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HayuyHasa ctatba / Research article

Buoakkymynauua 6akrepuodaroe T4 u RB43 npeCHOBOAHbIMU
ABYCTBOpPYaTbiMN MOJIJIIOCKaMU B CTEPUJIbHOW aKBapuyMHOM BoAE

M.K. bynaBunal<, T.H. Adammna‘”, H.E. Cy3una'",
B.H. IloauBueBa'™', A.A. 3uMHuH

Huemumym ouoxumuu u usuonoeuu muxpoopeanuzmog um. I K. Ckpsadbuna PAH, [Tywuno,
Poccuiickas @edepayus
PLAruffusramone@yandex.ru

AHHoTanms. M3ydeHa 6noakkymyssius Oakrepuocparos T4 u RB43 nBycTBOpuaThiMu
momrockamu U. pictorum n A. cygnea. IlpoBeneHs! TecTsl Ha cofiepkanue E. coli B MOJITIOCKaxX
Y CpaBHEHHE aKTUBHOCTH OMOAKKyMYJISIIMK BUPYCOB B 3aBUCHMOCTH OT KOpMa. BrIsBiIeHO, 9TO
6akrepuodaru T4 u RB43, HecMOTpst Ha pa3IUuus yCIOBUI U CTPOCHUE BUPYCA, TOKA3hIBAIOT
CXOJIHYIO MOJIENTb OMOAKKYMYJISALIUH, I'I¢ MX THTP 3aBUCUT OT aKTUBHOCTH MOJUTIOCKA M MEHSI-
eTcs nuknamu. bakrepuodar pasMHOXKaeTcs 3a C4eT eCTeCTBEHHON MUKPO(IOPHI )KUBOTHOTO
U MOXET yJep>KUBaThcs MM Omaromapst GHIbTPallMOHHOMY THUITy IuTaHMsa. Ha akTHBHOCTB
MOJUTIOCKA TAKXX€ BIHAIOT 0COOEHHOCTH KOPMJICHHSI.

KmoueBnle caoBa: Oaktepuodaru, Escherichia virus T4, Escherichia phage RBA43,
OMOAaKKYMYJISILIUS, IBYCTBOPYATHIE MOJIIIOCKH
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Abstract. In our study, we investigated the bioaccumulation of T4 and RB43
bacteriophages by the bivalve mollusks U. pictorum and A. cygnea. Additionally, tests were
conducted to determine the content of E. coli in the mollusks, and a comparison of the
bioaccumulation activity of the viruses based on their diet was made. The results of the studies
indicated that T4 and RB43 bacteriophages, despite differences in conditions and virus
structure, exhibit a similar bioaccumulation model where their titers depend on the activity of
the mollusk and their cyclical changes. The phage is reproduced by the natural microflora of
the animal and can be retained due to its filtration feeding type. The activity of the mollusk is
also influenced by its feeding characteristics.
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BeBepeHue

buoakkyMysius — npouecc HaKOIUIEHHS KUBBIMHU OpraHU3MaMu pa3IndHbIX
BELIECTB, P KOTOPOM KUBOTHOE ObICTpEE MOIJIOMIAET BELUIECTBO, YEM OHO BHIBO-
aurcss U3 Hero. Oco0yro ONacHOCTb MPEACTaBISIeT aKKyMYJIUPOBaHHE BHUPYCOB
B JKHMBBIX OpraHu3Max, OCOOCHHO B T€X, KOTOpBIE YMOTPEOISIOTCS B IHIILY.
JIBycTBOpUYaThle MOJUTIOCKH MOTYT CIIYKHTh OpraHU3MaMU-aKKyMYJISTOPaMU IS
oOHapy’KeHHsI BUPYCHBIX IaTOI'€HOB, TAK KaK OHHU YK€ YCIIELIHO IPUMEHSIOTCS IPU
MOHUTOPHHIE XUMHUECKOT0 U OMOJIOTHYECKOTr0 3arps3Henus [1].

B kauectBe Mozenu OMOAKKYMYJISIIIUM BUPYCOB MOTYT HCIIOJIb30BaThCs OaK-
teprodaru. VX 4icieHHOCTh KOPPETUPYETCs C BUPYCHOM; OHU SIBJSIOTCS MOKa3a-
TesneM (peKanbHOTO 3arpsi3HEHUS BOJIbI, U UX MOYKHO IPUMEHSTh B KAUeCTBE UHIM-
KaTropa KHIIEYHBIX BUPYycoB B muie [2]. OHU JIeTKO OOHApYKXHBAIOTCS B BOJC
B OOJNBIINX KOHUEHTPALHUSAX, @ YUCICHHOCTb MOKHO OTCIEIUTh C IOMOIIBIO
nocena [3].

Bakreprodaru BIusoT Ha YUCICHHOCTh OAKTEPUI, UX IBOJIIOLUIO U TOPU30H-
TaJbHBIN NEPEHOC T€HETUUECKOr0 MaTepuana Mexxay HumMu [4]. @aru MoryT BIIU-
ATh Ha MUKPOQUIOPY MOJUIIOCKOB, IIEPEHOCS PA3IMUHbIE T€HbI MEXAY OAKTEpUIMHU
Onaronapst TPaHCAYKLUH.

Bce 3t hakTophl NOATONKHYIM HAC K TOAPOOHOMY U3yUEHHIO OMOAKKyMYJIsi-
MU (HaroB MOJUTIOCKAMU.

MaTtepuanbl n meToabl

OnbiTel  TipoBOnUauChk Ha Unio pictorium (miepioBuiia OOBIKHOBEHHAs)
(Linnaeus, 1758) u Anodonta cygnea (6e33yoxa oObikHOBeHHas) (Linnaeus, 1758),
MpuHaUIeKaIuUX K cemeiictBy Unionidae, otpsiny Unionida, xnaccy nBycTBop4a-
THIX WJIW TUIACTUHYATOXXa0EpPHBIX MOJUTIOCKOB (Bivalvia) [5]. Mommtocku umenu
pa3mepsl: U. pictorium 6,8—7,5 cMm B gnuny, A. cygnea pocturaiu 8,3-9 cm
(puc. 1).

Mommtocku Ob11H 0TOOpans! B p. Oka oxoro r. [Tynmno B mae-asrycre 2023 T.
U COACPXAINUCHh B YCIOBUAX, NPUOIMKEHHBIX K €CTECTBEHHBIM. MOJUTIOCKH
MIPOXKUBAIH B CTEKIIIHHBIX akBapuyMax oowemom 1540 1 ¢ adpanueii B TedeHHe
1-8 mec. (puc. 2).
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Puc. 1. PakoBUHbI MOJIIIOCKOB, UCMOJIb3yeMbiX B onbiTax: a — U. Pictorium; 6 — A. cygnea
Ucto4Huk: potorpadum M.K. BynasuHoi, T.H. ABawmnHoi, H.E. CyanHoii, B.H. Monueuesoii, A.A. 3uMnHa.
Figure 1. Shells of mollusks used in experiments: a — U. pictorium; I - A. cygnea
Source: photo by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

Puc. 2. BpemeHHoe copepxaHue U. pictorium n A. cygnea B akBapuyme ¢ ypoBHeM Boabl 30 cMm:
1 — nepnoBuupl; 2 — 6e33y6kun; 3 — GuUnbTp asp-MndT; 4 — AONONHUTENBHAA a3pauns
UcTto4Huk: potorpadum M.K. BynasuHol, T.H. ABawmnHon, H.E. CysnHoii, B.H. Monusuesoii, A.A. 3uMnHa.
Figure 2. Temporary holding of U. pictorium and A. cygnea in the aquarium with water level
of 30 cm: 7 - U. pictorium; 2 - A. cygnea; 3 - Filter air-lift; 4 — Additional aeration
Source: photo by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

KopMiieHre MOJUTIOCKOB MPOU3BOIMIIN IETPUTOM WIIN pa30aBICHHON KYJIbTY-
poit Chlorella vulgaris, Bxonsummii B nopsgok — Chlorellales cemeiictBo —
Chlorellaceae pon — Chlorella (Beijerinck, 1890) [6]. Kaxaplit 3 MOJIITIOCKOB ObLI
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nomenieH B crakad ¢ 200 mul BOABI M3 aKBapuyMa, TJI€ OHH paHee MPOKUBAIH.
Cpena Obuta aBTOKiaBupoBaHa nox nasieHuem 0,05-0,2 MIla. CrepunabHOCTb
BO/IbI IIPOBEPSIIACH C TOMONIBIO MoceBa Ha cpeny LB. Bona aspupoBanack ¢ momo-
IIbI0 BO3AYIIHOTO KOMIIPECCOPA, YTO BOCCO3/1aBAJI0 MPHUBBIYHbIE YCIOBUS OOMTa-
HUS 1 TTO3BOJISITIO PABHOMEPHO paclpeqenuTh Garu B Boae (puc. 3).

Puc. 3. U. pictorium B akcnepnMeHTasbHbIX YC/IOBUSIX:
1 — Hora Monsilocka; 2 — BO34YyLUHbIN koMmnpeccop; 3 — cTakaH; 4 — cudoH; 5 — pakoBMHa.
OTkpbITME CUPOHA MONTIOCKOM YKa3biBAET HA B1aronpuaTHbIe A1 HEFO YCI0BUS
WcTounuk: gpoTorpagpum M.K. bynaBuHosi, T.H. AbawumHori, H.E. Cy3auHoii, B.H. lNMonvsueBoii, A.A. 3umunHa.
Figure 3. U. pictorium in experimental conditions:
1 - clam leg; 2 — air compressor; 3 — glass; 4 — siphon; 5 — shell
Source: photo by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

[Tociie OTKpBITHS PAaKOBUHBI T00OABIISIIACH CYCIICH3Us ()ara B HCXOJIHOM KOH-
LeHTparuu 1% 103 wm 1x10* BOE/Min B Konu4ecTBe 2 MII. [TpoObI BoABI B 00BEME
1 M1 oTOMpaIKCh MoCie BHECEHUS CYCIIeH3UU (haroB ¢ MOMOIIBIO CTEPUIIBHOM M-
MEeTKH U MpoOUpKH cpasy u vepes 1, 3, 6, 24 4. [lozke ObutH 7100aBICHBI TIPOOBI
gyepe3 5, 15 u 30 mun, 48 u 72 4. O6pa3ubl OTOMPAIHCH B TPEX MOBTOPHOCTSX.

Bce oOpasubl TuTpoBanuck no meroay I'panma, BHOCHIUCH Ha cpeny LB Ha
yamku [leTpu u KynpTUBHUpPOBAINCH B TeueHne Houu mipu 37 °C, mocie yero mpo-
M3BOJWIICS TIOJCUET 00pa30BaBIIMXCS OJIALIEK U BBIYUCIIIIOCH CPETHEE 3HAUCHHE
TUTSL KXKJI0M TTPOOBIL.

DKCIEPUMEHTHI MPOBOAWINCE ¢ Oaktepuodaramu Escherichia virus T4 n
RB43. ®ar T4 nukoro Tuma He CIOCOOEH OCYIIECTBIATH TPAHCAYKIIHIO, OJHAKO
MyTaHTbl CcHOCOOHBI K TpaHcaykiuu. [Ipupoansie nceBpo-T-ueTHble OaxTe-
puodaru, Takue kak RB43, conepxar IUTO3UH, a 3HAYUT, CIIOCOOHBI K TPAHCIYK-
nuw rasmun [7; 8.
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bakrepuodar T4 HeceT Ha MOBEPXHOCTH CBOETO KAIKMCH 1a OCHOBHON aHTHUTEH,
6enok Hoc, KOTOphIi UrpaeT poiib B CBA3BIBAHUM (hara ¢ pasiIudHbIMHU MOJIUMEp-
HBIMU TJIMKO3UaMu Ouonorudeckoro npoucxoxacHus. benok Hoc T4 umeet tpu
MMMYHOTJIOOYJIMHONIOOOHBIX JOMEHA, HKCIHOHUPOBAaHHBIX HAa IOBEPXHOCTH
Kalcuja 1 y4acTBYIOIIUX B CBS3bIBAHUU INIMKO3HJIOB.

Bbenok Hoc ¢ara RB43 xopoTkuii 1 He UMEeT UMMYHOIJIOOYJIMH MOJO0HBIX
nomeHoB. Hoc ¢ara T4 umeet cxoacTBo ¢ 6enkom «BopoTHHYKa» Wac dara RB43,
BEpOSATHO Takke obecreunBaronM aare3uBHocTh. bemok Wac RB43 umeer
MOCJIeIOBATEIILHOCTH, CXOAHBIE cO BTOpPhIM nomeHoM Hoc [9]. KonmuectBeHHO
JIAHHBIX IOMEHOB aJr€3UBHOCTH NIPUMEPHO B 23 pa3a MeHblIe. B pabote mMbl npe-
ToJlarajii poBEePUTh, MOBJIUAET JIU 3TO HAa OMOAKKYMYJISILIMIO (haroB AByCTBOpYA-
THIMHM MOJUIIOCKaMH.

®daru noayyanu, UCoab3ys wrtamm Escherichia coli B. B xauecTBe KOHTpOJIS
HCII0JIb30Bajiach CTEPUIIbHAS BOJA U3 aKBapuyMa, B KOTOPYIO BHOCHJIACh CYCIIEH-
3ust (hara B TOW K€ KOHIEHTpAaUUU U oO0beMe; MpOoObl OTOMPATIUCH MO CXEME,
NIPEJCTaBICHHOM Bhlle. bisimku ¢aros, BEIPOCHIMX IPU TUTPOBAHUH IPOO, KOH-
TpoaupoBaiu ¢ nomouipio [IIP-peakuuii, cnenuuyHbIX K KOHKPETHBIM OakTe-
puodaram.

[TpoBenens! TecThl Ha coaepxanue E. coli Kak B MOJUTIOCKAaX, TaK U B CpeJie.
Jnst oOHapysxenus E. coli B Momumtockax U. pictorum m A. cygnea Taxxe noMera-
JUCh B T€ K€ YCIOBHUA, onmucaHHble Bbime. [IpoOsr orOupanuce depes 30 muH,
1 u 2 4, 3aTem BHOCcuiuCh Ha cpeny LB B konnuectse 20 win 200 MK U KyJIbTH-
BHUPOBAJIUCH B TeueHue HouH npu 37 °C. 3aTeM Npou3BOIUICS MOACUET KOJTOHHM.

Pe3ynbTaTbl UCCNeaOBaHUN

MO>KHO OTMETHTh HauboJiee 4acTO BCTPEUAIOIIUECS] OCOOCHHOCTH OMOaKKY-
MYJISIIUH. PacripocTpaHeHO MOBBIMICHUE TUTPA CIYCTS 4ac, B ’TOT MOMEHT Hadu-
HaeTcs aKTUBHOE pa3MHoOXeHHe Oakrepuodara. Yacrto hopMupyroTes miaro, rie
aKTUBHOCTH MOJUTFOCKAa MUHUMAJIbHA U TUTP (hara moyTH He MeHsieTcs. TUTp 9acto
CHIDKAETCs CITyCTs CYTKH U Jajiee, YTO MOXKET FOBOPUTH 00 yiep:KaHUH MOJUTIOC-
KoM (hara, 1mo GOJIbIIeH YaCTH ATO BCTPEUACTCS B OTBITAX C IMEPIIOBHIICH, BEPOSTHO,
3TOT BHJI MOJITIOCKA OoJiee MpeApacioiokeH K HakoIuieHuto ¢gara. OgHako BCTpe-
YaEeTCs ¥ TIOBBIIIEHNE TUTPA CIYCTS CYTKH, HO TOpas3ao pexe (puc. 4, Tadn.).

Jns Hetpancayuupytoero 6akrepuodara T4 xapakTepHbl BHICOKHE KOHIICH-
Tpaluu, 4TO SBISIETCS TOKa3areneM Ooyiee aKTUBHOTO pa3MHOXKEHUs. Taxoke
MO’KHO 3aMeTHTb, uTo (par T4 He Tak aKTUBHO LIUPKYJIUPYET B BOJE, KaK TPAHCIY-
uupytouit par RB43, 3HaueHust TuTpa KOTOPOro B BOJIE 3aMETHO Pa3JINYarOTCs.
Onnako RB43 coxpanser 10cTaTOYHO HU3KHE KOHLEHTPALMU MPH OOJIBLIOM pas3-
Opoce 3HaYCHHH, YTO MOKET TOBOPUTH O TOM, YTO aKTHBHOCTH €TO Pa3MHOKEHHSI
ropasno Huxe, yeM y T4 (puc. 5). O1a TeHIeHIMS COXPAaHAETCs U IIPU BbIpalllBa-
Huu ¢ara B KyibType LB.
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OnbITEI IIpOBOAWIIMCE B OTKpI)ITOfI CHUCTEME, U MOXHO 3aMCTHTH CXOXKHUH
MCXAaHU3M HUPKYJIAIHUU (I)ara B CpCaAC U MOJUIFOCKC. TI/ITp U3MEHACTCA HUKINYCCKH,
B 3aBUCHMOCTHU OT aKTHBHOCTH MOJIJIIOCKA, KOTOpBIﬁ IMOINICPEMCHHO BCAChIBACT
1 BBIITYCKACT MOPIHUIO BOJALI C B3BBECBIO 6aKTepI/IO(baFOB.

70,0

20,0

TuTp 6akTepuodara, BOE/mn

10,0

0,0
O4 SMUH 15muH 30MuH 1y 34 64 24y

Puc. 4. YcpepaHeHHble noKa3aTtenn U3BMEeHeHNs TuTpa B 3aBUCMMOCTU OT BpEMEHU
B OA4HOM U3 3KcnepumeHToB ¢ T4 un A. cygnea
McTouHuk: cocraBneHo M.K. BynasuHoui, T.H. AbatwumHoi, H.E. Cy3auHo, B.H. NMNonvBueBoii, A.A. SUMUHbLIM.

700
60,0
50,0

40,0

Bacteriophage titer, PFU/ml

30,0
20,0
10,0

0,0
Oh 5 min 15min 30 min 1h 3h 6h 24h
Figure 4.The average of the titer changes as a function of time in one of the experiments

with T4 and A. cygnea
Source: compiled by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

U3meHeHue TuTtpa T4 B 04HOM U3 3KCNEPUMEHTOB C A. cygnea
B 3aBUCUMOCTMN OT BPEMEHM B TPEX Pa3HbIX TOYKaX

dar T4 TuTtp ¢dara B npo6ax B pa3HbIX NPOMEXYTKax BpeMEHMU OT Hayasa onbiTa
Oy 5 MuH 15muu | 30 MuH 14 34 64 244
TuTp B pasHbIxX 46 66 8 56 68 31 37 64
Toukax, BOE/Mn 47 21 34 80 53 41 21 33
64 72 8 57 42 33 39 60
CpegnHee 3HavyeHne | 5,3x10° | 5,3x10*> | 1,7x10° | 6,4x10° | 5,4x10*> | 3,5x10° | 3,3x10* | 5,2x10°

UcroyHumk: coctaBneHo M.K. BynasuHoi, T.H. AbawmHon, H.E. Cy3unHoii, B.H. Monueuesoin, A.A. SUMUHbIM.
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Change in the titer of T4 over time at three different points during
the experiment with A. cygnea

The titer of phage in samples at different time intervals from the beginning
Phage T4 of the experiment
Oh 5 min 15 min | 30 min 1h 3h 6h 24 h
Titer at Different 46 66 8 56 68 31 37 64
Time Points, 47 21 34 80 53 41 21 33
PFU/ml 64 72 8 57 42 33 39 60
Expectation value 5.3x10° | 5.3x10* | 1.7x10*> | 6.4x10° | 5.4x10® | 3.5x10° | 3.3x10° | 5.2x10?

Source: compiled by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

10,0
9,0
8,0
7,0
6,0
5,0
4,0
3,0

2,0

TuTp BakTepuodara, BOE/mn

1,0
0,0
Oy SMMH  15MMH  30MKHH 1y 34 [} 244 484 724

Puc. 5. YcpeaHeHHble noka3aTtenn U3BMeHeH1s TUTpa B 3aBUCMMOCTU OT BpEMEHU
B OA4HOM u3 3kcnepumeHToB ¢ RB43 u A. cygnea
Ucro4vnuk: coctaBneHo M.K. BynasuHoi, T.H. AbawmHoin, H.E. CysnHoii, B.H. Monneuesoi, A.A. SUMUHbLIM

10,0
9,0
8,0
7,0

6,0

Bacteriophage titer, PFU/ml

50
40
3,0
2,0
1,0
0,0
Oh 5min  15min 30min 1h 3h  6h 24h  48h 72h

Figure 5. Mean titer changes over time in one of the RB43 and A. cygnea experiments
Source: compiled by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

[IpoBenens! moceBbl Ha HamUuKe E. coli B cpeie U MOJUTIOCKAX, TIe 3aUKCH-
POBaJIM HE TOJIBKO HAIMYHE OAKTEPHH, HO U KOPPEJISIHIO C ONBITAMH 110 OMOAKKY-
MYJISIIIHH.

[Tpu nmoceBe mpo6 06beMoM 20 MKJT POCT 4aCTO IMOJIHOCTHIO OTCYTCTBOBAI, YTO
MOJKET CITy’KUTh IIOKa3aTeJIeM TOT0, YTO B CpeZie HET OaKTepHil; 0JHAKO MPH IOCEBE
po6 o6vemMom 200 Mk pocT HaOmoaacs. Tem He MeHee B 000uX CiIydasx pocT
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BCE €Ie I0CTaTOYHO HU3Kuil. Buaumo, E. coli HaxoauTcs B cpene U MOJITIOCKaX
B HEOOJIBIIIOM KOJIMUECTRBE.

B ciygae mpoOb1 06bemMoM 200 MKIT MOKHO TPOCIEANTH TOCTETICHHOE TIOBBI-
menue tutpa crnycts 30 muH U 1 4 or Hauana skcrnepuMenTta. Ckopee BCero,
MMEHHO B A3TO BpEMsI MOJUTFOCK BBINTYCKAeT >XUAKOCTh. OmHaKo cmycts 2 |
OT Hayaja OmbITa TUTP CHUXKAETcS B o0oux cimydasx. Ckopee Bcero, B 3T0 BpeMs
MOJUTIOCK BHOBB BCACBIBA€T BOJIy BMECTE C B3BEChIO OakTepuid. Eciiu cpaBHUBATH C
AKCIIEPUMEHTAMHU 10 OMOAKKYMYJISIIUUA, MOKHO MPEINOJI0KUTh, YTO aKTUBHOCTD
(haroB 4acTo MOBBIIIACTCS TIE-TO B MPOMEXKYTKe 1-3 4 OT Havasia HKCIIEpUMEHTa
(puc. 6).

B ecrectBenHOl MuKpodIope MOJITIOCKA MPUCYTCTBYIOT E. coli, 3a c4eT Ko-
TOPBIX UAET pa3MHOXKeHue (GaroB B BoJe U Moiuttocke. ColepikaHnue KOJIUYecTBa
E. coli B cpene 3aBUCHUT OT aKTUBHOCTH CaMOT'0 MOJUTIOCKA M YaCTOTHI BhIOpOCa
B3BeCH OakTepuil ¢ Hel B cpexy. Mukpodopa KaxIoro MOJUIIOCKAa YHUKaIbHA,
YeM MOXKHO OOBSCHHUTH Pa3IMuus B pe3yIbTaTax.

Tutp (ara B KOHTpOJIE HE CUIBHO M3MEHSICS, HO Majal K KOHILY JKCIIepH-
MeHTa. [loxoxe Qar HaunHaeT copOUpoOBaThCsS Ha CTEHKaX CTakaHa cmyctd 24 u,
YTO KOPPENHUPYET C pe3yIbTaTaMU OMBITOB ¢ MOJUTIOCKaMH (puc. 7).
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Puc. 6. UameHeHue TuTpa E. coli, Bxoaswei B eCTECTBEHHYIO MUKPOdopy MoslocKa
B 3aBUCUMOCTMU OT BpeMmeHu: A — npoba 20 mkn; 6 — npoba 200 mkn
UcTto4Humk: coctasneHo M.K. BynasuHoi, T.H. AbawmnHoin, H.E. CyanHoii, B.H. Monueuesoii, A.A. SUMUHbLIM.
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Figure 6. Changes in the titer of E. coli entering the natural microflora of the mollusk over time:

A — 20 mL sample; B — 200 mL sample

Source: compiled by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.
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Puc. 7. ycpeAHeHHble nokKasartesiu USMeHeHnst TuTpa B 3aBUCUMOCTU OT BPpEMEHU

B KOHTPOJiIE B O4HOM U3 3KCNEepuMeHToB ¢ T4

UcTto4Humk: coctasneHo M.K. BynasuHoili, T.H. ABawmnHon, H.E. CysnHoli, B.H. MonueueBoii, A.A. SUMUHbLIM.
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Figure 7. Mean titer changes over time in the control group during one of the T4 experiments
Source: compiled by M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.

Ha akTMBHOCTH MOJIJIFOCKA MOTYT BJIUATH U 0COOEHHOCTHU KOpMJICHUA (pI/IC 8)
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Puc. 8. YcpeaHeHHble Noka3aTenu uaMmeHeHus Tutpa T4 B 3aBUCMMOCTMU OT 0COGEeHHOoCTen
KOPMJIeHUs, BNusiioLeil Ha akTuBHocTb U. pictorium:
a — KopmJieHve pa3baBneHHol kynbTypoii Ch. vulgaris; 6 — KopMneHne eTpuTom
UcTtoyHumk: coctaBneHo M.K. BynasuHoi, T.H. AbawwnHoii, H.E. CysuHoit, B.H. NMonueuesoit, A.A. 3UMUHbIM.
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Figure 8. Average changes of the titer of T4 depending on feeding characteristics, affecting
the activity of U. pictorium: a — feeding with diluted Ch. vulgaris culture; b — feeding with detritus
Source: compiled by the M.K. Bulavina, T.N. Abashina, N.E. Suzina, V.N. Polivtseva, A.A. Zimin.
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Ha rpaduke ycpenHeHHBIX MOKa3aTelel H3MEHEHUs! TUTPa B 3aBUCUMOCTH OT
BPEMEHH B OJHOM M3 3KcHepuMeHTOB ¢ T4 u A. cygnea (cM. puc. 4) MOKHO 3ame-
TUTH BBIJCIAIOIINECS LIUKIIBL: TUTP CITYCTS Yac MOBBILIANICA, 3aTEM CIIyCTs TP yaca
MOHWXKaJCs, a uepe3 6 u 24 4 coxpaHsiach Takas ke AuHamuka. Ha BTopom rpa-
¢uke 3Ta 0COOEHHOCTD BBHIPA)KEHA HE TaK SIPKO: CIyCTs 4ac TUTp ¢ara Bo3pacra,
3aTeM CIIyCTs TPH yaca Majajl, HO JaJlee TOJbKO HEMHOIO BBIPOC K KOHILY OIIBITA.

B cinywyae xkopmienusi paz0aBieHHON KynbTypod Ch. vulgaris MOITIOCKH
IPOSIBIISUTN OOJIBIIYIO AKTUBHOCTB; (pa3bl ObLTH 00Jiee OTYETIMBBIMHU, U MOJIIFOCK
BCachIBaJI U BbIOpachiBaj O0JIbIINE KOJTUYECTBA BOBIL.

B 2020 r. 6b110 0my6IMKOBaHO NEPBOE MOJJOOHOE UCCIIEI0BAaHKE B JAHHOM 00-
nactu [ 10]. [Ipu cpaBHEHHM MOKHO 3aMETUTD ONIPEICIICHHBIC CXOACTBA: OJarogaps
€CTEeCTBEHHOIN MUKpPOQIIOpe MOJUTIOCKA, TIe Haxoaunach E. coli, npoucxoanso pas-
MHOXeHue (para. Taxke HaAOIIOMATUCH MUKIIBI, KOTJAa TUTP (aroB MONEPEeMEHHO
BO3pacTall U majaji ¢ TedeHueM BpeMeHU. OIHaKo MeXIy IPOBEICHHBIMU HCCIIE-
JIOBaHMUSIMHM MBI TaK>Ke€ BBISIBWIIN OIpe/ieTieHHble paznuuns. Hanpumep, Tutp daros
YBEJIUYUBAJICS CIyCTs Oojiee MPOAOIDKUTENIbHOE BpeMs MOciie Hayala SKCIepu-
MeHTa — OT 3 10 24 4. IloBbllleHHE TUTpa B MEPBBIM Yac MOCJIE Hayalda OIbITa
He HaOMroanochk. XOTsS LUKIIbI MIPOCIIEKHUBAIUCH, OHU HE OBbUIM TaK SPKO BbIpa-
KEHbI, KaK B MIPEIbIAYIIEM UCCIEI0BaHUH.

3aknoyeHue

DKCIepUMEHTHI 110 aKKYMYJISLMK (aroB JBYCTBOPYATHIMUA MOJUTIOCKAMH IO-
Ka3aJly, 4TO U3MEHEHUs B TUTpe OakTepruodaros CBs3aHbl ¢ (PUIBTPALIMOHHBIM TH-
[IOM MUTaHMUS MOJIIIOCKA U, BO3MOXHO, C HAJIMUUEM B €ro MUKpodope OakTepuit
E. coli. HecMoTps Ha CXOJCTBO pe3ysbTaTOB AKCIIEPUMEHTOB, LUPKYJIALUs (paros
B MOJIJIIOCKE U OKpYXKAIOIIEH Cpelle MOKET pa3nyarbcs B 3aBUCUMOCTU OT KOH-
KpPETHOTO >KMBOTHOTO H3-3a YHHKAJIbHOM MHKPO(IOPHl Ka)JA0ro MOJUIIOCKA.
MoxHO Ha0M0IaTh CXOXKYIO IMKINYHOCTh U3MEHEHUs THTpa ()aroB BO BPEMEHHU
C YepenyOUIMMUCS MEePUOJaMU CHUKEHUSI U YBEJIUYEHUS TUTpa Bupyca. MoxKHO
clienaTh BBIBOJI, YTO MEXaHU3M OMOAKKyMYJISIIMU (aroB y paziIHyuHBIX JBYCTBOP-
YaTbIX MOJUTIOCKOB MMEET CXOJHbIE OCOOCHHOCTH. XOTSI MOXKHO OTMETUTH OoJiee
qacThle KoJieOaHus TUTpa ara npu OMOAKKYMYJILIMU TPAHCYLUPYIOIIEro Oakre-
puodara RB43 4. cygnea, 410 MOXET OBITH CBSI3aHO M C MEHBIITUM MOJICKYJIIPHBIM
MIOTEHLIMAJIOM CBSI3bIBAHUS IVIMKO3MIOB BHYTPEHHEH CIM3HM MOJUIIOCKA y 3TOrO
(ara 1o cpaBHEHHIO C HeTpaHcayuupyromuMm Oaktepuodarom T4. Kpurnynoro
BIMSIHUSL PACHOJIOKEHUS M KomuiHocTH OenkoB anaresuHoB Hoc dara T4 u
Wac RB43 Ha nx 6M0akKyMyJISILIMIO IBYCTBOPYATHIMU MOJIJTIOCKAMU MbI HE OOHa-
pyxuinu. Bo3aM0oXXHO, IIECTH TPOEK UMMYHOTJIOOYJIMHIIOOOHBIX JOMEHOB a/1c0p0-
LMY HA IOBEPXHOCTHU YaCTULbI (para B OCHOBHOM JIOCTATOYHO JJIsl y4acTus B MPO-
1ecce OMOaKKyMYJISLHH.

B koHTpose, rae B CTepuiIbHYIO BOJY M3 akBapuyma J100aBisics ¢ar, TUTP
HECHJIBHO M3MEHSJICS, HO MajJall K KOHIy 3KcrepuMeHTa. Bo3moxHo, dar copbu-
pyeTcs Ha CTEHKaxX CTaKkaHa CITyCTs 24 4, 4TO KOPPEJIUPYET € pe3ysIbTaTaMu ONbITOB
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¢ MoiuttockamMu. Ha akTHBHOCTH MOJUTFOCKA BJIHMSET OCOOEHHOCTh KOPMIJICHUSI:
B cllydae KOpMJIeHHs pa3baBieHHOUM KynbTypoil Ch. vulgaris MOJIIOCKU TPOSIB-
T OOJIBIITYI0 aKTUBHOCTD; (pa3bl ObUTH 00JI€€ OTYETIIMBBIME, U MOJUTFOCK BCACHI-
BaJl ¥ BEIOpACHIBAJ OOJBIINE KOJTMYECTBA BOJBI.
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YTunusauuns wporta nionuHa 6enoro metoaom teepaodasHomn
MUKpOOUonoru4yeckom pepmeHTaumum

O.A. MuponoBa'=D<, A.A. Kupnayk'~,
A.Il. Kapmazun'®, JI.II. MupoHnoBa

Poccuitickuil ynusepcumem opyscovl Hapooos, e. Mockea, Poccutickas ®edepayus
><Im2889888@mail.ru

Annoranus. Conepxanne Oenka B ceMeHax JitornuHa 6enoro coctasisier 35-38 %, mo-
9TOMY OH pacCMaTPHBAETCS KaK albTepHaTHBA coe. [locie oTeneHuns Maciia OT CEMSIH JIFOITUHA
ocTaeTcs MpoT. JIIOMUHOBEIA MPOT SBJISAETCS OTXOJAaMHU MPOU3BOJICTBA JIFOIIMHOBOTO Maclia.
[IpemnoxeH 3KOJOTMUECKH YUCTHIN CITOCO0 YTHUITM3AIMH IIPOTa JHOIMHHA METO0M TBepaodas-
HOU MUKPOOHOJIOTMYECKOH (hepMEHTAlUU ¢ NMEPCHEKTUBON HCHOIb30BaHUS (PepPMEHTHPOBAH-
HOTO MPOJYKTA JUII KOPMIICHHSI )KUBOTHBIX. [10 pe3ynbTaraM J1abopaTOpHBIX HCCIICAOBAHHUMA
(hepMEHTHPOBAHHOTO C KCIIOIH30BaHUEM 3aKBAaCcKH JIeCHOBa MIpoTa TFONMHA O€JI0T0 JI0Ka3aHo,
YTO HE3aBHCHUMO OT BpeMeHH (hepMEHTUPOBAHUSI JOCTOBEPHO YIyYIIAIOTCS (PU3UKO-XUMHYE-
CKHE CBOMCTBA TOJYYCHHOTO TPOJYKTa B CPAaBHEHUU C HATUBHBIM CyOCTPAaTOM; MOTYYCHHBIH
(hepMEHTHPOBAHHBIM TMPOJYKT OTBEYAET TPEOOBAHUSIM OHMOJOTHYECKOM W XHUMHYECKOU
0€30MacHOCTH, MTPEIBSIBIIEMBIM K KOPMaM JIJIs )KHBOTHBIX.

KiroueBble cjioBa: mpoT JonuHa Oenoro, 3akBacka JlecHOBa, MHUKPOOHOJIIOTHYECKOE
(hepMEeHTUPOBAHKE, KAYECTBO YTHIIH3AINHY, TPEOOBAHHS 0€30TTAaCHOCTH K KOPMaM, yTHITH3aIHsI
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Recycling of white lupine meal using solid-phase microbiological
fermentation

Olga A. Mironova'>'><, Anatoly A. Kirichuk'™,
Anton P. Karmazin'”, Lyudmila P. Mironova

RUDN University, Moscow, Russian Federation
><Im2889888@mail.ru

Abstract. The protein content in white lupine seeds is 35-38%, so it is considered as an
alternative to soybeans. After separating the oil from the lupine seeds, the meal remains. Lupine
meal is a waste product of lupine oil production. An environmentally friendly method of lupine
meal utilization by solid-phase microbiological fermentation is proposed with the prospect of
using the fermented product for animal feed. The results of laboratory studies of white lupine
meal fermented using Lesnov’s starter have proven that, regardless of the fermentation time,
the physicochemical properties of the resulting product are significantly improved in
comparison with the native substrate; the obtained fermented product meets the requirements
of biological and chemical safety for animal feed.

Keywords: white lupine meal, Lesnov’s starter, microbiological fermentation, quality,
safety, recycling.

Authors’ contribution. All authors made an equal contribution to the preparation of the
publication.

Article history: received 10.11.2024; revised 18.11.2024; accepted 03.12.2024.
Conflicts of interest. The authors declare no conflicts of interest.

For citation: Mironova OA, Kirichuk AA, Karmazin AP, Mironova LP. Recycling of
white lupine meal using solid-phase microbiological fermentation. RUDN Journal of Ecology
and Life Safety. 2025;33(1):21-28. http://doi.org/10.22363/2313-2310-2025-33-1-21-28

BBepeHune

Jedbuut nporenHa B KOMOMKOpMax AJisi )KUBOTHBIX PEIAeTCsl MpeuMylie-
CTBEHHO 32 CYET HCII0JIb30BAaHUS COM, OJIHAKO BO BCEM MUPE MPOI0JIKAETCS IOUCK
aNbTePHATUBHBIX UCTOYHUKOB PACTUTEILHOTO KOpMOBOro Oenka. B cBs3u ¢ 3Tum
BEJIYTCS IIUPOKUE HAYYHO-ITPOU3BOACTBEHHBIC UCCIIEIOBAHMS KOPMOBOM BBICOKO-
0eNKOBOI KyJIbTYpHbI JIIOMHMHA, COEpKaHue Oellka B CeMeHaX KOTOPOM COCTaBIISIET
35-38 % [3; 11].

MHOTroYNCIEHHBIMU UCCIIEI0OBAHUSMU JI0Ka3aHO, YTO 3€pHO OEJIOro JIIoMHUHA
HMEET Jy4llIMe TUTaTeIbHbIE CBOMCTBA, YEM IOJHOXKHUPHAS COsL, IOCKOJIBbKY COEp-
KHUT PACTBOPUMBIE U JIETKOYCBOsiIeMble 0€3a30TUCThIE SKCTPAKTUBHbBIE BEILIECTBA —
noJincaxapubl, Kpaxmani U caxapa [9].

B 3epue 6enoro mronunHa 10 20 % npuXoAUTCsS HAa HU3KOMUTATENIbHYIO BHEII-
HIOI0 000JI0UKY, B KOTOPOH mpeobiamaer kierdarka, a okoio 30 % cocTaBisioT
OaJtacTHBIE HEMIUTATENIbHbIE YITIEBOABI (TEMULEIITION03a U MEeKTUHBI) [1; 4].

BenyTcst MHOTOUNCIICHHBIE TIOMCKOBBIE OTBITHI 10 YIIYYIIEHUIO KOPMOBBIX
JIOCTOMHCTB 3€pHa JIIONMHA, HallpUMeEp, MPEUIOKEH MEeTOJ T'MiapobdapoTepMuye-
CKOil 00pabOTKH, KOTOPBIM CHOCOOCTBYET AECTPYKIUHU LETIOI030JIUTHUHOBBIX
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COCIMHCHUH, MEeKCTPUHHM3AIMKM KpaxMmaja W WHAKTUBAIIMU aHTUIUTATEIbHBIX
BemiecTs [8].

OOpymmBaHue CeMsH JIOMUHA C 00pa30BaHMEM YaCTHII 33JJaHHOTO pa3Mepa
JTA€T BO3MOXKHOCTH MOJYYUTh BBICOKOOEITKOBBIN KOPM, coaepxamiuii 10 42 % ChI-
pOro MpoTEerUHA U CYIIECTBEHHO YMEHbIIIATh KOJUYECTBO ChIpoH KieTyatku [10].

[locne otneneHust Maciia OT CEMSIH JIFOIMHA OCTAETCS MIPOT, KOTOPBIA MOMXKET
HCII0JIb30BaThCS AJI1 KOPMJIEHUS )KMBOTHBIX TIOCJIE €0 TLUIATEIBHOTO U3yUYEHUS.

[lepcneKTUBHBIM CIIOCOOOM TEPEPadOTKHU IEIUTIOJIO30COACPIKAIIETO ChIPhSI
SBIIICTCS MUKpOOHOJIorudeckas hepMeHTaIus, O3BOJISIONIAs MOTyYaTh BHICOKO-
OeTKOBBIN KOPM, 00OTaIICHHBIH ONOIOTHYECKN aKTUBHBIMUA KOMITOHEHTaMH, 00pa-
3YIOIUMHCS MHUKPOOPTAaHM3MaMH B TIPOIIECCE >KU3HEAEATEITLHOCTH: BUTAMUHBI,
aMUHOKHCIIOTHI, (DepMEHTHI, OaKTepHOLMHBI, TTpedroTuku [6]. Hanbonee rpdek-
TUBHO MUKPOOMOIIOTUYECKOE (PEPMEHTUPOBAHUE CIEIUAIBHBIMU MUKPOOpPTaHU3-
MaMH, cOOpaHHBIMU B 3aKBacKy. 3akBacka JlecHoBa Bkirouaromias B ce0st Ouosio-
TMYECKH AaKTHUBHBIE BEIIECTBA, MUIEIUA MHUKPOCKOIHUYECKUX TIpUOOB, MaKpo-
Y MHKPODJIEMEHTHI, M3yueHa Ha TaKUX CyOCTparax, Kak poxkb, OTPyOH, MOJIOYHAS
CBIBOPOTKA, MUBHAs JpobuHa [5].

[Tockonpky mporecc (epMeHTalUM MUKpOOpraHM3MaMu 3akBacku JlecHoBa
OCYIIECTBIISICTCS MPU YCIOBUIX, TOIXOSMIINX ISl Pa3BUTHS TIIECHEBBIX TPUOOB U
IpOXOKeH, HEOOXOIUMO U3YYHTh (PEPMEHTUPOBAHHBIM MPOIYKT Ha IMOKA3aTEIH
OMOJIOTUYECKONW OMACHOCTH: MUKOTOKCHHBI, TNIECHEBBIC TPUOBI U IpOsoku [2; 7].

[Tpu BbIpanMBaHUM, XpaHEHUU U NEepepabOTKe JIOMHHA MOTYT MPUMEHSThCS
XUMHYECKHE TpenapaTsl: TepOULIU/IbI, CTUMYIISTOPBI pOCTa, ECTHIMIBI, y100pe-
HUS, YTO CO3/1a€T YIPO3y XUMHUUECKON OMacHOCTU KOPMOB. Mcxo/1s U3 cka3aHHOTO,
UCIOJIb30BaHKe (PePMEHTUPOBAHHOTO MIPOTA JIOMUHA OEJI0T0 sl KOPMIICHUS KU-
BOTHBIX MOXXHO PEKOMEHI0BaTh, JIUIIb YOS TUBIINCH B UX 0€30MaCHOCTH.

B noctynHo#M HaM auTepaType MBI He HAIILTH CBEJEHUH 0 TBepAo(a3HON MUK-
poOuonornyecKor (GpepMeHTAIIMN IPOTa JIOMHHA OEJIOT0 C UCIOJIb30BAaHUEM 3a-
kBacku JlecHosa.

Hesasb uccjie0BaHUs — M3YyYCHHUE TOKaszaresell kadecTBa M 0€30MacHOCTH
HIpoTa JIIONKHA 0enoro, GepMEeHTUPOBAHHOTO C UCIIOJIB30BaHUEM 3aKBacku Jlec-
HOBa B TeueHue 12 u 24 u.

3amaun:

1) M3y4nTh GU3NKO-XMMHUYECKHUE ITOKA3aTEN KauecTBa,

2) uccnenoBaTh MoKazaTean OMOIOrHYecKo 6€30MacHOCTH;

3) U3y4uTh MOKa3aTeNId XUMHYECKON 0€30MaCHOCTH.

MaTtepuanbl u meToAbl

HccnenoBanust epMEHTHPOBAHHBIX 00PA310B IIPOTA JIIOMKUHA 0€JI0Tr0 MPOBO-
mn B 2024 r. O6bekTaMu uccinenoBanuii Obun 18 mpo0 mpora gronuHa 6e10ro:
1iecTb 00pasIoB 10 epMeHTANU (HATUBHBIX ), IIECTh, OJIBEPTHYTHIX 12-4acoBoii
¢bepmenTanuu, u mects — nocie 20-yacoBoit pepmenTannu. PU3NKO-XUMHUYECKUE
MoKa3aTen KauyecTBa, CoAepKaHne MUKOTOKCHHOB: aprmatokcuna B1, nezokcunu-
BaJICHOJIA, 3€apaJieHOHa, oxpaTokcuHa A, T-2 TOKCHHA; MECTUIIUI0B, HUTPATOB
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1 HUTPHUTOB, TOKCUYHBIX A1eMeHTOB U ' MO uccnenoanmu B VcnbiTaTenbHOM Ja-
6oparopun ®PI'BY «lleHnTp oueHku KadecTBa 3epHa» 1o r. MockBe 1 MOCKOBCKOI
00JacTH COTJIacHO JIEHCTBYIONICH HoOpMaTUBHOM nokymeHTaruu (HJI) ¢ ucmonb3o-
BaHHEM METOJIOB M METOJIMK JJa0OpaTOPHBIX UCCIIE0BAHUMN UCIIBITYEMBIX CyOCTpa-
TOB: Ka4€CTBEHHOI'O U KOJMYECTBEHHOIO XMMHUYECKOIO aHajau3a; BbICOKO3(dek-
TUBHOU XUAKOCTHOM Xxpomatorpaduu (BOXX); razosoii xpomarorpadpuu (I'X);
aTOMHO- a0COpPOLIMOHHOM crieKTpoMeTpHH U Ap. JlabopaTopHbIE METOIBI UCCIIEHO-
Banuil kauectBa (I'OCT P 54951-2012; 'OCT 27979-88; I'OCT 13496.4-2019
n. 8 T'OCT 32905-14; T'OCT 31675-2012 n. 7; I'OCT 2622695 n. I;
I'OCT 26176-2019 n. 9; I'OCT P 540782010 npunoxenue A; I'OCT ISO
6493-2015; T'OCT 26483), xumuueckue »3neMentol (I'OCT 32343-2013)
n OesomacHoctu kKopmoB: MukotokcuHbel (I'OCT 30711-2001; T'OCT EN
15851-2013; T'OCT 31691-2012; TOCTMYVYK 4.1 2204-07; unctpykuust P43/B);
necturuasl (DIN EN 15662 2018); nutpatsl (I'OCT 13496 19-2015), HuTpuTh
('OCT 13496 19-2015); Ttokcuunble nsnementel (I'OCT P 53100-2008;
I'OCT 31 650-2012), T'MO (I'OCT P 53214-2008).

Pe3synbTaTbl UCCNeaoBaHUM

MBI U3y4HIIH BIMSTHUE METO/1a TBEPA0(a3HON MUKPOOHNOIOTHIECKOH (hepMeH-
Talluy Pa3HOW MPOJODKUTEIBLHOCTH Ha (PU3MKO-XMMUYECKUE TOKa3aTely MIpoTa
monuHa 6enoro (tabm. 1).

Tabnvua 1. AMHaMuka GpU3NKO-XMMUYECKUX NoKa3aTeseii wpoTa nonvHa 6enoro
npu pa3Hoi NPOAOIHKUTENIbBHOCTU MUKPOGMOornyeckon pepmMmeHTaumumn

O6pa3sew (n = 6) |
MokazaTenwm, en. uamepeHus 0 bepmeHTaLum nocne ¢pepmeHTaummn
12y 24y
MaccoBas gons snaru, % 55%+1,3 6,5+1,4* 6,3+1,3*
MaccoBasi 4,ONS CbIpOro Xmpa, 6,40 £ 0,44 8,80 = 0,48* 9,61+0,49*
B NepecyeTe Ha cyxoe, %
MaccoBsasi 40N CbIPOro MpoTenHa 32,69+ 1,25 38,78 £+ 1,14* 41,88 +1,22*
B NepecyeTe Ha cyxoe BeLlecTso, %
MaccoBas 1015 Cbipoit 301bl, 3,9+0,2 4,0+0,3 4,2+0,2
B MepecyeTe Ha Cyxoe BeLlecTso, %
MaccoBas 0019 Cbipon KneT4aTtku 19,7+1,8 13,9+ 1,6* 12,6 +1,5*
B NepecyeTe Ha cyxoe BeLecTso, %
O6meHHas aHeprus, MIx/kr 11,4 12,7* 13,9 *
MaccoBas nons pacTBOpPUMBbIX Yrnesonos, % 6,5+1,0 7,3+0,8 10,2 +1,2*
CopepxaHue kpaxmana
B NepecyeTe Ha Cyx0e BELLLECTBO, I/Kr 42,0+£2,2 59,0 + 2,8* 78,0+3,1*
% 4,2 5,9 7,8
pH, en. pH 5,91+0,10 5,55+0,10 5,53+0,10

MNMpumedanmne: * p < 0,05-0,001 OTHOCUTENBHO KOHTPOS.
UcTto4Humk: coctasneHo O.A. MupoHoBoi, A.l. KapMasnHbIM.

B 3aBucHMOCTH OT MPOJOKUTENBFHOCTH TBEPAO(hA3HOW MUKPOOHOIOrHYe-
CKOW ()epMEHTAIMU IIPOTa JIFONMHA OEJOro C HCIOJIh30BAHUEM AaCCOIHAIUH
MHUKPOOPIaHW3MOB, COOpPaHHBIX B TaK Ha3bIBaeMYIO 3aKBacKy JIecHOBa, 3HaUeHUE
MIOKa3aTessi MacCOBOM JI0JIM Biaru BbIpocio yepe3 12 u Ha 18,2 % (*), uepes 24 u
dbepmentanuu — Ha 14,6 % (*) B cpaBHEHHH ¢ HATHBHBIM CyOCTpaToMm (Tadun. 2).
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MaccoBas 105151 CBIpOTo kupa uepe3 12 9 pepmenTanuu Beipocia Ha 37,5 % (*),
o mipormrectBun 24 1 — Ha 50,2 % (*) B cpaBHEHUU C UCXOAHBIM MIPOAYKTOM.

YcTaHOBIIEHO, UTO MaccoBast J10JIsl CHIPOro MPOTEHHA YBEIMYMBAJIACh B 3aBUCH-
MOCTH OT BpeMeHH ¢epMmeHTanuu. Tak, nocie 12 4 npupoct coctaBuia 18,6 % (*),
no npowectBud 24 u — 28,1 % (*) mo0 OTHOIIEHHIO K MCXOJHOMY KOJIMYECTBY
B HATUBHOM 00pa3Iie.

C mpoJomKUTENbHOCTHIO (hepMEeHTallMK HapacTajla MaccoBasi 10J1sl pacTBOPH-
MBIX yrieBoJoB. Tak, nocne 12 u ¢pepmenranuu npupoct coctasui 12,3 %, nocne
24 94— 56,9 % (*) B cpaBHEHHH C UCXOHBIM MTPOTYKTOM.

MaccoBas 70151 Kpaxmaja IepecueTe Ha cyXxoe BemecTBo 3a 12 u ¢pepmeHnTa-
uuu Beipocna Ha 40,5 % (*) mo OTHOWICHHIO K UCXOTHOMY CyOcTpary, 3a 24 4 —
Ha 85,7 % (*).

[Tokxazarenr oOMeHHOM 3Hepruu 4epe3 12 4 gepMeHTAMM yBEIMUYWICS Ha
11,4 % B cpaBHEHMHM C HATUBHBIM IPOJYKTOM, uepe3 24 4 ¢epMeHTauuu —
Ha 21,9 % (*).

B npouecce pepmeHTanu Mano U3MEHUIICS yPOBEHb ChIPOi 3011b1: uepe3 12 u
OH BbIpocC Ha 2,6 %, uepe3 24 u —Ha 7,7 % B CpaBHEHUU C HATUBHBIM CyOCTPaTOM.

[Tocne 12 u pepmeHTaIIMIKM MaccoBasi O CHIPOTO XKUPa, TOKa3aTesb OOMEH-
HOM PHEPTUU U COEPKAHUE KpaxMayia TOCTOBEPHO yBEITUIMIUCH (*).

Yepes 12 u ¢pepMeHTaIMHU HIPOTA JIFOIIMHA O€I0T0 YPOBEHb CBHIPOI KII€TYaTKU
yMenbmuics Ha 29,5 % (*), uepes 24 1 pepmenTaiuu — Ha 36,0 % (*). [Ipousomen
casur pH nocne 24-yacoBoii hepMeHTaLIMU B KUCITYIO CTOPOHY Ha 6,4 %.

Takum 00pa3zom, HE3aBUCUMO OT BPEMEHU OMO(EepMEHTAlMH C HCIOIb30Ba-
HUEM 3aKkBacku JlecHOBa IpOTa JIOMHMHA 0€710r0 JOCTOBEPHO YBEIMYMINCH MAaCCO-
Bas JI0JISl CHIPOTO KHpPa, CHIPOro MPOTEHHA, PACTBOPUMBIX YIJIEBOAOB, KpaxMmalia,
YPOBEHb OOMEHHOW SHEPrHM; CHU3MJICS YPOBEHBb CHIPOW KIIETUATKH, MPOU30LIEI
caBur pH B KHCIIyI0 CTOPOHY B CPaBHEHUU C TAKOBBIM YPOBHEM B HATUBHOM IIpPO-
nykTe (cM. Tadm. 2).

Tabnuuya 2. BniusiHue NpoaoiXUTeNnbHOCTU GuodepMeHTaLum Ha coaepXaHue MUKOTOKCUHOB
B LUpOTe Nion1MHa 6enoro

O6pasey (n = 6)

MokazaTenwu, en. uamepeHus 110 bepmeHTaLUM n(:;nqe q;epmeu'razl.:lur
AdnatokcuH B1, mr/kr (MAK 0,025-0,1 mr/kr) < 0,003 < 0,003 < 0,003
Je3okcuHmBaneHon, mr/kr (NAK 0,75-1,0 mr/kr) < 0,058 < 0,058 < 0,058
3eapaneHoH, mr/kr (MAK He 6onee 1,0 Mr/kr) <0,1 <0,1 <0,1
OxpatokcuH A, mr/kr (MAK He 6onee 0,05 mr/kr < 0,0005 < 0,0005 < 0,0005
T-2 TokcuH, mr/kr (MAOK He 6onee 0,1 Mr/kr) <0,05 <0,05 <0,05

UcTto4Humk: coctasneHo O.A. MupoHoBoi, A.l. KapMasnHbIM.

Copnepxanue adnarokcuHa Bl B MCXOIHOM ChIpbe IIPOTa JIONHHA OEI0ro
6bu10 B 8,3 pasza menblue HukHero ypoBHs IIJIK um He uzaMeHunock npu pasHoi
NPOJOIDKUTEIBHOCTH (pepMeHTalMu cyOcTpaTa € HCIOJIb30BAaHUEM 3aKBACKU
Jlecnoga (ta0m. 3).

Copneprkanue 1€30KCMHUBAJICHOJIA B UCXOIHOW MpoOe HIpoTa JII0NHUHA 6EI0ro
66110 B 12,9 pasza Huxke MUHUMaNIbHO JorycTumoro yposss [T1JIK u He u3mMeHnnoch
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IIpY pa3HOM BPEMEHM BO3JEUCTBUS Ha CyOCTpaT MHUKpPOOPIaHHW3MOB 3aKBAaCKH
JlecHosa.

Coneprkanue 3eapajicHOHA B HATHBHOM 00pasiie MpoTa JIoMUHA 6€10r0 Oh110
B 10,0 pa3 MeHbI11e B cpaBHeHUU pekoMenayeMbiM I1JIK; mocne ¢pepmenTannn Muk-
poopranuzMamu 3akBacku JlecnHosa B Teuenue 12 u 24 v ero "e npesbicuio [1JIK.

B natuBHOM 0Opa3iie mpoTa JronuHa 0e0oro oXpaTtokcuHa A ObUI0 0OHapY-
xeno B 100 pa3 menpme [1JIK; He3aBucumo ot BpemeHH GepMEHTAIIMN KOJTUYe-
CTBEHHOE COJIEpP’KaHNE OXPATOKCHUHA A HE U3MEHUIIOCH.

Copnepxanue T-2 TOKCMHA B HATUBHOM ChIpPb€ LIPOTA JIIONKHA O€I0ro ObLIo
B 2,0 pa3za Huxke B cpaBHeHuM c pekomenayemoit ITJIK; mocie depmentanuun
cyOctpara B TeueHue 12 u 24 4 ypoBenb T-2 TOKCMHA HE U3MEHUJICSL.

Taxum 00pa3zom, Bce UCClIeAyeMble MUKOTOKCHHBI B HATUBHBIX (MCXOHBIX)
oOpasmax mpoTa JIONUHA OEJIOro COAEPKAINCh B KOJIMYECTBaX HUKE MUHUMAJTb-
Horo ypoBHs I1JIK: adpnarokcun B1 — B 8,3 pasa, nesokcunuBanenon — 12,9 pasa,
3eapaneHon — B 10,0 pa3, oxpatokcun A — B 100,0 pa3, T-2 Tokcun — B 2,0 pa3a;
nocine (epmMeHTUpOBaHUA cyOcTpaTa 3akBackoil JlecHoBa B TeueHue 12 u 24 y
YPOBHHU BCEX UCCIEAYEMBIX MUKOTOKCHUHOB HE U3MEHWIUCH (Tal. 3).

Tabnnya 3. BingHue npoaoxuTenbHoCcTM 6uodpepmeHTauumn
Ha coaepXXaHue XMMU4YeCcKUX BelLecTB B LUPOTe JilonuHa 6enoro

Moka3aTenu, en. UsaMepeHus, 06pa3enL:>g;l: g))epmeHTame
naK, HA, Ao depmeHTauun 124 244
Mectnungpl
ManatnoH, mr/kr (NAK < 0,01 mr/kr) (BAXX) <0,01 <0,01 <0,01
Mupumudgoc-metun, mr/kr (NAK < 0,01 mr/kr) (FX) <0,01 <0,01 <0,01
LnnepmeTpuH, mr/kr (MAK < 0,01 mr/kr) (I'X) <0,01 <0,01 <0,01
OunonybeHsypoH, mr/kr (MAK < 0,01 mr/kr) (BAXX) <0,01 <0,01 <0,01
HuTpaThbl 1 HUTPUTBI
Hutpatsl, mr/kr (M4K 200,0 mr/kr) 223,0+56,3 193,5+63,4 | 196,0 £ 33,7
OCT 13496.19-2015
Hutputbl, mr/kr (MAK 10,0 mr/kr) 3,56 +0,12 2,05+0,14 1,85+0,16
OCT 13496.19-2015
TOKCUYHbIE 3NIEMEHTbI

CsuHeu, mr/kr (MNAK < 5,0 mr/kr) FOCT P 53100-2008 <0,5 <0,5 <0,5
Mbiwbsik, mr/kr (MAK < 0,5 mr/kr) <0,1 <0,1 <0,1
OCT P 53100-2008
Kagmwuia, mr/kr (MAK < 0,3 mr/kr) <0,05 <0,05 <0,05
OCT P 53100-2008
PtyTb, Mr/kr (MAK < 0,1 mr/kr) <0,025 <0,025 <0,025
F'OCT 31650-2012

lNMpumeyanus: TX — razoBas xpomaTorpadus; BOXX — BbicokoaddekTnBHas XnaKkocTHas xpomaTtorpadus.
UcTto4Humk: coctasneHo O.A. MupoHoBoi, A.T1. KapMasnHbIM.

Hcxoas w3 paHHBIX Tabn. 3, coiep)kaHHEe MECTUIUAOB: MalaTHOHAa,
nupuMHQOC-METHIIA, TUNepMeTprHa, TUIyOeH3ypOHa, UCIOIb3yEeMbIX MPHU BbI-
palIMBaHUU M XPAaHEHUU PACTUTEIBLHON MPOIYKIINU, KaK B UCXOTHOM 10 epMeH-
Taluy, Tak ¥ nocie 12- u 24-yacoBoro mpoiecca pepMeHTaluy MIpoTa JIOMHHA
6emoro ocraBanoch Hke [1JIK (Hike HIDKHEro mpezena oOHapyKeHUsS METOIOM
B3OXX B cootBercTBUM ¢ nericTByromumM HJI).
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[Tpu nccnenoBaHUM HATUBHBIX OOPA3IOB MIPOTA JIFOMIHMHA 0€JI0r0 YCTaHOBIIEHO
KOJIN4ecTBO HUTpaToB U HuTpuToB Hxke I1JIK; npu nccnenoanuu gpepmeHTupo-
BaHHBIX 12 U 24 4 cyOCTpaTOB C HMCIIOJB30BAaHHMEM MUKPOOPTAaHU3MOB 3aKBACKH
JlecHOBa KOJIMYECTBO HUTPATOB U HUTPUTOB OCTAJIOCHh HA YPOBHSX, HE MPEBHIIIAI0-
X [1JIK v 61u3KuX K uCXoHOMY 110 hepMEHTAIUH.

[Tpu uccnenoBaHUM TOKCUYHBIX 3JIEMEHTOB B HATUBHBIX U (DEPMEHTHUPOBAH-
HBIX B TEUCHHE Pa3HOI0 BPEMEHHW OOpa3lax IIpoTa JIIoNMuHA Oeloro pasmuyuuit
B COJIEp’KaHUU CBHMHIIA, MBIIIbSIKA, KaJIMUS U PTYTH HE ycTaHOBIIeHO (Tab. 4). Tak,
conepxaHue cBuHUA Obuto Hike ypoBHs IIJIK B 10 pa3; mblubska — B 5 pas;
KaaMus — B 6 pa3; pTyTu — B 4 pasa.

Tabnnuya 4. KauecTtBeHHoe onpepeneHue Hannuusa FMO B HaTUBHbIX U PEepPMEHTUPOBAHHbIX
12 1 24 4 oGpa3uax wpoTa JonuHa 6enoro (6 oopas3uoB)

OGpa3upbl Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6

MpomoTop, TepMuHaTOpP 35S 35S 35S 35S 35S 35S
t-NOS t-NOS t-NOS t-NOS t-NOS t-NOS
p-FMV p-FMV p-FMV p-FMV p-FMV p-FMV

Pe3ynbTaT Ka4ecTBEHHOro He o6Ha- | He obHa- | He obHa- | He obHa- | He obHa- | He obHa-

onpepeneHnst perynsaTop- PYXEHbI PYXEHbI PYXEHbI PYXEHbI PY>XEHbI PY>XEHbI

HbIX NOCNefoBaTeNbHOCTEN

B reHomMme 'M-pacTteHuin

(FTOCT P 53214-2008)

UcTto4Humk: coctasneHo O.A. MupoHoBoi, A.Tl. KapMasnHbIM.

JlaGopaTtopubiMu  uccienoBaHusMH MO CKpUHHHTOBBIM ~ METOJIOM
«KauecTBeHHOE oOIpeAeNeHne PEryJIATOPHBIX IMOCIENI0BAaTEIBHOCTE B I'E€HOME
['M-pacrenuii (p-35S; t-NOS; p-FMV)» B o0pasnax mipora JironuHa 06e1oro, Kak
10 pepMeHTaluy, TaK U 1nocie B TedeHue 12 u 24 4, npomotop 35S, TepMUHATOD
NOS, npomotop FMV He 00Hapy KeHBI.

BbiBOAbI

[To pesynbraTamM na0OpaTOPHBIX HMCCIENOBAHUN IIPOTA JIIOMKMHA OEIoro
JI0Ka3aHo:

1) He3aBUCUMO OT BpeMeHH (EPMEHTUPOBAHUS C UCTIOIb30BaHUEM MUKPOOHO-
JIOTMYecKoi 3akBacku JIeCHOBa JTOCTOBEPHO YIydlIarOTCs (PU3MKO-XMMUYECKHE
CBOMCTBA MMOJIyYEHHOT'O IPOAYKTa B CPABHEHUH C HATUBHBIM CyOCTpaTOM;

2) mnomy4eHHbI (epMEHTHUPOBAHHBIA MPOAYKT OTBEYAeT TPEeOOBAHUAM
OMOJIOTMYECKON M XMMHYECKOW O€30MacHOCTH, NPEAbABISEMBIM K KOpMam JUIs
KUBOTHBIX.
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JlecHble 6MoueHo3bl 3enéHomn kHurn bpsaHckoin obnacrTu:
OMOMOHUTOPUHI U 3KOJIOro-PUTOLLEHOTUYECKUE XapPaKTEePUCTUKN

A.A. I'aiiBoponckas><, JI.H. AHn1IeHKO

bpsanckuii 2cocyoapcmeennwiii ynusepcumem umenu axaoemuxa U.1. Ilemposcroeo, bpsauck,
Poccutickas @edepayus
P<eco_egfl@mail.ru

AnHoTaums. /{715 BBISIBICHUS U ONTMCAHUA JIECHBIX CO00IIeCTB 3eNeHol KHUru bpsiHckoi
obnactu 6buH 00cieoBaHbl MecTo0OUTaHuA 10 naMsITHUKOB NpUpoAbl. JlecHble coobiecTBa
MpeACTaBIeHBl GOopMaIMsAMU TyOpaB, SCEHEBHUKOB. biaromgapss GHOMOHHTOPHHIOBBIM pado-
TaM C MOCJEAYIOMUM aHAIH30M CHHTAKCOHOMHYECKOTO Pa3sHOOOpasus ObLIH CO3JaHBI 0a3bl
HaOIOJIeHUH TSt 6 acconManuid ¥ 0JJHOH cybacconuanyu. BriepBeie npuBeicHO HaTU4Ine OHO-
[IEHO30B penkoil cybacconmanuu Mercurialo perennis — Quercetum roboris carpinetosum
betuli Bulokhov et Solomeshch in Bulokhov et Semenishchenkov 2015 B mamsiTHHKE TPUPOIBI
«JTrobun Xyrop» HoBo3sIOKOBCKOTO paiiona, peakoit acconnanuu UImo laevis — Fraxinetum
excelsioris Bulokhov et Semenishchenkov 2008 — misn «CrapunHoro mapka B Jlsamdgax»
Cypaxckoro paiiona. [Iuddepennuanueii MecTooOnTaHuii, HaduuueM Oy(depHOi 30HbI, MI0-
MIAJBI0 OXPAHSAEMBIX TEPPUTOPUSX, CTAIHEH IEMYyTAIIMOHHBIX BOCCTAHOBHTENLHBIX MMOCTaH-
TPOTIOTEHHBIX CYKIECCHI OMpPEAeIeTCs pa3HOooOpas3me 3KOIOro-(pUTOIEHOTHIECKONH CTPYK-
TYpBl H3YYaeMBIX JECHBIX cooOmecTB. LleHOTHYeckHe W CTPYKTYypHBIE XapaKTePHCTHKH
PEIKHX U ATAIOHHBIX JICCHBIX COOOIIECTB COOTBETCTBYIOT MOAEIHHBIM OITUCAHUAM B 3eTEHOM
kaure. HoBas cybacconmanus ¢ yyactueM Sanicula europaea L. 000CHOBaHa METOJIOM KO-
noro-gnopuctudeckoil knaccudukauuu K. bpayn-bnanke (1964). 910 mo3BosisieT BBISIBUTH
TeTEePOTeHHOCTh OHMOTOIOB M OJAronpuaTHOE (PUTOICHOTHYIECKOE OKPYIKEHHE PErHOHAIBHO
penkoro Buna. biaromaps eIMHATIAM 3KOJIOTO-(IIOPUCTHIECKON KITaCCH(HKAIINH JIECHBIX OHO-

© lNaiiBopoHckas A.A., Annmenko JI.H., 2025
@ This work is licensed under a Creative Commons Attribution 4.0 International License
rarram ttps://creativecommons.org/licenses/by-nc/4.0/legalcode
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[IEHO30B B KAYECTBE KPUTECPHATIHHBIX IPU3HAKOB YCTAHOBJICHO HATMYHE IIEHHBIX OMOTOIOB CH-
crembl EUNIS-ESy (2020): kateropus T — JlecHble u Jpyrue JIECHbBIE 36MJIH C YETBIPbMS BU-
namu: T1B, T19, T13, T1E. ITony4eHHBIN ONBIT B XOJI€ ATUTEIBHBIX HCCIIETOBAHUN COOOIIECTB
YHHUKAJIBHOTO MPUPOJIOOXPAHHOTO KaTajora 3en€Hoi KHUTU OyAeT HCIOJIb30BaH MpH MOAro-
TOBKE U 00HAPOJOBAHHIO AHAIOTHYHBIX CIIHCKOB, KOTOPHIE TIOCTIOCOOCTBYIOT PEMICHHUIO IIPO-
O51eM OXpaHbl pacTUTEIBHBIX coobmecTB Poccun.

KuroueBble ciioBa: jiecHble coobuiectsa, JIrobun Xyrop, CrapunHsblii napk B Jlsinyax,
pelKue U 3TalOHHBIE COOOIECTBA, CHHTAKCOHOMUYECKOe pazHooOpasue, HeuepHo3embe PO

Bxuiag aBTOpoB. Bee aBTOpBI clienaiy 5KBUBAJICHTHBIN BKJIA/I B TIOATOTOBKY ITyOJIMKAIIUHL.

HUctopus craTthu: noctynwia B penaknuio 07.09.2024; nopaboTaHa 1mociie pereH3upo-
Banwst 21.10.2024; npunsra k myonukanuu 15.11.2024.

3asBieHne 0 KOH()JIMKTe HHTEepecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBUU KOH(IMKTA
HHTEPECOB.

das uurupoBanus: [ atieoporckas A.A., Anuwenxo JI.H. JlecHple 6uomieH03b1 3enéHon
KHHUTH bpsHCKON 0051acTH: OMOMOHUTOPHHT U SKOJIOT0-(DUTOIIEHOTHYECKHE XapaKTSPUCTHKH //
Bectauk Poccuiickoro yHuBepcutera aApyx0bl HapoaoB. Cepusi: DKoJorus U 0€30MacHOCTh
xu3uenestensHoctr. 2025. T. 33. Ne 1. C. 29-42. http://doi.org/10.22363/2313-2310-2025-33-
1-29-42

On the forest biocenoses of the Green Book of the Bryansk region:
biomonitoring and ecological-phytocenotic characteristics

Angelika A. Gaivoronskayal<, Lidiya N. Anishchenko

Bryansk State Academician 1.G. Petrovski University, Bryansk, Russian Federation
P<eco_egf@mail.ru

Abstract. To identify and describe the forest communities of the Green Book of the
Bryansk region, the habitats of 10 natural monuments have been surveyed. Forest communities
are represented by formations of oak forests and ash forests. Thanks to biomonitoring work
followed by analysis of syntaxonomic diversity, observation bases have been created
for 6 associations and one subassociation. The presence of biocenoses of the rare subassociation
Mercurialo perennis — Quercetum roboris carpinetosum betuli Bulokhov et Solomeshch in
Bulokhov et Semenishchenkov 2015 in the nature monument “Lyubin Khutor” of the
Novozybkovsky district, and the rare association Ulmo laevis — Fraxinetum excelsioris
Bulokhov et Semenishchenkov 2008 for the “Ancient Park in Lyalichi” in Surazhsky district
have been cited for the first time. The differentiation of habitats, presence of buffer zone, size
of protected area stage of demutation restorative post-anthropogenic successions determines
the diversity of the ecological-phytocenotic structure of the studied forest communities. The
cenotic and structural characteristics of rare and reference forest communities correspond to the
model descriptions in the Green Book. A new subassociation involving Sanicula europaea L.
is justified by the method of ecological-floristic classification of J. Braun-Blanquet (1964). This
allows to identify the heterogeneity of biotopes and the favorable phytocenotic environment of
a regionally rare species. The existence of valuable biotopes of the system EUNIS-ESy system
(2020): category T — Forest and other forest lands with four types: T1B, T19, T13, TIE is
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established as criteria by means of units of ecological-floristic classification of forest
biocoenoses. The experience gained during long-term community research of the unique
environmental catalog of the Green Book will be used in the preparation and publication of
similar lists that will contribute to solving the problems of protection of plant communities in
Russia.

Keywords: forest communities, Green Book, rare and reference communities,
syntaxonomic diversity, Non-Chernozem region of the Russian Federation
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BeBepeHue

3enéHble KHUTM PETMOHOB, KOTOpble M3BecTHHI i Cubupu, Camapckoit u
Bpsinckoit obmactu, YKpanHbl, CO34al0TCSI HA OCHOBE KOHIIETITYaJIbHOTO MpaBuia
TEOPETUYECKON U MPHUKIATHON SKOJIOTUH O MPUOPUTETHOCTU COXPAHEHUsS CO00-
IECTB — OMOTOIOB AJIsl IPOU3PACTaHUSI PEAKUX BUJIOB Guiopbl U PayHbl. DTH QyH-
JlaMEHTaJIbHBIE TPY/Ibl, 0000IIAOLINE PE3YIbTAaThl HPUPOAOOXPAHHBIX UCCIIE0BA-
HUN pacTUTENbHOCTU Ouoreorpauyeckux paiioHOB C JETaJIbHOHN pa3paboTKoii
KJ1accu(UKaLUU COOOIIECTB HA OCHOBE METO/1a SKOJIOT0-(hJIOPUCTUUECKOM K1acch-
(dbukamuu, pexe — JOMHUHAHTHOTO IOJX0Ja, O0ECreYynBalOT 0a30BbIE OCHOBBI
OMOMOHUTOPUHIA M BBISABICHHE HAINPABICHUH pPa3BUTUS B XOJI€ €CTECTBEHHBIX
nporieccos [ 1; 2].

Ieap nccaenoBanus — npeactaBuTh napamerpsl JecHbIX OOIIT bpsHckoit
o0JacTu B MPOLECCE OCYIIECTBICHUS] OMOMOHUTOPUHIAa OOBEKTOB PErHOHATbHON
3eN1E€HOM KHUTH.

3enénas kuura bpsHckoit obnactu B 2012 r. oOHapogoBana 6a3zy pacTuTelb-
HBIX COOOIIECTB Pa3IMYHBIX KATETOPUH MPUPOJIOOXPAHHON 3HAYUMOCTH, YUUTHI-
Basg cBOeoOpas3ue (hIOpUCTHUECKOIO COCTaBa, y4acTUE PEIKUX BHJIOB, YHUKAJb-
HOCTb LIEHOTUYECKOM CTPYKTYpbI, pa3Mepbl U ITUHAMUKY LIEHOApeajoB, CTEIECHb
HapyuieHHocTH [1]. [lepcriekTBa nccnenoBaHus B paMKax BEJEHHUS 3TOTO JIOKY-
MEHTa NIPEAYCMaTPUBAET ONUCAHUE TUHAMUYECKHUX MPOLIECCOB, YTOUHEHUE MECTO-
MOJIO)KEHUH COOOIIECTB, HKOJIOr0-00TaHMUECKHE XapaKTEPUCTUKH SAU(HUKATOP-
HBIX, PEJKHUX BUIOB. DKCIEPTHOE MCCIEA0BAHNE MTOKA3aTeIeH, OTpaXKarolyX CIe-
IU(PUKY PACTUTEIBHBIX COOOIIECTB PErHOHATEHON 3eIEHON KHUTH, TTO3BOJIUT OII-
TUMHU3UPOBATh U BEIBECTH HAa HOBBIM yPOBEHb OXpaHy 3JIEMEHTOB (PJIOpHI, TOA0NTH
K PELICHHUSIM 110 MHBEHTApU3aI[MH OMOTOIOB, TPOBOIUTH YUE€T U3MEHEHUHN TIPH JIie-
MyTaIlMOHHBIX cMeHax [6; 8]. BrociencTBun Ha ocHOBE 6a3 OMOMOHUTOPUHTOBBIX
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JAHHBIX MOYKHO IIPUHUMATH PEIICHUS O TIPUPOIO0XPAHHOM CTATyCe OOBEKTOB, BO3-
PacTHOM COCTOSTHUM PEAKUX BHUIOB, 3()PEKTUBHOCTH OXPAHHBIX MEP MPUPOIHBIX
00BEKTOB, a TaKXe€ PETYJIUPOBAHUHM MCIOJIb30BAHUS 3€MENb XO3SHCTBEHHOTO
HA3HAYEHUS AJISl CHUYKCHUS OTPULIATEIbHOTO BO3EHCTBHS Ha OMOTY U OHOTOII CO-
0o01I1eCTB.

Martepuansl, MeTOoAbl, METOAUKUN UCCIIe[0BaHNN

Jlnis pemieHust BONpoca O AMHAMHUKE COCTAaBA PAaCTUTENIbHBIX COOOIECTB pa3-
JIMYHBIX KaTErOpuil peruoHaJbHON 3eN€HOM KHUTU 3aJI0)KEHbI MOJIETIbHBIE YUEeT-
Hble MIonaaku Ha 10 0co00 oXpaHsIeMbIX TEPPUTOPUSIX; HA HEKOTOPBIX U3 HUX —
MMOCTOSTHHBIX KJTFOUEBBIX YYaCTKax — HAOMIOACHUS ocymiecTBIsuHCh ¢ 2015 r., Ha
BPEMEHHBIX MPOOHBIX IUIOIIAAKaX B paMKax MHBEHTapU3aluu OnopazHooOpasus
OIMCAaHBbI JIECHBIE COOOIECTBA, HE BBIABICHHBIE paHee Npu oOcnenoBaHusX. s
OMOMOHUTOPUHIA OTOMpAIM MPUPOJHBIE OXpaHseMble OOBEKTHI, OOecreyuBaro-
1K€, B MEPBYIO OUYepe/lb, TEPPUTOPHAIBHYIO OXpaHy cOo00IIecTB 3eIEHON KHUTH:
namsaTHUK npupoasl PEésubl (HaBnuHckuii paiion, 18 ra, nanamadrHelii), Pésen-
ckue nyOpasbl (HaBmuHCKul paitoH, 68 ra, KOMIUIEKCHBIN), JloOpyHCKHE CKIIOHBI
(bpsanckuit paiion, 10 ra, manamadraeii), Jlrobun Xyrtop (HoB03bIOKOBCKHIA
paiion, 164 ra, necHoii), bpacoBckas nybpaa (bpacosckmii paiion, 430 ra, 6ota-
Huueckuit), CeBckas nyopaa (CeBckuil paiion, 457 ra, nannmadrtaeiit), Brnagu-
Mmupckas ayopasa (Komapuuckuii paiton, 54 ra, 6ortannueckuii), Jlyopasa [lecs-
tyxa (CraponyOckuii paiton, 20 ra, nanamadrusiii), Cemernkas nyopasa (ITouen-
CKUl paiioH, 92 ra, komiuiekcHbIi), CrapuHHblii napk B Jlsmmuax (Cypaxckuit
paiion, 63 ra, KOMILIEKCHBII) .

Ha MOHUTOPUHIOBBIX MaplIpyTax OMNUCHIBAIN 3JIEMEHTHI JIECHOTO PACTUTENb-
HOTO MOKPOBa, (PUKCUPOBAIN JEMEHTHI (PJIOPHI, B TOM YHCIIE PEIKUE U MHBA3UB-
HbI€ BUJIbI, IPOBEIEHO re000TaHMYECKOE OMMCAHNE PACTUTENBHBIX COOOIIECTB 10
MeTOAMKEe IKoJoro-opuctudeckoi knaccuduxanuu XK. bpayn-bnanke (1964)
[3] Ha KTIOUEBBIX TPOOHBIX Mmiuomankax B 400 m>. IIpu Mccae0BaHNH BBISBIISIH
MOJTHBIN (PIIOPUCTHUYECKHUI COCTaB, OTMEUEHBI OOMINE BUIOB, SIPYCHOCTH JIECHBIX
onornieHo3oB. [Ipu kamepanbHON 00pabOTKE JAHHBIX COCTABIISIIM CHHONTHUYECKHE
Ta0JIULl CUHTAaKCOHOB, MPOEKTHUBHOE MOKPHITHE BUIOB YyKa3blBalM B Oasiax
Y IPUBOJMIM 110 KOMOMHUPOBAHHOM 1IKane oounus-nokpeitus XK. bpayn-bnanke
[3]. bansl BEIpaXKEHHOCTH YKOJIOTHUECKUX (PAKTOPOB PACCUUTHIBAIIH C HCIIOIB30-
BaHueM mkain I'. Dmnendepra (1992) [10]. HaumenoBaHusI CHHTaKCOHOB COOTBET-
ctBytoT Kozekcy GpUTOCOLMOIOrMUeCKOd HOMEHKIIATYpPbl, YYT€Hbl COBPEMEHHBIE

! Tlocranosnenne Anmuructpanuu Bpsickoit o6mactu ot 28.07.2010 1. Ne 755 «O6 yTBEpKIeHUH
MIOJIO’KEHUH ¥ TTACTIOPTOB 0c000 OXpaHsAEMBIX IPUPOAHBIX TeppUTOpHUil B bpsinckoM, I'opaeeBckom,
JlsaTbkOBCKOM, 3BbIHKOBCKOM, KapaueBckom, KnnmoBckom, KimnunoBckom, Komapuackom, Kpac-
HoropckoM, Harmmuckom, HoBo3siOkoBckoM, [Touenckom, Poraeaunckom, CeBckom, Ctapoay0-
ckoM, CypaxckoMm, YHeuckoM paiionax bpsiHckoi obmactu». URL: https://brn-gov.ru/doc/10996
(mata obpamenus 06.07.2024).
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paboThl MO CHHTAKCOHOMMYECKHUM PEIICHUSIM IPU Kiaccu(UKaIK JIECHBIX cO000-
mects [4; 9; 12; 13]. lng ananu3a rnokaszateneil (pJopucTUIecKoro pazHooopasus
OTIPEACIISIIN TIOKa3aTelln O-pasHooOpa3us ((hIopucTHUECKas HACHIIIEHHOCTD), BbI-
yyclieHbl 3HaueHus uHaekca lllennona — YuBepa /i oTpaxeHusi reTepOreHHOCTH
1eHO(JIOPHI C UCTIOIB30BAaHUEM JAaHHBIX MO MPOLEHTHOMY OOMIINIO-MTOKPBITHIO BH-
JIOB IIPY OIMCAHMAX COOOILECTBA U JIEMEHTHI 0-pa3HO00pa3usl.

Pe3ynbTaTbl UCCNeaOBaHUN

BHOMOHHUTOPHHT JIECHBIX COOOIIECTB Pa3NUYHBIX KaTeropuil 3e1EHON KHUTH
BpsiHckoit 001acTi MPOBOIUTCS C METBIO OIICHKU PACIIPOCTPAHCHUS (PUTOIIEHO30B
pasnmuunbix acconanuid Ha OOIIT, nns BBIABICHUS HETATUBHBIX (HaKTOPOB,
OTPHUIATENHFHO BO3ACUCTBYIOIINX HA COCTOSTHUE MAaKPOKOMILJIEKCOB, JIJIsl IPOTHO3a
pa3BHUTHUS JICCHBIX HACAXKICHUN, TPEICTABNISIONIUX 3HAYUTEIHHYIO IIEHHOCTHh B
MIPUPOJTOOXPAHHOM IUTAHE; COCTABIICHUS KAPTO-CXEMBI pACIIPOCTPAHECHUS MOHHUTO-
PUHTYEMBIX COOOIIIECTB.

Ha teppuropuu naMsaTHUKOB MPUPOABI JIsi OHOMOHUTOPUHTA OXapaKTePU30-
BaJIM COOOIIECTBA 6 acCOLMAIMMI U OAHOU CyOacCOIMAIINH, MPECTABIAIONICH 3Ha-
YHUTEIBHYIO IIEHHOCTh KaK cpefoolpasytomias enuHuia. K kareropun 3TalOHHBIX
(TmokazaTeNnbHBIX IS JIECHBIX OMOLIEHO30B cpenHeil Poccum) oTHeceHsl cooOrie-
ctBa acconmanuu Mercurialo perennis — Quercetum roboris Bulokhov et
Solomeshch in Bulokhov et Semenishchenkov 2015, coobiiecTBa acconuanuu Geo
rivale — Quercetum roboris Semenishchenkov in Bulokhov et Semenishchenkov
2008 — xmacc Carpino-Fagetea Jakus ex Passarge 1968, nopsnox Fagetalia
sylvaticae Pawlowski, Sokolowski et Wallisch 1928, coro3 Querco roboris — Tilion
cordatae Bulokhov et Solomeshch in Bulokhov et Semenishchenkov 2015, coo0-
mectBa accormanuu Vaccinio myrtilli — Quercetum roboris Bulokhov et
Solomeshch 2003 — knacc Quercetea robori — Petratae Br.-Bl. Et Tx. et Oberd.
1957, nopsinox Quercetalia roboris Tx. 1931, coro3 Vaccinio myrtilli — Quercion
roboris Bulokhov et Solomeshch 2003. Peakue coobuiecTBa, XxapakTepHble A
MECTOOOUTAHUN CO CIIEIU(PUICCKUMU IKOJIOTHICCKUMU (PaKkTopamu, OOraThie CTe-
HOTOITHBIMU BUJIaMHU, TIPUHAIEKAT K coodmecTBam kinacca Carpino-Fagetea —
accouuanusi Lathyro nigri — Quercetum roboris Bulokhov et Solomeshch 2003,
nopsiaka Quercetalia pubescenti — petraeae Klika 1933, coroza Betonico
officinalis — Quercion roboris Goncharenko et Semenishchenkov in Goncharenko
et al. 2020 u accoumamus Ulmo laevis — Fraxinetum excelsioris Bulokhov
et Semenishchenkov 2008 (cowo3 Querco roboris — Tilion cordatae, nopsnox
Fagetalia sylvaticae). B namsTHUKax TpUPOIBI H3YIEHO PEAKOE COOOIIECTBO MOM-
MEHHBIX JiecoB — acconmanuu Filipendulo ulmariae — Quercetum roboris Polozov
Solomeshch 1999 in Semenishchenkov 2015 knacca Alno glutinosae — Populetea
albae Fukarek et Fabijani¢ 1968, nopsinka Alno — Fraxinetalia excelsioris Passarge
1968, cotoza Faxino — Quercion roboris Passarge 1968 [1; 4]. OcnoBHbIE PuTOIIE-
HOTHYECKHE XapAKTEPUCTUKHU COOOIIECTB OMUCAHBI HUXKE.

Bce necHbie coobmecTBa — OMOIEHO3bI B CIEUU(UIECKUX MECTOOOUTAHUSAX,
HAIPUMEp, PACIIOJIOKEHHBIC B PEYHBIX JOJWHAX, HA CKJIOHAX OaJIOK, PaBHHUHHBIX
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y4acTKaxX C MOHWKCHUSIMH MEXIy OalOYHBIM JaHAMA(TOM, YaCTO B MECTaX BBI-
X0J1a KapOOHATHBIX TopoJ1. Pa3BuTHE JIeCHBIX OMOIIEHO30B ATAJIOHHOW U PEIKOM
TPYNIBI OMPEIEISICTCS IKOJIOTUISCKUMU OCOOCHHOCTSAMU SU(PUKATOPOB U IOMH-
HaHTOB. TakXe pacCMOTPEHHBIE TIPH aHAIN3E COOOIIECTBA XapaKTEPU3YIOTCS YHH-
KaJIbHBIM IOJIO)KEHUEM YypOouull JaHAmadToB U OUOTONNYECKUMU (paKkTopaMu, co-
3MAI0MUMU peQyruyM Ajs reorpaduyecky pa3iuydHbIX M0 MPOUCXOKICHUIO BU-
JIOB, BXOJISIINX B COCTAB CIIMCKOB OXPAHIEMBIX 3JIeMEHTOB (hiopsr [ 1].

Tonpko B MECTOOOUTAHUAX MaMATHUKA MpUposl «JI1o6uH XyTOp» OnucaHbl
coobmectBa cybaccoumauuu Mercurialo perennis — Quercetum roboris
carpinetosum betuli Bulokhov et Solomeshch in Bulokhov et Semenishchenkov
2015, B mecroobutanusax «CrapunHoro napka B Jlsmnuax» (ycanp6a I1.B. 3aBa-
TOBCKOTr0o) — coobmectBa accouuanun Ulmo laevis — Fraxinetum excelsioris
Bulokhov et Semenishchenkov 2008. Otamonnsie cooOmiecTBa accoruanuit
Mercurialo perennis — Quercetum roboris Bulokhov et Solomeshch in Bulokhov
et Semenishchenkov 2015, Vaccinio myrtilli — Quercetum roboris Bulokhov et
Solomeshch 2003 u Geo rivale — Quercetum roboris Semenishchenkov in
Bulokhov et Semenishchenkov 2008, tepputopuansao BeisiBiaennsie 1 OOIIT,
(bJIOPUCTHYECKU U CTPYKTYPHO COOTBETCTBYIOT OMMCAHUSIM UHBEHTAPHU3AI[MOHHBIX
XapaKTepUCTHK B 3eNE€HON KHUTE bpsHCKOI 0011acTH; OTMEYEHO TOIBKO UX MECTO-
MOJIOKEHUE, HE YITCHHOE B JIOKYMEHTE.

B anmpopuTHBIX COCHOBO-IIMPOKOJIMCTBEHHBIX JIECOB accolmanuu Vaccinio
myrtilli — Quercetum roboris nenodopa pencrasieHa 76 BUIaMu, CpeIHee o-pas-
HooOpasue — 35 BuaoB Ha 400 M?; B THIPO-ME30(UTHBIX HIMPOKOJIUCTBEHHBIX JIECAX
accouuanuu Geo rivale — Quercetum roboris nenodnopa u3 72 BUI0B, CpEIHEE O
pa3HooOpasue — 32 Buaa; B Me30(hUTHBIX HEMOPATLHOTPABHBIX ITMPOKOIUCTBEHHBIX
necHbIx 6notieHo3ax Mercurialo perennis — Quercetum roboris uenodnopa cocTout
u3 68 BUIOB, cpeqHee o-pasHoodpasue — 30 BumoB. B nieHodiope necHbIX (uTolie-
Ho30B Ha OOIIT omnucansl Buabl pernoHanbHoM Kpachoit kuuru — Digitalis
grandiflora, Sanicula europaea, Lilium martagon, pacTeHuss MOHUTOPHHIOBOTO
cnucka — Pyrethrum corymbosum, Anthericum ramosum, Epipactis helleborine.
®dparMeHTHPOBAHHBIC MACCUBBI STAIOHHBIX COOOIIECTB HA OXPAHSIEMBIX TEPPHTO-
pusix 6e3 6ydepHoit 30HBI CO31al0T OMOTONMUYECKHE YCIOBUS JJISi MEHBILIETO YKcia
PENKHUX M HYKIAIOIIUXCS B OXpaHe BUIOB; 3apPETUCTPHUPOBAHHBIC BUIbI TIPEICTAB-
JICHBI MAJIOYMCIICHHBIMY [IEHOIOYJISIIUSAMY ITOHKEHHON JKU3HEHHOCTH [6; 7].

borarctBo 1eHO(IOPH! U yBEIMUYEHUE BUOBOW HACHIIIEHHOCTH CBUAETEIb-
CTBYET O MPOTEKaHUH JeMYTAIIMOHHBIX IPOIIECCOB U CMEHE KOPEHHBIX COOOIIIECTB.

B Ouoronax mamsTHHKa npupoabl «JItooun XyTop» ommcaHbl (PUTOLEHO3BI
penkoi cybaccouuanuu Mercurialo perennis — Quercetum roboris carpinetosum
betuli Bulokhov et Solomeshch in Bulokhov et Semenishchenkov 2015, koTopsie
c(hOpMHUPOBATUCH NIPH CIIOHTAHHOM 3apacTaHWU CTAPUHHOIO yCajeOHOTO Mmapka ¢
PEAKUMU HHTPOIYIICHTAMHU, B TOM YHCJE ¢ TpaboM oObIKHOBEHHBIM. LleHO(0pa
cybacconuanuu BKIIO4aeT 45 BUAOB, CpeHee a-pasHooOpasue — 21 Bua Ha 400 M2,
JlecHble HacaX/I€HUS TEMHBIE, C IPKO BBIPAKEHHOUW MOJICTUIIKON, ¢ HE3HAUUTEIIb-
HbIM BO300HOBIEHHEM rpaba u Ayba uepemrdyaroro. BBuay npouspactanus
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COOOIIIECTBA HA TEPPUTOPHUH AEMYTAIMK U 00€THEHHS OMOpa3HOOOpa3us BBULY OT-
CYTCTBMSI IMAcIOp BUIOB, UHBa3UM HEKOTOPBIX BUAOB-TPAHC(HOPMEPOB BHUIOBAs
HACBHIIIEHHOCTh MEHbIIIE, YeM PACCMOTPEHHAs Il MOAEIBHOTO ONMCaHuUs 3enEHOI
KHUTH. B 11eHO(10pe He OTMeUeHBI peIKrue BUIbI PETHOHAIBHOTO CIIMCKA OXPaHsI-
€MbIX BUJIOB.

Jns 6uoTonoB naMaTHuKa npupoab! «CtapuHHbIi napk B Jlsmnuax» Cypax-
CKOT'0 paiioHa OMHCaHbl ME30()UTHBIE HEMOPATLHOTPABHBIE SICEHEBBIC JIeca PEIKO
BcTpeuatoweiicss acconuauuu Ulmo laevis — Fraxinetum excelsioris Bulokhov et
Semenishchenkov 2008, xotopbie Takke opOpMUIHCH NP MPEKPALICHUN JaH[-
madTHO-MapKOBBIX paboT B cepeanne XX B. BumoBoii coctaB 1ieHO(IOpH acco-
nmaruy — 47 BUIOB, cpeHee a-pazHoodpasue — 17 Bugos Ha 400 M2, OXpaHIeMbIX
10 PErMOHAJIBHBIM CIIMCKAM BU0B, YKAa3aHHBIX Ul 3TUX (PUTOLIEHO30B, B MaTepu-
anax 3eq€HOM KHUTU HE BBISBIICHO.

Kcepomeszodutasie neca coobmectBa Lathyro nigri — Quercetum roboris
Bulokhov et Solomeshch 2003 omucans! 1151 MecTooOuTaHUH 1ora U rieHTpa bpsH-
ckoii obmactu Ha OOIIT: nenodnopa npeacrasnena 80 BuIaMu, CpeHee o-pa3Ho-
obpaszue — 57 BuoB Ha 400 M. Jleca BBIIOJNHAIOT PONIb peyruyMa s IIEHHbIX B
Cpenoo0pa3yroleM 1 CO30JI0rMUeCKOM 3HaueHUH BUI0B. Co0011ecTBa B MEHbBILIEH
CTEIEHH IMOJIBEPrajIiCh MPUPOIONPeodpasyolieii 1esTeIbHOCTH BBUIY Pacoio-
KEHHUS Ha CKJIOHAX 0aJIOK, a TaK)Ke pa3BUTHsI HA OTHOCUTENIBHO OOTaThIX KapOoHAT-
HBIX [TOYBaX.

['urpome3o¢uTHble MONMEHHBIE yOOBBIE Jieca, PEAKO PACIHpPOCTPaHEHHBIE,
3aperucTpupoBaHHble Kak coobuectBa accounauuu Filipendulo ulmariae —
Quercetum roboris Polozov et Solomeshch 1999 in Semenishchenkov 2015 xapak-
TEPU3YIOTCSI HU3KUM YHUCIOM BHUJOB B LieHO(Iope — 38, HU3KUM a-pa3HOOOpa-
3ueM — 24 Buna Ha 400 M2, OT MOJENbHBIX ONUcaHuii 3enéHoil knuru BpsHCKoit
o0acT (PUTOLEHOIOTMYECKUE XaPAKTEPUCTUKU MPOAHATM3UPOBAHHBIX OMIMCAHUHA
OTJIMYAET OTCYTCTBHE OXPaHSIEMbIX BUIOB, HU3KHE ITOKa3aTeln (PUTOPa3HOOOpas3ust
BBUJly U3MEHEHMH B pe3yJbTaTe MOCTAHTPOIOI€HHOTO BOCCTAHOBIICHUS, peKpea-
IIUOHHBIX U3MEHEHHUH U €CTECTBEHHBIX CYKIIECCHOHHBIX MTPeoOpa3zoBaHuii.

DKOJIOT0-(PHUTOIIEHOIOTHIECKUE YEePThI PACCMOTPEHHBIX COOOIIECTB PA3HSTCS
JUTSI MECTOOOMTAaHUH TAMATHUKOB MpUpOo bl (Tad. 1).

[Tpu ananuze xapakTepUCTHK OMOpazHOOOpa3usi AJs JIECHBIX PAaCTHTEIbHBIX
cOOOIIECTB OTMEUEHBI PA3INYMs B YHCIIE BUAOB LIEHO(IOPHI KaXKAOr0 MECTO00u-
TaHUs U 0-pa3HOOOpa3us: 3TU MOKA3aTeNN ONPEAEIIAIOTCS HETOCPEACTBEHHO KaTe-
ropueil GUTOILEHO3a U COBOKYITHOCTBIO CPEA000pa3yIOUINX IKOJOTMYECKUX (ak-
TOpOB. BrusiHIE Ha YUCIIO BUIOB B OMMCAHUSAX HA PETIEPHBIX TUIOMIA/IKAX U B LIEJIOM
COCTABIISIIONINX JIECHOE COOOIECTBO MPU PAHIOMHBIX OIMCAHMAX OKa3bIBACT W
pUpOOIIpeodpa3yoLas AesTeIbHOCTb, KOTOPOM 3aTPOHYThI BCE OMOLIEHO3bI CTa-
POOCBOCHHOT'O peruoHa. B HamOoIbIeil creneHu JiecHbIe coobImecTBa 3enéHon
KHUTH PErvOHa WCIBITHIBAIOT AHTPOIIOTEHHOE BO3ICHCTBHE B MECTOOOMTAHHSIX
MaMITHUKOB Tpupoabl «J{oOpyHckue ckionws» (bpsHckuii paiion), «/lyOpaBa
Hecsaryxa» (CraponyOckuii paiion), «Bmagumupckas ny6pasa» (Komapuuckuit
paiion). IlpeacraBieHHOCTh 53I€MEHTOB (puTOpazHOOOpa3uss B COOOIIECTBAX
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Pa3IMYHbIX acCOLMAIIN, paBHO KaK U BUOBasi HACBIIEHHOCTh, TAKXKe ONpeaes-
eTcs IUIOUIAJIbI0 OXPAaHAEMBIX HPUPOAHBIX TEPPUTOPUH, HanuuueM OydepHOil
30HBI U (PUTOLICHOTHYECKUM OKPYKEHHEM B Hell — (hakTopaMy HAIWYHS AUACIIOP
BUJIOB PACTEHUH, B TOM YHCJE U PapUTETHBIX 371eMeHTOB (iopel. Tak, oTHOCH-
TEJIbHO HU3KHME 3HaYeHMs NoKa3aTenaed 6Mopa3HooOpas3usl BBIABIEHBI Ul TEPMO-
¢GuIbHBIX TyOpaB MaMsATHUKOB NMpHPoibl «JloOpyHCkue ckioHsbl, «JlyOpasa Jlecs-
Tyxa», «PéBHBI», «CTapuHHbI napk B Jlsmuuax»2. B 6MOTONAX 3THX OXPaHIEMbIX
TEPPUTOPUI MOHUTOPUHIOBBIE cOOOIIECTBA 3€IEHON KHUTM MOJBEPIIIMCh HAau0o-
Jiee 3HaYUTEIbHBIM U3MEHEHHUSM — CTPYKTYPHBIM U (PyHKIIMOHANBHBIM. BBUY He-
BO3MO>XHOCTH U3MEHEHUSI OPraHU3allMOHHO-IIPABOBOI0 CTaTyca MAMSITHUKOB ITPH-
POJIbI M KpaiiHell cTenenu npeoOpa3oBaHHOCTHU JaHAIA(TOB B palloHax pacmnoio-
KEHUS OXPAHAEMBIX TEPPUTOPUIA HEOOXOAUMO MTOCTOSIHHOE HAOIIOICHHE 32 JIMHA-
MUYECKUMU TPOIIECCAMH B STAIIOHHBIX M PEAKUX coo0ImecTBax [§].

Tabnmya 1. Moka3aTenu anemMeHTOB GMOPa3HOOOPa3us NeCHbIX COOOLECTB
Ha OXpPaHSIeMbIX TEPPUTOPUSX

MaMATHUKN NPUPOAL! Yucno BUOOB | a-pa3HooOGpa- Unpekc Yucno uHBa-
ueHodnopsbl 3une LleHHOHa 3UBHbIX BUAOB
Accoumnauns Mercurialo perennis — Quercetum roboris

1 PEBHbI 59 28,2+ 2,6 1,54 2

2 PéBeHckune aybpassbl 72 34,5+ 2,7 1,52 1

7 Cemeukas nybpasa 68 33,4+ 2,9 1,46 1

10 CtapuHHbIN Napk B Jiannyax 59 29,2+ 2,5 1,41 1
Accoumnaumnsa Geo rivale — Quercetum roboris

4 BbpacoBckas oyopasa 75 38,5+ 3,3 2,22 1

7 Cemeukas gybpaBa 74 37,1£ 3,0 2,14 1

8 lybpasa [ecsaTtyxa 67 29,9+ 27 1,16 3
Accounauus Lathyro nigri — Quercetum roboris

2 PéseHckune nybpaBbl 77 59,3+ 3,5 2,21 2

4 BpacoBckas oyopasa 72 58,2+ 3,7 2,14 2

5 CeBckas nybpasa 69 51,5+ 3,1 2,10 2

6 Bnagnmupckas nybpasa 65 50,8+ 3,4 1,95 2

8 Jyb6pasa JecsTtyxa 61 45,3+ 3,0 1,67 3

9 [106pYHCKMNE CKITOHbI 59 44,9+ 3,1 1,62 3
Accoumnaums Filipendulo ulmariae — Quercetum roboris

1 PEBHbI 37 29,4+ 2 1 1,14 1

8 Oy6pasa JecaTtyxa 32 26,5+2,0 1,10 2

9 [,o6pyHCKME CKIOHBI 30 22,8+ 1,8 1,07 2
Accoumnauuns Vaccinio myrtilli — Quercetum roboris

4 Bpacosckas nybpasa 79 38,2+ 3,1 2,52 1

7 Cemeukas nybpasa 75 33,9+ 3,0 2,49 1
Accoumnaums Ulmo laevis — Fraxinetum excelsioris

10 CrapuHHbI Napk B Jlsauyax 47 | 6,5+ 1,1 | 1,14 | 2
Cybaccounaumss Mercurialo perennis - Quercetum roboris
carpinetosum betuli

3 XyTop JliobuH 45 | 20,7+£1,3 | 1,28 | 2

HctoyHumk: coctasneHo A.A. NanBopoHckon, J1.H. AHNLLEHKO.

2 [locranosienne AqMunucrpaiuu Bpsuckoii o6mactu ot 28.07.2010 1. Ne 755 «O6 yTBEp K IeHAN
MIOJIO’KEHUH ¥ TTACTIOPTOB 0c000 OXpaHsAEMBIX IPUPOAHBIX TeppUTOpHUil B bpsinckoM, I'opaeeBckom,
JlsaTbkoBCKOM, 3ibIHKOBCKOM, KapaueBckoMm, KmmmockoMm, KrnmumosckoMm, Komapuuckom,
Kpacunoropckom, Haenuackom, HoBo3bi0koBckoMm, [Touenckom, Poraemuackom, Cesckom, Crapo-
nyockom, CypaxkckoMm, VYHeUYCKOM paifonax bpsHckoit ob6mactu». URL:  https:/brn-
gov.ru/doc/10996 (nata odpamenus 10.08.2024)
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WuBenTapusanus snemeHToB (uropasHoodpasus Ha OOIIT HeuepHozembs
PO, Briouaromas cooOLIecTBa pa3IUYHbIX KAaTEeropuil peruoHanbHOU 3enéHoi
KHUTH, BBITIOJTHEHA HAa OCHOBE JKOJIOTO-(IOPUCTHUECKOW KIIACCU(PHUKAINU, UTO
MIO3BOJISIET BBISIBUTh COOTHOIIEHNE CHHTAKCOHOMUYECKUX €MHUI] C KaTerOpusiMu
knaccudukaunn Mmecroooutanuii EUNIS. HecmoTpst Ha TO 4TO 1IeHTpaIbHBIM I10-
HATHEM OOILEeeBPONecKoi MHPOPMAIMOHHON CHUCTEMBI O MPHUPOJE BHICTYMAET
KITIOYEBOI OMOTOII, BCE MECTOOOHMTAHMS HEMOCPEICTBEHHO TUATHOCTUPYIOTCS TI0
pacTUTENIbHBIM COOOIIECTBAM, THIIOJIOTUSI KOTOPBIX HanOoJiee MOIHO OIMChIBACTCS
o cucteme JK. bpayn-bnanke. CornacHo yCOBEpIIEHCTBOBAaHHOM KJIaCCU(PUKAIINH
MecTooOuTaHui eBporneiickoit sxcnepTHoit cucrembl EUNIS-ESy, co3nanHoit Be-
nyummu ¢utouenosnoramu EBpomnbl non pykosogctsom M. Chytry (2020), npu-
Hajanexat K Tuny T — JlecHble U IpyTue JecHble 3eMIU. DTa pa3HooOpa3Has rpymna
TeTepPOreHHa U B OXPAHAEMBIX NMPHUPOTHBIX TEPPUTOPHUIX CTAPOOCBOCHHOTO PErv-
OHa BKIItoUaeT ueThipe kiacca [9; 11]. Oto kateropuu T1B — aunnodurHeie neca ¢
Quercus: accouuanust Vaccinio myrtilli — Quercetum roboris Bulokhov et
Solomeshch 2003 (stanionHoe coobiiecTBo); T19 — ymepenHsie u cyOcpeu3eMHO-
MOpCKHE TepMO(DUIbHBIC JIMCTBEHHBIC Jieca: ME30(UTHBIE HEMOPATbHOTPaBHBIE
HIMPOKOJIUCTBEHHBIE Jieca — Mercurialo perennis — Quercetum roboris Bulokhov
et Solomeshch in Bulokhov et Semenishchenkov 2015 (aTamonHoe cooOIIecTBO),
TUrpO-Me30(UTHbIE MIUPOKOIUCTBEHHbIE eca — Geo rivale — Quercetum roboris
Semenishchenkov in Bulokhov et Semenishchenkov 2008 (3tamonHoe coobiie-
CTBO), KCEpO-Me30(UTHBIE IIUPOKOIUCTBEHHBIE Jieca — Lathyro nigri — Quercetum
roboris Bulokhov et Solomeshch 2003, me30¢puTHBIE HEMOpPATLHOTPABHBIE SICEHE-
Bble Jieca — Ulmo laevis — Fraxinetum excelsioris Bulokhov et Semenishchenkov
2008; T13 — ymepeHHbIH JTUCTBEHHBIH PUOPEKHBIN Jec: coo0IIecTBa TUrpo-Me-
30(h)UTHBIX TMONMEHHBIX AYyOOBBIX JiecoB accouuauuu Filipendulo ulmariae —
Quercetum roboris Polozov Solomeshch 1999 in Semenishchenkov 2015 (peaxoe
coobmectBo). KocBenno neca ¢ rpabom 0OBIKHOBEHHBIM, BOCCTAHABIUBAIOIINAECS
B XO/I€ IEMYTAIlMOHHBIX CMEH IPHU HATUYUH JHACTIOP, MOXKHO OTHECTH K KaTETOpUHU
T1E neca ¢ Carpinus: cybacconmauus Mercurialo perennis — Quercetum roboris
carpinetosum betuli Bulokhov et Solomeshch in Bulokhov et Semenishchenkov
2015 (pemxoe coobmiectBo) [11]. Tak kak Bce oxapakTepH30BaHHBIE B XOJE
OMOMOHUTOPHHTA COOOIIECTBA B TPAHHIIAX OXPAHSIEMBIX MPUPOIHBIX TEPPUTOPHIA
UMEIOT HEeOOJbIINE IUIOWAaA1, CPOPMHUPOBAHBI B XOJI€ €CTECTBEHHBIX MPOLIECCOB
7ecoo0pa3oBaHus, B TOM YUCIIEe U OMOJIOTHUECKUX HAPYIIEHUH, aHTPOIIOT€HHOTO
BO3CHUCTBUS, UX CTPYKTYPHbIE, BUJIOBBIC XapAKTEPUCTUKHU ITPETEPIIETH U3MEHEHUS
[0 CPaBHEHHUIO C MOJECIbHBIMHU OMUCAHUAMU [5]. DTH U3MEHEHUS U OTPAKEHBI B
XapaKTepu3yroIeld CHHONTUYECKON TabIuIle KaK MHBEHTapU3allMOHHOM KaTajlore
(UTOIICHO30B U XapaKTEPUCTUKE OMOTOIIOB: ATH «CPE30BBIE) OMUCAHUS COOOIIECTB
UMEIOT OO0NbLIOE NMPOrHOCTHYECKOE 3HAUEHHE B MPOCHEKTMBHOM MOHUTOPHHIE
CYKIIECCUI JIECHOW PACTUTEIILHOCTH.
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Xapaxkrepusyromas Tabnuua cybaccouuanuu Geo rivale — Quercetum roboris
saniculetosum europae NEMOHCTPUPYET COBOKYIHOCTH BHJOB, C JIOMHUHHUPOBA-
HueMm Quercus robur, KOTOpble CBUAETEIHCTBYIOT O TPUHAIIICIKHOCTH COOOIIEeCTBA
cybaccoluanuu K HKOJIOr0-OMOJOrMYECKON Tpynre TUrpo-Me30(UTHBIX JIECOB
OxnHoro Heueprnozempst PO (tabi. 2).

Tabnnua 2. Xapaktepu3yiowaa Tabnuua cy6accounauun Geo rivale — Quercetum roboris
saniculetosum europae subass. nov. prov. hoc loco

Homep onucaxnus Apycbi| 1 2 3 4 5* 6 7 8 9 10
BbicoTa ApeBecHoro spyca, M 22 | 24 | 26 | 22 | 22 | 24 | 25 | 22 | 23 | 28
COMKHYTOCTb KPOH A PEBECHOIrO
apyca, % 50 | 50 | 55 | 50 | 50 | 55 | 50 | 60 | 55 | 50
COMKHYTOCTb KYCTapHUKOBOIO e
apyca, % 30 | 30 [ 25 | 25 | 20 [ 20 | 20 | 20 | 20 | 20 5
O6uee NokpbITUE TPABAHOIO z
apyca, % 45 | 50 | 55 | 60 | 55 | 60 | 60 | 60 | 55 | 55 o
Yucno Buaos 25 | 30 | 26 | 26 | 283 | 24 | 28 | 25 | 28 | 25 g
XapaKkTepucTuKu NoYBbI: =
BNIAXHOCTb 6,0 58|57|59|59|6,1|6,1|58]|57]5,8
KWCNOTHOCTb 6,8 |6,7|6,4|64|64|65|62|64|64]|6,5
o6ecrneyeHHOCTb MUHEPATTb-

HbIM 230TOM 54 |54|55|55|56|54|57]|57]|58]|5,6

AnarHoctmnyeckune Buapl accoumaunmn Geo rivale — Quercetum roboris
Quercus robur A 2 3 2 3 2 2 2 2 2 2 V?
Quercus robur B . . . + . . . . . + I
Impatiens noli-tangere D 2 1 1 2 1 1 2 1 1 1 V!
Geum rivale D + + + + + + + + + + V'
JuarHocTtuyeckne sugpl cybaccoumaumm Geo rivale — Quercetum roboris saniculetosum europae
Sanicula europaea | D [+ 1+ ]+t ]+t 11 +1T+71WV
AunarHocTtuyeckne snapl coio3a Querco roboris — Tilion cordatae

Picea abies A . + + . i3 . . . . . "
Corylus avellana C 1 + 1 + s + + + + + V*
Euonymus verrucosa C . + r . r + + + + + \'A
Picea abies C + r . . . . I

AvarHoctnyeckue suapl nopsiaka Fagetalia sylvaticae

Pulmonaria obscura D 1 + + + + 1 1 + 1 1 V'
Majanthemum bifolium D + r + r s + . . . 11
Athyrium filix-femina D r . . r r . . r . r 11§
Scrophularia nodosa D . + . . r . . r r r 11§
Anthriscus sylvestris D + . . + . . + . . . I
Dryopteris filix-mas D . r r . . r r . . . I
Paris quadrifolia D r . r . r . . . r I
Convallaria majalis D + + . . . . + . I
JuarHocTtuyeckne Buapl knacca Carpino-Fagetea
Acer platanoides B 1 + + + + 1 1 1 + + V'
Lonicera xylosteum C r . + r . r r . I
Viburnum opulus C . r . . . r + . r r 11§
Mycelis muralis D + + + + + + . + r r A
Stellaria holostea D 1 1 + + 1 + + + + \'A
Anemona ranunculoides D r r r r r + . + \'A
Polygonatum multiflorum D r r r . . I
Carex pilosa D r r . . r r r . . 11§
Milium effusum D + . r . + . . . + + 11§
Paris quadrifolia D r r . r r r r . . 11§
Asarum europaeum D + + "
Melica nutans D r r r I
Geum urbanum D r r . r r I
Corydalis cava D r r . + I
Aegopodium podagraria D s I
Lathyrus vernus D + + I
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OkoH4YaHue 1abn. 2

Homep onucaHus Sipycbl| 1 2 3 4 5* 6 7 8 9 10

MocTosiHCTBO

Lathyrus vernus
Glechoma hederaceae
Viola mirabilis

Actaea spicata

0|0|0|0
=

r r . . . . . I
[Mpo4vre Buabl
1 + 1 + 1 1
+ . + + + +
r r . r . r

_
—_

Populus tremula
Frangula alnus

Sorbus aucuparia
Padus avium

Betula pendula
Veronica chamaedrys
Lysimachia nummularia
Fragaria vesca
Dryopteris carthusiana
Rubus caesius

Rubus idaeus

Urtica dioica

Lathyrus niger
Lysimachia vulgaris
Moehringia trinervia
Viola riviniana

Primula veris

Solidago virgaurea
Trientalis europaea
Pteridium aquilinum

+

+
[+ +[™

=

r I
I
r I
. . . . r I
+ + . . . . . I
. r . . . . . r . I
r . . r . . . . . I
r r . . . . . . . I
r . . . . . . . r I
r . . r . . . . . . I
r r . I

O|0(|0|0|0|0|0(0|0|0|0|0(0|0|0(m|0[0|0|>
=
= |[=|=(=

lNMpumedaHne. BcTpeyeHbl B ogHOM onucaHnun: Stellaria graminea 1 (+), Uimus glabra C 4 (+), Galium odoratum
3 (+), Crepis paludosa 9 (r), Adoxa moschatellina 7 (r).

MyHKTHI ONUcanuii: 1-5 — namaTHuK Npupoabl bpacosckas nybpasa, Bpacosckuii panoH, BpsHckas o6nacTb;
6-8 — namaTHMK npupoabl Cemeukas aybpasa, MNodyenckuin paroH, bpsaHckas obnacTe; 9, 10 — naMATHUK
npuposbl ybpasa Aecatyxa, Ctaponybckuin paiioH, BpsiHckas obnacTb.

* — HOMEeHKNaTYpPHbIV TUN cybaccoumnaumn.

fApycol, h: A — nepBbI APEBECHbIN NOABAPYC; B — BTOpON apeBecHbIn noabapyc; C — nognecok (KyCTapHUKO-
Bblli); D — TpaBsHo; E — MOXOBOWA.

UcTounmk: coctaBneHo A.A. lNarBopoHcKon, J1.H. AHULLEHKO.

[TepBbiit MOABSIPYC APEBOCTOS MPEACTABIEH TyOOM YepelrdaTbiM ¢ IPUMECHIO
Populus tremula, Picea abies, no 6e3 Tilia cordata, 3aperucTpupOoBaHHOM 117151 OMO-
LIEHO30B OCHOBHOM accouuaiuu. [Ipu pa3pesxeHHOM JpeBOCTOE SICHO BBIIEISAETCS
BTOPOI IOABAPYC U3 Acer platanoides. X0opouio pa3BUTHIN MOJJIECOK OTCYTCTBYET,
on mpencrasieH Corylus avellana, Euonymus verrucosa, Lonicera xylosteum,
COMKHYTOCTh KyCTapHUKOBOTO sipyca He mpeBbimaet 30 % [12]. CnemoBaTensHO,
[0 CPaBHEHUIO C MECTOOOUTAHUSAMHU OCHOBHOH accommauun Geo rivale —
Quercetum roboris, CBETOBOI PeKUM TPABSIHOTO sipyca Ooiee 0J1aronpusiTHBIN: CO-
XPaHSOMIAsACA MO3aWYHOCTh TPABSHOTO sipyca MpPEACTaBI€Ha HEMHOTOYHCIICH-
HBIMH BHJIAMH HEMOPAJILHOTO BBICOKOTPaBbS M (PUTOTCHHBIMH MO3aUKaMU W3
Sanicula europaea — Buna Kpacnoii kuuru bpstackoit o6nactu. Coobiectsa cy0-
aCCOIMAIIMU PACIPOCTPAHEHBI M0 MUKPOTIOHWKCHHSIM, BHEIIHHNA OOJIMK-aCIIeKT
XapaKTepU3yeTcsl pa3peKeHUEM JIPEBOCTOSI, YaCTO «JIECHBIMU OKHammu». VIMeHHO
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abMOTHYECKHE PKOJIOTHIECKHE (DAKTOPHI OCBEIIEHHOCTH M YBIKHEHHS B TIEPBYIO
ouepeb CTUMYJIHUPYIOT BET€TaTUBHOE pa3pacTaHUe U CEMEHHOE yBETUUEHHUE YnC-
JICHHOCTH TIOJUIECHUKA €BPOIIEHCKOTO.

BunoBas HachIIIEHHOCTh B COOOIECTBAX acCOIMALUU MU3MEHsSeTcs oT 23 1o
30 BumoB; neHoduiopa BkIodaeT 55 BuaoB. OcHOBa 1EHOMIOPH MpeIcTaBlIeHA
apdunHBIMM BuaaMu knacca Carpino-Fagetea. CooOmiectBa cybaccouuaiyu pac-
MIPOCTPAHEHBI 110 TIOHW)KEHHBIM, IPEHUPOBAHHBIM MECTOOOUTAHUSM CO CITa0OKHC-
neiMu TTOuBamMH (6,4 6anna), OT CBEXKHUX JI0 BIAKHBIX (5,9), yMepeHHO o0ecnedeH-
HbIX a3oToM (5,5). Takum oOpa3om, BbIIENEHHE Pa3HOOOPa3HBIX (PUTOIIEHO30B
B paMKax 3TaJOHHBIX cooOriecTB 3enéHoil kHuru bpsHckoi o0nactu mo3Bosser
paccMaTpuBaTh 3TO SIBIICHHE KaK CBHIETEIBCTBO T€TEPOTEHHOCTH OMOTOMMYECKIX
YCIOBUH Ha OXPaHSAEMBIX TEPPUTOPHUSAX, KOTOPbIE CHOCOOCTBYIOT MOBBIIICHUIO
¥-pa3HO00pa3usi CTAPOOCBOSHHOTO PErHOHA.

3aknoyeHue

Bce n3ydyennsle B OMOMOHUTOPUHIE PEIKUE U ATAJOHHBIE COOOIECTBA acco-
LMauUil JIECHON pacTUTENBHOCTH B MECTOOOUTAHUAX NAaMSATHUKOB IIPUPOIBI COOT-
BETCTBYIOT (DJIOPUCTHUYECKU, CTPYKTYPHO MOJICTHHBIM OMMCAHUAM 3€IEHON KHUTH
Bbpsinckoit obnactu. Jlunamuka nokaszateneit ieHO(I0psbI, (IOPUCTUYECKOI HACKI-
IIEHHOCTH, BUI0BOTO pa3HO00pa3us i KaKA0ro OMOIIeHO03a B OIMCAHUAX OIpe-
nensercs 3kodaxkTopamu: (parMeHTanueil TeppUTOPUN, UHTEHCUBHO NMPOTEKAato-
IUMH  JIEMyTallUOHHBIMA CMEHAMHU PACTUTENBHBIX COOOINECTB, OTCYTCTBHEM
OydepHOii 30HBI B MaMATHUKAX MPUPOIBI U, KaK CIEICTBUE, TUACIOP HEKOTOPHIX
«JIECHBIX» BMJOB, IpupoaonpeolOpasymomeil aesreabHocTbio B 1950-1970-¢ rr.
Y MEJIEHHBIMU BOCCTaHOBUTEIbHBIMU Iporieccamu. HekoTopeie 3k0(UTOLIEHOTH-
4yecKue nokasarenu — uuaekc lllenHona — Yusepa — onpeaenstorcs U IUIOMAIbIo
PErHOHANIBHBIX OXPaHIEMBIX TeppuTOpUid. JIecHbIE COOOIIeCTBA — KCEPO-Me30(HUT-
HbI€, ME30(UTHBIE U TUTPO-ME30(UTHBIE JIECHBIE OMOLIEHO3bI — PePYTHyMbl CTEHO-
TOMHBIX BUOB: JIECOCTEMHBIX M CTEMHBIX, FOKHBIX M CEBEPHBIX (B 3aBUCHMOCTH
OT MECTOIOJIOXKEHUS COOOILECTB), YTO AETAET UX POJIb B IKOJIOTMYECKOM KapKace
TeppuTopun HezaMeHuMou. lleHodopa necHBIX cOOOIIECTB MIECTH acCOIHAIIi
U onHOW cybaccoumanuu BKiIrodaeT 140 BUIOB — BBICOKOE (hropucTHYECKOE
pa3zHooOpa3ue OTpakaeT IreTepPOr€HHOCTh YCIOBHM MECTOOOMTAaHUN U IKOJIOro-
00TaHMYECKOT0 CBOEOOpa3msi SKOTOHHOM 30HBI B bpsiHCKOI 00macTu. OUTOIIEHO-
TUYECKE OKPYKEHHUE JIECHON PaCTUTEIbHOCTH PETHUOHATBHON 3eNEHON KHUTH CIIO-
COOCTBYET BOCIPOM3BEACHUIO MOMYJIALUN PEJKUX BUIOB: MOAJECHUKA €BpOIEH-
CKOT0. buonHBeHTapU3aMOHHOE OTPaKEHNE MOMYJISIIMOHHON TUHAMUKHU AUATrHO-
CTMYECKOI'0 BUJA — BbIACICHHE B KJIacCU(UKALMOHHONW cUCTeMe CyOaccoluauu
Geo rivale — Quercetum roboris saniculetosum europae. B cBs3u C 3TUM 11e51€CO-
00pa3HO MPOJOIKHUTH Pa3pabOTKy CHHTAKCOHOMHUYECKHX PEUICHHH U OMHCAaHUE
CUHTaKCOHOMHUYECKOTO pa3HO00pa3usi, KOTOPbIE MO3BOJISAT BBIJIEIUTh HOBbIE CHH-
TaKCOHOMHYECKHE €IUHUIIBI, HanbOoyiee 3HaUnTeIbHbIC 111 OMOMOHUTOPUHTA KaK
PEeAKUX, TaK U 3TAJOHHBIX JIECHBIX CO00IIECTB 3€/IEHON KHUTH.
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N3ydyeHne OMOTONMMYECKON MPUYPOUYEHHOCTH JIECHBIX (PUTOLIEHO30B IO €BPO-
nerickoit cucreme mecroodutanuii EUNIS nmokazano Hanuuue neHHBIX ¢ TPUPOJIO-
OXpaHHOM TOYKHU 3peHUsi OMOTONOB B CHUCTEME NaMSATHUKOB IPUPOJbI pErHOHA —
T — «JlecHble U ApyTHE JIECHBIE 3€MJITNY, BKIIOYAIOIINX JyOOBBIE JIeca Pa3HbIX KO-
JIOTUYECKUX PEKUMOB C OTPOMHBIM Cpe000pa3yoIMM 3HAYEHUSIM. DTH JIECHbIE
HACaXXJICHUsl HYXXIAIOTCS B JaibHelnieM OuomMoHuTopuHre. KOCBEHHO 4YeThIpe
BapuaHTa Kateropuu T oTpaxkaroT U JaHAmadTHOE pa3HOOOpa3ne, KaXblil U3 HUX
BKJIFOYAET CTEHOTOIHBIE BUAbI KAK UHIUKATOPBI IKOYCIOBUM.

[IpencraBieHHbIE UCCIEIOBAaHUS UMEIOT OOJBIIOE 3HAUEHUE B CBETE paspa-
OOTKM KOHIICTIIIMUA KJITIOYEBBIX OHOTOMOB M MPUYPOYECHHOCTH PACTHTEIHLHOCTU
K PEIKUM MECTOOOHTaHMAM, anganTamnun dkcneptHor cucteMbl EUNIS-ESy (2020)
K YCJOBHSM 3HAUUTENBHOI'O pa3HOOOpa3usi 3KoJIOrudeckux ycioBuil Poccuw,
a TakXKe Ui Iepen3/laHusl peruoHaIbHON 3eE€HOM KHUTH C HOBBIMU OMOMOHHUTO-
PUHTOBBIMH 0a3aMHU.
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OnbIT U3y4YeHUud nocneacTeuii aBapum Ha HepHoObinbckoit ADC
B C€JIbCKOM HacesieHHOM NyHKTe Ha npumepe cena HoBble
Bo6oBuun HoBO3bLIOKOBCKOro paiioHa BpaHckoi o6nacTu
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AnHoTtaums. [IpencrapneHsl pe3yabTaTbl MHOTOJIETHUX UCCIIEIOBAaHUHN palualliOHHON U
COLIMANBHO-3KOHOMUYECKOi 00cTaHOBKH B cene HoBeie boOOBHYM, OCHOBaHHBIC HAa aHAJIM3E
JIAaHHBIX TIOJIBOPHBIX 00CIEIOBAHNH H 3aITUCEH U3 JOMOBBIX KHUT. MHUTpaIus 137Cs B nacenen-
HOM ITyHKTE, PaliOAKTHBHO 3arps3HEHHOM Tocie aBapun Ha YepHoObIIbcKOW ADC, MOXKET
OBITH ONKCaHa JIByMsl KOMIIOHEHTaMHU: B MepBble 15 neT ¢ mepuogoM mnoiypacnaga 7,5 rojaa,
a B TIOCJICYOIME TOMBI C MEPHOJOM paJroakTUBHOTO pacrana — 30 ser. J{nst cenuteOHbIX
PaJMOAKTHBHO 3arpA3HEHHBIX TeppuTopmii Ha yposHe 1 MBr/M? mo '*’Cs koHcepBaTHBHBIE
OLIEHKHU JT030BBIX HArpy30K Ha Pa3lUYHbIE IPYMIbl HACEIEHUS MOKa3bIBAIOT, YTO MaKCHUMallb-
HBIE J103bI BHEIIHET0 00IyueHHs 3a IepBble 35 jeT nociie apapuu He npepbimany 100 M3B.

KnioueBble coBa: 4epHOOBUTECKYE BBITIAICHHS, IOABOPHBIC 00CIICTOBAHNS, 1032 BHEIII-
Hero o0iryueHus, JeMmorpadusi, IpOU3BOACTBO CEIbXO3MPOLYKIHH

BxJ1ax aBTOpoB. Bee aBTOpHI cenany SKBUBAICHTHBIN BKJIAJ( B IOJTOTOBKY ITyOIHKAIIN.
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Experience in studying the consequences of the Chernobyl
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Abstract. The paper discusses the results of long-term studies of the radiation and socio-
economic situation in the village of Novye Bobovichi. The research is based on the analysis of
homestead inspections data and records from the house registers. During the first 15 years after
emergency contamination the migration of *’Cs can be described as an exponent with a half-
life (T'2) of 7,5 years and a life (T) of 30 years during the following period. For residential
areas contaminated as a result of the Chernobyl accident at the level of 1 MBg/m? for *’Cs,
conservative estimates of accumulated doses on various population groups show that maximum
external exposure doses for the first 35 years after the accident were no higher than 100 mSv.
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BeBepeHue

Axkanemuk P.M. AnekcaxuH 4acTo Ha3bIBall aBapuio Ha YepHOOBUTBCKOM ADC
(UADC) B 1986 1. cenbCcKOX034HWCTBEHHOM KaTacTpodoi, uMess B BUIAY TO, 4TO
OCHOBHBIC O€/lbl, BBI3BAHHBIC IMOCICJACTBUSAMHU aBapHH, JICTIH HA IUICUYU CElb-
X03MmpousBoauTeneil u sxuteneil cena'. TpyaHO HEe COTNIACUTLCS C MHEHHEM aBTO-
PUTETHOTO YYEHOr0, HaOII0asi KaKue M3MEHEHUS! MTPOU3OIILIN HA PAJMOAKTHBHO
3arpsiI3HEHHBIX TEPPUTOPHUAX IMOCIEe 3TOM aBapuu. B mepBble nBa roga cenpyaHe

' Anexcaxun P.M., Canocaposa H.U., @ecenxo C.B., Cnupun E.B., Chupudonos C.H., Ilanos A.B.
UepHOOBLTB, CETBCKOE XO3SICTBO, OKpYKarommas cpena / Marepuansl k 20-i TOTOBIIUHE aBapUU
Ha YepHOOBUILCKON aTOMHOH anekTpoctaniyy B 1986 r. O6nunck: BHUMCXPAD, 2006. 35 c.
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Maji0 MOHUMAJH MOCTEACTBUS CIYUUBIIEHCS KAaTacTpO(bl U MOITOMY OIIYIIAIH
YyBCTBO THETYLIEro crpaxa. [[ppuHumaeMblie rocygapcTBOM MEpPbI Yalle BCEro BbI-
3bIBAJIM JOIOJHUTCIIBHYIO TPEBOXHOCTD, a pa60TaBume B OTACJIBHBIX C€JlaX KO-
MaHJIUPOBaHHbIE CIELUUAIUCThI HE MOIJIM CHATh €€ U YCIIOKOUTHb HAaceJIeHHUE B
TOJDKHOM Mepe. DTU O0O0CTOSITENIhCTBA 0O0YCIOBMIIM TIEPBYIO BOJHY OTTOKA MOJIO-
JeKU U CTICIUATUCTOB (Bpa4H, YUUTENS, 300TEXHUKHU U Jp.), paOOTaBIINX B CElb-
ckort mectHocTH. [IpumMepHO yepe3 3 roga mocie aBapuu, Korjaa Bpoje Obl COIH-
aNbHAas HAMPSHKEHHOCTh Hayaja CHaiaTh W KU3Hb CTala BXOAUTH B MPUBHIYHYIO
KOJICHO, ITO CTPaHC MOUIHBIM BaJIOM IIPOKATHUIJIACh aHTUKOMMYHUCTHYCCKAsA KaMIla-
HUS, B KOTOPOH CEIIbCKUE AKUTEIH HEBOJIBHO OKa3aJIMCh OCHOBHBIMU 3aJI0KHUKAMM.
[ToaroroBneHHOE B X0/1€ XOJOAHONW BOMHBI OOIIECTBEHHOE CO3HAHUE, OPUEHTUPO-
BaHHOE Ha TO, YTO sIEpHAsi yrpo3a camasi MOIIIHAs CUJIA Il YHHUTOKEHUS )KU3HH,
CTaJIo TEMeph UCMOIb30BaThCS TJ€-TO CO3HATENbHO, a M0 OOJbIIEH YacTu U HET,
KaK CpeaCTBO OOpbOBI MPOTUB KOMMYHUCTHUECKOH BiacTh. [Ipu a3ToM mpousomiia
MMOAMEHA TOHSATUN: TyTaroIas sAepHas OMAaCHOCTh 3aMEHSIACh pPagualliOHHOM
OMacHOCTHIO. [IOMBITKH OTAENBHBIX YYEHBIX OOBSICHUTH PAa3HUIy MEXAY HUMU
ObUIM CMSITHI BOMHCTBYIOILEH I'PYNION TaK Ha3bIBAEMBIX JE€MOKPATOB, 3aXBaTHB-
e OOJBIIYI0 YacTh CPEICTB MaccoBod mHpopMaiuu. Bes 3Ta BakxaHamusi Bo-
KpyTr pa3BepHYyBILIEHCS OOpbObI 3a BIACTh €lIe CUJIbHEE MOJO0pBaja dKOHOMHKY
CTpaHbl U OOJBHEE BCETO yAapuia o ceny. B cocenneit benopyccuu npokaTtuiack
BTOpas BOJIHA MAaCCOBBIX OTCEJICHUH, 3a/eBIIast YaCTUUHO U BbpsHCKyI0 007acTh.

MaTtepuanbl u MmeTOoAbI

Hecmotpst Ha rocy1apCTBEHHYIO MOAACPKKY TEPPUTOPUI, OTHECEHHBIX K MO-
CTpaJaBlLIMM OT paJuallMOHHON aBapuH, OOIINN YIIaJ0K IPOU3BOJICTBA BKYTIE C Je-
Morpadu4yecKuMi TpodIeMaMu MOATAYMBA YKIAJ CIIOKHUBIIEHCS CEIbCKOM
KHU3HU U MOCTENEeHHO pa3pyiuan ee. B HoBo3piOkoBckoM paitone bpsHckoit obma-
cti u3 120 HaceneHHbIX MyHKTOB (1986 r.) uepe3 15 net ocramoch Toapko 60,
a YHCJIEHHOCTh CENIbCKOTO HaceleHHs cokpatumach ¢ 18424 (1989r.)?
10 10 815 (2022 r.) uenosex®.

B uccnenoBannu paccMOTpeHa cUTyalllsi Ha IpUMEpPE OJTHOTO HACEIEHHOTO
nyHkTa HoBo3b10koBckoro paitona — ceno HoBeie boGoBHYM 1 pacmionoKEHHOTO B
HEM KOJIJIEKTUBHOTO XO3siicTBa — coBXx03 «PemmrensHbiity. Ha puc. 1 mpencras-
JIeHa JMHAMHUKa 4YHCIIEHHOCTHM HaceneHus cena B nepuoa ¢ 01.01.1986 mo
01.01.2023 r. mo 3anMcsAM B TOMOBBIX KHHUTaX.

2 BcecorosHas mepenmch HacedeHus 1989 r. Umcnennocts nacenenmss CCCP, PCOCP u ee
TeppUTOpHAIbHBIX eauHull Mo moixy. URL: https://www.demoscope.ru/weekly/ssp/rus89 regl.php
(mata obpamenus: 25.07.2024).

3 YucneHHocTh HaceleHHS Poccuiickoit Odepepanu M0 MYHHIIMIIAIBHBIM  00pa30BaHUIM
Ha | stHBaps 2022 roxa // denepanbHas ciyx0a rocynapcTBeHHOI cTaTHCTHKH (CTaTHCTHYECKHUi
oroiuterenb). Mocksa, 2022. URL: https://rosstat.gov.ru/compendium/document/13282 (nmara
oOpamenus: 25.07.2024).

HUMAN ECOLOGY 45


https://www.demoscope.ru/weekly/ssp/rus89_reg1.php
https://rosstat.gov.ru/compendium/document/13282

Tynano-Ocaouas KB, Ianenro C.B. Bectank PY]TH. Cepust: Dxororust n 6e3oracHocTs sxmsHezesrebHocTi. 2025. T. 33. Ne 1. C. 43-56

1200

M 4nCno XKuTeneii B c.
Hosble Bo6osuun

1000 979965

912
888 894893 gg5
870 g4 858
85 849850 oo
815

800 788

750 737
691 684 686 677 677

636
601 593 €18 602 597

600
548559 555 g 545

400

R R R E EE R R R R R R R R R R E R R R R R R B B

[ o e L e e e e e o o L e e e L S e e e e e e LA

Puc. 1. Yucno opunumanbHO 3aperncTpMpoBaHHbIX XXuTtenei cena Hoeble Bo6oBUYM
B 1986-2022 rr.
UctouHmk: coctasneHo K.B. N'ynano-Ocap4en, C.B. MNaH4YeHKo.

Crnag npou3BO/ICTBA U YXYILIEHHE )KU3HEHHBIX YCIOBUI HACEIEHUS IPOUCXO-
1Y He ToJibko B HOBO3BIOKOBCKOM paiioHe, HO M B 1IeJIOM 110 cTpaHe. s cenb-
YaH OTAEJbHBIX X03SHMCTB, PACIOIOKEHHBIX Ha PaJMOAKTUBHO 3arps3HEHHBIX TEp-
pUTOPHSX, HA KOPOTKUH nepuon Havana 90-x rr. XX B. 0TMEUanoch Aake HEKOTO-
poe yIyuyllIeHHE CUTYyalllH, CBSI3aHHOE C T'OCYJIapCTBEHHOM MOAJEPIKKON 3arpss3-
HEHHBIX pailoHOB. B 3TOT mepuon 3a cyet noctymieHus yao0peHuil 1 ceabCKoXo-
3SIICTBEHHOM TEXHUKH BBIPOCIA YPOXKANHOCTh 3€pHOBBIX, YBEIHUMWINCH HAJIOU U
o0riee Mpou3BoACTBa MoJoka (puc. 2, 3). OmHaKO STOT BCIIECK ObUT HETOITHM —
pasBan CCCP, o6muii 5KOHOMUYECKUH crajl, MoXkalyi, pe3ue BCero OTpa3uiuch
Ha CEJIbCKOXO03MCTBEHHOM INpousBoautene. Havancs nepuon pe3koro CHUXXEHUS
KauecTBa KU3HU Ha OenHbIX 3eMisix HoBO3bIOKOBCKOro paiioHa, ycyryOJIeHHBIH
nemorpaduueckumu npodiemamu. Ckazasics OTTOK MOJOAEKH U KBaTU(PHULIHPO-
BaHHBIX KaApoB B nepuof 1986—1988 rr. u B 1990 r., KOTOpHI U3-32 OTCYTCTBUS
3HAYUMBIX IIEPCIEKTUB HE 3aBEPIIMJIICS U [10 HACTOSALIEE BpEMS.

Ecnun ob6mmit HamoW Moioka B Xo3siicTBe coctaBisia B 1991 1. 2209 T,
to B 2000 T. 0oH cHM3miICcA mo 891 1, B 2010 — go 360 T, B 2020 — mo 135 T,
aB 2021 — g0 63 T, T.€. 3a 30 IET MPOU3BOICTBO MOJIOKA COKPATUIIOCH B 35 pas.

B 1986 1. B cene B yacTHBIX X034HcTBaX ObLI0 248 NOWHBIX KOPOB, U3 KOTOPBIX
B 1990 r. octanacek TobKO 0HA KOpoBa. B 2022 r. TOIBKO B OJTHOM YaCTHOM XO-
3siicTBE OBUIO 7 KOPOB, MOJIOYHBIE MPOIYKTHI, IPOU3BOJUMBIE B 3TOM XO3sIHCTBE,
LI B OCHOBHOM Ha HYJIbI OT/IE€JbHBIX celbuaH. OcTanbHbIE XKUTEIU M0JIb30Ba-
JIMCh MOKYITHBIMU MOJIOYHBIMU IPOTYKTaMH.

OnpIT MpomIeAmrX JIeT MoKa3aj, 4To Hanbojiee MacIITaOHbIE MOCIIECACTBHS
aBapuM NPOSBWINCH HE B PaJMOJIOTMUECKOH, a B COLHUAJIBbHO-3KOHOMHYECKON
coepe. IloaTBepxaeHNEM 3TOMY CIy’KaT PEeKOMEHJaluu, cHOPMYJINPOBAHHbIE B
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nokiane muccun OOH «['ymaHuTapHble nociencTBUs aBapuu Ha YepHOObUILCKOM
ADC: crpaterus peabunuranuu»?, 1 BeIBoAB UepHOOBUILCKOTO (opyMa, Ipe-
CTaBJICHHBIC HA 3aKJIIOUUTENbHON KOH(pepenuuu 6—7 centsaops 2006 r. B Bene [1].
YepHOOBUIbCKUN (OPYM MOAYEPKUBAET HEOOXOAMMOCTh MOCTABUTH 3KOHOMUYE-
CKO€ pa3BUTHE, HAMPABICHHOE HA SKOHOMUYECKYIO U COIMAJIbHYIO KU3HECII0CO0-
HOCTh TEPPUTOPHI, 3aTPOHYTHIX aBapUeil, OCHOBON CTpaTEerHH MPEOAOJIECHUs MO-
cnencteuil aBapun Ha YepHoObUThCKON ADC B CpeaHECPOYHOM U JAOJITOCPOUHOM
IUIaHE.
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Puc. 2. lntHaMmuka HaJ,0EB MOJIOKa Ha OA4HY KOPOBY B Jy4LLUUX X039licTBax HOBO3bIGKOBCKOIo
paiioHa: «BonHa pesoniounn» (1945-1985 rr.) u PeluntenbHoiii» (1986-2010rr.)
B CPAaBHEHUM CO CPeAHUMU AaHHbIMU no PO
UcTtouHmk: coctasneHo K.B. N'ynano-Ocapyeii, C.B. MaH4yeHko.
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Puc. 3. luHaMmuka NnpoM3BOACTBA MOJIOKa B KOJIJIEKTUBHOM X035licTBe «PelunTenbHblin»

(B cene HoBble Bo60BM4YKN) U B HOBO3bIOKOBCKOM paiioHe BpsiHckoi o6nactu B 1986-2010 rr.
UcTouHmk: «HepHOObINb» HeTBEPTb BEKa CMyCTS: cTaTucTudeckuin cbopHmk. depep. cnyxba roc. CtaTMcTUKm
(PoccTaT), TepputopuranbHbiii opraH PegepanbHon CRyXobl FOCYAapPCTBEHHOM CTATUCTUKM MO BpsiHCKOM
obnactu / peg. kon.: H.A. MypatoBa (npeg.) n ap. bpsiHck : BpsincketaTt, 2011. 175 c.

4 I'ymanuTapHbIe nocieacTerA aapuu Ha UepHoObutbekoit ADC. CrpaTerns peabuiIuTaliu: OTYET,
noxarotoeneHHslid 1o nopydenuto [IPOOH u IOHUCE® npu noanepxxke YKI'ZI OOH u BO3.
Munck : FOuumnak, 2002. 75 c.
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BaxxHo, 4TO 3TOT MOJXOJ OCHOBAaH HE TOJBKO HA MHEHUU MEXITyHApOIHbBIX
HKCHEPTOB U MpaBUTENbCTB Tpex crpaH (benapycu, Poccun, Ykpaunst), Haubosee
3aTpoHyThix aBapuedl Ha YADC, OH OTBeyasl TakX e HACyIIHbIM IpoliemMam
¥ 3a00TaM caMuX kuTesIel”. OHaKO MOJIOKEHHE JIE TI0CIIE MOJOOHBIX PEKOMEH-
Jauil ¥ OTJENbHBIX NPEIIPUHATHIX YCHWIMH KapIWHAIbHO HE M3MEHWIOCh. Bo-
IIPOC O MEPCHEKTUBAX U JaXe O JAJIBHEHIIEM CYLIECTBOBAHMM HACEJIEHHOTO
IIyHKTA MO-IPEXHEMY KpaliHe aKTyaJseH.

He3zaBucumo oT U31105KEHHOTO X0/1a COOBITHI, OLIEHKA MOJTy4YEHHBIX 7103 00JTy-
YEeHMsI HAacCeJIeHUs, MPOXKUBAIOLIETO Ha HanOoJiee paJlOaKTUBHO 3arpsA3HEHHbIX
TEPPUTOPUSX U COXPAHUBIIMX CIOKUBLIMICS YKIIaJ dKU3HU, HApsILy ¢ APYTHUMH I10-
Ka3aTesMU MPEACTABISAET HECOMHEHHBIN KaK HAy4HBIN, TaK U COLMAIbHBIN UHTE-
pec. B Hacrosieit pabote paccMaTpUBarOTCS HTOI'M MHOTOJIETHUX MOJIBOPHBIX 00-
ciienoBanuii xo3saicTB cexa Hosele boOOBUYM B YacTH OIIEHOK 03 BHEIIHETO 00-
aydeHus. OCHOBY 3THX HCCJIEIOBAaHUI COCTABUIM M3MEPEHHbIE B nepuo 1986—
2022 rr. napaMeTpsbl paJlalluOHHON 0OOCTAaHOBKH, a TAK)KE Pa3IMUHbIE CBEJICHUS O
KUTEISX CeJla, IOIyYCHHbIE HA OCHOBAHMH 3alIUCEN B JOMOBBIX KHUTAX.

PapgunauuoHHaga o6cTaHOBKa 1 NOABOPHbIe 00cniefoBaHNS
B cene HoBblie Bob6oBuumn

W3ydenne paauaiMoHHONW 00CTaHOBKH, clokuBIieiics B ¢. HoBeie boGoBuun
B CBSI3U C paJMOAaKTUBHBIMU BbINaeHUsAMHU Npu aBapuu Ha YADC, Hayanocs ¢ us-
MEpEeHUs ypOBHEH 3arps3HeHUs1 0000LIEHHOTO MOJIOKA C COBXO3HOM epMbl 12 mast
1986 r. OnHako B KakoW-TO cTeneHu Ojarofaps ciydailHocTu B pailoHe OnbITHOM
cranuuy (punuan Beepoccuiickoro HHCTUTYTa yA00pEHHUNA U arpONOYBOBEACHNU)
B ropojge HoBO3bIOKOBE, KOTOpblE MOTIYT pPacCMaTpUBAaTbCsl KaK HACEJIEHHBIE
MYHKTBI «OHOM CyAbOBI», ObLIN BBITOJHEHBI IEPBbIE H3MEPEHHSI MOLIHOCTH JKC-
MO3UIIMOHHON J103bl Ha CIEAYIOLIUH JIeHb MOCJ€ PaJlOaKTUBHBIX BBINAJCHUI,
c(OPMHPOBABIINX 3arps3HEHUE PACCMATPUBAEMONW TEPPUTOPUU B PpeE3yJbTaTe
CUJIBHBIX 0caaKkoB BeuepoM 28 ampeis 1986 r. [locnemyronme n3amMepeHust MOITHO-
CTH J03bl, BBINOJIHEHHBIE 1O KOHIIA Masi, TOKa3aJu ObICTpPHIH cliaj 3a cueT pacnaja
KOPOTKOXKHUBYIIUX PAAUOHYKIUIOB (pUC. 4).

PacuerHble 3HaUEHMSI MOLITHOCTH 710351 B T. HOBO3BIOKOBE OBLIM BBIITOJHEHBI €
HCIIOJIb30BAaHUEM PE3YJIbTATOB KJIACTEPHOr0 aHAJIM3a IPU PEKOHCTPYKLUU pajuo-
HYKJIMJHOTO COCTaBa BbIMaJeHUH B ['OMenbCkoW (CeBEpO-BOCTOYHAS YacTh),
MoruneBckoii (0ro-BocTouHas 4acTh) U BpsHcKoi (3amagHas yacTh) oOnacTax®
(Tabm. 1).

5 I'epacumosea H.B., Abanxkuna U.JI., Mapuenxo T.A., Ilanuenxo C.B., Cumonos A.B. CounanbHo-
SKOHOMHYECKHE TOCIEACTBUS UEpPHOOBIILCKOM aBapuu (Ha TmpuMepe bpsHCKOM o006macTn).
Mocksa : Komtexnpunt, 2006. 32 c.

¢ Hanuenxo C.B., Casxun M.H., Illymos B.H. Paquan@ioOHHO-TUTHEHHYECKas 0OCTAaHOBKA U J03bI
oOyuennst Hacenenus. [Ipenpunt Ne IBRAE-1997-10, UBPAD PAH. Mockga, 1997. 19 c¢. URL:
https://ibrae.ac.ru/docs/109/9710.pdf (nara obparmenus: 25.07.2024).
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Puc. 4. U3amepeHHble U pacyeTHble 3HAaY€HUS MOLLHOCTU 3KCMNO3ULMOHHOMN A,03bl
B r. HoBo3biOKOBe B anpene-mae 1986 r.
UcTtouHmk: coctasneHo K.B. Nynano-Ocapyeii, C.B. MaH4eHKo.

Vposuu Bemagenuii °’Cs B r. Hoossiokose (697 kbk/M?) u Ha OmnbITHOM
cranuu (1 050 kBx/M?) 3ameTHO mpesbiuanu 370 kKBk/M%, UCX0ad U3 3TOrO ObLI
PEKOHCTPYMPOBAaH PAIMOHYKIHIHBINA COCTAB BHINAJEHHHN, XapaKTepHbI IS 1aH-
HOW MECTHOCTH, IO KOTOPOMY C HCIOJIb30BaHUEM KO3 (UIIMEHTOB U3 paboThI [2]
JUISl PAHHUX BbINAaJIeHU ObLIa OLleHeHa MOIIHOCTh SKCIO3UIIMOHHOM 1036l B T. Ho-
BO3bI0KOBE. MOKHO C GOJIBIION YBEPEHHOCTBIO IIPENOIArarh, 4To apaMeTphl pa-
JUAlMOHHOM 06cTaHOBKY B ¢. HoBble 5060BMUM ObLIHM NOA06HBI cuTyaluu B T. Ho-
BO3LIOKOBE, YTO MO3BOJIAET OLEHUBATH MOLIHOCTh 03l HCXO/s U3 IPOMOPLIHH Bbl-
najenuii *’Cs Ha 3THX TepPUTOPUSX.

Tabnvya 1. CooTHOLIEHVE paAaa PaAUOHYK/IMAOE B BbINAaAEeHUSX Ha TeppuTopumn
MoruneBckoii o6a1actTu (BocTouyHaa yacTb) Fomenbckoii o6nacTu (ceBepo-BOCTOYHAsA 4acTb)
n KpacHoropckoro paitoHa BpsiHckoii o6nacTu (B nepecyeTte Ha 26.04.1986)

MnoTHocTb 3arpsa3- | Moruneeckas o6nacTtb Fomeneckas o6nacts KpacHoropckuii paioH
HeHuns no '*'Cs, (BocTO4YHas 4acTb) (cesepg;gg:)'ro-maﬂ BpsiHckoi oGnacTtu
KBK/M2 |3|I / 137cs QSZr/ 137cs QOSr/ 137cs
18 38,2 0,71 0,3
115 12,8 0,16 0,05
370 10,5 0,09 0,022
1580 7,6 0,04 0,013

UcTto4Humk: coctasneHo C.B. MaHyeHko no [7].

Panee GbI10 TOKA3aHO, YTO HavyaIbHOE Bhinajenue °'Cs coctaBuio [3]:

3€MJIM) COCTaBJISLT OKOJI0 13 MP/4.

HUMAN ECOLOGY

Ha TeppuTopHio cena Hosblie bo6oBrun
Ha CEJIbCKOXO35MCTBEHHBIC YTObsl BOKPYT
Ha Om3iexalue jeca
Takum o0pazom, cpa3dy TOCi€ BBIIAJEHUS OCAIKOB CpPeAHUN ramma-(poH
B HoBeix boGoBuuax (Ha OTKPBITON MECTHOCTH Ha BHICOTE | M OT MOBEPXHOCTH

1095 + 261 xbx/M?;
1100 + 378 xbx/M?;
1920 + 310 kBx/m>.
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bonee noapobHO paznuuHble acNEKThI, CBsI3aHHbIE C (HOPMHUPOBAHUEM U IBO-
JOLMEN TTapaMeTPOB PaJMalliOHHON 00CTAHOBKH, OBLIH PACCMOTPEHBI B paboTax’
u [2].

MaTtepuansl u MeToAbI

Ha nannom sTamne uccriejoBaHus OLIEHUBAUCh MHAUBUIYaJIbHbIE 103bI BHEII-
Hero oOuyueHust st 984 xureneit (432 Myx4uHbI 1 552 skeHIIMHBI) cena HoBbie
bo6osrnun HoBo3b1OKOBCKOTO paitoHa bpsiHCKO# 007aCTH, KOTOPBIE MPOKUBAIH B
cesie B nepuof aBapuu Ha YADC u He yexanu B nepBble Tofbl nocie aBapuu. K
cepenure 2023 r. U3 4uciaa CTapoKuiioB ymepsio 499 uenosek (233 My)XYHUHBI U
263 xenmunbl). CpeAHUI BO3pacT CMEPTH ISl MY>KUMH cOCTaBuia 65 Jer, a A
SKEHIIMH — 79 JeT.

B ocHOBY pac4eToB 1036l BHEUTHETO 00TyYeHHS OBLIIH MTOJI0KEHBI pE3yIbTaThI,
MOJTy4Y€HHBIE B MPE/IIECTBYIONINX MOJBOPHBIX 00CiIeq0BaHMsIX [3], a Tak)Ke HOBBIE
M3MEpPEHUS] MOIIHOCTH JI03bl, BBITIOJHEHHBIC B Htoie 2022 T. Ipu MOJBOPHBIX 00-
cnenoBaHusx. Bee obcnenoBanus sl COXpaHEHUsl MOJ00UsI MPOBOJIUIN B COOT-
BETCTBHU C METOJMUYECKUMH PEKOMEHJALMSIMH IO OLIEHKE paJHallMOHHON 00CTa-
HOBKH B HaceJIeHHBIX MyHKTax 1990 r.8

B 2022 r. nns u3aMepeHust MOIHOCTH J103bl HA MECTHOCTH M B MOMEILIEHUSIX
HCIIOJIb30BAJINCh CJEeAYyIoNIe MoBepeHHble Mmpubopbl LleHTpa HayuyHO-TEXHHYE-
ckoit noanep:xku (LIHTIT) UBPAD PAH®:

—  JKI-02Y «ApOutp» B JaHHOM HUCCIIEOBAaHUH HCIIOIB30BAJICS IS H3Me-
PEHUS MOLTHOCTH aMOMEHTHOTO SKBUBAJIEHTA J03bl B JIOKAJbHBIX TOUKAX;

— nosumetrp u"auBuayaibHbid JIKI'-PM1610 ucnons3oBancsi kak pe3epB-
HBIH JJIs1 MApUIPYTHOM 3aITMCH MOLITHOCTH SKBUBAJICHTA JI03bI HEMIPEPBIBHOTO Y- U3-
Jy4YeHUs Y KaKIO0ro U3 YYaCTHUKOB KCIICAUIINH;

— MKC-AT6101 npumensics ajst MapuIpyTHOM raMMa-ChEeMKH.

Kpome Toro, kaxaplii HCCAEA0BATEIb UMEN NPUKPEIUICHHBIN K MOSCY J03U-
MmeTp «Polymaster», KOTOpbIil HelpephIBHO 3aMUCHIBAI B (Pailsibl MOIIHOCTH JO3bI C
uHTEpBasIoM ycpenHeHus B 180 c.

Bce mnpubopsl HU3MEpAIOT MOLIHOCTh aMOWMEHTHOI'O SKBUBAJICHTA JI03BI.
Haumenbmme daktudeckn GOHOBBIC 3HAUCHUS MOIIHOCTH 03Bl B HHTEPBAJIC OT
0,08 1o 0,22 MK3B/4 perucTpupOBAIUCH B LIEHTPE ac(haabTOBBIX Jopor. B aTom xe
JI030BOM JIMaria3oHe ObLIN PE3yJIbTaThl U3MEPEHHH B JOMaX KaK KUPIUYHBIX, TaK U
nepeBsiHHBIX. Hanbonpine 3HaueHns 0TMEYaINCh Ha/l yYacTKaMU HEHApyIIEHHOM

7 PaguanrioHHast 3aIIATa U PaIHAMOHHAsA 6E30MaCHOCTE B AIEPHBIX TEXHOJIOTHSAX : ¢0. MATEPHAJIOB
o0mreitHoi X Poccuiickoit Hay4uHO# KoHpepernnu, 22—25 centsops 2015 r., MockBa — O6HHUHCK /
mox obm. pen. JI. A. BbompmoBa. MockBa : CAM Ilommrpaduct, 2015. 142 c. URL:
https://ibrae.ac.ru/pubtext/108/ (nata obpamenus: 25.07.2024).

8 MCTO}II/I‘ICCKHC PEKOMEHAAINU 110 OLECHKE pa}IHaHI/IOHHOﬁ O6CTaHOBKI/I B HACCJICHHBIX IIYHKTax.
1990. URL: https://www.feerc.ru/radsafety/archive/PDF _archive/radmonitdocs/histordocs/
polozh_metod ukaz/nasPointsObstan.pdf (nata oopamenwus: 25.07.2024).

° llentp HayuHo-TexHmueckoii nomnepxku (IIHTIT) UBPAD PAH URL: https:/ibrae.ac.ru/
contents/89/ (mata obpamenus: 25.07.2024)
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MMOBEPXHOCTHU MOYBHI. Pe3ybTaThl MN3MEPEHHUI MOITHOCTH 0361 B JIOKAJTBHBIX TOY-
Kax MPUBEJICHBI B Ta0JI. 2.

Tabnmuya 2. CpegHue 3Ha4eHUs MOLLHOCTM A4,03bl B XapaKTepPHbIX Toukax cena Hoebie Bo6oBUYN
B uione 2022 r., Mk3B/4

Twvn NnoBepXHOCTU Yucno namepenmin | CpegHsis MOLWHOCTb A03bl, MK3B/4
HeBO3MyLLLEHHAs NOBEPXHOCTb 12 0,43+0,02
TpaBsiHOM NOKPOB OT JOPOrv A0 y4acTka 261 0,28+0,01
Ckameiika y BOpPOT (aoma) 96 0,25+0,003
PYHT Ha ynunue 1 BO ABOpax 16 0,27+0,01
Acdanbt 87 0,15%0,01
Oropog, 67 0,31+0,01
Cap, 27 0,30+0,01
Jom nepeBsiHHbIN 33 0,12+0,01
JOM KMpNNYHbIA 18 0,13+0,01

UcroyHumk: coctaeneHo K.B. lN'ynano-Ocapayei, C.B. MNaHyeHko.

B xoze BeImomHeHUS paboOT B paMKax MPOrpaMMbl UCCIIEOBAHUHN 1O MUTpa-
unn *’Cs B cTpykType HacenenHoro myHkra'’ 6bu1 npeuioxken napamerp Mi37(t) —
OTHOILICHHE CPEIHEN MOIIHOCTH O3Bl HA BBICOTE | M I XapaKTepHOIro TUIIA IO-
BepxHOCTH P,(137) K MIOTHOCTH MHTErPajbHOTO COAEpKAHUS HYKJIUAA B MOYBE,
PaCcCYUTAaHHOTO HA MOMEHT U3MEPEHUS MOITHOCTH JI03bI — G137:

Mi31(t) = P(137)/G137 [ B3n/ ], (D

kBk/m2

IJle G137 — pacCUMTaHHAas IJIOTHOCTH 3arpsi3HEHUs HoBepxHocTH ' Cs, KBK/M? B MO-
MEHT U3MEPEHUsI MOIIHOCTHU N103bl; P,(137) — pa3HOCTbh MEXIY U3MEPEHHOM MO~
HOCTBIO J103bl B TOUKe Py 1 (POHOBBIM 3HaueHueM 31oi MourHoctu Py(0), KoTopoe
ObuT0 10 aBapwuitHoro 3arpsiznenus: P(137) = P, — Py(0). B xauectBe Py(0) mis
Hoswix bo6oBuueii mpuHMMAanock 3HaueHue, pasaoe 0,09 Mx3s/4a'!.

Jns oueHku 3¢ (HeKTuBHON 10361 BHEIIHETO 00nyueHus (HEex) B KOHKPETHOU
TOUKe /17151 BBIOpaHHON Mpo(decCHOHANBHOM U BO3PACTHON TPy MOXHO BOCIOJIb-
30BaThCsl COOTHOILIEHUEM

HEx = Rk ' fD(t) ) dta (2)

e D (t) — MOIIHOCTB I03BI 3a TOJI, HONTYYEHHAs MHTEPIIONSAIHIEH MKy H3MEPEH-
HbIMH 3HaueHusiMu P,(137) B otnenbHble roasl B nepuoa 1990-2023 rr.; Rk — dak-
TOp CHMXXEHMS J03bl, KOTOPBIM Ul Pa3IUYHBIX TPYII HACEIEHUS MOXXET OBITh
OIIpEJIENIEH KaK

10 The French-German Initiative: Results and Their Implication for Man and Environment. CD-muck
C OCHOBHBIMH pe3yJNbTaTaMH TIPOEKTOB. YkpawmHa, 2004; [lanuenxo C.B., Apaxensn A.A.,
T'aspununa E.A. JlnHaMuKa mapaMeTpoB paIHalliOHHOW OOCTaHOBKH B CEIHCKOM HACEICHHOM
IyHKTE, 3arpsA3HEHHOM B pe3yibrare aBapuu Ha UADC B ampene 1986 r. Ilpenmpuat UBPAD
Ne IBRAE-2014-06. Mocksa, 2014. 35 c. URL: https://ibrac.ac.ru/docs/109/2014i06.pdf (nara
obpamenus: 25.07.2024).

' Koncmanmunos FO.O. u Op. Tekymas U peTpocleKTHBHAas OLEHKAa M Bepu(UKaLUs I03
BHYTPEHHEro OOJyYeHHs W BHEIIHEro OOJy4eHHs JUIS BCeX KOHTHHTEHTOB. 3aKIIOYMTENbHBIH
oruet. CIIG., 1992.
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Rk ZZLJ‘ 'pk/‘a (3)
J

rae Lj — dakTop Mecta'?; pxi — GpakTop 3aHATOCTH k-if rpymmbl Hacenenus [3]. s
KQKJI0M BO3pAcTHON ¥ Mpo(ecCHOHAIBHON TpyIIT NOJ0UPAIOTCS 3HAYCHHUS Mapa-
MeTpa — pij (Tadim. 3).

Tabnvuya 3. BpemMsi, NpoBeAeHHOE Pa3/InYHbIMU rpynnamMm HacesieHUs B Pa3finyHbIX JIOKaLUaXxX, 4/rog,

Jlokanusauus Mpynna HaceneHus
1 2 3 4 5 6

HeBO3MyLLLEHHAs NOBEPXHOCTb 2053 1369
TpaBsiHOM NOKPOB 1800 1721
Ckameika 182
pyHT Nnepes 4OMOM 885 391 319 684 339 365
Oropog, 274 456 157 913
Acdanbt 600 194 259
Jom nepeBsiHHbIN 5475 5280 6068 6205 5632 7117
JOM KMPMUYHbIN 1174 46 46 2373 183
>'yacos 8760 8760 8760 8760 8760 8760

UctoyHumk: coctaeneHo K.B. lN'ynano-Ocapayei, C.B. MNaH4yeHko.

BoimonHeHHbIN aHANMU3 NaHHBIX U3 JOMOBBIX KHHMT ¢. HoBble boOoBuum, a
TaKXe MCIOJIb30BAHUE U3BECTHBIX 3aBUCUMOCTEH 3HAUEHUH O30BBIX KO3 UIM-
€HTOB OT BO3pacTa >kurteseil [2] MO3BOJWIM BbIIEIUTHh LIECTh OCHOBHBIX TPYIII
HACEJICHUS.

I'pynna Ne ] — x Helt ObUIM OTHECEHBI JETH JAOIIKOJIBHOTO BO3pacTa a0 7 JIeT.

I'pynna Ne 2 — netu mkosbHOTO Bo3pacta. Jletu B Bo3pacte ot 7 10 17 ner.

I'pynna Ne 3 — moau ctapiie 17 neT, moCTOSTHHO padOoTaroNINe Ha YIIHUIIE: Tac-
TyXH, TPAKTOPUCTBI, [TOJIEBOABI U JIP.

I'pynna Ne 4 — monu crapuie 17 ner, KoTopble paboTalOT Ha YJIHIIE HE TIOCTO-
SIHHO, a IEPEMEHHO.

I'pynna Ne 5 — monu crapuie 17 ner, ux o6pa3 »KU3HU MOXXHO Ha3BaTh «pa-
60Ta — TOM», TIOCKOJIBKY 9 4 OHM TPaTST Ha padoTy B MOMEILEHUH, 2 4 — Ha I0POTy
(BKJIIOYasi MOCEIICHNs Mara3uHoB U JPYTHUX 3aBEJCHUIT), a OCTaIbHOE BPEMsI 3aHH-
MaloT JOMalIHHe Jena.

I'pynna Ne 6 — IeHCUOHEPBI, UMEIOIINE TAK)KE€ HEXApaKTEPHBIA NI JPYTHX
rpynn o0pa3s )ku3HU. bbU10 NpUHATO, YTO 10 9 U MpEeCTaBUTENN TPYIIILI IPOBOIST
Ha CBEXEM BO3]lyXe, 3aHUMasiCh paboTaMu B Oropojie, o0uiasch ¢ JpyruMHu MeHCu-
OHEpaMHU, a OCTaBILIeeCs BpeMsl POBOJIAT A0Ma.

Jnist pedepeHTHBIX IPeCTaBUTENIEH KaKON TPYIIIBI HACEICHUS pacrpeaese-
HUE BPEMEHHU KU3HU B PA3IMYHBIX JIOKAIUAX MIPEACTABIEHO B Ta0I. 3.

st oneHkn MoutHOoCTH 10361 10 1990 r. Bocnob3yeMcs 3aBUCUMOCTHIO [4]

D(t)= 0, -T,(t) exp(-1,1), @)

12 I'yces H.I'., Bensies B.A. PaguoakTuBHBIE BEIOPOCKHL B GHOCc(epe : CIPaBOYHHUK. 2-€ U31L., Iepepad.
u gom. Mocksa : DHeproaromusaar, 1991. 256 c.
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TAC Oi — Ha4daJIbHAsA INIOTHOCTb 3arpsA3HCHHUSA IMOBECPXHOCTU I-M pPaauOHYKINAOM

(xbx/M?); Ti(f) — k03 PULHEHT KOHBEPCUHU OT Gi K MOIHOCTH 10361 D KaxK byHK-
uus BpeMmenu (H3B/dac)/(kbk/M?); Ai — KOHCTaHTa pPaJMOAKTHBHOIO pachajia
[-TO PaTUOHYKIIN/IA; ¢ — BpEMs TOCIIE 3arPs3HCHHUS.

Koadunmentst kouepcun (I'i(f)) mst 1986 r. B3SITHI A1 C1OSI HOYBBI 3 MM,
a nns nocaenyromux et (1987-1989) myst cnost 5 cm u3 padboTtsi [2].

st onieHKW 103 BHEMIHEro o0mydyenus mocie 1990 r. ucnonb3oBaics mapa-
metp Mis7(?).

Pe3ynbTaTbl U UX 06CYyXAeHne

Ha puc. 5 npeacrapnena quHamMuKa BeJIUYUHBI MapameTpa Mi37 A pa3nnd-
HBIX JIoKann3auuii cena HoBeie Bo6oBHYM 3a Bech nepuo HAOMIOCHUN C yY4eTOM
JTAHHBIX, ToJy4eHHBIX B 2022 1. (36 siet mocie aBapun). TOUKH JIJ1s1 IEPBBIX YUCEI
Mas 1986 r. (HauanabHbIE TOYKN) B3ATHI U3 CIIPABOYHBIX U3/IaHUM.

(H3B/u4)/(KBK/M2) ot 137Cs
2,50

. L g L 4 L g ®

—8-TONBKO pacnag, (Teopusa)
<~ HeBO3MYLLIEHHAA NOBEPXHOCTB

—0-TpaBAHOMN NOKPoB

1,50
L =X~TPYHT Nepeg AoOMOM
: \\\\ -+-oropog
[ O-acganbt

1,00 ®

0.50 ‘\\‘:—5—_ _

O

1985 1990 1995 2000 5 2005 2010 2015 2020 2025
20001

Puc. 5. UameHeHune BennuuHbl napameTpa M,;; Ana pasnnyHbixX NoKannsaumin
cena Hoeble Bo6oBuun, o6ycnoeneHHoe murpaumen *'Cs, B nepmog 1986-2022 rr.
UctouHmk: coctaBneHo K.B. N'ynano-Ocapyenn, C.B. MNaH4YeHKo.

Kak Buano u3 rpaduxos (puc. 5), o01ieit XapakTepUCTUKON MTPOLIECCOB SIBJISI-
eTcs (paKTHUECKoe MpeKpalleHue craia 3HaueHui napamerpa Mi37 U1 BceX JIOKa-
nusanuit mocne 2001 r. MHpiMu cioBamu, yepe3 15 net murpanus '¥’Cs, kotopas
BIIUsUIa HA (POPMHUPOBAHHE MOIIHOCTHU J103bl BHEHIHETO O0JyUYEHUS! B HACEJIEHHOM
IIyHKTE B MEpBbI€ roJbl, (PaKTUYECKU MPEKPALIAETCS U OCTAETCsl TOJIbKO pacmaj
3TOr0 M30TOIIA.

JUid mocnenyromyx 3TalnoB PEKOHCTPYKLIMU HAKOIUIEHHOM 03Bl 3a CYeT
BHEIIIHEro 00JIy4yeHHsI UMEeeT 3HaueHue U aOCOIIOTHAs BEJIMUYMHA TEXHOT€HHOM CO-
CTaBJISAIOIIEH JUIsl Ka)XK10M XapaKTEpHOM TOUYKHU JoKann3auuu. [loatomy nuHamuka
3TUX BEJIMYUH (CM. pUC. 5) ABJISAETCS BaKHBIM ITapaMETPOM JIJIsl pacueTa HaKOIJIEH-
HOM 103l 00JTyUeHUs )KUTEIeH HaCEIEeHHOI O IIyHKTA.
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s pacdyeTta cpeaHUX TOAOBBIX 1030BBIX HArpy30K JUIS j-TO PELIUIIMEHTA HC-
MIOJIB30BAHO CJIEYIOLIEE BEIPAKECHUE:

D =Y. D®) -t )

TJIe ti — BpeMsi, IPOBEICHHOE j-M PEIIMITMEHTOM B KOHKPETHOH TOYKE, B IOJISX TO/1A.

B Hamiem ciiyyae omnpeesieHbl ClIeIyOIIHe JOKaTbHbIC TOYKH: HEBO3MYIIICH-
Hasi IOBEPXHOCTH (JIEC), TPABSIHOM MIOKPOB, CKaMeiKa, TPYHT Iepe T JOMOM, OTOPO/I,
ac(aneT, 10Ma JepeBSHHbIC U KupruuHble. [ ouenku D (t) — MOIIHOCTH 03Bl
KOTOPYIO pCHUIIMCHT MOXET IMOJTYYHUTh, HAXOO5Ch B KOHerTHOI)’I TOYKE B pacCMar-
pHUBaeMbIil TOJI, Oy/IeM UCIIOIb30BATh MOYUYCHHYIO paHee 3aBUCHMOCTb, JIJISl YeTo
IUTsL K&KIO0TO roja pacyetHoe 3HaueHue P,(137) ymHoxaercst Ha M137 (1), TIHe T —
KaJICHIApHBIN To/1. Pe3ynpTaThl pacueToB MPECTaBICHBI HA PUC. 6.

OueHKa [,03bl BHEWHEro 06AyyeHun ana p rpynn Hac Hosbix BoGosnueii, M3s/rog,

100
rpynna 1

——rpynna 2
—=—rpynna 3
rpynna 4
rpynna 5

10 43" —+—rpynna 6

01 + + + + + + + 1
1986 1991 1996 2001 2006 2011 2016 2021 2026

200bI

Puc. 6. PeKOHCTPYKUMS A03bl BHELWHEro 06ny4yeHus, obycnoeneHHoro '*'Cs ana 6 pedepeHTHbIX
rpynn HaceneHus cena Hoeble Bo6oBuum 3a nepmnon 1986-2022 rr.
UcTtouHmk: coctasneHo K.B. N'ynano-Ocapyeii, C.B. MaH4yeHko.

Nurerpan no3sl 3a nepuon 1986—2022 rr. oueHUBAICA C YYETOM TOTO, YTO
nuna, Bxojsauie B 1986 r. B rpynny 1, cHauana nepeuuiv B Ipyniy 2, a 3aTeM B
rpynny 4. Jluna, Bxoasiue B rpymmy 2, 3aTeM Nepeluid B BO3PACTHYIO Ipyniy 4,
a jguua paboraromue (rpynmbsl 3—5) Opu JTOCTHKEHWH MEHCHOHHOTO BO3pacTa
nepexoausu B rpymmy 6 (puc. 6). Pe3ynbraTsl pacueToB MpOBOIMIN Ul KaXKA0TO
KUTENs OTHEIBHO C YYEeTOM €ro Bo3pacTa Ha MOMeEHT aBapun Ha YADC.
Ha rpaduxax puc. 6 npuBeaeHbI yCpeJHEHHbIE 10 TPyIIaM 3Ha4eHHsI TOJJOBbIX 7103
Ul TeX JKUTENeHl cena, KOTOpble MPOXXWIM O€3BBIC3THO BECh HCCIIEAYEMbII
nepuo. Takoll MoAXoa JaeT YMCIEHHBIE OPUEHTHPBI BO3MOXHBIX 103 BHEIIHETO
oOy4YeHHs Uil )KUTEIel, OTHOCSIIMXCS K Pa3HbIM BO3PACTHBIM U COLIMATIbHBIM
rpynnam. Crexyer OTMETUTh ONPEAETICHHYI0 KOHCEpBAaTHMBHOCTb IOJXO0[a,
IIOCKOJIBKY ITPAaKTUYECKH BCE KUTEIU CeJla B UCCIELyEMbIN EPUOL OTIYUYaAINCh C
paccmMaTpuBaeMOil TEpPUTOPHUM HA pa3IMUHbIE IPOMEXKYTKH BpeMeHU. B npuHune
TaKOM y4eT 4aCTHYHO BO3MO’KEH, TOCKOJIbKY €CTh 3allUCH B JOMOBBIX KHUI'AX, I71€
¢bukcupoBauch Hanboiee 3HaYMMble TIEpUO/Ibl BbIe3/a (ciayx0a B apMuu, yueoa,
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pabota BHe cena u np.). OgHako Takas pabota Oblia Obl YMECTHA MPU HAIUYUU
TAHHBIX MEITUIIMHCKUX HAOIIOACHUH 32 MHMBUIYILHBIM 3I0POBBEM CEIIbYAH.

Tabnmuya 4. OueHka 003 BHELWHEro 06J1y4yeHns pa3iniyHbIX BO3PaCTHbIX U NPodeCCUOoHaNbHbIX Fpynn
HaceneHus cena Hoeble Bo60BMuYn 3a nepuog 1986—-2022 rr. 3a cueT «<4epHOOLIILCKOro» '*'Cs

NokasaTenb Mpynna 1 Mpynna 2 Fpynna 3 pynna 4 pynna 5 Fpynna 6
Jo3a 3a nepuog
1986-2022 rr., M3B 99 89 107 97 58 68

UcTto4Humk: coctasneHo K.B. N'ynano-Ocaaueii, C.B. MaH4yeHko.

BrinonHeHHbIe OLIGHKH TOKA3bIBAIOT, YTO Pa3NUYMs MO MOJYyYEHHOW H03e
BHEITHETO 00JTyUeHUs pa3IUIHBIX TPYIIN HACEIICHUS Cejla HE MPEBBIIIAIOT IBYX pa3
(Tabn. 4). JlanpHeiiiee yBeIMUYEHHE CyMMapHOW 03Bl BHEIIHETO OOIy4YeHUS
C y4eToM Jemorpaduueckux (HakTopoB OyJIeT BeChMa HE3HAYUTEITbHBIM.

OueHka norpewwHocTn

[TorpemHocTy B OLIEHKE UHAMBUIYAIbHBIX 103 BHEIIHETO 00IyUYeHus Hacese-
HUS CKJIQ/IBIBAIOTCA TJIaBHBIM 00pa3oM HE CTOJBKO M3 MOTPELIHOCTEH U3MEpeHus
paavalOHHBIX TAPAMETPOB, CKOJIBKO U3 HEMOJIHOTHI HALLIETO 3HAHUS O IIPOCTPaH-
CTBEHHOM DPAcHpeleICHUM MHOTUX KOPOTKOKHMBYILIUX PAaJUOHYKJIHIOB B MEPBbIN
rOJ IOCJIe 3arpsi3HEHUS U COOTBETCTBYIOLINX 3HaUeHHH (akTopa mecTa (L)) u pak-
Topa 3aHsaToCcTH (k). Hatle mpeanonoxxenne o cTabUIbHOCTH PaIUOHYKIUIHOTO
COCTaBa MOKpBIX BBINAJCHUI ONUPAETCs Ha IOCTATOUYHO YOeAUTEIbHbIE JOBOIbL:
CPaBHUTEJILHO HeGOMIbIIAs TIIOIAb CETUTEOHOH 30HbI (0KOIO 2 KM%) 10 cpaBHe-
HUIO C pa3MepaMH I'PO30BOW TyUd U PaJIUOAKTUBHOTO (pakena; 0THOMOMEHTHOCTh
OCHOBHBIX BBINAJACHUN (HU3KUI BKJIaJ CyXUX BBINAJICHUN MEpel T0KIEM U MOcIie
HET0), XOpOIlasi OJHOPOJHOCTH BhinaaeHuii 13’Cs. OnHaKko Moka OHO He UMeeT JKC-
NIEPUMEHTAJIBHOIO MOATBEPkKACHUSL. Ellle ciiokHee cuTyalys ¢ yCTaHOBJIEHUEM T10-
IPELUIHOCTU JUId TMapaMeTpoB L; U pk; B ciydae, KOIZa Mbl MMEEM JEJ0 C
WHAVBUAYyAIbHOW  OLEHKOM  nmo3pl. Jlisg  mepBoro  roga  00OCHOBATh
KOJTYNYECTBEHHYIO BEJIMUYMHY MOTPEIIHOCTH MOKHO JIMIIb SKCIIEPTHBIM IIyTEM, U
MMEHHO 3Ta TOTPEIIHOCTh BO MHOTOM OyJIeT BIMSATh Ha OLEHKY MOTPEIIHOCTH
HAaKOIJIEHHOM J103BI.

BbiBOADI

MHoronetHie HaOJIIOACHUS 3a TMapaMeTpaMy PaJAUAlMOHHONW OOCTaHOBKH B
CETbCKOM HACEJIEHHOM ITYHKTE IIOKa3ajiH, 4To Murpaunus °’Cs B HaceJeHHOM
IIYHKTE B IIepBbIe 15 NeT nmocie aBapuitHOTO 3arps3HEHU 11j1a TOBOJIBHO aKTUBHO
1 MOKET OBITh OITMCaHa SKCIIOHEHTHOM C TTepuoaoM B 7,5 roga. OHaKo 3aTeM poOJib
MUTPALMOHHON cocTaBistomeld B (GOPMUPOBAHUU J103bl BHEIIHErO OOJIy4eHUs
(axTHyecku crajna He3aMeTHOI Ha gone pacnaga 2’Cs.

Jlis cenuTeOHBIX TEPPUTOPU, 3aTPA3HEHHBIX B pe3yibTare aBapuu Ha HADC
na yposHe 1 MBx/M? o '¥7Cs, naxe koHcepBaTHBHBIE OLIEHKH [JO30BBIX HATPY30K
Ha pa3JIn4HbIe TPYIIbI HACEJIEHUS MOKA3bIBAIOT, YTO MAaKCUMAJIbHbBIE J03bI BHEIl-
HEro O0JTyueHHsI, TPYAHO YCTpaHHMbIe 0€3 Cephe3HBIX 3aTpaT, 3a mepBbie 35 jeT
nocje aBapud He npesbimanyu npuMepro 100 M3B, 4TO 3aMETHO HHMXKE KPUTEPHUS

HUMAN ECOLOGY 55



Tynano-Ocaouasn KB, Hanuenko C.B. Bectavk PYTH. Ceprst: Oxonorust 1 6esonacHocTs sxaHeesTernsHocTi. 2025. T. 33. Ne 1. C. 43-56

IpeIaraeMoro OTEUECTBEHHBIMH YUeHBIMH mopora B 350 M3B 3a KH3HB'’, HO

HIKE YpOBHS OOIydeHHs 3a JKU3Hb, NPHHATOrO B 3aKOHe O PajamanuonHOi
6e3omacHocTr 4 — 70 M3B 3a 70 JIeT KU3HU.

OHeHI/IBaﬂ CI/ITyaHI/HO B IICJIOM, MOKHO 3aKJIFOUYHUTDH, UYTO HpHHfITI;Ie peHIeHI/ISI nu
YaCTHYHO PEaN30BaHHBIC YCHIIHSA IO CHUKEHHIO TOCIEACTBUI PaMOaKTHBHOTO
3arpA3HEHUS TEPPUTOPUH JUIIL B MAJIOi CTEIIEHH MOBJIUAIH Ha BEIUUMHY J03bI 32
)KM3Hb OT BHENIHETO OOJIy4eHHs HACENICHHs DPACCMATPHBAEMOTO HACEIEHHOTO
IIyHKTA.
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HaydyHasa ctaTtba / Research article

OueHka naIoTHOCTH UHAYUUNPOBAHHbBIX TOKOB B OpraHax 4yesiopeka,
HaxoAsILerocs B 30He NPOX0OXAEeHUS BO3AYLUHbIX JIMHUA
neKTponepeaga4iun

C.10. Iepos!2, B.C. OpuioBa?, B.B. XKypos!* 2>

!Hayuno-uccredoeamenvcutl uncmumym meouyunsl mpyoa
umenu axademuxa H.@. Hzmeposa, Mockea, Poccuiickas ®edepayus
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Annotanus. Ha ocHOBaHNH pe3ylbTaTOB HATYPHBIX U3MEPEHUH, B X01€ KOTOPBIX OBUIH
3a()UKCUPOBAHBI IIPEBEIIICHUS IIPEIEIHFHO TOMYCTUMBIX YPOBHEH HANIPSHKEHHOCTH dJICKTPHYE-
ckoro noist (mo 11,5 xB/m), paspaboTansl MaTeMaTH4ecKue MOJEIH IKOJIOTUIECKOH 00cTa-
HOBKH DJICKTPHUYECKUX U MarHUTHBIX TOJIEH MPOMBIIUICHHON 9aCTOTHI BOJIU3U MPOXOXKICHHS
JIMHUH 3JIeKTpOoIepeladll CBEPXBBICOKOTO HaNpshkeHUs. [IpoaHaM3upoBaHo COYETaHHOE BIIU-
SAHUE CBCPXHU3KOYACTOTHBIX IDJICKTPUUCCKHUX W MArHUTHBIX MoJjieil Ha OpraHn3M 4YeCJIOBCKa
B KOHTCKCTC IUIOTHOCTU HMHAYIUPOBAHHBIX TOKOB B OpraHax. Ocoboe BHUMaHHE yaeiaceHo
aHaJIM3y CUCTEM OPraHOB, KOTOpbIE OOMbLIE BCEIO MOABEPKEHBI OHONIOTHUECKOMY JeiCTBUIO
¢axTopa. MogenupoBaHue ¢ HCIOIb30BaHHEM (PaHTOMA YETIOBEKa BBISBUIIO MPEBBIIIAIONIYIO
HOopMaTuBHI (10 161,5247 MA/M?) TUIOTHOCTH MHTyIMPOBAHHBIX TOKOB B HEPBHOM, 3pUTEIBHOM
U SHAOKPUHHOH cucreMmax. [IpoBeleH aHanmm3 rpaganyd BIMSHUS (akTopa B 3aBHCHMOCTH
OT PACIIOJIOKCHUA YCIIOBEKA OTHOCUTCIIBHO UCTOYHHUKA DJICKTPUUICCKUX U MATHUTHBIX oJieit
MPOMBIIUICHHON YacTOTHl M MOATBEP)KICHO, YTO HAaWOOINBIIEe BIUSHHUE NPOUCXOIHUT ITIOX
mpoeknueil cpeqHel (Gas3pl Mox MaKCHMAITBHBIM MPOBHCOM M YMEHBIIASTCS HPH YAaJICHUH
4eJIoBeKa OT MPOBUCA K CaMOi OIIOpe MM K FPaHHI[aM CAaHUTapHO-3AIHTHOM 30HBI.

KnioueBble ciioBa: 3JIeKTpUUYECKHE OIS, MAarHUTHBIE TIOJIS, TIPOMBIIJICHHAS YacTOTa,
MaTeMaTHYeCKOe MOJCIHPOBaHIe, ()aHTOM JelIOBEKa
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Induced current density evaluation in organs of a human,
located in the overhead power lines passage zone
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Abstract. Based on the results of field measurements, during which exceedances of
maximum permissible levels of electric field strength (up to 11.5 kV/m) were recorded,
mathematical models of the ecological situation of electric and magnetic fields of industrial
frequency near the passage of ultra-high voltage power lines have been developed. The
combined effect of ultra-low-frequency electric and magnetic fields on the human body in the
context of the density of induced currents in organs has been analyzed. Special attention is paid
to the analysis of organ systems that are most exposed to the biological effects of the factor.
Modeling with the use of human phantom revealed the density of induced currents in the
nervous, visual, endocrine systems exceeding the norms (up to 161.5247 mA/m?). The analysis
of gradation of the factor influence depending on the location of a person directly from the
source of electric and magnetic fields of industrial frequency has been carried out and it has
been confirmed that the greatest influence occurs under the projection of the middle phase under
the maximum sag and decreases at removal of a person from the sag to the support itself or to
the boundaries of the sanitary protection zone.

Keywords: electric fields, magnetic fields, industrial frequency, mathematical modeling,
human phantom
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BeBepeHue

TexHonornueckuit mporpecc HeceT 3a co00i He0OXOUMOCTh AKTUBHOTO pas3-
BUTHS U BHEJPEHUSI HOBBIX OOBEKTOB Iepeadu U paclpeleeHus SIeKTPUIEeCKOn
SHEPruM, YTO MPHUBOJUT K YBEIUYEHHUIO OOILEro AJIEKTPOMArHUTHOTO YPOBHS B
nuana3one npombiuieHHoi yacToTel (ITY) — 50/60 ['u. Hanbonee mupoko BeTpe-
YaOMUMCS NPUMEPOM MECT IPEBBINIEHUS MPEAEIbHO JONYCTHUMBIX YpPOBHEU
(ITAY) MY xak nist npou3BOACTBEHHBIX YCIOBHM, TaK U Il OKPY’KaIOIIEeH cpe/ibl,
SIBJIAIOTCSL CAHUTApHO-3aIIUTHBIE 30HBI (C33) mpoXoXkaeHUs BO3AYLIHBIX JUHUN
anektponepenaun (BJI) cBepxBbicokoro HampspkeHUs HampspkeHueMm oT 330 1o
1150 kB, rne ofHOBpEMEHHO MPUCYTCTBYIOT IEKTPUYECKUE U MAarHUTHBIE MOJIS
(OI1 u MII) ITY. B HacTosiiee BpeMst UMEETCsl CPABHUTEIIBHO Majo HAYYHBIX J1aH-
HBIX, ITOCBSALICHHBIX KOMILJIEKCHOMY M3yuYeHUI0 coueTaHHOro BiusiHus D11 u MII
ITY na opranusm yenoBeka. B ocHoBe 6uonoruueckoro aeiicteus 11 u MII T4
JIEKUT IJIOTHOCTh MHAYLMPOBAHHBIX TOKOB BHYTPH OPraHOB M TKaHEH Teja 4eyo-
BEKa, KOTOpas SBIISETCS PACYETHON HOPMUPYEMOM BeM4nHON B A/M?!, YuuThiBas,
yTo KaKk B Poccuiickoii denepaiuu, Tak 1 BO BCEM MUPE, OCHOBHBIM KOHTPOJIUPY-
embiM niokazarenem (I11Y) ssnsercs nanpspkennocts D11 wnu MIT T4, a mmot-
HOCTb MHIYIIUPOBAHHBIX TOKOB — PACUETHBIM ITOKa3aTelieM 3a pyoekoM, IpeIcTaB-
JsieTcs 1enecooOpa3HbIM pa3padoTKa MaTeMaTHUECKOM MOJETH OLEHKH IJIOTHO-
CTH MHIYLHMPOBAHHBIX TOKOB B YHCJIEHHOM (paHTOME Tella YeJIOBeKa Ha MpuMepe
ycnoBuil Bozaeiicteus OI1 u MII ITH B 30He npoxoxxaenus BJI cBepXBbICOKOTO
HaIIpsDKEHUS Ha OPTaHU3M 4YE€JIOBEKA, a TAKXKE ONPEIEICHUE UX COYETAHHOIO BIIM-
SIHUSL HA OT/EJIbHbIC OPTraHbl U TKAHH Teja yesoBeka. [lomydenHbie fanHble OyayT
OCHOBOI1 /17151 COTIOCTABJICHNUS OTMEUYEHHBIX OMooruueckux 3¢p(HeKToB ¢ JTaHHBIMU
13 MIPOBEJECHHBIX 3a MOCIEAHEE NECATUIIETHE UCCIENOBaHUN.

Leap uccienoBanusi — pazpaboTka MaTeMaTUYECKON MOJENU AJsl OLEHKH
IJIOTHOCTU UHAYLUPOBAHHBIX TOKOB B OPraHaX U TKaHAX Tella Y4eI0BEKa, HaXOMs-
LIErocs B 30HE MPOXOXKIACHUSA BO3IYIIHBIX JIMHUM 3JIEKTPONEPEIayun.

MaTtepuansl u meToAbl

OObexkTamu Hccne0BaHus ObLTH BRIOpaHBI BO3AYIIHBIC TUHUH YJIEKTPOIIEepe-
naun  HanpspbkeHuem 500  kB.  HccnemoBanwe — BKIIOYANO — MPOBEICHUE
u3mepenuit yposueit D11 u MII T4 Ha Ha3eMHBIX paboyux MeCTax W B Mpeenax
rpanun C33 BJL

! Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields
(up to 300 GHz). International Commission on Non-lonizing Radiation Protection / International
Commission on Non-lonizing Radiation Protection (ICNIRP) // Health Phys. 1998. Vol. 74, no. 4.
P. 494-522. URL: https://pubmed.ncbi.nlm.nih.gov/9525427/ (accessed: 23.08.2024).
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N3mepenus Hanpspkennoctert D11 u MIT [TY npoBoanaucs ¢ UCoNb30BaHUEM
m3meputeneit [13-50 (HITO «/lo3a», Poccusi) 1 NARDA EFA-300 (Narda Safety
Test Solutions, I'epmanus) ¢ anrennamu E-FIELD u B-FIELD.

N3mepenus npoBoaunuck Ha BeicoTax 0,5, 1,5 u 1,7 M oT noBepxHOCTH 3eMJIH,
n3MepeHHbie 3HaueHus HanpsbkeHHocTu DI u MIT koppekTupoBaiuch ¢ y4eTom
MaKCHUMAaJIbHOT'O TO10BOr0 paboyero HanpsKeHHUs U TOKa COOTBETCTBEHHO.

N3mepenus B npenenax rpanui] C33 BJI ocymecTBismuck mo 3apanee paspa-
6oranHoit ®T'BHY HUUW MT meronuke. Pazmerenrne TOoYeKk H3MEPEHUU OCY-
LIECTBIISJIOCHh KaK HETIOCPEICTBEHHO MO/ POEKIUSIMHU MTPOBOJOB KpallHUX U Cpel-
Hel (a3, Tak ¥ MEeXIy HUMH, YTO 00ECIIeYnBalI0 KOMIUIEKCHYIO KapTUHY pactpe-
nenenust D11 u MII B C33 mpoxoxnenns BJI.

Jlna MateMaTudeckoro MoaeaupoBanus yciuosuil Bosaeiicteus O11 u MIT T4
Ha OpraHu3M YeJIOBEKa MCIOJIb30BaIOCh porpammuoe obecrneuenne SEMCAD X
Matterhorn v.20 (SPEAG AG, llIBeitapus). [y OlleHKH TIOTHOCTA UHAYIIUPO-
BaHHBIX TOKOB B TeJI¢ YeJIOBEKAa B MATEMaTUUYECKUX MOJIEIISX IPUMEHSIICS reTepo-
TeHHBIN YHCIEHHBIA (PAHTOM B3pPOCIOTO YelOBEKa C 3aJaHHBIMH AUAJICKTpUYE-
CKMMHM XapaKTepUCTUKAMH 73 TKaHEeW U opraHoB st yacTtoTsl S0 ['11.

Pe3ynbTaTbl U X 06CY)XAEHNE

WNuctpymenTansnblie uzmMepenust O11 u MII ITH npoBoaunucs B rpannnax CC3
BO3YIIHBIX JTUHUM 3nekTponepenaun 500 kB Bonu3u noacranuumii 750 kB Merain-
nypruueckas u 750 kB benosepckas B Temioe BpeMsl rojla, HaXoIAMXCs B IKC-
Ty aTaluH.

IIpoBencHHBIE U3MEPEHUS NTOKA3aIM Hatnyue npesbliienuii [1IJ1Y HanpskeH-
noctu DIl maxke mis yciaoBuil mpou3BoACTBEHHBIX Bo3aeiicTBuid. st BJI 500 kB,
PacIoyIOKEHHBIX MapallIeNbHO IpYr ApYry, Obl1o mpoereHo 900 m3mepeHuil B
150 toukax. MakcumanbHble ypoBHH OIl He mpeBbicunu 2,2 kB/m, a MII —
4,4 MxTn Ha rpanunax C33. AHanu3 nokasaj, 4To MakcuMalibHble ypoBHU D11 BJI
500 kB mpeBbImany HOpMaTUBBI B ONMPECICHHBIX 30HaX, @ UMEHHO HAWOOJIbIIas
HanpsbkeHHocTh OI1 ormeuanaces o 11,5 kB/M nog mpoekiusimu kpaitnux ¢as u
no 10,2 kB/M nox npoekuueii cpeaneit ¢has3sl B 00JaCTH MaKCUMAaJIbHOTO MPOBHCA,
yTo OoJiee yeM B 2 pa3a MpeBbILIAeT YCTAaHOBICHHBIM HOPMATUB IS BCeil paboueit
cMeHbI%. BOMHM3H 0NOphl MaKcHUMallbHOE 3HaueHue He npesbimano Y u cocTas-
nsut0 3,5 kB/M o mpoekuusaMu KpaHux ¢as.

N3mepennbie 3HaueHrne naaykuu MII gocturanu 12,3 MxTa nox nmpoekiu-
aMu kpaitHux ¢a3 u 11,3 MxTn nox nmpoekiueii cpeaneit pas3bl B TOUKe MaKCUMalb-
HOTO IpoBuca JUHUM. Bo Bcex ocTanbHbIX cinydasx ypoBHH MII He nonHHManch
Boinie 10 mxTn. Bce 3apernctpupoBaHHBIE 3HAUEHUS 3HAYUTEIIBHO MEHBIIIE

2 CaulluH 1.2.3685-21 I'uruenuyecKre HOPMATUBEL M TPEOOBAHMUS K 00ECTIEUEHUIO GE30IaCHOCTH
u (win) Oe3BPeIHOCTH IS uenoBeka (haKTOPOB Cpelsl OOMTaHMs, YTB. MOCTaHOBJICHHEM No 2
[JIABHOTO  TFOCYJapCTBEHHOTO  caHuTapHoro Bpasa P® or 28.01.2021 r. URL:
https://www.rospotrebnadzor.ru/files/news/GN_sreda%20_obitaniya compressed.pdf (mata obpa-
mienust: 04.09.2024).
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HopmatuBa 100 mxTn Ha pabouem mecte, A Hacenenus yposHu OI1 u MIT ITY B
TaKMX yCIIOBUSIX HE HOPMUPYIOTCS, UMEIOTCs b [V B skunbIX 31aHusAX, A€T-
CKHX, JOLIKOJIbHBIX, IIKOJBHBIX, 00I€00pa30BaTENbHBIX YUPEXKIEHUSIX, oOILIe-
CTBEHHBIX 3JaHUSAX U HAa TEPPUTOPUAX KWIOU 3acTporku. [ nocnennux I1J1Y
coctapisioT < 1 kB/M u 10 MmxTun, HO B 3TUX cllydasx MoApa3yMeBaeTCsl HOCTOSH-
HOE HaXO0XICHHE YeJI0BEKA B 30HE BO3JEHCTBUS, YTO HEXAPAKTEPHO I 30HbI IIPO-
xoxaenns BJI.

Cxoskue naHHble OTMEYAIN U ApyTUe uccienosarenu, Hanpumep, B.H. Huxu-
TtuHa U 1p. [1], usmepusume yposau OMIIL, co3naBaembie BJI Hanpsiokenuem 35,
110 1 220 xB. Onu Taxoke 3apuKcupoBaIr HAaMOOIbIINE 3HAUEHUS HANPSHKEHHOCTH
DIl B cepenune mposieroB noj nposogamu BJI 110 kB, mpespiuaroniue 1Y
1 kB/m.

Taxke B uccnenoannu A.Z. El Dein ¢ coaBt. [2] mpoxoauio cpaBHeHue 11
u MII ITY na BJI 500 kB nox npoekuueit cpeaneit Gpasbl Ipy MOBBILIEHUN U TOHU-
KEHUH BBICOTHI MpoBoJoB. MakcumanbHoe MII ymensmanocs ¢ 30,852 A/m
1o 23,432 A/M mpHu yBeIMYEHUH BBICOTHI LIEHTpajabHOH (a3bl ¢ 18 M 10 26 M.
MaxkcumanbHoe 3HaueHue DIl mon uenTpanmpHOUM (azoil mocturano 1,2 xB/m
(YTO MOEHTUYHO YPOBHSM B HaIleM MCCIIEJOBAaHUS) MPU BBICOTE LIEHTPAIbHOM
(a3l 26 M (BblLIe BHENIHUX (a3 HAa 4 M), a IIPU BbICOTE LEHTpaIbHOU (a3bl 18 M
(amxe BHemHUX (a3 Ha 4 M) OHO cocTaBisio 6,13 kB/M. B Hamewm ke ciyyae BbI-
COTa IEHTpaIbHOU (ha3bl y omopkl OblI1a 27 M, a MpU MaKCUMAIBLHOM TIpoBuce 13 M,
a cie0BaTeNbHO, pa3Hula cocrasuna 14 m. Iloatomy y Hac ypoBuu OII nmox mak-
CUMAaJbHBIM MPOBHUCOM ObLTH Ooibine (8,6 kB/m).

Ha ocHOBaHMM 1aHHBIX U3MEPEHHI B OCHOBE MaTEMATHYECKOI0 MOIEIUPOBa-
HuA ucnonb3oBanack BJI 500 kB ¢ aByms THIOBBIME Onopamu 1711 UMUTALUU TPsi-
Moro npoijeta ¢ paccrosinueM 400 meTpoB Mexny HUMU. Beicota onop — 37 M, pac-
HierieHue Kaxa0i ¢asel Ha 3 mpoBoja. 3a pacyeTHOE MPOCTPAHCTBO MOJIEIH MPH-
HUMaJach Bcst 06aacThb nposera BJI oT onopsl 70 cieayroniei onopsl A1 OLEHKH
B TOM YHCJIE MUHUMAJILHOTO rabapurta mposwuca mpoBoioB BJI. s obecnieuenus
KOPPEKTHOCTH pacueTa yCTaHaBIMBAJICS HE TOJIBKO KJIacc HaIpspkeHus (pabouero
HaIpSDKEHUs), HO U CABUT (a3 KpallHUX MPOBOJOB JUIsl MOAEIUPOBAHUS YCIOBHMA
HKCHO3MILIMHU Ha pabo4MX MECTAaX U B MECTaX BO3MOYKHOI'O IIPeObIBaHUS HACETICHMUS.

Takum oOpasom, Obuta pazpaboTaHa MaTeMaTHYecKas MOJEIb 3JIEKTpoMar-
HUTHOM 00cTaHOBKHU B C33 mposieTa BO3AYUIHBIX JUHUN 3JIEKTpOIepe1aul Hampsi-
xenueMm 500 kB, ocHOBaHHas Ha JaHHBIX, MOJIYYEHHBIX NIPU NPOBEACHUU HATYp-
HbIX u3Mepenuid yposue D11 BJI anektponepenaun Hanpsikenrem 500 kB.

Pa3znuuus B cX0IMMOCTH JaHHBIX HATYPHBIX U3MEPEHUN C pE3yJIbTaTaMU YHuC-
JIGHHOTO MoJienupoBanusi coctaBuiid 4 % mnona nposucoM u 20 % mopn omnopoit
(puc. 1), 9To yka3pIBaeT Ha a/IEKBaTHOCTh Pa3pabOTaHHON MaTeMaTHYECKOW MO-
JIeSTU JIEKTPOMAarHuTHON OOCTAaHOBKU M BO3MOXKHOCTHU €€ NMPUMEHEHUsI AT J03H-
METPUUYECKOHN OLIEHKH HA OPTaHM3M YEJIOBEKa.
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Puc. 1. HanpsixxeHnHocTb 3N B6nn3u 1/2 nponerta BJ1 (MakcumanbHblii NpoBuc) Ha BoicoTe 1,7 m
UcTto4Huk: coctasneHo C.10. NeposbiM, B.C. Opnosotii, B.B. XXypoBbim.

ES voltage
E, kV/m

e \[ode]l ©°ee°e Belozerskaya = = oMetallurgical == == Metallurgical 2

Figure 1. ES voltage near 1/2 of the overhead line span (maximum sag) at a heightof 1.7 m
Source: compiled by S.Yu. Perov, V.S. Orlova, V.V. Zhurov.
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Pa3zpaboTtannas Mozienb 30HBI MPOJIETA TTO3BOJIHIIA TIPOBECTH PACUETHI IKCIIO-
s3unuu D11 u MII T4 ¢ panToMoM uenoBeka B pa3HbIX TOUKax (BOJIM3HM OHOPHI,
10/ MAaKCUMaJIbHBIM NTPOBHCOM U Ha rpanuie C33 as yKka3aHHOTO Kjlacca Harps-
xenus BJI°,

Amnanu3 ganHbix HanpspkeHHoctu D11 mogenu BJI 500 kB (Ta6:.) mokaszan, 4to
HauOOJbIINEe UHIYIIMPOBAHHBIE TOKM OTMEUAIHCh B TKAaHAX U OpraHaX HEPBHOM
CHUCTEMBI TIOJT TPOEKITMEN CpeaHEH (a3bl C MAKCHMAIBHBIM IMPOBUCOM (HAPSKEH-
HOCTb 1oJ1s 8,6 KB/M), Tie MakCUMaIbHBINA YCPEIHEHHBIA YPOBEHD IITOTHOCTH TOKA
coctaBui 161,5247 MA/M? B CIHHHOMO3TOBOM >kUAKOCTH. [lox0Xkuil pe3ynpTaT mno-
nyuunu R. Tian ¢ coaBT. [6] B BaroHe moesqa C maccaxupamu, I7ie HaIpsHKEHUE
BBICOKOBOJIbTHBIX MPOBOIOB ObuT0 25 kB. Mu ObLT caeman BBIBOM, YTO MaKCH-
MallbHas HaIpsHKEHHOCTh UHAyUHupoBaHHOTO DIl B Tene maccakupa BO3HUKAET B
00J1aCTH CITMHHOMO3TOBOM KHUIKOCTH ¢ MaKCUMaJIbHBIM 3HaueHueM 202,817 MB/M.
K ToMy e 3TO MOXET CBHIETENbCTBOBATH O IMOATBEPKICHHM HCCIIEIOBAHUS
F. Teimori ¢ coaBr. [5], koTOopbie B cBOEH pabote mocie 3kcro3unuu MII uaTeH-
cuBHOCTBIO 3 MTn B TeueHue 4 4 B JeHb TaOOPATOPHBIX KPBIC HA MPOTSHKEHUU
10 men., nemaroT BeIBOA, uTO Bo3xeiicTBue MII gactorort 50 I'1t MOKeT M3MEHITh
yIbTPACTPYKTYPY TKAHU FMINOKAMIIA M YCUJIMBATh aroITO3 B TUIIIOKAMIIE KPBIC,
ccputasch Ha uccinenoBanne H. Lai ¢ coaBt. [3], pe3yabTaThl KOTOPOTO MOKA3aJIH,
yto BnusHue 24- u 48-yacooro Bo3ackicTBusa MII 0,01 mTi, 60 't Ha ogHOHUTE-
BbI€ U IBYHHUTEBBIC pa3pbiBbl JJHK B KiteTkax Mo3ra KpeIC IPUBOIUT K YBEITUUEHUIO
anonTo3a M HEKpo3a B KJIETKaxX MO3ra KpbIc. Takke uccieqoBaTesid OTMEYalld, 4YTO
TaKO€ YBEITWYCHHUE arloNTo3a U HEKPO3a MOXKET OBITh CBSA3aHO CO CBOOOIHOpAIN-
KaJIbHBIMH TPOIIECCAMHU, 00Pa3yIOIUMUCS MO/ IeUCTBUEM (PaKTopa, IPUBOISIIETO
K pazpyumenuto JJHK u rubenu HepBHBIX KIETOK.

Bropoii no yposHto Bo3aeiictust 11 [TH (Hanuuuio BHICOKUX 3HAYEHUI WH-
JTYLIMPOBAHHBIX TOKOB) OblIa 3pUTEIbHAs CHUCTEMA, I/ieé HauOoJbLIas MIOTHOCTD
TOKa HabI0Janach B CTEKJIOBHIHOM TeJie ri1a3a. ITO MOKET CBUAECTEILCTBOBATH O
BO3MOKHOM B3aUMOJICHCTBUH MEXIY TUIOTHOCTBIO TOKA U TAJIOYKOBUTHBIMH KJICT-
KaMH CeTyaTKU. Takyke BO3MOXKHBIMU MOCIEICTBUSMU MOTYT OBITH MEpIAIOIIHe
BHU3yaJIbHBIC OIIYIICHHS, UM MAarHUTO()OCHEHBI, 0 YeM TOBOPUTCS B HETABHEM HC-
cinenoBanuu A. Legros ¢ coasrt. [4].

3aTem cleyeT SHAOKPUHHAS CUCTEMA, Te O0JIbIIe BCETo CTpajaacT TUIoQus.
Jlanee — cepAeuHO-COCYUCTasl cUCTEMa, e HaOOoNIbIIue YPOBHU MHIYLIMPOBaH-
HBIX TOKOB OTMEYaJINCh B BEHaX (puc. 2). Bo Bcex 3Tux ciiyyasx ypoBEHb IIJIOTHO-
CTH MHAYLIHUPOBAHHBIX TOKOB ObLI BhIme 10 MA/M> 11 2 MA/M?, 9TO COCTaBJISET

3 CanlluH 2.2.1/2.1.1.1200-03 CaHUTapHO-3aIMUTHEIE 30HLI U CAHUTAPHAS KIacCH(HKALUS MIPE-
NIPUSITHH, COOPY>KEHUH 1 HHBIX 00BEKTOB, yTB. TOCTaHOBIeHHEM Ne 74 r1aBHOTO TOCY IapCTBEHHOTO
canutapHoro Bpada P® ot 25.09.2007 r. (meitctByrot no 01.01.2025 r.). URL: https://files.stroy-
inf.ru/Data2/1/4294844/4294844925 .pdf (nata oopamenus: 04.09.2024).
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MaKCHMalbHble HOpMUpYEMble YpoBHH 10 pekoMmeHaamusam ICNIRP* na pa6ounx
MECTax U B MECTaX BO3MOXKHOT'O ITPEeOBbIBAHUS HACEIEHUS! COOTBETCTBEHHO.

CpepnHsia NNoTHOCTb Toka (MA/M?) B cUCTEeMax OpraHoB YesioBeKa
noa, npoekuuamu BJ1 500 kB, moaens 30

Average current density (mA/m?) in human organ systems under projections

of 500 kV overhead power lines, model ES

MakcumanbHbIl NnpoBuUc /

Maximum sa

B6nu3un onopsbl / Near the support

Mpoekuusa | NMpoekuus Mpoekuus | Mpoekuus
CucTeMbl OPraHoB 4eno- | cpepHein kpaiiHeii |30 moT BJ1| cpepHei KpaiHeii |30 m ot BJl
Beka / Human organ sys- ¢dasbl / ¢dasbl / (C33)/ dasbl / dasbl / (€C33)/
tems Projection | Projection | 30 m from | Projection | Projection | 30 m from
of the of the overhead of the of the overhead
middle outermost | line (SPZ) middle outermost | line (SP2)
phase phase phase phase
Bce cuctembl / All systems 8,7528 2,7545 0,3784 3,5903 1,7238 0,2540
HepsHas cuctema /
Nervous system 51,1203* 3,6335 1,9109 22,5241* 9,2752 1,0733
3puTenbHas cuctema /
Visual system 5,3668 1,6959 1,3572 2,0296 23,0433 1,0584
OHOOKPUHHas cuctema /
Endocrine system 19,2508* 3,6369 0,3241 7,3814 1,4051 0,2423
CepaeyHo-cocygucTas
cuctema /
Cardiovascular system 10,2560* 3,4732 0,3975 3,7644 0,8273 0,2632
MuweapuTenbHas
cuctema /
Digestive system 2,7497 2,3378 0,3156 0,7410 1,5305 0,2376
OnopHo-aBuratenbHas
cuctema /
Musculoskeletal system 2,9726 2,0003 0,2660 0,8331 0,5492 0,1738
[bixaTensHas cuctema /
Respiratory system 1,8391 2,1594 0,2391 0,2680 0,3365 0,1572
KoxHasa cuctema /
Skin system 1,6641 1,2720 0,1643 0,7544 0,3352 0,1113
MMmmyHHas cuctema /
Immune system 2,4980 1,6431 0,2031 0,8935 0,2997 0,1349
MoueBblgenuTenbHas
cuctema / Urinary system 1,0348 1,3437 0,1472 0,1289 0,1939 0,0971
PenpogyktuBHas cuctema /
Reproductive system 0,4789 0,6653 0,0655 0,0578 0,0883 0,0428

* — npeBbILLeHNe HopmaTuBa / exceeding the standard.

UctoyHmk: coctasneHo C.10. Meposbim, B.C. Opnoson, B.B. XypoBbim.
Source: compiled by S.Yu. Perov, V.S. Orlova, V.V. Zhurov.

HaunbGonpmmii cpenHuii mokasaTesib 10 BCEM OpraHaM CPENU BCEX MPOEKIUM
poBOoJI0B (a3 ObLI O NpoeKIen cpenHel (a3l B 0071acTH MAaKCUMAJIBHOTO IPO-
BHCA, yPOBEHb INIOTHOCTH MHIYIIMPOBAHHBIX TOKOB COCTABIISI OKOJIO 9 MA/M?%, 4O
MOJKET OBITh IOIYCTUMBIM YCJIOBHEM JIJIsl IPOU3BOACTBEHHBIX YCIOBUMA, HO HE AJIS
MecT npeObIBaHus HaceneHus. To xe caMmoe MOKHO OTMETHUTH JIJIs yCJIOBUN HAX0XK-
JIeHHs 4eJIOBEKAa B TOUKaxX MPOEKLUMHU cpefHed (a3bl BOIM3M HENOCPEICTBEHHO

4 Guidelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fields
(up to 300 GHz). International Commission on Non-lonizing Radiation Protection / International
Commission on Non-lonizing Radiation Protection (ICNIRP) // Health Phys. 1998. Vol. 74, no. 4.
P. 494-522. URL: https://pubmed.ncbi.nlm.nih.gov/9525427/ (accessed: 23.08.2024).
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caMoM OIOopbI, a TAKXKe MPOEKIUU KpalHUX (a3 1Mo NpoBUCOM U BOJIM3U ONOPHI,
r7ie yPOBHHU COCTABUIH 3,6; 3,4 1 2,2 MA/M? COOTBETCTBEHHO.

Bo Bcex 0CTalbHBIX CIy4asX yPOBHM PeIKo IpeBbimanu 1 MA/M2. D10 ke Ka-
CaeTcsl U BCeX Mody4yeHHbIX AaHHbIX no moaenu MII BJI 500 kB. MakcumainbHnoe
3HaYEHHE TUIOTHOCTU MHAYIIMpoBaHHOTO Toka MII Habmo1anoch Takke B HEPBHOM
CUCTEME B CIIMHHOMO3IOBOM JKMJIKOCTH M CIIMHHOM MO3TY, 3HaY€HUs COCTaBWJIU
0,1508 u 0,1118 MA/M? COOTBETCTBEHHO, YTO MOJTBEPKIAETCS PE3ydbTaTaMU
HaTypHBIX M3MEPEHUH, yKa3plBalOIUX Ha oTcyrcTBUEe mpesbilieHud ITAY MII
JTaXKe JJIs HaCeJIeHUsI.

10 MmA/mM?> 10 mA/m’

5 MA/M?5 mA/m?

2 MA/M?2 mA/m?

0 MA/M? 0 mA/m?

Puc. 2. NMnoTHOCTb MHAYLUPOBAHHbIX TOKOB B pa3pe3e OpraHoB U TkaHeil paHTOMa YenoBeka
nop, npoekuuen cpeaHen ¢pasbl N0OA MaKCUMMasibHbIM MPOBUCOM
UcTtouHmk: poTo C.10. MNeposa, B.C. Opnoeoii, B.B. Xyposa.
Figure 2. Density of induced currents in the section of organs and tissues of the human
phantom under the projection of the average phase under the maximum sag
Source: photo by S.Yu. Perov, V.S. Orlova, V.V. Zhurov.
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3aknoyeHue

Pa3paborana u anpoOupoBaHa MaTeMaTH4yecKkas MOAEIb OLEHKU IUIOTHOCTH
MHIYIIMPOBAHHBIX TOKOB B OpraHax 4e€JI0BEKa, HAXOIAIIErocs B 30HE BO3JAECHCTBUSA
BO3IYILIHBIX JUHUI 3iiekTponepenaun HampspbkeHneM 500 kB. Monens nokasana
CXOJMMOCTb C HaTYpHBIMHU U3MEpEHUsAMHU. VcciienoBanne MOATBEPANIO HAIIUYNE
npesbitieHuit [1J[Y nanpsbkenHoctn OII M HOpMHpPYEMBIX YPOBHEW INIOTHOCTH
MHAYLHMPOBAHHBIX TOKOB Ha pa0OYUX MECTAX U B MECTaX BO3MOXKHOTO IPEObIBAHUS
HaceJeHHUs B psfie 30H, 0OCOOEHHO MOJA MPOEKLHUSIMH IPOBOJOB, YTO CBHUJIETEIIb-
CTBYET O MOTECHUHMAIBHBIX PUCKaX I 30POBbSl YEJIOBEKA, B YaCTHOCTH IS
HEPBHOM, 3pUTEJILHOU U SHAOKPUHHOU cucTeM. Ha OCHOBE MOJIy4EHHBIX NaHHBIX
pPEKOMEHAYEeTCSl IPOAOIKUTh UCCIIEI0BAHUS Il OLUEHKU JOJITOCPOYHBIX dPPeK-
TOB JIEKTPOMArHUTHOI'O BO3JECUCTBUSA U MCIIOJIB30BAaTh MPEIIOKEHHYIO MOJEIb
JUISL OLICHKH 3KOJIOTMYECKUX PUCKOB B APYIMX 30HAX MPOXOKIEHUS BO3IYIIHBIX
JIMHUW 3JIEKTPOIIepeayy, YTO MO3BOJMT MUHMMHU3UPOBATh HEraTUBHOE BO3JCH-
CTBHUE HA OKPYKAIOUIYIO CPEAY U 300POBbE HACEICHHUS.
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Buoxnmuyeckas oueHKa AeiCTBUS aHTUOMOTHKA S3PUTPOMMLIMHA
Ha MOJIJTIOCKOB XXueopoaka peydHas (Viviparus viviparus L.)
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AHHoTamms. lcciemoBaHa aKTHBHOCTh KOMIUIEKCA KHCIBIX JE30KCHPHUOOHYKIEa3
(/IHKa3) u pubonyxkieas (PHKa3) remaromankpeaca MoJuTtocKa XHBOpoKa peunas (Viviparus
viviparus L..) B HOpMe U TIpH OCTPOM BO3JIEHCTBUM SPUTPOMHUIIMHA. Y CTAHOBJIEHO YBEJIHUUEHHUE
aktuBHocTu Kucnbix JIHKa3, Torna kax xapaxkrtep n3meHenus aktuBHocT PHKa3 sBnsercs
MeHee 3HauuMBIM. Ha OCHOBaHMH NOYYEHHBIX IKCIIEPUMEHTAIBHBIX JAHHBIX OBIJIO YCTaHOB-
JIEHO CYUIECTBEHHOE BJIMSHHE SPUTPOMHULIMHA HA MOJUTIOCKOB >KMBOpoAKa peunas (Viviparus
viviparus L.), mposiBisitorneecst Ha OMOXMMHUYECKOM ypoBHe. [lokazaHa BO3ZMOXHOCTB HCIIOJIb-
30BaHUsl U3MEHEHHUs1 aKTUBHOCTH HyKJiea3 IrenaTonaHKpeaca >KHBOPOJAKHM PEYHOM B KauecTBe
MapKepoB 3arps3HEHMS BOJHBIX 9KOCHUCTEM.
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YKUBOPOJIKA peYHasl
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Biochemical assessment of the effect of the antibiotic
erythromycin on the river snail (Viviparus viviparus L.)
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Abstract. The activity of the complex of acid deoxyribonucleases (DNases) and
ribonucleases (RNases) of the hepatopancreas of the river snail (Viviparus viviparus L.) was
studied under normal conditions and under acute exposure to erythromycin. An increase in the
activity of acidic DNases has been established, while the nature of the change in RNase activity
is less significant. Based on the experimental data obtained, a significant effect of erythromycin
on the river snail (Viviparus viviparus L.), manifested at the biochemical level, was established.
The possibility of using changes in the activity of hepatopancreas nucleases of the common
river snail as markers of pollution of aquatic ecosystems has been demonstrated.

Keywords: water bodies, erythromycin, nucleases, RNase, DNAase, river snail

Authors’ contribution. Petrov A.L., Polikarpova L.V. — collection of biological material,
conducting the experiment; Tishina E.A., Droganova T.S. — analysis of the results obtained and
writing the text of the article.

Article history: received 31.05.2024; revised 30.09.2024; accepted 27.11.2024.
Conflicts of interest. The authors declare no conflicts of interest.

For citation: Tishina EA, Droganova TS, Polikarpova LV, Petrov AL. Biochemical
assessment of the effect of the antibiotic erythromycin on the river snail (Viviparus
viviparus L.). RUDN Journal of Ecology and Life Safety. 2025;33(1):68-77. (In Russ.)
http://doi.org/10.22363/2313-2310-2025-33-1-68-77

BBepeHune

B >kuBOTHOBOZACTBE CyOTepaneBTUUYECKUE J03bI MPOTUBOMUKPOOHBIX Mpemna-
pPaTOB UTPAIOT BAXKHYIO POJIb B CTHMYJISIIIUKM POCTa U MPEIOTBPAICHHH O0Ie3HEH
KUBOTHBIX [ 1-3]. JIuTepaTypHbie JaHHBIE CBUAECTEILCTBYIOT O 3arpsi3HEHUU AHTH-
OMOTUKaMU, HAITPUMEP SPUTPOMHUIIMHOM, CTOYHBIX BOJI JKUBOTHOBOJICTBA, KOTOPHIC
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BMECTE C MAaBOJKOBBIMH TIOMAAIOT B BOAHBIC OOBEKTHI. DPUTPOMHUIIMH — OJIUH
U3 aHTUOMOTHUKOB, HanOoJiee YacTO MPHUMEHSIOMIUXCS B BETEPUHAPUU, O YEM
CBUJICTEIILCTBYET MOSIBJICHUE dPUTPOMUIIMH-PE3UCTEHTHBIX IITAMMOB MHUKPOOPTa-
HU3MOB B BOJIO€MaX OJIM3 CeNbCKOXO3SMCTBEHHBIX TEPPUTOPHIL, 8 TAKKE B MOJIOKE
KOpOB [4—6].

Kak u Bce aHTHOMOTHKY TPYMIBl MAKPOJIUIOB, SPUTPOMHUIIMH COIACPKUT JIaK-
TOHHOE KOJIbIIO, C KOTOpPBIM 4Y€pe3 KUCIOPOJ COEIUHEHBbI YTJIEBOJHBIE KOMIIO-
HEHTBL. B cooTBeTcTBHU ¢ KiTaccu(UKaMel SPUTPOMHUIIMH SBIISETCS 14-4IeHHBIM
MPUPOTHBEIM MaKpPOJHIIOM, TPOIYIEHTOM KOTOPOTO SIBISIOTCS aKTHHOMHIIETHI
Streptomyces erythreus [7]. JluteparypHble JaHHBIE CBHIETEIBCTBYIOT O 3arps3He-
HUU aHTUOWOTHUKAMH, U B YaCTHOCTH DPHUTPOMHUIIMHOM, CEIHCKOXO3SHCTBEHHBIX
NPEANPUITHI U CTOYHBIX BOJI, KOTOPHIE 3aT€M BMECTE C MaBOJKAMH MOMNAJAI0T B
BOoZI0eMBI 1 pekH [4; 5; 8]. [losiBeHrne aHTHOMOTUKOB B BOJHBIX O0BEKTaX MPUBO-
IUT K Pa3jMYHbIM HETaTHBHBIM BO3JCHCTBUSM Ha KHUBBIE OOBEKTHI, KOTOPOE
M3y4eHO B OCHOBHOM Ha pbi0ax [9], MeHee U3BECTHBI XapaKTep U CTENEeHb BO3/ICH-
CTBUSI aHTHOMOTHKOB Ha MOJIITIOCKOB. B CBSI3H € 3THM 1eJIb UCC/IeOBAHUA — U3Y-
YEHUE TOKCHUYECKOTO JCHCTBUS MAKPOJIUIHOTO AaHTHOMOTHKA SPUTPOMHIIMHA HA
aktuBHOCTH Kucnbix JIHKa3 u PHKa3 monmtockoB sxuBoponka peunas (Viviparus
viviparus L.), KOTOpbIE IIHUPOKO paCIpOCTPaHEHHI B BogoemMax EBpomneiickoit uactu
Poccun u paccMaTpuBaluch B psifie UCCIENOBAHUM KaKk OMOMapKephl 3arps3HEHUS
BogHOM cpennl [10—14]. B padotax [12; 13] moka3ano, uro aktuBHOCTH JIHKa3s1
SBIIETCS HHPOPMATUBHBIM MIOKA3aTEJIEM COCTOSIHHSI THAPOOUOHTOB MPH IEHCTBUU
KaTHOHOB TSDKEJIBIX METAJIIOB.

OO0OBbeKkTbl U MeToAbl UCCIef0BaHUS

B nacroseit pabote A1 IPECHOBOIHBIX MOJUTIOCKOB KMBOPO/IKA PeyHast Uc-
cnenoBany usmeHeHue aktuBHocTH ¢pepmentoB PHKa3sl u JIHKa3e1 nmpu Bo3aeii-
CTBUHU SPUTPOMUILIMHA B TeueHHe 2, 4, 6, 12, 24, 48, 72 u 96 4. B kauectBe maTepu-
ana JyUIsl cclieZIoBaHUs ObUTM MCIOJIb30BaHbl TOMOTEHATHl TKaHEH MUIEBaPUTEIb-
HOM jKeJie3bl (rernarornaHkpeaca) MPeCHOBOJHBIX MOJUIIOCKOB JKUBOPOJIKA PEUHAS.
B kauecTtBe TOKCHKaHTa ObLJI MCIOJB30BaH 3PUTPOMUIMH (Tpenapar 3pUTPOMHU-
nuHa (Cunres, Poccus)) B koHueHrpauuu, coorBercTBytomeid 10 [1BKsox (mpe-
nenbHO Oe3onacHasi KoHUeHTpauus A BOAHBIX 00BeKTOB) (PNECaq) I11BKsox —
0,0002 mr/mm® [15]. KoHTposibHas rpynma MOJUIIOCKOB COJEpKanach B BOJE
0e3 100aBIeHUs] TOKCUKAHTA.

ITo ucTeueHnn yCTaHOBJIEHHBIX IPOMEKYTKOB BPEMEHH MOJUIIOCKOB IIPENapu-
pOBAJIM U U3BJIEKAIM MUIIEBAPUTEIbHYIO Keledy. TKaHu TOMOT€HHU3HpPOBAIU B
dapdopoBoii cTynke B TeUEHHE 5 MUH PACTUPAHUEM C OUTHIM KBAapLIEBBIM CTEKJIOM
1 dKcTparupyromen KuakocTrio (0,5%-it pactBop Tputon X-100 Ha quctumiupo-
BaHHOH BOJIie, MPUOABISIEMbIi B IECATUKPATHOM 00BEME IO OTHOIICHHUIO K HAaBECKE
TKaHM). DKCTpaKThl ouninamu neHrpudyruposanueM mnpu 10 000 g u 4 °C B Teue-
nue 30 muH Ha pedpmxeparopHoit nentpudyre [11]. Konuentpamuio Oenka
B KCTpaKTax onpezensiau merogaoM Jloypu [16].
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AxtuBHocTs PHKa3el onpenensinun MoaupuIMpoBaHHEIM METOAOM AH(UH-
CeHa 0 MU3MEHEHHIO ONTHYECKOIo MOTJIOIIEHUS PAacTBOPA, B KOTOPOM HAXOJATCS
KHCIIOTOPACTBOPUMbIE TPOAYKTHI TUIApOJiN3a BbicOkoMolnekyisipoii PHK, mpu
260 um Ha cnekTpodoTomerpe «Thermo Genesis 6» [17].

AxrtuBHocTh JIHKa3e1 u3mepsiu guryopumerpudeckd [ 18], ucnonb3ys B kade-
CTBE CyOCTpaTa CHHTETHUECKUH OJHOILIETIOUEHHBIH OJIUT0/1e30KCUPUOOHYKICOTU
Rsol-P (TTCGCCTACGAATTTCAAGCC) («BioBeagle»), meuenHslii mapoii
dbayopodopoB: curHanbHBIM KpacuteneMm 6-FAM (6-kapOokcuduryopeciiens,
Mvaxe.normomenns = 490 HM, Anaxe. bayopecuenuuu — 520 HM) Ha 5'-KoHIIlE U TYHIUTCIICM
dbayopecuenmu BHQ-1 (Black Hole Quencher, Avaxe. nornomenus = 535 HM, 1uanazox
ramenus 480—580 um) Ha 3'-koHiie (aHanoru4yHo 3ou1aMm TaqgMan-Tuna) Ha criek-
Tpodayopumerpe «Daroopar-02-ITanopama» npu anuHax BoiH 492 HM (oriouie-
Hue cBeta) U 520 HM (iryopecteHITus).

3a eqununy aktuBHoctd PHKa3el mpuHuManu takoe koianuecTBo (hepMeHTa,
KOTOpO€ BBI3BIBAET YBEJIMUEHUE MOTJIOUICHHSI pacTBOpa HA €JUHUILY ONTUYECKOM
wioTHocTH pu 260 HM 3a 1 muH. 3a eqununy aktuBHocty JJHKa3sl npuHumanu
TaKO€ KOJMYECTBO (hepMEHTA, KOTOPOE KaTaTM3UPOBAJIO MpeBpalieHue 1 Moib cyo-
cTpaTa 3a 1 MUH. YAEIbHYI0 aKTUBHOCTb (DEPMEHTOB PACCUUTHIBAIM B €IUHHIIAX
Ha 1 mr Genka (E/mr Genka).

Bce Ouoxumuueckue HccleAOBaHUS MPOBOAWIA B MSATH OHMOJOTHYECKUX
U TpeX aHAJUTHUECKUX MOBTOPHOCTAX. MI3MeHeHne yAelbHOM aKTUBHOCTH HYKJI€a3
MOJIJTIOCKOB I10J1 IEHCTBUEM IPUTPOMULIMHA CPABHUBAIIN C KOHTPOJIbHBIMU 3HaYe-
HUSIMH B COOTBETCTBYIOIINX BPEMEHHBIX HHTEpBaJIax.

Craructuueckyto o0paboTKy MPOBOAMIIU MPU MOMOIIH porpamMmbl Microsoft
Office Excel. Pe3ynbTaThl npeacTaBieHbl B BUAE «CpeiHEe 3HAUYECHUE + CTaHAapT-
HOE OTKJIOHEHHE». Jl0CTOBEpPHOCTh pE3yJbTaTOB OMNPENENSIIU IO {-KPUTEPHUIO
CrpronienTa. Pasnnuus Mexay CpeJHUMH 3HAUEHUSIMU CUHUTAIHU JOCTOBEPHBIMH,
€CJIM yPOBEHb 3HAYMMOCTH ObLI 60s1ee 95 % (p < 0,05).

PesynbTaTbl U X 006CYXAEeHne

[Ipu ananuze usmeHenuit aktuBHOCTM PHKaspl y MOMIIOCKOB OMBITHOM
IPYNIbl 0 CPABHEHUIO C MOJITIOCKAMU KOHTPOJIbHOM Ipynmnbl (puc. 1) BbIABIECHO
HE3HAYUTENIbHOE YBEIMYEHUE AKTHUBHOCTU MEXIY KOHTPOJIbHOW M OIBITHOM
rpynnamMy MOJUIFOCKOB B MepuoJl 3kcro3uuuu ot 0 10 24 4, 4TO CBUIETENBCTBYET
0 HE3HAYMTEIbHOM BIIMSIHUM 3pUTpoMUIIMHA Ha akTHBHOCTH PHKa3el npu Henpo-
JOJDKUTENbHOM Bo3zelicTBur. HeoOxoaumo otMeTuts, uto akTuBHOCTh PHKa3b1
YBEIMUYUBACTCS € 48 4 DKCIO3ULMHU U OCTAECTCA BBILIE KOHTPOJIbHBIX 3HAYCHUU 10
KOHIIa AKCIIepUMeHTa. B 1ienom aeiicTBUe 3pUTPOMUIIMHA MPUBOAUT K HE3HAYH-
TEJIbHOMY yBeJIMUYeHUIO akTuBHOCTH PHKa3sl.

HccenenoBanue nsmenenus yaenbHod aktuBHoctd JIHKasel numesapurens-
HOM JKeJ1e3bl JKUBOPOJKU PEUHOM (PHC. 2) B ONBITHON IPYIIE MOJTIOCKOB BBISIBUIIO
BbIpQ)KEHHOE ueperoBaHUe (a3 akTUBHOCTH (epmeHTa. Ha mpotrskeHun Bcero
BpPEMEHH 3KCIO3UIMH Habmoaaercs ypenuuenue aktusHoctu JIHKa3sl npumepHo
B 3—4 pa3a 1o cpaBHEHUIO C KOHTPOJIbHBIMU 3HAUECHUSMHU.
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B KOHUEeHTpauuu, cooteetcTByloweii 10 NBK, .. Pazanuuua mexay sHaueHUaMU yaenbHOMN
aKTUMBHOCTU PepMeHTa CTaTUCTUYECKU 3Ha4YMMBbl npu p < 0,05 B akcnoanummn 4, 72 n 96 4
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Figure 1. Change in specific activity of RNase under the influence of erythromycin
at a concentration corresponding to 10 PNEC,, The differences between the specific enzyme
activity values are statistically significant at p <0.05 at exposure of 4, 72 and 96 hours
Source: compiled by E.A. Tishina, T.S. Droganova, L.V. Polikarpova, A.L. Petrov.
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Puc. 2. UameHeHue yaenbHoih akTuBHocTu [lHKa3bl nog geiictBuem sapurpoMmmumHa

B KOHUEeHTpauum, cooteeTcTylowen 10 NBK.... Pazanuuna mexay sHa4eHnamMun yaenbHomn

aKTUBHOCTU pepMeHTa CTaTUCTUYECKM 3Ha4YUMbI npu p < 0,05 BO BCex TOYKaxX 3KCNO3MLUN

Ucto4Huk: coctasneHo E.A. TuwumHon, T.C., poraHosoii J1.B., lNonavkapnoBovi., A.J1. [leTpoBbim.

Figure 2. Change in specific activity of DNase under the influence of erythromycin
at a concentration corresponding to 10 PNEC,,. The differences between the specific enzyme

activity values are statistically significant at p <0.05 at all exposure points
Source: compiled by E.A. Tishina, T.S. Droganova, L.V. Polikarpova, A.L. Petrov.

PesynbTathl, Moy4eHHbIE B X0/1€ SKCIIEPUMEHTA, COTIACYIOTCS C JAaHHBIMU 00
OCTPO¥ TOKCUYHOCTH MAaKPOJIUIOB JUIsl THAPOOMOHTOB [9] M MOKa3bIBAIOT N3MEHE-
HUE YAENbHOW AaKTUBHOCTH OOOMX HCCIEIyeMbIX (DEPMEHTOB, YTO SBISIETCS
peakieit Ha BO3JeHCTBUE SPUTPOMHUIIMHA.
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[Tomy4yeHHBIE pe3yNbTATHl COOTHOCSTCS C JAHHBIMH, TTOJTYYCHHBIMU PaHEE MTPH
M3YYEHUU U3MEHEHMsI aKTUBHOCTH HYKJI€a3 MOJ BO3JACHCTBUEM HEOPraHHMYECKUX
TOKCHKAaHTOB: KaTuoHOB Zn>" [13] m Pb*" [12] u nuTepaTypHBIMH TaHHBIMU
[19; 20].

3aknyeHue

N3menenue aktuBHOCTH [JHKa3bp1 MOKHO MCIOIB30BaTh B KAYECTBE MapKepa
3arps3HEHUS BOJOEMOB MAaKPOJIUIHBIMU AaHTUOMOTUKAMHU, B YACTHOCTU SPUTPOMHU-
nrHOM. [Ipy 3TOM MHAMKaNMS 3arpsA3HEHUN 110 U3MEeHEeHHI0 akTuBHOCTH PHKasel
MOJKET OBITh 3aTpyIHUTEIIbHA.

Ha ocHoBaHuu pe3yabTaToB, MOJYUYEHHBIX B X0JI€ UCCIIEIOBaHMsI, ObLIO yCTa-
HOBJICHO TOKCHUYECKOE JEWCTBUE DJOPUTPOMHULIMHA HA JKUBOPOAKY PEUHYIO
(Viviparus viviparus L.), a Takxe 1moka3aHa BO3MOKHOCTb UCIIOJIb30BAHUS U3MEHE-
HUs aKTMBHOCTH HYyKJIea3 IelaTolaHKpeaca »KMBOPOJKHA PEUYHOM B KayeCTBE Map-
Kepa 3arps3HEHUS BOAHBIX IKOCUCTEM.
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CoobuweHune / Short message

YnpaeneHue nukBuaauuvein HakonJIEHHOro Bpeaa okpyxatowiemn
cpepfe B KOHTEeKCTe HOBEeJ1J1 9KOJIOrM4eCcKoro 3akoHogartesibCTBa

I0.H. Yynposa!©0<, E.M. Ymakosa®

'Mockosckuii gpunuan Ypanockozo 20cy0apcmeeniozo HayuHo-UCCIe006amenbCKo20
UHCIUMYMA Pe2UOHATbHBIX IKOoA02uYecKkux npoonem, Mockea, Poccutickas @edepayus
’Mocxkosckuii punancoeo-ropuduueckuii ynusepcumem MPDIOA, Mockesa,
Poccuiickas @edepayus
P<chuprova_ulia@mail.ru

AHHOTanusi. PaccmMOTpeHBI HOBEIIIBI 3KOJIOTHYECKOTO 3aKOHOAATENBCTBA B cdepe
TUKBUJAIMNA 00BEKTOB HAKOIIEHHOTO BpeJa OKpyKaroliel cpeje. B pamkax mccienoBaHus
MIPOBENICH aHAIN3 TIPOLEAYp TUKBUIANNH, a TAKKE HEOOXOAMMOCTH HPUHSTHS MOI3aKOHHBIX
aKTOB.

KiroueBsbie ciioBa: QenepaibHBI MPOSKT, HOBEJUIBI 3aKOHOIATENILCTBA, HAKOTUICHHBIN
Bpel, TUKBUIALINS

Bxuiag aBTopoB. Bce aBTOpBI clienaiii SKBUBAJIICHTHBIH BKJIA/ B IOATOTOBKY Iy OJIHKAIIHH.

Hctopus crarsu: noctynuwia B penakuuto 07.09.2024; nopaboTana mocie pereH3nupo-
Barwmst 20.10.2024; npunsra k myonukanuu 10.12.2024

3agBiaeHne 0 KOH(PJIUKTe HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYTCTBHU KOH(IHMKTA
UHTEPECOB.
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Abstract. This study considers novels of environmental legislation in the sphere of liqui-
dation of objects of accumulated environmental damage. In the research process the liquidation
procedures and as well as the need to adopt by-laws are analyzed.
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BeBepeHue

B konne nexadbps 2024 r. 3aBepuaercs peanuszanus GeaepaabHOro MpoeKTa
«Yucras crpana» (manee — ®I1-2018/2024)!, xotopsiit b1 3amymen 1 okTAOps
2018 r. B xone moctmkenus ocHOBHbBIX mokazatenedt @I1-2018/2024, npencras-
JICHHBIX Ha puC. 1, moaTanHO GOopMUPOBATIACh HA YPOBHE MOJ3aKOHHBIX aKTOB HOP-
MaTHBHas npaBoBas 0a3a. [loctanoBnenus IlpaButensctBa Poccuiickoit ®@enepa-
uuu (nanee — IMI1 P®), npunsateie B 2017-2018 rr., nanpumep Ne 445 u 5422,
peryiupoBajii  BONpockl BelneHUs peectpa o0bekroB HBoC (HeratuBHOe

! ®enepanpnpiii mpoekt «Uucras crpama» / Munmpupoms Poccnn : odummansmeii caiir. URL:
https://www.mnr.gov.ru/activity/np_ecology/fp-chistaya-strana/ (zata obpamenus: 05.08.2024).

2 Tlocranosnenue [Ipasurenscrea Poccniickoit ®enepamun ot 13.07.2017 r. Ne 445 «O6 yTBepKIe-
Hud [IpaBui BeJeHHs TOCYIapCTBEHHOIO peecTpa 00BEKTOB HAKOIUIEHHOTO Bpea OKPYKaromieit
cpene» // IpaButensctBo Poccuu : odurmansusiii caiit. URL: http://government.ru/docs/all/111178/
(mata oOpamenus: 17.07.2024); Ilocranomnenue IlpaButenbctBa Poccuiickori ®Deneparuu
or 04.05.2018 1. Ne 542 // TlpaBurensctBo Poccum : odunumanbueiii caiit. URL:
http://government.ru/docs/all/116382/ (nata obpamenus: 17.07.2024).
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BO3/JICHCTBUE HAa OKPY>KAIOIIYIO CPeNy), a TAK)Ke OpraHu3aluu padoT Mo JUKBUIA-
uun HBoC. Vkaszannsie I1II P® B 2023 roxy yTpaTwi IOPUAMYECKYIO CHIIY B
CBSI3U C U3JaHUEM NOI3aKOHHBIX aKTOB (helepaabHOro YPOBHA® B IIEIAX pElleHus
aKTyaJlbHBIX IPOOJIeM, KOTOPbIE OBUTH BHISIBJICHBI IPU OTPAOOTKE 3314 10 JINKBH-
narun HBoC.

Pa3BuTHE CUCTEMBI TOI3aKOHHBIX aKTOB, PETYIUPYIOLINX 00JIaCTh UCCIEI0Ba-
HUS, OCHOBAaHO Ha W3MEHEHHUSX, MOATAMHO BHOCUMBIX B DenepanbHblil 3aKOH
ot 10 suBaps 2002 r. Ne 7-d3 «O06 oxpaHe okpykarwolieil cpenp» (nanee — 3akoH
Ne 7)*. Beemennsie ¢ 4 aBrycta 2023 r. B jeiictBue ®DesiepalbHBIM 3aKOHOM
Ne 449-®3 (nanee — 3akon Ne 449) HOBeJIBI 3aKOHOJATENLCTBA® OOYCIOBUIM
u3anne komiuiekca [T POO, MpeACTaBIeHHBIX B Tabm. 1. OOpatuM BHUMaHHE,

3 Ilocranosnenue IlpasurenscTBa PO ot 23.12.2023 1. Ne 2268 «O BefieHMH TOCYIapCTBEHHOTO
peecTpa 00BEKTOB HAKOIICHHOTO Bpena OKpy karotel cpeney // [IpaButensctBo Poccuu : oduim-
anpHbd caiit. URL: http://government.ru/docs/all/151445/ (nara obpammenus: 17.07.2024); ITocra-
Hosiuenue [IpaBurensctBa PO ot 27.12.2023 Ne 2323 (pen. ot 28.10.2024) «O6 yrBepsxnenun [1pa-
BIJI OpraHU3aliy JIMKBUJAINY HaKOIIJICHHOTO Bpesa okpyxatomieit cpene» // Koncynprantllmoc.
URL:  https://www.consultant.ru/document/cons doc LAW 466219/?ysclid=m60vrOgt1z726438167
(mata obpamenns: 17.07.2024).

4 ®enepanbubni 3akon ot 10.01.2002 r. Ne 7-®3 «O6 oxpaHe oKpyKarome cpeasn» // IlpaBurens-
ctBo Poccun : opunmaneueiid caiit. URL: http:/government.ru/docs/all/97213/ (nata obpameHus:
17.07.2024).

5 denepanbHblii 3ak0H 0T 04.08.2023 1. Ne 449-03 «O BHECEHUH U3MEHEHUH B OTAEIBHBIE 3aKOHO-
narenbHble akThl Poccuiickoit @enepauum» // [IpaBurensctBo Poccun : opunmanbubiii caidt. URL:
http://government.ru/docs/all/149096/ (nata obpamenus: 17.07.2024).

¢ ITocranosnenue IlpasurenscTBa PO ot 23.12.2023 r. Ne 2268 «O BefieHHH TOCYIapCTBEHHOTO
peecTpa 00BEKTOB HAKOIICHHOTO Bpena OKpykarotel cpene» // [IpaButensctBo Poccuu : oduim-
anpHbIH caiit. URL: http://government.ru/docs/all/151445/ (nara obpamienus: 17.07.2024); Ilocra-
Hosinenue [IpaBurensctBa PO ot 27.12.2023 Ne 2323 (pen. ot 28.10.2024) «O06 yrBepsxnenun [Ipa-
BIJI OpraHU3alliy JMKBUJAINY HaKOIIJICHHOTO Bpesia okpyxatomieit cpene» // Koncynprantllmoc.
URL: https://www.consultant.ru/document/cons_doc LAW_466219/?ysclid=m60vrOgt1z726438167
(mata oOpamenus: 17.07.2024); Ilocranosnenue IIpaBurensctBa Poccuiickoit demepannu ot
16.11.2023 1. Ne 1925 «O6 yrBepxnennu [IpaBui npoBeneHns IpOBEpKHU CMETHOM CTOMMOCTH pe-
aJIM3aluy MEPOIIPUATHH, IPEAyCMOTPEHHBIX IJIAHOM MEPONPUATHH 110 MPEAOTBPALICHUIO U JIHK-
BUJAIMY 3aTrPsI3HEHUsI OKpPY’KaloLeH cpenbl B pPe3ylbTaTe SKCILIyaTallid OTAEIbHOIO IPOU3BOJI-
CTBEHHOTO O0BEKTa, BBIJAYH 3aKII0UEHHsI 00 0O0CHOBAHHOCTH WJIM O HEOOOCHOBaHHOCTH OTIpe/ie-
JIEHUS] CMETHOW CTOMMOCTH peasTi3aliy yKa3aHHBIX MEPONPUATHH, a TAaK)Ke ONpeeIeHHs pa3Mepa
IUIaTHl 332 NPOBEICHHE MPOBEPKU YKa3zaHHOW cMeTHoW croumocTtw» // IlpaButennctBo Poccum :
odurmansHeii caiit. URL: http://government.ru/docs/all/150502/ (nara obpamenust: 17.07.2024);
[Mocranosnenne [IpaBurensctBa Poccuiickoit @enepannu ot 23.11.2023 1. Ne 1967 «O06 yrBepxke-
nuu [IpaBun o6cneoBaHms 1 OLICHKH 0OBEKTOB HAKOIUICHHOTO Bpe/ia OKpyskatolei cpene» // Ipa-
BHUTENBCTBO Poccun : opunmanersenii cadt. URL: http://government.ru/docs/all/150667/ (nata oopa-
mennst: 17.07.2024); Tlocranosnenue [IpaBurensctBa Poccuiickort ®@eneparun ot 21.12.2023 r.
Ne 2239 «O6 ytBepxnennn [IpaBui BBIIBICHUS OOBEKTOB HAKOILICHHOTO BpeNa OKPYIKArOIISH
cpexne» // IlpasurensctBo Poccun : opummaneHsrii caitt. URL: http://government.ru/docs/all/151275/
(mata obOpamenus: 17.07.2024); Ilocranosnenue IIpaBurensctBa Poccuiickoit @emepannu OT
27.12.2023 1. Ne 2335 «O0 yTBEepKICHUH KPUTEPHUEB, HA OCHOBAaHUH KOTOPBIX TEPPUTOPHH, PACTIO-
JIOXKEHHbIE HA HUX OOBEKTHI KalMTAILHOI'O CTPOUTEIHCTBA MOTYT OBITh OTHECEHBI K OOBEKTam
HaKOIUIEHHOTO Bpeaa oKpyxatoieit cpeny» // IlpaBurensctBo Poccuu : opunmanshelii caiit. URL:
http://government.ru/docs/all/151461/ (nata oopamenus: 17.07.2024);
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YTO HaWMMeHOBaHUS MHOrux npuHATBIX IIII P® He omnmuarorcs oT paHee
JIeCTBOBABILUX, MPH ITOM YKa3aHHbIE IOCTAHOBJICHUS (PAKTUUECKU PEryIHUPYIOT
T€ K€ UHCTUTYThI U UHCTpYMeHTHI B cpepe HBoC. C yueToM n310%KEHHOTO BO3HU-
KaeT BOIPOC 0 HEOOXOIMMOCTH UX MPUHATHS IPU HATUYUH BO3MOXXHOCTH BHOCUTh
n3MeHeHus copmupoBannyto cuctemy 111 PO.

Moka3zaTenn HaUMOHaNbHOIO NPOEKTa «AKONOrUs»,

Ha AOCTNXEeHUe KOTOopbIX HanpaBeH

depepanbHbIVi NPoeKT «4Yncrasa ctpaHa»

3

v

NMKBUAaUns 06beKTOB HAKOMJIEHHOIO
Bpea OKpyXxaioLlen cpene

nMKkengaumsa HeCaHKUMOHNPOBAHHbBIX
CBaJ1OK B rpaHuLUax ropoaos

I_I

|_I

1. KonuyectBo nuKBUMOMPOBaHHLIX Hanbonee
onacHbIx 00bekToB HBOC

2. Y1cneHHOCTb HaceneHusl, Ka4eCTBO XU3HU KO-
TOPOro yAy4lwWnTCA B CBA3W C JNMKBUMAAUMENR
Hanbonee onacHbix OOBLEKTOB HAKOMIEHHOro
BpeAa okpyxatllen cpene, B TOM YANCHe Haxoas -
wuxcsa B cobcTBeHHOCTU Poccuiickon depepa-
umm

1. KonnyectBO HeCaHKUMOHUPOBAH-
HbIX CBasIOK, JIMKBUOMPOBAHHbIX B rpa-
HUUax ropoaos

2. Y1cneHHOCTb HaceneHus, Ka4ecTBo
KN3HU KOTOPOro YNy4LLINTCS B CBSI3U C
NuKBMnaaumMen HeCaHKUMOHUPOBAHHbIX
CBaJIOK B rpaHnuax ropogos

Puc. 1. Nokasarenu pepepanbHOro npoekta «4ucraa crpaHa»
UctoyHumk: coctasneHo KO.H. Yynpoeoi, E.M. YiwakoBoii.

Indicators of the national project “Ecology”,
which the federal project “Clean Country”
is aimed at achieving

v

v

elimination of objects of accumulated
environmental damage

I_I

elimination of unauthorized landfills
within city boundaries

|_I

1. The number of liquidated most dangerous
NWO facilities

2. The number of people whose quality of life will
improve due to the elimination of the most
dangerous objects of accumulated
environmental damage, including those owned
by the Russian Federation

1. The number of unauthorized landfills
eliminated within the boundaries of
cities

2. The number of population whose
quality of life will be improved due to
the elimination of unauthorized dumps
within the boundaries of cities

Figure 1. Indicators of the federal project “Clean Country”
Source: compiled by Yu.N. Chuprova, E.M. Ushakova.
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Leab uccjienoBaHus COCTOUT B JIETAIBHOM aHAIU3€E IPAKTUUYECKUX MPOOIeM,
KOTOpbIe BhIABICHBI Npu JukBuaauuu HBoC, nns BeIpabOTKH HpeioKeHH 1o
PA3BUTHIO CUCTEMBI 3aKOHOAATCIIbHBIX U ITOA3AKOHHBIX aKTOB.

Tabnuua 1. NoctaHoeneHus MpaeutenbcTBa Poccuiickon Pepepauun,
nNpuHATbIE B XO4e peanu3auumn deaepanbHOro npoekTa «4Yncrasa ctpaHa»

HanmeHoBaHMe noctaHOBNEHUS

PexBnantbl MpaBuTtenbcTBa Poccuiickoii Penepaunv
16 HOsIGps 2023 r. «06 yTBepxaeHun MNpaBun npoBeaeHUs NPOBEPKM CMETHOM CTOMMOCTW peanu-
Ne 1925 3auum MeponpuaTUi, NPeayCMOTPEHHbIX MNIaHOM MEPONPUATUIA NO NpeaoTepa-

LLLEHWNIO N NINKBUAALMMN 3arpA3HEHNS OKPY>XaloLen cpeapl B pesynbTaTte aKkcnya-
Taumm oTAeNIbHOr0 MPON3BOACTBEHHOIO 06beKTa, Bblaaym 3aktoyeHnst 06 o6oc-
HOBaHHOCTM UM O HEOBOCHOBAHHOCTU ONpeaeneHNs CMETHOM CTOMMOCTHU pea-
NM3aumn ykasaHHbIX MepPOoNpUsATUIA, a Takke onpeaeneHns pasmepa niatbl

3a NpoBefeHne NPOBEPKM YKa3aHHOM CMETHON CTOMMOCTU»

23 HOsIGpA 2023 1.
Ne 1967

«O6 ytBepxaeHun MpaBun obcnenoBaHUs M OLEHKN O0ObEKTOB HaKOMIEHHOro
Bpea oKpyxawlLein cpege»

21 pekabps 2023 r.
Ne 2239

«06 yTBepxaeHun MpaBun BbiBIIeHUS1 0ObEKTOB HaKOMJEHHOro Bpeaa okpyxa-
IoLLEen cpege»

23 pekabps 2023 r.
Ne 2268

«O BeAeHMM rocynapcTBEHHOrO peecTpa 06beKTOB HAKOMIEHHOro Bpeaa okpy-
Xawwen cpege»

27 pekabpsa 2023 r.
Ne 2335

«06 yTBEpPXAEHUN KPUTEpPUEB, Ha OCHOBaHWM KOTOPbIX TEPPUTOPUK, PACMoNo-
XEHHbIE HA HUX 0ObLEKTbI KANUTaIbHOrO CTPOUTENIbCTBA MOTYT OblTb OTHECEHDI K
06bekTamM HaKOMIEHHOI O Bpeaa oKpyXXaloLen cpeae»

27 pekabps 2023 r.
Ne 2323

«O6 yTtBepxaeHun [NpaBun opraHmM3aumm NMKBMAALMWU HAKOMIEHHOro Bpeaa
OKpYXaloLen cpege»

HctoyHmk: coctasneHo KO.H. Yynpoeoi, E.M. YiwakoBoii.

Table 1. Resolutions of the Government of the Russian Federation
adopted during the implementation of the federal project “Clean Country”

Requisites

Name of the decree of the Government of the Russian Federation

November 16, 2023
No. 1925

“On approval of the Rules for verifying the Estimated Cost of Implementing
Measures provided for in the action plan for the prevention and elimination of
environmental Pollution as a result of the Operation of a Separate Production
Facility, issuing an opinion on the validity or unreasonableness of determining the
estimated cost of implementing these measures, as well as determining the
amount of payment for verifying the specified estimated cost”

November 23, 2023
No. 1967

“On approval of the Rules for the inspection and assessment of objects of
accumulated environmental damage”

December 21, 2023
No. 2239

“On the approval of the Rules of identification objects of accumulated
environmental damage”

December 23, 2023
No. 2268

“On maintaining the State Register of objects of accumulated environmental
damage”

December 27, 2023
No. 2268

“On approval of criteria on the basis of which territories and capital construction
facilities located on them can be classified as objects of accumulated
environmental damage”

December 27, 2023
No. 2323

“On approval of the Rules for the organization of the elimination of accumulated
environmental damage”

Source: compiled by Yu.N. Chuprova, E.M. Ushakova.

O6GBbeKTbI U MEeTOAbl UCCIeAoBaHUA

Paz6epem ykazannsie [1I1 PO nmocpeacTBom aHanm3a KOHKPETHBIX HOPM, pe-
ryimupyrounmx npouenypy duksunanun HBoC Ha onpeneneHHbIX 3Tanax padboT:

1) mpoBeaeHNE HEOOXOIUMBIX 00CIICIOBaHHIA;

2) pa3paboTKa NMpoeKTa;
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3) yTBepKI€HUE IPOEKTA;

4) npoBeeHUE JIMKBUAALNUN HBoC’.

Heo6X0auMo OTMETUTB, 4To paHee jeiicTeoBaiuee 1111 Pd Ne 5428 mpeny-
CMaTpUBAJIO JOMOJHUTEIBHBIN 3TAll, 33/la4ya KOTOPOrO CBOAMIACH K KOHTPOJIIO U
IIpUEMKE MPOBEICHHBIX paboT. B HacTosIee BpeMs OTMEUEeHHas 3a/1a4a BbIIOJIHS-
eTcsl IPU peaju3anuu yeTBeproro stana guksuaauuu HBoC. Ognako, npuHumas
BO BHHMAaHHE BaKHOCTb KOHTPOJBHBIX MEPOIIPHUATUI TPU NPUHATHH padoT, Leme-
co00pa3HO BEPHYTHCA K paHee JIeHiCTBOBABIIEMY aIrOPUTMY BBIICICHHS ITAIOB.

[Tpu mpoBeneHnn HEOOXOAMMBIX HCCIIEAOBAHUM 00s3aTeNbHA MHBEHTApU3a-
s 00vexkToB HBOC, KoTOpas BKIIOUAeT CleAyIoLIie NpOLEayphl: BbIABICHHUE,
HCCJIEIOBaHKUE U OLEHKY. BbIsIBIEHHE OCYLIECTBIIAIOT PETUOHAIBHBIE U MECTHBIE
Oprasbl BJIACTH, 1€ATEIbHOCTh KOTOPHIX HA 33JJaHHOM HaIlPaBJIEHUU PETrJaMeHTH-
pOBaHa Ha OCHOBAHMM crenuanbHo mpuHsaToro I P®°. C oxradps 2023 T.
MIOJTHOMOYUS TepeslaHbl Ha (efiepalibHbl YPOBEHB, TAKUM 00pa3oM, pacHIMPEHbI
nojgHoMouust Pocnpuponnaasopa u PocnotpebHanzopa B yacTu 00cieqoOBaHUS
u orenku 00bexToB HBoC !© cormacuo tab. 2.

Pocniotpednanzopom paspadoTana u pazmernieHa 17 nosops 2023 r. na Dene-
paJbHOM IIOpTaje NPOEKTOB HOPMATHUBHBIX IPAaBOBBIX aKTOB MeTOMKa OCyIIECTB-
JIeHUs OUEHKM BozfaeicTBusi o0bekToB HBOC Ha XM3HBP M 310pOBbE TpaKaaH
(nanee — Metonuka)''. Micxons u3 comepkanus IIPOEKTHOTO BapuaHTa MeToIuKH,
JAHHBIA perJaMeHTUPYIOIUI JOKYMEHT ucnoib3yercss PocriorpeOHaa3opoM u He
COJIEP’KUT 00s13aTeNbHBIX TPEOOBAHUM /ISl HHBIX YYaCTHUKOB HKOJIOTO-IIPABOBBIX
OTHOILIIEHUH, a TaK)Xe OINpEAeNsieT, C Yy4eTOM 3asBJICHHBIX IeNied, colep)KaHue
OCHOBHBIX NOHSITHI: HacelleHHEe, PUCK 3[J0POBbIO, 30Ha BiHsiHUA 00bekTa HBOC.
B Meronuke npeanoxena knaccudpukaius o0bexktoB HBoC Ha ocHOBe kKomILIekca
IoKa3aTtesei, oTpakarolux cTeneHs onacHoctu 00bekTa HBoC Ha 310poBbe Hace-
JIEHUs 1 0COOEHHOCTH €ro BIUSHMS Ha cpefy ooutanus. Ilpoext Meroauku Obu1
HarpaBJieH Ha OOIIECTBEHHOE OOCYXIEHHE, KOTOPOE MpOoXoamyio ¢ 17 HosOps
o 2 nexadps 2023 1., 0qHAKO HAa CETOAHSAIIHHMA JCHb HE TIPHHAT.

7 Iloctanosnenue [Ipasurensctea PO ot 27.12.2023 Ne 2323 (pexn. ot 28.10.2024) «O6 yTBepKIe-
Hun [lpaBun opraHM3any JIMKBHJAIMM HAaKOIUIEHHOTO Bpela OKpysKamomeid cpene» //
Koncynprantllmoc. URL: https://www.consultant.ru/document/cons_doc LAW_466219/?ysclid=
mo60vrOgt1z726438167 (nara obopamenus: 17.07.2024).

8 [Tlocranopnenue Ipasurenscta Poccuiickoit ®eneparnmum ot 04.05.2018 1. Ne 542 // [Ipasurens-
ctBo Poccnu : opunmanersiii caidt. URL: http://government.ru/docs/all/116382/ (nata obpareHus:
17.07.2024).

% TMocranonenue [TpaBurenbcTia Poccuiickoii Menepamun ot 21.12.2023 r. Ne 2239 «O6 yTBep-
xaeHun [IpaBuin BEISIBIEHHS OOBEKTOB HAKOIIGHHOT'O Bpeia OKpysKaromei cpexe» // IlpaButens-
ctBo Poccnu : opunmanersiii caidt. URL: http://government.ru/docs/all/151275/ (nata obpareHus:
17.07.2024).

19 Tlocranosnenue Ipasutenscra Poccuiickoit @eneparnum ot 05.10.2023 . Ne 1638 «O BHECEHMH
M3MEHEeHH! B HeKoTophie akThl [IpaButenscTBa Poccuiickoit @enepannmny» // [IpaButensctBo Poc-
cun : odummaneHblii caiit. URL: http://government.ru/docs/all/149940/ (nmata oOpamieHwus:
17.07.2024).

' MenepanbHBIil TOPTAN NPOEKTOB HOPMATHUBHBIX TPABOBBIX AKTOB : O(MIMANBHBIA CaidT.
URL: https://regulation.gov.ru/Regulation/Npa/PublicView?npalD=143712 (mata oOpamieHus:
12.08.2024).
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Tabsmuya 2. MoNnHOMO4YUS OPraHoOB B/IaCTU B COOTBETCTBUM C
MoctaHoeneHuem MNMpaeutenbcTea Poccuiickoii @enepaumm ot 5 oktadps 2023 r. Ne 1638
«O BHECEeHUM N3MEeHeHui B HekoTopble akTbl MpaButenscTBa Poccuiickoit Pepepauumn»

OpraHbl UICMOJIHUTEJIbHOM
B/IAaCTU, YNOJIHOMOYEHHbIE
B chepe nukeupgaumm
HBoC

MonHoOMOuMS NO BbISIBJIEHUIO, UCCIEA0BAHMIO,
oueHKe u nukengauum o6ektoB HBoC

MuHNCTEPCTBO NPUPOLHBIX
pecypcos 1 akonorum Poc-
cuiickoin Pepepauun

* [puHATME HOPMAaTMBHOIo NPaBOBOro akra B ¢Gopme nopsaka npo-
BEPKN JOCTOBEPHOCTU ONpeaesieHnss CMETHOM CTOMMOCTU NPOEKTOB JINK-
BMOALMN HAKOMJIEHHOMO BPeaa OKpyXaloLLen cpeae 1 pasmepa nnartbl 3a
OCYLLECTBJIEHME TaKOW MPOBEPKUN

* BepeHue rocygapcTBeHHoOro peectpa 06bektoB HBoC

depnepanbHas cnyxba no
Haa30py B chepe npupoao-
nonb30BaHUA

+ O6cnenoBaHue v oleHka o6bekToB HBoC

+ CornacoBaHue OCYLLECTBNEHUS OpraHaMn rocynapCcTBEHHOM BNacTu
cybbekToB Poccuiickoin Pepepaummn nnnm opraHamm MeCTHOrO Camo-
ynpasneHus ob6cnenoBaHus U oueHkmn o6bektoB HBoC

- [poBepka [OCTOBEPHOCTU ONPEAENEHNA CMETHON CTOMMOCTU NPOEK-
TOB NnkBuaaumn HBoC, 3a ncknoveHnem crnyyaeB NPoBEOEHNS rocyaap-
CTBEHHOW 3KCMepTn3bl B COOTBETCTBUM C [pagoCcTPOUTEIbHBIM KOOEKCOM
Poccuiickoit depepaummn

- HabnioneHuve 3a xogom nuksugauun HBoC

+ YBegoomreHne opraHoB rocygapCTBEHHOM BlacTy cyobekToB Poccuii-
ckon depepaumm nam opraHoB MECTHOrO caMoynpaBfieHnst 0 dakTax oT-
CTYNNEHMS OT YTBEPXAEHHOMO NpoekTa nukengaumm HBoC

+ Bblgaya nosfioXnTeNnbHOro 3aktoHeHUs, NPU HaMYMM KOTOPOTro 0ObEKT
HBoC cuynTtaeTcs IMKBMANPOBAHHbBIM

denepanbHas cnyxba no
Haa30py B chepe 3awmThl
npas notpeduTtenein n 6naro-
noJly4usi YesnioBeka

* YTBEPXOEHME METOOUKM OCYLLECTBIEHUS OLIEHKN BO3OENCTBUSA
06bekToB HBOC Ha Xn3Hb 1 300POBbE FpaxaaH

OcyliecTBneHne oueHkn BosaencTensa oobektoB HBoC Ha XW3Hb 1 300-
POBbE rpaxaaH

UcTtoyHuk: coctasneHo F0.H. Yynposoii, E.M. YiuakoBoi.

Table 2. Powers of the authorities in accordance with
Resolution of the Government of the Russian Federation No. 1638 of October 5, 2023
“On Amendments to Certain Acts of the Government of the Russian Federation”

Executive authorities
authorized in the field
of liquidation of NWoS

Powers to identify, investigate, evaluate,
and eliminate NWO facilities

Ministry of Natural Resources
and Ecology of the Russian
Federation

« Adoption of a regulatory legal act in the form of a procedure for
verifying the reliability of determining the estimated cost of projects to
eliminate accumulated environmental damage and the amount of
payment for such verification

* Maintaining the state register of NWO facilities

Federal Service for
Supervision of Natural
Resources Management

+ Inspection and assessment of NWO facilities

+ Coordination of the implementation by the state authorities of the
subjects of the Russian Federation or local self-government bodies of the
survey and assessment of NWO facilities

- Verification of the reliability of determining the estimated cost of
projects for the liquidation of NWFPs, except in cases of state expertise in
accordance with the Urban Planning Code of the Russian Federation

+ Monitoring the progress of the liquidation of NWFPs

+ Notification of the state authorities of the subjects of the Russian
Federation or local self-government bodies on the facts of deviation from
the approved draft for the liquidation of the NWF

- Issuance of a positive conclusion, in the presence of which the NWO
facility is considered liquidated

Federal Service for
Supervision of Consumer
Rights Protection and Human
Welfare

» Approval of the methodology for assessing the impact of NWO facilities
on the lives and health of citizens

» Assessment of the impact of NWO facilities on the lives and health of
citizens

Source: compiled by Yu.N. Chuprova, E.M. Ushakova.

Jo Bctymnenus B cuity IIIT P Ne 2323 cornacoBanue U yTBEPKACHHUE IPO-
eKTa ObUIN BbIJIEJIEHBI B OJIMH 3Tal OpraHu3aiuu padot no auksuaauuun HBoC, npu
3TOM COIIACOBAHME OCYLIECTBISIOCh HA OCHOBAaHUM Ipukas3a Pocnpupoananzopa
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ot 29 mapra 2021 1. Ne 1422, JleiicTByromme npaBuia He BBLIEIAIOT NPOLEAYPY
COTJIACOBaHUS, OJJHAKO YCTAHABJIMBAIOT, YTO /10 YTBEPXKIEHUS MPOEKT MOJAJIEKUT
MIPOXOXKACHUIO TOCYAaPCTBEHHBIX HKCIIEPTH3 SKOJIOTHUECKOr0 U MPOEKTHO-UHKE-
HEpHOI'0 Xapakrepa.

3axkoH Ne 449 nmomoJHAET CHUCOK OOBEKTOB, IMOJUICKAIMIUX MPOXOKICHHUIO
rOCYJapCTBEHHON AKOJOTHYECKO s3KcrepTusbl (nanee — ['D0D) denepanmbHOTrO
ypoBHs, mpoektoM JukBuaanuu HBoC. Heob6xonnMo oTMETUTh, YTO MOSICHUTEIb-
Has 3aMKcKa K MPUHIATOMY MpoekTy 3akoHa Ne 449 mpegycMaTpuBaeT UCKIIOUECHHE
MTOBTOPHOTO 00CY:k/IeHUsI 00BEKTA B LIENSAX COKpAIlleHUs CPOKOB IpoBeaeHus '3
[IpU TOBTOPHOM €€ Ha3HAYCHUU. Y Ka3aHHasi HOBEJIa HOCUT, BO3MOXXHO, U PaIluo-
HaJbHBIN, OJHAKO COMHHUTENBHBIM XapaKTep MO MPUYMHE TOrO, YTO MaTepHaIb
00CYKJIEHUH C rpaKIaHAMH U UX O0BEIMHEHUSIMHU TO3BOJISIOT 00ECIIeYnBaTh 00-
IIECTBEHHBIN KOHTPOJb B chepe nukBumanuu HBoC.

N3menenusi, BHeceHHbIe 3aKOHHOM Ne 449, 3aTparuBarot u npoueaypy npoBe-
JICHUsI TIPOBEPKH JOCTOBEPHOCTH OIpPENEICHHUs] CMETHOM CTOMMOCTH IMPOEKTOB
nukBuganuu (nanee — [Iposepka cmetsr). [T PD Ne 1638 nononnsieT nostHOMOYHS
Munnpupossl Poccuu B yactu pa3paboTKy U IPUHATHUS MTOpsIKa npoBeaeHus [po-
BEPKH CMETHI >, a TaKsKe BeJIeHHs IOCyJapCTBEHHOro peectpa 0obexToB HBoC (n1a-
nee — Peectp). OtHaKo oTMeTHM, 4To B 27 peaakuuu 3akoHa Ne 219-D3'4 pnepsrie
ynomuHaetcst PeecTp, a Takke onpeensieTcsi Oprat, yrnoaiHOMOYEHHBIN BECTH JaH-
HbI PeecTp, Takum o0pa3om, paccMoTperHoe nosoxenue [T PD Ne 1638 nenb3s
OTHECTH K HOBEJLJIaM.

C yueToMm M3y4eHHOr0 MaTepuaina, Beaenue Peectpa 3akperuieno 3a Munmnpu-
ponst Poccuu ¢ 24 HosiOpst 2014 1., a He ¢ MmomenTa m3ganwust [T PD Ne 1638, npu
3TOM cpaBHUTENbHBIA aHanmu3 [1I1 PO Ne 445 u 2268 ykaszpiBaeT Ha OOHOBJICHHE
npaBwil BeaeHMs Peectpa. VYka3zaHHble 1mpaBUiia JI€TAJBHO  OMNPEIEISIOT

12 TIpukas Pocnpupommaamzopa ot 29.03.2021 Ne 142 «O6 yTBepXIeHUH AIMHHHCTPATHBHOIO
pernamenta ®enepalibHO CiTyKObI 110 HAI30pY B cdepe MPUPOIOIOIb30BaHUS IPEIOCTABICHUS
TOCYAPCTBEHHOM YCIYIH MO COTJIACOBAHHIO MPOEKTOB paboOT MO JHMKBHIAINM HAKOIUICHHOTO
Bpena okpyxkaromteir cperae» // CIIC «Koncynsrantllnroc». https:/rpn.gov.ru/upload/iblock/
f5d/bck9c3bi93xcwaxxza7plwwrvmb78kkl/Prikaz-Rosprirodnadzora-ot-29.03.2021-N-142-Ob-ut-
verzhdenii-Administrativnogo-reglamenta-Federalnoy-sluzhby-po-nadzoru-v-sfere-prirodopol-
zovaniya-predostanovleniya-gosudarstvennoy-uslugi-.pdf (nata oopamenus: 12.08.2024).

13 TIpuka3 Munnpupoas Poccun ot 06.12.2023 Ne 817 «O6 yteepskaennu Ilopsaka mpoBepKH 10-
CTOBEPHOCTH OMpEACICHHS CMETHON CTOMMOCTH TMPOEKTOB JHKBHIAIWH HAKOIUIEHHOTO Bpeia
OKpYIKAoIIel cpe/ie, 3a UCKITIOYCHUEM IPOEKTOB JMKBHUIAIMK HAKOIUICHHOTO BPE/a OKPYKAIOIIEH
cpeie, MOUIEKAIIUX TOCYTAPCTBEHHON dKCIIEPTH3E MPOEKTHOM IOKYMEHTAIIMd B COOTBETCTBHHU C
I'panoctpourensubiM  kogekcom Poccuiickoin  ®exepauuu B CBS3U € [IAaHUPYEMBIMU
CTPOUTEIBCTBOM, PEKOHCTPYKIUEH 00BEKTOB KAMTAILHOTO CTPOUTENLCTBA, U Pa3Mepa IUIaThl 3a
OCYIIECTBICHUE TaKOH MpoBepkm» // MuHHCTEpCTBO IocTHINHN Poccuituckoii @eneparn : oduiu-
ampupid  caiit. URL: https://minjust.consultant.ru/special/documents/document/50395?ysclid=
m7bzsxjci4d90154876 (nara obparnenus: 12.08.2024).

14 denepanbHblii 3ak0H 0T 21.07.2014 1. Ne 219-D3 «O BHeceHnu usMeHeHul B OeepanbHbIii 3a-
KoH «O0 oxpaHe OKpYXarolled cpeabl» W OTHCTbHbIC 3aKOHONATENbHBIC aKThl PocCHICKOI
®enepauun» // Ilpesunent Poccum : odunmaneHeiii caiit. URL: http://www.kremlin.ru/acts/
bank/38787 (nara obparmienus: 12.08.2024).
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conepxanue Peectpa, KOTOPBIN COAEPKUT MOPSAIKOBBIA HOMEP, HAUMEHOBAHUE
U onucanue mectonoioxenus oorekra HBoC, a Takke nHble 1aHHbIE 00 00bEKTe
1 €TI0 HEraTuBHOM BOSHGﬁCTBHH.

3aknyeHue

[loaBoAst UTOTH BBILLIECKA3aHHOMY, MOKHO CEJIaTh TPU OCHOBHBIX BBIBOJIA.

Bo-niepBbIx, 0OTMETHM, YTO Pa3BUTHE CUCTEMBI 3aKOHOJATEIbHBIX U MOA3aKOH-
HbIX akTOB B chepe HBoC 00ycnoBieHO HEOOXOIUMOCTBIO PEIICHUS MpPaKTHYe-
CKHX TIPO0JIeM, KOTOPBI€ ObUIH BBISBIICHBI IPH OTPAOOTKE 3a1a4 MO JIMKBUIAIIUN
HBoC. Onnako, npuHuMasi BO BHUIMaHUE, YTO HAUMEHOBAHUSI MHOTUX MPUHSATHIX
IIIT P® naeHTHYHBI paHee NEHCTBOBABIIMM U IIPU 3TOM YKa3aHHBIC IIOCTAHOBJIC-
HUSL PaKTUYECKH PETYIUPYIOT T€ K€ MHCTUTYTHI U MHCTpYMEHTHI B chepe HBoC,
aKTyaJeH BOMPOC O HEOOXOAUMOCTH HMX NMPHUHATHS NMPU HAJTHMYUH BO3MOXKHOCTH
BHOCUTH M3MeHeHHs B chopmupoBanHyro cuctemy III1 P®. MHorue BHeCEeHHBIE
M3MEHEHUS HEJIb351 OTHECTH K KaTEeTOPHH HOBEJUI, KAapAMHAIBHO U3MEHSIOIIHNX MPO-
uecchl perynupoBanus auksuaanud HBoC, mockoiabky OHM TOYEYHO MO3BOJISIOT
pEelIUTh T€ WIM WHBbIE MPOOJIEMHBIC 3aJaud HAa KOHKPETHBIX 3Tamax paboT Mo
ymkBuaanun HBoC.

Bo-BTOpbIX, AeTanbHBIN aHanu3 npouenypsl JukBuaanuu HBoC u ee onpene-
JIEHHBIX ATAIOB MO3BOJISET OTMETUTHh OCOOYIO BAXKHOCTH KOHTPOJIBHBIX MEPOIIPHSI-
TUU TP TPUHATHU PabOT U 11e71eco00pa3HOCTh MX BBIACICHUS B OTJCIBHBIN ATl
COTJIaCHO paHee JEHCTBOBABILIEMY aITOPUTMY.

B-TpeTbux, Ba)KHO OTpa3uTh HATMYUE MPOOETOB PETYIUPOBAHUS OTIACIbHBIX
MpoIeayp, HapuUMep, OIICHKH Bo3AeCTBU 00bekTOoB HBOC Ha >X13HB 1 3/10pOBbE
rpaxiaaH, PocmoTrpeOHaA30poM Ha CETOAHSANIHUK JCHb COOTBETCTBYIOIIAS
Mertouka He PUHSITA.
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Carcinogenic contaminants in groundwater in the Ebocha
and Mgbede oil fields of Southern Nigeria

Mazico Henry Ikwulemenze!, Ifeanyichukwu Clinton Ezekwe? (= D<,
Enos Thediohamma Emereibeole!, Leonard Udochi Mgbeahuruike!,
Joseph Ikechukwu Nwachukwu!

!Federal University of Technology Owerri, Owerri, Nigeria
2University of Port Harcourt Nigeria, Port Harcourt, Nigeria
DL Clinton.ezekwe@uniport.edu.ng

Abstract. In accordance with the purpose and objectives of this study, standard methods
were applied with the aim and objectives of this study, standard methods were applied in
evaluating groundwater contamination from an oil waste pit in the Mgbede and Ebocha Oil
Fields of South-south Nigeria. The study attempted to determine the composition of the oil
waste pit and how it affected groundwater by using hydrogeochemical methods. It was
discovered that the Oil waste pit contained an acidic pH, a very negative redox potential,
borderline zinc concentration and above limits cadmium, polycyclic aromatic hydrocarbons
(PAHs) concentration. The study discovered a widespread ubiquity of above limits
concentrations of PAHs in the whole of the study area. Groundwater in the study area was
characterised by unacceptable levels of acidity, oxygen reduction potential (ORP), PAHs,
cadmium and borderline cases of zinc contamination which can cause serious public health
problems and major health risks including exposure to cancer. Provision of an alternative water
sources to the inhabitants of this oil field was among recommendations.

Keywords: oil waste pit, groundwater pollution, environmental health
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KaHueporeHHble 3arpsi3HeHUs B NOA3€eMHbIX BOAAaX
HePTAHbIX MecTopoXxaeHunit 6o4a u Mréoepe Ha ore Hurepum

M.I'. UkByaemense!, UK. D3exBe? 04, D.U. Dmepubeo.e!,
JI.Y. Mréeaxypyuxe!, l:x.A. HBauyksy!

! ®edepanvuviii mexnonoauueckuii ynusepcumem Oeeppu, Oseppu, Huzepus
2 Vuusepcumem Iopm-Xaprxopma, ITopm-Xapxopm, Huzepus
DL Clinton.ezekwe@uniport.edu.ng

AnHoTanus. Llens ucciaenoBanus — onpeseneHre coctaBa He()TSIHBIX OTX0/I0B U UX BIIH-
SIHUS Ha TPYHTOBBIE BOJIBI C IOMOLIbIO THAPOI€0XUMHUYECKUX METOA0B. [IprMeHeHs! cTannapt-
HBIC METO/BI OLICHKH 3arPsI3HEHUSI IOA3EMHBIX BOJI U3 SIMBI C HEPTSHBIME OTXOJaMH Ha He(TsI-
HBIX MECTOPOXKACHUAX Mroeje u D604a B r0xkHOU yacT Hurepuu. OGHapyKeHO, 4TO B sIME C
HE(PTAHBIMH OTXOIaMHU KHUCIBIH pH, O4eHb OTpUIATENBHBIN OKHCIUTEIFHO-BOCCTAHOBUTEIh-
HBII MOTEHLHMAN, MOTpaHUYHasi KOHLEHTPAlus LMWHKA W KOHUEHTpalHs MOJMLUKINYECKUX
apomaruyeckux yrieBonoponoB (ITAY), kaaMus Beile mpenenoB. BrisBIeHO MOBCEMECTHOE
pacmpocTpaHeHHEe MPEBHINIAIOINX TpeneiabHble KoHnenTpanun [IAY Ha Bcel ncciemyemoint
Tepputopun. Iloa3emMHble BOIBI B pailoHE HCCIEZOBAaHUS XapaKTepU30BAIUCH HENpUeMIIe-
MBIMH YPOBHSIMH KHCJIOTHOCTH, OKHCIHTEIbHO-BOCCTaHOBHTENbHOro moTeHimana (OBII),
kaamus, [TAY u norpaHMyHbIMY CIydasiMU 3arpsA3HEHUS LIHHKOM, YTO MOKET BBI3BaTh CEPhE3-
Hble NPOOJEMBI CO 370pPOBbEM HACEIEHUS M PUCKHU Ul 30pOBbs, BKIOYas pak. B uucio
PEKOMEHJalMK BOLIUIO MPEJOCTaBICHUE aJbTePHATUBHBIX UCTOYHUKOB BOJBI JKHUTEISIM 3TOTO
HE(TSHOTO MECTOPOXKICHHS.

KiueBbie cioBa: HeTSHOH Kapbep, 3arps3HEHHE NOI3EMHBIX BOJ, COCTOSHIHE
OKpYKaroLIei cpenpl

BxJ1a aBTOpoB. Bee aBTOpHI caenany SKBUBAICHTHBIIN BKJIA]] B TOJTOTOBKY ITyOIHKAIINL.

HUcTopus craThbu: nocTynwia B penakuuio 22.04.2024; nopaboTaHa mocie pereH3upo-
Banus 20.05.2024; npunsTa k myOnukanuu 12.07.2024.

3asiBieHne 0 KOH()JIMKTe HHTEpPecoB. ABTOPHI 3asBIAIOT 00 OTCYTCTBHM KOH(IMKTA
HUHTEPECOB.
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Introduction

Over the years, groundwater contamination has emerged as a pressing
environmental concern, threatening ecosystems and public health, especially in
communities within the oil field exploration activities. Groundwater, a vital
resource for drinking water source and agriculture has been compromised by
various forms of pollutants, posing significant challenges for sustainable
development and ecosystem integrity Groundwater contamination emanates from
various sources including industrial activities, agricultural runoff and improper
waste disposal practices [1].

Increasing demand for fossil fuels, depletion of traditional oil and gas
reservoirs, and decades of public and private-sector investment in methods to
extract oil and gas from low-permeability formations have accelerated the
development of more and more oil fields. The volume of produced wastewaters,
has also increased and these liquid wastes from oil and gas production pose
potential risks to water quality and the health of organisms, including humans,
because produced waters contain chemical additives or naturally occurring salts,
metals or radioactive elements may enter the environment from accidental or
intentional releases [2].

Oil field exploration activities involve the extraction and refining of petroleum
products which generates and accumulates deleterious substances that contributes
to groundwater and aquifer contamination. Consequently, communities whose
source of water supply depends on groundwater, face heightened risk of exposure
to toxic compounds, including hydrocarbons, heavy metals and associated volatile
organic compounds [3].

The production of oil and gas is often accompanied with large quantity of
produced water. There is estimation that wastewater production is three times larger
than oil and gas product. This ratio increases with the age of wells. In the United
States, oil production generates about 21 billion barrels of produced water every
day. This water can pollute surface, groundwater and soil. There are various limits
in different countries for produced water for operators to achieve. In Australia
produced water discharge limit is 30 mg/l. On the other hand, based on the United
States Environmental Protection Agency (USEPA) regulations, daily maximum
limit for oil and grease is 42 mg/l and the monthly average is 29 mg/l. In Nigeria,
it is currently required that produced water should meet an oil-in-water
concentration of 40 ppm, 20 ppm and 10 ppm prior to discharge in offshore, near
shore and onshore locations respectively [4; 5].

Produced water or brine, is a by-product of oil and gas production. It consists
of water from the geologic formation, injection water, oil and salts. Brine has a high
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salt concentration the ions of the salts negatively affect the site's soil and vegetation,
impairing its ability to produce crops and forage. A higher quantity of brine will
need to be stored, transported and disposed of as the result of increased energy
development. These larger quantities can lead to greater risks for spills and seepage
and contamination of groundwater systems when they are not properly stored in
waste pits. Brine has a high salt concentration that has been recorded up to four
times the salinity of ocean water. Brine solutions can have electrical conductivities
(EC) in excess of 200 Deci Siemens per meter (dS/m; 1 dS/m = 1 millimho per
centimetre [mmho/cm]), sodium adsorption ratios (SAR) of more than 300 and total
dissolved solids (TDS) concentrations of 100,000 parts per million. The high salt
concentrations in brine come from salt deposits in oil-producing rock formations
containing oil and are known to be highly injurious to plants when exposed to them
and cause soil fragmentation thereby engendering soil erosion [6].

Oil waste may include produced water, drilling fluids, drilling muds, well
cuttings, and well-treatment chemicals which contribute to pollution. Studies of
well blowouts and possible development of communication between a fresh-water
aquifer and oil-bearing sand have been made. However, that brines produced with
oil and gas can contribute to groundwater pollution is well known but no universally
satisfactory method of their disposal is available [7].

Kharaka et al. [8], has also stated that most nonexperts do not realize that for
every barrel of oil produced today, oil companies also recover approximately ten
barrels of produced water that is highly toxic to human health and the environment.
Produced water is toxic because of high salinity and high concentrations of
inorganic and organic chemicals and isotopes that far exceed the water quality
criteria for drinking and irrigation water. Approximately 60 percent of produced
water is currently reinjected into oil production zones for enhanced recovery and it
has proven a great challenge to manage this wastewater without contaminating soil,
vegetation, surface water, groundwater, and ecosystems [9], has also stated that
produced water is an inextricable part of the hydrocarbon recovery process and the
need to optimize water management cannot be overstated. Produced water must be
adequately handled, at a considerable cost to operator, to prevent and/or minimize
environmental degradation. When hydrocarbons are produced, they are brought to
the surface as a produced fluid mixture. The composition of this produced fluid
generally includes a mixture of either liquid or gaseous hydrocarbons, produced
water. The produced water contains dissolved or suspended solids, produced solids
(sand or silt), injected fluids and additives that may have been placed in the
formation during exploration and production activities.

It has been reported that U.S. wells produce an average of more than 7 bbl of
water for each barrel of oil whereas wells elsewhere in the world produce on
average about 3 bbl of water for each barrel of oil. As at 1999, it was estimated that
an average of 210 million bbl of water was produced each day worldwide [10]. The
effect of produced water from oil and conventional natural gas production on the
environment derive from the many chemical constituents found in produced water.
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These liquid and dissolved pollutants when present individually or collectively in a
high enough concentration, can present a threat to biota. The different potential
impacts are dependent on concentration and discharge point. The constituents of
produced water affect the environment into which it is discharged and operations.
As the well ages, the volume of produced water increases and this present challenge
which calls for finesse and some degree of understanding of the constituents of
produced water and their effects on the environment of discharge. Because of its
sheer volume and its high handling cost management of produced water is a key
issue in any hydrocarbon recovery program; its potential environmental impacts if
not properly managed, could be substantial [9].

The consequences of groundwater contamination extend beyond immediate
health concerns, impacting ecological systems and biodiversity. Aquatic habitats
and species dependant on groundwater resources are particularly vulnerable to the
adverse effects of pollution with implications for ecosystem stability and resilience.
Moreover, the migration of contaminants through groundwater pathways can
exacerbate environmental degradation, affecting downstream water users and
sensitive ecosystems beyond the confines of the oil field. Central to the challenge
of groundwater contamination in the Mgbede and Ebocha oil field is the presence
of an oil waste pit, serving as a repository for adverse array of hazardous substances
generated by over fifty years of oil extraction activities. It is suspected that the
inadequate containment and management of waste materials have facilitated the
infiltration of pollutants into groundwater aquifers, exacerbating the environmental
risk associated with the oil production in the region. This study therefore
investigated the quality of groundwater in an oil field where decades of poor oil
waste pit management is suspected to be polluting groundwater sources in Nigeria.
The study adopted both in situ and laboratory methods in investigating
contaminants in the waste pit and in various groundwater sources in the study area.

Study area
Description of Study Area

According to Clinton-Ezekwe [11], the Ebocha and Mgbede Oil Fields cover
an area of 920 km? in the northern part of the Niger Delta region located within the
Rivers Niger flood plains. It is bordered on the west by the Orashi River and on the
east by the Sombreiro River. The Oil Fields fall within the Egbema district of the
Ogba/Egbema/Ndoni Local Government Area of Rivers State and the
Ohaji/Egbema Local Government Area of Imo State, Nigeria (Figure 1). The Area
is host to the Ebocha Oil Centre, and other facilities and has been operational since
around 1970. The study area is located within longitudes N05°.464546 and
N05°.447248 and latitudes E006°.687214 and E006°.791868.

Geology and Climate: Rivers State lies on the recent Coastal Plain of the
Eastern Niger Delta. Its surface geology consists of fluvial sediments. This includes
the recent sediments transported by Niger River distributaries and other rivers, such
as Andoni, Bonny and New Calabar. The studies area falls within the tropical
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monsoonal climate classification [12], characterised by a short dry season and a
pronounced wet season which starts from March and last till October with a break,
usually around August, Temperatures are fairly constant throughout the year,
ranging between a maximum of 280 and 330°C to a minimum of 21-23°C.
Agriculture and oil industries are dominant and across many rural communities.

The area lies in a low-lying gently sloping deltaic plain of not more than 25 m
above sea level. It is drained mainly by the North-south flowing Orashi River and
the east-west flowing smaller Nkissa-Sombreiro stream system which are fed by
the groundwater system. Groundwater occurs in shallow aquifers of the Coastal
Plain Sands comprising of sand, gravel and clan intercalations, with water table
decreasing to 1m below surface at the peak of the rainy season.
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Figure 1. Location of Study Area
Source: compiled by M.H. Ikwulemenze, I.C. Ezekwe, E.l. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.

Materials and methods
Sources and Method of Data Collection/Instrumentation

5 water sampling points including the oil waste pit were identified for this
study. They included groundwater source upgradient from the waste pit and
3 sampling points downgradient from the point of impact or waste pit
(see Figure 2, [13 in press]). were identified and used for this investigation.
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The APHA (2017)! methods and protocols for sampling and analysis of
wastewater were applied. It involved taking samples for laboratory analysis and in
situ analysis of unstable water quality parameters. The complexity of water quality
as a subject is reflected in the many types of measurements of water quality
indicators. The most accurate measurements of water quality are made on-site
because water exists in equilibrium with its surroundings [14]. Measurements of
physico-chemical parameters was made on-site and in situ including temperature,
pH, dissolved oxygen, conductivity, oxygen reduction potential (ORP) and
turbidity with the Horiba 52 Water Checker. Other parameters including heavy
metals (Pb, Cr, Cd, As, Hg) and hydrocarbons was measured in the laboratory using
standard methods (APHA, 2017)'. Water sampling for physio-chemical analysis
will be collected with new 1L plastic containers pre-rinsed with dilute nitric acid
and rinsed three to four times with the water sample before being filed to capacity
and labelled; samples for heavy metal analysis was treated with 2 ml of nitric acid
(100 %, trace metal grade, Fisher Scientific) to stabilize the oxidization states of the
metals; while samples for PAHs was taken in breakable bottles and treated with
hydrochloric acid to avoid contamination by hydrocarbon chelation.

The samples were then placed in ice-packed coolers and stored below 4°C prior
to laboratory analysis. Heavy metals were analysed by atomic absorption (AA)
spectrophotometry using a Perkin-Elmer and Analyst 100 AA spectrophotometer
(detection limit 0.001 mg/L); while, two methods using headspace solid-phase
microextraction and gas chromatography-mass spectrometry developed by [15] for
the determination of polycyclic aromatic hydrocarbons (PAH). All manipulations
will be done in duplicates under controlled conditions to avoid contamination.

Results and discussions

The results from the field and laboratory investigations of water quality and
groundwater contamination in the Mgbede and Ebocha Oil Fields following the aim
and objectives of this study are presented as follows.

Physico-Chemical Properties of Water

Table 1 shows the concentrations of measured physico-chemical parameters
and heavy metals found in groundwater in the study area. Table 1 shows the results
for pH, Conductivity (Us/cm?), TDS (mg/l), ORP (M), heavy metals, anions and
cations in groundwater including chloride, sodium, potassium, chromium,
magnesium, zinc, cadmium, lead and manganese while Table 2 shows the
concentration of PAH contaminants in the groundwater system. Concentrations
indicated in RED occurred above acceptable limits while those in GREEN are
considered as borderline cases.

' APHA (2017). Standard Methods for the Examination of Water and Wastewater (23rd ed.).
Washington DC American Public Health Association

SHORT MESSAGE 93



Hrkeynemenze M.X. u op. Bectnuk PYJTH. Cepust: Dxosnorus u 6e30macHoOCTb xusnenestensrocti. 2025. T. 33. Ne 1. C. 87-102

pH ranged from 5.61 to 7.52, showing that the water is generally acidic and
above maximum acceptable limits of the WHO apart from the water sample site
upgradient to the waste pit (SWP) in site SWC which was neutral to alkaline. It has
also had stated that the acidic nature of the water will make them very corrosive
and cause metal ions to be leached into groundwater systems. Signs of acid water
are corrosion of fixtures, blue staining (from copper pipes) or rust staining (from
iron pipes) leading to pinhole leaks and pipe failure over time and sour taste in
water. Also, body pH profile has been linked to many diseases.

Table 1. Physico-Chemical Parameters and Heavy Metals

WHO
S/N| PARAMETER | UNIT | TEST METHOD | SW1 sSw2 Sw3 swC SWP STANDARDS
1 |pH - APHA 4500-H-B| 5.90 5.87 5.61 7.52 5.87 6.5-8.5
2 [EC uS/cm APHA 2510 45 38 34 1123 64 <1500
3 |Total Dissolved| mg/L | APHA 2540-C 24 18 17 32 558 <600
Solids
4 [Redox Potential| Mv APHA 2580 -41.7 | -18.4 | -29.0 | -44.3 | -42.6 200-600
(ORP)
5 |Chloride (Cl) mg/L | APHA 4500-CI-B | 21.9 18.9 16.9 246.9 26.9 <250
6 |Sodium (Na) mg/L | APHA3111-B 4.265 | 4.174 | 0.049 | 5.316 | 8.375 <200
7 |Potassium (K) mg/L | APHA3111-B 2.448 | 2.114 | 0.887 | 3.813 | 6.534 <20
8 |Magnesium mg/L | APHA3111-B 3.055 | 2.620 | 1.079 | 4.118 | 10.149 <50
(Mg)
9 |Chromium (Cr) | mg/L | APHA3111-B |<0.001 | <0.001 | <0.001 | <0.001 | <0.001 <0.05
10 |Zinc (Zn) mg/L | APHA3111-B 0.569 | 0.304 | 0.078 | 0.879 | 1.267 <3
11 |Cadmium (Cd) | mg/L | APHA3111-B |<0.001 | <0.001 | <0.001 | <0.001| 0.037 <0.003
12 |Lead (Pb) mg/L | APHA3111-B 0.042 | <0.001 | <0.001| 0.033 |<0.001 <0.01
13 |Manganese mg/L | APHA3111-B |<0.001|<0.001 | <0.001 | <0.001 | <0.001 <0.1
(Mn)

Source: compiled by M.H. lkwulemenze, |.C. Ezekwe, E.l. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.

Most forms of diseases flourish in an acidic environment which is why
drinking high acidic water in combination with our lifestyle changes and diet are a
path for future health problems. The human body can only be healed of any chronic
illness when blood is at normal or slightly alkaline pH [16].

An imbalanced pH affects the cellular activity in the body, leading to the
progression of most degenerative diseases, including cardiovascular and heart
disease, high blood pressure, high cholesterol levels, kidney stones, urinary
incontinence, arthritis, osteoporosis, cancer, diabetes, systemic weight gain and
obesity. A poor pH balance in the body can cause many other health problems and
a general feeling of ill health. Health effects of acidosis or an elevated level of
acidity in the body include insomnia, headaches, frequent sighing, water retention,
low blood pressure, foul-smelling stools, difficulty swallowing, sensitivity to
vinegar and acidic fruits and bumps on the tongue, fatigue, lack of energy, low body
temperature, depression, frequent infections, teary eyes, sensitive teeth, gastritis,
dry skin, brittle nails, hives, and leg cramps?.

2Biomedx (2017). The pH Equation & Health. Available from: https://biomedx.com/
microscopes/rrintro/rr4.html (accessed: 25.12.2023).
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Figure 2. Groundwater Flow Patterns from elevation and coordinate data
Source: compiled by M.H. Ikwulemenze, |.C. Ezekwe, E.I. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.

Conductivity ranged between 34 in SW3 to 1123 at the upgradient site SWC,;
while TDS was very low and ranged between 17 in SW3 and 558 at the waste pit.
ORP which is an indicator of the true oxidation state of the water was generally low
(ranging between —42.6 in the waste pit area to —18 Mv in SW2 down gradient from
the waste pit. These figures are below the optimal level for inhibiting microbial
growth in drinking water [17]. Oxidation-reduction potential (ORP) measures the
ability of a body of water to cleanse itself or break down waste products, such as
contaminants and dead plants and animals. When the ORP value is high, there is
lots of oxygen present in the water. Positive values for ORP indicate oxidizing
conditions, whereas negative values indicate reducing conditions. Reducing
condition means a geochemical condition where dissolved oxygen is depleted
(< 1 mg/L). When ORP is low, dissolved oxygen is low, toxicity of certain metals
and contaminants can increase, and this may indicate the presence of lots of dead
and decaying material in the water that cannot be cleared or decomposed [18].

Lead concentration was 0.03—-0.42 in SW1 and SWC and cadmium (0.037) in
SWP respectively had concentrations above permissible levels, while all other
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heavy metals occurred either below detectable limits or within permissible limits.
Zinc was 0.078 in SW3 and 1.27 in SWP was found in all the wells although within
acceptable limits. Other contaminants were as follows; chloride (21.9-246.9),
sodium (0.049-8.375), Magnesium (1.09 in SW3 — 10.149 in SWP), Sodium
(1.680-22.206) and Potassium (0.887 in SW3 — 6.534 in SWP). Figure 3 shows the
trend of heavy metal concentration in groundwater. Zinc concentration from the
graph is clearly indicative of lowering concentration with distance away from the
waste pit. Further graphic analysis (Figure 4) reveals that the highest concentrations
of cadmium occurred in the waste pit while lead concentration were found in all the
wells and high concentrations mostly found in the boreholes found closer to the
waste pit.
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Figure 3. Heavy metal concentration
Source: compiled by M.H. Ikwulemenze, |.C. Ezekwe, E.l. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.
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Figure 4. Plot of cadmium and lead only
Source: compiled by M.H. Ikwulemenze, I.C. Ezekwe, E.l. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.
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Table 2 shows the result of laboratory analysis of water samples for PAHs.
Results show a widespread occurrence of PAHs in the groundwater system. It
should be noted that all the sampled sites had concentrations of total PAHs above
the USEPA drinking water limits of 0.2 pg/l (ASTDR, 2023)°. Benzo[a]pyrene
which is a known carcinogen occurred in concentrations above acceptable limits
(0.2 pg/l) in all the sampled boreholes except SWP where it occurred in borderline
concentration of 0.17 pg/l.

The U.S. Environmental Protection Agency (USEPA) sets a maximum
contaminant level (MCL) for benzo(a)pyrene, the most carcinogenic PAH,
at 0.2 pg/l. USEPA also sets MCLs for five other carcinogenic PAHs. The goal of
the recommendation was a zero (nondetectable level for carcinogenic PAHs in
ambient water). It set 0.1 pg/l for benz (a)anthracene, 0.2 pg/l for benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene and chrysene, 0.3 pg/l for
dibenz(a,h)anthracene and 0.4 ug/l for indenol(1,2,3-c,d)pyrene*. PAHs are organic
compounds that have attracted global recognition because of their carcinogenic
threats. PAHs are categorized into high (4—6 rings) and low-member (2—-3 rings)
weight groups17—-19. PAHs are generally classified as relatively persistent organic
and environmental pollutants [19].

Polycyclic Aromatic Hydrocarbons in Groundwater

Table 2. Polycyclic Aromatic Hydrocarbons in Groundwater

USEPA
STANDARDS
PARAMETERS UNIT SWi1 SwW2 Sw3 SwWC SWP (ASTDR,
2023)
Naphthalene ug/l 0.29 0.08 0.26 <0.01 0.30 NA
Acenaphthylene ug/! 0.51 0.28 <0.01 <0.01 0.33 NA
Acenaphthene ug/I <0.01 <0.01 <0.01 <0.01 <0.01 1.0
(Minnesota
Health Dept)

Fluorene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 NA
Anthracene ug/I <0.01 <0.01 <0.01 <0.01 0.15 NA
Phenanthrene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 NA
Fluoranthene ug/I <0.01 <0.01 <0.01 <0.01 <0.01 NA
Pyrene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 NA
Benz[a]anthracene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.1
Chrysene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.2
Benzo[b]fluoranthene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.2
Benzo[k]fluoranthene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.2

ug/l 0.95 0.46 0.65 0.79 0.17 0.2
Dibenz(a,h)anthracene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.3
Indeno(1,2,3-cd) ug/! <0.01 <0.01 <0.01 <0.01 <0.01 0.4
pyrene
Benzo[ghi]perylene ug/! <0.01 <0.01 <0.01 <0.01 <0.01 NA
TOTAL PAHs ug/l 1.75 0.82 0.91 0.79 1.95 0.2

Source: compiled by M.H. Ikwulemenze, |.C. Ezekwe, E.l. Emereibeole, L.U. Mgbeahuruike, J.I. Nwachukwu.

3 Agency for Toxic Substances and Disease Registry. Polycyclic Aromatic Hydrocarbons (PAHs).
Available from: https://www.atsdr.cdc.gov/csem/polycyclic-aromatic-hydrocarbons/standards
and regulations_for_exposure.html. (accessed: 25.12.2023).

4 Ibid.

SHORT MESSAGE 97


https://www.atsdr.cdc.gov/
https://www.atsdr.cdc.gov/csem/polycyclic-aromatic-hydrocarbons/standards_and_regulations_for_exposure.html
https://www.atsdr.cdc.gov/csem/polycyclic-aromatic-hydrocarbons/standards_and_regulations_for_exposure.html

Hrkeynemenze M.X. u op. Bectnuk PYJTH. Cepust: Dxosnorus u 6e30macHoOCTb xusnenestensrocti. 2025. T. 33. Ne 1. C. 87-102

Discussions and Conclusions

The Oil waste pit contained an acidic pH, a very negative redox potential,
borderline zinc concentration and above limits cadmium concentration. It also had
high levels of naphthalene, Acenaphthylene, anthracene and above limits of
carcinogenic Benzo[a]pyrene. According to the WHO?®, PAHs reach the
hydrosphere mainly by dry and wet deposition and road runoff but additionally
from industrial wastes containing PAHs and leaching from creosote-impregnated
wood. PAHs are adsorbed strongly to the organic fraction of sediments and soils.
Leaching of PAHs from the soil surface layer to groundwater is assumed to be
negligible owing to the adsorption and to biodegradation in the aerobic soil surface
layer, although their presence in groundwater has been reported, mainly at
contaminated sites.

The volatility of the compounds from water phases is low, with half-lives of
500 and 1550 hours for BaA and BaP, respectively. The compounds are very slowly
biodegradable under aerobic conditions in the aqueous compartment. The
biodegradation rates decrease drastically with increasing number of aromatic rings.
In laboratory experiments with soil samples, the calculated half-lives for the
selected compounds vary widely, from about 100 days to a couple of years. PAHs
are stable towards hydrolysis. For pure water, the photodegradation half-lives
appear to be in the range of hours, whereas the half-lives increase drastically when
sediment/water partitioning is considered.

Also, note that the inhabitants of the study area have stopped the digging and
using of hand-dug wells due excessive gas occurrence from depths of 3 metres
below the surface. In fact, deaths and near-death scenarios had occurred due gas
poisoning in the process of digging wells.

Groundwater in the study area was characterised by unacceptable levels of
acidity, ORP, PAHs, cadmium and borderline cases of zinc contamination. It has
also been noted that acidity in drinking water can cause serious problems through
the leaching of heavy metals from plumbing systems such as lead. Lead exposure
can lead to a host of neurological and reproductive problems, such as seizures,
hearing loss and miscarriages. Leaching of heavy metals like copper and zinc causes
a domino effect that can impact the gastrointestinal system. High dosage exposure
to zinc and copper from corroded pipes can cause nausea, vomiting or diarrhoea
[20-22].

Also, eating large amounts of cadmium can severely irritate the stomach and
cause vomiting and diarrhoea. Breathing high levels of cadmium damages people’s
lungs and can cause death. Exposure to low levels of cadmium in food, water, and

> World Health Organization (2003). Polynuclear aromatic hydrocarbons in drinking-water.
Background document for development of WHO guidelines for drinking-water quality. Geneva:
World Health Organization; 2003
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air over time may build up cadmium in the kidneys and cause kidney disease and
fragile bones. Cadmium is considered a cancer-causing agent (US CDC, 2017)°.

A very recent (March 2024)7 report by The National Cancer Institute, an
agency of the United States of America Government states that cadmium and its
compounds are highly toxic, and exposure is known to cause cancer. It is primarily
associated with human lung, prostate, and kidney cancers, and recently pancreatic
cancer. It has also been associated with cancers of the breast and urinary bladder.
The general population may be exposed to small amounts of cadmium daily through
food, tobacco smoke, drinking water, and air, resulting in accumulation in the body.
Cadmium levels are expected to be low in drinking water and ambient air, except
in the vicinity of cadmium-emitting industries or incinerators.

The Illinion Department of Public Health (2023)® stated that the effects of
exposure to PAHs may be short-term or long term. While short-term exposure to
PAHs and other associated pollutants may produce reactions such as eye irritation,
nausea, vomiting, diarrhoea, and confusion; long-term health effects of exposure to
PAHs may include cataracts, kidney and liver damage, and jaundice. Repeated skin
contact to the PAH naphthalene can result in redness and inflammation of the skin.
Long-term exposure to low levels of some PAHs have also been found to cause
cancer in laboratory animals. Also, studies of workers exposed to mixtures of PAHs
and other compounds revealed an increased risk of skin, lung, bladder, and
gastrointestinal cancers. It is also a fact that while inhaling or swallowing large
amounts of naphthalene can lead to a breakdown of red blood cells, benzo(a)pyrene
is known to commonly cause adverse reproductive and developmental effects and
induce cancer in laboratory animals. It has also been established that long-term
exposure causes skin, lung, and bladder cancer in humans.’

In conclusion, this study discovered that the Oil waste pit contained an acidic
pH, a very negative redox potential, borderline zinc concentrations and above limits
cadmium concentration. The study therefore concludes that the study area has a
contaminated groundwater characterised by high acidity which can cause serious
problems like the leaching of heavy metals from water pipes and plumbing systems
and widespread occurrence of above limits concentrations of PAHs in the whole of
the studied boreholes thereby posing a serious public health challenge. Potential

6 US Centre for Disease Control and Prevention (CDC) (2017). Cadmium Factsheets. Available
from: https://www.cdc.gov/biomonitoring/Cadmium_FactSheet.html#: (accessed: 25.12.2023).

7 US National Cancer Institute. Cadmium — Cancer Trends Progress Report. March, 2024.
Available  from:  https://progressreport.cancer.gov/prevention/chemical exposures/cadmium#:~:
text=Cadmium%20and%20its%20compounds%20are,the%20breast%20and%20urinary%20bladder
(accessed: 25.12.2023).

8 Illinois Department of Public Health (2023). Cancer in Illinois. PAHs. Available
from: http://www.idph.state.il.us/cancer/factsheets/polycyclicaromatichydrocarbons.htm (accessed:
30.12.2023).

®Delaware Health and Social Services (2015). Benzo(a)Pyrene. Available from:
https://dhss.delaware.gov/dph/files/benzopyrenefaq.pdf (accessed: 30.12.2023).
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health risks include a likelihood of exposure to cancer due to the long-term
consumption of carcinogenic PAHs and cadmium in the groundwater sources.

In the light of the foregoing, we therefore recommend that the Federal
Government of Nigeria and the oil companies operating in the study area should
provide an alternative water sources to the inhabitants of this oil field, since
groundwater sources which is the main source of domestic water has become a
serious health hazard. The federal and state government to improve healthcare
delivery in the study area and establish a special health insurance scheme/trust fund
for inhabitants to cushion the effects of long-term exposure to pollutants from oil
producing activities.

References

[1] Li P, Karunanidhi D, Subramani T, Srinivasamoorthy K. Sources and Consequences
of Groundwater Contamination. Arch Environ Contam Toxicol. 2021 Jan;80(1):1-10.
https://doi.org/10.1007/s00244-020-00805-z. Epub 2021 Jan 2. PMID: 33386943; PMCID:
PMC7778406. EDN: MWLCEY

[2] Cozzarelli I M, Kent DB, Briggs M, Engle MA, Benthem A, Skalak KJ, Mumford AC,
Jaeschke J, Farag A, Lane Jr JW, Akob DM. Geochemical and geophysical
indicators of oil and gas wastewater can trace potential exposure pathways following
releases to surface waters. Science of The Total Environment. 2021;755(1)
https://doi.org/10.1016/].scitotenv.2020.142909

[3] Raimi MO, Sawyerr HO, Ezekwe IC, Salako G. Many oil wells, one evil: comprehensive
assessment of toxic metals concentration, seasonal variation, and human health risk
in drinking water quality in areas surrounding crude oil exploration facilities
in Rivers State, Nigeria. International Journal of Hydrology. 2022;6(1):23-42.
http://dx.doi.org/10.15406/ijh.2022.06.00299 EDN: HITXTK

[4] Fakhru'l-Razi A, Pendashteh A, Abdullah LC, Biak DRA, Madaeni SS, Abidin ZZ. Review of
technologies for oil and gas produced water treatment. Journal of Hazardous Materials. 2009
Oct 30;170(2-3):530-551. https://doi.org/10.1016/j.jhazmat.2009.05.044. PMID: 19505758.

[5] Nwosi-Anele AS, Iledare OO. Produced Water Treatment Methods and Regulations: Lessons
from the Gulf of Mexico and North Sea for Nigeria. Environmental Science. 2016. Available
from: https://api.semanticscholar.org/CorpusID:212503068 (accessed: 30.12.2023).

[6] Meehan M, Sedivec KK, DeSutter T, DeSutter T, Augustin C, Daigh ALM. Environmental
impacts of brine (produced water). North Dakota State University Extension Service Pub.
R1850; 2016.

[71 Dresel PE, Rose AW. Chemistry and origin of oil and gas well brines in Western Pennsylvania.
Pennsylvania Geological Survey (4th Ser), Open-File Report OFOG 10-01.0 2010

[8] Kharaka YK, Hitchon B, Hanor JS. Groundwater and petroleumx. The Groundwater Project.
2023. https://doi.org/10.21083/978-1-77470-041-9

[9] Onwuachi-Iheagwara NP. Environmental impact and treatment of produced water. Continental
J. Water, Air and Soil Pollution. https://doi.org/10.5707/cjwasp.2012.3.1.21.24

[10] Veil JA, Markus Puder, Elcock D., Redweik RJJr (2004). A white paper describing produced

water from production of crude oil natural gas and coal bed methane. Argonne National

Laboratory, Lemont, 87. https://doi.org/10.2172/821666

Clinton-Ezekwe IC, Osu IC, Ezekwe IC, Raimi MO. Slow death from pollution: potential

health hazards from air quality in the Mgbede oil fields of Southsouth Nigeria. Open Access

Journal of Philosophy. 2022;5(1):61-69. https://medcraveonline.com/OAJS/OAJS-05-

00177.pdf

[11

—

100 KPATKHME COOBIIEHUA


https://doi.org/10.1016/j.scitotenv.2020.142909
https://www.researchgate.net/journal/International-Journal-of-Hydrology-2576-4454?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.15406/ijh.2022.06.00299
https://api.semanticscholar.org/CorpusID:212503068
https://www.researchgate.net/profile/Miranda-Meehan?_sg%5B0%5D=r8rwYQiSIXcNbozB9_BPvrFmLRuyd_eiPV2cQJZGAygO9gGhOELQSDP1Xnl8qjEsDwDQAkI.9f4cDaspCa3fyNQSk5hKd7tzN6--BZeSqTN4H4nwuNNPRUcxwo-Ba1YfAGXvqWeEKo27yCyfTQyowdFJyjXjhg&_sg%5B1%5D=i7nRP55LGTiHeAAfys_jkImC8q2ELDaKn6-4GSnn1CKrXD0Si7ystwQwGefSGFP0DaJXr-4.1fmpjYvreVGfLcHNf_tZ6hMfAndC-tVTr--25-AscNIuH_4g7H6w-iSo5q0J68TJCds3adEjAsnL-1YceeqLHw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Kevin-Sedivec?_sg%5B0%5D=r8rwYQiSIXcNbozB9_BPvrFmLRuyd_eiPV2cQJZGAygO9gGhOELQSDP1Xnl8qjEsDwDQAkI.9f4cDaspCa3fyNQSk5hKd7tzN6--BZeSqTN4H4nwuNNPRUcxwo-Ba1YfAGXvqWeEKo27yCyfTQyowdFJyjXjhg&_sg%5B1%5D=i7nRP55LGTiHeAAfys_jkImC8q2ELDaKn6-4GSnn1CKrXD0Si7ystwQwGefSGFP0DaJXr-4.1fmpjYvreVGfLcHNf_tZ6hMfAndC-tVTr--25-AscNIuH_4g7H6w-iSo5q0J68TJCds3adEjAsnL-1YceeqLHw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Tom-DeSutter-77212120?_sg%5B0%5D=r8rwYQiSIXcNbozB9_BPvrFmLRuyd_eiPV2cQJZGAygO9gGhOELQSDP1Xnl8qjEsDwDQAkI.9f4cDaspCa3fyNQSk5hKd7tzN6--BZeSqTN4H4nwuNNPRUcxwo-Ba1YfAGXvqWeEKo27yCyfTQyowdFJyjXjhg&_sg%5B1%5D=i7nRP55LGTiHeAAfys_jkImC8q2ELDaKn6-4GSnn1CKrXD0Si7ystwQwGefSGFP0DaJXr-4.1fmpjYvreVGfLcHNf_tZ6hMfAndC-tVTr--25-AscNIuH_4g7H6w-iSo5q0J68TJCds3adEjAsnL-1YceeqLHw
https://www.researchgate.net/scientific-contributions/Tom-DeSutter-77212120?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Chris-Augustin?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Aaron-Daigh?_sg%5B0%5D=r8rwYQiSIXcNbozB9_BPvrFmLRuyd_eiPV2cQJZGAygO9gGhOELQSDP1Xnl8qjEsDwDQAkI.9f4cDaspCa3fyNQSk5hKd7tzN6--BZeSqTN4H4nwuNNPRUcxwo-Ba1YfAGXvqWeEKo27yCyfTQyowdFJyjXjhg&_sg%5B1%5D=i7nRP55LGTiHeAAfys_jkImC8q2ELDaKn6-4GSnn1CKrXD0Si7ystwQwGefSGFP0DaJXr-4.1fmpjYvreVGfLcHNf_tZ6hMfAndC-tVTr--25-AscNIuH_4g7H6w-iSo5q0J68TJCds3adEjAsnL-1YceeqLHw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.21083/978-1-77470-041-9
https://doi.org/10.5707/cjwasp.2012.3.1.21.24
https://doi.org/10.2172/821666
https://medcraveonline.com/OAJS/OAJS-05-00177.pdf
https://medcraveonline.com/OAJS/OAJS-05-00177.pdf

Ikwulemenze M.H. et al. RUDN Journal of Ecology and Life Safety. 2025;33(1):87-102

[12] Rubel F, & Kottek M. Observed and projected climate shifts 1901-2100 depicted by world
maps of the Koppen-Geiger climate classification. Meteorologische Zeitschrift.
2010;19(2):135—141. http://dx.doi.org/10.1127/0941-2948/2010/0430

[13] Tkwulemenze MH, et al. Polluted groundwater recharge from an oil waste pit in the Nkissa-
Orashi Basin of Rivers State Nigeria-submitted for publication

[14] Ezekwe IC, Odubo E, Chima GN, Onwuchekwa IS. Groundwater occurrence and flow patterns
in the Ishiagu mining area of Southeastern Nigeria. Frontiers of Earth Science.
2012;6(1):18-28.

[15] Gebara SMS, Poppi RN, do Nascimento ALCS, Raposo JL. Methods for analysis of PAH and
BTEX in groundwater from gas stations: a case study in Campo Grande, MS, Brazil. Quimica
Nova. 2013;36(7):1030-1037. http://dx.doi.org/10.1590/S0100-40422013000700018 EDN:
RMVQCB

[16] Ezekwe IC, Kponi BV, Derego A. Groundwater Quality and Flow Patterns in the Western Parts
of Obio-Akpor Local Government Area of Rivers State, Nigeria. Journal
of Geographic Thought, 2017;15(1):1-14. Available from: http://www.academix.ng/journals/
profile.html?idd=3300010155 (accessed: 20.04.2024).

[17] Mabharjan P, Clark T, Kuenzel C, Foy MK, Watkins S. On farm monitoring of the impact of
water system sanitation on microbial levels in broiler house water supplies. Journal of Applied
Poultry Research. 2016;25(2):266-271. http://dx.doi.org/10.3382/japr/pfw010

[18] Horne AJ, Goldman CR. Limnology. 2nd edition. McGraw-Hill, Inc.; 1994. 576 p.

[19] Aralu CC, Okoye PA, Abugu HO, Eboagu NC, Eze VC. Characterization, sources, and risk
assessment of PAHs in borehole water from the vicinity of an unlined dumpsite in Awka,
Nigeria. Sci Rep. 2023 Jun 15;13(1):9688. https://doi.org/10.1038/s41598-023-36691-3 EDN:
UXOXTQ

[20] Vanarsdale V1. Signs of Poor pH Balance in the Body. 2017. Available from:
https://www livestrong.com/article/2 14475-health-effects-of-ph-on-drinking-water/
(accessed: 20.04.2024).

[21] Wolfe 1. How to Drink Water with High pH. 2017. Available from: https://www.livestrong.
com/article/214475-health-effects-of-ph-on-drinking-water/ (accessed: 20.04.2024).

[22] Balch PA. Prescription for Nutritional Healing. 4th ed. Penguin, USA-869; 2006.

Bio notes:

Mazico Henry Ikwulemenze, Postgraduate research student, Department of Environmental
Management, School of Environmental Sciences, Federal University of Technology Owerri,
Nigeria. E-mail: lemenzemazico@gmail.com

Ifeanyichukwu Clinton Ezekwe, Associate Professor of Geography and Environmental
Management, Department of Geography and Environmental Management, University of Port
Harcourt, Port  Harcourt,  Nigeria. ORCID: 0000-0002-9573-5178.  E-mail:
clinton.ezekwe@uniport.edu.ng

Enos IThediohamma Emereibeole, Department of Environmental Management, School of
Environmental Sciences, Federal University of Technology Owerri, Owerri, Nigeria. E-mail:
enos.emereibeole@futo.edu.ng

Leonard Udochi Mgbeahuruike, Department of Environmental Management, School of
Environmental Sciences, Federal University of Technology Owerri, Owerri, Nigeria. E-mail:
leonard.mgbeahuruike@futo.edu.ng

Joseph lIkechukwu Nwachukwu, Department of Environmental Management, School of
Environmental Sciences, Federal University of Technology Owerri, Owerri, Nigeria. E-mail:
joseph.nwachukwu@futo.edu.ng

SHORT MESSAGE 101


http://dx.doi.org/10.1590/S0100-40422013000700018
http://www.academix.ng/journals/profile.html?idd=3300010155
http://www.academix.ng/journals/profile.html?idd=3300010155
https://doi.org/10.1038/s41598-023-36691-3
https://www.livestrong.com/article/214475-health-effects-of-ph-on-drinking-water/
mailto:lemenzemazico@gmail.com
mailto:clinton.ezekwe@uniport.edu.ng
mailto:enos.emereibeole@futo.edu.ng
mailto:leonard.mgbeahuruike@futo.edu.ng
mailto:joseph.nwachukwu@futo.edu.ng
https://orcid.org/orcid-search/search?searchQuery=ORCID:%200000-0002-9573-5178

Hreynemensze M.X. u op. Becrank PYIH. Cepusi: Dxonorus u 6e3omnacHoCTb sxu3HenestensHoctu. 2025, T. 33. Ne 1. C. 87-102

Caenenus 06 aBTopax:

Uxeyremenze Masuxko [enpu, acUpaHT-HCCIIENOBATENb, (AKyIbTET OSKOJIOTHYECKOTO
MeHekMeHTa, Illkona Hayk o0 okpyxatomiei cpene, DenepaibHBI TEXHOJIOTHUECKUI
yauBepcutet Oeppu, Hurepus. E-mail: lemenzemazico@gmail.com

Ozexee HUgpeanutivykey Knunmon, noueHt, (QaxkymnbTeT Teorpaduu ¥ HKOJIOTUIECKOTO
MeHeKkMeHTa, YHuBepcureT Ilopr-Xapkopra, Ilopr-Xapkopr, Hurepus. ORCID:
0000-0002-9573-5178. E-mail: clinton.ezekwe@uniport.edu.ng

Omepubeone Inoc Uxeouoxamma, haxyibTeT IKOJIOTHUECKOr0 MeHeKkMeHTa LIkoisl Hayk 00
oKpyxatouieir cpene, demepanbHOro TexHolorndeckoro ynuepcutera OBeppu, Oeppw,
Hurepus. E-mail: enos.emereibeole@futo.edu.ng

Mebeaxypyuxe Jleonapo Yoouu, hakyJIbTET SKOJOTHIESCKOTO MeHekMeHTa LIIkonbl Hayk 00
okpyxaromei cpexe, denepanpHoro TexHojormdeckoro yumsepcutrera Oeppu, OBeppw,
Hurepus. E-mail: leonard.mgbeahuruike@futo.edu.ng

Heauyxey [icozedh) Hxeuyrkgy, dakympTeT dKOIOTHYECKOro MeHemkMeHrta Illkomsl Hayk
00 okpyxaromeil cpexe, denepanbHbI TexHOJIOrHYeckuii yHuBepcuter OBeppu, OBeppw,
Hurepus. E-mail: joseph.nwachukwu@futo.edu.ng


https://orcid.org/0000-0002-9573-5178
https://orcid.org/0000-0002-9573-5178

	0
	Главный редактор
	Ответственный секретарь редколлегии
	Члены редакционной коллегии
	Editor-in-Chief
	Executive Secretary
	Editorial Board

	1-1 Булавина
	2-1 Миронова
	3-1 Анищенко
	[5] Panasenko N.N., Anishchenko L.N. Influence of Invasive Plants Parthenocissus  vitacea and Vinca minor on Biodiversity Indices of Forest Communities //  Contemporary Problems of Ecoogy. 2018. Vol. 11, no. 6. Р. 614–623. https://doi.org/10.1134/S199...

	4-1Панченко
	5-1 Перов
	6-1 Тишина
	7-1 Чупрова
	8-1 Иквулемензе
	с
	0
	Главный редактор
	Ответственный секретарь редколлегии
	Члены редакционной коллегии
	Editor-in-Chief
	Executive Secretary
	Editorial Board

	1-1 Булавина
	2-1 Миронова
	3-1 Анищенко
	[5] Panasenko N.N., Anishchenko L.N. Influence of Invasive Plants Parthenocissus  vitacea and Vinca minor on Biodiversity Indices of Forest Communities //  Contemporary Problems of Ecoogy. 2018. Vol. 11, no. 6. Р. 614–623. https://doi.org/10.1134/S199...

	4-1Панченко
	5-1 Перов
	6-1 Тишина
	7-1 Чупрова
	8-1 Иквулемензе

	ORCID: 0000-0002-5459-3054



