeToB mporpamm Microsoft Excel
(Microsoft Corp., USA) u Statistica 10 (StatSoft Inc., OK, USA).

PE3YJIBTATBI U UX OBCY)XJIEHUE

H3menenne 0MoXMMHYECKUX MOKa3aTeseil. B xozne sKcriepuMeHTOB ObUIO BBISB-
JIEHO M3MEHEHHE aKTUBHOCTH INOYBEHHBIX ()EPMEHTOB. AKTHBHOCTH BCEX (pepMEHTOB
3HAYUTEIBHO CHU3WIIACh NPH BO3ICHCTBHU NPOAYKTOB ropeHus. Haubonee wyBcTBU-
TEJILHBIMH K BO3JICHCTBUIO JbIMa OKa3aJuch (DEPMEHTHI M3 KJIacca OKCHIOPEAyKTa3: Ka-
Tajga3a ¥ noiaugeHoNIoKcuaa3a. 3HaYeHUs UX aKTUBHOCTH IIOCIe 4acoBoil oOpaboTKu
JIBIMOM yMeHbIIMIUCh Ha 25 — 33% 1o cpaBHEHMIO C KOHTpOJIeM. AKTHBHOCTH APYTHX
nokasareneid Obuia HHrUOHpoBaHa ABIMOM Ha 15 — 23% (puc. 2).

Bri6op ¢epmMeHTOB I aHANMM3a OOYCIIOBIIEH MX BBICOKOH YYBCTBUTEIHHOCTHIO K
AQHTPOIIOT€HHBIM BIHMSHHAM. ["a3000pa3HbIe MPOIYKTH TOPEHUS OKa3alu 3HAYUTEIbHOEe
BO3/ieiicTBUe Ha uepHO3eM. Takue U3MEHEHHMs! MPOM30LLIA B PE3yJbTaTe MOIJIOIICHHS
MOYBOH BEIIECTB, KOTOPbIE 00OPa3yloTCsl IPU TOPEHUU APEBECHBIX OCTAaTKOB. IIpH momo-
my razoananmsaropa JJAI'-16 ObII0 yCTaHOBJIEHO, YTO B JBIMY COJEPKATCS TAKUE OITac-
Hble coeMHeHHs, Kak auokcuy cepbl (SO2), okeun u auokcun azota (NO, NO»), okcua
yriepoaa (CO), aueransaerun (C2H4O), dopmansaerun (CH20), denon (CsHsO) rua-
pokcubenson, renran (C7Hig), MeTan %

(CHy), rexcan (CsHi4). Amamus Be- 1007
SIBUJI, YTO KOHIIGHTPAIIUU HEKOTOPBIX  go-
U3 HHUX CYIIECTBEHHO MPEBLIIIACT
MK armocdepnoro Bozmyxa I'H
2.1.6.3492-17 (I'urueHuYecKre HOpP- 40+
matuebl ['H 2.1.6.3492-17). B uacr-
HOCTH, OKCHJl YIJIEpOJa COCTaBHJI
3570 mr/m3, uto B 714 pas npepblmia- 0+ : : : : x
€T JIONYCTHMbIe MaKCHMaJIbHO pa3o- ! 2 3 4 > 6

BYI0 KOHLeHTpauuio u B 1190 pas Puc. 2. CHwxeHHe aKTHBHOCTH (DEPMEHTOB B ITOYBE,

) -1 _ ~ Io-
CPeJIHECY TOUHYIO. AHATOTHYHEIE % oT KOHTpoJs: 1 — KOHTpOJIb, 2 — KaTanasza, 3 — 1o
nmudeHonokcuaasa, 4 — nmepokcuaaza, 5 — MHBepTasa,
HM3MEHEHHUs HAOIIOJaIN ¢ OKCHIOM U
6 — ypeasa (u3menenust nocroepHsl mpu p < 0.05)

JIMOKCHIIOM a30Ta, OPMANBICIHIOM, Fig™ 5 Decrease in the enzyme activity in soil, % of
(enonom u aneranbaerniom. Cie- control: 1 - control, 2 — catalase, 3 — polyphenol oxi-
JOBaTellbHO, JaHHbIE Ta3000pa3Hble dase, 4 — peroxidase, 5 — invertase, 6 — urease (changes
BeleCTBA  BHECHM  HamOombmmid  are significant when p < 0.05)
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BKJIaJl B U3MEHEeHHe (epMEHTaTUBHOM akTHBHOCTH. OZIHAKO HE BCE MCCIeyeMble B aHa-
nm3e coenauHenus npesbimanu [TJIK. Hanpumep, koHIEHTpaus IUOKCHAA CEpbl MpH
anamuse apiMa coctasmwia 0.28 mr/m3, 4TO He TPEBBICHIIO MAKCUMAILHO JIOMYCTUMYIO,
ofHaKko B 5.6 pa3a mpeBbIIano cpeaHecyTouHyto (tadm. 1).

Taﬁnnua 1. KOHHeHTpaHI/II/I XUMHYCCKHUX COeZ[I/IHeHI/Iﬁ B AbIMY OT C)KUTaHUA XBOMHBIX CTPYIKEK
Table 1. Concentrations of chemical compounds in smoke from the burning of coniferous wood-
chips

IIpenenbHO AOMYCTHMbIE KOHLIEHTPAIMK B aTMO-
KoHerTpars 5 ceprom BosLyXe, mr/m® / Maxin_1urr_1 permissible
3 concentrations for atmospheric air, mg/m®
Xumuueckoe coeauHenue / IKCcTepuMenTe, Mrim®/ M C
Chemical compound Concentration in the | v 2XCMMAJIBHO pasosas peaHecyTouHan
experiment, mg/sC KOHTICHTDAIIHS / KOHIICHTDAIIHs /
Maximum single Daily average
concentration concentration
Huoxcun ceper (SOz) / Sulphur 0.28 0.5 0.05
dioxide (SO,)
Vranepon oxcux (CO) / Carbon 3570 5 3
oxide (CO)
Asora amokeun (NO) / Nitrogen 60 0.2 0.04
dioxide (NO,)
Asora okcuy (NO) / Nitrogen oxi- 40 0.4 0.06
de (NO)
Meran (CH,) / Methane (CH,) <2 50 -
T'excan (CeHlA) / Hexane (CeHlA) 238 60 —
Auertansaerun (C,H40) / 241 0.01 -
Acetaldehyde (C,H,0)
®opmansaerug (CH,0) / 9.53 0.05 0.01
Formaldehyde (CH,0)
Denon (CeHgO) I'mmpoxcubenson / 441 0.01 0.006
Phenol (C¢HsO) Hydroxybenzene

Panee ObUTH YCTaHOBIICHBI HEKOTOPHIC 3aKOHOMEPHOCTH PEAKIIMH MMOYBEHHBIX (ep-
MCHTOB Ha BO3JICHCTBHE JIbIMa, YCTAHOBJICHO MHTHOMPOBaHHE (EepPMEHTATHBHON aKTHB-
HOCTH B 3aBUCHMOCTH OT MHTCHCHBHOCTH BO3JCHCTBHS (BPEMEHH U TEMIICPATYpPhI Ibl-
Ma), BJI2XHOCTH MOYBBI, NpHpoasl ¢epmenta u apyrux daxropos (Nizhelskiy et al.,
2022). Ha ceromusimiHmii IeHb B JUTEPATYPHBIX HCTOYHHUKAX TOCTATOYHO MH(POPMAITUH
00 M3MEHEHNH OMOXUMHYECKHX MOKa3aTeliell IoYB MOCIIe BO3ICHCTBUS TeMIIePaTyPHOTO
(axropa, orus (Boerner et al., 2008; Vilkova et al., 2022), Ho npakTHYECKH HE U3YIEHBI
MOCJEACTBUSL BO3JCHCTBUS JblMa Ha MouBY. JlaHHOE HcclieloBaHHUE 10 BO3JIECUCTBUIO
JIbIMa OT MOKapOB JIOTIOIHMWIO paHee M3ydYeHHbIE MO BIMSHUIO MHPOTEHHOTO (akTopa
(orHS M BBICOKHX TEMIIEPATyp) Ha M3MEHEHHEe aKTHBHOCTH TIOYBCHHBIX ()epMEHTOB. BbI-
SIBIICHBl XMMHYECKHE BELIeCTBA, KOTOPHIC OKAa3bIBAIOT HaWOOJbIIee BO3ACHUCTBHE Ha
OMOJIOTHYECKYIO aAKTHBHOCTD YepHO3EMa NPH CKUT'AHHU PACTUTEIbHBIX OCTATKOB.

O6uue MuUKpoopranu3moB. COrllacHO TONYyUYEHHBIM pe3yabpTaram, obmare Peni-
cillium chrysogenum wa garmkax ITerps 3aBHCceN0 OT BpeMeHH 00pabOTKH HX IBIMOM. Y CTa-
HOBJICHO CYIIECTBEHHOE COKpAIleHHE UYHCICHHOCTH HCCIeNyeMbIX opraHm3moB 3a 30 —
120 mun pymuranmm. 3a ykazaHHOE BPEMsI YMCIICHHOCTh CHU3MIACh Ha 25 — 57% (puc. 3).
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AHanorn4Has CUTyanus Oblia u
¢ BIUsSHHEM IbiMa Ha Azotobacter
chroococcum. VYcraHoBneHa BBICO-
Kasi 4yBCTBHTCIBHOCTH OaKTEpHil K
npoaykram ropenus. HawubGonbmiee
MOJIaBJICHUE TIPOU3O0IIO TIOCIIE MaK-
CHMAITbHOTO YPOBHS BO3/CHCTBUSA
(120 muH) — 3HaveHHs MOKa3aTeNs
CHU3WIKCh OTHOCHUTEIBHO KOHTPOJIS
Ha 62%. Takum obpaszom, 3adukcu-
pOBaHa BBICOKAs YyBCTBHTEIBHOCTD
6akrepuii Azotobacter chroococcum

100%

80
60
40

——- — Azotobacter chroococcum
20 —— — Penicillium sp.

0 T T
1 2 3 4

Puc. 3. CHwxenue umcieHHocTH Oaxtepuit AzO-
tobacter chroococcum u MHUKpOCKONHMYECKHX TPUOOB
Penicillium chrysogenum mox Bo3ueiictBuem piMa,
% ot xouTposs: 1 — koHTponb, 2 — ¢ymuramms 30

muH, 3 — ¢pymuranus 60 mus, 4 — pymuramms 120 mun
(n3menenust mocroBepHs! mpu p < 0.05)

Fig. 3. Reduction of Azotobacter chroococcum bacteria
and Penicillium chrysogenum microscopic fungi under
smoke exposure, % of control: 1 — control, 2 — after
30 min fumigation, 3 —after 60 min fumigation, 4 —
after 120 min fumigation (changes are significant
when p < 0.05)

u rpu6os Penicillium chrysogenum x
(dbymMHranii OT TOPEHUs XBOMHBIX
CTpyXeK. BblsBieHa B3aMMOCBS3b
W3MEHEHHs OOMJIMS MHKpPOOpIaHH3-
MOB B 3aBHCHUMOCTH OT HPOJOJDKHU-
TETIBHOCTH (pyMUT AL

Panee yxe ObUIO HCCIIEIOBAHO
BO3/IeiicTBHE OTHS Ha IIOYBEHHBIC
Mmukpoopranusmel (Barreiro, Diaz-Ravifia, 2021), oneHnBanoch KpaTKOBPEMEHHOE BO3-
JefCTBHE MUPOTeHHOTo (hakTopa (OrHs), a TAKIKE CPEIHECPOUHBIC M JOJITOCPOUHBIE HO-
cienctBus. OTMeuaeTcs], YT0 BO3ACHCTBUE MTOYKAPOB HAa MOYBEHHBIE MUKPOOPTaHU3MBI, a
TaK)Ke MOCJIeAyIOIIee BOCCTAHOBICHHE TTOUBbI 3aBHCUT OT Pa3JIMYHBIX (PaKTOPOB, TAKHX
KaK MHTEHCHBHOCTb MOXapa, JIIUTEILHOCTh BO3JICHCTBHS, YCTOHUYMBOCTD MOYBHI M yCJIO-
BUil OKpyKaromieii cpennl. B padorax (Saenz de Miera et al., 2020; Qin, Liu, 2021) onu-
CBIBAIOTCSI M3MEHEHHsI OAKTEpHaJIbHBIX COOOIIECTB B 3aBUCHMOCTH OT WHTEHCHBHOCTH
OTHS, a TaKXKe YMEHBIICHHE pPa3HOoOpasns OakTepwid U TPHOOB CITyCTA IMOJTOAa MOCTe
MHpOTreHHoro Bo3nelcTBus. [loqo6HOe HccnenoBaHne ObIIO BEIIIOJIHEHO B 3KCIEPHUMEH-
Tax, ONMCAHHBIX B HACTOSIIEH CTaThe, OAHAKO BMECTO OTHS HCIIOJIB30BAIH JbIM OT CXKH-
raHusl XBOWHBIX cTpysKeK. TemmepaTypHbli (akTop OBbLT HCKITIOYEH KOHCTPYKIMEH 000-
pyzaoBaHus Juisi 00paborku yamiek [lerpu ¢ Mukpoopranuzmamu gsiMoM. Temneparypa
ra3000pa3HbIX MPOAYKTOB ropeHust He mpesbimana 25.8°C. Takum 00pa3oM BBIIBHIH
TOKCHYHOCTH TA30B, BBIIEIISIEMbIX IIPU TOPEHUN PACTHTEIHFHBIX MaTepHaIoB Ha MOYBEH-
HbIe MUKpOOpraHu3Msl. [1pu 3ToM 3¢ dekra OT COmyTCTBYIOMMX (HaKTOPOB THPOTSHHOTO
BO3/IEIICTBUS — TUIAMEHH U BBICOKOH TEMIIEPATYPHI HE OBLIO.

Hcnonbs3oBaHue 10:KAeBbIX YepBeil M TapaKaHOB B KadecTBe TeCT-00bEKTOB.
BoszeiicTBue 1pIMa Ha TapakaHOB B TeueHHE 1 MHH HE BBI3BAIO MX UMMOOMIM3ALUH,
OTMeyaJlach BBICOKas IMOJIBIKHOCTB ocoOeld. @ymuranus B Teyenne 5 n 10 MuH Taxxke
HE OKazaJla BIMSHHUS Ha KHM3HECIIOCOOHOCTh TECT-OPraHM3MOB, OJHAKO JBHIAaTeNbHAs
AKTHBHOCTb MX He OblIa BBICOKOH, Kak B KOHTPOJBHOM oOpasue. BozzaeiicTBue npima B
tedenue 30 muH (tadn. 2) BeizBaio rudens 80% ucciemyeMbIXx OpraHu3MoB. Takum 00-
pasoMm, (ymuranus oT ropeHHs MaTEpHAIIOB PACTHUTENBHOTO IPOWCXOXICHUS, BCIE.-
CTBHE CBOEH BBICOKOW TOKCHYHOCTH, 3HAYMTEIBHO IOBIHATA Ha >KU3HECIIOCOOHOCTH
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tapakanoB (Nauphoeta cinerea) u3-3a momagaHust B MX OpraHWU3M BPEIHBIX BEIIECTB
MOCIIE€ BBLIAEICHHST TOKCHYHBIX Ta30B MPH ABIMOOOPA30BAHHUHM OT TOPEHHs IPEBECHBIX

CTpYIKeEK.

Taomuua 2. V3menenusi akTHBHOCTH u cMepTHOCTH Nauphoeta cinerea, moasepriuuxcst Bo3aeii-

CTBHUIO AbIMa

Table 2. Changes in the activity and mortality of smoke-exposed Nauphoeta cinerea

Bo3neiictue apiMa / Koutpoms / 1 MM_H/ 5 MI/I_H/ 10 st / 10 min 30 v / 30 min
Exposure to smoke Control 1 min 5 min

Cwmepraocts, %/

Mortality rate, % 0 0 0 0 80
IloBenenueckas peak-|OtMeueHa moBbl-|[loBeneHueckue peak-|{7 w3 10 TapakaHoB|Y 8 m3 10 tecr-

LIUs BO BpeMs dKCIepu-

menta / Behavioral

responses during the

experiment

LICHHAsA JBUTaTCIIb-

Hasi aKTUBHOCTH [

There  was

an

increase in motor

activity

LUHM OCTaluch 0e3 u3-
MEHEHUH, aHaJOTHYHO
xouTposo / Behavioral
responses  remained
unchanged, similar to
the control

OBLIH MaJIOTIOABHIK-
ueie / 7 out of 10
cockroaches  were
slow-moving

00BEKTOB  OTCYTCT-
BOBaJIM IIOBECIACHYEC-
ckue peakuun / 8 out
of 10 test subjects
had no behavioural
responses

IMocne dymuranum HOXIEBBIX YepBel B CKPUHHUHTOBOM TeCT€ B TeueHne 1 MUH
JIeTaJIbHBIX UCXOA0B He 3adHuKcupoBaHo. B obpasnax ¢ o6padorkoii 5 n 10 Mun Kosmde-
CTBO KHM3HECTIOCOOHBIX 0cO0eH 0CTaBalloCh HEM3MEHHBIM, OJJHAKO OHH HE OBUIM TaKUMH
aKTHUBHBIMH, KaK B mpeasiayieM Bapuante (1 mun) u kontpose. [Tocie 30 mun dymu-
ralyy 3aMe4eHa KpaifHe HU3Kas aKTHBHOCTh OPTaHU3MOB Ha (HIBTPOBAILHON OyMare B
CKPUHUHIOBOM Tecte. Jlanee mocne okoHYaHHs (GyMHTAllMU Bce KOHTEiHepHl ¢ o0Opas-
namu xpanwnn mpu 20°C B TemHoM nomerieHnd. Criyets 24 4 TecT-00BbeKTH IPOBEPHITH
cHoBa cornacHo ['OCT 33036-2014 (Mexrocynapcteennbiii cranaapt [OCT 33036-
2014). B pe3ynbTate HaOIIOACHHUN BISIBICHO, YTO TONBKO 30-MHHYTHast 06paboTKa JbI-
MoM mpuBena k 100% neransHOMY HCXORy, B TO BpeMs KaKk M3MEHEHHMH B OCTaJIbHBIX
HCCIIeAyeMBIX 00pa3nax He 3apHKCHPOBAHO.

Bo BTOpoM TecTe, ¢ MCHOJIB30BAaHHEM MOYBBI, OTMEYAIH CIIEAYIOIINE MOBEACHYC-
CKHE PEaKIiH: NOBBIIIEHIE aKTHBHOCTH, YCKOPEHHOE COKpAIEHNE KOXKHO-MYCKYJIBHOTO
MEIIIKa, BEPTHKAIbHBIN TAKCHUC B TIIyOb IOYBHI C LIENBI0 MUHUMHU3UPOBATh BO3EHCTBHE
nbiMa. [loacuer KM3HECTIOCOOHBIX JIOYKIEBBIX UEPBEH MOCIe ONbITa U CPABHEHUE C KOH-
TPOJIEM MPOBOIMIM aHAIOTMYHO CKPUHMHIOBOMY TECTy. Pe3ynbTaThl IpencTaBieHbl B
tabur. 3.

Ta6auua 3. [ToBenenueckas peakuus u cMepTHOCTh (%) Eisenia fetida mocie BoszaeiicTust apima
Table 3. Behavioral response and mortality (%) of Eisenia fetida after smoke exposure

Bosneiictue npima / Exposure to smoke 1 MITH Is MITH |1 MITH I'| 30 MHH !
1 min 5 min 10 min 30 min
Cwmepraocts, % /| Cxkpunuarossiii Tect / Screening test 0 0 0 100
Mortality rate, % Tecr ¢ mousoii / Test with soil 0 0 0 40
Crkopocrb 3apbiBanust B mousy, mu / Speed of digging into the| 0.1 — 0.2 mun ¢ Havana skcriepumMenra /
soil, min 0.1-0.2 min from the start of the experiment
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Pe3yabTaThl 10 BIMSHUIO MPOAYKTOB FOPEHHs HA JA0XKIEBBIX YEPBEH B MMOYBE CBH-
JIETELCTBYIOT O CPEIHEM YPOBHE TOKCHYHOCTH Ia3000pa3HbIX MPOJYKTOB TOPEHHS Ha
mouBy, Tak kak cornacao 'OCT 33036-2014 (MexrocyaapctBennsbiii cranaapt [OCT
33036-2014), BBICOKMM YpOBHEM CUHTAETCS CMEPTHOCTH TecT-00hekToB Oosee 50%.
Huskas cMepTHOCTh YepBeil B SKCIEPUMEHTE C MOYBOI CBs3aHA C T€M, YTO MOYBa BbI-
MOJIHSIET POJIb 3alIUTHOTO 0apbepa, MPEMsATCTBYS MPOHUKHOBEHUIO Ta3000pa3HbIX MPO-
IYKTOB TopeHus K depBsiM. OIHAKO B Cllydae CO CKPHHHHTOBBIM TecTOM (0€3 MOUBBI)
JeTalbHbII ucxo] obu1 6onee 50%.

W3BeCTHO MHOKECTBO paboT, MOCBAIIEHHBIX HMCIOIb30BAHUIO Pa3IMYHBIX OHOTE-
CTOB B KaueCTBE JUATHOCTUYECKOTO MOKA3aTess MMOYB B PE3yJIbTaTe Pa3iMYHBIX BHJIOB
antponorensoro BoszeiictBus (Kazees u ap., 2016; Schaefer, 2004; Moya et al., 2019).
Opnako HeT uH(OpMAIUK 00 HCIOJIB30BAHUH TAKHX TECT-OOBEKTOB, KaK J0XKICBbIC
qyepsu (Eisenia fetida), Tapakansr (Nauphoeta cinerea) mpu ¢pymuramnmu oT ropeHns Ma-
TEPUANIOB PACTHUTEILHOTO MPOUCXOXKACHUs. Hacrosiee uccienoBaHue Jano MmpeacTaB-
JICHUE O PEaKI[MH )KUBBIX OPraHU3MOB Ha Ia3000pa3Hble POYKThI TOPESHUSL.

Hcnonb3oBaHue pacTeHUil B KauyecTBe TeCT-00beKTa. BrisiBieHb Mopdooruye-
CKHE U3MEHEHHMsl pacTeHHWH MpU IUarHOCTHUKe. B yacTHOCTH, 3a)MKCHpPOBaH HEKPO3 —
OTMHpPaHHE YYacTKOB TOOETOB, JHCTHEB Y HCCICAYEMbIX KYIBTYp TOCIEe (yMHTAIUH
JeiMoM. TToMUMO 3TOT0, 3aMeUYEHBI M3MEHEHHUS B JJTHHE MTOOETOB U KopHe# (puc. 4).

% %
120+ 120
100 h 100
T Ea
80 80
60 604
40 40+
20 204
0- : . 0-
1234 1234 1234 1234 1234 1234
Top. / Pea Pen. / Rad. T / Wh. Top. / Pea Pen. / Rad. I / Wh.
ala 6/b

Puc. 4. I3meHenue utiHbl KOpHs (&) U mobera (6) y pacteHuit mocine dpymurannn, % oT KOH-
tpodst: Top. — ropox (Pisum sativum), Pex. — pemuc (Raphanus sativus), ITur. — mmenwua (Triticum
aestivum); 1 — kouTposib, 2 — biM 5 MuH, 3 — g6iM 10 mMuH, 4 — 1eiv 30 MuH (H3MEHEHHS JI0CTO-
BepHsI 1ipu p < 0.05)

Fig. 4. Changes in the root (a) and shoot (b) length in plants after fumigation, % of control: Pea —
pea (Pisum sativum), Rad. — radish (Raphanus sativus), Wh. — wheat (Triticum aestivum); 1 — con-
trol, 2 — 5 min smoke, 3 — 10 min smoke, 4 — 30 min smoke (changes are significant when p < 0.05)

Tak, mnmuHa KOopHEW y ropoxa nocie 30-MHHYTHOW 00paOOTKH ABIMOM MEHBIIE Ha
6%, yeM y KOHTPOJIBHBIX BapHAaHTOB, B TO BpeMs Kak (pymwurarms 5 u 10 MuH He TOBIH-
s1a Ha KOpHHU. BO3MOXXKHO, 9TO CBA3aHO C KPYIHBIMH pa3MepaMu CeMsIH, KOTopsle 00a-
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JIAFOT OOJNBLIMMH MUTATENbHBIMH 3aracaMd. OHU TIOMOTAIOT TOPOXY J0JIT0 (YHKIIMOHH-
poBaTh 0€3 BHEHIHUX MCTOYHHKOB NMUTAaHUS. Y peauca JAJHHA KOPHEH YMEHBIINIACh Ha
24 — 38%, oxgHako HanbONbIIHIA 3)(HEeKT AbIM OKa3aia Ha KOPHHU MIICHHIB! (YMEHBILICHUES
Ha 45%) nocne 30 mun ¢ymuranuu. B ciaydae 3aMepoB JIMH MOOETOB HAOIIOAAIN T10-
XOXKYI0 CHUTYallHI0. AHAJIOTHYHO NPEIBIIYIIAM pe3yjibTaTaM II0 BIWSHUIO IbIMa Ha
OMOMHANKATOPHI ([I0YBa, MHKPOOPIaHU3MBbl, YE€PBH M TaPaKaHbI), JAHHBIA YKCICPUMEHT
BBIIBMJI PE3UCTEHTHOCTh PACTEHHII K ra3000pa3HbIM NpoaykTaMm ropeHus. IlomoOHBIX
HCCIIEIOBAaHNI Ha CETOMHSLIHUN IeHb IPAaKTHIECKH HET.

B Tekymei paboTe ObLI NCIIOJIB30BaH METOA (PUTOTOKCHUYHOCTH, KOTOPHIH B HACTO-
s11ee BpeMs IMPOKO pacrpocTpaHeH. Bee moiryueHHbIe B X0/1€ MOJIENIBHBIX 3KCIIEpH-
MEHTOB IO BJIMSIHUIO JIbIMa OT TI0’KapOB PE3YJIbTaThl MOTYT CBHIETEILCTBOBATH O CYIIE-
CTBEHHOM BJIMSTHUY TOKCHYHBIX BELIECTB AbIMa (TMOKCHJI CEePhI, OKCUJ M AUOKCH] a30Ta,
OKCHJI YTJIePOJa, aUeTaabAET U/ U IPYTHe) Ha OMOIOrHIECKUE CBOMCTBA [OYB.

3AK/IIOYEHUE

BEIsIBIICHO 3HAYHMTEIBHOE CHIDKEHHE aKTHBHOCTH MOYBCHHBIX ()epMEHTOB, H3MEHE-
HUS OOMJIHMS MHKPOOPTaHH3MOB, IIOYBEHHOH OHMOTBHI MOCIE BO3ACHCTBHS (YyMHTAIHH.
YHCIEHHOCTh MOYBEHHBIX MHKPOOPTaHU3MOB SIBJISACTCS MH(POPMATHBHBIM MOKa3aTeleM
BO3JCUCTBUsI MHUPOTEHHOTr0 (hakTopa Ha MOYBY. B pesymbrare BO3ZACiCTBHSA IbIMa
HaOITIoIaTk mo/IaBlieHHe O0mInsl MEUKpockomuueckux rpudos Penicillium chrysogenum
n Gakrepuii Azotobacter chroococcum. YcraHOBjI€H BBICOKHMH YPOBEHH CMEPTHOCTH Y
yepBeil B ckpuauuroBoM Tecte (100%) mocme 30-MHHYTHOTO BO3IEHCTBHS CTpeccopa,
HO B TECTE C TI0YBOI 3TOT YPOBEHb 3aMETHO MEHBIIIE, YTO CBA3aHO C 3AIUTHOH (YHKIH-
el caMoli IOYBHI, BBHICTYMAIOINI B KauecTBe Oapbepa. JleTabHbIN cxox HabI0amu y
tapakaHoB (80%) mocne 30 MUH HAXOXAEHHS TECT-OOBEKTOB IMOJ JBIMOM. PacTeHwus
TaKKe KpaiiHe YyBCTBUTENbHBIC TECT-00BEKTHI, Y HUX HAOMI0AaNUCh MOP(OIOTHUCCKUE
U3MEHEHH — HEeKpPO3 y4acTKOB TKaHel. Taxke UMEIOTCS H3MEHEHHUS B JUIMHE TT00ETOB
KOpHEH, rae HanOombmmid 3G ¢GexT 3ahUKCHPOBAH MIPH MAKCHMAIBHOW MPOIOIDKUTEIh-
Hoctu 3axeiviieHdst 30 MuH. BhIsiBIIeHa BBICOKasl 4yBCTBUTENBHOCTh IIOUBCHHBIX (ep-
MEHTOB K Ta3000pa3HbIM MPOAYKTaM ropeHus. dymuranus okazana HETaTUBHOE BO3-
JeiicTBHe Ha (PEPMEHTATHBHYIO aKTHBHOCThH IOYBBI, IJIe HAWOOJEE YYBCTBUTEIHHBIMH
OKazauch (hepMEHTHI Kilacca OKCHAOPEAYKTa3. BbISIBICHO, YTO MPU CKUTAHUH MATEPHU-
QJIOB PACTUTEIBHOTO MPOUCXOKACHUs (XBOWHBIC CTPY)KKH) BBIACILIIOTCS Pa3inyHbIC
ra3o00pa3Hble BEIECTBa, KOTOPHIE IS TOYBEI U OMOTEHI SIBIISIOTCS KpaliHe TOKCHYHBIMH.
310 muokeun cepol (SO), okcnn u auokcuz azora (NO, NO,), okenn yriaepoma (CO),
aueranpaerun (CH:0), dopmanbaerun (CH20), denon (CeHeO) runmpokcubenzon u
apyrue. X KOHIEHTPAIMH MPEBBIIIAIOT IPEACTBHO A0MYCTUMBIE.

Takum 00pa3oM, BOBHHKHOBEHHE MOKApOB MPHOOpETacT KaracTpoUuecKuit xa-
pakrep. Kak mokaszanm Hamm SKCIIEPHMEHTHI, OKa3bIBaTh HETaTHBHOE BO3JEHCTBHE Ha
MOYBY ¥ OMOTY MOXKET HE TOJBKO OrOHb U SKCTPEMAIBHO BHICOKHE TEMIICPaTyphl, HO
IbIM. ONaCHOCTB JbIMA 3aKIIF0YAeTCs B €r0 TOKCHYHOCTH, U B TOM, YTO OH MOJXKET Iepe-
HOCHTBCS Ha OOJIBIIIME PACCTOSHUSA, JAJIEKO OT SIULECHTPA MOXKAPOB.
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Smoke toxicity to the biota and the biological activity
of soils when modeling fires
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Abstract. The paper presents the results of our study on the effect of one type of pyrogenic factor
(smoke) after burning coniferous wood chips on several bioindicators (soil enzymes, microorgan-
isms, mesofauna, plants of agricultural crops). Exposition to smoke for 60 minutes was found to
significantly affect the enzymatic activity of common chernozem. Fumigation caused a decrease in
such enzymes as catalase, peroxidase, polyphenol oxidase and invertase. The enzymes of the oxi-
doreductase class were the most sensitive to smoke. High toxicity of gaseous combustion products
to the soil flora and fauna was revealed. The acute toxicity of smoke to the bioindicators was de-
termined as a result of fumigation. High mortality of test objects (Eisenia fetida, Nauphoeta
cinerea) was recorded in our experiments. Soil microorganisms (Azotobacter chroococcum and
Penicillium chrysogenum) proved to be informative after 30-120 minutes of fumigation. Re-
sistance of plant sprouts (Raphanus sativus, Triticum aestivum, and Pisum sativum) to combustion
gaseous products was revealed. An experiment to analyze the chemical composition of gases in
smoke was performed. Such hazardous compounds as sulphur dioxide (SO,), nitrogen oxide and
dioxide (NO, NO,), carbon monoxide (CO), acetaldehyde (C,H,0), formaldehyde (CH,0), phenol
(CsHsO) hydroxybenzene and others were found to be contained therein. Our analysis revealed
that the concentrations of carbon monoxide were 714 times higher than its maximum permissible
concentration (MPC), which acetaldehyde was 24,100 times higher. The nitrogen oxide and nitro-
gen dioxide concentrations were 100 and 300 times higher, respectively.

Keywords: pyrogenic exposure, biotesting, bioindicators, enzymes, test objects, microorganisms,
toxicity, chemical composition of smoke
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BJUSHUE T'MJIPOJJUHAMMUYECKHUX YCJIOBUI
HA PACIIPEAEJIEHUE BAKTEPHUOBEHTOCA B BEPXHEM BbE®E
JKUT'YJIEBCKOM I'PC KYUBBINIEBCKOI'O BOJJOXPAHWINIIIA

A. B. Paxy6a ™, H. T. lllepbimesa

Camapcxkuii pedepanvubiii uccredosamenvckuii yenmp PAH,
Huemumym sxonoeuu Bonocckoeo 6accetina PAH
Poccus, 445003, 2. Torvammu, yn. Komsuna, 0. 10

TMocrynuia B penakimto 22.06.2022 r., nocie popaborku 14.01.2023 r., npunsita 27.02.2023 r., ony6iukosana 21.06.2023 r.

AnHoTtanus. IIpencTaBiaeHbl pe3ynbTaThl SKCIEANIHOHHBIX HCCIENOBaHUK OakTeproOeHTOca B
akBaropuu KyiiObImeBckoro BogoxpaHmwiniia B oceHHuit nepuox 2020 r. u BIUsSHHE HA €T0O HPo-
CTPaHCTBEHHOE paclpe/IelieHue TUHAMUKU TeUCHUH. AKTYalbHOCTh HCCICIOBAHUS ONPEIEeTCs
HEOOXOAMMOCTBIO M3YHYEeHHS BOIIPOCA O BHYTPEHHEW Harpyske (BTOPUYHOM 3arpsi3HEHHH) KpyTI-
HBIX BOJOEMOB H3 JOHHBEIX OTJIOKeHUH. KyHOBIeBckoe BOJOXPaHIIHINE OJHO U3 KPYIHEHIIHX
HPOTOYHBIX BOJOEMOB B MHpE, IJie OCOOCHHOCTH OeperoBoil KOH(UIypaluH, HEOTHOPOIHOCTH
JI0’ka, HEYCTAHOBUBIIMHCS THAPOJUMHAMHYECKUI PEXUM, PEKHUM HAHOCOB M €0 COCTaB OIpese-
JSIOT TIPOCTPAHCTBEHHOE pacIpe/elleHue JOHHBIX OTJIOKEHMI M 0aKTepHOOEHTOCHOro coolie-
CTBa B HHX, KOTOPOE SIBISICTCS Ba)KHBIM 3BEHOM B IpOIeccax KPyroBOpoTa OPraHMYecKuX U Ouo-
TeHHBIX BEILECTB B dKocHcTeMe BojoeMa. OleHKa pexuMa Te4eHUil 1 HaHOCOB IPOBOIMIAChH ITy-
TeM pacdueroB Ha 2D maremarmueckoil Monenu IlpumuoruaHOTrO Meca KyiObmmeBckoro Bomo-
XpaHWINILA, Pealn30BaHHON B ImporpaMMHoM Kommiekce «BOJIHA». IlpoBenena Bepuuxamms
MOJIENIH U CepHs YUCIEHHBIX PacyeTOB CKOPOCTU TEUSHHH C yUeTOM peXXUMa PeryIHpoBaHUs pac-
XOJIOB BOZBI Ha rupoysinax. [lomydeHa npocTpaHCTBEHHAs! TeOMETPUsI TSUSHHUI M JUHAMHKA pac-
npeaeneHnsl pacxona HaHOCOB. 1o JaHHBIM 9KCIIEAUIIMOHHBIX HCCICAOBAHUH MOTydYeHa oOImast
YHCJIEHHOCTh U GMoMacca GakTepHil, KOTopble BAPLUPOBAIH B Tpesenax 2.47 — 27.55x10° kn/mn u
0.10 — 2.43 MKr/r COOTBETCTBEHHO. B pe3yibprare NpoBeJCHHbBIX HCCIICIOBAHUN OBLIH BBISBICHBI
3aKOHOMEPHOCTH TIPOCTPAHCTBEHHOTO PACIpOCTPaHEHHs! OAKTEPUAIBHOTO COOOIIECTBA B aKBATO-
pun I[IpunnoTHHHOTO Myieca BOIOXPAHHIMILA U YCTAaHOBJIEH XapaKTep CBA3U OOIIeH YHCIeHHOCTH
GakTepuil ¢ TEMIOM OCAaIKOHAKOIUICHHUS, CKOPOCTBIO TEUECHHsI, COCPIKAHIEM B JOHHBIX OTJIOXKE-
HMSIX OpraHWYEecKOro BellecTBa. [10ka3aHO BIHSHHE 30H LUPKYJSILUH TEYCHUH B MEJIKOBOJHBIX
aKBAaTOPHAX HA XapaKTep paclpeleNeHus TOHHBIX OTI0KEHHH U U3MEHEHUE KOJIMYECTBEHHBIX Xa-
paKTepUCTHK OakTeproOeHTOCA.

KioueBble ciioBa: 6akTeproOEHTOC, OCaJKOHAKOIUIEHHE, CKOPOCTh IOTOKA, OPraHHYecKoe Be-
LIECTBO, TUIIbI JOHHBIX OTIOKEHHI
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BJIMSHUE TUIPOJAMHAMUYECKHX YCJIOBUIA

Jnsi uuruposanus. Paxyba A. B., lllepviwesa H. I'. BausHue ruijpoAMHAMHIECKUX yCJIOBHI Ha
pacnpeneineHue O6aktepuodeHToca B BepxHeM Obede JKurynesckoit 'DC KyiiObimeBckoro Boso-
xpanwmma // TloBoipkckuil  skomormdeckmit okypHam. 2023, Ne2. C.214 - 228.
https://doi.org/10.35885/1684-7318-2023-2-214-228

BBEJIEHUE

WzyyeHne TruApOANHAMHYECKOTO PEKHMa BOJHBIX JKOCHCTEM HEOOXOIMMO IS
NPaBWIFHOTO MOHMMAaHUS 3aKOHOMEPHOCTEH MpOCTPaHCTBEHHON OpraHHM3alMd c000-
IIECTB BOIHBIX OpPraHW3MOB. IIpoBeneH psn HCclIeIoBaHHWHN, HOKAa3bIBAIOIMX BIUSHUE
THAPOJMHAMHUYECKOTO PEeXKHMMa Ha passIMYHbIe TPYMITBl THApoOHoHTOB. Tak, ObLIO MoKa-
3aHO, YTO OJHMM M3 BaKHEHIIMX (aKTOpOB, ONpenesSIomuX pacipeaenenue ppo B Ye-
60KC3pCKOM BOJOXPaHWUINIIC, ABJIACTCA THAPOJUHAMUYCCKASA aKTUBHOCTH BOAHBIX MacC
Bogoxpanmwumia (I'epacumos u ap., 2014). Ha npumepe KyiiObiieBCKOro BOIOXpaHH-
JIMIa YCTaHOBJICHO, 4TO OMomacca (DPUTOIIAHKTOHA MEHSIETCS 10 CTENEHHOMY 3aKOHY C
M3MEHEHHEM cpeiHuX ckopocteit Teuenust (Paxy6a, 2020). Pactipenenenue miaHKTOHA U
pbI6 B BomoxpaHumiiax Bomkckoro kackama (MBaHBKOBCKOTO, YTIIHYCKOTO, PhIOWH-
ckoro, ['opekoBckoro, KyitbpimeBckoro u Bonrorpaackoro) omnpenensiercss HanpapJiceH-
HOCTBIO BOJIHOTO MOTOKa M XapaktepoM mupkymsiuuu Box ([ToxnyOnsiii, 2000). B acty-
apHBIX aKBaTOPHAX bemoro Mopst H3y4eHO KOJNMYECTBEHHOE PACIpEClICHUE 300IUIaHK-
TOHA B 3aBUCHMOCTH OT NPHJIMBHO-OTJIMBHBIX SIBJICHUH U PA3HOHAIPABICHHBIX TCUCHUH
U OTMeYaeTcs BO3MOXKHOCTh BBIOOpA 300IUIAHKTOHHBIMH OpPraHM3MaMH IIOTOKOB H
TeueHui, obecneunBaronux UM BebkuBanue ([Ipumakos, 2008). CkopoCTh NPHIOHHOTO
IIOTOKa SBJIACTCA OAHUM H3 OCHOBHBIX (l)aKTOpOB, ONPEACIAIONINX KOJIMYCCTBCHHBIC
XapaKTepUCTUKU OeHTOoca. [ MIpoIMHaMHuecKue XapaKTepPUCTHKU ONPEEeNIOT U3MEHe-
HUsI co00IecTB Makpo3oobenroca (JIabaii, 2007). Ipeamonaraercsi, 4To BEPTHKATIBHOE
pacrpezeneHe YuciieHHOCTH U Ouomacchl nHpy3opuii B Kimumosckoit y3octu KyiiObl-
IIEBCKOTO BOJIOXPAHMIININA O0YCIIOBICHO HECTAOMIIBHBIM XapaKTepPOM THIPOJIOTHYECKO-
ro pexxuma (beikoBa, Annpeesa, 2021). HarnsagHo mpoaeMOHCTPUPOBaHA POJIb THAPO-
JMHAMUYECKUX TIPOLIECCOB B TIPOUCXOKACHUN U (POPMUPOBAHUH IPYHTOBOTO KOMILIEKCA
B cucTeMe Bojoxpanmmmiy Bomkcko-Kamckoro kackana (3akoHHOB u np., 2018), sBis-
OIIUXCS SKOJIOTUYESCKOM HUILEH JUIsl pa3IMYHBIX OCHTOCHBIX OPTraHU3MOB.

HUccnenoBaHus BIUSAHUS IMHAMHUKHA BOJA Ha OaKTepHAIbHBIC MOITYJSLUAH MajoduC-
JICHHBI M OHH KacaloTcsi B OCHOBHOM OaKTEpHOIUIAHKTOHA. Tak, Mpu MUKpOOHOIIOrHye-
CKOM HCCIICIOBAaHHH CEBEPO-BOCTOUHOM yactu Tpomudeckoit Armnantiku (IopaueHko,
EpoxuH, 2018), ObUI0 YCTaHOBJIEHO, YTO CIIOKHAS AUHAMUYECKAS CTPYKTYpa BOJ MpPe.-
OTpeJiesIeT HEe MEHEe CIOXKHYIO CTPYKTYPY THAPO(U3NYECKMX M THUAPOXUMHUYECKUX
NoJIeH, 4To, B CBOIO OYepellb, 00YCIIOBIMBAET BCE OCOOCHHOCTH B paclpeieIeHUH YHC-
JICHHOCTH, OMOMAcChl U MHTEHCUBHOCTH Pa3MHOXEHUsI OaKTEepUOIUIAaHKTOHA. ABTOpaMH
HCCIIEIOBaHUS TeTepOTpOodHOro OakTeproriaHKToHa B 3cTyapun Ennces (Moraposa u
ap., 2016) cpenaHo NpeANoIoKeHHEe, YTO MPOCTPAHCTBEHHOE PACTIPEACIICHUE OaKTepuil
B HCCIIE/IOBAaHHOM aKBATOPHH OIIPEAEIICTCS, B IIEPBYIO OYepeab, THAPOANHAMUYECKUMHA
IpoleccaMy, a He COJep)KaHWeM B BojAe OMOTEHHBIX 3JIEMEHTOB. lcciemoBaTensiMu
Kapckoro mMops mpeasaraetcst NpOCIIeIUTh BIMSHAE OCHOBHBIX TEUCHUH Ienbda Mops
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Ha pacmpeelicHue OOWIHST M BHIOBOTO COCTaBa TeTEPOTPOMHBIX MHKPOOPTaHH3MOB
(Pomanosa, Caxun, 2018).

Takum 00pa3oM, MOKa3aHO BIHSIHUE THAPOJMHAMHYCCKUX YCIOBHH Ha Pa3invHbIC
IpyIIbl o0uTareneil BOJHON Cpeapl, MPUUYEM MO THAPOJMHAMHYECKUMH YCIOBUSIMU
BBICTYMAI B OCHOBHOM OOIIME XapaKTePUCTHUKH TCYCHHH 0e3 MpUMEHEHHS KOoJude-
CTBEHHbBIX THAPOANHAMUYECKHIX MMOKA3aTEIEH.

OTHOCHTENBHO 0aKTEepHOOEHTOCA, JOCTATOYHO MHOTO padoT MOCBAIICHO UCCIIEHO-
BaHMIO PA3JIMYHBIX IKOJOTHUECKHUX ACTIEKTOB XH3HEACATSIbHOCTH (CTPYKTYphI M (DYHK-
[IMOHHUPOBAHMUS) JTOHHBIX GAKTEPHUATBHBIX COOOIIECTB, OMHAKO THAPOJHHAMUKA B Kade-
CTBE DKOJIOTHYECKOTro (DakTopa He paccMaTpHBajiach. bakTepHOOEHTOC SIBISETCS BakK-
HBIM KOMIIOHCHTOM BOHHOﬁ OKOCHUCTEMBI, BBITTOJTHAOMIUM OCHOBHYIO JECTPYKIHNOHHYIO
GbyHKIMIO. YCTaHOBJIEHO, YTO HanOoJiee 3HAYMMBIMU aOMOTHYECKUMH (haKTOpamMH st
XKHN3HEACATCIBHOCTHN 6aKTepI/IO6eHTOCHBIX HOHyJ’lﬂHI/Iﬁ SIBJITIOTCS. KAYECTBEHHBIM COCTAaB
OpraHNUYeCcKOro BELIECTBA, PEIAOKC-TIOTEHINAN, aKTUBHAs peakuus cpeasl (pH), Temme-
parypa (/I3r06an, 2010), rpaHyIOMETPHUYECKHIA COCTAB, THITbI JOHHBIX oTinokeHu# (Llle-
peimeBa, 2021). OnHako pojib THAPOJAMHAMUYECKHUX MPOLECCOB B XKU3HEACATEILHOCTH
JIOHHBIX OaKkTepuil OcTaeTcs HaUMEHee U3yueHHOU. PaHee oTMeuanoce, 4To THAPO/IMHA-
MHYECKOE BO3JCHCTBHE HAa OCHTUYECKOE OaKTepHAalTbHOE COOOIIECCTBO MPEACTABIACTCS
BEPOSITHBIM, HO €ro ellle MPEJCTOUT JJ0Ka3aTh AaibHeimumu uccnempoBanusimu (Rusch et
al., 2003). Ha mamn B3risi, NpeacTaBiseTcs, YTO THAPOJMHAMUYECKUM PEKUM BBICTYIIA-
€T OJHUM M3 BEAYIIMX YCJIOBHI MPOCTPAHCTBEHHOW OpraHu3aluu 0akTepuOOCHTOCHBIX
COOOIIIECTB HE TOJNBKO JIOKAJIbHO, HO M B IIMPOKUX PETHOHAJBHBIX M reorpaduueckux
MaCH_ITa6aX. B cBs3u ¢ aTUM METOAOJIOTHYECCKUM 06OCHOBaHI/IeM HaImx HCCHC}IOBaHI/Iﬁ
MMpEI0KECHAa KOHICTIUA, YTO KPOME OTMECUYCHHBIX BBIIIC oKa3artejieli OCHOBOIIOJIararo-
muM GakTopoM Juist GOPMUPOBAHKS CTPYKTYPhI OaKTeproOeHTOCa SBISIFOTCS] THIIPOJIH-
HAMHYECKUE YCIIOBUSI CPEIbl OOUTAHUSI.

Iens naHHON pabOTHI — KCCIICIOBAHKUE BIMUSHUS THIPOJHHAMHYIECKOrO (hakTopa Ha
(hopMupOBaHUE TPOCTPAHCTBEHHOW CTPYKTYphl OakTeproOeHTOCa B I[IpUILIOTHHHOM
rece KyHOBIIeBCKOTO BOJOXpaHHIIHIIA.

MATEPHUAJ 1 METO/JbI

I'maponoruueckre 1 MUKpOOMoJIorniyeckue uccienosanus [IpunmoruaHOrO Muteca
KyiiOpimesckoro Bogoxpanumuima nposouiuck ¢ 14.09.20 no 03.10.20 r. UacTHTYTOM
skosorun Bomkckoro 6acceitna PAH. ITpoObl JOHHBIX OTJIOKEHUH OTOMpAIH C MTOBEPX-
HOCTHBIX ropu3oHToB 0 — 5 cM ¢ momomrsio TpybuaToro mukpodentomerpa C-1. Beero
uccienoBano 19 crannmit (puc. 1).

I'panynoMeTpruIecKril aHaIM3 IPYHTOB IPOBOAMWIN KOMOHHHUPOBAaHHBIM CIIOCOOOM:
BJI&KHBIM TIPOCEHBAHUEM Uuepe3 cUTa M MeTogoM ocaxaenust (Byropun, 1975; Kyssaxme-
TOB ¥ Jp., 2004; 3akounoB u mp., 2018). Beimensimu creayronme pa3MepHbie hpaKinm
MEXaHMYECKOr0 COCTaBa: KPYIHOro mecka > 1 MM, cpexHero u menxoro mecka 1.0 —
0.1 mm, anepura 0.1 — 0.01 MM, menura < 0.01 MM (3akoHHOB 1 Ap., 2018). Tums! rpyH-
TOB uaeHTUGHIpoBann no: (3akoHHOB u jp., 2018). CoxepxaHue OpraHUYEcKOro Be-
IIeCTBA OMpeNe/sUH MO TOTepsM mpu npokanuBanuu (Apunymikuxa, 1970): mpoOsr
IpyHTa NpoKanuBainy B MydenbHOH neun npu Temneparype 700°C B TeyeHue OmgHOTO
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Yaca MOCJIe MPEIBaPUTEIBHOTO BBICYIIMBAHMS IPYHTOB B CYLIMIBHOM IIKady MPH TEM-
neparype 105°C B Teuenue 10 yacos.

Puc. 1. Kapra riny6un [IpuruoruHaOrO0 mreca KyHOBIIeBCKOro BOZOXpaHIININA U OTMEUEHHbIE Ha
HeH HOMEpa CTaHL[I/Iﬁ 0T6opa Hp06 JOHHBIX OTJ'IO)KeHI/Iﬁ, B CKOOKax ITOKa3aHa YMCIEHHOCTEL OaKTe-
puobenTtoca (x10° xi/mi)

Fig. 1. Depth map of the Priplotinny Reach of the Kuibyshev reservoir and the numbers of stations
for sampling bottom sediments marked thereon, the abundance of bacteriobenthos (x10° cells mL-%)
is shown in brackets

Jnst MUKpOOHOIOTHYECKUX HCCIEIOBaHIA B MOMEHT O0TOOpa MpoObl IpyHTa (HK-
cupoBanu 25%-HbIM PacTBOPOM TJIyTapajblerujia 10 KOHEYHOH KoHIeHTpaimu 2.5%.
DUKCUPOBAHHYIO U CYCIIEH3UPOBaHHY0 Npody oobemom 0.5 mn u3 passenenus 1:1000
¢dwisTpoBaAHN Yepe3 smepHbie GuabTphl ¢ quamerpom mop 0.2 MM (OUSIU PAH, . ly6Ha,
Poccust), okpariieHHbIE Cy1aHOM YepHbIM. OmpeieNieHiHe YUCICHHOCTH  OHoMacchl Oak-
TEpUil MPOBOAWIN C MCIOIb30BaHNEM (PIyOpPECIEHTHON MUKPOCKOIIMHU C IIOMOIIBIO Kpa-
curenst prayopectiennuzoruornmonara (FITC) (l"anpuenko, 2001). IToacuer u u3Mepenue
pa3MepoB OaKkTepHANbHBIX KJIETOK MPOBOIMIM C moMolibio Mukpockoma Leica CTR
5500 (Leica Microsystems, I'epmanust) npu yBemmdernn X1000 B 20 monsix 3penus. st
orpenieNieHust Oromacchl Oaktepuii m3Mepsumn JmHelHble pasmepbl 400 — 500 kmetok B
Kaxoi mpobe. bromaccy OakTepranbHBIX KIETOK paCCIUTHIBAIH 10 (hOpMYyIIe:

B =NxV,
rae B — 6uomacca, Mxr/r; N — uucnennocTs, Mapa kn/mi;, V — o6beM, MrMS. Y ienbHbIi
BeC OaKkTepuaNbHOW KIETKH NMpUHUManK paBHbIM 1. OO0beM KIIETOK pacCUMTHIBAIU MO
(hopmyiiam oGbeMa reoMeTpUUECKUX (Guryp (Irapa, SJUIMICOUA U [MIMHAPA).

Hnst pacuera nunamuku teuennii (V) u ocagkonakormtenus (OH) B [pumiotnaHOM
uece ucnojib3oBasiack 2D-Monens KyHOBIIIEBCKOT0 BOJOXpaHWINING, pa3paboTaHHast
Ha OCHOBe mporpaMMHoro kommiekca «BOJIHA» (Paxy6a u ap., 2018; Paxy6a, 2020).
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PacueTs! BEINONHSIIMCH HA TEPUOJA JIETHE-OCEHHEH MEXEHH Ul CPEAHEro MO BOIHOCTH
rojia C 3alaHueM BETPOBOI'O BO3JEHCTBUS HA aKBaTOpHIO Bogoema. IIpocTpaHCTBEHHBIN
pa3mep 1iara cetku Mojenu coctaBmi 200 M ¢ pacyeTHBIM IIaroM Mo BpeMeHH 5 c.

JIJiss yCTaHOBIICHHS CBSI3CH MEXIy IMapaMeTpaMu HMPUMEHsUICS KO03(DOHUIMEHT KOp-
pemsiimu [Tupcona (r) mpu yposHe 3Hauumoctd p < 0.05. Bce pacueTsl MpOBOIMIH C
npuMeHeHrneM maketoB nporpamm Microsoft Excel 2010 (Microsoft Corp., USA) u Sta-
tistica 7 (StatSoft Inc., OK, USA).

PE3YJBTATHI U UX OBCYKJIEHUE

I'maponunamuka. CoueTaHne CTOKOBBIX M BETPOBBIX TEUCHUN HA MEJIKOBOJLE U B
TITyOOKOBOIHBIX YacTSAX BOJOXPAHMIIUIIA MPUBOIUT K HEOJHOPOTHOMY PaCIIPEICIICHIIO
B HUX JOHHBIX OTIOXeHHH. CKOPOCTH TEUCHUH BBIIIEC CPEIHUX (POPMHUPYIOT OCHOBHOM
TpaHyJIOMETPUUYECKUN CKEJIET, a MEHbIIE CPEJHUX — HACBIIIAIOT €ro CTPYKTYPY TOHKO-
JIMCTIEPCHBIMA YacThiiamu (3akoHHOB 1 11p., 2018).

YHucneHHble pacdyeThl HA MaTeMaTHUYECKON MOJENH IMOKa3biBaloT, 4To B Ilpuruio-
THHHOM IUIECE BOIOXPAHIUININA IUPKYJSAINH TEYCHUH BO3HHUKAIOT IPH BETpaxX BHIIIE
10 m/c, B ocHOBHOM I0kHOTO Hampasienus (puc. 2). CormacHo MOABOIHOMY peibedy
JI0%kKa TUIeca U CTPYKType TE€UEHHUH BBIAENIAETCS TPU OCHOBHBIC THAPOJHMHAMUYECKUE 30-
Hbl. [lepBBIe ABE — 3TO 30HBI MEJIKOBOJWIN HA JIEBOM U Ha TpaBoM Oepery. TpeThst 30Ha
HAYMHAETCS C CeBepo-3amaanoi yactu mieca (KinuMoBckoe CyxkeHue akBaTopun), aajee
MPOXOJUT MO LECHTPAITLHON TTTyOOKOBOHOW YaCTH U 3aKaHUUBACTCS, MPUMBIKAs K Mpa-
BoMy Oepery u motune JKurynesckoit ['9C. Ha neBoOGepe:xHOM MenKoBozbe hopMupy-

Puc. 2. PacuetHoe mose ckopocty Tederus (M / €) B Ilpumiorunsom miece KyiObIeBCKOro Bomo-
XpaHUIUIIA

Fig. 2. Calculated field of flow velocities (m / s) in the Priplotinny Reach of the Kuibyshev reser-
voir
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eTcsi OMH OOJBIION BUXPh TEUCHHUS HMUKIOHATHFHON HampaBieHHOCTH. B mpaBobepex-
HOI 30HE MEJIKOBOIbsI TE€UCHHE pa30MBaeTCs Ha [Ba BHXPsS MEHbIICH IUIOMAaau aHTHU-
[IUKIIOHAJILHOW HampaBieHHOCTH. OpOUTaAbHBIE CKOPOCTU IUPKYJISAIUNA TEUSHUH 371eCh
nocrurart 0.01 — 0.03 m/c. HauGonpIne cKOpoCTH TEUCHHUH MPENCTaBICHBI CTOKOBBIMH
TEUCHUSIMH B BEPXHEM CTBOpe cykeHust akBartopuu mieca — 0.1 — 0.2 m/c u 3ambIkaro-
IeM cTBope mepen mioTuHoi — 0.3 M/c 1 Bele. B eHTpaibHO# r1y0OKOBOIHON YacTH
CKOPOCTH CTOKOBOTrO TeueHus He npepbimarot 0.03 — 0.05 m/c.

CoryacHO KapTHUHE HAlpPaBJICHUS M Paclpe/eICHUs MoJeHd TUHAMHKHA CTOKOBOTO U
BETPOBBIX TeUYeHUH B [IpUIIOTMHHOM mjiece OCaJKOHAKOIUIEHHE KOHIIEHTPHPYETCS B
rIyOOKOBOIHOI YacTH 1uieca. Bricokue ckopocTr TedeHHs: B KITMMOBCKOM Cy»KEHHHU H B
IpaBOOEPEKHOM pYCIIe TIepe]] IFIOTHHON CIIOCOOCTBYIOT XOpOIIeH MPOMBIBAEMOCTH JIHA.
HampoTus, BbIpakeHHBIE 00JacTH LUPKYJSIIMN y JIEBOTO M NMpaBOro Oepera BBIHOCST
B3BEIICHHbIC HAHOCHI B [IEHTPAILHYIO YacTh Iuieca. Y mioTuHbl ['DC Ha y4yacTke Bepx-
Hero Obea ¢ MakCUMaJbHBIMU TITyOMHAMH W MaKCUMAaJIbHBIMH CKOPOCTSIMH TEUCHHS
(bopMupyercst 30Ha aKTHBHOT'O NEPEeMEIINBaHUs BOJHOW MaccChl.

Jlonnble oTioxeHus [IPUIUTOTHHHOTO TUleca MPEICTABIICHBI ITECKaMH, ITeCYaHU-
CTBIMM WJIAMH ¥ WINCTBIMH OTJIOKCHUSIMU. YCTAHOBJIEHO, YTO THIPOJMHAMHYECKHE
nporecchl 1 MopdoMeTpHuuecKre 0COOCHHOCTH BOJIOEMa OIPEEISIIOT HalpaBIeHHOCTh
nyTel popMupoBaHUs TOHHBIX oTnokeHui (3akoHHOB, 2016). B cOOTBETCTBUH C 3THM B
JUTOPAIBEHOM YaCTH JIEBOOEPEKHOTO MENIKOBOIbs (10 8-MeTpoBO#t M306aThl) MO BO3-
JICCTBHEM CTOKOBBIX, MPHJIMBHO-OTJIIMBHBIX W BETPOBBIX TEUYCHHUI pacrpoCTpaHEHBI
CpeIHe3epHHUCThIE U MEJKO3epPHUCTBIC IIECKH, 3aWeHHbIe NecKd. B cyGmuropanu mo
rimy6un 10 — 16 M mox Bo3/ieicTBHEM CTOKOBBIX TEUEHHH HaKarIMBAIOTCS MECYaHUCTHIC
wibl. B meHTpanbHOM TiTyOOKOBOIHON 30HE, TJIe OJHOHAINpPABICHHOE TEYECHHE, W BIOJb
npasoro 6epera rieca (10 20-MeTpoBOii H300aThI) 3aJIETAIOT CEPbIe MEIKOAICBPUTOBBIC
U aneBpUTOBbIe Wibl. Ha nmpaBoM Gepery oOHapy>KeHbI JIOKaJIbHbIE YYaCTKH WUIIOB, BKIIIO-
YAIOIIIE Pa3MBITHIC TIOPOIBI JOJOMHUTA M MEPresis, YTO MPHIAeT MiaM Gerechrit (Mero-
BOM) OTTEHOK. B TpHOPEkHBIX yUacTKax MpaBoOEPEKbs BCTPEUAIOTCS GHOTOIBI, Ha KO-
TOPBIX IOHHBIE OTIIOKEHHMS IUIOTHO TOKPBITHI IPEHCCEHOH, MITN C CHHE3EIEHBIMH BOIO-
pOCIISIMHM B HawWjKax M HA MOBEPXHOCTH IPyHTA. MeXaHHYeCKHi cOCTaB JIOHHBIX OTJIO-
JKEHU TUieca XapakTepHu3yeT TEHJICHLUIO YBEIWYEHHs JWUCIIEPCHOCTH YacTHIl OT IpH-
OpeXHOM MEJKOBOJHOM 30HBI K IIEHTPaJIbHOM ITyOOKOBOAHOW 30He. Tak, comaeprkaHue
nenuToBbIX yacTul pazmepoM < 0.01 MM yBenuuuBaeTcst B MOMEPEYHOM HAIPaBICHUN
OT OeperoB K IMEHTPATBHOM YacTH BogoeMa (Tabiuia). CyMMa TOHKOANCIICPCHBIX (aes-
PHUTOBBIX W TENUTOBBIX) (pakiuil B ocajkax Ha JIEBOM Oepery B CPeIHEM COCTaBIISICT
19.9%, ysenuuuBaercst Ha npaBoM Oepery no 49.5% u mocturaer MakcMMaJbHBIX 3HA-
YCHUH B IICHTPAJIBbHON TiTyOOKOBOMHOM yacTn — 52.2%. B pe3ysibraTe B EHTPaTBHON
30HE MPOUCXOJMT IMPOIECC WIIOHAKOIUICHHS, COMPOBOXIAIOIIMIACSH 000TallleHHeM Ipo-
(byHIaNbHBIX HJIOB OPraHMYECKUM BEILIECTBOM, HEOOXOANMBIM JIJIsl )KU3HE eI TENbHOCTH
GakTeprobenToca. EcTecTBeHHBIM IpoIieccoM B TpaHC(HOpPMAIMK B3BEIICHHBIX BEIIECTB
W3 Pa3INYHBIX UICTOYHUKOB SBIISIETCS] NX MHTETPAIBHOE IIEPEMENINBAHIE M aKKyMYJISIIHS
Ha JIHE BOJl0eMa B BUJIE JIOHHBIX 0caakoB (3akonnos, 2007, 2019).
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DU3MKO-XMMHUECKHE TI0Ka3aTeau JOHHBIX OTJOKEHUH, THAPOJMHAMHYECKHUE XapaKTepUCTHUKH,
YHCJICHHOCTh U Onomacca OakrepuobOeHtoca B [IpurmioriuaHOM 1uiece KyHObIIEBCKOTO BOIOXpa-
umwmima ocensro 2020 r.

Table. Physicochemical indicators of bottom sediments, hydrodynamic characteristics, numbers and
biomass of bacteriobenthos in the Priplotinny Reach of the Kuibyshev reservoir in the autumn of
2020

Ne cranmuit / | Ilemut, % / Pelit, % | OB, %/ Nx10°, B, OH, mm/ron / V,
Station no. <0.01 Mmm OM, % | wi/ma/cl/ml |mxr/r/pg/g|  SA, mm/iyear m/c / m/s
1 0.07 2.3 2.47 0.10 0.13 0.016
2 6.37 2.1 2.92 0.60 0.11 0.009
3 14.04 10.0 13.15 1.37 0.62 0.048
4 14.49 10.4 5.87 0.66 0.34 0.024
5 13.87 7.7 6.32 0.67 0.12 0.018
6 1.9 0.7 3.52 0.85 0.08 0.008
7 11.9 10.1 12.04 1.63 0,51 0.041
8 18.42 8.8 10.63 1.22 0.24 0.026
9 13.54 6.5 2.90 0.22 0.33 0.028
10 5.75 3.0 13.74 1.93 0.63 0.047
11 13.49 11.0 20.38 2.58 0.86 0.064
12 13.06 10.4 19.56 1.72 0.14 0.021
13 2.44 2.4 12.59 1.26 0.67 0.051
14 15.50 9.7 21.90 2.06 0.49 0.118
15 7.05 7.2 17.61 1.80 0.50 0.032
16 13.67 12.7 27.55 2.23 1.86 0.239
19 6.17 5.8 3.79 1.09 0.50 0.061
34 10.34 10.9 13.35 1.68 0.43 0.034
39 20.92 13.3 12.52 1.32 0.41 0.032

HpuMeanue. OB - COACPKaHUE OPraHN4YC€CKOro BEIICCTBA, N — 06HIa$I YHCIIEHHOCTH OaKTe-
puii, B — 6nomacca 6akrepuii, OH —ocagkonakomienue, V — CKOpOCTh TEUCHHS.

Note. OM is the content of organic matter, N the total abundance of bacteria, B the biomass of
bacteria, SA the sediment accumulation, V is flow velocity.

Opranunveckoe BeuiecTBo (OB) ciyHT OCHOBHBIM THIIEBBIM CYOCTPAaTOM ISt
MaccoBBIX Ipynn OakrepuoOeHToca. B noHHBIX oTnoxenusx IlpumioTHHHOrO mieca
HauMeHbIHe 3HaueHns: OB perncTpupoBannch B ecKax W WINCTHIX MEecKax JICBOTO T10-
6epexbst — 3.75+0.83%, npuyem mMunmmansabie — 1.7020.49% B 30HE neBoOepexHON
LUPKYJISAIKAU Ha ydacTKe 06paTHOro Baojibbeperosoro teuenus (cr. 2, 6, 1). Ha pycio-
BBIX CTaHIMSAX MPaBOro Oepera CoIepikaHWE OPraHWYECKOTO BEIIECTBA COCTaBHIIO
10.18+0.78 %, mpu »3TOoM HauMmeHblee cpeaHee 3Hauenne 9.05% oOHapyKeHO TaKke B
30HE MPaBOOEPEKHBIX IUPKYIsinuii Teuenuit (cT. 4 u 5). Cepble unsl B cpeneit riy6o-
KOBOJIHOW 30HE HambOosiee obOorarieHsl opraHudeckuM BernectsoMm — 11.06+0.58%. U3
MOJYYEHHBIX JaHHBIX CIIEIYeT, YTO OPraHW4YecKOe BEIIECTBO OCEIAcT B OCHOBHOM B
LEHTPaIbHON TITyOOKOBOJHOW 30HE, (hOPMHPYS 30HY WIOHAKOIUICHHS WIHM 30HY aKKy-
MYJISIIAH.

Hannune 30H akkyMynsiuy OHMOTEHHBIX 3JIEMEHTOB OOYCIIOBJICHO OCOOEHHOCTHIO
THJPOJMHAMHYECKOH aKTUBHOCTH BOAHBIX MacC, COOTHOLIEHHEM M HANPaBICHUEM Tede-
Huil pasmuunoi mpupozasl (Iepacumos, 2014). B TIpurutoTHHHOM Tijlece Ha ydYacTKax
BUXPEBBIX 00pa30BaHMII TEUCHMI HA JIEBOM W IIPABOM Oepery NMpOMCXOAWUT CMBIB C T10-
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BEPXHOCTH TPYHTA HAWJIKA, JIETPUTA, TOHKOAUCIIEPCHON B3BECH, AJIEBPUTOBBIX U MEITH-
TOBBIX YAaCTHII, KOTOPBIC BOBJICKAIOTCS B 0OJIe€ MOIIHBIN [EHTPATBHBIN BOTHBIA MOTOK.
Jlanee B mpoliecce CEIUMEHTAIMH CMBIThIA ITUTATEIBHBIA» MaTepHal OCeIaeT Ha JHO
Onaromapsi CHUXKEHUIO CKOPOCTH TEUYCHUSI B MPUIOHHBIX CIIOSX, TJIE€ aKKyMYJIHPYIOTCS
MBI, 00OTaIIeHHbIe THTATeFHBIM MaTepruanoM. OOHapyKkeHO, 9TO OpPraHUIECKOE BeTle-
CTBO IOJIOKUTENBHO KOPPEIUPYET ¢ riryounoi Bogoema (r = 0.72, p = 0.0005) u ¢ Ton-
KOIHCIEPCHBIMU (DPAKIMAMHE MEXAHUYECKOIO COCTaBa OCaAKoOB — anespuroBoii (r = 0.71,
p = 0.0007) u nenurosoii (r = 0.85, p = 0.0001). I3 ruapoArHAMUYECKHX XapaKTEPH-
CTHK BBISBJIEHBI TOJIOKHUTEIBHBIE KOPPENAIMH OCAIKOHAKOIUIEHHSI CO CKOPOCTBIO Teue-
aus (r = 0.91, p = 0.0001) u ¢ rmy6unoit Bomoema (r = 0.54, p = 0.017).

IMpocTpaHcTBeHHOE pacnpenesieHne Oakrtepuodentoca. OOmias YHCICHHOCTD
6akrepuii (N) B TOHHBIX OTIOKEHHUSX MO HAMpaBlICHHIO 0T KITMMOBCKO# y30CTH /10 MIO-
THHBI yBeIn4IuBanack or 2.47 no 27.55x10° kn/min, 6uomaccsl (B) — ot 0.10 g0 2.23 Mkr/T.
Puc. 3 nemoHcTpUpyeT M3MeHeHne OOIeH YHCICHHOCTH OaKTepHOOeHTOCa U CoflepKa-
HUSI OPTraHUYECKOTO BEIECTBA B MIOBEPXHOCTHBIX JOHHBIX CIOSIX Ha akBaropuu [Ipurio-
TUHHOTO TUieca. KoppensiMoHHbIH aHalu3 MacCHMBA JAHHBIX BBISBUI JIOCTOBEPHBIC MO-
JIOKUTEJIbHBIC KOPPEJSILUK COJICPIKaHUsI OPTaHUYECKOTO BEIIECTBA B TPyHTaxX ¢ OOIIei
yrcienrocTeo (r = 0.60, p = 0.007) u 6uomaccoii (r = 0.51, p = 0.026) Gakrepmii.

B mpocTpaHCTBEeHHOM paciipeaesicHiHH 0aKTepHOOCHTOCA 11EIeCO00Pa3HO BhIICIUTh
JIBA HAIpaBJICHUS. TMOMEPEYHbIH MPOQUIIb Ha YYaCTKE MaKCHMAJILHOTO PaCHIMPEHHS
03EpOBHIHOM YACTH TIIeca W MPOIOJIbHbIe MPOMUIH BIOIb CTOKOBOTO TeueHus ot Kin-
MOBCKO#1 yY30CTH K IUIOTHHE, BKJIFOYas JIEBBI Oeper U BEKTOp OT Y CHHCKOTO 3ajuBa JI0
IUTOTHHBI 10 TipaBoMy Oepery (cm. puc. 2).

Bross niornepedHoro npoQuiis MPOUCXOIUT YBETHUCHHE KOJMMYECTBEHHBIX MOKa3aTe-
neii 6akTepuit 0T 6eperoB K EHTPATBHOM 30He WIOHAKOIUIEHHs. TaK, eCUaHUCThIE TPYH-
TBI HA MEJIKOBOJIBE JICBOTO MOOEPEXKbs HA YUACTKE OOPATHOTO TEUCHHUS XapaKTEPH3YOTCS
MHUHUMAJIBHOW ~ YHUCIICHHO-

JleBsiii Geper / IlenrpanbHas 30Ha / TIpassiii Geper /
CTBIO (2951021)(109 K.H/MJ'I) Left Bank Central zone . Right Bank 20
u Oumomaccoii (0.44+0.17
o —+- -OB/OM
MKI/T) Oakrepuil. BaxxHbIM = N

(hakTopoM, BIHMAIOIIMM Ha
YHCICHHOCTh OakTeproOeH-
TOCa, SBIAETCA CTaOWIb-
HOCTh JOHHBIX OTJIOKEHHH.
CHxeHne YHCIEHHOCTH
OakTepuii Ha meckax W 3a-
WICHHBIX TIeCKaX OOBSICHS-

Nx10°, /v / Nx10°, cl/ml

o 9 2 6 1 10 131519 3 39 7 1134 4 5 8 12 14 16
€TCA IOBBINICHHOW ITOJABMXK- Howmepa crannuii / Station numbers

HOCTBIO TPYHTOB. J[HO Mmen-

Puc. 3. O6was uncnerHocts (N) Gaktepuii 1 conepkanue opra-
KOBOZBA HA OTOM YHACTKE ,yeckoro BemtectBa (OB) B oHHBIX OTIOXKeHHUsX [IpUILTIOTHH-
HOHBePraeTc” HanbObIIEMY Horo tuieca KyiiObimeBckoro Bomoxpanmiia ocenbro 2020 r.
BO3JIEUCTBHIO AHHaMM4C-  Fig, 3. Total numbers (N) of bacteria and the content of organic
ckux (akTopoB, yrHeTal- matter (OM) in the bottom sediments of the Priplotinny Reach
omx passutue Oakrepuo- of the Kuibyshev reservoir in the autumn of 2020
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OeHToca: oOpaTHOE TEYCHHUE, BHEIIHEE BO3/ICHCTBUE BETPOBOTO BOJHEHHS M CYTOYHOTO
KosieOaHMsl YPOBHS BOJBI B IUIece. B cepbIX MeNKOaJeBPUTOBBIX WIIaX B LIEHTPAJIbHOU
30HE WJIOHAKOIUIEHHS YUCIIEHHOCTh OakTepuil yBenmuuusaercs a0 14.29+1.51x10° kn/m,
a 6uomaccel — 10 1.72+0.22 mkr/r. CTOKOBOE TeYCHHE 3[1Ch OTINYACTCS OJJHOHAIMPAB-
JICHHOCTBIO 110 TJIyOWHE C MOCTENEHHBIM YMEHBIICHUEM CKOPOCTH TI0 BEPTHKAIH OT TI0-
BepxHocTH Ko nmHY ([TopmyOueiii, 2000), 4To cHOCOOCTBYET HAKOIUICHUIO MHIIECBOTO
cyOcTpaTa B Wilax M, Kak cJleICTBHE, pa3BUTHIO OakTeprnodeHToca. Ha mpaBom Gepery B
CephIX aJCBPUTOBBIX HJIAX, B 30HE BUXPEBBIX TeUeHHH (CT. 4, 5), YUCICHHOCTh U OHO-
Macca 6akTepHii BHOBb cHIKaeTcs 10 6.10+0.22x10° kn/mn u 0.67+0.01 Mkr/r.

Brouss npononsHOro npoduis pa3BUBACTCS TSHICHIMS YBEINYCHUS KOJTHMYCCTBEH-
HBIX TIOKa3areneil 6akTepnoOeHToca BHHU3 0 TEUEHHIO K 30HE moanopa. B nepexomHoi
30HE OT JIMTOPAJBHBIX WIOB K MPOQYHIAIBHBIM BIOJb JEBOro Oepera moj| BO3/AeHCTBY-
€M CTOKOBOTO TEYEHHS M BETPOBOI'O BOJHEHHS (OPMHUPYIOTCS 3aMJICHHBIE MECKH M T1eC-
YaHUCThIC WIbl. UHCICHHOCT, W OMOMacca OaKkTepHil Ha STOM YYaCTKE COCTaBISCT
13.17+0.46x10° k/mit u 1.60+0.27 MKI/T COOTBETCTBEHHO. B CEpBIX aeBPUTOBBIX HIIAX
npaBoOepeKbs OT BIAJCHHUS P. Yca 10 HAMPaBICHHIO K IUIOTHHE (CT. 12, 14) 4ucneHHOCTh 1

Ouomacca OaxkTepHii yBeEIHUINBa-

% 5 20q
5 9N . ercst mo 15.10+4.38x10° xin/vot u
S EL8
2E o] 1.47+0.24 MKr/T COOTBETCTBEHHO,
® <+
E2 4 10 CPABHEHHMIO C aHAJOIMYHBIMU
E E 12 [OKA3aTeIsAMH B 30HE BUXPEBBIX
2 210 Teuennit (c1. 4, 5). JloHHBIE OT-
S N =0.0397x
§ E 08 Yo - 04008 JIOKEHMS 3[1eCh 000ramarorcs 3a
& 067 . CYeT BHECEHHUS MUTATETbHBIX Be-
0.4
024 ILIECTB C MPUTOKOM p. Yca. B 30He
) e ¢ MOZMOPa OKOJIO IUIOTHHBEI C MaK-
O T T T T T 1
0 5 10 15 20 25 30 CHMaIbHBLIMH CKOPOCTSMH Teue-
Nx10°, ki/mi / Nx10°, cl/ml
ala HHSL 1 MaKCUMAJILHBIMU TJTyOUHA-
2030+ MM B YCJOBHSX IEpPEMEIINBAHMS
ES BOJHBIX MacC PErMCTPUPOBAIHNCEH
o . -
s ¢ MaKCHUMaJbHBIE 3HAYEHHS 4YHC-
>
5 0.20 nennoctH (22.7+0.78x10° kn/mn)
= 015 u Ouomaccel (2.15+0.08 mxr/r)
z . OakTepuii.
£ 0.10+ IT -
g0 Y = 0.0044x P4 HUCCIEIOBAaHUU aKTUB
2 0054 +  RIS04838 HOCTH W pacrpejeieHus Gakre-
= : (v}
g K L pHANBHBIX MOMYJALMA B Iecya-
2 0 T T T T T 1
& 7 C " & " . 4, HACTBIX OTJIOXEHWAX Iebda

Nx10°, ki /Nx10%, ciml - CpeIHEaTIIaHTUYECKOTO  3aJIMBa

o/b (Rusch et al., 2003) aBtopsI 00-

Puc. 4. 3aBUCHMOCTb BEJMYMH OCajKoHakoruieHus (a) m PAllalOT BHUMAHUC Ha BO3MOK-
ckopocTH TeueHus (6) ot oOuiei uncnennoctr (N) Gakrepuii  HYIO  alalTallMio  IIOIYIAIMH
Fig. 4. Dependence of sedimentation values (a) and flow MJOHHBIX OakTepwi K TIMAPOAHU-
velocity (b) on the total numbers (N) of bacteria HAMHYECKUM ycioBusaM. Haomro-
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JICHHs Ha MPWIMBHO-OTIMBHON IECYaHOW OTMENH MOKa3alli, YT0 MaKCHMaJIbHOE KOJH-
YEeCTBO OAKTEPHA CKAIIMBAETCS B TNIyOMHHBIX OTJIOKEHHSIX, MEHEE MOIBEPKEHHBIX BO3-
JICWCTBHIO BOJIH U JJOHHBIX TEUEHHUH MO CPABHEHMIO C MEJIKOBOIBSIMH, TO/IBEPKESHHBIMU
THIPOJMHAMHYECKOMY CTPECCY, HO TO HE HAIUIO MPSMOW MOJJIEP)KKH BBUAY OTPaHU-
YEeHHOTr0 Habopa TUIPOIMHAMHYECKHX NaHHBIX. JaHHOE MpeAIooKeHHe NOATBEpkK/a-
€TCsl HAIlMM{ WCCJIEOBAaHMSAMH. Tak, yCTaHOBJIEHA CBSA3b I'MIPOJMHAMHYECKAX Xapak-
TepUCTHK (0CaAKOHAKOIUICHHUS U CKOPOCTH TEYCHHUS) C YHCICHHOCTBIO OaKTepuoOeHToca
(puc. 4).

Hamu BBISIBIIEHBI KOPPEISAINY, TTOATBEPKIAONINE BIUSIHAEC THAPOINHAMHYIECKOTO
pexrMa TIeca Ha IPOCTPAHCTBEHHYIO OPTaHU3AIMI0 OaAKTEPHOOCHTOCHOTO COOOIIeCTBA.
Tak, oO1masi YMcIeHHOCTh U OHoMacca GakTepHil MOJOKHUTEIBHO KOPPEIUPYET C OCAIKO-
Hakorutenrem (r = 0.70, p = 0.0008 u r = 0.63, p = 0.004) ckopoctsio notoka (r = 0.70,
p =0.0008 u r = 0.56, p = 0.013). U3 mojy4eHHbIX pe3yIbTATOB CIAELYET, YUTO MO BIIHS-
HHEM THAPOAMHAMUYECKHX YCIIOBUI OpraHU3yeTCs JBE 3aKOHOMEpHBIE TPAacKTOPUH C
IPaIMCHTOM YBEIWYEHHsI YUCICHHOCTH M OHOMacchl 0akTepuil B MPOCTPAaHCTBEHHOM
pacrpezneneHnn 6akTepuoOeHTOCca MO JOHHOMY JIOXKY IlIeca: BJIOJIb MONEPEYHOro IMpo-
G — OT IPOTHUBOMNOJIOKHBIX MOOEPEKHUH K LEHTPATBHONH OCH M BJOJb MPOJOIBHOTO
npoduis — ot Knmumosckoit y3octu k motune ['OC.

3AKJIIOYEHUE

ITox Bo3nEHiCTBHEM THAPOTUHAMUYCCKUX YCIOBUI (hOPMHUPYETCS JIBa HANIPABJICHUS
3aKOHOMEPHBIX M3MEHEHHMH YHCIEHHOCTH U OMoMacchl OakTepuidi — BJOJIb MOTIEPEYHOTO
U TPOJOIBHOTO Tpoduireit mieca. C y4eToM BIUSHUAS THUAPOTUHAMUICCKAX XapaKTepH-
CTHK, THITa TIOHHBIX OTJIOKCHHU M KOJUYCCTBCHHBIX MMOKa3aTelei OakTeproOeHToca Iie-
J1eco00pa3HO BEHICIHUTH 30HBI MHTETPAIHOTO paHOHHUPOBAHHS MPOCTPAHCTBEHHOHN Op-
raHu3auu 0akrepuoOeHToca:

1) 30HBI BUXPEBBIX IUPKYJSMAN TCUCHUH ¢ MUHUMAIBHBIM Pa3BHTHEM OaKTEPHO-
OeHToca, 00YCIOBICHHbBIC THAPOANHAMUYECKONW aKTUBHOCTBIO BOJHBIX MACC U IMOJBHIK-
HOCTb I'PYHTa;

2) mepexoMHyI0 30HY OT JUTOPATH K MPOMYHIAIH C YBEIHYCHHEM YHCICHHOCTH H
Ouomacchl bakTepui;

3) HeHTpanbHY0 30HY MIOHAKOIUICHHS C BBICOKHMH KOJMYCCTBEHHBIMH TOKa3aTe-
JSIMH OaKTepHaIbHOI'O COOOIIECTRA;

4) 30HY aKTHBHOTO mepeMeliuBanus y miotuHbl ['IC ¢ MaKCUMalIbHBIMU TITyOHHA-
MH, CKOPOCTSMH TCUCHHUS U MaKCUMAIEHBIMU YACICHHOCTIME OaKTepHOOCHTOCA.

Takum 00pa3oM, THIPOJAWHAMHYCCKHE VYCIOBHS SBISIOTCS BaXKHBIM (HaKTOPOM
HApsIAy C IPYTHMH (THIIOM JIOHHBIX OTJIOKCHHUM, Ka4eCTBCHHBIM COCTABOM OpraHHde-
CKOTO BEIIECTBA, TEMIIEPATypoOi, pemoKc-TIoTeHnnaioM, pH cpemsl), opraHu3yOMuM
BEKTOPBI PacHpoOCTpaHEHHUsT 0aKTEPHOOCHTOCA, BAOIH KOTOPBIX (OPMHUPYIOTCS CIICIIH-
¢buueckre yCTOWYMBBIE 3aKOHOMEPHOCTH HM3MEHEHHsI KOJIMUYECTBEHHBIX MOKaszaTelen
0aKTEPHOOCHTOCHBIX COOOIIECTB.

Ha ocHOBaHMM MONYYEeHHBIX PE3yJbTATOB IENECO00Pa3HO MPEIIIOIOKHUTh O0IIe-
HKOJIOTMYECKYI0 3aKOHOMEPHOCTh — MPOCTPAHCTBEHHOE paclpeseneHne 0akTepuoOeH-
TOCa MOXKHO pPAcCMAaTpHUBaTh KaK MHTCTPAJIbHYIO (DYHKIIMIO OT KOMILIEKCa (haKTOpOB:

TTOBOJIKCKUM SKOJIOTMUYECKHUI )KYPHAJT Ne2 2023 223



A. B. Paxy0a, H. T'. Illepbiesa

HEePEMEHHBIX JUHAMHUYECKOTO MOTOKA (CKOPOCTH TEYCHHMSI W OCAJKOHAKOIUICHHMS), TUIA
JIOHHBIX OTJIOXKEHHWH, IIyOMHBI M COAEPKaHUS OPraHMYECKOTO BEIECTBA B I'PYHTaX,
BETPOBBIX BOJHEHHMH W APYrux aduornieckux (aktopoB. /laHHas KoHUENIHMs Tpedyer
JIOTIOJTHUTEJIBHBIX UCCIIEIOBaHUN M MTOATBEPIKACHHS Ha JPYyTHX miecax KyhiOblmeBckoro
BOJIOXPAHWIMIIA ¥ BOJHBIX OOBEKTaX BOJOXPAHMIIMIIHOTO TUTIA.
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Abstract. The paper presents the results of our expedition studies of bacteriobenthos in the water
area of the Kuibyshev reservoir in the autumn period of 2020 and the influence of the dynamics of
currents on its spatial distribution. The relevance of the study is determined by the need to study
the internal load (secondary pollution) of large reservoirs from bottom sediments. The Kuibyshev
reservoir is one of the largest flowing reservoirs in the world, where features of the coastal config-
uration, the heterogeneity of the bed, the unsteady hydrodynamic regime, the sediment regime and
its composition determine the spatial distribution of bottom sediments and the bacteriobenthos
community therein, which is an important link in the circulation processes of organic and biogenic
substances in the ecosystem of the reservoir. An assessment of the regime of currents and sedi-
ments was carried out by calculation on a 2D mathematical model of the Priplotinny Reach of the
Kuibyshev reservoir, implemented in the software package “VOLNA”. The model was verified,
and a series of numerical calculations of the flow velocity was carried out taking into account the
regime of water flow control at hydraulic units. The spatial geometry of the currents and the sedi-
ment flow distribution dynamics were obtained. According to the data of our expedition studies,
the total numbers and biomass of bacteria were estimated, which varied in the range of (2.47-
27.55)x10° cells mL* and 0.10-2.43 pg mL?, respectively. As a result of the conducted studies,
patterns of the spatial distribution of the bacterial community in the water area of the Priplotinny
Reach of the reservoir were revealed, and the nature of the relationship between the total numbers
of bacteria and the sedimentation rate, the flow velocity, and the content of organic matter in bot-
tom sediments was established. The influence of the circulation zones of currents in shallow wa-
ters on the nature of the distribution of bottom sediments and changes in the quantitative character-
istics of bacteriobenthos is shown.
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PASMHOXEHMUE U CTPYKTYPA NNONIIYJAIIUHN
MOJIEBKU-3KOHOMKH ALEXANDROMYS OECONOMUS PALLAS, 1776
(CRICETIDAE, RODENTIA) B FO’JKHOM 3AYPAJIBE
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AHHOTanusi. PaccMOTpeHBI OCOOCHHOCTH Pa3MHOKCHHS W CTPYKTYpPBI MOMYJISLUM MOJIEBKH-
9KOHOMKH, obutaromieil B FOxunom 3aypanse 3a nepuoast 1981 — 2001 u 2020 — 2022 rr. OtiioB
JKMBOTHOTO IIPOBOAMIIM KaK B 3UMHHH, TaKk ¥ O€CCHEXHBIH neprnozbl. C MOMOLIBIO METOA JIOBUMX
KaHaBOK (HANpaBJISIOMIKX 3a00PUMKOB) U JIOBYIIKO-IHHUA y4TeHO 754 monéBku-s3koHoMkH. Kak u
B JPYTHX 4YacCTAX apeana, MoJEBKa-3KkoHOMKa B FOxHOM 3aypaiibe TAroTeeT K OKOJIOBOAHBIM OHO-
tonam. J{ist atoro rpeiyHa FOxHoro 3aypaiibs CBOMCTBEHHO 3UMHEE Pa3MHOXKEHHUE, HO Hanboiee
MHTCHCHUBHO Pa3MHOXKCHHE HAaOII0faeTCst B Mae — MiOHE. I 3THX MECAIEB CBOMCTBEHHBI M MaK-
CHMAaJIbHbIE [OKA3aTeNH IJI0JOBUTOCTH KaK IS IEPE3MMOBABIIHX, TAK U MPHOBLIBIX caMok. [Tepe-
3MMOBABIIHE CAaMKH 32 PEHPOAYKTHBHBIH MEPHOJ MOTYT HPHHOCHTH 10 4 MOMETOB, CaMKH-
ceronetku — 3 — 4. II10JOBUTOCTh NMEPE3MMOBABIINX CAMOK CTATHCTHYECKU 3HAYMMO BBIIIE, YeM
npuOBUIBIX CaMoOK. B (eBpase — Mae B MOMy sy MOJIEBKU-9KOHOMKH IIPEOOIIagatoT Mepe3nMo-
BaBLINE JXMBOTHBIC, B UIOHE W IOCICAYIOIIHE JICTHE-OCEHHHE MECSIbl JOMHHHUPYIOT CETrOJETKH.
Cpeau mepe3srMOBaBIINX U MPHOBUIBIX 3BEPHKOB JOMUHHPYIOT CaMI[bl, B KOHIC JI€Ta U OCEHBIO
COOTHOIICHHE [OJIOB CPEIH ITHX BO3PACTHBIX IPYIIII MOIEBKU-DKOHOMKHU BBIPABHUBACTCSL.
KiioueBble coBa: nonéBka-IKOHOMKa, OOHMIIME, pa3MHOXKEHHE, CTPYKTypa momyJisiuud, KOxHoe
3aypaibe
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BEPHBIX MOXOBBIX cyOapkruueckux TyHap (Paskun u ap., 1996; Kucxerii, 2019 u ap.).
[TonéBku BeIyT OKOJIOBOIHBIN 00pa3 KU3HHM, 3aCEISAIOT, TIABHBIM 00pa30M, MOWMBI PeK
W Pa3lM4HOrO poJa JemnpecchH peibeda, 3aHATHIX 03EPHO-OOJIOTHHIMU KOMILIEKCAMU
(Kpsutbios, 1954; Kapacesa u ap., 1957; Usanrep, 1975; Bepatorun u ap., 2007; Boo-
petos, 2016; Crapukos u ap., 2021; Tast, 1966).

Ha teppuropun FOxHoro 3aypabsi monaéBka-3koHOMKa Takxke obbiuHa (Hukudo-
poB, 1959; MapguH, 1969; Crapukos, Kouypos, 1986), BxoauT B rpynmy (OHOBBIX BH-
noB. IlepBbie CBeneHUS MO Pa3MHOXKEHUIO M CTPYKTYpE IOIYJISIIHUU 3TOTO BHJIA JIECO-
crenHOro 3aypanss monyueHsl 6oiee 60 mer nazan (LIsapm u ap., 1957). Hamm nccre-
JIOBaHUS B ONPEACIIEHHON CTENEHH HOCAT MOHUTOPUHIOBBIM XapakTep, MO3BOJISIIOIINN
CPaBHHUTb U KOHKPETU3UPOBATh 3TU CTOPOHBI SKOJIOTHHU JKUBOTHOTO.

Teppuropust FOxxHoro 3aypainbs, B yacTHOCTH KypraHckas o0jacTh, Ha 3amajie
rpannuuT ¢ YensiOuHckoit u CBepAIOBCKON 00JacTsIMH, Ha CEBEPE M CEBEPO-BOCTOKE — C
TromMeHCKOH 00JIacThIO, a Ha fore M 1oro-Boctoke — ¢ Kazaxcranom. OcHOBBIBasiCh Ha
Marepuanax u3y4eHus (opsl M PAaCTHTENBHOCTH, NMPU Te0O0OTaHMYECKOM WICHEHHH
IOsxHOTO 3aypanbs mel Benen 3a H. . Haymenko (2008) npuHHMaeM cxemy 30HaIbHO-
MIPOBHHIMAIEHOTO JICJICHHS! PACTUTEIBHOTO MTOKPOBA, MPEAJIOKEHHYI0 aBTOPAMH KapThl
«PacturensHocTh 3ananHo-Cubupckoit paBHuHBD (MnbuHa 1 ap., 1976) u KOJUIEKTHB-
HO# MoHOTpaduu «PacturenbHblil MOKpoB 3anaaHo-Cudupckoil paBHuHbD (MnbiHa 1
ap., 1985). Ilo sToit cxeme Ha pacCMaTPHBaEcMOM TEPPUTOPHH MTOCIIEIOBATENHHO C CeBe-
pa Ha IOT CMEHSIOTCS IOATacKHAs IMOI30HAa OOpearbHON OOTaHHWKO-TeorpaduIecKoit
30HBI, CEBEPHAsl M IOJKHAsI IIMPOTHBIC IIOJOCHI JIECOCTENH (paccMaTpUBacMOil B paHre
MOJI30HBI CTEITHON 30HBI) U MOJA30HBI PAa3HOTPABHO-IEPHOBUHHO-3JIAKOBBIX cTemnei. Jis
MOATAEKHON MMOA30HBI OOpeabHOM (TaeXHOM) 30HBI, BBIIEIAEMON HA ceBepe 00JIacTH,
Hanbosee XapaKTepHbI MEJIKOIUCTBEHHBIE U COCHOBBIE JIECA B COUETAHHH C MIPAKTHUECKU
TIOJTHBIM OTCYTCTBHEM CTeTel U COJIOHYAKOBHIX cOo0OIIecTB. boioTHas pacTuTeNsHOCTD
MIOJI30HBI TIPEICTaBIeHa OOIIUPHBIMY N0 3aHUMAEeMOH TIJIOMIAAN JIECCHBIMU HU3UHHBIMU U
BepxoBbeIMH (caruoBeiMu) GosoTamu. bosnbinas yacts Teppuropun Kyprauckoii o6ia-
CTH OTHOCHUTCS K MOJ30HE Jecoctenu cremHoit 30HbI (Haymenko, 2019). XapakrepHas
0COOCHHOCTH JIECOCTENN — HAJIMYKE ABYX 30HANBHBIX THIIOB PACTHUTEIEHOCTH — JYTOBBIX
CTEIe M «MEJIKOJMCTBEHHBIX JIECOB, 00pa3yIoNINX KOJKK». 3HAUNTEIbHBI 110 3aHNMae-
MO IUTOIIAIM COJIOHIIOBBIE U COJOHYAKOBEIE COOOIECTBA, 00I0TA, COOOIIIECTBA BOJHON
1 IPUOPEKHON PACTUTENLHOCTH; BBICOKHE TEPPAChl PEUHBIX JOJIMH 3aHSITHI COCHOBBIMH
necamu. [log3oHa pa3HOTPaBHO-AEPHOBUHHO3IAKOBBIX CTENEH, oxBaThiBaomas or Kyp-
TaHCKOM O0JAaCTH, OTIMYACTCS PE3KUM COKPAICHHWEM JIECOB W ME30(UTHBIX JIYIOB,
MIPAaKTHYECKH TOJIHBIM OTCYTCTBUEM BEPXOBBIX OOJIOT M 3HAYUTEIBHBIM YCHUIICHHEM PO-
JIM CTETeH ¥ COJIOHYAKOB B CJIO)KEHHH PACTUTEIBHOTO TIOKPOBA.

Llenb HACTOSIIIETO MCCIIEOBAHUSI COCTOUT B OLICHKE HEKOTOPBIX CTOPOH 3KOJIOTHH
noJEBKU-3KOHOMKH O>xHOTO 3aypasbs, riIaBHBIM 00pa3oM, OCOOEHHOCTEH pa3MHOXe-
HUSL ¥ CTPYKTYPHI TOITYJISIIAH.

MATEPUAJI U METO/bI

B ocHOBY pa0OTHI MOJI0XKEHBI MaTepUalIbl 1 HAaOMIOEHNS], HAKOTUICHHBIE B aIipere —
aBrycre 2020 — 2022 rr. B Kypranckoii obiactu Ha Tepputopuu Tpéx monzon. B 2020 r.

230 TTOBOJIKCKUM SKOJIOTMUYECKHUI JKYPHAJT Ne2 2023



PA3BMHOXEHME U CTPYKTYPA HOMYJIALMU MOJEBKU-O9KOHOMKU

cOop Onomarepuasia IPOBOJMICS B JIECOCTEIHON MOA30HE HA TpaHMIE JIBYX aJMUHHU-
CTpaTUBHBIX paiioHOB — KeroBckoro u [IpuTo0OIBEHOIO B OKPECTHOCTAX HACEICHHBIX
nyHkroB — TemiskoBo (55°20' c.or., 65°21' B.1.), 3a6opckoe (55°10' c.mr., 65°14" B.11.),
Haropckoe (55°15' c.ur., 65°19' B.1.), YTarckoe (55° 9' c.ur., 65°11' B.1.) u KambimHoe
(55°41" c.ur., 66°25' B.1.). B 2021 r. y4€Thl KMBOTHBIX MPOBOMIN B MOATANre BOIU3M
HacelleHHbIX MyHKTOB CamoxganoBo (56°38' c.ur., 64°43' B.1.) 1 Mexonckoe (56°09' c.u.,
64°34' B.n.) LllatpoBckoro paiioHa, a B 2022 1. — B MOJ30HE Pa3HOTPABHO-IEPHOBHHHO-
371aKOBOM cTenH B OkpecTHOCTsX ¢. O3épHoe (54°248' c.mr., 64°38' B.1.) u moc. Mckpa
(54°24' c.am., 64°33' B.11.) 3BEPHHOTOIOBCKOTO paioHa. st OIIEHKH psifia CTOPOH SKOJIOTHH
MOJIEBKM-9KOHOMKH MPUBJICUEH TaKKe Halll MaTepuain 3a neproj 1981 — 2001 rr.

Y4€ThI )KUBOTHBIX OCYIIECTBIISUIM METOAAMHU JIOBUMX KAaHABOK, HAIIPaBIAIOMINX 3a-
6opunkor mruHON 50 M ¢ maThio kKouycamu (Haymos, 1955; Tymukosa u ap., 1963;
Oxoruna, Kocrenko, 1974), a taxke noymiko-muauii (Kyuepyk, 1952). Otpaborano
42920 xonyco-cyTok u 29360 maBmiko-cyTok. Beero yureno 754 3sepbka. Bospact mo-
NEBOK-3KOHOMOK yCTAaHABJIHMBAIH, OMHUPAsACh HA OCOOCHHOCTH CKYJIBITYPHPOBAHHOCTH
yepena (Jlapuna, Jlanmos, 1974). B kauecTBe HOMOJHUTENBHBIX KPUTEPHEB OMpPECIIe-
HHSL BO3pAcTa UCIOJIb30BAIM BECOBBIC U JINHEITHBIC TIOKA3aTeIN Pa3MEepOB Tela, COCTOs-
HHS PEIPOAYKTHBHON CHCTEMBI CaMIIOB M CaMOK. Ha OCHOBE 3THX MPHU3HAKOB BBIICISUTH
B3pOCTBIX (MEPEe3UMOBABIINX) U MPUOBLIBIX KUBOTHBIX. YYacTHE B Pa3MHOKCHUH CaMOK
YCTaHABIHMBAJH 110 HATMYHMIO SMOPHOHOB M IUIAIICHTAPHBIX IIATCH; Y4ACTHE CAMIIOB — 10
pasMepaM CEMEHHHKOB M HAIMYUIO CIIEPMATO30MAO0B B mpuaaTke cemenuuka (Tymuko-
Ba, 1964; Kapacesa u ap., 2008; ITaurenees, 2010). C60psI MENKHX MIICKOIUTAIOIINX, B
TOM YHcie MoaEBKU-3koHOMKH, B 2020 — 2022 rr. npoBeneHs! B 58 6GHoTOMmAX.

ITpu cratucriyeckoil 0OpabdOTKe AaHHBIX ONPEAEIUIN CPEeIHHE 3HAUCHHUS ILIOJNO-
BHCTOCTH TPBI3YHOB, CTAHIAPTHYIO OMIMOKY W pa3Max BappupoBanus (Min — max). Cpen-
HHE 3HAUCHHS CPABHUBAIH, UcTonb3ysi U-kputepuii Manda — Yuthu. [Ipu Bu3yanusanuu
BHYTPHUIO/IOBOM JUHAMHUKMA TPHI3YHOB HCIOJIB30BAIH MOCTPOCHHUE JIHHHU «CKOJIB3SIIAs
cpennsisi» (s camioB). Bce pacueTbl MPOBOJMIM C MPHUMEHEHHEM MAKEeTOB MPOTPaMm
Microsoft Excel 2010 (Microsoft Corp., USA) u Statistica 10 (StatSoft Inc., OK, USA).

PE3YJBTATHI U UX OBCYXJIEHUE

BecHoii 1 B miepBoii MONOBUHE JeTa MoJEBKa-dKoHOMKa FOxHOTO 3aypanes B TOH
WJIM WHOM CTENEHW CTEHOTOIHA, KaK MPaBHIO, MPHypOYEeHa K OKOJOBOAHBIM (MpHpedy-
HbIe, IPHO3EPHEIE, AenpeccHu penbeda) Guoronam. Bo BTOpoii mooBuHE JeTa CICKTP
OCBaWBaeMBIX €10 OMoTOmoB pacmmpsiercs (6onee uem Ha 80% B KaXI0d U3 MOI30H),
TEeM He MEHee W B 3TOM ClIy4yae MaKCHMaJbHOe e OOMIHEe OCTABAOCh B OKOJIOBOJHBIX
6uoronax. Mbl MpUCOEIMHIEMCS K MHEHHIO OONBIIMHCTBA HCCIEA0BATENEH, KOTOPHIC
CBSI3BIBAIOT 3TO C €€ SPKO BBIPAKEHHON MMIPOGHIBHOCTHIO U 3eNeHosaHOCThI0 (MBaH-
tep, 1975; I'pomos, Ilomskos, 1977; Bobpeuos, 2016 u ap.). B FOxuoM 3aypanbe moms
9TOM TTONEBKH (0T CyMMapHOTo o00uHs MeJKux miekornurarommx B 2020 — 2022 rr.) Obuta
MaKCHMaJbHOW B monraiire. [laHHas 0COOCHHOCTh MPOCTIEKUBANACH KaK B y4€Tax C IO-
MOIITBIO JIOBUHMX KAHABOK (HATIPABISIFOIINX 3a00PUIHUKOB), TAK U JOBYIIKO-JIHHKA (Tabi. 1).

Pa3smHo:keHne. B Hamiem pacrmopspkKeHHH HMEIOTCS HEOONbLIME MaTepHailbl IO
y4€TaM MOJIEBKU-3KOHOMKHU B 3UMHUUN NEPUOA.
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Ta6auua 1. IMoxzonansHble 0coGeHHOCTH 00MHs (0cobeit Ha 100 KOHYycO-CyTOK M ocobeil Ha
100 maBuiiKO-CyTOK) MOJIEBKH-3KOHOMKH FOskHOTO 3aypanss (2020 — 2022 rr.)
Table 1. Subzonal abundance features (individuals per 100 cone-days and individuals per
100 trap-days) of the root vole in the Southern Trans-Urals region (2020-2022)

Vu4ersl B KOHYCBI / Vuersl naBuikamu /
Catching into cones Catching into snap trap
O6ue (B | Honst or cymmaproro| O6wime (B | [loist OT cyMMapHOTro
TMoxsona / Subzone Ton/ CpeaHEM 110 OOMINS METKHX CpEIHEM I10 OOMITHS MEJIKUX
Year noyzone) / | miekormratonmx, % /| momzomne) / MJIEKOTIUATAIONMX, % /
Abundance Share of the total Abundance Share of the total
(average over | abundance of small | (average over | abundance of small
the subzone) mammals, % the subzone) mammals, %
Iosraiira / Subtaiga 2021 1.63 144 0.12 75
Jlecocrems / Forest steppe| 2020 0.82 8.5 0.47 3.9
Pa3norpaBHO-JEepHOBH-
HHO-31aKkoBas crenb /| 2022 124 9.1 0.05 1.6
Herb-bunchgrass steppe
B cpennem no OxHo-
My 3aypansto /  On| 2020 -
average in the Southern| 2022 1.23 107 0.21 43
Trans-Urals region

Taxk, 6 sneape 1990 u 1991 rr. moObITH 2 camita 1 1 camka, Bce O¢3 MPU3HAKOB yya-
CTHS B pa3MHOXKEHHHU. Pa3Mepbl CEMEHHHUKOB Yy CaMIIOB BapbUPOBAIIN OT 3X2 10 5X4 MM;
Yy CaMKH OTCYTCTBOBAJIM YMOPHOHBI U TUIALICHTAPHBIC MSTHA. B 9TOT mepuoa cocTosHue
criepMaToreHes3a camIlioB Mbl He oneHuBain. OIHAKO €CTh MHEHHE O TOM, YTO 3pelble
CIIepPMAaTO30UIbI COAEPKAT CeMEHHUKH pasMepoM He menee 5 mm (ITsicromnosa, Sckuw,
1975).

B ot ke ronsl 6 pespane yareno 10 ocobeit monéBku-s3koOHOMKH. J[Ba camiia ume-
JIM HEepa3BUTHIE CEMEHHUKH, a Y YETHIPEX HAOMIOMalcs akTHBHBIN criepMaTorenes (pas-
MepBI CEMEHHHKOB BapbupoBain oT 9%7 1o 10X6 MM). [InHHA Tela )KUBOTHBIX KoJieba-
nack oT 112 o 122 mm, macca — ot 33 10 45 r. OHa U3 4eThIpEX CaMOK B 3TOM MECSIE
uMena 8 MialeHTapHbIX MATEH U JAKTUPOBaia. Mbl CKJIOHHBI CUUTATh, YTO TO PE3yJib-
TaT 3UMHET0 Pa3MHOXEHHUsI, MIOCKOJIbKY IUIAIICHTAPHBIC MATHA Y CEPhIX MOJEBOK COXpa-
HSAIOTCS HEZOJITO, He Ootee 39 mueit mocie ponos (Ceupuaenko, 1958).

B mapme 1990 u 1991 rr. Takxke yureHo 10 ocobeit monésku-3koHoMKH. Bo BTOpoOi
MOJIOBUHE 3TOr0 Mecsla jBa caMiia MMeNH CEMEHHUKH 5X3 MM, ofuH camel — 8X6 Mm,
onuH — 9%5, nBa — 9%6 u oguu 10X6 mm. JlauHa Tenma ux konedanachk ot 93 mo 127 mwm,
Macca camiioB BapbupoBaia oT 19 no 56 r. Tpu caMku, OTIIOBIICHHBIE B 3TH K€ CPOKH,
1100 BBIHANIMBATH YMOPHOHBI (3 U 6) Ha CPEAHUX CTAMAX MX PA3BUTHUS, JUOO HUMEITH
IUIALlCHTApHBIE MATHA (2).

B xonme 50-x rr. XX B. Ha TEpPUTOPHUH HAIICH CTpaHBI, IO KpaifHeH Mepe B TOIBI
MCCJICIOBAaHHsI aBTOPOB, OTPHUIIAJACh BO3MOXXHOCTb 3UMHEIO Pa3MHOKEHHS TOJIEBKH-
sxonoMku (Kapacesa u nip., 1957), B ToM 4mcIie Ha TEPPUTOPUH JIECOCTEITHOTO 3aypabs
(IIBapu u ap., 1957). K HacTosmeMy BpeMeHH HAKOILUICH OONBIION MaTepHal, MOKa3bl-
BaIOMIMII BO3MOKHOCTH O0COOEH 3TOro BHIa pa3MHOXKATHCS B 3UMHHM MEPHUON WA BEC-
HOH B BbICOKMX mmporax moja cuerom (Illy6uH, Cyukosa, 1973; Oauu u ap., 1976;
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Cayackuit u ap., 1978; Xne6nukos, 1980; ITpokonses, 1988; Pycakos, Crapukos, 2001;
[Maxpuna, Bomsnepr, 2013; Bobperos, 2016; Tast, Kaikusalo, 1976). Caenyer taxxe
yKa3aTh, YTO B Pa3IMYHBIX YaCTIX apeajia SKOHOMKH SIBIICHUE 3UMHEr0 Pa3MHOXKEHHSI
¢dukcupyetcs He exerogno. B IOxHoM 3aypaibe, U3-3a HEJOCTATKa MaTepUalia B 3UM-
HUI TIEPUOJ], CYJUTh HACKOIBKO 3TO COOBITHE B J)KMU3HH JIAHHOTO TPhI3yHa HAOIOAaeTCs
YacTo, TAKXKE HE MPUXOUTCS.

B anpene B pasHbie rojpl OTIOBICHO 6 MOJOBO3PEIBIX CAMIIOB, CAMKH HE 3aperu-
CTPUPOBAHBI.

B mae B IOxHOM 3aypanbe yuteHo 67 mon€BoK-3KOHOMOK. Bcee mepesmmoBaBime
B3pocibie (adultus) camier (N = 22) mMenw XOpOIIO pPa3BUTHIE CEMEHHWKHA W MOTIIH
y4acTBOBATh B pasMHOkeHHWH. YacTh mepesumoBaBimux camok (N = 10) BuIHammBama
sMOpuonbl (Ha Beex cramusx passutis (9 — 28.05), apyras wacts (N = 5) camok BbI-
KapmimBana aeréupimeit (14 — 27.05) (oueBnaHO, BTOpOi MOMET). 31€Ch YMECTHO yKa-
3aTh, YTO MPOMEKYTKH MEXIY POJaMH Y TOJEBKH-DKOHOMKH wucuHcisiiores B 20 —
30 mueii (Kapacesa u ap., 1957). Bee camiisl Bo3pacra subadultus (n = 19) Taxske moriu
y4acTBOBATh B Pa3MHOXKEHUH, Pa3Mepbl HX CEMEHHHKOB OBLIM COTOCTaBUMBI C pa3Me-
paMu CeMEHHHKOB TIePEe3MMOBABIINX KHUBOTHBIX. CaMble paHHHUE TOUMKH CaMIIOB 3TOTO
Bo3pacta narupyrores 5 — 9.05 1981, 1982 n 2021 rr. lnuna Tena 3THUX KMBOTHBIX Ba-
prupoBaina ot 104 mo 112 mm, Macca — ot 26 10 46 r. Ecnm ydects cpok 6epeMeHHOCTH
TIOJIEBKM-3KOHOMKH, TIepHoJ] BhIKapMinBanus aerenbimed (Kapacesa wm ap., 1957), a
TaKKe BPEMs JOCTIKEHMS MHHUMAIBHOM Macchl B 26 T (MHHMMaJbHas mMacca 0coOH,
MIPUCTYIMBIIEH K CAMOCTOATEIBHOMY 00pasy »KHM3HHM W IOTaBIIedl B KOHYC — 7 T), TO
MOKHO yYTBEp)KAaTh, YTO HAYAIO PA3MHOXEHHUS B 3TH TOJbI PUXOIUIOCH Ha CEPEIHHY
MapTta. O4eBHIHO, 3TO CETOJICTKH MepBOro momera. B stor mecsan Oputo yureno 11 ca-
Mok Bospacta Subadultus (sad). Yersipe caMku, OTIIOBJIEHHBIE B IEPBOM JeKaae Mas B
1981 u 2021 rr., umenu maccy tena 20.4 — 40 1, npu juymmHe Tena — 95 — 102 mm. Tpu u3
HUX OBLTM ¢ SMOpPHOHAMH HAa HAYAIbHBIX M CPEIHUX CTAAUsX pa3BuThs (MEPBbIA NpH-
IUIOJT CaMOK-ceronetok). Bo Bropoit nekame mast (15.05.2021 r.) camka Bo3pacTa
subadultus ¢ gmunoit Tena 105 MM, Maccoit 21.1 T uMena 5 MIaNEHTAPHBIX MATEH U BbI-
KapMiIMBana JetéHsiiieid. B TpeTbell aexane Mast yureHo deThipe camku (Sad), Tpu u3
HUX ellé He IPUCTYMUIN K Pa3MHOXEHUIO, OJTHA BRIHAIIIMBATA IMOPHUOHEI.

TakuMm 00pa3oM, B OT/ENbHBIC TO/IbI IEPE3MMOBABIIINE CAMKH YK€ K CEpeAnHE Mast
MOTYT BBIKAPMIIUBATH BTOPOW MOMET, CAMKH-CETOJETKH TaK)Ke K CepelrHEe Mas — mep-
BBII IIOMET.

B uione 3apeructpupoBano 55 mepe3MMOBABIINX CaMIIOB, BCE MOJIOBO3peibie, 21
camka Bo3pacra adultus (ad). Bce oun 100% yvacTBOBamM B pasMHOKEHUH. B mepBoii
JieKajie Mecslla OJJHAa caMKa BBIHAIIMBAaNa 3MOPHOHBI, IBE — JIAKTHPOBand. Bo BTOpOit
JIeKaJie MIOHS TPH CAMKH BBIHAIIIMBAIA SMOPHOHBI, IBE BHIKAPMITUBAIN JETEHBIIIEH, BE
COBMeII[JIM OEPEMEHHOCTD M JIaKTaluo. B TpeThell nekaje niath caMok Obliin OepeMeH-
HBIMH, JIBE BBIKAPMJIMBAIU JACTEHBINICH (OUEBHIHO, TPeTHU MOMET) OJHA COBMeEIIAna
OepeMEeHHOCTh U JIAKTAIINIO, TPH CAMKH UMEJH IUIAlleHTapHbIE TISITHA OT JABYX OepeMeH-
Hocteil. B aTom mecsue yureno 103 camua (sad), u3 vux 92 camua (89.3%) nonoso3spe-
aete. CaMoK 3TOro Bo3pacta yureHo 64. B pasmHoxennu yuactBoBaio 21 (32.8%). B
TIEPBO#i JIeKajie BCTPEIaInCh caMku ¢ aMOproHamu (N = 3) ¥ ofiHa — C TUIAICHTAPHBIMU
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nsaTHaMA. Bo BTOpoii fekaie HIoHS y9TeHO 4 caMKH ¢ SMOPHOHAMHU U 4 CaMKH C IIJIaleH-
TapHBIMH IIATHAMH, a B TPEThEH JeKaae UIOHS Takke 4 caMku ¢ aMOproHaMH, 4 caMKu ¢
IJTaOCHTApHBIMU TIATHAMU KW OJHA CaMKa C JBYMs TI'pylnaMu IUIaHCHTAPHBIX IMATCH
(20.06.2022 1.).

B urone Bce B3pocisie camisl (N = 45) yyacTBoBaNM B pa3sMHOKEHHH. Y nByX u3 30
nepe3nMoBaBImx camok (6.7%) OTCYTCTBOBaNM 3MOPHOHBI W IUIAIICHTApPHBIEC IATHA.
Cpean ydacTBYIOIHMX B pa3MHOXeHHH 12 camok (42.9%) BeIHAIIMBa M SMOpUOHBI (Ha
HaYaJbHBIX U cpeAHux (as3ax pas3surus); 11 caMOK MMeNH IUIalCHTAPHBIC MSITHA U BbI-
KapMITHBAIN JICTEHBIIICH; YeThIpe CaMKH BO BTOPO# TMOJIOBHHE Mecsla COBMEINanu Oe-
PEMEHHOCTh W JIAKTaLMIO, a OJHA CaMKa MMeNa [BE IPYyNIbl IUIAIEHTapHbIX ISATEH
(24.07.2022 r.). B aTom mecsite 3apeructprpoBano 89 camioB Bospacra subadultus, u3
aux 59 (66.3%) MorM y4acTBOBaTh B Pa3MHOKCHUH. YUaCTHE B Pa3MHOKEHHH CaMOK
Bo3pacta Subadultus nmxe, w3 67 camok 3toro Bo3pacta Tonbko 23 camku (34.3%)
Y4acTBOBAJIM B PA3MHOXEHHH. 13 M3 HUX BBIHAIIMBAIN SMOPHOHBI HA PA3IUYHBIX (a3ax
pa3BuTHsA, 9 caMOK UMEITH TUIAlCHTAPHBIC MSITHA M BHIKAPMIIMBAIH JETEHBIIICH U JIUIIb
OJJHA coBMeNlana 0epeMEeHHOCTh U JIAKTaLHIo.

B aszycme WHTEHCHUBHOCTh Pa3MHOXKEHHWs CHIDKaJach. Bce B3pocible caMibl
(n =10) mornm ywactBoBaTh B pasmMHOkeHnH. Cpemu B3pocibix camok (N = 11) B pas-
MHOKCHUH y4acTBoBao 7 (63.6%); y 4eThIpEX CaMOK OTCYTCTBOBAIM SMOPUOHBI U TIAT-
Ha. [locnennsisi OepemenHas B3pocias camka oTioBneHa 13.08.2020 r. (sMOpHOHSBI
8%6 mm). [Toka3zarenu y4acTusi B pa3MHOKEHHUHU caMI[oB Bo3pacta Subadultus taxxe cHu-
suuchk — 10 42.9%. Beero B aToM Mecsitie yuteHo 64 camku Bospacrta subadultus, summ
11 w3 mux (17.2%) yuactBoBai M B pasMHOKeHHH. [lociennsist GepeMeHHast caMKa 3TOTO
Bo3pacra 3apeructpupoBana Hamu 25.08.1984 r. Opnako, no muenuto C. C. IlIBapua c
coaBropamu (1957), B necocteniHoM 3aypaibe OepeMEHHBIE CAMKH OYCHb PEIKO MOTYT
BCTpEUaThCs B CEHTAOPE U qaxke B OKTsAOpe (oxpecTHOCTH €. O3EpHOE).

B cenmsbpe 3apeructpupoBan oauH camernl Bo3pacta adultus, camku atoro Bospac-
Ta HE OTMeueHbl. B aTom Mmecsie 3apeructpupoBano 10 camiioB u 8 camok Bo3pacra
subadultus, 30% caMIioB OBUTH ITOJIOBO3PENBIMH, OJHA CAaMKa MMeJa IUIalleHTapHBIC
matHa (5.09.1984 1.).

B oxmsaope (15 — 22.10.1991 r.) mepe3uMoOBaBLINX 0COOEH HE 3aperUCTPUPOBAHO.
Cpenu 10 momyB3pocCibIX CaMIOB y 8 W3 HHMX CEMCHHUKH BaphbUpoBaid OT 2X1 1o
4x2 mm, nauHa Teaa 75 — 100 mMm, macca — 14 — 23 1. /IBa camila UMeNd CEMEHHUKN 6X4
n 6X5 MM, utrHa Tena ux cymecTBeHHo Ooubine (110 — 115 mwm), paBHO Kak U Macca —
35.5 - 47 r. Takum 00pa3zoMm, B 3UMY YXOJIST CETOJICTKH IBYX MOCICTHUX TeHEPAITHH.

Ha Kpaitnem CeBepe pa3MHOKEHHE MMOJIEBKA-PKOHOMKH JITUTCS OKOJIO 4 MecsIeB.
KopoTkuil mepros 0oT4acTH KOMIICHCHPYETCS OOJBLIOH BEIMYWHOW BBIBOAKA — 7 — 8
9MOpHOHOB Ha ojHY Oepemennyio camky (Ckamon, 1931; Ilacronosa, 1967; Kapacesa,
1971; llsapmu, bonsurakos, 1979; I'puropses, 2003; [lanpuna, Bomsnept, 2013; Huku-
¢bopos, Unubsies, 2015; JlurBunos, Yynun, 2018). B Gosee 10KHBIX MIMPOTAX IUIOAOBH-
TOCTb HWKE, HO 0Oojiee IIHTEIBHBIN mepuon pasmuoxenus (Kapacesa um mp., 1957;
Isap u ap., 1957; Tlomos, 1960; Cuurupenckas, 1961; Balciauskas et al., 2012). B
IOxHOM 3aypanbe, Hapsoy ¢ 3UMHHM Pa3MHOKCHHEM MOJIEBKH-3KOHOMKH, KOTOPOE,
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OUYEBH/IHO, HE HOCHT MAaCCOBOIO XapaKkTepa, OHO MOCTEMEHHO MEPEXOJUT Ha PAHHIOK
BecHy (cepemuny mapra). OTCIO/A, CPOKH Pa3sMHOMEHHUSI 3TOrO TPhI3yHA IS JTaHHOU
TEPPUTOPUU MOTYT Aocturatb 6 — 7 mecsiueB B roxy. OpHako Hanbojee WHTEHCHBHO
MPOILIECC Pa3MHOKEHUSI POUCXOAUT B Mae U 0COOEHHO B HioHe. Ha 3ToT nepuoa npuxo-
JISITCSL M MaKCHMAJTBHBIE TTOKA3aTEIH TUIOOBUTOCTH TTOJIEBKU-OKOHOMKH (Tabi. 2). Drto-
My ecTh CBOE oOBsicHeHHe. B 310 Bpemst (hopMupyercsi camasi IpOAyKTUBHAS 4aCTh I10-
MyJISIUK, 00ecTeunBInas e€ poCT — MOJIO/IbIE MOJEBKU MEPBHIX BHIBOJKOB, POJUBIIUECS
1 BBIpOCIIHE B HanOoJiee OIaronpusTHOE BpeMst roja. PacTeHust B 3T0 BpeMsi HHTCHCHB-
HO BETCTHUPYIOT, M 3BEPhKH B W300MJIMK TOJYYArOT MOJHOIEHHBIC KOpMa, 00eCIieunBa-
fomrre ux ObICTphI pocT u passutre (Kapacesa, 1979). B aBrycre mporecc pasMHOXe-
HUSI HAUMHAET 3aTyXaTh, MIEPBBIMU M3 PEIPOAYKIMU BHIOBIBAIOT MEPE3MMOBABIINE CaAM-
KU, Pa3MHOXKEHHE KOTOPBIX 3aBEpPIIACTCS K CEpEelUHE 3TOro Mecsia. Pa3MHOXKEeHHUE ca-
MOK-CETOJIETOK 3aKaHYMBAETCS K KOHIy aBrycta. OCEHbIO UX y4acTHE B Pa3MHOKEHHU
HOCHT eIMHUYHBINA XapakTep.

Taomuua 2. Ce30HHas IMHAMUKA IUIOAOBUTOCTH MOJIEBKU-9KOHOMKH FOKHOTO 3aypaitbst
Table 2. Seasonal dynamics of the root vole fecundity in the Southern Trans-Urals region

Camku / n Maii / n Urons / n Urons / n | Asryct/ | n | Cenrsops — okTs6ps /

Females May June July August September—October
Bapocavie/ | 15 167340.37| 26 [6.96£0.34| 32 |6.226024 7 [6.4320.43 — |YUACTHC B pasuio-
Adult JKEHHH HE 3aperu-

crpupoBaro / No
7 |5.43+0.65| 23 |6.87+0.30| 24 |5.38+0.27| 11 |5.36+0.41| — [breeding participation
is registered

Ceromnertku /
Young

B pasHBIX "acTsax apeayia MOJIEBKU-IKOHOMKH HaOIIOMAaeTCs] HEOAMHAKOBOE YHCIIO
noméros (TaBpoBckwii u ip., 1971; Wsanrep, 1975; Cnyxackwuii u ap., 1978, ConomMoHOB,
1984, lly6un, 1991; Bobpenos, 2016) kak s B3POCIBIX, TAK U CaMOK-CETOJIETOK. B
HOxHOM 3aypanbe s Iepe3uMOBABIIIX CAMOK BO3MOXHO 10 4 TOMETOB, JUIS TPUOBI-
neix caMok — 3 — 4. Tak, B deBpaie — MapTe — mepBBIil TOMET ISl IEPE3UMOBABIIIHX
CaMOK, B CEpeIMHE Masi — BTOPOU IMOMET IEepPe3NMOBABIIAX CAMOK M TIEPBBIA MOMET IS
camok Bo3pacrta Subadultus. Tperuii moMET 1151 TEPE3UMOBABIIINX CAMOK B KOHIIE UIOHS,
B 3TO K€ BpEeMs BTOPOI MOMET il MPUOBLTBIX caMOK. B KOHIIE MIONS — MEepBOH MOJIO-
BUHE aBTyCTa YeTBEPTHINA MOMET TS MTEPE3UMOBABIIUX CAMOK M TPETUH TOMET JUISI TIPH-
OBUTBIX caMOK. [IpHOBLIBIE CAaMKH YAaCTHYHO MOTYT Pa3MHOXKATHCS U OCCHBIO, OTHAKO
CYIIECCTBEHHOT'O BJIMSHUS HA TOIMOIHCHHUE YHCICHHOCTH IOMYJISAIUU 3TOT MpPOIECC HE
OKa3bIBACT.

[11010BUTOCTE B3pOCHBIX MONIEBOK-3KOHOMOK lO>xHOTO 3aypaibs BappHpoBajia OT
3 1o 11 smOpronoB u mianeHtapubix msared. C. C. Isapir ¢ coasropamu (1957) nmpuso-
mn Gruskue 3HadeHus (mo smopuonam) — ot 4 o 11. CpaBHeHMe cpemHel TUIOI0BH-
TOCTH MPUOBLTBIX U B3POCIBIX CAMOK MPOBEACHO C MOMOIIBI0 KpuTepus ManHa — YHT-
HU. B pesynbraTe ObUTa YCTaHOBJICHA CTATHCTHYCCKU 3HAYMMas 0OJiee BHICOKAS TUIOJO-
BUTOCTH B3pocibix caMok (Ues, sy = 2017 mpu p = 0.02). Bosee HU3Kas MI0I0BUTOCTD
NpUOBLIBIX CAMOK HaXOIUT cBo€ oObsicHeHue. [1o muenuro 1. M. I'pomona u U. 4. Tlo-
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nsikoBa (1977), oHU el€ TPaTAT MHOTO DHEPIUH Ha CBOIl HE3aBEpIUCHHBIH POCT, U IO-
3TOMY y HHX YHUCJIO NEeTEHBINIEH MeHblle, 4eM y chopMUpoBaBiuxcs. M3BecTHO, 4TO
POZABI ¥ BBIKAPMIIMBAHHE MOJIOAHSKA B3POCIBIMH CAMKaMH TaKXe CONPSDKEHO C 0O0Jb-
UMK 3aTpaTaMy SHEPTUH, OHU caMH HO cebe CTaHOBATCA (PAKTOpOM HEKOTOPOro HX
yraeTeHus. [109ToMy TpH 4acThIX MOBTOPHBIX POJAX YHCIO SMOPHOHOB YMEHBILIACTCS.
D70 MoATBepKAAcTCS M Ha Matepuaie u3 FOxHOro 3aypaibs. (cM. Tabi. 2), HO MPOTH-
BOPCYHUT JAHHBIM, TTOJYYCHHBIM [0 Pa3MHOXKEHHUIO MOJIEBKU-9KOHOMKH bapabsl (I'oToB
u 1p., 1978) u Kpaiinero Cesepo-Boctoka crpanst (YOmun u mp., 1976). B nocnennem
Cllyyae aBTOPBI 3TO OOBSCHSIOT TEM, YTO CPEIHSIS BEJIMUYMHA BBIBOJKA Y 9KOHOMOK I10-
CTENEeHHO BO3pacTaeT OT Mas JI0 aBrycTa. Tak MPOMCXOIUT IIOTOMY, YTO B aBIyCTe B
HONYJISIMN SKOHOMOK Y4YacTBYIOT B Pa3MHOXKCHHUH NPEHMYILECTBEHHO Ooyiee KpyIHBIE
10 pa3MepaM CaMKH, CPEIHss BEIMYMHA BBIBOJIKA Y HUX OOJbBIIC, YeM y MEHBIIHX II0
BECy.

MHorue aBTOPHI YKa3bIBAIOT Ha HE3HAYUTEIBHYIO SYMOPHOHAIBHYIO CMEPTHOCTh Y
MOJIEBKU-3KOHOMKH, WiH BooOie Ha e€ orcyrcrsue ([Bapr u ap., 1957; Usanrep, 1975;
Crynckuii u ap., 1978). MbI otMeuanu pe3opOInio SMOPHOHOB y TOJIEBKU-IKOHOMKH BO
Bce setHue mecsnsl B 1991, 2020 — 2022 rr. Cpenu nepe3nMOBaBIINX CaMOK € pe30po-
nueit SMOpmoHOB BcTpedeHo 7% ocobelt, a pe3opOupyrommuxcs MOproHOB — 1.2%.
Cpenu camok Bo3pactro#i rpymmst Subadultus ux membire, cootBetctBento 2.6 u 0.4%.
OTcioa MOXKHO 3aKJIFOYUTh, YTO HMMEIOLIAsCs CMEPTHOCTh 3MOPHOHOB Yy TIOJIEBKH-
9KOHOMKH B HOHOM 3aypaybe He MOXKET CyNIECTBEHHBIM 00pa3oM CKa3bIBaThCS HA WH-
TEHCHBHOCTH pa3MHOKeHHs 3Toro rpeizyHa. [To muenuto C. C. llIBapua ¢ coaBTOpaMu
(1957), pemratomuM (akTOpOM HApacTAaHHWsA YHMCIEHHOCTH IOMYJISAIUH ITOJEBKH-
9KOHOMKH (KaK M JPYTUX IPHI3YHOB) SIBJISETCSA HE 00Iasi MpoJOKUTENFHOCTh epruoia
Pa3MHOEHHS, a BPEMsI €ro HacTyIUICHHS.

CpaBHEHHE IUIOJOBUTOCTH MPUOBUIBIX CaMOK B 3aBHCHMOCTH OT HOJA30HAJIBHBIX
0COOEHHOCTEH TEPPUTOPUU MPOBOAMIIHN ¢ momotsio U-kpurepust Manna — Yurtau. Cra-
THUCTHYECKH 3HAYUMBIX PasTH4ui B miogoButoctu ceronetok (Ug, 15 = 15.5 mpu p = 0.15)
u B3pocnbix 3BepbkoB (Uqo, 21y = 101.5 mpu p = 0.90) moxaraiirm u pa3HOTpPaBHO-
JCPHOBHHHO-3JIaKOBOM cTenmy He BbIABICHO. OTCIOAA, TMOMYJISALUS HOJNEBKH-YKOHOMKH
IOxHoOro 3aypaibsi CpaBHUTEIBHO omHOpoaHa (Tabi. 3). DTO ompemeNnseTcs OTHOCH-
TeNbHOU OJM30CTHIO TOM30H (MPOTsHKeHHOCTh KypraHckoil o6nacTu ¢ ceBepa Ha 10T He
npesbinraet 300 km).

Taomuua 3. ITox3oHanbHBIE 0COOSHHOCTH IIIOJOBUTOCTH MONEBKHU-IKOHOMKH FOskHOTO 3aypanbs
(2020 — 2022 rr.)

Table 3. Subzonal features of the root vole fecundity in the Southern Trans-Urals region (2020-
2022)

Tossora / Subzone Ton/ n Bspocasie /| Ceronerku / | HezaBricumo ot Bospacta /
Year Adult Young Independent of age
IMonraiira / Subtaiga 2021 14 | 6.10+0.38 | 4.50+0.87 5.64+0.40
Jlecocrems / Forest steppe 2020 56 | 6.60+0.26 | 5.85+0.34 6.43+0.21
PasHoTpaBHO-1ePHOBHRHO-3MAKOBA | 555) | 36 | 6144027 | 6.00+0.47 6.08+0.25
crens / Herb-bunchgrass steppe
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Crpykrypa nonyiasimnu. Ce30HHbIE U3MEHEHHUSI BO3PACTHOTO COCTaBa MOMYJISIHA
NoJEBKU-3KOHOMKH HOxHOTO 3aypabsi XapakTepu30BalInuch ciaeayomuM. O0en3BecT-
HO, YTO B 3UMHEE BpeMs I'PBI3yHBI HE PacTyT, OypHBIH UX POCT U IIOJIOBOE CO3pPEBaHKE
NPUXOJAITCS HAa BeCHY. B HaleM cityyae 3TOT nepuo HabIrojalicsl B KOHIIE 3UMBbL. Ecnn
B SIHBAape CpelHssi Macca Teljla 3BepbKoB Oblia uyTh Oosiee 26 T, JUIMHA Tena He IPEBbI-
mana 95 MM, To B (eBpane 3TH TOKa3aTeaM OBUIM CYIISCTBEHHO OoJblue (COOTBET-
ctBerHO 31.7 1 1 110.3 MM). B 3T0 Bpems 4acTh MOMYISILMHU YK€ Hadajaa pa3MHOKATHCS.
B maprte noist B3poCHBIX JKMBOTHBIX MOET JoXoauTh 1o /0%, B ampene momyisiys
Haubosiee OJHOPOHA, HAMH YYUTBHIBAIHCH TOJNBKO B3POCIBIC JKHBOTHBIE (PHUCYHOK). B
Mae emé mpeodiagany B3pOoCIIble )KUBOTHBIC, @ B HIOHE U ITOCIIEAYIOIINE JICTHEe-OCCHHUE
MeCsIIbI JOMHHUPOBaAITH cerosieTku (68 — 100%).

B monorpaduu B. H. Boneimakosa u b. C. Ky6aniesa (1984), mocssiieHHoO# moo-
BOH CTPYKType INOMYJISLIUHA MIICKONUTAIONMX, Ha OONbIIOM (PaKTHYECKOM MaTepuaie
MIOKa3aHo, YTO y MHOTUX BHUJIOB TPHI3YHOB B OJIHUX IOIYJISIIASAX MOTYT YHCICHHO Tpe-
o0yazaTh caMIibl, B IpyTrUX — CAMKH M JIaKe B Mpejesiax OJHOM MOMyJISUH COOTHOIIIE-
HHE TIOJIOB KaK B IIETIOM, TaK U B %

OT/IE/BHBIX BO3PACTHBIX IPYMMax |
MOXET WHOTJa H3MEHSAThCS Ha

MPOTHBOIOJIOKHOE 32 OTHOCH-

TENbHO KOPOTKHH HPOMEKYTOK 407
Bpemenu. Hamu pganHbie 1o mo- 30+
JIOBO3PACTHOM CTPYKTYype MOMy- 90
JSIIMU TTOJIEBKU-PKOHOMKH TMOKa-
3a]M, 4YTO Cpeld Mepe3uMOBaB-

I - Camusi / Males
1 — Camxu / Females

50

10+

WUX W TPUOBUIEIX  3BEPHKOB I nm vovVoVIE VI VL IX X
BO BCE€ CE30HBI M BO BCEX MOJI30- Mecse / Months
HaX, KaK MpaBWIIO, Mpeodiamaaiu ala

camub! (CM. PHCYHOK), iMmb B 802

- Camupl / Males
ABr'yCT€ COOTHOIICHHUC TIIOJIOB 70— [ - Camxu / Females

npubmmkanocs 1:1. ITogoOHyro 60

O0COOCHHOCTP B COOTHOUICHHH 50

MOJIOB MOJNIEBKU-3KOHOMKH B Ka- 40 1

penuu Habmogan O. B. MBantep 30 \ /

(1975), Ha roro-BocToke 3amang- oo \ -

Hoil Cubupu - H.TI. Hlybun ] -

(1991). .
B ortnoBax kaHaBkamu (3a- Inm VoV Ve Ve VI IX X

OopunkaMu) OOJIBLUIMHCTBO OT- /b Mecset / Months

JIOBIICHHBIX ~ I'PBI3YHOB  OBUIM

TIPENICTABIICHBI CETONETKAMH, 00- @ 5 (6) ocobeit
OJIs1 IIEPE3UMOBABIIUX (@) U INPUOBLIBIX 0Cco0cHu 110-
nee 60% (camxu — 26.3%, cam- A P P

» HéBKH'3KOHOMKH; HyHKTI/IpHa}I JIMHUS — CKOJIb3s11as1 Cpe,l:['
_ 0 -
el — 38.0%). B yuérax maBmn % (7G5 CAMITOR)

KaMH  TpeoOnagaii  B3pOCIBIC  Figure, Share of adult (a) and young (b) individuals of the
3BepbKH, 0kono 60% (ratu. 4). root vole; the dotted line is the moving average (for males)
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Ta6auna 4. [TonoBo3pacTHas CTPYKTypa MOJEBKU-3KOHOMKH B 3aBUCUMOCTH OT METO/OB y4E€TOB
B IOxHOM 3aypaibe (anpess — aBryct 2020 — 2022 rr.)

Table 4. Sex and age structure of the root vole depending on catching methods in the Southern
Trans-Urals region (April-August of 2020-2022)

M. Sra ] Bspocasie / Adult Ceronerku / Young
Metﬁg(éﬂoz’/z?iure Camxu / Female Camupl / Male Camxku / Female Camupr / Male
P n % n % n % n %
Yuersl B KoHych /| pg 14.7 83 21.00 104 26.3 150 38.0
Catching into cones
yuaetet pamikamn /|- oy 338 19 26.8 13 183 15 211
Catching into snap trap
Korycst n nasmman /| g, 17.6 102 21.9 117 25.1 165 35.4
Cones and snap trap
3AK/IIOYEHHUE

PasmHOxeHHe MONEBKU-3KOHOMKH B HOKHOM 3aypaibe mpoucxoauT B Oolee pac-
TSHYTBIC CPOKH, YeM B CEBEPHBIX YACTSAX apeaya, YTo CKa3bIBACTCS HA OTHOCHTEIBHO
HHU3KHUX [OKA3aTesIX [I0JOBUTOCTH. PENpOAyKTHBHBINA MEPUOI MOXKET JJIUThCS 6 — 7
MECSIIEB, CPOKH €r0 Havaua MOTYT ObITh CMEIICHBI Ha KOHell 3uMbl. OTCIO/Ia, B OT/ACIb-
HBlE TOABl y MOJNEBKU-IKOHOMKH HaOIlfoaeTcs MOACHEeXkHoe pasMHoxeHue. Cyns 1o
COCTOSIHHIO T€HEPaTUBHBIX OPraHOB, MEPE3MMOBABIIUE CAMIIBI COXPAHSIOT MOJOBYIO
AKTHBHOCTh Ha MPOTSHKEHUU BCETO OECCHEXKHOTO Mepuoja. MakCHMyM y4yacTusi B pas-
MHO>KEHHUH TIPUOBLIBIX caMioB puxoautcs Ha Mait (100%) u urons (89.3%), mpuOBLIBIX
CaMOK — TaK)Ke Ha 3TH Mecsisl (coorBercTBeHHO 63.4 1 32.8%). B nioHe u Mae oTmeua-
eTcs M HauOoIbIlasi BeJIMYMHA BHIBOJKOB. [lepe3nMoBaBIlIne CaMKH 3a CE30H pa3MHOXKe-
HUSI MOT'YT IIPUHOCHUTB /10 4 BBIBOAKOB, puoObLIbie — 3-4. B dheBpane — mae B nonynsiuu
NOoNEBKH-3KOHOMKH HOkHOTO 3aypaibs mpeobiiagatoT B3pOCIble Mepe3nMOBABIINE KHU-
BOTHBIC, B HIOHC M MOCICIYIOIIHE MECSIbl — CErojetkd. Ha mpoTsmkeHHH 3uMHe-
BECEHHE-JICTHETO TePHO/ia KaK CPeld MEepe3nMOBABIINX, TAK M MPUOBLIBIX KUBOTHBIX
JOMHHHPYIOT caMIibl. B KoHIIe jeTa (aBrycT) U OCEHBIO COOTHOLICHHE TIOJIOB BBIPABHH-
BaeTcs.
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Breeding and population structure of the root vole
Alexandromys oeconomus Pallas, 1776 (Cricetidae, Rodentia)
in the Southern Trans-Urals region
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Abstract. Features of the breeding and population structure of the root vole inhabiting the South-
ern Trans-Urals region during the periods of 1981-2001 and 2020-2022 are considered. Animals
were captured during both winter and snowless periods. A total of 754 root voles were captured
using ditches with pitfalls (guide fences made of polyethylene film) and trap lines. As in the other
parts of their range, root voles in the Southern Trans-Urals region prefer near-water habitats. Win-
ter breeding is characteristic of this rodent in the Southern Trans-Urals region, but the most inten-
sive breeding is observed in May-June. These months are also characterized by the maximum fe-
cundity for both overwintered and young females. Overwintered females can produce up to
4 litters during their reproductive period, while young females can produce 3-4 litters. The fecun-
dity of overwintered females is statistically significantly higher than that of young ones. In Febru-
ary—May, overwintered animals dominate in the root vole population, while in June and the fol-
lowing summer and autumn months, underyearlings predominate. Males dominate among the
overwintered and underyearling animals; at the end of summer and in the autumn, the sex ratio
among these age groups of root voles levels off.

Keywords: root vole, abundance, breeding, population structure, Southern Trans-Urals region
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KOMIIVIEKCHASI BUOTEXHOJIOT' UL
OYUCTKU HE®TE3ATPA3SHEHHOM IMTOYBBI

T. H. lllemeannuna ™, E. M. Anguyrosa

HUncmumym 6uonozuu @edepanvhoeo uccied08amenbekoo yenmpa
Komu nayunozo yenmpa Ypanvckozo omoenenus PAH
Poccus, 167982, 2. Coixmuiskap, yi. Kommynucmuueckas, 0. 28

TMocrynuna B pepakimio 05.10.2022 r., nocie popaborku 27.01.2023 r., npunsita 26.02.2023 r., ony6nukosana 21.06.2023 r.

AnHoTanus. Pemennem mpo0ieMs! 3arpsi3HCHUS TOYBBI HE(THIO U HeTENPOXyKTaAMH SIBIISETCS
HCIIOJIB30BaHHUE TEXHOJIOTHI C KOMIUIEKCHBIM MPHMEHEHHEM MaTepuanoB. Ha ocHoBe oleHkH 3a-
IPS3HEHHOTO HE(THIO y4acTKa Ha TEPPHUTOPHH JAEMOHTHPOBAHHOTO PE3CpPBYapHOro mapka paspa-
0oTaHa OMOTEXHOJIOTHS, BKJIIOYAIOMas KaK OTXOABI JepeBOOOPAOOTKH, TaKk M OUOJIOTHYCCKHUE
areHThbl, CIOCOOCTBYIOIINE YCHICHHIO CKOPOCTH Ipolecca OYHCTKU. D(PPEKTHBHOCTH OYMCTKH
MOYBBI C NPUMEHEHHEM TEeXHOJIOTMU BHeceHMs Ouomnpenapara «BMMIOTPUH», Guoreocopbenta
«T'EOJIEKC®», kopoapeBecHoit cMecH U TpaB-peKyJIbTHBAHTOB cocTamwia 92 — 95% 3a 60 cyToxk.
Beicokast aeruaporeHasHasi akTHBHOCTb HOATBEP)KAAET 3((EKTHBHBIC MPOLECCH OKUCICHHS Op-
TaHUYECKOro 3arps3HuTess. [IpOeKTHBHOE MOKPHITHE BHICESHHBIMU TPaBaMU PEKYJIbTHBHPOBAH-
HOTO0 y4acTka ciyctst 60 cyTok mocie moceBa TpaB cocTaBisieT 85%, 4To XxapakTepu3yeT OUHIIeH-
HBII TPYHT KaK HE TOKCHYHBIN JUIsl POCTA U Pa3BUTHS 371aKOB.

Ki1roueBble cjioBa: 1104Ba, 3arpssHeHne HedThbio, OMonpenapar, 6HOreocOpOEHT, KOpPOapEeBECHas
CMeCh, TPaBBI-PEKYIETHBAHTEI, OMOTEXHOJIOT U OYUCTKHI

®unancupoBanne. Pabora BeinonHeHa npu GpuHaHCHpoBaHUU ['ocynapcTBeHHOro 3amanus UH-
ctutyTa 6uonorun Komu HayyHoro nentpa Ypansckoro oraenenus PAH no reme «Hayuno o6oc-
HOBaHHbIC OHMOTEXHOJOIHH TSl YIIyULICHUs 9KOJIOTHYECKOH 0OCTAHOBKH U 3/[0POBbS YETOBEKA HA
Cesepe» (Ne 1021051101411-4-1.6.23), 000 «BMODKOBAJIAHC».

Jst nurupoBanus. [lemenununa T. H., Anuyeosa E. M. KoMiiekcHast GMOTEXHOIOTHS OUHCTKU
Hedresarps3uéunoit moussr // [MoBomkckuit skomorndeckuii xypuai. 2023. Ne 2. C. 246 — 256.
https://doi.org/10.35885/1684-7318-2023-2-246-256

BBEJEHHE

[IpoGeMa 3arpsisHEHAS OKPYKaroIeH cpensl HepThIo 1 HehTenpoaykramu (HIT) B
Poccun mpu3HaHa Ha rocyZapcTBEHHOM ypoBHe. OCOOCHHO MHTEHCHBHOMY 3arpsizHe-
HHIO He(THIO M NIPOLYKTaMH ee IepepadOoTKU IOABEP)KCHBI TEPPUTOPHH, IIIe BENCTCH

& s koppecnondenyuu. Jlaboparopust 6MoXuMuHU U duotexHonornu MHctutyTa 6uonorun Komu HayqHOTO
nentpa YpO PAH.
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KOMITJIEKCHA Sl BUOTEXHOJIOI' Sl OYMCTKH HE®TE3ATPSA3HEHHOM [TOYBbI

aKTHUBHAs J100bIYa HE(TH, OCYLIECTBISICTCSA ¢ TPaHCIOPTHPOBKA U XpaHeHue. [lotepu
HE(TSIHOTO CHIPBS TIPH JT00BIUE U TPAHCIIOPTUPOBKE B PoccHU MO pa3HBIM OLEHKaM CO-
craBisior ot 1 1o 3.5 — 4.5%. CooTBeTCTBEHHO, NpU YpoBHE N00bIUM B 555 MiH T B
2018 r. (Klepikov et al., 2022) motepu cocrasistot ot 18 1o 23 muma T. CaMoounIeHHe
9KOCHCTEM BO3MOXKHO, OTHAKO, CKOPOCTh 3TOTO TpOIIecca CIMIIKOM Majla B HECOIOoCTa-
BHMa C TEMITaMH aHTPOIIOTCHHOT'O 3aTrPS3HEHUSL.

Cpean M3BECTHBIX TEXHOJIOTHH BOCCTaHOBIICHHUS He(Te3arpsi3HCHHBIX TPYHTOB H
BOJIHBIX CHCTEM HauOosiee 0e30IacHOM ISl OKpYIKaroliel cpelpl sBiseTcs OnopeMenu-
arust (Koprynosa u mp., 2019; Lawniczak et al., 2020). Buopemenuanusi MOKeT OBITh
OCHOBaHa KaK Ha CTUMYJIILUM aOOPUI€HHOW MHKPOOMOTHI, TAK M Ha BHECEHHMH Ha 3a-
IPSI3HEHHBIN Y4acTOK GHONpEenapaToB ¢ IMOJOOPaHHBIMH LITAMMaMH MHUKPOOPTaHU3MOB.
st moBeieHns 3G(HEKTUBHOCTH 3aKPEIICHHsT KIIETOK MUKPOOPTaHU3MOB, COXPaHEHUS
UX JKH3HECTIOCOOHOCTH M AKTHBHOCTH BHEKJICTOYHBIX (DEPMEHTOB, ISl PEILCHUS MPO-
OseM yTHIM3aluK COPOMPYIOIIMX MaTephajoB NMPHUMEHSETCS Croco0 MMMOOMIN3AIMN
MHKpPOOPIraHM3MOB Ha copOeHTh. Kpome TOro, B HSKOJOTMYECKH HeOIaronpHsTHBIX
YCIIOBHAX COPOEHTHI BBICTYIAIOT B KauecTBe 0a3bI-TPAaHCHOPTA A1 MHKPOOPIaHH3MOB,
MO3BOJIAIONIEH XUTh B aHabmo3e 1o 10 ner. buompemnapaTsl Ha OCHOBE MHKpPOOpPTaHH3-
MOB-HE(TEIECTPYKTOPOB U OHOTeOCOPOEHTHI (MUKPOOPTaHU3MBI, HMMOOUIIN30BaHHBIC
Ha 1COJIMTHI) HEOJHOKPATHO MOATBEPIUIN CBOIO 3 dekTuBHOCTh (ApTIOX 1 Ap., 2014;
Shchemelinina et al., 2019). Tlpu cunpHOM HeTIHOM 3arpsI3HCHUH HEOCTATOYHO BHE-
CeHHUsl TOJBbKO OHompenapatoB u OuocopOeHTOB. [ MOCTIKEHHUS MOJOKUTEIBHOTO
pe3ynbpTaTa HeOOXOAUMO MPOBOAUTE KOMIUIEKCHYIO OHOPEKYJIBTHBALIUIO, BKIIOYAIONTYIO
B TOM 4YHCJIE PaspbIXJICHHE M adPalMI0 MMOYBHI IS YIYYIICHUS €€ CTPYKTYpPBl H HOBBI-
LICHHS OJJHOPOIHOCTH 3arpsi3HEHHs, BHECEHHE MUHEPAJIbHBIX YIOOPEHHI KaK TONOJIHH-
TENbHOTO WCTOYHUKA MUTaHus MukpoopranusmoB (Tpyceit u nmp., 2016), moceB Tpas-
pekynbruBanToB (EmenbsnoBa u ap., 2015). B kadecTBe cTpyKTyparopa MOYB MOTYT
MOCIyXHUTh KopoapeBecHbie otxobl (KJIO) neconpomsinniernoro npoussoactsa (Tar-
kuHoBa, 2017).

Lenpto mccaenoBaHus — OLEHKA TEXHOJOIMH COBMECTHOTO NPHMEHEHHUs Ouompe-
napata «BMOTPUH», 6uoreocopbenta «TEOQJIEKC®», kopoapeBecHoli cMecu U Tpas-
PEKyIbTUBAHTOB B IMOYBE, 3arPSI3HCHHON HE(THIO.

MATEPHUAJI 1 METO/IbI

OOBekToM HcciieioBanusl Obliia He(Te3arpsi3HeHHast TI04Ba Ha TEPPUTOPUH JIEMOH-
THPOBAHHOTO pe3epByapHoro mapka (puc. 1). Ilomane yuactka 3arps3HeHHON HedThiO
TI0YBBI JUIsl TPOBEJIEHHUS ONIBITHO-TIPOMBILIIEHHOTO SKCnepuMenTa coctasuia 100 M2,

Omnucanne NpUMeHsIEMBIX MAaTEPHAJTIOB B TEXHOJIOTHH PeKYJIbTUBALNUHU. buonpe-
napam «bBUOTPHH» coCTONT U3 HETOKCUYHOTO CUMOMOTHYECKOTO aJIblro-0aKTepHaIbHO-
JIPOXOKEBOrO KOHcopimyMa: aposiokeit Rhodotorula glutinis Fresen, Harrison, 1928,
mramm VKM Y-2998D; 6Gakrepuii Pseudomonas yamanorum Migula, 1894, mramm
VKM B-3033D; muxposogopocieii Chlorella vulgaris Beijer f. globosa V. Andr. (Beijer,
1890) IPPAS-2024. JTabopaTopHbie SKCIIEPUMEHTHI BBISBIIN 3()(HEKTUBHOCTh OYHCTKH
BOJIbI, TIOYBHI, IMeOeHOouHOro Oautacta ot Hedtu U HII ¢ mpumeHneHnem Ouomnpernapara
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«BOTPUH». buonpenapatr «BMOTPUH» yBenuunBan IeCTPYKIHIO YIEBOAOPOIOB O
CpaBHEHHIO B BapuaHtaMu 6e3 00paboTku: B Boje Ha 54 — 92% ot 3 mo 14 cyrok (Hed-
TEOKUCIISTIOIHH Orompernapart..., 2019), B mouse Ha 35 — 86% ot 7 o 30 cyrtok, B mebde-
HouyHOM Oayuacre Ha 87 — 99% o 15 mun (Crioco6 OYMCTKH OTXOI0B. .., 2020).

Puc. 1. Buj skcriepuMEeHTaILHOTO Y4acTKa U cxeMa oTbopa mpob
Fig. 1. A view of the experimental plot and the sampling scheme

Buozeocopbenm «EOJIEKC®» npencrasnser co6oi MmTamMMbl OHMOIpenapara
«BUOTPUH», nMMoOMIn30BaHHBIE Ha TJIAYKOHUTOBOM copOeHTte. broreocopOeHT 3a-
peKOMeHIOBaNI ce0si B Ta0OPaTOPHBIX M MPOMBIINUICHHBIX YKCIIEPUMEHTaX Kak 3¢ dek-
THBHOE CPEICTBO ULl peMEIUalli BOJHBIX, HOUYBEHHBIX 00beKkToB OT HII 1 B TexHOIO-
UM OYMCTKHU IebeHounoro 6amnacta. buoreocopbent «T'EOJIEKC®» ysenuuunsan pas-
JIO)KEHUE YTIIEBOJOPOJOB MO CPAaBHEHHIO ¢ KOHTPOJBHBIMU 0Opa3laMu: B BoJe Ha 37 —
76% ot 4 mo 14 cyrok (Hedreokucnsrormmii 6uonpenapar..., 2019), B mouse Ha 43 —
95% ot 14 mo 60 cyrok (lemenuuuua u ap., 2022), B mebGenognom Ganmacte Ha 82 —
93% o 15 munayT (Criocob 09HUCTKH 0TXOIOB..., 2020).

Kopodpesecnas cmecy — XOpOoIIo pa3oKeHHBIH TOYBOIIOJOOHBI OpraHMIEeCKUi Ma-
Tepuaj, 0OTOOpPaHHBII CO CKJIaa KOpbI, Bo3pactoM Oostee 60 JieT co ClieyFoInMHU IKOJIOTo-
arpoXUMUYeCKUMH cBOHCTBaMHU: PHon) 8.15, pH(con) 7.56; MaccoBast poist azora obero —
6300 Mr/kr; OOBMKHBIX coemuHeHui Gocdopa (B mepecuere Ha P20s) — 7000 Mr/kr, Kasus
(B mepecuere na K,0) — 1030 mr/kr, Mg — 3500 wmr/kr, Ca — 130 000 mr/kr. OGree
MHUKpOOHOE YKCII0 B KopoapeBecHoil cmecu pocturano 1.41x10% KOE/r.

Buner mpag-pexynvmueanmos Ui mocea, nogoOpaHHbIE B COOTBETCTBUH C PEKO-
MEHJAIUAMM 30HANbHON cucteMsl 3emiuenenns (Melekhina et al., 2020), o6namgamu mo-
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CTaTOYHOW YCTOHYMBOCTBIO K COJEPXALIMMCSI B TOYBE 3arpsS3HUTENSM, OBICTPBIM PO-
CTOM, HaJIe)KHBIM BEr€TaTUBHBIM WIJIM CEMEHHBIM pa3MHOXKEHHeM. [IpHu HUCroIb30BaHUN
B LENsX (PUTOMENHOPALNH BBIICISUIA MHOHEPHBIC BUJBI — OHOJIETHUKH U PACTECHUS C
KOPOTKUM LUKJIOM Pa3BHUTHS, CIIOCOOCTBYIOIUE OBICTPOMY 3aXBaTy TEPPUTOPHHU, TaK
Kak OHHM 00JIaIal0T HU3KMMHU KOHKYPEHTHBIMHU CBOMCTBaMH B (PUTOIICHO3€E, U CO BpeMe-
HEM 3aMela0TCsl Ha a0OpPUTeHHbIC BUJIbI, 00Jiee IPUCTIOCOOICHHBIE K KIMMATHYECKUM H
MMOYBCHHBIM YCIOBUSM. [IJ1s TSDKEIBIX CYTJIMHUCTBIX MOYB OBUTH BBIOPAHBI MATIHK JTyTO-
Boit Poa pratensis Linnaeus, 1753 (mopma BeiceBa 40 — 80 xr/ra), oBec Avena sativa
Linnaeus, 1753 (Hopma BeiceBa 200 kr/ra), KaHapeeuyHHK TPOCTHHKOBHMIAHBIM Phalaris
arundinacea Linnaeus, 1753 (mopma BeiceBa 25 — 60 kr/ra) u KieBep THOPHIHBIN
Trifolium hybridum Linnaeus, 1753 (nopma BeiceBa 30 — 60 kr/ra).

BHecenue munepanvhvix yoobpenutl npeanoiaraet odecrevyeHre He()TEOKUCISIO-
IIMX MHKPOOPTaHU3MOB U TPaB-PEKYJIbTHBAHTOB yCBOsieMbIMHU (hopmamu a3ota, docdo-
pa, KausA U TpeOyeTcsl MPAKTHUSCKU Ha BCEX MOYBaX. B TEXHOJOTHIO PEKYJIbTHBAIIUU
SKCICPUMECHTAIBHOTO yYacTKa ObLIO BHIOPAHO MHUHEpPAIbHOE yIOOpPEHHE — HUTPOAMMO-
thocka (NPK 16:16:16).

Oo6paszen ycinoBHO He3arpsisHeHHO# mouBsl (YHII) 6611 oTo6pan B 200 M OT 3KCIIe-
PUMCHTAIEHOTO YYaCTKa — Ha HE 3arps3HEHHON HE(PTHIO TEPPUTOPHHU, MOKPHITOW CMe-
IIAHHBIM 0€Pe30BO-COCHOBEIM JiecoM. DparMeHTHl MOXOBOTO U JIHITAWHUKOBOTO ITOKPO-
Ba MpeCTaBiIcHB! Buaamu poaa Polytrichum, Hylocomium, npeo6iaamnann MHOTONETHHE
tpaesl (pomos Carex, Cirsium, Deschampsia, Trifolium). B monmkenusx penseda — co-
o01ecTBa OOJIOTHBIX OCOK.

OT16op mpo6 MOYBBI IIPOBOAMIICA METOIOM KOHBepTa (CM. puc. 1) coriacHo HOpMa-
TUBHBIM JIOKYMEHTaM, PEerJIaMeHTHPYIOIIUM npoueaypy, 3a 30 cyTok 10 Havaja 3Kcrie-
pPHMEHTA, B JIEHb TOCTAHOBKH dKCIepuMenTa, ciycts 14 u 60 cytok (n = 3).

KonuyecTBeHHBIN XUMHUYCCKUI aHAIU3 ObUT POBENICH B AKOAHATUTUYECKON 71a00-
patopun Mucturyra 6uonorun Komu HII YpO PAH ¢ mpuMeHeHHEM CIEAYIOMUX Me-
togoB: HIT — rpaBumerpuueckum wmetomoM, PJI 52.18.647-2003 (Meromuueckue...,
2003); pH BOaHO¥ BBITSDKKH — MOTEHIIOMETpUYecKiuM MetonoM (Meromuka..., 2018).
Jlyist OMOXUMHUYECKUX aHAJTU30B 32 OCHOBY OBLTH B3STHI METOJBI TOYBCHHOW YH3UMOJIO-
run (Xasues, 2005).

CrartucTudeckyio oO0pabOTKy TMOJIyYEHHBIX JAHHBIX MPOBOAMIN HEMapaMeTpHye-
CKHUMM METOJaMH C ToMolbio nakera nporpamm STATISTICA 10.0 (StatSoft Inc., OK,
USA). [MapameTpsl BHIGOPKH MPEICTABIEHBI B BUJIE MeAUanbl, 1 1 3 KBapTUiIEH, MUHU-
MAaJIbHBIX ¥ MAKCUMAJIbHBIX 3HAYCHHI BBIOOPKU M OTPAXKEHBI HA TUarpaMmax pa3maxa.

PE3YJIBTATHI U UX OBCYXXJAEHUE

Oyenka pekyIbmMuayuoHHO20 NOMEHYUala noyeé yuacmxa. PeKkylbTHBALlMOHHBIM
paboTaM Ha TEPPUTOPHU AEMOHTHPOBAHHOI'O PE3EPBYapHOrO IapKa IPelIecTBOBAIO
H3y4eHHe pPEeKyJbTUBALMOHHOTO IOTEHIMaja IOYBEHHO-TPYHTOBOTO CJIOS, KOTOPBIH
BKJIIOYAET OLICHKY COCTOSIHUSI TEXHOT€HHON MOBEPXHOCTH, CTENEHM 3apacTaHus, OIlpe-
JiefieHre KOHIIEHTPAIUK 3arpsi3HeHUs 1Mo (hparMeHTaM y4acTKa, TITyOWHBI 3arps3HeHN,
HAJIM4YHe MTOBEPXHOCTHOU HedTH, pH mMoUBHI, onpeneneHre ONOIOTHIECKON aKTUBHOCTH.
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[Tnomane ywyacTka IJIsi IIPOBEACHUS ONBITHO-TIPOMBIIUICHHOTO 3KCIIEPUMEHTa Oblia
OrOpO’KeHa CUTHAJIbHBIMU JICHTAMHU.

Oyenka cocmosnusi MexHo2eHHOU NOBEPXHOCMU U cmeneHu 3apacmanus. B mod-
BEHHO-TPYHTOBOM IOKPOBE, TPaHC(OPMHUPOBAHHOM B pe3yJIbTaTe XO3SHCTBEHHOH nes-
TEJILHOCTH, MPeo0ialaii B OCHOBHOM OTJIOXKEHUS! TSDKEJIOTO MEXaHHMYECKOTO COCTaBa —
CYIJIMHKH, O0OYCIJIOBJIMBAIOIINE HU3KYIO CKOPOCTH Pa3lIokKeHUs! MmojurotantoB. OcobeH-
HOCTBIO y4YacTKa SIBIISUIOCH OTCYTCTBHE PACTHTEIBHOTO MOKPOBA U IUIOJOPOJHOIO CIOS
JUIs TIpOBezieHNsT OnopeMenuanuy. McXomaHbIe pacTUTENbHBIE COOOIIECTBA TI0 NEPUMET-
Py y4acTka 3aMeIIeHBl Pa3peXCHHBIMH ITHOHEPHBIMU T'PYNIIHPOBKAMH COPHSIKOB M Ky-
cTapHuKoB. bimke k Toukam 1 m 2 ygacTka HaOmromany nepeyBiIaXHEHHE, COMPOBOXK-
JlaBIeecs] HAaKOTUIEHHEM BOJIbI ¢ 00pa3oBaBIleiicss Ha Heil HeTsAHOI TUIEHKOH B HEPOB-
HOCTAX penbeq)a, HaIMOJHAEMBIX TOCPEACTBOM IMOBEPXHOCTHOT'O CTOKA.

Onpedenenue KOHYeHMpayuy 3a2pAsHeHus no QpasmeHmam yiacmya, enyounsl 3a-
epazuenus, pH nousei. Kornentpamms vHedtr YHII cormacao 0630py A. A. OxomnenoBoit
¢ coaBropamu (2019) omeHnBamacy Kak CpemHss, a B TOYBE, OTOOPaHHON Ha 3KCIEepH-
MEHTAJIFHOM Yy4acTKe, — Kak o4eHb Bbeicokasi. Conepskanne HII B mouBe skcriepumeHTa B
3.5 — 5.7 pasa npessimaino coaepxanue Hedrenpoaykros YHII (puc. 2). [mybuna mpo-
HUKHOBEHUS] He(TH B CPOPMHUPOBAHHON HAa TEXHOTCHHOM JIaHIA(TE OYBE COCTABIISLIA
0.15 — 0.25 M. HeGomnpio#t daktudeckuii pasmep «smuka» (50%) o6bema BBIOOPKH H
pacmpezneneHue, OIM3K0e K HOPMalTbHOMY, B TOUYKAaxX CBHICTEIBCTBYET O KOHCEPBALUH
MOJUTIOTAHTA B MpeJeiax TEPPUTOPHU 0OCIETOBAHNS.
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Puc. 2. Conepxanue HeTenpoaykToB (a) u aeruaporeHasHas akTuBHocTb (D) B 0Opasuax mo4Bsl
IIPU OLIEHKE PEKYJIbTUBAIIMOHHOTO MoTeHnuana yvactka; CCS — obpaszern yclloBHO He3arpsi3HEH-
HOU TIOYBBI

Fig. 2. The total petroleum hydrocarbon content («) and the dehydrogenase activity (b) in soil
samples while assessing the recultivation potential; CCS is a sample of conditionally clean soil
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YpoBeHb KHUCIOTHOCTH B TOYBE SKCIIEPUMEHTAJIBHOTO YJ4acTKa ObUT HEHTpaIbHBIN
(pH 6.86 — 7.32), GmaronpHsATHBINA IS WCTIOJIB30BAHMS MUKPOOPTAHU3MOB B COCTAaBE
Ouomnpenapara u OuoreocopOeHTa.

Onpeodenenue buonocuueckoli akmugnocmu. VI3ydenne GepMeHTaTUBHOW aKTHBHO-
CTH HIMPOKO HCIIONIB3YETCS B 9KOJOIMYECKOM MOHHUTOPHHIE IIPU aHAJIM3€ COJICpIKaHMs
HII u npyrux TexHoreHHsIx oprannueckux emiects ([Tomsk, Cyxapesuu, 2020). Pacnian
HedTH U HE(TAHBIX YIJIEBOJOPOAOB B MOYBE CBSI3aH C OKHCIUTEILHO-BOCCTAHOBUTEIb-
HBIMH MIPOIIECCAMH, TIPOMCXOSIIMMHE TIPH YYaCTHH pasindHbiXx GepmentoB (PsOiesa u
ap., 2016). Io pesyabraTaM paHee MPOBEICHHBIX UCCIENOBAHUI Ha 3arps3HeHHBIX HIT
MOYB CEBEPHBIX TEPPUTOPUII YCTAHOBIEH MHAWKATOPHBINA ()EPMEHT — AETHAPOTeHasa,
HanOoJee OCTPO PEearupyrolinii Ha JFOOBIE MPOLECCH], MPOUCXOAsAIIe B mouse (An-
chugova et al., 2016).

JderunporenazHasi akTHBHOCTb B 3arps3HEHHBIX HE(ThIO 00pa3lax IOYBBI, OTO-
Opannbix 32 30 CyTOK O MOCTaHOBKM JKCIIEPUMEHTa, BapbupoBaia ot 8.4 mo 25.8 mr
¢dopmazana / 1 T aGCOMOTHO CyXO0# MOUBHI 3a 24 Yaca 10 BapuaHTaM W HE MPEBbINIAA
yposens YHII (cMm. puc. 2).

Texnonozus pexynvmusayuu dKCnepUMeHmanbHo2o yvacmka. Ha ocHOBaHUM KOM-
IUTEKCHOM OIEHKH 3KCIEPMMEHTATLHOTO HeTesarpssnennoro yyactka (100 m?) Gbina
pa3paboraHa OMOTEXHOJIOTHSI OUYMCTKH MOYBBI, BKIIFOUYAIOIIAs ITOCIIEI0BATENbHbBIE POU3-
BOZCTBEHHBIE JTAIlbl PEKYJIbTUBALIMY, IPOBEICHHBIE APYT 3a JPYTOM B TeUEHHE 3 CYTOK.

1-it oranm (B mepBble CyTKH): OHOCTHMYJILMS. BHECEHHE KOPOIPEBECHOH cMmecH
(TIOKpBITHE 3arpsA3HEHHOTO y4YacTKa He MEHee 5 cM) — OHOayrMEHTALHs: BHECEHHE
ouonpenapara «<BUOTPUH» B konudecTBe 2 1M — BHECEHME MUHEPAIBHBIX YI100pe-
Huil B kosmmuectBe 10 Kr;

2-it aTan (Ha TPETbU CYTKH): OHMOAyrMEHTAlWs: BHECEHHE aKTUBHPOBAHHOTO OUO-
reocopbenta « EOJIEKC®» B konuuecte 10 Kr — IIpoBe/icHHE BCMAIIKH MOTOKYJIBTH-
BaTopoM Ha rinyouny 0.3 M — TOCeB cMecH CeMsIH TPaB-peKyJIbTHBAHTOB B KOJIMYECTBE
10 xr.

Pacuer BHOCHMMBIX KOJHMYECTB KOpOApEBECHOH cmecu, Omonpemapara «bUOT-
PUH», 6uoreocopbenra «'EQOJIEKC®» ObLI caenan UCXOAsS U3 OLUEHKH PEKy/IbTHBALM-
OHHOTO MOTEHI[MANIA TIOYBbI yYacTKa: KOHIeHTpanun 3arps3Herns (18.4 r/kr), riyOuHsl
sarpszaenus (0.15 — 0.25 m), pH moussr (6.86 — 7.32), neruaporeHa3sHoil aKTUBHOCTH H
OLIEHKH PEe3YJILTATOB MpEeAbIIy X ucciaeaoBannii (Hedreokucesomuii Ouonpemnapar. ..,
2019; Crioco6 09nCTKH OTXOO0B..., 2020; lllemenuunna u ap., 2022; Anchugova et al.,
2016; Shchemelinina et al., 2019; Melekhina et al., 2020).

CaexenpuroroBieHHas cycnensus ouonpenapata «BMOTPUH» (akTHBHBIE KUBBIC
KJIETKH) YCKOpsUIa TIPOIIECCHI JCCTPYKIUHM HE(PTEHPOAYyKTOB B IMOYBE, AKTHBHPOBAa
MOYBEHHYI0 MUKPOOHOTY, NPUBOAMIA K YMEHBIICHHIO CPOKA OYUCTKH U CHIDKEHHUIO KO-
nuyecTsa BHOcHMOro 6uoreocopbenta «'EOQOJIEKC®». Buoreocopbent «I'EOJIEKC®»
BBINONTHST 2 yHKIMU — copOupoBanne HII Ha rmaykoHHTE M MX DECTPYKIUS UMMOOU-
JIM30BaHHBIMH KJIETKAMH MHKPOOpraHu3MoB. bruonpenapar u OnoreocopOeHT, TOTOITHSIS
JpyT Ipyra, MOKa3aJd BHICOKYI0 HE(TCOKHCISIONIYI0 CIIOCOOHOCTH B OTHOCHTEIHHO
KOPOTKHE CPOKH.
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Peszynomamer enedpenus buomexnonozuu. KopoapesecHas cmecs Ha ocHoBe KO
OLIEHMBAIACh B KA4YECTBE CTPYKTypaTopa HE(TAHOTrO IuIamMa B JaOOPATOPHOM 3KCIIEPH-
MmeHTe. [Ipy BHECEHUH B 1IIaM KOPOAPEBECHON CMECH MPOUCXOAMIO Pa3phIXJICHHE [10Y-
BbI, IIOBBIIIICHHEC I[CFI/II[pOFeHa?:HOﬁ AKTUBHOCTU IO CPABHECHHIO C Heq)TeSanHSHeHHI)IM
KOHTpPOJILHBIM BapuaHToM B 1.5 pasa, cHmkenue conepxxanust HIT Ha 34.5%, ctumynu-
poBaHme pocTa oBca. Mcxoas u3 pe3ysibTaToB, KOPOApEBECHAs! cMech BKIIIOYEHa B OMO-
TEXHOJIOTUIO OYHCTKH SKCIEPUMEHTAIFHOTO Y4acTKa JUIS Pa3phIXJICHHs CYTJIMHHUCTOH
MOYBBI TSHKEJIOTO TPAHYJIOMETPUYECKOTO COCTaBa C IIENbI0 YIyUIICHUS! BO3IYLIHOTO pe-
JKMMa, TIPUBHECEHHUST MUKPO(IIOPHI, CTUMYIHPYIOIIEH POCT U pa3BUTHE PACTEHHI OBCa.

O peKTHBHOCTS OYMCTKU TMOYBHI IKCIIEPHUMEHTAIBFHOTO YYacTKa Ha TEPPUTOPUHU
JIEMOHTUPOBaHHOTO pe3epByapHoro napka ot HII 3a 14 cyrok cocraBmna 18 — 37.5%
(puc. 3). Comepxanre HII B mouBe MMeeT aCHMMETPHYHOE pacIpe/esicHue, aroliee
OCHOBaHME IM0JIaraTh, 4To Ha 14-¢ CYTKM MPOHU30ILTa MOOMIM3AINS 3arps3HeHus. Dd-
(heKTHBHOCTH OUMCTKH MOYBHI 3a 60 cyTok coctaBuiaa 92 — 95% (cm. puc. 3).
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Puc. 3. Cozmeprxanne HedTepOAYKTOB (2) U AeTHAPOreHa3Has aKTHBHOCTH (0) B MIOYBE yJacTKa B
XOJZ€ OKCTIEpUMEHTA

Fig. 3. The total petroleum hydrocarbon content («) and the dehydrogenase activity (b) in soil
samples during the experiment

JernaporeHasHasi akTHBHOCTh OTpakaJla MHTEHCHBHOCTH ITPOLIECCOB OKHCICHHUS
HepTH. B OTBET HAa HHOKYJSAIMIO MUKPOOPTaHU3MOB OHMomnpemnapaTa, bnoreocopOeHTa u
AKTHBALUIO IOYBEHHON MHKPOOMOTHI Ha OSKCIIEPUMEHTAJBHOM YYacTKe aKTUBHOCTD
HOYBEHHOM JeTrHAPOreHassl moBbinanace B 4 — 6 pa3 (cm. puc. 3). IIporeccs! aeruapu-
POBaHUA K KOHIy 3KCIEPHMEHTa YCHJIMBAJIHCh, YTO CBHICTEIHCTBOBAJIO 00 MHTEHCHB-
HBIX ITpoLeccax TpaHC(HOPMALNHK B IOYBE.

[IpoexTHBHOE IIOKPBHITHE CMECHIO TpPaB-PEKYJIbTHBAHTOB IKCIIEPUMEHTAIBHOIO
yaactka coctaBmio 85% 3a 60 cytok (puc. 4).
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Puc. 4. HpoeKTI/IBHoe TMOKPBITHE SKCIICPUMEHTAJIBHOI'O YJaCcTKa
Fig. 4. Plant cover of the experimental plot

3AKJIIOYEHUE

YcTaHOBIIEHO, YTO MPEJIOKCHHAS KOMIUICKCHAasE OMOTEXHOIOTHS OYMCTKU 3arpsi3-
HEHHON HE(THIO MOYBBI yYacTKa Ha TCPPUTOPHH JEMOHTHPOBAHHOTO PE3CPBYapHOTO
napka 3¢ ¢dexTuBHa: cHkeHne coxaepxanus HIT B mouse 3a 60 cytok cocraBmio 92 —
95%. IloBbIlIeHHE JETUAPOTCHA3HON aKTHBHOCTH MTOYBBI CBHJICTEIHCTBOBAIO 00 MHTEH-
CHUBHBIX IPOIECCaX OKUCIICHHUS OpPraHWMYECKOTo 3arps3Hutens. [IpoeKTHBHOE MOKPHITHE
BBICESTHHBIMU TPaBaMH PEKYJIFTHBHPOBAHHOTO y4acTKa ciycTs 60 cyTok nocturio 85%,
YTO XapaKTEePHU3YyeT OYUINCHHYIO ITOYBY KaK HE OKA3bIBAIOIIYI0 WHTHOHPYIOMIETO JeH-
CTBUS Ha POCT U pa3BUTHE PACTCHHA.

PexomenmoBaHO BHeEOpEHNE pa3pabOTaHHOW KOMIDIEKCHONH OMOTEXHOJOTHH OYUCT-
K1 HeTe3arpa3HEHHON TIOYBBI HA TEPPUTOPHUAX CO CXOIHBIMU TIOKA3aTEISIMU.
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Integrated biotechnology for oil-polluted soil cleanup
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Abstract. Technologies with integrated resource applications are probable solutions to the prob-
lem of soil pollution with oil and petroleum products. Based on our assessment of the potential for
the recultivation of a plot on the territory of a rigged out reservoir tank storage, a biotechnology,
including both forestry residues and biological agents capable of enhancing soil remediation pro-
cesses, was developed. After having been applied, the technology comprising the BIOTRIN bio-
preparation, the GEOLEX® biogeosorbent, bark-and-wood waste and seeds to promote revegeta-
tion showed a soil cleanup efficiency of 92-95% for 60 days. The dehydrogenase activity in-
creased, confirming intense processes of pollutant oxidation. After 60 days, the plant cover with
sown herbs reached 85%, which characterized the purified soil as having no inhibitory effect on
the growth and development of plants.

Keywords: soil, oil pollution, biopreparation, biogeosorbent, bark-and-wood waste, herbs to pro-
mote revegetation, cleanup technology
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