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bepenyesa C.B., bopucosa I'.I'., Cooenun A.B., Maneea M.I.

U3MEHEHUE CTPYKTYPbI JIMCTA U MUIT'MEHTHOI'O KOMIIVIEKCA BETULA
PENDULA B YCJIOBUAX ASDPOTEXHOI'EHHOTI'O 3AI'PA3HEHUSA

S.V. Berentseva, G.G. Borisova, A.V. Sobenin, M.G. Maleva

CHANGES IN THE LEAF STRUCTURE AND PIGMENT COMPLEX OF BETULA PENDULA
UNDER CONDITIONS OF TECHNOGENIC AIR POLLUTION

AnHoTanus. 3arps3HeHHe aTMochepbl B YCIOBHSIX
TOPOACKOH cpedsl HE TOJBKO Hapymaer OanaHc

JJIEMEHTOB B (UTOLIEHO3aX, HO W TMPHUBOAHUT K
W3MEHEHUSIM Ha pasHbIX YPOBHSAX OpraHU3aluu
pacTUTENbHBIX ~ OpPraHu3MOB, B  TOM  4HUCIE

3aTparvBalolIMX HMX (OTOCHHTETHYECKHH armmapar.
N3ydensl aHaToMo-Mopdosoruueckue 0COOCHHOCTH U
conepkanue (POTOCHHTETHYECKUX TUTMEHTOB B JIUCTHSIX
Betula pendula Roth, mpouspacraroiiieii B 30He BIUSHHS
MPOMBILIUIEHHOTO  KJIacTepa Ha  TEPPUTOPUH  T.
Yensounacka (Poccust) ¢ pa3HO# CTETIEHBIO TOKCUYECKOM
Harpy3ku. bpUIO BBIOpaHO MIECTb y4YacCTKOB BOJHM3U
YenstOMHCKOTO METaJUTypruieckoro KoMOWHATa: MATh
WMIIAKTHBIX U OJWH (DOHOBBIHA (CeBepo-3amajHas 4acTh
Kamrakckoro 6opa). [lo comepxaHWIO — TSHKEIBIX
METaJIJIOB B MOYBE ISl KaKJOI0 MMIIAKTHOTO y4acTKa
OBIT paccyWTaH WHAEGKC CYMMapHOH TOKCHYECKOM
Harpy3Kd, KOTOpBId B cpeaHeM cocTaBisul  3,6.
OTMe4YeHO, YTO HAa WMIAKTHBIX y4YacTKax JIOCTOBEPHO
YBEITMUMBAIACH TOJIIWHA JIMCTOBOW TUIACTUHKH (B
cpemneM Ha 23%), B OoJblell CTEEeHW 3a CYET
MaTUCaTHOTO Me30Quila W KyTHKYJIBl BEPXHETrO
snuaepMuca; 0Oojee TOro, BO3pPacTajo KOJIUYECTBO
YCTBHII, a TaK)K€ BEJIMYWHA YICIHHOW MOBEPXHOCTHOU
wiotHoctu Jucrta (B cpemnem Ha 30%), drO
COTPOBOX/AJIOCh YMEHBIIEHHEM €ro IUomain (B
cpereM Ha 65%). B ycnoBHSX TOBBIIICHHOMN
TEXHOTEHHOM  Harpy3kd OTMEUYEHO  yMEHbILICHHE
cozpepxanus xinopodmwuioB a u b (B cpennem Ha 44%),
OJTHAKO COOTHOIICHHWE MEXIy HHMH JTOCTOBEPHO HE
M3MEHSUIOCH (B cpeaneM 1,75). KapoTuHouIp! OKa3aauch
Oonee CTaOWIBHBIMHU: WX COJIEpP)KAHHUE HAa WMIIAKTHBIX
ydacTKax CHIDKaJOCh B MeHbIIeH crenenu. CrermaHo
3aKIIOYEHHE O  3HAYMMOCTH  KOMIIEHCATOPHBIX
nepecTpoek poTocHHTeTHUECKOro ammapata B. pendula
Ipu  afanTaud K  UINTEIHHOMY  CTPECCOBOMY
BO3JICHCTBHIO.

KaroueBblie cioBa: Gepesa NOBUCIIAs, TPOMBILUIICHHOE
3arpsA3HEHUE BO3MyXa; TSAKENbIe METaJUIbl; CTPYKTypa

Abstract. Atmospheric pollution in an urban
environment not only disrupts the balance of
elements in phytocoenoses, but also leads to
changes at different levels of organization of
plant organisms, including those affecting their
photosynthetic apparatus. The anatomical and
morphological ~ features as  well as
photosynthetic pigment content in the leaves of
Betula pendula Roth, growing in the zone of
influence of the industrial cluster in
Chelyabinsk (Russia) with varying degrees of
toxic load, were studied. Six sites were selected
taking into account the wind rose near the
Chelyabinsk Metallurgical Plant: five impact
and one background (northwestern part of the
Kashtaksky pine forest). Based on the content
of heavy metals in the soil, the total toxic load
index was calculated for each impact site,
which averaged 3.6. It was noted that in the
impact sites the thickness of the leaf blade
significantly increased (on average by 23%),
largely due to the palisade mesophyll and upper
cuticle. Moreover, the number of stomata
increased, as well as the leaf mass per area (by
an average of 30%), which was accompanied
by a decrease in its area (by an average of
65%). Under conditions of increased
technogenic load, a decrease in the content of
chlorophylls a and b was also noted (on
average by 44%), but the ratio between them
did not change significantly (1.75 on average).
Carotenoids turned out to be more stable: their
content in impact sites reduced to a lesser
extent. The conclusion about the significance
of compensatory rearrangements of B. pendula
photosynthetic apparatus during adaptation to
long-term stress has been made.

Keywords: silver birch; industrial air
pollution; heavy metals; structure of the
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BBenenue

HpOMI)IHIJ'ICHHOG 3arpsA3HCHHUEC BO3AyXa OKa3bIBACT HCTaTUBHOC BJIIMAHHEC Ha BCC
KOMITOHEHTBI OKPYKAIOIIEH CpeIbl ¥ 3J0POBhE HACEICHUS KPYITHBIX MPOMBIIIIEHHBIX TOPOJIOB, U,
C YYETOM TPAaHCTPAaHUYHOTO MEPEHOCA, BIUSAET Ha coceHue Tepputoput [21]. bBuoMoHuTOpUHT,
JUISL KOTOPOTO YacTO HCIONb3yeTcss ypOaHOo(dIopa, CYIIECTBEHHO JIOTMOJHSET CBEICHUsI 00
9KOJIOTUYECKOM COCTOSTHMH TOPOJICKHUX dKocucteM [1; 15].

B ycnoBusx ropojckoil cpeapl B TKaHSAX PacTEHUM NPOUCXOAMT psif  (U3HOIOTo-
OMOXMMHYECKUX W3MEHEHUH, MO0 KOTOPHIM MOXXHO CYAWUTh O CTENEHU BIMSHHUS TEXHOTECHHOU
Harpy3Kd Ha pacTeHUs U JKOocHCTeMbl B 1ienoM [16; 21]. Jlns ypOaHoduopsl XapakTepHa

BbIpAXXCHHAA IIIACTUYHOCTL W HU3MCHYHMBOCTH, ABJIAIOIIAACA MCEXAHH3MOM BBDKHBAHUA B

[1].

HeOar OINPUATHBIM  YCJIIOBUAM 3a CUCT MU3MCHCHUA CTPYKTYPHBIX U (I)YHKLII/IOHaHBHBIX

HECTaOUIBPHONW TPHUPOAHON Cpele TOpOJOB Pacrennss Moryr aganTupoBaTthCcs K
XapaKTEPUCTHK, B TOM Yuciie POTOCHHTETHUECKOTOo arnmapara [5; 14]. BaxHoi xapaKTepucTUKON
(hOTOCHHTETHYECKOTO ammapara pacTeHUW TpH JICUCTBUU PA3IHYHBIX (PAKTOPOB SBISICTCS
COCTOSTHME TUTMEHTHOTO KOMIUIEKCa, MOCKOIBKY OT HETO 3aBHCUT MHTEHCUBHOCTH (DOTOCHHTE3a
U TPOAYKTUBHOCTh pacTeHuil. CojepkaHue (QOTOCHHTETUYECKUX IMUTMEHTOB B JIHCTHIX

APEBECHBIX paCTeHI/Iﬁ MOXXET UCITIOJIB30BaATHCA HE TOJIBKO KaK 6I/IOI/IH)II/IKaT0p CTpecCCa B YCIOBUAX

5 O



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

AQHTPOIIOTEHHOT'O BO3JEICTBUS, HO U KaK MOKA3aTellb HAPYLIEHHOCTH dKOCUCTEMBI B 1ieJoM [15;
16].

Betula pendula Roth (6epe3a moBucias) — jgerko uACHTUGUIUPYEMBINA BHJI, YIOOHBIH IS
oTOopa pacTUTeNbHBIX 00pa31oB. bepesa sBiIseTCss OHOM U3 CAMBIX CBETOJIOOMBBIX IPEBECHBIX
IOpOJ, JOCTaTOYHO 3aCyXOYCTOWUYMBaA, Majo TpeOoBaTelbHA K IOYBEHHOMY ILIOJOPOIMIO,
OTIIMYAETCS BBICOKOM CEMEHHOM NPOAYKTHBHOCTBIO M JJIMTEIBHBIM COXPAaHEHHUEM BCXOKECTH
cemsH [12]. U3BectHo, uto B. pendula urpaer 3HaYMTENBHYIO POJIb B €CTECTBEHHOM 3apacTaHUuu
TEXHOTEHHO HApYIICHHBIX TEPPUTOPHI B TOPHO-TAC)KHOW W JiecocTemHod 3onax [10; 12].
Pasznuunble acTieKThl, CBS3aHHBIE C OLIEHKOW CTPYKTYPHO-(PYHKIIMOHAIBHBIX OCOOCHHOCTEH 3TOTO
BH/a B HAPYIIECHHBIX MECTOOOMTAHUAX, H3yIaINCh MHOIMMHU aBTopamu [4; 7; 9-12; 16; 18; 22].
OpnHako Ha Teppuropuu r. YensOuHcka, rae pacnonararorcs kpynHeimme B Poccun no oosemy
BBIIYCKA€MOH MPOIYKIUU METa/UTypruueckue npeanpusitust [3], KOMIUIEKCHBIX HCCIEI0BaHUM
Mopdoduzmnonornueckux xapakrepuctik B. pendula panee He nmpoBoanocs.

Ilenp paboThl — H3YYUTh aAHATOMO-MOP(OJIOrMYECKHE OCOOCHHOCTH U COJEpKaHHe
(OTOCHHTETHYECKMX MUTMEHTOB B JIMCThsiX B. pendula, mpouspacraromieid B 30HE BIUSHUS
IIPOMBIIIIEHHOIO KJIacTepa Ha Tepputopuu r. YensOuHCKa ¢ pa3sHOW CTENEHbIO TOKCHYECKOM
Harpys3Ku.

MartepuaJjbl 1 METOIBI

JUis  OCTMKEHUs TIOCTAaBICHHOM 1lenu ObLIO0 BBIOPAHO IIECTh YYAacTKOB BOIM3H
Yensbunckoro metamuryprudeckoro komOuHara (UMK) u Apyrux cOmyTCTBYIOIIMX MPEIIPUSTHIA
IPOU3BOJCTBA CTAJM M NPOKATHBIX U3JENMHA, MATh HMHIAKTHBIX: Y1 — [UIakooTBa,
HenocpeacTBeHHo npuieraomuii Kk UMK; V2 — nopora k UensOuHCKOMY a3ponopTy, OKoJIo 3 KM
ot UMK; Y3 — nopora Bo3ie kapwsepa, Mmexay UMK u YensOuHCKUM 3aBOJIOM CTPOMMHIYCTpUU
«Kemmay; Y4 — nopora psioM ¢ peKyJIbTHUBUPOBAaHHOM cBajkoH, okosio 4 kM or UYMK; V5 —
TPYHTOBas Jopora 3a a3ponopToM, okojo 5 kM ot YMK; u onun ¢onossIi, K — ceBepo-3anannas
yacTth Kamrakckoro 6opa (puc. 1). Kamrrakckuit 60op, BbIOpaHHBIHM B KauecTBE (POHOBOTO ydacTKa
C YYETOM PO3bI BETPOB, SIBJISIETCS 0CO00 OXpaHsAeMON IPUPOAHOI TeppUTOPUEH, PacTIOIOKEHHON
Ha npaBoM Oepery peku Muacc, r. YenaOunck [6]. [lo nanubiM Pocrunpomera, B po3e BETpoB
3TOr0 ropoja npeodiagaroT BETpa I0KHOIO, I0r0-3alaJlHOTO U CEBEpO-3aMaJHOr0 HaIlPaBICHUS,
MIOTOMY TEPPUTOPUs, HAa KOTOPOH pacroyiokeH Oop, MeHee MOJBEpKeHa adPOTEXHOTCHHOMY
BO3/JICHCTBHIO.

Ha xaxnom yuactke B koHue utonsi 2022 rona ObLIM BBIOpaHBI TpU JepeBa MPUMEPHO
OJINHAKOBOT'O PENPOIYKTUBHOTO BO3pacTa U BHICOTHL. C F0JKHOM SKCIIO3UILMU KPOHBI HA BBICOTE
1,5-2,0 M orbupanu mo 20 nMcThEB CPeAUHHON (opManuu ¢ Kaxaoro jepesa. [lapannensno Ha
KKIOM YYacTKe OTOMpainu MouBeHHble o0pasubl (1o 20 cMm rioyOuHOM) I ompeseneHus
conmepkanuss Tspkenblx MetauioB (TM). OrGop pacTUTENbHBIX M IOYBEHHBIX 00pasloB
IPOBOJWIN B JTHEBHBIE YaChl IPU CXOTHBIX METEOPOJIOTUYECKUX YCIOBUSAX (SICHBIHM, COTHEUHBIN

JICHB ).
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Conepxxanne mnoaBwxkHbIX (opm TM omnpenensim B 3-KpaTHOW IOBTOPHOCTH U3
KOMITO3UTHOM TIPOOBI TIPH MTOMOIIM aTOMHO-a0CcOpOIMOHHOTO criekTpoMerpa Varian AA240FS
(Varian Australia Pty Ltd., ABcTpanus), nocne 24-4 skctparupoBanusi 5 %-pacTBOpoM a30THOMN
KHUCIOTHI (0cy.) B cooTHomeHnH 1:20 (Bec:00beM). CyMMapHBIi HHAEKC TOKCHYECKOW HArpy3KH
(Si) paccuurtsiBanu o popmyse [19]: Si = (1/n)Z(Ci/Cyou), Tae Ci — KOHIICHTpALIUs MeTajlia B
MOYBE UMNAKTHOrO y4yacTka, Cyos — KOHIEHTpALUS MeTaula B MOYBE (POHOBOrO ydyacTKa, n —

YHCJIO UCCIIeI0BaHHBIX TM.

Yenabuuckan obaacrsb : e
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Puc. 1. Kapra Yeass0uHCcKoii 00/1aCTH 1 pacnojioKeHHe YYACTKOB 0TO0Opa Npod HA TePPUTOPUH
r. Yenaouncka: Y1-Y5 — umnaxktusie; K — ¢goHoBbIi

Bennunny pH noussl onpenensiv B NOYBEHHO-BOJAHOM CYCIIEH3UU B COOTHOWIEHUH 1:2,5
(moyBa: 1eMOHU3MPOBAHHAs BO/A) C MOMOIIbIO opTaTuBHOTO pH-MeTpa/konykToMerpa (Hanna
Instruments GmbH, Graz, ABctpus).

JIi1st M3ydeHusi CTPYKTYPHBIX XapakTepucTuk aucTbeB B. pendula ucrnonp3oBanu Beiceuku
(0,7 cm auameTpom), KoTopsle 3aTeM ¢ukcupoBanu B 70%-3tanosne. [lonepeunslie cpesbl aucTa
nenaiau Ha 3amopaxwuBatomiemM Mukporome M3-2 (OAO X3 «Toumeanpubop», Ykpauna).
N3Mepenne Me30CTpYKTYPHBIX MapaMETPOB BBIMOJIHSUIH B 30-KpaTHOM MOBTOPHOCTHU MPU TTOMOIIHN
cBetoBoro Mukpockona Meiji MT 4300 L (Meiji Techno, SInoxus) ¢ npuMeHeHHEM ITPOrpaMMBbl
SIAMS MesoPlant (OO0 «CUAMCy», ExarepunOypr). [Inomanes 1MCThEB pacCUUTHIBAIN TyTEM
o0paboTku ¢ororpaduit 20 TUCTHEB C KaXKIOro ydacTka B mporpamme JMicroVision, Bepcust
1.2.7.

YaenbHyI0 MOBEpXHOCTHYIO MoTHOCTH yucta (YIIIIJI) paccunTeiBamy Kak OTHOIICHHE
CyXOro Beca JIMCTOBOW IUTacTMHKM K ee muomiaau. Coxepxkanue xmopodpwmia a (Xin a),

xmopoduiuta b (X b) u kaporunong0B onpenensiu criekrpodoromerpuuecku nmpu 470, 649 u
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664 HM B CMEIIaHHBIX 00pa3lax JUCThEB B 4-KpaTHON MOBTOPHOCTH, MOCJE 3KCTPArupoOBaHMs B
95% atanone, u paccuntbiBanu coriaacuo Lichtenthaler [20].

Jis  OUeHKM  JIOCTOBEPHOCTH  Pa3iMuuil  MEXIy BapUaHTaMU  HCIOJIb30BaJU
HenapaMmerpuueckuil kputepuii Kpackena—Yomnuca. B tabnmunax u Ha puc. 2 TpenCcTaBICHBI
cpeaHue apudMeTHUecKue 3HaYeHUs U UX ctangapTHbie omuOku (SE). PasHpiMu nmatuHCKUMU
OyKBaMH OTMEYEHBI JOCTOBEPHBIE Pa3INM4Ks Mex 1y ydyactkamu npu p < 0,05.

Pe3yabTaThl M HX 00CyKIeHHE

[TouBBI BCeX y4acTKOB, BKJIIOYas ()OHOBBIM, OTIMYAIHCH IMOBBIIMICHHBIM COACPXKAHHEM
NONBIKHBIX (GopM wu3ydeHHbIX TM, 1O CpaBHEHHIO C TMPEACTBHO JOMYCTUMBIMH U
OpUEHTHPOBOYHO jonycTuMbiMH KoHIeHTparmsamu (IIJIK u OJK, cOoOTBETCTBEHHO), 4TO
OTpakaeT reoXuMHUUIeckre ocooeHHocTr peruona [2; 13]. Ha ¢ponoBoM yuactke comepxanue Zn,
Ni, Mn u Pb 651310 BbIIIIE JOMTYCTUMBIX 3HAUEHHI B CPEAHEM B 2,5 pa3a, B TO BpeMsl KaK 110 KaJMHIO
WX TPEBBIIIEHUS HE OTME4eHO (Tab. 1).

Tabmuua 1
Coaep:xanue noABUKHBIX GOPM METAJVIOB B 0YBE U CYMMAPHBIIl HHIEKC TOKCHYEeCKOH HATPY3KH

VYaCTOK COI[ep)KaHI/Ie METAJIJIOB B IIOYBEC MF/KF CyXO0ro Beca

Zn Ni Mn cd Pb Si
Vi 99,8+5,3° 33,704 | 932,6:123° | 1.0=010° | 493=1,0° |30
V2 88,0£0.6° 16,6402° | 613,5:7.0° | 0.82+001° | 283+0.1° | 2,0
V3 168.051.3° | 22,0:02° | 1026,092° | 1,64=001° | 94809 |41
V4 1879534 | 25940,1° | 7783+62° | 3.13+001° | 158,6+0.1° | 7,2
Vs 69.6+1,3% 18350,7° | 33204147 | 054002 | 310=17° |17
K 47,5%0,1° 840,19 | 3911+15° | 032£0,02° | 148%02 |10

gﬁi“fg‘*]-/ 23/220 4180 140/ P2 6/130

IIpumeuanue. Tlpeacrasnensl cpeanune apudmernueckue 3HaueHust £ SE (N = 3). Pa3HbIMU JTaTHHCKUMHU
OykBaMH OTMEYEHbI JIOCTOBEPHBIE pa3inuus Mexay ydactkamu mpu p < 0,05. Y1-Y5 — ummaktHbie
yuyactki; K — ()oHOBBIN yuacTok; Si — CyMMapHBIi MH/IEKC TOKCHUECKOIl HArpy3KH.

B nmouBax MMIakTHBIX Y4acTKOB cojiepkanue uHKa coctaisuio ot 311K (V5) no 21TIAK
(YV4), nukens — ot 411K (V2) no SIIAK (Y1), mapranna — ot 2,5TIAK (VS5) no 71K (V3).
HauOonpiieMy 3arpsi3HEHHIO KaMHEM U CBUHIIOM HoJBeprajcs Y4, Ha KOTOPOM COJepKaHue
KaJMHsI 110 CPAaBHEHHIO C (JOHOBBIM y4acTKOM ObuIO BhIIe moutu B 10 pa3, a cBunna — B 11 pas.
CymMapHbIil MHAEKC TOKCHYECKOM Harpy3Kud Ha MMIAKTHBIX y4YacTKaX B CPEJHEM COCTaBIISI
okoJio 3,6. B nienom Haunbosnee 3arpsi3HEHHBIMU OKa3alKich MOYBBI HA Y3 u Y4 (Tabun. 1).

Ha conep:xanue noasuxHbix ¢opm TM B mouBe BIUSET MOKa3aTellb KUCIOTHOCTH. [10uBBI
¢doHOBOrO ydacTka ObUIH crabokuciabiMu (B cpenHeM pH coctasisiio 6,3), a MOYBBI MMITAKTHBIX
YYaCTKOB — CJIa0O0IIeI0UYHBIMU (B cpeHeM 7,6).

Hns mucteeB B. pendula xapaktepeH TOpPCOBEHTpaNbHBIA THUIT CTPOCHUS Me3oduuia. B
YCIIOBHUSAX TEXHOTECHHOH Harpy3ku HaOI0JaoCh JIOCTOBEPHOE YBEJIWYEHUE TOJIIMHBI JIUCTA, B
OOJIBIICH CTENEHH 3a CueT MalucajHoro Me3o(dusia, a TakkKe KyTHKYJIbl BEPXHETro SIUAepMuca

(Tabun. 2). MakcumalnbHOE yBEIMUYEHUE TOJIIUHBI JIHUCTa OOHApYKEHO Ha ydacTke Y2 — Ha 36%
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BBIIIIE 110 CpaBHEHHIO ¢ poHOM. [Tpu 3TOM TaKke BO3pacTayio KOJMUECTBO YCTHUIL: B CPEIHEM Ha

30% mno cpaBHEeHUIO ¢ HOHOM, MaKcuMyM — Ha 62%. Kpome Toro, Ha BceX MUMIMAKTHBIX y4acTKax

y B. pendula Habnronanock 10cTOBEpHOE YMEHbBIIICHHE TUIONIA M JIUCTA, B cpeaHeM B 1,7 pasa.

OnHUM 13 BaKHEHIINX MOKa3aTeNell akTHBHOCTH (PU3MOJIOTHUECKUX IMPOLIECCOB B PACTCHUH

seisiercst YIIIJI, 3Hauenue xoroporo B nucThsix B. pendula ma mmmakTHBIX yuacTkax ObLIO B

cpenseM Ha 30% Bplmie MO cpaBHEHHIO C (poHOBBIM. MakcumanbHoi BenmuuuHoi YIIIIJI

OTJIMYAJIKCH JepeBbs HA Y5 (TalbI. 2).

Tabnuna 2
CtpyKTypHBIe XapakTepucTuku Jucra Betula pendula
TapaMeTohL VYuacTok
pamerp % V2 V3 V4 V5 K

I\leim“ﬂ“mm’ 161,348,2° | 193,0+£12,9% | 185,2413,6% | 150,143,7% | 180,5+7,4% | 141,4+6,2°
E%mﬁf(‘;a KYTHRYIRL | ¢ 640,72 | 8,5£1,78 | 7.4+09% | 7,7£0,9% | 7.3+0.6® | 6,3+0,5%
Tonmuna BD, Mkm | 16,9£1,6° | 2424232 | 18,942,1° | 17,742,1° | 23,6423 | 16.2%1,5°
Tommuaa HD, mxm | 12,9+0,9b° | 17,6+1,6° | 14,3+1,5° | 13,2409 | 14,6+1,3° | 11,2+1,3¢
Obmas TosmmHa 124,6+8,0% | 139,249,4% | 141,943,2¢ | 110,2+3,9° | 133,946,1% | 105,9+6,1¢
Me30(uIIIa, MKM
Tonmuna [IM, mkM | 40,9+43% | 43,442.9% | 41,083 2% | 36,942,7° | 4414272 | 31,3622,1°
Thromans mucta, cM2 | 17,542,9% | 12.6+£1,2° | 18,4£2.4° | 15,6+2.9% | 14.9+1,5%° | 26,1+2,8°
KomriecTso yeTBHIL | o) 411 1a | 5455080 | 373405 | 46,140.6° | 4774100 | 38.5+1,0°
Ha HO, m.
VIITUL, mr/am? 570,7+14,3°| 659,9+9,4° | 534,2+15,0° | 562,9+11,8° | 719,5+20,1% | 470,2+6,3¢

Ipumeuanue.TlpencraBieHsl cpeanne apupmerndeckue 3uauenus = SE (n = 30). PasHbIMU JTaTHHCKUMHU
OyKBaMH OTMEYEHBI JOCTOBEPHBIE pa3nuuus Mexay ydactkamu npu p < 0,05. V1-Y5 — ummnakTHble
yuactkn; K — doHOBBIN ywacTok; BD — Bepxuuii smunmepmuc, HD — HwxkHuit snupepmuc; [IM —
nanucanubii Mmesopuur, YT — ynenbHas moBepXHOCTHAS IUIOTHOCTD JIUCTA.

CTpyKTypHBIE XapaKTepUCTHKH JUCTheB B. pendula Ha TeXxHOreHHO HapyIIEHHBIX
TEPPUTOPHSX U3yJaJIHCh paHee U Apyrumu aBropamu [12; 18]. ¥ B. pendula, mpouspacratoreit
Ha 3omootBanax CpemHeypambekoir I'POC [12], Bemmumua VI mocturama 725 mr/am?, a
ToNIUHA TUcTa — 188 MKM, 4TO OIU3KO K 3HAYSHHSIM, OTMEYEHHBIM Ha UMIIAKTHBIX y4acTKaxX Y2,
V3 u V5. Cornacuo Kalashnikova et al. [18], mokaszarens YIIIIJI y B. pendula na 30mooTtBamax
noutu gocturan 600 Mr/aM2, a TonmmHa rcTta Konebanach ot 170 mo 180 MrM.

Kak wu3BecTHO, mporecc (OTOCMHTE3a 3aBUCUT OT MHOTMX BHEHIHUX (aKTOpOB.
@DOTOCHHTETUYECKUE TUTMEHTHI YYBCTBUTEIBHBI K HETATUBHOMY BIIUSIHUIO OKPYKAIOIIEH CPeJIbI
U TIOJIBEPIKEHBI Pa3pyIICHUIO B YCIOBUSAX TeXHOTeHHOTO cTpecca [14]. Conepkanue Xin a u b B
nucthsax B. pendula Ha Bcex MMMakTHBIX ydacTKax ObLIO JIOCTOBEPHO HUXKE (DOHOBOTO 3HAYCHUS
(B cpennem Ha 47 u 40%, COOTBETCTBEHHO), B TO BpeMs Kak COJIepKaHHE KapOTHHOUIOB
JIOCTOBEPHO CHIKAIOCH MUIIH Ha Y3 (puc. 2A, b). CHuxkeHne GOTOCHHTETHYECKOH CITOCOOHOCTH
acCCUMHJISIIIMOHHOTO amnmapara y B. pendula u apyrux BHIOB IpeBECHBIX PACTCHUI B FOPOICKOM

cpene 6bU10 oTMeueHo u paHee [9—11]. M3BecTHO, UTO ApeBecHbIE pacTEHUSI MOTYT yCBauBaTh U

; O
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BOBJIEKATH B METa0O0IM3M Pa3INIHBbIC I‘3.3006pa3HI>Ie 3arpsA3HUTCIIN, IIPpU 3TOM B JIMCTBIAX

HaOJIIOIaeTCsl CHUKEHUE YPOBHS CO/IEpKaHUS (POTOCHHTETUYECKUX TUTMEHTOB [5; 14].
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Puc. 2. Coaep:xanue (A, bB) u cootHomenue (B, I') poTocCHHTETHYECKUX MUTMEHTOB B JIMCTHIX
Betula pendula: ¥1-¥5 — na umnakTHbIX yuyactkax; K — Ha onoBom yuacrke.
IIpencrasiensl cpennne apupmernyeckune 3Havenus + SE (n = 4). Pa3zupiMu 1aTHHCKUME
OyKBaMH OTMe4Y€eHbI J0CTOBEPHBIE pa3auuus Mexkay yyactkamu npu p < 0,05

OnHOl M3 BaXKHBIX XapaKTEPUCTUK MUTMEHTHOTO KOMILJIEKCA SIBJIAETCS COOTHOLIEHUE
(OTOCUHTETHUECKUX MUTMEHTOB, IO KOTOPOMY MOHO CYIUTh 00 aJanTallMOHHBIX MpoIeccax
dorocunTeTnyeckoro ammapara. CoortHomienne X /X b ObUTO CpaBHUTENBHO HU3KHM U B
cpentem coctarisuio 1,75 (puc. 2B), 9To cBHACTENBCTBYET O BasKHOM posk Xi1 b B moromneHnu
COJIHEUHOUM sHepruu. [Ipu 3TOM a’pOTEXHOreHHOE 3arpsi3HEHHE HAa MMIAKTHBIX ydacTKax He
BITMSIJIO HA ATOT ToKasaresb. CooTHomenue X (a+b)/KapoTHHOH B, XapaKTEPU3YIOIIEe B IEJIOM
cBeTocoOMparomyo GyHKIHIO (HOTOCUHTETUISCKUX MUTMEHTOB, JOCTOBEPHO CHUIKAJIOCH JIMIIb
Ha UMIAKTHBIX yyacTkax Y1, Y2 u V5 no cpaBHenuto ¢ poHoBbIM (puc. 2I'). YMeHbIIeHHE 3TOro
MOKa3aTelasi B YCIOBHUSIX TEXHOTCHHOM HAarpy3Kd CBHUACTEIBCTBYET O CTaOWIBHOCTH
KapOTHHOHJIOB, KOTOpBIE HWIPAIOT BAXXHYIO POJIb HE TOJBKO KaK (POTOMPOTEKTOPHI, HO U
AQHTHUOKCHJIAaHTHI, YIaCTBYIOIIUE B 3alIUTE OT OKUCIUTEIBLHOTO cTpecca [17].

3aKjao4eHue
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N3menenne MophopHU3HONIOTHYECKUX XapaKTEPUCTUK IPEBECHBIX PACTEHUH B YCIOBHUSX
TOPOJICKON Cpeabl SIBISIETCS OTBETHOW peaklueld Ha KOMIUIEKC HEraTUBHBIX (PaKTOpOB
MPUPOIHOTO U AHTPOIIOIEHHOTO XapakTepa. B yCIIoBHsIX TEXHOI€HHOM Harpy3KH B TUCThsX Betula
pendula ObUIM OTMEYEHBI CTPYKTYPHBIC MEPECTPOMKH (OTOCHMHTETHUYECKOTO —armapara,
MPOSIBJISIFOIMECS B YBETMYESHUH TOJIIMHBI JIUCTA 32 CUET XJIOPOPHIUIOHOCHON YacTH Me30(uILIa,
KOMIIEHCUPYIOLLIEH COKpAILLEHUE €ro acCCUMMWIALIMOHHOW IOBEPXHOCTH, a TaKXKe KYTHKYJIbI
BepxHero snuaepmuca. [Ipm 3T70M Bo3pacTaHue TOJMIIMHBI KYTHUKYJbl, IO-BUAUMOMY, UIPAET
3aIlIUTHYIO pOJIb B YCIOBUAX a3POTEXHOTCHHOIO 3arpssHeHus. HecMoTps Ha CyliecTBeHHOe
YMEHBIICHUE COJCPKAHHUS XJIOPOPHUIOB @ M D Ha MMIAKTHBIX YYacTKax, MX COOTHOIICHHUE
JIOCTOBEPHO HE M3MeEHsIoch. bosiee BbICOKas CTaOMIBHOCTh KAPOTUHOMIOB, IO CPAaBHEHUIO C
XJIOpOo(UIIIaMu, BEPOSITHO, CBUIECTEILCTBYET O 3AIIUTHON POJIU MUTMEHTOB-aHTHOKCHIAHTOB. B
L[EJIOM, TaKue aJalTHUBHbBIC MEPECTPOMKU (POTOCUHTETUYECKOro ammapara Oepé3bl, BO3ZMOXKHO,
MOJIEPKUBAIOT (DOTOCUHTETUYECKYIO IPOJYKTUBHOCTD JEPEBbEB B YCIOBUSAX TOPOICKON CPEJIBL.

Paboma evinonnena npu ¢punancosoti noodepaicke Munucmepcmea HayKu U 8b1CULE2O

obpazosanus Poccutickoii @edepayuu 8 pamxax I'ocyoapcmeennozo sadanus FEUZ-2024-0011.
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N3YYEHUE 3AKOHOMEPHOCTEN AKKYMYJISAIIUA PATAONU30TOIIOB
INPUPOJHOI'O U TEXHOI'EHHOI'O IPOUCXOXIEHUS HA IIPUMEPE
HAJI3BEMHOM YACTH MOJIBIHA TOPbKOM ®JIOPHI YPBAHU3UPOBAHHbIX
TEPPUTOPHUI HEHTPAJIbHOIO YEPHO3EMBbSI

N.A. Dyakova

STUDYING THE PATTERNS OF ACCUMULATION OF RADIOISOTOPES

OF NATURAL AND MAN-MADE ORIGIN USING THE EXAMPLE

OF THE ABOVEGROUND PART OF THE WORMWOOD OF THE BITTER FLORA
OF THE URBANIZED TERRITORIES OF THE CENTRAL BLACK EARTH REGION

AnHoTanus. PaguoHyKIuARl B HACTOSIINN MOMEHT K
HanboJiee OMAacHBIM HSKOTOKCHKAHTOB, B CHIYy HX
BBICOKOH YCTOWYMBOCTH, IIMPOKOTO PaCHpOCTpaHEHHUS,
CIOCOOHOCTH K OMOTeHHBIM MHUTPALIMSM U KyMYJIALIUN B
YKUBBIX opranusmax. Llenbro HacTosIero ueciae10BaHus
SIBISUIOCH U3YYEHUE 3aKOHOMEPHOCTEH aKKyMYJISILUU
PaOUOHYKIWAOB  MOPUPOJHOTO U TEXHOTEHHOrO
MIPOUCXOXKICHUS B CHHAHTPOIHOH (yiope BopoHekckoit
o0nacTi Ha TpUMepe HAA3EMHOW YacTH TIOJBIHH
ropekoii (Artemisia absinthium L.). Bce wusyuenmbie
00paslbl PacTUTEIBHOTO CHIPbS,, 3arOTOBJICHHBIC B

C€CTCCTBCHHBIX u HNCKYCCTBCHHBIX Q)HTOHCHO33X
Boponexckoit oOnacrw, COOTBETCTBYET
CYIIECTBYIOLINM TpeOoBaHUAM paavanoHHOM

Oe3onacHoctd (mepBasi rpymma). KoppensiuoHHBIN
aHaJIM3  YJEJIBHOM  aKTUBHOCTHM  INPHUPOJHBIX U
TEXHOT€HHBIX PaJAMOHYKINAOB B MOYBE U HAJ3EMHOU
YaCTH MOJBIHA TOPbKOM II0KAa3aJl HaJIU4Me TECHOU
B3aMMOCBS3H MEXILY JTAHHBIMHU YHCIIOBBIMU
[TOKa3aTeNsIMHA, YTO MOATBEPAMIIO NMPEUMYLIECTBEHHOE
TPAHCIIOYBEHHOE WX  3arpsasHeHue. llomydeHHbIe
pe3ynbTaThl  HMCCIENOBaHMS TOKa3ald, 4YTO TpHU
YBEIMUEHUM YJENbHONH aKTUBHOCTH TNPUPOIHBIX U
TEXHOT€HHBIX paJIHOHYKIUI0OB B MOYBE BO3pacTaja HX
yaenabHas aKTUBHOCTh B HAJA3€MHON YacTd TIOJIBIHU
ropekoit. Koaddummentsr nakoruenust crponius-90,
ne3ud-137, xamug-40 w3 1OYB B HAI3EMHOM YacTH
MIOJIBIHA TOPHKOW MMENN TEeHIEHIMIO K CHIKEHHIO TO
Mepe YBEITHYEHUS yAeTBHON AKTUBHOCTH
PaAMOHYKINIOB B NOYBE, YTO YKa3bIBA€T HAa HAJIMUYUE
(U3MOJIOTMYECKUX ~ MEXaHM3MOB  PEryJLMU  HUX
MOCTYIUICHUSI B pacTeHue, a Topus-232, paaus-226 —
HalpoTHB, BO3PACTalIM, YTO CBHUJAETEIBCTBYET O
BBICOKMX (PUTOpEMEIHALMOHHBIX CIIOCOOHOCTSX BUIA B
OTHOIIIEHUH JaHHBIX H30TOIMOB. BriepBhIe BHISBICHHBIE B
pe3ynbTaTe  WCCIEJOBaHWS  3aKOHOMEPHOCTH U
MaTeMaTHYECKUE 3aBUCHUMOCTH HaKOIUICHUS
TEXHOTEHHBIX W MNPHUPOJHBIX PAJUOHYKIHIOB B
HaJ3€MHOM YacTH TIOJBbIHM TOPbKOH  IO3BOJISIOT

Abstract. Radionuclides are currently to the
most dangerous ecotoxicants, due to their high
resistance, wide distribution, ability to biogenic
migration and cumulation in living organisms.
The purpose of this study was to study the
patterns of accumulation of radionuclides of
natural and man-made origin in the
synanthropic flora of the VVoronezh region using
the example of the aboveground part of bitter
wormwood (Artemisia absinthium L.). All
studied samples of plant raw materials prepared
in natural and artificial phytocenoses of the
Voronezh region meet the existing radiation
safety requirements (first group). Correlation
analysis of the specific activity of artificial and
natural radionuclides in the soil and the
aboveground part of the bitter wormwood
showed a close relationship between these
numerical indicators, which confirmed their
predominant transposed pollution. The results
of the study showed that with an increase in the
specific activity of natural and man-made
radionuclides in the soil, their specific activity
increased in the above-ground part of the bitter
wormwood. The accumulation coefficients of
strontium-90, cesium-137, potassium-40 from
soils in bitter wormwood grass tended to
decrease as the specific activity of radionuclides
in the soil increased, indicating the presence of
physiological mechanisms for regulating their
entry into the plant, and thoria-232, radia-226,
on the contrary, increased, which indicates high
phytoremediation abilities of the species in
relation to these isotopes. For the first time, the
patterns and mathematical dependencies of the
accumulation of technogenic and natural
radionuclides in bitter wormwood grass
revealed as a result of the study make it possible
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BBenenue. PaguoHykiuIbl B HACTOSIIIMM MOMEHT OTHOCSTCS K HauOoliee OIacHBIM
9KOTOKCHKAHTaM, B CUJTy MX BBICOKOU yCTOMUHMBOCTH, IIMPOKOTO PACIIPOCTPAHEHHUS, CTIOCOOHOCTH
K OHOreHHBIM MHIpallUAM U KyMYJSIIMM B JKUBBIX OpraHH3MaxX. YUUTHIBATh OCOOCHHOCTH
HAKOIUICHHUS B JICKAPCTBEHHOM pacTuTesbHOM chiphe (JIPC) paanoHykinaoB HEOOXOAMMO, TaK
KaKk HEKOTOpBIE PACTEHHUS CIIOCOOHBI TPOSBISATH CIIOCOOHOCTh K AaKKyMYJSIMH JTaHHBIX
9KOTOKCHUKAaHTOB, Kak TexHoreHHoro (uesus-137 (Cs-137), crpouumii-90 (Sr-90)), Tak wu
NPUPOIHOTO TpoucxokaeHus (topuit-232 (Th-232), paguii-226 (Ra-226), kamuii-40 (K-40)),
AKTHBHO MUTPUPYIOLIUX 10 OMojorndeckoi nenu «ouysa — JIPC — nexapcTBeHHBIN MpenapaT
— OpranusMm 4venoBeka» [1; 22].

Pabotsl, kacarommecs oneHku kauectBa JIPC Boponexckoil 001acTé, OTHOCSIIErocs K
CTpaTEerMuecKd BaXHbIM pallOHaM pacTEHUEBOJCTBA, B HACTOSIIEE BpPEMS CIWHUYHBI U
HECHCTEMATHU3HPOBaHbl. B NpeamecTByOmuUX OTEYECTBEHHBIX M 3apYyOEKHBIX SKOJIOTMUECKUX
uccinenoanusx JIPC nokasaHa pa3ziandHas TPOIMHOCTb JIEKAPCTBEHHBIX PACTEHUHN K aKKyMYJISLUU
MOJUIIOTAHTOB U3 IOYB, NMPUBOJUMBIE JAHHBIE CUJIBHO PA3HATCS, YTO MOXKET OBITh CBSI3aHO C
0COOEHHOCTSIMH II0YB, a TaK)Xe CIIOCOOHOCTBbIO PACTEHUSIMHM aKKyMYJIMpPOBAaTh HEKOTOPBIE
OMOTEHHBIE PJIEMEHTHI U OJIOKUPOBAThH YpE3MEPHOE HAKOTIEHUE (PUTOTOKCUYHBIX COEIUHEHUH [ 6;
10; 16]. IlouBsl Boponexxckoit 001acTH NpeICTaBICHbl MPEUMYIIECTBEHHO YEpPHO3EMaMH,
OTJIMYAIOIIMMHUCS BBICOKMMH KOHIIEHTPALUSAMHU I'yMyca M MPOYHUX OPraHMYECKHUX BELIECTB, UTO
00yCIIOBIMBAET MPOYHYIO a0COPOINIO PaIuoU30TOMOB [9].

[Monbiae ropekas (Artemisia absinthium L.) siBisietcst pyiepaibHbIM CHHAHTPOITHBIM BUIIOM,
MPEJICTaBISIIOIIMM CO00M MHOTOJIETHEe TpaBsHUCTOE pacTeHue. Chlpbe 3aroTaBIMBAaeTCi OT
nuKopactymux ocobeil. Ha tepputopun PD monbsiHb ropbkas pacnpocTpaHeHa MpaKTHYeCKd

MIOBCEMECTHO, OCOOCHHO B JIECHOM, JI€COCTENHOM, CTEMHOM 30HAaX, AaKTMBHO (HOPMHUPYET
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(UTOIIEHO3bI TIPU 3apacTaHUM KapbepoB U OTBaJOB. [10JBIHE rOopbKas ycTOWUYMBA K 3acyXxaMm U
Mopozam. OTHocuTcs K 3Brasopuram [15; 17; 23].

AHanu3 JUTEepaTypHBIX JAHHBIX IO3BOJMJI BBISIBUTH  OTJAEIbHBIE 3KOJOIMUYECKHE
HCCIIEIOBaHMs Ka4eCTBAa PACTUTENIBbHBIX PECYPCOB HA IIPUMEPE MOJIBIHU ropbkoil. K HacTosmemy
BPEMEHU TOAPOOHO M3y4YeHBI OCOOCHHOCTH HAKOIUICHUS TOKCHMYHBIX 3JIEMEHTOB B HAI3E€MHOMN
4yacTH (TpaBe) MOJBIHU TOpbKOii [2; 3; 8; 14; 18-21; 24]. B wactHOCTH, Ha npuMepe BopoHexckoi
o0JIaCTH BBISBIEHO, 4YTO HAaJ3€MHas 4acThb IIOJBIHU TOPBKOH CIIOCOOHAa aKKyMYJIHpPOBaTh
HEKOTOpble MeTauibl (LMHK, MEJb), €CIM HX KOHLEHTpalus B I0YBE HMXKE >KU3HEHHO
HEOO0XOMMOTO YPOBHS, a TakKe OJIOKMPOBATh MX HAKOIUICHHE, €CIH COAEp)KaHHUE METasIoB B
IIOYBaX BBICOKO. DTO yKa3bIBaeT Ha ()OPMUPOBAHHME B YCIOBHUAX TEXHOI'€HHOI'O 3arpsi3HEHUS U
aJanTalyy K JaHHBIM YCIOBUSAM 37adOTHIIA TTOJIBIHU TOPhKOH [8].

Oco0eHHOCTH HAKOIUICHHSI PAJHOHYKIUIOB U TaHHOTO BHJIA MPAKTHYECKH HE U3YUYCHBI.
HccnenoBanusi Mo HAKOIUICHUIO PaIuOU30TONOB Ha mpumepe (iopsl benropoackoii obnactu
MOKa3aJIi BBICOKYIO AaKKyMYJIHpyouylo crnocoOHocTh Cs-137 B HaJ3eMHOH 4acTd IOJIBIHU
ropekoii (160 bk/kr) [13].

Henp muccaenoBaHusi — U3YYEHUE 3aKOHOMEPHOCTEHW aKKyMYISLMHU PaJUOHYKINIOB
MIPUPOJTHOTO M TEXHOTCHHOT'O MPOUCXOXKICHUS B CHHAHTPOMHOU ¢iope BopoHexckoit o0iiactu
Ha MpUMePE HaA3eMHOM YacTH MOJBIHU ropeKoit (Artemisia absinthium L.).

Matrepuaiabl M MeTOAbI HCCJIeAOBaHUA. J[Is1 McCieOBaHUS HCIIOJIB30BAIM Pa3HbIE 110
XapaKTepy aHTPOIIOT€HHOr0 BO3AeHCTBUS TeppuTopun BopoHexckoil 001acTu: MpoOMBIIIJICHHbIE
npeanpusts (puc. 1: 23, 24, 28); TernosniekTpoueHTpaib (puc. 1: 27); aroMHas 3JIeKTPOCTaHIUS
(ADC) (puc. 1: 8); aspomopt (puc. 1: 30); ynuna r. Boponexa (puc. 1: 31); BEHICOKOBOIBTHBIE
JUHUK snekTponepenad (puc. 1: 9); Bomoxpanunmme (puc. 1: 29); ropojackue HaceleHHbIE
MYHKTHI (puc. 1: 25, 26); MeTHO-HUKeIIeBOE MECTOPOXKIeHUs (pHcC. 1: 4); 30HBI 3arpsiI3HEHUS 110CIIEe
aBapuu Ha UepHoObuibckoit ADC (puc. 1: 5-7); pailoHbl aKTUBHOTO pacTeHHeBoAcTBa (puc. 1: 10-
22); noporu pa3HoH CTeNeHH 3arpykeHHocTu: Tpacca M4 (puc. 1: 32, 34), tpacca A144 (puc. 1:
33), npocenounas (puc. 1: 35) u xxene3nas noporu (puc. 1: 36); 30HbI KOHTpOJs: BopoHekckuit
o6uocgepnsiii 3anoBeiHUK (puc. 1: 1), Xonepckuit 3anoeqHuk (puc. 1: 2), TemepmaHoBckHii jec
(puc. 1: 3).

B kauecTBe 00BEKTa MCCIIEOBAHUS HCIOJIB30BAIM HAA3EMHYIO YacTh IOJIBIHM TOPbKOH
(Artemisia absinthium L.), kotopyto 3arotasiuBaiu B cootBeTcTBHU ¢ PC. 2.5.0033.15 «Iloasiau
rOpbKOM TpaBay, B IEPUO/I LIBETCHUSI PACTEHHUS, aKKYPaTHO Cpe3aii, CYUIHIIN TEHEBBIM CIIOCOO0M
TOHKHM CJIOE€M IIpH XOpOIIEH BEHTUJISALMH, IEPUOJAUUYECKU NepeBopaunBas. buomacca kaxmon
poOsI (B repecyere Ha aOCOIIOTHO CyXoe chipbe) cocTabisiia He MeHee 100 r. Takxke oToupanu
MPOOBI MOBEPXHOCTHBIX €i10€B MOYBHI (0—10 cM OT MOBEPXHOCTH) HA BCEX HCCIAEAYEMBIX MPOOHBIX
MJI0IAIKaX METOA0M KOHBepTa [7].

Amnanuz o6pasios nposoawin Ha cnektpomerpe MKI'b-01 «PAADK» (HTL[ «PAADK»,
Poccust). Onpeznenenue yaenbHOW akKTMBHOCTH PAMOU3TONOB B MOYBE OCYIIECTBISLIM 1o MP
2.6.1/2.3.7.0216-20, B JIPC — mo O®C.1.5.3.0001 (1 Bapmant wusmepenuii) [21]. Usmepsuu

17 () ®



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

YIETBHYI0 aKTUBHOCTH OCHOBHBIX TexHOTeHHBIX (Sr-90, Cs-137) u mpuponusix (K-40, Ra-226,
Th-232) pamgmousoromoB. Kaxkmoe ompenenenne MPOBOAMINM TpoekpaTHO. IlonydeHHbIE

pe3yNbTaThl U3MEpPEHUI 00pabaThIBaIl CTATUCTUYECKH NPHU TOBEPUTEIBHONU BEPOITHOCTH 95%.

5. vV N 24 P

Bupenes

.

13

Puc. 1. Kapra-cxema oT60opa 00pa31oB N04YB U HAJA3eMHOIi YaCTH MOJIbIHU FOPbKOi (0003HAYEHUSI
ONKCAHBI B TEKCTE)

Jl1s OLIeHKM aKKyMYJIUPYIOLIEH aKTUBHOCTU MPUPOJHBIX U TEXHOT'€HHBIX PAaIUOU30TOIOB
Ha/I36MHOM 9acThIO MOJIBIHU TOPHKOM U3 MOYB PacCUUTHIBAIM KOdpuuneHTs! HakoruieHus (KH):

Cpc*100
KH — JIPC ’

Cgcn

rae Cypc — yaenbHas akTHBHOCTh PaInOM30TONa B HAJI3EMHOMN YaCTH MOJIBIHA TOPbKOM; BK/KT

Cgcn — yaenbHast akTUBHOCTD PaJuon30ToMa B mouBe; br/kr [6; 9].

Pe3yabTaThl HCC/I€10BAHUS M UX 00CYy KAeHHe. Y AeabHast akTUBHOCTH Sr-90 B Ha/13eMHOI
YacTH MOJIIHU TOPHKON BapbHpoOBasia B quana3one 3,7—7,2 BK/Kr, 4TO B 3HAYUTENHHO (B JECATKU
pa3) MeHbIIIe peiesia JOMyCTUMOTo coaiepkanus paarnonykiuaa B JIPC, yctanosnennoro I'd XV
B 200 bx/kr. Y nenpHas aktuBHOCTH Cs-137, xapakTepu3yromasicst YMCcIOBbIMUA 3HaYEHUSIMU 27,6—
120,4 bx/kr, Taxke He MpeBblIajga ycTaHOBIEHHbIX HOpM (400 Bk/kr). 3HaueHUs CyMMBI
1oKaszaressi COOTBETCTBHUSI TPEOOBaHMSIM paJMAllMOHHOW O€30MacHOCTH M TMOTPEIIHOCTH €ro
onpeAeseHus I HaI3EMHOW YaCTH MOJIbIHU ropbKou, cocTaBriii 0,09—0,33, 4To He NpeBhIIATIO
1,0 ¥ mO3BOJIMIIO CUUTATh BCE 3arOTOBJIEHHbIE HAa TEPpUTOpUN BopoHexckoil obmacTi 0Opasiibl
HA/I36MHOM 4aCTH MOJIBIHU TOPHKOM COOTBETCTBYIOLIUM KPUTEPHUIO paIallHOHHON 0€301MacHOCTH
(mepBas rpymma) [5; 11; 12].

Axkymymsiiiusi Th-232 B Ham3eMHOW dYacTH TOJBIHM TOPBKOW XapaKTepHU30BaIaCh
JMara3oHoOM yAenbHOU akTuBHOCTU 4,5—16,1 Bbr/kr. Hakomnnenvne B Haa3eMHOW YacTH TOJBIHU
ropbkoii K-40 cocraBuio 514-1488 br/kr. YaenbHas akTuBHOCTh Ra-226 oTmeueHa Ha ypoBHe
3,1-10,5 Bx/kr [11].
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KoppensnoHHbIi aHATN3 3aBUCUMOCTHU YACTbHOM AaKTUBHOCTH MMPUPOIHBIX H TEXHOT €HHBIX
PaJMOU3TOIIOB B TIOYBE M HAJ3EMHOM YacTH IMOJILIHK TOPhKOH (TabJ1.) moKa3aja HaJIu4Hue BechMa
3aMeTHOM B3auMocBsa3u mig K-40, Sr-90, Cs-137, Ra-226, u 3ametHoil — mis Th-232, uro
yKa3bIBAET HA MPEUMYIIICCTBEHHOE TPAHCIIOUBEHHOE 3arpsi3HEHNE UMH PACTUTEIHLHOTO CHIPhS.

Tabmuia
Ko3ppuuueHThI KOppeasiuu Meskay N0Ka3aTeJsiMU YAeJbHOH AKTUBHOCTH PAJAUOU30TOIOB B
MOYBE M HAI3€MHOI YaCTH MOJILIHU TOPbKOM

Paguounsoron Sr-90 Cs-137 K-40 Ra-226 Th-232
Koadduiment koppensuuu 0,86 0,93 0,93 0,94 0,60
8 140
4] 7 ~
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YaenbHasa akTMBHOCTb Sr-90 B nouse, BK/Kr YaenbHana akTuBHOCTb Cs-137 B nouse, BK/Kr
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YaenbHasa akTUBHOCTb Ra-226 B nouse, BK/Kr

1)
Puc. 2. 3aBHCHMOCTD YA€IbHOH AKTHBHOCTH PAMOU30TONOB B HAI3eMHOI YaCTH MOJIBIHH FOPbKOii
OT yJIeJIbHOIf AKTUBHOCTH WX B mouBe (a - Sr-90, 6 - Cs-137, B - Th-232, r - K-40, 1 — Ra-226)

AHanu3 pUCyHKa 2 NOKa3bIBAET, YTO MIPU BO3PACTAHUM YJIE€IbHON aKTUBHOCTH ITPUPOIHBIX
U TEXHOTE€HHBIX PAJMOU30TOIOB B II0YBE YBEINYUBAIACh UX yJEIbHAs aKTUBHOCTH B HAJ3EMHOU
YacTH TOJIBIHA TOPbKOW. 3aKOHOMEPHOCTH HAKOIUIEHUS OIPENEIAEMBIX PaIMON30TOIIOB ONTUCAHbI

MaAaTEMATHYCCKUMU 3aBUCUMOCTSIMU.

19 @@



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

AHamn3 kod((PUIIMEHTOB HAKOIUICHWS MPUPOIHBIX W TEXHOTCHHBIX PATUOHYKIUIOB B
HAJ3€MHOM YacTH MOJIBIHA TOPHKOH MOKa3all CHOCOOHOCTh TaHHOTO BHIa K akkymyssiuuu Cs-137
u K-40 u3 nous. Koaddunuentsr Hakormenus Cs-137 cocrasnsum 1,07-2,12, K-40 — 1,35-1,98,
9TO OOBSCHSETCS OJMHAKOBBIM MEXaHW3M HAKOIUICHUsS JaHHBIX HM30TOMOB M3 IMOYBBI — TIO
KanueBbIM KaHasaM [1]. CXoaHblil XapakTep aKKyMYJISIIUM B HA/I36MHOM 4aCTH MOJIBIHA FOPHKOM
TakkKe OTMEUEH JUIsl JBYXBAJICHTHBIX pamuouszoronoB — Ra-226 u Sr-90. Kosddunmentsr
Hakomienus Sr-90 cocraBumu 0,56-0,87, Ra-226 — 0,61-0,89. OTHOCUTEIHHO HEBBICOKHE
K03((OUIMEHTHI HAKOIUICHUSI B HAJ[3EMHOI YacTH NOJBIHUA TOPBKOH OTMedeHbl jisi Th-232: ot
0,11 mo 0,30 [4; 11].

Koaddurnuenter nakorenuss K-40, Sr-90, Cs-137 B Hag3eMHOM YacTU TOJBIHU TOPHKOM
(puc. 3) CHIXKAIKUCH 110 MEPE YBEITMYCHHUSI YACIbHOW aKTUBHOCTH PaAMOU30TOMOB B ouse [1; 10].
Koadpunmentsr nakomienuss Ra-226 u Th-232 yBennuuBaiuch NMpH BO3pACTAaHUU YICIbHOM
AKTUBHOCTH PAJMOHYKIUIOB B IMOYBE, YTO CBHUJICTEIBCTBYET O BHICOKUX (DUTOpPEMEIHAIIMOHHBIX

CIIOCOOHOCTAX BHJa B OTHOIICHUHN JAHHBIX IIPUPOAHBIX PaIHON30TOIIOB.
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)
Puc. 3. 3aBpucumMocTh K03Q(PUINEeHTOB HAKOIIEHUS PATHOU30TONOB
B HA/I3€MHO# 4aCTH NMOJILIHM TOPHKOM OT yIeJbHOIl aKTUBHOCTH UX B I04Be
(a-Sr-90,6 - Cs-137, B - Th-232, r - K-40, 1 — Ra-226)
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BoiBoabl. Takum o00pa3oMm, H3y4eHO HAKOIUICHHE TMPUPOIAHBIX ¢ TEXHOTECHHBIX
PaAMOHYKIIUJIOB HA/J3€MHON YacTbiO MOJBIHU TOPHKOM, 3arOTOBJIEHHOM B HCKYCCTBEHHBIX U
€CTeCTBeHHBIX (uToneHo3ax Boponexckoil obnactu. Bce uccneayemoe pacTUTENBHOE ChIPhE
COOTBETCTBYET TPEOOBaHUAM paAHallMOHHOM Oe30macHoCTH (TepBast rpynna). OTMEYeHo, 4To pu
YBEJIMYCHUH YICIBHON aKTUBHOCTH TPUPOIHBIX M TEXHOTECHHBIX PaTUOU30TONOB B TOYBE
BO3pacTajia X yleibHas aKTUBHOCTb B HAJ3€MHOM 4YacTH MOJBIHU ropbkoi. KoadduimeHts
Hakorutenus K-40, Sr-90, Cs-137 u3 no4uB B HaJA3€MHOW YaCTH MOJIBIHUA TOPHKON YMEHBIIIATUCH TI0
Mepe YBEIWYCHHS YICIbHOW aKTHMBHOCTH PAJMOHYKIUAOB B TouBe, a Ra-226 m Th-232 —
HAIMpOTHUB, BO3PACTAIIM, YTO CBHUJICTEIHCTBYET O BBHICOKHX (PUTOPEMETUAIMOHHBIX CIIOCOOHOCTSIX
BUJIa B OTHOIICHUU JAHHBIX MPUPOIHBIX PaIUOU30TONOB. BriepBhle BBIABICHHBIE B pE3yibTare
UCCIIEIOBaHMs 3aKOHOMEPHOCTH U MaTeMaTUYECKHUE 3aBHCHUMOCTH HAKOIUICHUS TEXHOTEHHBIX U
MIPUPOJTHBIX PAIUOHYKIHIOB B HAJ3EMHOW YaCTH TOJIBIHA TOPHKOW IMO3BOJISIOT MPOTHO3UPOBATH

0COOEHHOCTHU 3arpsA3HCHUS PACTUTCIIBHOT'O ChIPbA JaHHBIMH SKOTOKCUKAaHTaMMU.

Hccneoosanue evinonneno 3a cuem epanma Poccuiickoz2o nayunozo ¢onoa Ne 24-27-00272,

https://rscf.ru/project/24-27-00272
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OTBETHASI AHTUOKCUJAHTHAS PEAKIIUS TPABAHUCTBIX PACTEHUI
PA3JIMYHBIX BUJIOB HA 3AT'PA3ZHEHUE CPEABI TAXKEJABIMUA METAJIJIAMU

A.S. Petukhov, T.A. Kremleva, G.A. Petukhova, N.A. Khritokhin

ANTIOXIDATIVE RESPONSE OF HERBS OF VARIOUS SPECIES TO HEAVY METAL

ENVIRONMENTAL POLLUTION

Annoramusi. Llempto  paboTel  cTano  HM3ydeHHE
AHTHOKCHJIAHTHBIX ~ cHcTeM  (coaepkaHue  (EHOJIOB,
(1aBOHOMIOB M AKTHUBHOCTU KaTanasbl) B TPAaBSHUCTBHIX
pacTeHHsAX pa3IMYHBIX BUJOB B YCJIOBMAX 3arpsi3HEHUS T.
TioMeHHn  TsKkenbpIMM  MeTaulaMd.  Marepuan — ais
uccienoBaHus (OYBBI U TPABSIHUCTBIE PACTEHUS: MaTb-H-
Mayexa, KIEBEep KpacHbIM, MSTIUK JYyrOBOM, MBILIUHBII
ropolIeK) 0TOMPaIN Ha YCIOBHO-YUCTOM y4acTKe, B pailoHe

aBTOTPACCEHI, MOTOPOCTPOHTEIHHOTO,
HedTenepepadaTHIBAIOIIETO, AKKyMYJISITOPHOTO 151
METAJUTypru4eckoro 3aBoja. VI3MeHeHHe aKTHBHOCTU

AHTUOKCHUJAHTHBIX CHUCTEM B TPAaBAHUCTBIX PACTCHUAX B
YCIOBUSIX 3arps3HEHHs] TOPOACKON Cpelbl TSDKENbIMU
MeTajllaMH  OKazajoch BuuocrenuduyneiM. B kimeBepe
KpacHOM U MaTb-U-Mauexe HaOJIoNanoch CHWKEHHE
comepkanusi (eHomoB, (IABOHOWIOB U aAKTUBHOCTH
Katanaspl. Jnsg MsATIMKa JyroBoro Obula  OTMEYEHA
TEHJICHIIUS K YMCHBIICHUIO COJICPKaHus (DJIaBOHOUIOB, HO
pocty conepxanusi ¢peHonoB. Hanbonee 4yBCTBUTENbHBIM
BUJIOM 10 aHTUOKCHIAHTHOMY CTaTyCy OKa3aJICsl MbILIIMHBINA
rOpOIIEK, a HauMeHee — KJEeBep KpacHbld. M3meHeHue
AKTUBHOCTH KaTajasbl 0Ka3ajoch Haubosee
YYBCTBHUTEJIBHBIM K YCJIOBUSM 3arpsi3HEHUS! TOPOJICKON
cpeapl. CopepkaHHe TSDKENBIX METAUIOB B KIEBEPE
KPAaCHOM U MaTb-H-Madexe OTPHLATEIbHO KOPPETUPOBATIO C
ypoBHeM (EHONIOB W (PIAaBOHOMIOB, a M MSTJIMKA

JIyTOBOT'O u MBIIIHOTO rOpoIIKa OTMEYEHBI
TIOJIOKUTENbHBIE KOPPEJSIHH. Nzmenenue
AHTHOKCHJIAHTHOTO craryca pacTeHui MO>KHO

PEKOMEHIOBaTh KaK YacTh KOMIUIEKCHOI'O MOHHUTOPHHIA
3arpsi3HEHUsSI OKPYKAIOIIEH cpelibl MeTaJJIaMH.

KaroueBble cjioBa: TsDKENbIe METAILIBI; PACTEHHUST; (PEHOIIBI;
(b1aBOHOMIBI; KaTaa3a; aHTHOKCHIAHTBI.

Cgenenns 00 aBropax: IleryxoB Anekcanap Cepreesud,
TromeHCcKui rocyJapCTBEHHBIN YHUBEPCUTET,
revo251@mail.ru; Kpemnea TaTbsiHa AHATOJbEBHA, I-P
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Abstract. The purpose of this study is the
investigation of antioxidant  systems
(phenolics, flavonoids, and catalase activity)
in herbs of various species in conditions of
heavy metal pollution of Tyumen. Soil and
plant samples (coltsfoot, red clover, meadow
grass, and wild vetch) were collected at the
control site, highway, engine-building, oil

refinery, battery manufacturing, and
metallurgical plants. The antioxidant
response of herbs to heavy metal

accumulation turned out to be species-
specific. In red clover and coltsfoot catalase
activity, as well as content of phenolics and
flavonoids decreased. In meadow grass
flavonoids  decreased, but phenolics
concentration increased. The most resistant
and sensitive plant species by antioxidant
status was wild vetch. Catalase acitivity was
the most sensitive to metal pollution. The
concentration of heavy metals in red clover
and coltsfoot negatively correlated with
phenols and flavonoids, while in meadow
grass and wild vetch positively correlated.
Antioxidant status of plants can be
recommended as part of the complex
monitoring  of  environmental  metal
pollution.

Keywords: heavy metals; plants; phenolics;
flavonoids; catalase; antioxidants.
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BBenenne. AHTPONOIEHHOE 3arpsi3HEHUE OKPY)KAIOIIEH Cpenbl TSHKEJIbIMH METaJIaMU
(TM) siBnsieTcst onHOM M3 Haubolyiee PacHpOCTPAHEHHBIX W OMACHBIX IKOJOTUYECKUX MPOOIIeM.
Hakomenne TM B nmouBax NpUBOJIUT K CHUKEHHUIO IOAOPOAMS, IOJABICHUIO POCTA U PAa3BUTHUS
pacrenuii [14]. TM HapymaioT MUHEpaibHOE NMUTAHUE PACTEHUM, BOJHBIH OOMEH, IPOLECCHI
neixanust [28]. Tlormomenne pacreHusMu TM CONMPOBOXKIASTCS M PAIOM OHMOXUMHYECKHX
W3MEHEHUM.

B cuny cBoeil cmocoOHOCTH CBSA3BIBATHCSA ¢ (YHKIIMOHAIBHBIMU TpyHIaMu OMOMOJIEKYI,
MEHSATh CTENEHb OKUCIIEHHS M 3aMeIlaTh MOHBI APYyrux MeTtayisioB, TM crnocoOHbI BbI3bIBaThH B
KJIEeTKaX pacTeHu okuciaurenbHbld  cTpecc [13;  30]. CMemieHne  OKUCIMTEIBHO-
BOCCTAHOBUTEJIBHOTO DPABHOBECUSl CKAa3bIBAETCS HAa AKTUBHOCTHM AHTHUOKCUAAHTHBIX CHUCTEM
HedepMeHTHON mpupoasl (deHombl, (IaBOHOUABI U APYrHe), a Takke (pepMEHTHON MPUpPOIbI
(xaTanasa, nepokcuaasa, cyrnepokcuaaucmyrasa) [17]. C onnoit croponsl, TM MOTYT OBpexaaTh
CTPYKTYpy M OHOCHHTE3 aHTHOKCHUJAHTOB, C JPYIOH, CTpPECC, CO3/1aBa€MbIil HAKOIJIEHUEM
METAJIJIOB, BBIHYXKJAeT pACTEHUs aKTUBHPOBATh AHTHOKCUIAHTBHI Ui OOpbIBa Iemneit
CBOOOTHOPAIMKAIBHOTO OKUCIIEHUS, CBA3BIBAHUS aKTUBHBIX (POpM KHCIOpoJa U OJOKMPOBAaHUS
OKHCTUTENBHBIX TIporieccos [2; 17; 21].

W3ydyeHrne akTUBHOCTH AHTUOKCHUJAHTHBIX CHCTEM pACTEHHIl B YCIOBUSAX HAKOIUICHUS
METAJUIOB MOKET SBISATHCS YaCThI0 OMOMOHUTOPUHIAa AHTPOIIOTEHHO HAPYILIEHHBIX TEPPUTOPUH C
LIEJIbI0 YCTAHOBJIEHUSI CTENIEHN TOKCHUUYHOCTHU 3arpsi3HEeHus. B3anMOoCBsA3b MEXIY COAECpKAHUEM
METAJIJIOB U AHTHUOKCHJIAHTHBIM CTaTyCOM pAacTEHHH MO3BOJSET HCCIEI0BaTh MEXaHU3MBbI
Bo3aeiicTBUs TM, a Taxoke BBISBISATH HauOOJIee UyBCTBUTENIbHbIE aHTHOKCHIAHTHI. Llenbro paboTsl
CTaJIO M3yYeHHE aHTHOKCUAHTHBIX CUCTEM (coJepkaHue (GeHOI0B, (IaBOHOMIOB U aKTUBHOCTH
Karajas3bl) B TPABSIHUCTBIX PACTEHUSAX PA3JIMYHBIX BUJOB B YCIOBHUSAX 3arpsi3HeHus r. TromMeHU
TSKEJIBIMU METAJUIAMHU.

Marepuan u MeToAbl HcciaeI0BaHMA. Marepuan A MCCIEeOBaHUS OTOOpaH B KOHIIE
utonnst 2018 r. B r. Tromenu. [IpoObl mouB U pacTeHuit OTOMpaIu B YCIOBHO-YMCTOM paiiOHE 3a
ropoaoM, BOIu3u aBToTpacchl (30 MeTpoB OoT moporu) Ha yaanenun 30 kM ot T. TroMeHH, U Ha
pacctostHun 200 METpOB OT cIeAyrMMX NpeanpuaTnii: « TFOMEHCKUI aKKyMYJISITOPHBIN 3aBO»
(AKkyM. 3-1), «AHTUNUHCKUI HedTenepepabareiBaromuii 3aBoa» (HII3), «TromeHckue
Motopoctpoutenu» (Motop. 3-1), u «YIMK-Cranb». Bce n3ydeHHBIE MOYBBI OTHOCHIIHCH K

JACPHOBO-ITIOA30JIUCTOMY IIOATHUITY, XapaKTCPHOMY JJIA paﬁOHa HUCCICIO0BaHUs.
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OtOupany Ha/J3eMHYIO YacTh TPABSIHUCTBIX pacTeHHi: MbIIUHBIA ropomek (Vicia cracca
L.), xieBep kpacubiii (Trifolium rubens L.), math-u-mauexa (Tussilago farfara L.), marimk
ayrosoii (Poa pratensis L.). JlanHble BHIbI paCTeHUI ObUIM BBIOpAHBI Oarogaps X HIKPOKOMY
pacnpoCcTpaHEHUIO B paiioHe HcciaeAoBaHUs. YcpeaHeHHas npobda coctosuia u3 100 pacreHuid
Ka)KJI0TO BUJIa, OTOOPAHHBIX C MATH TOYCK HA KXKAOM ydacTke. [loBepXHOCTHBIH cioii mouBkI (0—
10 cm) oTOUpanu METOIOM KOHBEpTA, YCPEIHSUIIH, IEPETUPAIIA U TTPOCEUBAIIH.

Amnanus conepkanus TM MpoBOIMIN METOI0M aTOMHO-a0COPOIIMOHHO CLIEKTPOCKOIUY Ha
npubdope «ContrAA 700» (Analytic Jena, ['epmanust). B mouBax ornpeaessiy nmogBrKHbIE (HOPMBI
METAJJIOB C TOMOIIBI0  alleTaTHO-aMMoHuiHOro Oydepa pH=4,8 [10], a Takxke
kucioTopactBopuMyto Gopmy rpu momonty S M HNO3 [12]. Comepxanue METaIJIOB B PACTCHHSIX
onpenensuu 3kcTpakiuerd 5 M HNO3 u3 305161 pacTeHuii.

Conepkanue (hIaBOHOHWIOB ONMpeaessuin Ipu momoiru Goromerpudeckoit peakiuu AlCI3
CO CIIUPTOBBIMH IKCTPAKTAMU pAaCTEHU, n3MepeHus rnpoBoauiu Ha A=410 um [3]. Pactutenbubie
(beHoIbl ONpenensuii B BOAHOM dKcTpakTe pacteHuit tutpoBanueM KMnOs ¢ puoneroBoro ao
30JI0TUCTO-XKEJITOTO OKPALTUBAHUS MO0 HHAUTOKApMUHY [9]. AKTUBHOCTb KaTaja3bl HCCIEA0BAIN
npoBeeHueM (HOTOMETPHUECKOW peakuyd MONUOIaTa aMMOHHS C TMEPEKHUChI0 BOJOPOAa B
BOJHBIX 3KCTPaKTax pacTeHU, u3MepeHus npoBoamin Ha A=470 uwm [5].

Bce uzmepenus mpoBoIuiM B TpeX mapaiensX. Pe3ynbTaTsel aHaIM30B OBbLIN MOABEPTHYTHI
CTaH/JapTHOW CTATUCTHYECKOW 00paboTke B mporpamme Statistica 10. PaccuurteiBamm cpejmee
3Ha4YeHUE, CTAHAAPTHYIO OIIUOKY, TOBEPUTEIBHBIM HHTEPBAJ, CPAaBHEHHE BEIOOPOK IPOBOIMIIN MO
t-xkputeputo CTbloIeHTa IIPU YPOBHE JTOBEpUTEIbHON BeposTHOCTH P<0,05.

PesyabTatsl u oocyxaenne. Conepxanne TM B mouBax u pacTeHusx r. TromeHHu ObLIO
OIMCaHO paHee B Haiell nmpeasiaymiei padore [26]. Conepxanue Cu, Zn, Fe u Mn B mouBax T.
TroMeHHU MpeBBINIaNo KOHTPOJIb Ha BCEX M3YYSHHBIX Y9acTKaX. MakCHMaNbHOE COJIEPKAHNE BCEX
TM B nouBe ObLIO 3apETUCTPUPOBAHO B pallOHE METAIITYPTUYECKOTO U aKKYMYJIITOPHOTO 3aBO/Ia.
Copepxannie CU B pactenusix O6buto B quana3one 3—13 mr/kr. CriocoOHOCTh K HakomieHuto Cu
pacTeHUsIMM OTHOCHTEIbHO KOHTPOJIsS YyObIBaja B psAY: MBIIIMHBIM TrOpouieK>Marb-u-
Mayexa>KJieBep KpacHBIU>MATIUK JyroBoid. Coaepxanue ZN B paCTEHUSIX U3MEHSUIOCH OT 13 1o
61 wmr/kr. Axkymymsmus Zn  TpaBamu yObIBana B pSAAY: MaTh-U-MaueXa>MBIITHHBIN
TOPOIIEK>MSTIIHMK JYrOBOM>KiIeBep KpacHbIi. Bo Bcex M3yueHHBIX BHIaX PACTEHUH B YCIOBHSIX
TOPOJICKOM cpenbl HaOoanach akkymyssinus Fe mo cpaBHeHHIO ¢ KoHTposjeMm. HawmGoiee
3HaYMMa aKKymyisinus Fe Oputa  3aperucTpupoBaHa B pallOHE aKKyMYJSITOPDHOTO U
METAJUTYPrHUECKOT0 3aB0OJIa, C MAKCUMAaJIbHBIM MPEBbIIIEHUEM KOHTPOJIS 10 17 pa3 ais MaTh-H-
Madyexu BOMU3M METAJUTyprHUeCKOoro 3aBojia. BeposTHO, 3T0 00ycioBieHO paboTon
cTaseruiaBIIbHbIX 1exoB. Coxepxanre Mn B pacTeHHsx M3MeHsI0Ch B mpenese ot 17 go 152
MI/KT. AKKymyJsinus Mn oTHOCHTENbHO KOHTPOJIS Oblla XapaKkTepHa JJIsl BCEX BUJIOB PAaCTCHUI,
HO TOJIBKO B paifOHE aBTOTPACChl M METAJUTYPrHYECKOro 3aBojia. ITO MOKET ObITh 00YCIOBICHO
npuMeHeHneM Mn B KkauecTBe JErHPYIOUIMX J00aBOK M AHTHJCTOHAIIMOHHBIX IPHCAJOK B

OeH3uHE.
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OTBeTHas peakIis aHTHOKCUAHTHBIX CUCTEM PACTCHUH Ha 3arpsi3HEHHE TOPOICKOM cpeibl
TSDKEITBIMU METAJJIAMH OKAa3aJI0Ch BHIOCTICITU(HIHON.

Copepxanue ¢eHosoB U (PIaBOHOUIOB B KieBepe KpacHOM ObUIO cHuKeHo, Ha 10-40%
(puc. 1, 2). AnanorunyHas kapTHHa HaOJrOAaIach A MaTb-U-MayexH, cojepkaHue (HEeHOJIOB U
¢1aBoHOMIOB OBLIIO HIXKE KOHTPOJIA 710 S0—-60%. Bo3M0oxHO, CHHKEHHE KOHIIEHTpAIMK (PEHOJIOB
U (IIaBOHOWJIOB CBSI3aHO C  XEJIATUPOBAHHMEM HWOHOB METAUIOB  T'HJIPOKCHUJIBHBIMH,
KapOOHWJIBHBIMA W KapOOKCHJIBHBIMH TpynmnamMu 3Tux coemnunenuit [20; 24; 25]. Kpome Toro,
BO3MOXKHO HapylleHHe OMOCHHTEe3a (EHOJIOB TSDKEIBIMH METaJUIaMU. BBUTH 3aperucTpupoBaHbl
OTPHIIATENIbHBIE KOPPEesIIUUd Mexay cojepkanneM CU u ypoBHEM (hIaBOHOUIOB B KIEBepe
kpacHoM (R=-0,93) u math-u-mauexe (R=-0,87). Conepxanue noasmxnoit popmsl CU B mouse
OTPULIATENIFHO KOPPEIHPOBAIO C YpPOBHEM (IaBOHOMAOB B KieBepe KpacHoMm (R=-0,67), a
cogepkanrne Mn Obul0o B 0OpaTHOW B3aUMOCBSI3M C KOHIEeHTpauueil ¢enonos (R=-0,78).
Conmepxanne CU, Zn m Mn B Marb-M-Mayexw OTPUIATEIHHO KOPPEITUPOBAIO C YpPOBHEM
¢dnaBononnos (R=-0,87; -0,89; -0,80 cooTBeTCTBEHHO), B TO BpeMs Kak coaepxkanue Mn, Fe u Zn

OTPHUIIATEIBHO KOPPEIUPOBAIIO ¢ KoHIIeHTparuei penosos (R=-0,79; -0,70; -0,66).
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Puc. 1. Conep:xanue ¢eHOJIbHBIX AHTHOKCUAAHTOB B TPABSHUCTHIX pacTeHUusXx r. Tromenn
IIpumedanne: NIIAHKH MOTPELIIHOCTH YKA3bIBAIOT J0BEPUTEIbHBIN HHTepBaJ npu P<0,05
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B ycnoBusax crpecca or TM B KiIeTKax pacTEHUN MOTYT DPa3BUBATbCSA PaJUKAIbHBIC
MIPOLIECCHI OKUCIICHHUS, PEHOIbHbIE COSAMHEHUS 00J1a/1at0T aHTHOKCUIAHTHOU (YHKITMEH U MOTYT
pacxofoBaThCs Ha CBA3BbIBAaHHWE CBOOOAHBIX pagukanoB. [Ipu 3Tom deHonbl mpeBpamaTcs B
(eHOKCHIIbHBIE PaMKaIIbI, 00J1AAI0IIIe OKUCIUTEIbHON criocoOHOCThIO [22]. TToaTOoOMy cuHTE3
(1aBOHOMIOB TPH HAKOIUIGHWH (DEHOKCHUIIBHBIX PAJAMKAIOB MOXET OBbITh HMHTHOMpPOBaH B
YCIIOBUSX BBICOKOTO aHTPOIIOT€HHOTO 3arpsi3HeHus. PeHosbl U (IIaBOHOU]IBI CaMU MOTYT OBITh
OKHCJICHbI aKTUBHBIMU (JOPMaMH KHCIOPO/Ia, YTO TaK)Ke MPUBOIUT K CHIDKEHHUIO UX COJIEPIKaHUA.

CHmxenme copepxanus (IaBOHOUIOB B YCIIOBHUSX TOPOACKON cpeibl ObUIO OOHAPYKECHO B
ropie nruubeM [1]. Comepxanue (EHONBHBIX AHTUOKCUAAHTOB B TPABSIHUCTHIX PACTCHUSX T.
Kanmuaunarpaga ObU10 Takke CHMDKEHO MO cpaBHeHHIO ¢ (oHOM [23] JIucThs MaTh-u-Madexu
o0aialT JEeKapCTBEHHBIMU CBOMCTBaMH [29], 0AHAKO MOHUKEHHE YPOBHS aHTUOKCUIAHTOB B
YCIIOBHSIX 3arPS3HEHUS OKPYKAIOICH CPEIbI MOXKET CHUKATh IIEHHOCTH U 3()()EKTUBHOCTH TAKOTO
CBIPBS.

B kieTkax MBIIIMHOTO TOPOIIKa HaOMI0AaIach IPOTUBOMOJIOKHAS KapTUHA: COJIEpKaHUe
¢denonoB u (HIaBOHOUAOB OBUIO MOBBIIMIEHO MPAKTUYECKH HAa BCEX yYaCTKax IO CPaBHEHUIO C
KoHTpoJeM B 1,7-3,1 pa3za (puc. 1, 2). B kieTkax MATINKa JIyTOBOTO CoAepkaHnue (eHOIOB ObLIO
TaK)X€ TOBBIIIEHO, 10 CPABHEHUIO C KOHTPOJIEM, Ha OOJIBIINHCTBE YYaCTKOB, KAK MUHUMYM, Ha
40% (puc. 1). OnHako U3MEHEHHE co/Iep>KaHus (PIIaBOHOUIOB B KJIETKAX MATIMKA TyTOBOTO ObLIO
HEOJIHO3HAYHBIM: KOHIIEHTpalus (pIaBOHOUIOB OblJa HUXKE KOHTPOJS BOJIU3U aBTOTPACCHI,
MOTOPOCTPOUTENBHOIO U aKKYMYJISTOPHOT'O 3aB0/1a, HO MOBBIILIEHA B pailoHE aKKyMYJIITOPHOTO U
METAJUTYPTHUECKOTO 3aBOJIOB, XapaKTePU3YIOIUXCs Ooiee BRICOKMM coziepkanneM TM B mouBax
(puc. 2). B otnnudne ot MaThb-U-MadyeXxu U KJieBepa KPaCHOTO, AJIsi MBIITUHOTO TOPOIIKA U MSATIHKA
JyTOBOTO HAOMIOAANUCH TMOJIOKHUTEIbHBIE KOPPETSIUN MEXIy coiepkaHueM TM u ypoBHEM
(EHOIBHBIX AaHTHOKCHIAHTOB. Tak, /Ui MBIIIMHOTO TOpomka cojepxanne CU IMOII0KUTETFHO
KoppenupoBaio ¢ ypoBHeM (pnaBonouaos (R=0,88), a Zn — ¢ ¢enonamu (R=0,60). Kpome Toro,
cojZiepKaHue TMOABMKHOW ¢opmbl Mn B mouBe Takke MOJOXKHUTEIBHO KOPPEIUPOBATIO C
koHleHTpanued ¢raBonounos (R=0,70), a ypoBeHb (heHOIOB B KIETKax ObUI MOJIOKHUTEIHHO
CBsI3aH C KOHIICHTpamueil kuciotopactBopumoii Gopmer Cu u Zn B mousax (R=0,94; 0,83).
Conepxanue Zn B MATJIMKE JYTOBOM IHOJOXHUTEIBHO KOPPEIUPOBAIO C YPOBHEM (PIIABOHOUI0B
(R=0,91), Fe u Zn Takxe koppenuposanu ¢ penonamu (R=0,89, 0,78 cOOTBETCTBEHHO).

VYBenuueHnue cojaepkanue (IaBOHOMIOB MOXXET OBITb OOYCJIOBIEHO HEOOXOIUMOCTHIO
pacTeHMil MOBBILIATH CBOW AHTHOKCHJIAHTHBIA CTaTyC B YCJIOBHUSX HAKOIUIEHUS B KJIETKax
CBOOOJHBIX PATUKAJIOB M AKTUBHBIX (opM Kuciopoaa. DraBOHOUABI CIIOCOOHBI CBS3BIBATH
CYNEepPOKCHIIHBI aHMOH-pafgukan [24], a Takke TOJABISIOT aKTUBHOCTh (EPMEHTOB,
TEHEPHUPYIOMUX aKTUBHBIE (QopMbl Kuciaopoaa [30]. draBOHOWIBI CHOCOOHBI IMOJABIATH
OKHCJICHUE KJIIETOYHBIX MeMOpaH mmytem copOruu [25]. [Iporieccrr poTocunTe3a, ABIXaHUS U POCTa
pacTeHMii TONABISIOTCA TpU HakorieHuH TM, (raBoHOUIB TMPUHUMAIOT YYaCTHE B ITHX

nponeccax, mo3ToMy ux JIOTIOJTHUTEIIBHBIM CHHTE3 MOXKET KOMIICHCHUPOBATH TOKCHUYECKHUI S(I)(I)CKT

29 @@



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

METAJIJIOB. B IIpeapIIyIuX UCCIIEIOBAHUSIX BBISBIICHO YBEIMUEHUE COJEpKaHus (DIaBOHOUIOB B
ropiie NTHYLEM B palioHe razornepepadaTpiBaroNIero 3apoja [8].

V3MeHeHre aKTUBHOCTH KaTaja3bl B KJIIETKaX pacTEHUI OKa3asoch BHaocHenupuiynom. B
JUTEpaType cooOUIanoch O BUAOCHEIM(PUYHOM HM3MEHEHMHM aKTUBHOCTH KaTralas3bl B KIETKax
pactenuii ipu nosuee pactBopamu TM [31] u BeipanmuBanuu B ouse, 3arpssaenHoi Ni, Pb, Cu
u Zn [18]. B kieTkax MATIMKA JIyTOBOI'O aKTUBHOCTD KaTaja3bl Oblila CHIKeHa B paiione HII3 u
YI'MK no 70%. B kneTkax kiieBepa KpacHOTO AaKTHBHOCTh KarTajnasbl OblIa CHUXKEHA IO
CPaBHEHHUIO C KOHTPOJIEM MPaKTUYECKH BO BCEX paloHax ucciaeaoBaHus (puc. 3), mpu 3ToM
AKTUBHOCTb KaTajla3bl OTPULATEJIBHO KOPPEIHMpOBaJa C COJEP)KAHUEM KHCIOTOPACTBOPUMOM
dopmel Fe B mouse (R=-0,61).

180 -~ *

160
< 140 m KoHTponb
=
% 120 B AsTOTpacca
g 100 B MorTop. 3-4
] 80

|

g 60 HMN3
< 40 B AKKYM. 3-4,

20 mYIMK

0

Poa pratensis Vicia cracca Tussilago farfara  Trifolium rubens

Puc. 3. AKTHBHOCTb KaTajia3bl B TPAaBAHUCTBIX PACTCHUAX I'. TromeHn

CHM)KeHHe aKTUBHOCTH KaTaia3bl MOXET ObITh 0OYCIIOBIEHO MOBPEXKIEHUEM CTPYKTYPbI
dbepMeHTa U HapylIeHHeM myTel ee OnocruHTe3a. TM MOTYT CBSI3BIBATHCS C THOJIBHBIMH, AMHHO U
KapOOKCHJIBHBIMU TPYINIaMH aMHUHOKHCIIOT KaTanas3bl WM (epMEHTOB ee OMOCHHTEe3a, 4TO
IIPUBENET K CHW)KEHUIO aKTUBHOCTH KaTaja3bl. HakomieHne MeTamioB B KIETKAX MPOBOLAPYET
OKHUCJIUTEIBHBIN CTpecc, 00pa3yroluecs: akTUBHbIE (POPMBI KUCIOPOAa MOTYT TaKkKe MOBPEIUTh
CTPYKTYpy Kartaja3bl MyTEM OKHCIICHHs YIJIEBOJOPOJIHOIO CKejleTa aMHUHOKUCIOT. B apyrux
HCCIIC/IOBAaHHSX OMKCAHO OTpuliatenbHOe BinsHue Cd HAa aKTHBHOCTH KaTajas3bl B MPOPOCTKAX
nueHunsl [4] u kpecc-canara [7]. O CHMKEHMM aKTUBHOCTH KaTasla3bl B KJIEBEPE B YCIIOBUSX
TOpPOJACKOM cpeabl coobimanochk B auteparype [11]. Metamisl, obnagaroniue OJIM3KUM UOHHBIM
panmycom K nony Fe?*, MoryT 3amernaTh ’eje30 B COCTaBe TeMa, 9TO TaKKe CHU3UT aKTHBHOCTB
Karajasbl.

W3MeHeHne akTUBHOCTH KaTaJlas3bl B KJIETKaX MaTb-M-May€XU OKa3aJ0Ch HEOJHO3HAYHBIM.
AKTHBHOCTh (epMeHTa Oblla CHM)KEHA IMPAKTUYECKHM Ha BCEX Yy4YacTKaX, 3a HCKJIIOUYEHHEM
aBTOTpacchl. PaiioH aBTOTpacchl MOKHO pacCMaTpUBaTh KaK Y4aCTOK C OTHOCUTENLHO HEBBICOKOM
AQHTPOIIOT€HHOM  HAarpy3kod (T. K. OTCYTCTBYIOT IpPOMBIIUICHHBIE MPEANPHUATHS B
HEMOCPEACTBEHHONW Onu30cTH). B yCIOBUSX HM3KOM aHTPONOTeHHON HArpy3ku aKTHBHOCTh

Karaja3pl OblUla yBEIMYEHA, BEPOSTHO, M3-32 MOBBIIIEHHOW HEOOXOAWMOCTH YTHIM3UPOBATH
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MEPEKUCh BOAOPOA, OTHAKO IIPU YBEIMYCHUN YPOBHS CTpecca, aKTUBHOCTb (pepMEHTa CHU3MIIACh
IO BBIIICOMMCAHHBIM TPUUNHAM.

W3MmeHeHne akTUBHOCTH KaTaia3bl B MBIIIMHOM FOPOIIIKE OKa3aJI0Ch TAKXKE HEOTHO3HAYHBIM
(puc. 3). B kieTkax MBIIIMHOTO TOPOIIKAa AKTHBHOCTH KaTanas3bl Oblla MOBBIIICHA Ha BCEX
y4acTKax, 3a HCKJIIOUEHUEM MOTOPOCTPOUTEIBLHOT'O 3aBO/IA, IIPH ATOM BBISIBJIECHBI [10JIOXKUTEIbHBIE
KOPpEJSIUN MEXIy CoAepKaHueM KucioTopactBopumoi gopmsl Cu, Zn u Fe u akTUBHOCTBIO
katanassl (R=0,74; 0,84; 0,86 COOTBETCTBEHHO).

AKTHBHOCTb KaTajia3bl B KJIIETKaX PACTEHUN MOXKET ObITh IIOBBILIEHA B CBA3H C HAKOIUIEHUEM
B KJETKaX NEPEeKHCH BOJOPOJAA, OKHCISIONEH JIUNHUIHBIA Ccioi MeMOpaH. B murepartype
CO00MIAIOCH, UTO 00pabOTKa pacCTEHU CTOYHBIMHU BOJIaMH C BHICOKUM cojiepxkanueM TM [6] nuiun
pacTBopoM XxJiopuaa kKaamus [15] npuBOAUT K YBEJIMYEHHIO aKTMBHOCTU KaTajasbl B KJIETKaX.
VYBenuueHne akTUBHOCTU KarTaja3bl B YCIOBHUSX TOpPOJCKOM Cpelapl HaOMI0Jaloch paHee B
TPaBSHUCTBIX pacTeHUsX [27], a TakkKe B IPpeBECHBIX pacTeHUsIX [19].

3akiaioyenue. TakuMm 00pa3oM, M3MEHEHHE AKTUBHOCTH AHTHOKCHJIAHTHBIX CHCTEM B
TPaBSHUCTBIX PACTCHUAX B YCJOBHSIX 3arpsS3HEHUS TOPOACKOW Cpelbl TSDKEIbIMU MeTasllaMu
0Ka3aJ0Ch BUJIOCHCIIM(PUIHBIM. B KJIeTKax MaThb-U-MadeXx W KJIeBepa KpacHOro HabJI0JaIoch
CHIDKEHHE coiepkaHus (heHOJI0B, (PTaBOHOMIOB M aKTUBHOCTH KaTanasbl. {1 MATIIMKA TyTOBOTO
OblTa OTMEUYEHa TeHJEHIUS K YMEHBIICHUIO COJepKaHus ()JIaBOHOUJIOB, HO POCTY COAEpPKaHUS
¢denonoB. CHM)KEHUE AHTHOKCHUIAHTHOTO CTAaTyca PAcTeHHM CBUICTENHCTBYET 00 yTrHETCHHH
AKHU3HEESATEIIbHOCTU PACTEHUN B FOPOJICKOM CpeJie U O BO3MOKHOM COKPAIlEHUH YHCIEHHOCTU U
BUJIOBOT'0 pa3HOOOpa3us paCTeHUH, a TaK)Ke O CHIDKEHUH LIEHHOCTH MCTI0JIb30BaHMsI pAaCTEHUH 1151
JeKapCcTBeHHBIX 1enedl. Hanbosiee 4yBCTBUTENBHBIM BHAOM IO AHTUOKCHUAAHTHOMY CTaTyCy
OKa3aJiCi MBIIIUHBINA TOPOLIEK, a HAMMEHEE — KIIEBEp KpacHbIN. MI3MeHeHe akTHBHOCTH KaTasiasbl
OKa3ajoch HanboJiee UyBCTBUTENIBHBIM K YCIOBUSIM 3arpsi3HEHUs Topockoil cpensl. Conepikanue
TSDKENBIX METaNIOB B KJIEBEpEe KPAaCHOM M MaTh-M-MayeXe OTPULATEIIbHO KOPPEIHNpOBAJO C
ypoBHEM (heHONIOB U (ITaBOHOUAOB, a TSl MATINKA TyTOBOTO M MBIIIMHOTO TOPOIIKAa OTMEYEHbI
MIOJIOKUTEIIbHBIE KOppessiiK. VI3MEHEeHHe aHTHOKCUIAHTHOTO CTaTyca MOKHO PEKOMEH0BATh
KaK YacThb KOMIUIEKCHOTO MOHUTOPUHIA 3arpsA3HEHMs] OKpYXAlollel cpenbl TKeIbIMU

METaJlJIaMH.

Paboma evinonnena npu noooepacke epanma PODOU u Tromenckou ooracmu No2(0-45-720011

Jlutepatypa
1. BemukanoBa H.A., CnuBkun A.U., 'anonos C.I1. M3y4yenne HakoreHus (IaBOHOUIOB
TpaBOH ropua NTUYbEro, COOPAHHOIO B Pa3HbIX C HKOJOTMUECKOW TOYKM 3pEHHUsl pailloHax ropoja
Boponexa u ero okpectHocteit // BectHuk BopoHesxkckoro rocynapcTseHHoro yausepcurera. Cepusi:
Xumus. buonorusa. @apmanus. 2013. Ne 1. C.181-185.

31 @@



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

2. Tapudzsao A.P., Kykos H.H., MBanumer B.B. OOpa3oBanue u (U3MOIOrHYECKHE
peaknuu akTUBHBIX (hopM KuciIopoaa B KieTkax pacteHui // CoBpeMeHHbIE MPOOJIEeMbl HAYKU U
obpazopanus. 2011. Ne 2. C. 2-2.

3. EpmakoB A.U., ApacumoBuu B.B., fpom H.II., Ilepyanckuii }O.B., JlykoBaukosa I'.A.,
HxonankoBa M.M. MeToapl OMOXMMHUYECKOTO HccienoBanus pactenuid. JI.: Arponpomusaar, 1987.
C. 41-43.

4. Konecunmuenko B.B., Konecanmuenko A.B. M3ydeHne BiIHMsiHUS BBICOKOW KOHIICHTPAIHH
KaaMus Ha (YHKIMOHUPOBAHHE aHTHOKCHIAHTHBIX CUCTEM 3THOIUPOBAHHBIX MPOPOCTKOB MIICHUIIBI
pasznoit el // Journal of Stress Physiology and Biochemistry. 2011. Ne 3. Pp. 212-221.

5. Kopomox M.A., HUsanosa JI.U., MaitopoBa H.O., Tokape B.E. Meron ompenenenus
aKTHUBHOCTH KaTanassl // JlabopaTtoproe aeno. 1988. Ne 1. C. 16.

6. Mypzaesa C.B. HakoruieHue TsKENbIX METAIOB M aKTHBHOCTh AHTUOKCHAAHTHBIX
(epMEHTOB B MIIEHUIIEC TPH BO3ACHCTBUH CTOYHBIX BOA // M3BecTnss CaMapcKoro HayqyHOTo LEHTpa
Poccuiickoii akanemun Hayk. 2002. T.4. Ne 2. C. 260-269.

7. Haymenko O.A., Cabnmuna E.B., Ka6simesa M.U., Kocrtenenkass E.A. UccnenoBanue
MEXaHHU3Ma [OBPEXKIAIOIIEr0 JEHCTBUS HM30BITOYHBIX KOHIEHTpAlMi KaJMHUS Ha COCTOSHHE
AHTHOKCHJIAHTHBIX (epMeHTOB Kpecc-caiara // BectHuk OpeHOyprckoro rocyaapCTBEHHOTO
yauBepcuteTa. 2013. T. 159, Ne10. C. 205-207.

8. Hewmepemmna O.H., I'yceB H.®., ITetpora I'.B., [llaiixyrnuHoBa A.A. HekoTOpbIE acTICKTHI
amanrauu Polygonum aviculare L. k 3arpsi3Henuro mouBsl TsokebiMu Metaiuiamu // 3Bectust OTAY.
2012. Ne 1(1).

9. OOmas ¢apmaxomneiinas cratbsa 1.5.3.0008.15. Onpenenenue coaepkaHusi TyOMIBHBIX
BEIIECTB B JICKAPCTBEHHOM PACTUTEIHHOM CHIPhE U JIEKAPCTBEHHBIX PACTUTEIBHBIX Mpemaparax. M.,
2015. 4 c.

10. TTHA @ 16.1:2:2.2:2.3.78-2013 MeToauka U3MepeHus: MaCCOBOW JTOJIH MOABHXHBIX (opMm
METaJUIOB: MEIH, LIMHKA, CBHHIA, KaJMUs, MapraHia, HUKels, KoOambTa, XpomMa B Mpodax MOYB,
TPYHTOB, JOHHBIX OTJIOKEHHIA, OCAJKOB CTOYHBIX BOJI METOJIOM IIAMEHHOH aTOMHO-a0COPOIIMOHHOM
cnexkrpomerpun. M., 2013.

11. TlonosuukoBa M.I"., Bockpecenckast O.JI. AKTUBHOCTh KOMIIOHEHTOB aHTHOKCHUIAHTHOM
3aIUTHI ¥ TOJIM(EHOIOKCHIa3hl Y TA30HHBIX PACTEHHI B OHTOTEHE3€E B YCIIOBUSIX TOPOJICKOM Cpebl //
®usunomnorus pacrenuit. 2008. Ne 55(5). C. 777-785.

12. PyxoBomsmmii gokymeHnT PJ[ 52.18.191-2018. MaccoBas A0is KHCIOTOPaCTBOPHUMBIX
¢dbopM MeTaIoB B TpoOax MoYB, TPYHTOB U JIOHHBIX OTiIOxkeHHH. O0HMHCK, 2019.

13. Ckyropesa C.I'., Ammxmuna T.4., ®okuna A.W., Jlsmuna E.M. Xumuueckue OCHOBBI
TOKCHUYECKOI0 JEHCTBUS TSKENbIX MeTauioB (0030p) // Teopernueckas W NpUKIAgHAs 3KOJOTHS.
2016. Ne 1. C. 1-10.

14. TuroB A.®., Kazamna H.M., Tamanoa B.B. Tskensie MeTamnsl M pacTeHUS.

[Terpo3aBoack: Kapensckuit Hayunstii nentp PAH, 2014. 194 c.

@@I 32



https://doi.org/10.36906/2311-4444/24-2/03 Iemyxoe A.C., Kpemnesa T.A., [lemyxoea I'.A., Xpumoxun H.A.

15. Anjum S.A., Tanveer M., Hussain S., Bao M., Wang L., Khan I. Cadmium toxicity in maize
(Zea mays L.): consequences on antioxidatie systems, reactive oxygen species and cadmium
accumulation // Environmental Science and Pollution Research. 2015. Ne21. Pp. 17022-17030.

16. Arif N., Yadav V., Singh S., Kushwaha B.K., Singh S., Trupathi D.K. et al. Assessment of
antioxidant potential of plants in response to heavy metals // Plant Response to Xenobiotics. 2016. Pp.
97-125.

17. Ghori N.H., Ghori T., Hayat M.Q., Imadi S.R., Gul A., Altay V., Ozturk M. Heavy metal
stress and responses in plants // International Journal of Environmental Science and Technology. 2019.
Ne 16. Pp. 1807-1828.

18. Kachout S.S., Ben Mansoura A., Leclerc J.C., Mechergui R., Rejeb M.N., Ouerghi Z.
Effects of heavy metals on antioxidant activities of Artiplex hortensis and A. rosea // Journal of Food,
Agriculture and Environment. 2009. Ne 7. Pp. 938-945.

19. Khosropour E., Attarod P., Shirvany A. et al. Response of Platanus orientalis leaves to
urban pollution by heavy metals // Journal of forestry research. 2019. T. 30. C. 1437-1445.

20. Lachman J., Dudjak J., Miholova D., Kolihova D. Effect of cadmium on flavonoid content
in young barley (Hordeum sativum L.) plants // Plant, Soil and Environment. 2005. Ne 11. Pp. 513-
516.

21. Maleki M., Ghorbanpour M., Kariman K. Physiological and antioxidative responses of
medicinal plants exposed to heavy metal stress // Plant Gene. 2017. Ne 7. Pp. 247-254.

22. Marquez-Garcia B., Angeles-Fernandez-Recamales M., Cordoba F. Effects of cadmium on
phenolic composition and antioxidant activities of Erica andevalensis // Journal of Botany. 2012. Ne
91. Pp. 91-98.

23. Maslennikov P.V., Chupakhina G.N., Skrypnik L.N., Feduraev P.V., Melnik A.S.
Asssessment of the antioxidant potential of plants in urban ecosystems under conditions of
anthropogenic pollution of soils // Russian Journal of Ecology. 2018. Ne 49(5). Pp. 384-394.

24. Michalak A. Phenolic compounds and their antioxidant activity in plants growing under
heavy metal stress // Polish journal of environmental studies. 2006. Ne 15. Pp. 523-530.

25. Mierziak J., Kostyn K., Kulma A. Flavonoids as important molecules of plant interaction
with the environment // Molecules. 2014. Ne 19. Pp. 16240-16265.

26. Petukhov A.S., Kremleva T.A., Petukhova G.A., Khritokhin N.A. Translocation of Heavy
Metals in Herbs under Urban Anthropogenic Pollution Conditions // Environmental Processes. 2020.
Ne 7. Pp. 1173-1196.

27. Rai P.K. Biodiversity of roadside plants and their response to air pollution in an Indo-
Burma hotspot region: implications for urban ecosystem restoration // Journal of Asia-Pacific
Biodiversity. 2015. Ne9(1). P. 47-55.

28. RaiP.K, LeeS.S., Zhang M., Tsang Y.F., Kim K. Heavy metals in food crops: health risks,
fate, mechanisms and management // Environment International. 2019. Ne 125. Pp. 365-385.

29. Shikov A.N., Pozharitskaya O.N., Makarov V.G., Wagner H., Verpoorte R., Heinrich M..
Medicinal plants of the Russian pharmacopeia; their history and applications // Journal of
Ethnopharmacology. 2014. Ne 154. Pp. 481-536.

33 @@



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

30. Skorzynska-Polit E. Lipid peroxidation on plant cells, its physiological role and changes
under heavy metal stress / Acta Societatis Botanicorum Poloniae. 2007. Ne74. Pp. 49-54.

31. Zhang F.Q., Wang Y.S., Lou Z.P., Dong J.D. Effect of heavy metal stress on antioxidant
enzymes and lipid peroxidation in leaves and roots of two mangrove plant seedlings (Kandelia candel
and Bruguiera gymnorrhiza) / Chemosphere. 2007. Ne 67. Pp. 44-50.

References

1. Velikanova, N.A., Slivkin, A.l., & Gaponov, S.P. (2013). lzuchenie nakoplenija flavonoidov
travoj gorca ptich'ego, sobrannogo v raznyh s jekologicheskoj tochki zrenija rajonah goroda VVoronezha
I ego okrestnostej. Vestnik Voronezhskogo gosudarstvennogo universiteta. Serija: Himija. Biologija.
Farmacija, 1, 181-185. (in Russ.).

2. Garifzjanov, A.R., Zhukov, N.N., & lvanishhev, V.V. (2011). Formation and physiological
reactions of oxygen active forms in plants cells. Sovremennye problemy nauki i obrazovanija, 2, 2-2
(in Russ.).

3. Ermakov, A.l., Arasimovich, V.V., Yarosh, N.P., Peruansky, Yu.V., Lukovnikova, G.A., &
Ikonnikova, M.I. (1987). Metody biohimicheskogo issledovanija rastenij. Leningrad. (in Russ.).

4. Kolesnichenko, V.V., & Kolesnichenko, A.V. (2011). The influence of high Cd?
concentration on antioxidant system of wheat etiolated shoots with different length. Journal of Stress
Physiology and Biochemistry, 3, 212-221. (in Russ.).

5. Koroljuk, M.A., Ivanova, L.l., Majorova, N.O., & Tokarev, V.E. Metod opredelenija
aktivnosti katalazy. Laboratornoe delo, 1, 16. (in Russ).

6. Murzaeva, S.V. (2002). The accumulation of heavy metals and the activity of antioxidative
enzymes in wheat exercise influence of sewages. lzvestija Samarskogo nauchnogo centra Rossijskoj
akademii nauk, 4(2), 260-269. (in Russ.).

7. Naumenko, O.A., Sablina, E.V., Kabysheva, M.l., & Kosteneckaja, E.A. (2013). Issledovanie
mehanizma povrezhdajushhego dejstvija izbytochnyh koncentracij kadmija na sostojanie
antioksidantnyh fermentov kress-salata. Vestnik Orenburgskogo gosudarstvennogo universiteta,
159(10), 205-207. (in Russ.).

8. Nemereshina, O.N., Gusev, N.F., Petrova, G.V., & Shajhutdinova, A.A. (2012). Nekotorye
aspekty adaptacii Polygonum aviculare L. k zagrjazneniju pochvy tjazhelymi metallami. lzvestija
OGAU, 1(2). (in Russ.).

9. Obshhaja farmakopejnaja statja 1.5.3.0008.15. Opredelenie soderzhanija dubil'nyh
veshhestv v lekarstvennom rastitel'nom syr'e i lekarstvennyh rastitel'nyh preparatah. (in Russ.).

10. PND F 16.1:2:2.2:2.3.78-2013. Metodika izmerenija massovoj doli podvizhnyh form
metallov: medi, cinka, svinca, kadmija, marganca, nikelja, kobal'ta, hroma v probah pochv, gruntov,
donnyh otlozhenij, osadkov stochnyh vod metodom plamennoj atomno-absorbcionnoj spektrometrii.
(in Russ.).

11. Polovnikova, M.G., & Voskresenskaja, O.L. (2008). Aktivnost' komponentov
antioksidantnoj zashhity i polifenoloksidazy u gazonnyh rastenij v ontogeneze v uslovijah gorodskoj
sredy. Fiziologija rastenij, 55(5), 777-785. (in Russ.).

@@ 34



https://doi.org/10.36906/2311-4444/24-2/03 Iemyxoe A.C., Kpemnesa T.A., [lemyxoea I'.A., Xpumoxun H.A.

12. Rukovodjashhij dokument RD 52.18.191-2018. Massovaja dolja kislotorastvorimyh form
metallov v probah pochv, gruntov i donnyh otlozhenij. (in Russ.).

13. Skugoreva, S.G., Ashihmina, T.Ja., Fokina, A.l., & Ljalina, E.I. (2016). Chemical grouns
of toxic effect of heavy metals (review). Teoreticheskaja i prikladnaja jekologija, 1, 1-10. (in Russ.).

14. Titov, A.F., Kaznina, N.M., & Talanova, V.V. (2014). Tjazhelye metally i rastenija.
Petrozavodsk. (in Russ.).

15. Anjum, S.A., Tanveer, M., Hussain, S., Bao, M., Wang, L., & Khan, I. (2015). Cadmium
toxicity in maize (Zea mays L.): consequences on antioxidatie systems, reactive oxygen species and
cadmium accumulation. Environmental Science and Pollution Research, 21, 17022-17030.

16. Arif, N., Yadav, V., Singh, S., Kushwaha, B.K., Singh, S., & Trupathi, D.K. et al. (2016)
Assessment of antioxidant potential of plants in response to heavy metals. Plant Response to
Xenobiotics, 97-125.

17. Ghori, N.H., Ghori, T., Hayat, M.Q., Imadi, S.R., Gul, A., Altay, V., & Ozturk, M. (2019).
Heavy metal stress and responses in plants. International Journal of Environmental Science and
Technology, 16, 1807-1828.

18. Kachout, S.S., Ben Mansoura, A., Leclerc, J.C., Mechergui, R., Rejeb, M.N., & Ouerghi,
Z. (2009). Effects of heavy metals on antioxidant activities of Artiplex hortensis and A. rosea. Journal
of Food, Agriculture and Environment, 7, 938-945.

19. Khosropour, E., Attarod, P., & Shirvany, A. et al. (2018). Response of Platanus orientalis
leaves to urban pollution by heavy metals. J. For. Res., 30.

20. Lachman, J., Dudjak, J., Miholova, D., & Kolihova, D. (2005). Effect of cadmium on
flavonoid content in young barley (Hordeum sativum L.) plants. Plant, Soil and Environment, 11, 513-
516.

21. Maleki, M., Ghorbanpour. M., & Kariman. K. (2017). Physiological and antioxidative
responses of medicinal plants exposed to heavy metal stress. Plant Gene, 7, 247-254.

22. Marquez-Garcia, B., Angeles-Fernandez-Recamales, M., & Cordoba, F. (2012). Effects of
cadmium on phenolic composition and antioxidant activities of Erica andevalensis. Journal of Botany,
91, 91-98.

23. Maslennikov, P.V., Chupakhina, G.N., Skrypnik, L.N., Feduraev, P.V., & Melnik, A.S.
(2018). Asssessment of the antioxidant potential of plants in urban ecosystems under conditions of
anthropogenic pollution of soils. Russian Journal of Ecology, 49, 384-394.

24. Michalak, A. (2006). Phenolic compounds and their antioxidant activity in plants growing
under heavy metal stress. Polish Journal of Environmental Studies, 15, 523-530.

25. Mierziak, J., Kostyn, K., & Kulma, A. (2014). Flavonoids as important molecules of plant
interaction with the environment. Molecules, 19, 16240-16265. (in Russ.).

26. Petukhov, A.S., Kremleva, T.A., Petukhova, G.A., & Kbhritokhin, N.A. (2020).
Translocation of Heavy Metals in Herbs under Urban Anthropogenic Pollution Conditions.
Environmental Processes, 7, 1173-1196.

35 @@



Becmuux HBI'Y. Ne 2(66) / 2024 SKOJIOTHSI PACTEHHI / PLANT ECOLOGY

27. Rai, P.K. (2015). Biodiversity of roadside plants and their response to air pollution in an
Indo-Burma hotspot region: implications for urban ecosystem restoration. Journal of Asia-Pacific
Biodiversity, 9, 47-55.

28. Rai,P.K,, Lee, S.S., Zhang, M., Tsang, Y.F., & Kim, K. (2019). Heavy metals in food crops:
health risks, fate, mechanisms and management. Environment International, 125, 365-385.

29. Shikov, A.N., Pozharitskaya, O.N., Makarov, V.G., Wagner, H., Verpoorte, & R., Heinrich,
M. (2014). Medicinal plants of the Russian pharmacopeia; their history and applications. Journal of
Ethnopharmacology, 154, 481-536

30. Skorzynska-Polit, E. (2007). Lipid peroxidation on plant cells, its physiological role and
changes under heavy metal stress. Acta Societatis Botanicorum Poloniae, 74, 49-54.

31. Zhang, F.Q., Wang, Y.S., Lou, Z.P., & Dong, J.D. (2007). Effect of heavy metal stress on
antioxidant enzymes and lipid peroxidation in leaves and roots of two mangrove plant seedlings
(Kandelia candel and Bruguiera gymnorrhiza). Chemosphere, 67, 44-50.

nata noctyruienus: 19.01.2023 nata npuHsaTas: 30.11.2023

© IleryxoB A.C., Kpemnena T.A., IleryxoBa I'.A., Xputoxun H.A., 2024

@@I 36



https://doi.org/10.36906/2311-4444/24-2/04

Csupuoenxo b.®., Mypawrxo [O.A.

VK 581.9 (582.3: 582.4)
https://doi.org/10.36906/2311-4444/24-2/04

Ceupuoenxo b.D., Mypawxo 10.A.

PJECT JVIMHHEAIIMI POTAMOGETON PRAELONGUS WULFEN 1805
(POTAMOGETONACEAE) - MOTEHIUAJIbHBIN BU/ 1151 BKIIOYEHUSI B KPACHYIO

B.F. Sviridenko, Yu.A. Murashko

KHUT'Y OMCKOM OBJIACTH

POTAMOGETON PRAELONGUS WULFEN 1805 (POTAMOGETONACEAE) AS A
POTENTIAL SPECIES FOR INCLUSION IN THE OMSK REGION RED BOOK

AnHotamusi. llenpro HacTosmieidl pabOTHI SBISCTCS
MOJITOTOBKA 000CHOBaHUS JUTST BKITIFOUCHMUSI
Potamogeton praelongus B tpetbe u3nanue Kpacuoit
kHUrH OMCKO# o0mactu. B unciio 3a1a4y BXOQUT aHAITN3
paclpoCTpaHeHUsT BHJA B PETUOHE, 0000IICHHE
OpUTHHAJBHBIX KOJNUYECTBEHHBIX JAaHHBIX O €ro
TOJICPAHTHOCTH K Psiny (aKTOpOB BOJHOHN Cpensl B
ycnoBusix 3anagHo-CHOMpCKO paBHUHBI, YTOYHEHHUE
HSKOOMOMOP(OTIOTHIECKAX  IMapaMeTpoB Buaa. B
OmMckoi#l 00acTi Ha TPOTsDKeHUH Oonee 60 et BUA
OBLJT OTMEYEH TOJIBKO B 5 03epax JICCHOH U JIECOCTEITHOM
30H, YTO YyKa3blBaeT HAa €ro PeIKkocTh. lIpu SToM
KOJIMYECTBeHHass  WH(OpMamus O  COCTOSIHHHU
MIOIYJIALIMY BUJIA MTOJTyYyeHa HaMH ToJbKO B 2023 1. B 03.
Byransl bonbiepedenckoro paiona. Ilmomane sToi
nonynsuuu gocturaet 0,28 kM2 Bug o6pasyeT enuHbIi
MOHOJOMWHAHTHBIN  (DUTOIIEHO3 C TPOEKTUBHBIM
nokpeiTieM 70 30%. ®durorneHo3 chopMUpOBaH Ha
CephIX M TEMHO-CEPhIX TOHKOJCTPHUTHBIX WJIaX B
muanazone rioyomn  1,2-3,0 M.  Ha  ocHoBe
THIPOXUMHUYECKOr0 aHaJli3a YCTAaHOBJICHO, YTO BOJA B
03. byransl umeer pH = 6,9, o6myio xectkoctsh 2,06
MT-3KB/IM°, obmryro munHepanuzanuio — 0,44 r/am3. Ha
BamanHo-Cubupckoit paBuune P. praelongus Obut
oTMeueH Hamu B Bozax ¢ pH ot 6,3 1o 7,6, npu oOriei
xectkoct  0,26-6,40  mr-sk/aM®  u oOmei
MuHepanuzanuu 0,03—1,10 r/mme. ConepskaHue CBUHLA
B OKOTOmax Buaa Obuto pasHO 0,10-0,22 MKr/mme,
Hukens — 0,76 mMkr/om°, uHKa — 2,58-17,61 Mxr/nm®,
kaamust — 0,01-0,02 mxr/am®, xpoma — 0,43-0,44
mkr/am3, mequ — 0,84-5,97 mxr/nm3, mapranma — 7,61
32,55 wmxr/mm®. ConepkanHue pacTBOPHMBIX (HOpM
xene3a gocturano 1585 mkr/mme, 4ro YKa3bIBacT Ha
(deppoTosiepaHTHOCTh BHJa. Ha OCHOBE BBITTOJIHEHHON
skobromopdoornueckoit  onenku  P. praelongus
MOXXHO  OXapaKTepu30BaTh  Kak  MHOTOJICTHHM
(BereraTUBHO  OJHOJIETHWH),  TOJUKAPIINYCCKHUIA,
JUTMHHOTIOOETOBEIH, CTOJIOHHBIN, HAJIBOIHOIIBETYIIHH,
HEUTPO(IITLHBIH, TUITTYHO MPECHOBO/IHBIH,
uHan(PepeHTHRIH K KECTKOCTH BOJIBI,
(beppoTosIepaHTHBIH,  INEIOOMOHTHBIM  THUAATO(HUT.
Potamogeton praelongus mMoskeT ObITH peKOMEHIOBAH

Abstract. This work is intended to prepare a
justification for the inclusion of Potamogeton
praelongus in the third edition of the Red Book of
the Omsk Region. The tasks include the analysis
of the species distribution in the region,
summarizing the original quantitative data about
its tolerance to a number of aquatic factors in the
West Siberian Plain, and clarification of its
ecobiomorphological parameters. Over more than
60 years in the Omsk Region, the species was only
reported in 5 lakes of the forest and forest-steppe
zones, indicating that it is rare. We obtained the
guantitative information about the condition of
the species population only in 2023 in the lake
Bugaly of the Bolsherechensky District. The
population has an area of up to 0.28 km?. The
species forms a monodominant community with a
projective cover of up to 30%. The community is
formed on grey and dark-grey thin-detritus silts in
the depth range 1.2-3.0m. According to
hydrochemical tests, the water in lake Bugaly has
pH = 6.9, total hardness 2.06 mg-eq/dm?, and total
salt content 0.44 g/dm®. In the West Siberian
Plain, P. praelongus was found in waters with pH
between 6.3 to 7.6 with total hardness 0.26—6.40
mg-eg/dm? and total salt content 0.03—-1.10 g/dm?.
The content of lead in the ecotopes of the species
was 0.10-0.22 ug/dmd, nickel 0.76 ug/dm?, zinc
2.58-17.61 pg/dm?3, cadmium 0.01-0.02 pg/dm?,
chromium 0.43-0.44 pg/dm®, copper 0.84—
5.97 pg/dm® manganese 7.61-32.55 pg/dm?®. The
content of the soluble forms of iron was up to
1,585.0 pg/dm?, which suggests that the species is
tolerant to iron. Based on the
ecobiomorphological study performed,
P. praelongus can be characterized as a perennial
(vegetatively annual), polycarpous, long-shooted,
stoloniferous, emergent-flowering, neutrophilic,
typically freshwater, water hardness-indifferent,
iron-tolerant, silt hydatophyte. Potamogeton
praelongus might be recommended for inclusion
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BBenenue

Kadenpa Owonormm u Ouosormdeckoro oOpa3oBaHus OMCKOTO TrOCYAapCTBEHHOTO
MEJarOri4ecKOr0 yYHUBEPCUTETA €KETOJHO MPOBOJUT HKCICAUIIMOHHBIE HCCIEIOBAHUS 10
BEJICHUIO HOBOTO, TpeThero u3nanus Kpacuoit kauru Omckoii obmactu. B 2015 r. Bo BTOpoMm
U3JaHUK pIaecT uIMHHeimui Potamogeton praelongus Obla BKIOYEH B CIMCOK PAaCTCHHIA,
HYXTAIOIIMXCS B 0COOOM BHUMAaHHMM K WX COCTOSIHHIO B OKpyxaromieit cpene [6; 14]. Llensio
HACTOSIIEH paboTHl SBJSETCS TOATOTOBKAa OOOCHOBaHUS IS BKJIIOYeHHs Potamogeton
praelongus B tpethe uzmanue KpacHoit kauru Omckoit obmactu. B 4uciio 3a1a4 BXOIUT aHATN3
pacmpocTpaHeHHs BHJIa B PETHOHE, 0000IIEHNe OPUTUHAIBHBIX KOJTHMUYECTBEHHBIX JAHHBIX O €ro
TOJICPAHTHOCTH K PsAy (DaKkTOpOB BOJHOW cpensl B yCioBHsX 3ananHo-CuOUpCKON paBHUHEI,
yTOUHEHHE dKoO0MomMopdoornueckux napameTpoB Buaa. B HacTosimee Bpems B 10 pernonax
Poccuiickoit ®enepanmu  (bpsHckas, Bnaaumupckas, VBanoBckas, Kanununrpazackas,
Kanyxckas, Kocrpomckasi, Huxeropoackas, CaparoBekast, SIpocnaBckas obnactu u PecriyOnmka
Tarapcran) P. praelongus otHeceH k 4yuciy oxpaHseMbix BUA0B [22]. Bo Bcex 3THX HCTOYHHKAX
MOJTHOCTBIO OTCYTCTBYIOT KaKHe-THOO KOJIMYECTBEHHBbIC CBEJCHHUS IO OKOJOTHH BHJA,
NIPUBOJIATCS JIMIIh OTPAaHUYCHHBIC U CTIOPHBIE cBeneHus o ouomopde P. praelongus. Bun ykazan
00 KaK KOPHEBUIITHBIM MHOTOJIETHHK, JTMOO O TUTIE MTO3EMHBIX TOOETOB HUYETO HE COOOIIaeTCsl.

DBOIONIMOHHOE TMPOUCXOKAeHne Buaa Potamogeton praelongus IT.U. opodeer [4]
CBs3BIBACT C HCKomaembiM Potamogeton praelongatus Dorofeev, u3BecTHbIM B BEpXHEM
IUTMOLIEHE, U C MOSBUBLUIMMCS B MUHEJIb-PUCCKOE MEXKJICAHUKOBbE MIICUCTOIEHA HCKOIIAaeMbIM
Potamogeton praelongus Wulfen var. robustus Dorofeev (to ects Bo3pact Bra COCTaBIsSET OKOJIO
400 teic. net). B.I1. Hukutun [21] ykassiBaer Oosiee panHee Bo3uukHoBeHne P. praelongus, tak

KaK €ro oAbl OTMCYCHBI B OTJIOKCHHUAX CPCAHETO TNIMOLCHA.
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ITo nanubM «@opsr Cubupu» [10], B OMcKoif 061acTu paecT AMUHHEUINNA ObIT OTMEYEH
B 3 o03epax, pAacloJIOKEHHbIX B IOKHOM M IIEHTPAJIbHOM IOA30HAaX JIECHOW OOTaHMKO-
reorpaduyeckoil 30HbI Ha Tepputropun Tapckoro u TeBpU3CKOTO aIMUHUCTPATUBHBIX PaliOHOB.
CornacHo 3TUM MaTepuanaM BUJ HallJieH B 03. MoungaBckoe (yka3aHo kak MososiaBckoe) B 8 kM
roro-3amnajauee 1. Tapel, B 03. CekeToBo (ykazaHo kak CekcraB) B 36 KM roro-3amnajsee . Tespus
u B 03. TeBpu3s (ykazano kak TeBpuk) B 28 kM 1okHee 1. TeBpus. Ha rore necocTenHoii 30HbI B
2022 r. Bun otMmeueH B 03. MBanoBckoM HoBoBapmasckoro paiiona [5]. B 2023 r. HoBas
nomyisiiust Potamogeton praelongus oGHapyxena B 03. Byramel, pacrofiokeHHOM B 7 KM
BocTOuHee 1. bepe3oBka Ha TeppuTopuu bosblepeyeHCKOro aJMHUHUCTPATUBHOIO paiioHa

Owmckoii obiactu (reorpaduyeckue KoopauHaTel: 55°55'39,22" ¢.m., 73°59'53,94" B.11.) (puc. 1).

Puc. 1. Mecronaxo:xaenus Potamogeton praelongus B OMckoii o61actu:
a — u3BecTHbIE [9], 6 — HOBOE

Marepuan u MeTOAUKA UCCJIeJOBAHUI

I'mppoboTtannyeckoe obcnenoBanue o3. byramel Obuto BbmonHeno 13.08.2023 r. wu
21.09.2023 r. Ha ocHOBe OOIIETPUHATHIX METOAUK [8; 9]. JIaTuHCKIE Ha3BaHUS BUI0B IPUBEICHBI
B ctathe 1o pabote C.K. Yepenanona [35]. [Ipu npoBeaeHnn nccaeaoBaHuii 00JIbIIOE 3HAUYCHUE
MIPHUIaBAJIOCh KOJMYECTBEHHBIM METOJIaM OLIEHKH SKOJIOTMYECKHUX YCIOBHUH CYIIECTBOBAHUS
penkux ruapoduToB. B ToM uuncie cucTeMHO MPOBOIMICS OTOOpP MPoO BOJBI B THAPOIKOTOINAX
(mo 1 mpo0e B LIEHONMOMYNALMU) M BBINOJHSICA THAPOXUMHUYECKHH aHanu3 B Ja00paTOpHsIX
IlenTpa KOJUIEKTMBHOTO TOJIb30BaHUA Cypryrckoro rocyAapCTBEHHOTO YHUBEPCHUTETA.
[IBeTHOCTH BOJIBI OLIEHUBAJIACH B Ipajycax BETHOCTU OTHOCUTEIBHO XPOM-KOOAIbTOBOM IIKAJIbI
(XKII) ¢poTomMeTprueCKUM METOIOM C UCIIOIB30BaHUEM CBETOQHMIIBTPA C JUIMHOW BOJIHBI 413 HM

B KBapIIEBbIX KioBeTax [34].
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Jl1g n3mMepeHus BOJOPOIHOTO MMOKa3aTessl UCIOIb30BalId aHaIn3aTop Boabl «AHHOH 7000»
U3 KOMIUIEKT-J1a00paTtopuu «O0b» € MEKTPOXMMHUUYECKON SYEHKOMH, COCTOSALIEH U3 CTEKIITHHOTO
U XjJopcepeOpsHOro anmekTpofoB. Hacrpoiika 31eKTpoIHOW CHCTeMBbl HPOBOAWIACH 110
CTaHJapTHOMY Habopy OyQepHBIX pacTBOpOB, NPHUTOTOBJICHHBIX M3 CTaHAApT-TUTpoB [11].
HoHHBIN cOCTaB PAacTBOPEHHBIX COJIEH B BOJE ONPEICISUICS METOAOM BBICOKOA((HEKTUBHOM
AKHUJIKOCTHOM MOHHOHN Xpomarorpaguu Ha xpomatorpade «Craiiep» ¢ KOHAYKTOMETPUYECKUM
JneTekTopoM. s pasliesieHusT MOHOB IPUMEHSUINCh XpoMaTorpauueckue KOJOHKM: IpU
omnpenencuuu katrnoHoB — Shodex IC YS-50, npu onpenenennu annonoB — TRANSGENOMIC
ICSep AN2 [26]. MaccoBasi KOHIIEHTpanus KapOoHaT- U THAPOKApOOHAT-HOHOB ONPEAEISIIACH IO
pacyeTHbIM (pOpMyJiaM, yUUTHIBAIOIINUM 3HaYE€HUs CBOOOIHOM LIEIOUHOCTH M O0ILEeH 111e10YHOCTH
[1]. Ompenenenne TSHKEMBIX METAIIOB B IPO0OAX BOJIBI BBITOJIHEHO METOIOM aTOMHOM a0copOiuu
Ha cniektpomerpe MI'A-915 M/] [12].

Pe3yabTaTsl 1 HX 00CyKAeHHE

O3epo byranbl pacnonokeHO Ha rpaHULE MEXIy LEHTPaJIbHOW U CEBEPHOM MOJ30HAMHU
JecocTenHoW O0TaHMKO-Teorpaduueckoi 30HbI B JIpeBHEN MEXIpuUBHOM JoxxOuHe. [lpuxogHas
4acTh BOJHOTO OanaHca B 03epe B OCHOBHOM COCTOUT U3 OCAJKOB M TIOBEPXHOCTHBIX TAJIBIX BOJI,
CTEKAIOLIUX C BOAOCOOPHON IJIOLIAAM B O3EPHYIO KOTJIOBHHY, PACIIOJIOKEHHYIO y CEBEPHOIO
OCHOBaHHUs BBICOKOW rpuBbl. lIpeBblllleHHE MOBEPXHOCTH I'PUBBI HAJ| BOJHOM IMOBEPXHOCTHIO
o3epa cocrasiser 10 M. MakcumanbHast riyOuHa o3epa gocturaer 3,0 M, OCHOBHas 4acTh
akBaTopuu uMeeT Tiyounsl 1,1-1,7 m. O6mas miomans akBatopuu osepa passa 1,80 km?. Ilo
BCcel mpuOpexHOW dwacth o3epa Ha riyomHax gm0 1,0-1,3 M chopMUpPOBaHBI CIIAaBUHBI,
3aHUMaromKe okono 1,19 kM2, Toraa Kak TIomaab HEHTPaTLHOTO mieca He npesbimaet 0,61 km?
(puc. 2). Inomans momyssiuu Potamogeton praelongus B 03. Byransr coctaBmsier okoso 0,28
kM2, DTOT BUJI HOPMHUPYET EIUHBIH MOHOJOMUHAHTHBIH (PUTOLEHO3 C IPOEKTUBHBIM HOKPBITHEM
10 30%, B cocTaBe KOTOPOIO OTMEUEHBI C OUYEHb HU3KUM MPOEKTUBHBIM MOKPBITUEM ApPYTUe
npefcTaBuTeNnn  cemeiictBa Potamogetonaceae: ppaecT mnpoH3eHHONMCTHBIM —Potamogeton
perfoliatus L. u pmect xypuassiii P. crispus L.

®uUTOLEHO3 pAecTa JJIMHHEHIIEr0 3aHUMAEeT CaMylo ITYOOKOBOAHYIO IOJIOCY aKBaTOPUH,
BBITSHYTYIO BJIOJIb FO>KHOM MOJIOBUHBI LIEHTPAJIbHOTO Tuleca ¢ rimyounamu 1,2—3,0 M. OCHOBHBIMHU
IPYHTaMH B 3TOW YaCTH aKBATOPUH SIBJIIIOTCS CEpble M TEMHO-CEpbIe WIIbl. B mepro Haburo1eHui
13.08.2023 r. paect JUIMHHEHIIMM HAXOQWICA YK€ B KOHIIE (a3 BEreTalluy U IJI0IOHOLICHUS —
Havane (a3l nuccemuHaruu (puc. 3).

B 03. byrans! B1osb ceBepHOTo Kpasi LIEHTPaIbHOTO Iieca B mpeaenax rayous 1,0—1,4 m Ha
OypbIX I'pyOOJIETPUTHBIX U TOP(PSHUCTHIX WIaX ObUIM OTMEYEHBI (PUTOLIEHO3BI POTOJIMCTHUKA
norpyxenHoro Ceratophyllum demersum L. (mpoektuBHOe mOKpbiTHE 100%) M (dparMeHTHI
¢uroneHo3oB KyObiku >xkentoir Nuphar lutea (L.) Smith, Takxke wuMeromue MPOESKTHBHOE
nokpeitue 10 100% (puc. 4). OTmerum, 4To KyOBIIIKa enTas BKIoueHa B KpacHyio KHHTY

Omckoii oomactu [13; 14].
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[Tepudepuyeckas yactb akBaTopuu 03. byransl ¢ riryounamu ot ypesa Boasl 10 1,0-1,3 m
3aHATa CIUIaBUHAMHU, CHOPMHUPOBAHHBIMH Ha TOP(MAHUCTHIX TPYHTaX TPOCTHUKOM FOKHBIM
Phragmites australis (Cav.) Trin. ex Steud. u poroszom mmpokoiuctasiM Typha latifolia L. ¢
0o0uMM NpoeKTUBHBIM NOKpbeITHEM 10 70—-100%. [lupuHa mon0ckl CIIJIaBUHHBIX TPOCTHUKOBO-
POT030BBIX TPYNIHUPOBOK cocTapisiia oT 30—50 M B Hanbonee y3kux ydactkax 10 400—-600 m — B
Oonee mupokux (cm. puc. 2). B coctaBe TpOCTHUKOBO-POTr030BBIX IPYIITUPOBOK OTMEUYECHBI TAKIKE
JIpyrue CIUIaBUHHBIE BHIBL Tenumrepuc OosoTHeA Thelypteris palustris Schott u ocoka
noxHoceiTeBas Carex pseudocyperus L. ¢ mpoeKTUBHBIM MOKPBITHEM 10 5%. HebOombIime miecs
CpeaH CIUTABHH 3aHATHI TPYNIUPOBKAMHU POTOJIMCTHUKA MOTPY)KEHHOTO C PSCKOW TPEXI0JIbHOU
Lemna trisulca L. u psickoit masroit Lemna minor L.

Ha ocHoBe BBIMOJIHEHHOTO TUAPOXMMHUYECKOTO aHajiu3a YCTAaHOBJIEHO, YTO BOJa B 03.
Byranbl umeeT nBeTHOCTH 82 rpagyca 1Mo XpoM-KoOaIbTOBOH IIKajIe, akTHBHAS PEaKIHs BOJIbI HE
npessimaet 6,9 exuani pH, 06mas xKecTkocTh paBHa 2,06 Mr-3KB/IM°, 06IIAs MHHEPATH3AIHS —
0,44 r/nv3. Tlo cocTaBy pacTBOPEHHEIX COJIEH BOA OTHOCHTCS K XJIOPHIHO-THAPOKAPOOHATHOMY
Knaccy, rpynne Harpus. CojepskaHMe MapraHua cocTapisio 32,55 mxr/mmS, xagmms — 0,02
MKr/mme, Mean — 5,97 mxr/omS, ceuana — 0,10 mMxr/mv®, mmaka — 17,61 Mxr/am°, xpoma — 0,43
Mkr/mv®. B menom B maTu o3epax 3amagHo-Cubupckoil paBHMHBI Potamogeton praelongus
OTME4YeH HamH B Bojiax ¢ pH ot 6,3 no 7,6, mpu obmiei xectkoctu ot 0,26 no 6,40 MI-3KB/IM° 1
obmert muHepamuzanuu ot 0,03 1o 1,10 r/ame. ConeprxaHue pacTBOPUMBIX ()OpPM CBHHIIA B BOJIC
skotornoB cocraBmwio 0,10—0,22 mkr/am°, mukens — 0,76 mxr/am>, mmaka — 2,58—17,61 Mxr/mam°,
kammust — 0,01-0,02 mkr/am3, xpoma — 0,43-0,44 Mmir/ame, mean — 0,84-5,97 mxr/am, Maprasiia
—7,61-32,55 mxr/nm® [29]. Coneprkanue pacTBOPUMBIX OpM Kenesa focTurano 1585,0 mxr/mm?,
TO €CTh BH/I SIBIIICTCS B BHICOKOH cTernenu (epporosepantHbiM [30].

Bo3oOHoBIIeHHE BereTaTuBHBIX opraHoB Potamogeton praelongus, mo HammM aHHBIM,
€KErOHO OCYIIECTBISIETCS W3 3UMYIONMX MOYeK, 0O0pa3ylomuxcs K OCEHH Ha areKkcax
MOJI3EMHBIX CTOJIOHOB. B CBSI3M C MaccoBbIM 00pa3oBaHHWEM TMOJ3EMHBIX IMOYEK B HOBBII
BEreTallMOHHBIA CEe30H (POPMUPYIOTCS KIOHBI, B IMpeaenax KOTOPBIX MPOEKTUBHOE MOKPBITHE
nocturaer 80-100%. B mnonynsuuu KJIOHBI OOBIYHO pa3jeleHbl Mporajlamu, IO3TOMY
MPOEKTUBHOE MOKPHITHE JOMUHUPYIOIIETO BUa B puTOIieHo3€e cocTaBisieT 10 50%.

Takue MoYKy Ha MOA3EMHBIX CTOJIOHAX 00pa3yIOT U APyrye BUIbI KPYITHBIX PJIECTOB: PAECT
onecrsmmii  Potamogeton lucens L., paect miaBaromuii P.natans L., paect ambnuiickuii
P. alpinus Balb., prect 3nakoBsiii P. gramineus L., paect nponsennonuctHeiii P. perfoliatus. Ha
ATOM OCHOBAHHWHM JaHHAs TPYIIa BUAOB ObUIa OTHECEHA HE K KOPHEBUIIHBIM, a K CTOJOHHBIM
ouomopdpam [27; 28], TMOCKOIBKY KOPHEBMIIAMHM TPHHATO CUYUTATh MHOTOJIETHUE
BUJOM3MEHEHHBIE TIOJ3€MHBIE MMO0OETrH, KOTOpBhIE OO0ECNEeUMBAIOT 3alacaHhe IHTATEIbHBIX
BEIIECTB U €KEroHoe BO300HOBICHNE U3 POPMHUPYIOIIMXCS HA HUX 3UMYIOIIMX novek [7; 20; 31;
33]. buomopda P. praelongus u apyrux BHUAOB 3TOM TPYIIbLI B IEJIOM HHAUIUPYET CBS3b C
TPYHTaMH, UMEIONIMMH OJarompHUsATHBIA Ta30BBIA PEKUM B T€UEHHE BCETO roja. Takue TPYHTHI

(cepLIe N TEMHO-CEPBIC TOHKOACTPUTHBIC I/IJ'II)I) SABJIAIOTCA JOCTATOYHO a’pUpPYEMBIMHU, HE
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cojepkaT TOKCHUYHBbIE Tra3bl (B MEPBYIO OYEpEAb CEPOBOAOPOMA), YTO TMO3BOJISIET IOYKaM

B0306HOBJ'I€HI/I$I COXPaHATDb )KPISH€CHOCO6HOCTI) B TCUCHUC 3UMHECTO (HO,Z[J'ICI[HOFO) CC30Ha (pI/IC
).

Puc. 5. Cxema 6uomop¢nr Potamogeton praelongus.
CrpesikamMu yKa3aHbl 3UMYIolIHe No4kd. CIUI0IIHAS TOPU30HTAIBHAS JTUHUS
YKa3bIBaeT YPOBeHb IOHHOT0 TPYHTAa, MyHKTHPHAS — YPOBEHb BOIbI

Nzydenne »sxob6moMopd THAPOPHIBHBIX I[BETKOBBIX pPACTEHUH OCHOBBIBACTCS Ha
BBISIBIIEHUH HanOoJee BaKHBIX MPU3HAKOB OMOJIOTMHU, MOP(OIOrUn U 3KoJI0ruH BUI0B. K Takum
MPU3HAKAM TPHHAJIEKAT MPOAODKUTEIBHOCTh JKU3HEHHOTO IUKJIA, CTPYKTypa MOOEroB, THII
MTOYEK BO3OOHOBIICHUS U UX MOJIOKEHHUE B HEOIArONMpUsATHOE BPeMs T0/1a, a TAK)KE IKOJIOTHIECKast
TOJIEPAHTHOCTh BHUJOB [0 OTHOLIEHUIO K BeaylmuM ¢akTtopaM cpen oOuTaHus (BOJIHOM,
IPYHTOBOHM, BO3aymIHO#). Takoil moxxoa MO3BOJSET YCTAaHOBUTH 3KOOMOMOp(dOIOrHYecKyro
cneun(uKy KaxJ0oro HCCIEAyeMOro BHMJA B CBSI3M C M3BECTHBIMU IOJIOKEHUSAMH 00
WH/IMBUIYATBHOCTH (HETIOBTOPHMOCTH) OWOJIOTUYECKUX BHJIOB, MX OJKOJOTMYECKHX HUII M
KU3HEHHBIX (opm [3; 23; 24; 25; 32; 36].

Jlnst uccneioBaHUM KU3HEHHBIX ()OPM COCYAMCTBIX PAacTeHU MEpBOCTENICHHOE 3HAYCHHE
uMmeeT nHGopmaus 0 MOpPOIOruU U Ce30HHOHN TUHAMUKE BEreTaTUBHBIX OPraHOB — KOPHEBOH U
Mo0OEeroBOl cHCTeM. BakHyI0 JOTOTHHUTENbHYI0 WH(POPMALHIO TPEACTABISIOT CBEICHHUS O
MOP(OJIOTHH PETTPOAYKTUBHBIX CTPYKTYP ¥ UX IPOCTPAHCTBEHHO-BpeMeHHOU nuHamuke. Ciemys
JAHHOM KOHIIETIIIUH, MOXHO OTMETUTb, YTO CHUCTEMbI XM3HEHHBIX (OpPM, HE YUHUTHIBAIOIUE
Ba)XHbIE MOP(OJIOrMYECKUE MPU3HAKUA IMOOErOBBIX M KOPHEBBIX CHUCTEM BHJIOB, SBIISIOTCS
HenH(popmatuBHbiMH. B pabotax E.M. JlaBpenko u B.M. CgeurnukoBoii [18; 19] xu3HeHHas
dbopma (3xoO6moMopda) mpeacTaBieHa Kak afamnTallMOHHAs CHCTeMa, OCHOBaHHAs Ha €IUHCTBE
CTPYKTYPHBIX (MOpP(OJIOTHUECKUX) M (PU3MOJOTHYECKUX (IKOJOTMUYECKUX) OCOOEHHOCTEH

paCTCHHﬁ. HpaKTI/ILICCKOC BBIACIICHUC 3KO6I/IOMOp(I) OCHOBBIBACTCA HA 3BHAHUAX UX MOp(pOJ'IOl"I/II/I )51
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HKOJIOTHH, TO €CTh )KU3HEHHAas (popMa mpecTaeT Kak IK0JI0ro-Mop¢ooruueckas kareropus [2].
[TonsTHE (9KOOHOMOP(Da» O COAEPIKAHUIO OJIN3KO K MOHATHUIO «OKU3HEHHAas (hopMay B TPAKTOBKE
N.I". CepeOpsikoBa, 0JHAKO OHO IIOJIHEE OTPAXKAET IKOJOTHUECKYIO CIeLU(PUKY BUI0B, IOCKOJIBKY
JUISL BBISIBJICHUS 3KOOHMOMOpd TpeOyeTcsl Takke MpUBJIeueHHEe HHPOPMALUU O MPUHAIIC)KHOCTH
BUJIOB K OIPEACIECHHBIM 3KOJOTMYECKUM TIpyIIaM, KOTOPbIE BBIAEISAIOT IO OTHOIIEHUIO K
KoMy 13 GakTopoB cpensl [ 15]. CuHTeTHUECKOE HAIllpaBIeCHUE B U3YUCHUH )KHU3HEHHBIX (hopMm
pactenuii, mo E.M. JlaBpenko [16; 17], mpeamnonaraer, 4To B YKCIIO MapaMETPOB IKOOHMOMOPG
BUJIOB HapsALy ¢ OMOJI0ro-Mop(oIorudecKuMy ClIeayeT BKI0YaTh HKOJOTHUYECKHUE MapaMeTphl.
DK0OHOMOPQOTOTHUECKUI MPUHIIUT U3YUEHUS )KU3HEHHBIX (DOPM CBSI3BIBACT B €MHYIO CUCTEMY
IOHATUS  (OKU3HEHHas  gopma»,  «oKoOuomopda» M «IKOJIOTMYECKas  HHILIa».
OkobuomMopdosoruyeckas KOHLENIUS OPUEHTHPOBAaHA Ha IOJy4YeHHWE HOBOM HMH(pOpMAIMU O
MOP(OTIOTHUECKON U IKOIOTUYECKOH crienn(uKe KaX10ro BUAA.

3akiaro4eHue

Penkuii B OMckoit o6actu Bua Potamogeton praelongus kpaiite ciabo u3ydeH B peruoHe.
OToT BHUJ ObUI BKIIOYEH B JONOJHHUTEIbHBIN CIHCOK PAaCTEHHUH, HYXKJAIOLIMXCS B 0COOOM
BHUMAaHUU K UX COCTOSHUIO B NPUPOJE, HO JJI BKJIIOUYEHHUS €ro B CIIMCOK OXPAaHSEMBIX BHUJOB
pernonanpHOi KpacHoli kHHTM HE OBUIO OCHOBaHMI W3-3a HeJocTaTka mHpopmanuu. B xone
HoJIeBBIX UccienoBaHuii B 2023 r. Obula 1eTalbHO U3yYeHA HOBAsl CTa0MIIbHAS MOMYIIALUS BUIA B
o3epe Ha ceBepe JecocTenHoi 30Hbl. [Ip1 0000111eHuN OpUTHHAIBHBIX KOJTMUECTBEHHBIX IaHHBIX,
NOJIYYCHHBIX HaMH Ha 3anajHo-CuOupceKoil paBHIHE, ITOKa3aHo, uTo P. praelongus tecHo cBsizan
C BOJIHBIMU 00BEKTaMH, UMEIOIIMMHU aKTUBHYIO peakuuio Boabl (pH) B npenenax ot 6,3 go 7,6,
obmyto skecTkocTh — oT 0,26 10 6,40 Mr-ske/mm3, oburyro munepammsanuio — ot 0,03 10
1,10 r/nm®. VIMeHHO Takue YCIOBMS MpeACTaBieHH! B 03. Byransl BonblepedeHCKOro paiioHa, B
KOTOPOM OTMEY€Ha U3ydeHHas nomyssauus Buaa. O3epo pacnoyiokeHO B IIYOOKOH MEXTPUBHOM
KOTJIOBUHE (TIPEBBIIIEHWE TIPUBBI HajJ ypoBHEM Bojbl jaocturaer 10 M), 4ro obecrieunBaeT
3HAYUTEIbHYI0 CTAaOMJIBHOCTh YPOBEHHOI'O peXHMa. 3HAUUTENbHOE CIIaBUHOOOPAa30BaHUE
yKa3blBa€T, YTO 03€PO OTHOCUTCS K HENEPEeCHIXAIOIUM BOAHBIM OOBEKTaM B TEUYCHHE
JUIUTETILHOTO BPEMEHU. DTOT BAXKHBIM MapaMeTp HapsAy ¢ THUIPOXUMHUYECKUMHU MOKa3aTeNlsMu
TakXke OOBACHSIET BO3MOXKHOCTh YCHEIIHOTO Pa3BUTHs MOMYNIALMU BUAA HA TOHKOAETPUTHBIX
WINCTBIX TPYHTaxX B auana3oHe riyoud ot 1 1o 3 M. HemanoBaxHoe 3HaueHue /Ui COXpaHEHUs
BUJIa UMEET YIAJIEHHOCTh JaHHOI'O MECTOOOMTaHUs OT HAaceJIeHHBIX MyHKTOB. Ha ocHOBe paHee
pa3paboraHHO# Kiaccudukanuu sxoouomopd ruapomakpoduroB P. praelongus orenuBaercs
HaMM KaK MHOTOJETHUI (BEreTaTMBHO OJHOJIETHHUM), MOJUKAPIUYECKUH, TIMHHOIOOETOBBIMH,
CTOJIOHHBIH, Ha/IBOJTHOLBETYLIHH, HEUTPOPHUIBHBIN, TUTTMYHO IPECHOBOAHBIN, HHAU((EepeHTHBIN
K )K€CTKOCTH BOJIbI, he€ppOTOIEPAaHTHBIN, NETOOMOHTHBIN THAATO(UT, UTO CYIIECTBEHHO YTOUHSET
uHpopmManro o Mopdonorun u 3Kkosnoruu Bujaa. C ydyeToM 3HAUMTENBHOW PEIKOCTH BHJA U
YHUKAJIBbHOCTH €JMHCTBEHHOW JETalbHO M3Y4YeHHOW B perrmoHe mnonyssiuuud Potamogeton
praelongus mMokeT OBITH pEeKOMEHIOBAH /sl BKIFOUEHHS B OYEPEIHOM BhITycK KpacHOW KHHTH

Owmckoit obmactu co cratycom 3(R) — penkuii BUI.
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AHATOMO-MOP®OJIOTMYECKHUE OCOBEHHOCTHU CTPOEHUSA JIMCTA CHIMAPHILA
UMBELLATA HA MPOMBIIIJVIEHHBIX OTBAJIAX (CPEAHUU YPAJI)

N.V. Chukina, M.A. Glazyrina, N.V. Lukina

ANATOMO-MORPHOLOGICAL STRUCTURE FEATURES OF CHIMAPHILA UMBELLATA
LEAF ON INDUSTRIAL DUMPS (MIDDLE URAL)

Annoranus. Ha Cpennem Ypaiie Ha 3apacTaroniux
JIECHOM  pPacCTUTEIBHOCTHIO MPOMBIIUIEHHBIX
OTBaJIax HAUYMHAIOT MOCEJATHCS TUIIMYHBIC JECHBIE
BHBI, OJHMM H3 KOTOPHIX sBisiercs Chimaphila
umbellata (L) W.P.C. Barton. Buyrpennss
CTpyKTypa JHCTa, KakK TIJaBHOI'O  Oprasa
(oTocuHTE3a, OTPAKAET MPUCITOCOOIEHOCTH BIIA K
¢dakTopam cpenbl. Llenmbio wccnenoBaHus OBLIO
CpaBHEHHE aHaTOMO-MOP(OJIOrHIECKUX
0co0eHHOCTEN JIACTA Ch. umbellata,
MPOM3PACTAIONIel Ha OTBaJlaX TOPHOI0OBIBAIOIICH
(mycTsie mopo/s! ¥ Bekpbiy [1abpoBckoro Tanbk-
MarHe3uTOBOTO MECTOPOKACHUS) u
nepepadaThIBaloLICH (3omo00TBaN
BepxHeTarunsCkoi TrocyJapCTBEHHOM pPallOHHOHN
JNIEKTPOCTAHIIMM)  NPOMBIIUICHHOCTH M B
€CTECTBEHHOM JieCHOM ¢uroneHo3e Ha CpeaHem
Vpane (moa3oHa 10xkHOH Taiiru). O1eHKy aHaTOMO-
MOPGOJIOrHIECKUX MapaMeTPOB JINCTA MIPOBOIMIN
Ha TPUTOTOBICHHBIX MONEPEYHBIX Cpe3ax |
npenaparax dNHIEPMUCA C  HCIOJBb30BaHHEM
cucTeMbl  00paboTkM  W300pakeHWit  Simagis
Mesoplant. HMccnenoBanust 1oOKaszaid, 4YTO B
TEXHOTE€HHBIX ycloBUsX y pactenuit Ch. umbellata
NPOMCXOJHMIO YBEIUYEHHE TOJIIMHBI JIMCTOBOH
IUIACTHHKH, Ty0uyaToro me3opujuila M BEpXHEH
KYTHKYJIBI, & TaK)K€ CHWKEHUE TUIOTHOCTH YCTBHUIL
NIpY YBEITUUEHUH UX pa3MepoB. JlaHHbIe N3MEHEHHUS
CBSI3aHBl C ycHWJeHHeM OapbepHO (yHKIUU
NOKPOBHBIX  TKaHeW  pacTeHHd, a  TaKke
ONTHUMH3AIMEed  TPOIECCOB  Tra3oo0MeHa U
TpPaHCIHMpAIlMd B  YCIOBHAX  TEXHOTEHE3a.
[TnactuuHOCTH (poTOCHHTETHYECKOTrO ammapara Ch.
umbellata criocoOcTBYeT ycnenHoMmy BEDKHBaHHIO
9TOTO BUJA B HEOJIATONPHUITHBIX YCIOBUSX CPEIBI
TpaHC(HOPMHUPOBAHHBIX 3KOCHCTEM.

Kawuesbie ciaoBa: Chimaphila umbellata;
Pyroleae; anatommus Jmcrta; YCTbUYHBIN ammapar;
TEXHOTEHHbIE MECTOOOUTAHNSI.

CBefgennss 00 aBropax: UYykuna Hazpexna
Bnagumuposna, ORCID: 0000-0001-5517-0240,
KaHA. Ouon. Hayk; Ypanbckud QenepaibHbIi

Abstract. Global anthropogenic transformation of
natural ecosystems leads to a decrease in the stability
of plant communities, partial or complete destruction
of vegetation over large areas. In the Middle Urals,
significant areas are occupied by dumps of mining
and processing industry enterprises. After dumps
conservation the process of self-overgrowth of forest
phytocenoses is take place by the typical forest
species, among which are Chimaphila umbellata (L.)
W.P.C. Barton. The internal structure of the leaf, as
the main organ of photosynthesis, reflects the
adaptability of the species to environment. Leaf is
also capable to adaptive changes under stressful
conditions. In this regard, the structural changes of
the photosynthetic apparatus are usfull in
bioindication and biomonitoring. The purpose of the
study was to compare the leaf anatomical and
morphological features of Ch. umbellata, growing on
the dumps of mining industry (Shabrovsky talc-
magnesite deposit), ash dumps (Verkhnetagil’skaya
Thermal Power Station) and in the natural forest
phytocenosis in the Middle Urals (subzone of the
southern Taiga). Leaf anatomical and morphological
parameters were studed using the program of the
digital image analysis Simagis Mesoplant. The plants
of Ch. umbellata from anthropogenic habitates were
characterized by a higher thickness of leaves, spongy
mesophyll and upper cuticle, as well as a decrease in
the density of stomata with an increase in their size.
These structural changes are associated with
strengthening the barrier function of epidermis, as
well as the optimization of gas exchange and
transpiration  processes  under  technogenesis
conditions. The plasticity of the photosynthetic
apparatus of Ch. umbellata contributes to the
successful survival of this species in unfavorable
environmental conditions of  transformed
ecosystems.

Key words: Chimaphila umbellata; Pyroleae; leaf
anatomy; stomatal apparatus; technogenic habitats.
About the authors: Nadezhda V. Chukina, ORCID:
0000-0001-5517-0240, Candidate of Biological
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Uyknna H.B., I'mazeipuna M.A., JIykuaa H.B. Aratomo-mopdonorndeckie 0coOSHHOCTH CTPOSHUS JIHCTa
Chimaphila umbellata na npompinutiennsix orBanax (Cpeanuit Ypain) // BectHuk HukHEBapTOBCKOTO
rocynapcTBeHHoro ynusepcutera. 2024. Ne 2(66). C. 49-60. https://doi.org/10.36906/2311-4444/24-2/05

Chukina, N.V., Glazyrina, M.A., & Lukina, N.V. (2024). Anatomo-Morphological Structure Features of
Chimaphila Umbellata Leaf on Industrial Dumps (Middle Ural). Bulletin of Nizhnevartovsk State
University, 2(66), 49-60. (in Russ.). https://doi.org/10.36906/2311-4444/24-2/05

BBenenue. Bospacraromee ¢ KaXIbIM TOJIOM aHTPOIIOTCHHOE BO3JCHCTBHE Ha
pacTUTENbHBI TOKPOB 3€MIIM NPUBOAUT K TIyOOKUM ero wu3MeHeHusM. McTouHuKoM
3HAYUTEJILHOTO 3arpsI3HEHUS U HAPYIICHUS PUPOIHBIX JAHAIIA(TOB SIBISIOTCS IPOMBIIUICHHBIC
OTBaJIbl, OOpa3OBAaHHBIC BCIEJACTBUE JEATEIBHOCTH MPEINPUATANA TOPHOAOOBIBAIOIIECH U
nepepadaThIBAIONICH MPOMBIIIIIEHHOCTH.

B mpotiecce camo3apactanusi IpOMBIIUIEHHBIX 0TBaIOB Ha CpenHeM Ypaie hopMuUpyoTes
MIPEUMYIIIECTBEHHO JIeCHbIE (PUTOIEHO3bI. PacTeHUs B 3THUX paCTUTEIBHBIX COOOIIECTBAX YACTO
WCIIBITBIBAIOT BO3JICUCTBUE HEOIAronmpUsITHBHIX (PaKTOPOB BHEIIHEH CPEbl, K KOTOPHIM OTHOCST
HEJIOCTATOYHOE YBIIAXXHEHUE, 3aCOJEHHOCTh, HU3KOE COJIEP)KaHHUE 3JIEMEHTOB MHMHEPAJIbHOTO
MUTaHMUS B cyOcTpaTax u T. 1.

3amuToi oT HeOJAroNPUATHBIX (DAKTOPOB CPEIbl Y PACTEHHUI MOTYT OBITh KaK CTPYKTYPHBIE
MPUCTIOCOOJICHUS, TAK U OCOOEHHOCTH aHATOMUYECKOTO CTPOCHMUSI JINCTHEB (Pa3BUTHE KYTHUKYIIBI,
MEXaHMYECKUX TKaHeHW, M3MEHEHHEe TOJIIMHBI snuaepMuca, mesodmmia u T. 1.) [1; 7; 13].
W3ydeHue smuaepmuca JIUCTREB U OCOOCHHOCTEM CTPOCHHsI yCTBUYHOTO ammapaTa WUMeeT
OoJbIlIOe 3HAYEHWE B JKOJIOTMHM pacTeHHWil. B HacTosimiee Bpemsi MCCIEAYIOTCS aTanTHBHBIC
MEePECTPONKH JINCTA y BUIOB PACTCHHH, MPOM3PACTAIOIINX B WMITAKTHBIX 30HAX, a TaKXe Ha
ypOaHU3UPOBAHHBIX  TEPPUTOPUSX. [Tokazansr KaKk  Hecmenuduieckue  peakiuu
(OTOCUHTETHUYECKOTO ammapara, Tak W BHJOcTelnu(UUecKue aJanTUBHBIE HW3MEHEHHUS B
CTPYKType Me30(HuIa JTUCTA U SIHAECPMHUCA, a TaKXKe YCThUYIHOTO ammapara [4; 18; 13; 20-22].
[Tpu »TOM pabOTHI, MOCBAIICHHBIE U3yYEeHNIO (POTOCUHTETHUUECKOTO armapara v SMMHIepMaIbHbIX
CTPYKTYp JHCTa y BHJOB, MPOU3PACTAIONINX HAa HAPYIIEHHBIX MPOMBINIICHHOCTHIO 3EMIIAX,

MaJIOYMCJICHHBI.
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OnHUM H3 BHUJIOB, KOTOPBIE MOCEISIOTCS B JIECHBIX (puTOLIEHO3aX, (POPMHUPYIOIIMXCS Ha
IPOMBIIUICHHBIX oTBasax Ha Cpemnem VYpane, ssisercs Chimaphila umbellata (L.)
W.P.C. Barton (Ericaceae Juss.; tpuba Pyroleae Dumort.) — ceBepo- u LieHTpaIbHOEBPOIECHCKO-
a3MaTCKO-CeBepOaMepuKaHCKuii  Bujx [16]. DTO  MIMHHOKOPHEBUILIHBI  BEYHO3EJICHBIN
SIBHOTIOJIMLIEHTpUUYECKUN KyctapHudek [3]. Bum cmocoben mpomspactaTh Ha cyOcTparax B
muanazone pH ot cimabGokuciplx A0 ciaabomenoynsix [12], sSBAsSETCS WHIUKATOPOM CYXHX
MectooOuTaHmii [2], U3 BCcexX rpylIaHKOBBIX Hambojee TpeboBaTeneH k cery [11]. Ha Ypane
BCTPEYAETCS IPEUMYILIECTBEHHO B COCHOBBIX 0Opax U BTOPUYHBIX JIMCTBEHHBIX JIECaX.

Leab mcciiefoBaHusi — CPaBHUTH aHATOMO-MOpdoiorundeckue ocodenHoctu yucra Ch.
umbellata, mnpouspacrarorieii Ha OTBajJaXx TOPHOMOOBIBAIOIICH ¥ mepepadaThIBAOIICH
MIPOMBIIIJICHHOCTH U B €CTECTBEHHOM MecTooOouTanuu Ha CpenHem Ypade.

Marepuanbl u Meroabl HccjegoBaHus. lccienoBaHuss NPOBOAMIM B HIOHE—ABIyCTE
20222023 rr. B yetbipex neHononyisuusax (L) Ch. umbellata B necHbix ¢uroneHozax Ha
pexynbruBupoBanHoM (LII11) u HepexynbruBupoBannoM (LII12) ywactkax 30700TBaNa
Bepxnerarmibckoil rocynapctBeHHoON paiioHHON snekTpoctanimu (BTI'POC), orBane mycThix
nopoa 1 Bckpsbiy [1labposckoro Tanbk-marae3uroBoro kamus (L{I13) u B ecrecTBEHHOM JIECHOM
¢utonenoze (L{I1k). Bce 00beKTHI pacmonokeHbl B 30HE YMEPEHHO KOHTHHEHTAIBHOT'O KITMMAaTa
(TaexkHas 30HA, MOJ30HA OKHOM TaWTHM) C XapaKTepHOW PE3KOH HM3MEHUMBOCTBIO MOTOTHBIX
YCJIOBHi, XOPOIIO BBIPAKCHHBIMU CE30HAMH Toja (C XOJIOMHON 3UMOH M TeribiM Jietom) [15].
Kpatkas xapakrepucTrka OTBaJIOB IIPUBEIECHA HUXKE.

3onootBan BTTPOC naxoautcs B 5 km ot 1. Bepxnuii Tarwmi, B 70 kM k ceBepo-3anaay OT
r. ExarepunOypra (57°20'45" c. m. 59°56'46” B. 1.; 276 M Han yp. M.). [lnomaas 30100TBaNA
coctasisieT 125 ra. O6pa3oBan 3010 OypeIx yriaeit Kopkunckoro kapsepa u KanageBckux maxr.
307a COAEPKUT Majloe KOJIMYECTBO a30Ta U Kaus, U JoctarodyHoe ¢ocdaron. Peakuus cpeasl
30JpHOTO cyOcTpaTa cnabomenounas (pH 8,5). OOmiee conmepkaHue MHUKPOIJIEMEHTOB B 30J1€
BbIILIE, YeM B mouse [8]. B pesynpraTe mpoBeneHHbIX B 1968—1970 rr. peKynbTHBALMOHHBIX
MEpONPUATHIA Ha 30J00TBajie OBUTM CO3JaHbl PA3IMUYHBIE HKOTOMBI: YYaCTKH C HAHECEHHEM
[JIMHUCTOTO TpyHTa mnojiocamu (mupuHoi 6—10 m; Tommuuoi 0,10-0,15 M), ygactku 30161 0e3
HaHEeCEeHUs Kakoro-imbo cyocTparta, OCTaBJIEHHBIE ISl cCaMO3apacTaHusl.

[TnatooOpa3Hblii TeppacUpOBaHHBIM OTBaJd MyCThIX MOpoA M Bekpeimy [laGpoBckoro
MECTOPO’KJEHHS TaJlbK-MarHE3UTOBOIO0 KaMHsI HaXoauTcs B 27 KM K 1ory ot r. EkarepunOypra
(56°37'45" c. m1. 60°35'59" B. n.; 322 M Hax yp. m.). BeicoTa oTBania gocturaer 326 Haj yp. M.,
UTOMIAIb OKOJIO 1 KM, [Toponsl, ckmagupyeMbie B OTBaJIbI, CHIIbBHOKAMEHHUCTHIC (KaMEHHCTOCTh
50-90 %). OreHka arpoOXUMHUIECKUX CBOMCTB CyOCTPAaTOB OTBAJIOB MIOKA3aJIa, YTO PEAKITHS CPEJIbI
(pH) cnabomienoynasi, 00ECIEYEHHOCTh a30TOM M JOCTYMHBIMH QochaTaMu OYEHb HHU3Kad,
0OMEHHBIM KaJleM — CpeIHsIs U BbIcOKasi. B mopojax nmoBeiieHHoe coaepxkanue Mn, Cr, Cu, Mo,
Co, Ni, V, Pb u ap. [8].

B kauectBe koHTpossi Obiia u3ydena I[[IIk Ch. umbellata B ecrectBeHHOM IlecHOM

¢utonieHoze okoio 1. MCTOK, pacmoiokeHoM B BOCTOYHOH wactu T. ExatepunOypra
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(56°47'04" c. m. 60°5523" B. 1.; 309 M H. y. M.). B mouBeHHOM MOKpOBE paiioHa MpeoOIaTar0T
HOJ30JIUCThIE U AEPHOBO-II0I30JIUCThIE, CYTIIMHUCTBIE U TTIMHUCThIE TOYBBl. OCHOBHBIMU JIECAMU
SBJISIIOTCSI COCHOBBIE, HO B Pe3yJIbTaTe BBIPYOOK OHU CMEHWJINCh Ha Oepe30Bble U OCHHOBBIC [5;
15].

Jnst cpaBHeHus ycnoBuii mpouspactanust Ch. umbellata 610 mpoBeneno reoborannyeckoe
o0ciieZloBaHUE JIECHBIX (PUTOLIEHO30B  JI€TAbHO-MApUIPYTHBIM METOJIOM C  OINHCaHHEM
PaCTUTENHHOCTH 10 OOMIETPUHATHIM MeToiuKam [10].

Jlis m3ydeHusi aHaTOMUYECKOTO CTPOEHUS JIMCThEB U3 KakJoro mecroodburanus ¢ 10—15
reHepaTuBHbIX ocobeit Ch. umbellata or6upamu no 3-5 cdopMUpOBaHHBIX JIUCTEEB U
¢dukcupoBanu ux B 70% stanose. B kamepallbHBIX YCIOBHAX Ha OXJIAXIAIOLIEM MUKPOTOME ObLIN
IPUTOTOBJICHBI IONEPEUHBIE CPE3bl JIMCTHEB, C KOTOPHIX M3MEPSUIM CIEAYIOIIME MapaMeTphl:
TOJIIIMHA JIMCTA, Me30(uiula, BEPXHEro M HWKHETO OSIHICPMHUCA, KYTHUKYJBI; TOJIIMHA
croinbuatoro u rybuaroro Mezopuiia (N=30, mis kaxnoro mapamerpa). Ha npemaparax
SMHUIEPMICA TIPOBOIMIIH TI0JICYET KOJTMYECTBA YCTHHUI] B €IMHUIIE IO (IIT/MMZ) 1 H3MepsIH
ux pasmepbl (N=30, mns kaxgoro mapamerpa). PazMepbl KIETOK HaluCcaJHOrO M I'yOuyaToro
Me30(HILIa OTpeIeIsUTN B CYCIIEH3UU KICTOK B pactBope 5 % xpomooro anruapuiaa B 1N HCI,
coriacHo Merojauke [6; 9]. Pazmepsl X10poIIacToB U3MEpPSUIN Ha MOMEPEUHbIX Cpe3ax JIMCThEB,
00BbEeM XJIOPOIIACTA BBIYUCIISUIN IO (hopMyJie 3iutuIconia BpaieHus. Bee n3mepenus npoBoanim
C HCTOJb30BAaHUEM CHCTEMbI aHanmu3a u3zoOpaxenuit Simagis Mesoplant (OOO «CHUAMCy,
Poccust) u cBetoBoro mukpockomna Meiji MT 4300L («Meiji Technoy, SAnonwus).

Jnst 00paboTKM TMONTyYeHHBIX JAaHHBIX HCHOJIB30BalM mporpamMubiii maker MS Office
(Excel 2016) u Statistica 12.0. JloctoBepHOCTh pa3nuyuuii OLIEHUBAIU MO KpUTEepHI0 MaHHa—
YutHu npu ypoBHe 3HaunMocTtH p < 0,05. B Tabnuue u Ha pucyHke 1 mpeacraBieHbl cpegHUE
3HAYeHHUs W OMMOKK cpenHero. Pa3HeiMM OyKBamMHM OTMEUEHBI JIOCTOBEPHBIC PAa3IHUMS MEXKITY
U3YYEHHBIMH  LENOMYJSIUSAMH  (CMOTpHM TpUMedYaHuss K TaOIuImaM ¥ PHCYHKaMm).
JIMCKpUMUHAHTHBIN aHaIu3 MpoBOAMIM B Statistica 12.0

Pe3yabTaThl Hccle10BaHMA W MX o00cys:aeHue. lccrnemoBaHus TOKa3aiad, 4YTO B
TEXHOTCHHO-HAPYILICHHBIX U B €CTeCTBeHHOM MectooOutanusx Ch. umbellata nmpowuspacrana
HEOOJIBIIMMH IPYIIIIAMHU B CMEIIAHHBIX JIECHBIX (PUTOIICHO3aX ¢ JOMUHHpOBaHueM Pinus sylvestris
L., Betula pendula Roth u Populus tremula L., coMKHYTOCTb KPOH PEBECHOTO sIpyca BapbHpOBalia
ot 0,6 1o 0,8. O61Iee TPOSKTUBHOE MOKPHITHE TPABIHO-KYCTAPHUIKOBOTO sipyca (47,3%) u uucio
BUJIOB Ha eIMHHUITY Tiiomazn (9,6 mt/0,25 M%) B ecTeCTBEHHOM Jiecy OBITH BBIIIE, YEM Ha OTBANAX
(27,3-41,1% wu 4,6-5,6 mr/0,25 M2 COOTBETCTBEHHO).UHCIICHHOCTh TTOOETOB JTAaHHOTO BHIAa Ha
HAPYIIEHHBIX TEPPUTOPHAX M3MeHsnach oT 24 mT/200 m? (I{I11) go 222 mt/200 m? (III13), B
koHTpone — 148 mr/200 m? (I[[Ik). Cpexuss maotHOocTs 111 Ha oTBamax 6bita Hmke (B LT3 —
10,09 m1/0,25 M%; B 1112 —3,44 m1/0,25 M?), yem B koHTpone (13,46 mT/0,25 M?). CybcTpaTsl
OTBAJIOB OTJIMYAIIUCH 00JIee HU3KUM CO/Iep’KaHHEM 3JIEMEHTOB MUHEPAIIbHOTO MUTAHUS PAaCTEHUI

U MMOBBIIICHHLIM COACPIKAHUCM MCTAJIJIOB ITO CPABHCHUIO C €CCTCCTBCHHBIM JICCHBIM (I)I/ITOLICHO3OM

[8].
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N3BecTHO, uTO poTOCHHTETHUECKAsT (DYHKIIUS PACTEHUH pean3yeTcs JUCThIMU. B cBsi3u C
4eM, aHaTOMO-MOP(OIOrHYECKHEe OCOOCHHOCTH CTPOCHHUS JIMCTa SIBISIOTCS PE3YJIbTaTOM
aJlanTaliy PacTeHUH K (haKTopaM OKpY’Karollel cpelpl (CBET, TeMIepaTypa, BIaKHOCTh H T. JI.).

[Tnomans muctheB pacrenuit Ch. umbellata Bo Bcex usydennsix 111 BappupoBaia ot 1,6 110
4,5 cM?. YCTaHOBJIEHO, YTO JUIS JAHHOTO BUJA PACTEHMH XapakTepeH JOPCOBEHTPANIBLHBIN THII
CTpOCHUsI Me30(IIIIa: XOPOIIO BBIPAKEHBI IBa—TPH CJIOS MAIKCAJTHOTO Me30(HIuIa, TOMIIUHA U
ooveM kieTok kotoporo B LIITI-IIII3 u I[IIk mocroBepHO He paznuuanuchk (Tadn.). Knerku
ry04aroro Me3oduinia pacioI0KeHbI O] CIIOEM MMATUCATHOTO ME30(IIIIa PBIXJIO, B CBSI3U C YEM
B JIUCTE XOPOIIO pa3BUTa CHCTEMa MEXKKJIETHUKOB. lloka3aHo, 4To TOJIIMHA TyOYaTOro
Me30(HIUIa B JTUCThSX PACTCHUH, MPOU3PACTAIONINX Ha OTBaJIaX, ObUIA JOCTOBEPHO OOJIBIIE, YeM
B KOHTPOJILHOM MecTooOuTaHuu. BMecTe ¢ TeM, 00beM KIIETOK Iry0uaToro Me30(uiuia B JIMCThSIX
pactenuit u3 L{IT1-1III3 Ob11 Ha 25 % MeHbIle, 4YeM B PACTEHHSIX U3 €CTECTBEHHOT'O JIECHOTO
¢duToneHo3a. JJocTOBEepHBIX pa3anyuii Mo 00beMy XJIOPOILIIACTOB Y PACTEHUHN U3 HCCIIETOBAaHHBIX
MECTOOOUTAHUH OOHApPYKEHO HEe OBUIO. DTO CBHUJCTEIBLCTBYET O CTAOMIBHOCTH pa3MEpoB

I1IaCcTuZl, KOTOPbIC MAJIO ITOABCPIKCHBI q)eHOTHHI/I“IeCKI/IM N3MCHCHUSAM [9], 4dTO COINIaCcyeTCd C

paHee MoJIy4eHHbBIMU HaMU JaHHBIMU [ 14].

Tabnuna

IMapametpnl Me3ocTPYKTYpHI Jiucta Ch. umbellata u3 u3y4eHHbIX HeHONMOMYISIIMIA,
npom3pacrawmux Ha CpexHem YpaJe

ITokazarenu 11T Xcp.£m lim

1111 426,8+2,8bc 404,0-451,0
TouNmHa IHCTa, MKM 1112 433,9+3,3¢ 401,0-460,0
’ 1113 419,3+3,7b 377,0-445,0
Il Tk 388,5+5,9a 326,0-446,9

LIIT1 113,0+1,5a 93,0-130,0

TosnmuHa nagucaaHoro Me30(huIa, MKM 112 107,142,0a 86,0 128,0
1113 103,3+1,6a 86,0-129,0

Il Tk 105,7+2,6a 80,0-130,0
III11 262,5+2 9b 237,4-292,3
TomnmuHa ryduaToro Mme3oQpuiia, MKM 112 275,9+3,4¢ 241,0-309,0
11113 263,0+3,5b 224,4-300,0
Ik 237,7+4,4a 193,0-291,0
III11 16,70+0,24a 14,30-19,20
TomnmmHa BepXHETO 3MUAepMHUCca, MKM 12 16,910,242 14,50-19,30
11113 17,08+0,33a 14,60-20,00

Ik 16,184+0,51a 9,80-19,80

ITIT1 11,23+0,19b 9,30-13,0
TonmuHa KyTHKYJIBI HA BEPXHEH CTOPOHE JINCTA, MKM ﬁgg }?ﬁgig:gg 1961400(;_ 1122&00
Ik 8,05+0,21a 6,90-11,60
ITIT1 23,79+0,38a 20,00-26,00
TommuHaa HIKHETO 3MHEpMUCa (C KYyTHKYJION), MKM 112 22,930,452 19,00-27,00
11113 23,67+0,27a 21,00-26,00
Ik 22,95+0,54a 17,00-25,80
O06beM KIIETOK IAIMCaJHOTO ME30(MILIA, THIC, MKM® LI 27,37+1,36a 14,62-37,81
1112 27,01+1,37a 15,12-42,90
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11113 26,12+6,50a 14,61-46,72

Ik 26,57+1,58a 10,75-46,56

1111 25,00+£2,35a 7,32-48,94

O06beM KIETOK Ty04aToro Me30(puILIa, ThIC, MKM® 1112 26,18+1,76a 11,89-50,95
1113 22,00+1,53a 11,31-45,06

Ik 30,70+2,12b 12,82-60,15

1111 41,78 £1,96a 25,51-68,16

O6beM XT0poracTa, MKM® 1112 43,60+1,45a 29,23-61,92
’ 11113 40,89+1,80a 25,38-65,37

Ik 43,94+2 46a 24,55-67,72

IIpumeuanue: pazubie OykBbl (@, b, C) B cronduax (Xcp.£m) yka3slBaroT Ha JOCTOBEPHBIC Pa3lIUyusl MO
Ka)XXJIOMY ITOKa3aTel o MexXy uccienoBanabiMu {11, onnHakoBbIe OYKBBI — HA OTCYTCTBUE Pa3InIHi TIPU
ypoBHe 3HaunMoctu p<0,05.

HaunbGoiee oOmieli peakiueii, BOSHUKAIOIICH y pacTEHUN B MPOIECCE MPUCITOCOOICHUS K
CTPECCOBBIM YCIIOBHUSIM OOUTaHMsI, SIBISIETCS pa3BUTHE KCEPOMOP(HON CTPYKTYPHI JINCTHEB, UTO
MOJKET CIIY’KUTh UHJIUKATOPOM 3arpsi3HeHus okpyskatouei cpeasl [13]. CornacHo mosiy4eHHbIM
HaMU JaHHbIM, Y pactenuit Ch. umbellata, mpouspacraronmx Ha oTBajax, TOJIIIMHA JIKCTa ObLIa
JIOCTOBEPHO Oosblle, 4eM y pactenuii B ectectBeHHOM Jjecy (LI1k) (B cpennem Ha 10 %) (Tadm.).
AHaJOTMYHbIE W3MEHEHHUs OOHApYKEHbl y OpXHAeH, MPOU3PACTAIONUX Ha TEXHOTCHHBIX
cyOcTparax, a TakKe Y IpeBECHBIX BHIOB PACTEHHIA, B YCIIOBHSIX a3POTEXHOTEHHOTO 3arpsI3HEHHS
[4; 14].

Onunepmuc aucra Ch. umbellata ogHoCIONHBIH, BEICOTAa KJIETOK BEXHErO SMHICPMHCA Y
pactenuii B LIT1-II13 u LIk mocroBepHo HE paznuyanuch (Tadm.). [Ipu 3ToM, Ha BEepXHEH
CTOpPOHE JIUCTA XOPOIIO BBIPAKEH CJIOW KYTUKYJIbI, ToKHA KoTopoit B LIIT1-L{I13 Gomnbie, uem
B [lIIx. Ycunenue OapbepHO (PYHKIMU SMUAECPMBI 332 CUET YBEIWYEHMS] KYTHKYJISPHOIO CIIOS
TaKxe oTMedeHo B auteparype [19]. Tonmunaa HUAKHEro 3nuaepMuca ¢ KyTukysiaoit Bo Beex LI1
HE pa3Invajach, U COCTABISIIA, B CpeAHEM, 23,3+2.4 MKM.

N3BecTHO, YTO yCTHHIIA SIBISIOTCS CTPYKTYPHBIMU JIEMEHTAMHM SIHIEPMUCA JINCTA, Yepe3
KOTOpBIE€ OCYIIECTBISIOTCSA MPOLECCHl Ta3000MEeHa U TpaHCHHUpaluu. Pa3mepbl ycThull, a Takxke
WX YUCIIO Ha €IUHHILY TUIOIIAIU JINCTA BUAOCTICHU(UYHBI U 3aBUCAT OT (aKkTOpoB cpensl. Tak,
HanpuMep, B 3aCyIUIMBBIX MECTOOOUTAHMSIX PACTEHHS ONTHUMH3UPYIOT BEIUYHHY YCTHUYHOU
MPOBOJIMMOCTH, COYETasi YBEIMYECHHE IUIOTHOCTH YCTBUI[ C YMEHBIICHHEM WX JIMHEHHBIX
pa3mepos. [lo MHEHHIO psifla aBTOPOB, TaHHBIE U3MEHEHUST 00eCTICUnBAIOT 00JIee KOPOTKHUM MyTh
muddy3un YyrIeKUcIoThl BHYTPb JIMCTa MPU POTOCHHTE3E, a TAK)Ke MapoB BOJBI C TOBEPXHOCTU
JUCTa, YTO U CHOCOOCTBYET MOAEPKAHUIO ONTUMAIBHOTO YpPOBEHsI razoo0MeHa B PACTECHUHU.
CxonHbIe alanTUBHBIC PEAKIIMH OOHAPYKUBAIOTCS y PACTEHHH B OTBET HA adPOTEXHOTCHHOE
3arpsisHeHue cpeasl [17; 19]. Ilonararor, 4To NaHHBIE aJaNTHBHBIE PEAKIMM HAMpaBiIeHbl Ha
AKTUBHOE OTpaHWYEHHE BIHUSHUS CTPECCOBOTO (aKkTOpa W YMEHBIICHHE MPOHUKHOBEHUS
TOKCHKAaHTOB BHYTPb aCCUMIWISIIITMOHHOIO amnmnapara jucta [13].

Y Ch. umbellata ycreuma Hemorpy:keHHBIE, PacIONIOKEHBI TOJABKO HA HUXKHEHW CTOPOHE
mucta. [lo yucny ycThuIl B pacdyeTre Ha €IMHHUILY IUIOIIAHN JIUCTa PACTEHUS U3 MCCIIEIOBAHHBIX

MECTOOOUTAHUI HMeIn CYHICCTBCHHBIC pa3Invul. KomnuectBo YCThHUIl Ha MM2 B JHUCTBAX
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pactenuii, npouspacraronmx Ha orBayiax (LI11, LI12, II13), 66u10 ZOCTOBEPHO MEHBILE, YEM Y
pacteHuid u3 KoHTposibHOro MectoobuTanus (LII1k) (B cpennem B 1,5 pasa). [Ipu sTom miomaas
YCTBHII Y paCTeHUI ¢ OTBaJIOB Oblia Ha 34 % BbIIlIe, YeM Y PACTEHU U3 €CTECTBEHHOIO JIECHOTO
¢uronenoza (LIIk). YcranomneHo, uro pacrenus Ch. umbellata w3 wmsyuennsix LIT mo
CYMMapHOM IJIOIAN YCTHUIL B JIUCTE JOCTOBEPHO HE Pa3/InyalIuCh, U B CPETHEM ITOT [10KA3aTEIb

cocrassn 17,5 £0,3 mm? (puc. 1).
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[ Ymcao ycreims Ha vl
[0 Cymmaphas miomags VCTeMI] B JHICTE, MM?

Puc. 1. [Tapamerps! yerbun Jiucta Ch. umbellata n3 u3yyeHHBIX EeHOTIOMYISAIAIA,
npouspacraomux Ha Cpeanem YpaJie. PasHbie OyKkBbl yKa3bIBalOT Ha JOCTOBEPHBIE pa3IHUuUs
wiom@amu ycteuil (a, b), uncna ycreui (a, b) mexny uccnenosanubivu LI1; oquaakoBas OykBa
(a) mo moka3zarento cyMMapHOii Iommaau yerbuil Bo Beex L{IT o003HauaeT oTcyTcTBUE
JIOCTOBEPHBIX OTIMYMI I10 ’TOMY ITOKa3aTeNro Mexay ucciaenosanusivu L1 npu ypoBHe
3Haunmoctu p<0,05

Takum 00pa3oM, M3MEHEHHE MapaMeTPOB YCTHUYHOTO ammapara jiucra y pactenuii Ch.
umbellata cBunerenbcTBYeT 00 MX aIanTHBHOM XapakTepe. BeposTHO, pacTeHHs TaHHOTO BHIA,
IIPOU3pACTAIOIINE HAa TEXHOTEHHBIX CyOCTpaTax, KOMIEHCUPYIOT CHH)KEHHE IUIOTHOCTH YCThUIL B
JUCTE YBEJIMYEHHEM HX Pa3MEpOB, YTO MO3BOJIAET UM OCYLIECTBISATh HOPMAJIbHBIH YPOBEHb
razooOMeHa u TpaHcnupanuu. [lomydeHHbIe HAMU PE3YIIBTaThl COTIIACYIOTCS C HCCIIEIOBAHUIMU
YCTBUYHOTO arlfapara JIPeBECHbIX PACTEHUI B YCIIOBHIX TeXHOIeHHOM cpensl [18; 20-22].

JIMCKpUMHHAHTHBIN aHalIu3, NMPOBEJCHHBIM C HCHOJIb30BAHMEM TAaKUX aHATOMHUYECKUX
MPU3HAKOB, KaK YHMCJIO YCTHUI] HAa €IUHHUILY IUJIOMIATN, CPEeIHSS IUIOIIAAb YCThUIA, TOJIIIMHA
JMCTa, TOoJMMHA Me3o(dwia, ToamuHa ryouaroi nmapeaxumsl, otaenun [{I1k or IIT1-II13 mo
TUCKpUMHUHAHTHOM pyHkuuu 1 (puc. 2). KoppekTHOCTh OTHECeHUs B rpynibl coctapisiia: Ik —
100%, LII11 — 60%, LII12 — 45%, LII13 — 50%.
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Puc. 2. lucKpUMHHAHTHBINA aHAJIU3 U3y4eHHBbIX nenononyasiuii Ch. umbellata,
npouspacraomux Ha Cpexnem Ypase (Wilks' Lambda=0,09990, F=15,126, npu p<0,0000)

3akaouenne. B HacTosIeM WCCIENOBaHWUHM BBISBICHBI aJalTHBHBIE CTPYKTYPHBIC
nepecTpoiiku GoTrocuHTeTHYecKOro ammapara pacrenuit Ch. umbellata, koropeie mo3BosstoT
JTAHHOMY BHUJIy YCIICIIHO KOJIOHU3UPOBATh TEXHOTCHHBIE cyOcTpaThl Ha CpemHeM Ypaie.

K uucny Takux 3almTHO-IPHUCIIOCOOUTENBHBIX PEAKIIU OTHOCSATCS: YBEIIMYCHHE TOIIMHBI
JHMCTOBOM IUTACTHHKH, Ty04aTOro Me30(HLIa U BEpXHEH KyTHKYIIbI, CHIPKEHHE TUIOTHOCTH YCTBHII
NpY YBEJIIMYEHUH UX pa3MepoB. JlaHHBIE N3MEHEHHsSI CBS3aHBI C YCHIICHHEM OapbepHON (QYHKIINH
NOKPOBHBIX TKaHEW JINCTa, a TAK)KE ONTHMHU3AIMEH MPOIECCOB ra3000MeHa U TPAHCIHPALUH B
YCIIOBHSIX TEXHOTCHE3a.

OmeHka aganTHBHBIX BO3MOXKHOCTEH M TOTEHIMANa YCTOMYMBOCTH PACTEHHU ITO3BOJISIET
pemate pasHooOpasHble (hyHIaMEHTAJIbHBIE M TPHUKIAJHBIC 3a/1a4d, a TaKXKe MPOrHO3UPOBATH
NOBE/ICHNE BHUJOB M COCTOSIHME OSKOCHCTEM TMPH BO3pPACTAaHMH TEXHOTEHHBIX HArpy3oK.
[Tnanupyetcsi AanbHEHIINIT MOHUTOPHHT COCTOSIHUS JOKaNbHBIX momyisiiuii Ch. umbellata na
TEPPUTOPHHU Y PAIbCKOTO PETHOHA, a TAK)KE OLIEHKA X (PU3MO0TIOT0-OMOXUMHYECKHX TTOKa3aTeleH,

YTO MO3BOJIUT YCTAHOBUTH Ooiee YCTKYHO CBA3b C YCIIOBUAMUA Opr)KaIOIJ_ICﬁ CpCabl.

Paboma evinonnena npu ¢punarncosoti noodepaicke Munucmepcmea HayKu u biCuLe2o

obpazosanus P® 6 pamxax evinonnenus 2ocyoapcmeentozo 3adanus Yp@Yy FEUZ-2023-00109.
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BO3J1EﬁCTBHE IMPUPOAHOI'O 3KOJIOT'HUYECKOI'O ®AKTOPA - TPEMATO/IbI
OPISTHORCHIS FELINEUS HA CUCTEMY PEI'YJISIIIUA MMPOJIUPEPATUBHOM
AKTUBHOCTHU COMATHUYECKUX KJIETOK OPTAHU3MA

A.G. Rybka

IMPACT OF THE NATURAL ENVIRONMENTAL FACTOR - TREMATODE OPISTHORCHIS

FELINEUS ON THE SYSTEM OF REGULATION OF PROLIFERATIVE ACTIVITY OF

SOMATIC CELLS

AnHoTtamus. OJHUM U3 BEIyNIMX SIUTCHETHYECKUX
(aKTOpOB KaHEpOreHe3a SIBISIETCS BHICOKHH YpOBEHb
npoiudepaTUBHON aKTUBHOCTH COMAaTHYECKHUX KIIETOK.
AxTHBanuto mponudepanui X0IaHTHOIUTOB Ha (oHe
WHBa3uM opranusMa tpemaroaoii Opisthorchis felineus
(Rivolta, 1884) onuceiBatoT MHOTHE HCClieoBaTeH. B

HaCTOSIILEM UCCIIEI0BAaHUU MIOKa3aHa poib
METa0O0JINTOB METallepKapueB M ONHCTOPXOB B
WHAYKLIUU nposngepaTuBHON AaKTUBHOCTHU

COMATHYECKHX KJIETOK TelmaTOOMIMapHONH CHCTEMBI H
Jpyrux opraHoB. PaccMOTpeHO 3HadYeHHE KIETOYHO-
TKaHEBBIX OHOPETYJSATOPOB B BO3PACTaHUHM YPOBHS
npoiudepaTUBHON aKTUBHOCTH Pa3jMYHBIX TKAHEH Y
WHBAa3UpPOBAaHHBIX  TPEMAaToloOM  opraHusmoB. M3
NOJYYEHHBIX Ha MOJENH TeNaTOLENIONSPHON TKaHH
JIAHHBIX CIEAYyeT, 4YTO K KEWIOH-COAEepKaleMy
(bakTopy W3 TKaHU TEYEHU 3[J0POBBIX JKUBOTHBIX, KaK
MHTUOUTOPY  KJIETOYHO-TKAaHEBOW  mposudepanuy,
Ooisee UYYBCTBUTECNBHBIMH OKA3aJIUCh T'EMATOLUTHI
HEMHBa3UPOBAHHBIX OMHCTOPXaMH WHOPETHBIX MbIIIEH
[0 CPaBHEHHIO C >XHBOTHBIMH, HHBAa3MPOBAHHBIMU
YKa3aHHbBIM OMOTHYECKUM IIATOI€HOM B TEYEHHE 2-X
MecsieB. YpOBEeHb OWOJOrMYECKOH  aKTHBHOCTH
UCCIIeyeMoro TKaHecrenuduaeckoro 3ddexropa,
BBIJICJICHHOTO W3 TKAaHM II€YEHHM MBIIIEH C TeM Xe
CPOKOM WHBa3WHM ONHCTOpPXaMH, sBIseTcs Oonee
HU3KUM, Y€M B IPpyIIe HEWHBA3UPOBAHHBIX )KUBOTHBIX.
OTcrona cienyer, YTo akTUBALMs KIETOUYHO-TKAHEBOU
nponudepalid  MHBAa3UPOBAaHHBIX  OMHCTOPXaMH
KMBOTHBIX, OOYCJIOBJIEHA HapyIICHUEM MEXaHW3MOB
perynsun KJIETOYHO-TKaHEBOT'O roMeocTasa.
CHmwkeHue (QYHKIMU KOHTPOJIS HaJl MUTOTHYECKUM
[IUKJIOM COMAaTHYECKUX KJIETOK MpPH Mapa3suTHPOBAHUH
B TremaToOMIIMapHON CHUCTEME OpraHM3Ma TPEeMaTOJIbI
Opisthorchis felineus moareepxnaercs Bo3pacTanuemMm
CKOPOCTH  POCTa  CHHTEHHBIX  3JIOKQYEeCTBEHHBIX
omyxoyiei, a Takke Moaudukanuerr sddekra
TOMOJIOTHYHOTO JICHMKOLIMTApPHOTO HHTEpdEpoHa U3
MHrUOUTOpa  3JI0KAYeCTBEHHOro Ipouecca — B

Abstract. One of the leading epigenetic factors
of canerogenesis is a high level of proliferative
activity of somatic cells. Activation of
cholangiocyte  proliferation against the
background of organismal invasion by
trematode Opisthorchis felineus (Rivolta,
1884) is described by many researchers. The
present study shows the role of metabolites of
metacercariae and opisthorchis in the induction
of proliferative activity of somatic cells of the
hepatobiliary system and other organs. The
significance of cell-tissue bioregulators in
increasing the level of proliferative activity of
various  tissues in  trematode-infected
organisms has been considered. It follows from
the data obtained on the model of
hepatocellular tissue that kylon-containing
factor from liver tissue of healthy animals, as
an inhibitor of cell-tissue proliferation, was
more sensitive to hepatocytes of uninvaded
inbred mice as compared to the animals
invaded with the above biotic pathogen for 2
months. The level of biological activity of the
studied tissue-specific effector isolated from
the liver tissue of mice with the same period of
opistorch invasion is lower than in the group of
uninvaded animals. Hence, it follows that
activation of cell-tissue proliferation in
opistorch-infected animals is caused by
disturbed regulation mechanisms of cell-tissue
homeostasis. Decrease in the function of
control over somatic cell mitotic cycle during
parasitization in the hepatobiliary system of
Opisthorchis felineus trematode is confirmed
by increase in growth rate of syngeneic
malignant tumors as well as modification of
homologous leukocyte interferon effect from
inhibitor of malignant process — to activator.
Induction of intensive regenerative
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BBenenue. .HI/ITepaTypHBIe CBCACHUA O pPOJIM HNPUPOJHOTO 3SKOJOTHYECKOI'O q)aKTopa

TromeHCcKoro peruoHa - OHHCTOpXOSHOﬁ HWHBa3nuu"u B pa3BuUTHU TMEPBUYIHOTO

XOJIAHTHOLICIUTIOISIPHOTO PaKa MeYeHN MHOTOUUCIICHHBI M TIOATBEPXKIAIOTCS UCCIIeIOBaHUsIMH [1;
3; 24; 26; 34; 35]. Ha oOCHOBaHWUM THUIEPIHAEMHUYHOCTH YKAa3aHHOW TEPPUTOPUHU IO
napasUTHPOBAHUIO B TEMAaTOOMIMAPHON CUCTEME OpraHu3Ma YelloBeKa OMOTHYECKOrO MaToreHa -
renemuHaTa Opisthorchis felineus (Rivolta, 1884), xponuueckuii onucTOpXx03 paccMaTpuBaeTcs
Kak (akyJIbTaTUBHBIN Tpenpak mnedeHu [26]. OgHako, MeXaHU3MbI MPOMOTOPHOTO JACUCTBUS
XpoHHYeCKOW MHBa3uM TpemaTtoasl Opisthorchis felineus Ha xomaHrHOKaHIIEPOTEHE3 HM3YUEHBI
HEJI0CTaTOYHO.

B ocHOBE BO3HMKHOBCHHS B OPraHM3Me MHOTHX MaTOJIOTHYECKUX MPOIIECCOB, B TOM YHCIIC
U 3JI0KQUYECTBEHHOTO, JIOKHUT HAPYIICHUE PETYIISINN pa3MHOKeHHs comaTrueckux kinetok (CK),
T.C.

TKaHEBOro romeocrasa. B sTtom cinyuae ¢opmupyercs cpena, AeTEPMUHUPYIOIIAS

nponudeparuBuyto aktuBHOcTh CK, wux Ttpanchopmanmio [9; 24]. VYcraHOBieHO, 4TO

XPOHHUYECKAss OMKMCTOPXO3Hash WHBa3Wsg opranuzma Tpemartomoit  Opisthorhis  felineus

COIPOBOXKAAETCS AKTUBHOM nponudepanueit KJIETOK JKEITYHBIX MPOTOKOB,

NepUXoIaHruopuOpo30M, MeTaIia3uel u alecHOMaTo30M pOoTOKoBoro snutenus [1; 3; 8; 9; 24;
26; 34; 35; 37].
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Perynsauuss MHTEHCHMBHOCTH KIIETOYHOH mposudepanuu OMocpeayercs MeAuaTopamu,
KOTOPbIE CHUHTE3UPYIOTCA COMATHYECKMMHU KJIETKAMHM pa3JM4yHbIX TKaHeW, B T. 4.
37I0Ka4ecTBeHHbIMU. OTHUM U3 TaKMX MEIUATOPOB SBJsETCS TKaHeBOH (aktop (keitnonsl, KD),
pOayHUpyeMblit TuddepeHITMpoBaHHBIMY KJIETKAMU U HHTUOMPYIOIIHA MTPOTUPEPALINI0 KICTOK
Ha OCHOBE OHMOJIOMYECKOTO MPUHIUIA 00paTHOU cBsi3u. Obnamaer TkaHecneupuIHOCThIO [11;
20].

Tor daxt, 4To omMcTOpXO3HAsh MHBA3US WHIAYLUUPYET B TKAHSAX OpraHM3Ma aKTHUBAIIUIO
MPOIIECCOB KIJICTOYHOH mnponudepannu, 1aéT OCHOBAHUE IOJIaraTh O HAPYIIEHWH MEXaHW3MOB
perysiuu TKaHEBOTO TOMEOCTa3a, B TOM YHUCIE POCT-UHTHOMPYIOUIMM TKaHECTIeUU(PUIHBIM
KeinoHHbIM (pakTOopoM. OJIHAKO, YyKa3aHHbIE MEXAHHU3Mbl PETYJSIUH KIETOYHO-TKaHEBOU
npoaudepanuy Npu ONMUCTOPXO3HOW MHBA3UHU U3YyUEHbI HEJOCTATOYHO, IPAKTUUYECKH B HAYUHOM
JUTepaType TAaKUe JaHHbIE HE BCTpeudaroTca. B CBsSI3M € 3TUM LIENBI0 AKCIEPUMEHTAIbHOTO
WCCIICIOBAHMSI SIBUJIOCh M3YYEHHE IPOLECCOB Npoiudeparuyl TKaHEH, WHTHOMPYIOMIETO HX
aKTUBHOCTh OSK30T€HHOT0 TKaHECHeUU(OUIHOrO MEMOpPaHOTPOIHOTO KEWUJIOH-COAEP KAIEro
(dakTopa M UYYBCTBUTEIBHOCTH K HEMY COMAaTHYECKHX KIETOK NpH HHBA3WU OpraHu3Ma
reaemuHTOM Opisthorchis felineus.

Metoabt u Marepuanabl. HayuHo-uccienoBaTenbckue pabOThl  MPOU3BEACHBI B
naboparopuu kaHieporenesa kadenpsl onkonoruu ®I'bOY BO Tromenckoro 'MY Munzapasa
Poccun. B kauecTBe 00bEKTOB UCCIIEOBAHUS IS U3YUYECHUS BIUSHUS ONMHUCTOPXO3HON MHBA3UU
Ha CHUCTEMBI PETYJISIIMA TOMEOCTa3a OpraHU3Ma HCIIOJIb30BaI MbIIIeH WHOpeaHbIX JmHui: F1
[CBA/Lac x C57B1/6], CBA/Lac, DBA/2, Balb/c, A/sn (Y). OObBekThl HCCICIOBAHUS,
nonydeHHsle u3 kosurekuuu OPI'bY «HMULL oukonorun um. H.H. broxuna» Munsapasa Poccun
— CHHICHHBIC MEPEBUBHBIC in VivO OMyXOJIeBble INTaMMbI: pak mieiiku matku -5 (PILIM-5),
kapuuHoMa tosictoi kumku (AKATOJI).

C 1enpo UCKIIOYEHHSI MEXaHUYECKOT0 MIPECCHHTa TeIbMUHTOB Ha MMPOTOKOBBINA 3MUTEIHH
U u3yveHus iN ViVO OHOIOrHYeCKOro BO3ACUCTBUS COOCTBEHHO MeTabOIMTOB META[CPKAPHEB U
ONUCTOPXOB HA XOJAHTMOUUTH, remarouutel U Jpyrue CK - Obima BbiOpaHa MoJenb
JUCTAaHIIMOHHOTO TeCTUPOBaHUs AP (eKTa BO3AeCTBUSI METAOOIUTOB Ha TKAHU OpraHu3Ma MMyTEM
KYJIbTUBUPOBAHMS 3PENbIX JUUMHOK U MOPUT B AU(PPY3nOHHBIX KaMepax B/O ¢ UCHOIb30BaHUEM
uHOpeaHbIx Mbrmei (Y).

Boigenennsle U3 pblObl CTaHIAPTHBIM METOJOM MeETAllepKapuu C IOMOIBIO IJIa3HOM
MUIMETKU BBOJWIIM B POTOBYIO 10J0CTh MbImam (25-30 wrt. B 0,9% NaCl). MHBa3us »HUBOTHBIX
OINUCTOPXaMH BaJIMAMPOBATIACH HATMYUEM IeJIbMUHTOB (B3pOCIBIX 0c00€il) B renoToOMIMapHoM
Tpakre [21].

[IpomudeparuBnas aktuBHOCTH (ITA) comaThuyeckux KIETOK BO BCEX HKCIEPUMEHTaX
u3ydanack o Bkmodenmio H3-tumununa 8 JJHK U paapoMeTpuu B KHIKOM COUHTHIIATOpE (B-
CUETYHUK, UMIL./CEK.), a TAK)KE C TOMOILBIO aBTOpauorpaduu (MHAEKC MeYeHHbIX s1ep, UMSI). B

OKCIICPUMCHTAX 34 1 uac A0 J3BTaHa3WH MbIIaM in vivo BBOJUIIN HS-TI/IMI/I,[[I/IH. Txauun
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BBIJICJICHHBIX OPIraHOB JKMBOTHBIX MJIs1 aBTOpamuorpaduu ¢ukcupoBanmu B10,0% pactBope
HelTpaabHOro (hopMaauHa.

Kinerouno-tkaneBoit Ouoperynsarop (kednonnsld (aktop, K®D), mna wuszydeHus ero
OMOJIOTMYECKOTO BO3JCHCTBUS Ha COMAaTHYECKHME KIIETKH, SKCTPAarupoBajii W3 BOJIHOIO
roMOreHaTa TKaHel OpraHOB MHOPEIHBIX MBIIIEH MyTEM OCaXKICHUS TITMKOIPOTEUIHBIX (PpaKIuii
70—-81% »TtanonoM. Beigenenusie Gppakuuu Jnopmin3upoBaiu. JInopuan3upoBaHHbIi SKCTPAKT
MCIIOJIB30BAIM /111 OMOJIOTMYECKOro TECTUPOBAHUSI YPOBHS aKTUBHOCTH TKAaHEBBIX KEUJIOHOB U
YYBCTBUTEIHHOCTH K HUM COMATHYECKUX KJIETOK. McciemoBaHusi MPOU3BOIMIA HA WHOPETHBIX
J)KUBOTHBIX C YACTUYHOW PE3EKLIMEN TIEYEHH.

OBTaHa3Wsl MbIIIeH MPOU3BOAMIACH METOJOM LIEPBUKANBHOM  auciokauuu. s
CTAaTHUCTUYECKUX PACUYETOB HCMOIB30BANIM CTaHJAApTHbIE MeTOoAbl. OILIEHKY JOCTOBEPHOCTH
pe3yapTaToB (p) MPOU3BOAMIM coryiacHO t — kpuTeprto CThIOJICHTA.

PesyabTaThl mccieoBaHus M MX oOcy:xkaeHue. B pesynbrare sKCIEpUMEHTAJIbHBIX
UCCJICIOBAaHUMIM Ha HMHOPEIHBIX MBIIAX C MCIOJIb30BAHUEM KYyIbTYyphl MeTallepKapueB U
OMHUCTOPXOB B AU(PPY3MOHHBIX KaMepax in vivo ObLJIO YCTaHOBIEHO, 4YTO Bo3pactanue IIA B
COMATHYECKUX KIIETKaX TernaToOMIMapHON CUCTEMBbI (IeMaTOIUThI, XOJAHTHOIUTBI) U JIPYTHX
opranax (IIOYKH, TOJDKEITyIOYHAs Kele3a, celie3éHka, JUM(OY3Ibl W Ap.) UHAYIHUPYETCs
MeTabOoIUTaMU METAlEPKapUil M, B MOCICIYIOIIEM, OIMUCTOPXOB [21].

Takoke, moydeHHbIE JaHHbIC TP 2-X MecsiuHo nHBasuu Mbiiiei F1 [CBA/Lac x C57B1/6]
sKomnatoreHHbM mapasurom Opisthorchis felineus noxasanu 3nauntensHoe Bo3pactanue I[TA
TKaHE! CIEeAyIoIMUX OpraHoB: meueHu — Ha 36,0%; mouek — Ha 42,3%; xenyaka — Ha 88,5%;
MOJKENy1I0YHOU xkene3bl — Ha 32,9%; cenesenku — Ha 26,3%. Pe3ynbTaThl ¢ aHAJIOTMYHOM
TeH/ICHIIMEH OBLUTH MOJyJYeHbl U Ha Mblax tuaunn CBA/Lac.

[Ipu anuTeNnbHOM Napa3sUTHPOBAHUHM OMHUCTOPXOB B TIEMAaTOOMJIMAPHON CUCTEME MbILIEH
muuann & CBA/Lac (4 mec.) ycranosieHo, 4to ITA snuTenus X0Jem10xa COrIacHO pe3yJibTaTam
HOJy4eHHOro MuTOTHYecKoro uHaekca (MU) yBennumBaercs Ha 41,2% (MI1,2+0,01 nporus
0,85+0,01; p<0,001), a srruTenus BHYTPUNIEYCHOYHBIX MPOTOKOB — Ha 45% (MU 4,0+0,01 nmpoTus
1,8+0,02; <0,001) mo cpaBHEHHUIO C KOHTPOJIEM. AHAJIOTUYHBIE JaHHBIC TOJYYEHBl HA MBIIIAX
muann & JIBA/2. ITA X0JIaHIHOLMTOB IPH CPOKE OMUCTOPXO3HON MHBA3HHU 4 MeCAIIa -IIPEBhIIIana
koHTposb Ha 50,0% (MU 5,0+0,01 mpotus 2,5+0,01; p<0,001).

Uro kacaercsi TemaronuToB, TO UX [IA B pa3jMuYHBIX YaCTAX IMEYCHOUYHBIX JOJEK TpPH
YKa3aHHOM BBIIIIE CPOKE TMapa3uTapHON MHBA3WHM HE oauHaKoBa. VcciemoBaHusi, BHITIOJIHEHHBIC
Ha & JIBA/2 ¢ 4-x MecsYHOW ONMUCTOPXO3HON HMHBA3MEH, MOKa3aJd, YTO B IEHTPATbHOW YacTU
neueHOYHON A0mbki MMSl (MHAEKC MEUYECHHBIX S/Iep) M0 CPAaBHEHHIO ¢ KOHTPOJIEM CHIDKEH Ha
33,8% (52,6+0,8 npotuB 79,4+1,1; p<0,001), Torga Kak B cepeauHe MEUCHOYHON JOIBKH 3TOT
nokasareJib IpeBbIaeT KOHTpoiib Ha 48,3% (95,8+0,7 npotus 64,6+0,7; p<0,001). Ha nepudepun
K€ TIEYEHOYHOM J0JIbKu ypoBeHb MMSl Takke HOCTOBEPHO MPEBAIUPYET MO CPABHEHUIO C
rpynmnoit koutpons Ha 10,7% (62,3+0,8 npotus 56,6+0,7; p<0,01). BepositHO, 3T0 paziauuue

00YCJIOBIICHO CTETICHBIO TPO(YHUUECKOTO 00ECTICUCHHS B 3aBUCUMOCTH OT JIOKAJTU3AIMH KJIETOK B
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neyeHo4yHoi noinbke. B cpennem, ITA remarounutoB (MI) y MHBa3HMpOBaHHBIX ONMCTOPXaMHU
mpimeil 3 JIBA/2 B TedeHun 4-X MecSLEB Bblle KOHTPOIsS Ha 23,8%.

Kpome Toro, no cpaBHEHUIO ¢ aKTUBALMEN TPOLIECCOB PO epalui TKaHel 00IbIIMHCTBA
OpraHoB MHOpEIHBIX JKMBOTHBIX Ha (OHE XPOHUYECKOH OMHMCTOPXO3HOW WHBAa3UU —
nponrdepaTuBHas aKTUBHOCTh KJIETOK KOCTHOTO MO3Ta IMOCTOSHHO HAXOJUTCS B YTHETEHHOM
COCTOSIHUM, B cpeHeM, Ha 15%.

M3BecTHO, 4TO BO3pacTaHue aKTHUBHOCTH IMpoiudepanuu KIETOYHO-TKAHEBBIX CTPYKTYP
opraHuszMa co3JIaéT YCJIOBHUS I TpaHC(HOpMAlMKd HOPMAIBHBIX KJIETOK B 3JI0KaUECTBEHHBIE.
OO0s3aTenbHBIM YCIIOBHEM IpoIiecca TpaHC(HOpPMAlUU KIETOK M Pa3BUTHS KapLUUHOM/OJIacTOM
SBJISIIOTCS] MyTallMi T€HOB KOHTPOJIS PO (EepaLii — «T'€HOB-CYIPECCOPOB», 00yCIaBIUBAIOLIHE
HEKOHTPOJIMPYEMOE BO3paCTaHUE BbIPAOOTKH YPOBHS MUTOT€HHbIX (hakTopoB [7].

C oJHOI CTOPOHBI — CHHMXKEHHE aKTUBHOCTH pemnapaTuBHOM cuctembl [JHK Bo3MoxHO B
cllydae MyTallii T€HOB, KOTOpbIE OTBEYAIOT 3a (PYHKIIMIO yKa3aHHOU cucTteMbl. C Ipyroi CTOpOHbI
— noteps Bo3moxkHocTH CK BoccTanaBnuBate cooctBeHHYI0 cTpyKTypy JAHK MoxxeT npusectu k
BO3HUKHOBEHHUIO MYTallMii U B OHKOI'€HaxX, U B IeHax-cynpeccopax (aHTHOHKOI€Hax), QyHKLHUsS
KOTOPbIX B  OTHOILIEHUU PErySIIUM  KJIETOYHOM  mnponudepauun  (TOPMOXKEHHUS) U
muddepentmpoBku  yrpaunaercsi [7]. Takue CK mepecrtaroT pearupoBaTh Ha CHTHAJbl M3
OKpy’Karollel cpeabl, y HUX BO3HUKAeT ayTo- W TMapaKpUHHAs CTUMYJSIIHUS CUTHAJIOB
nponudepannu, NpoucxoaaT TOPMOKEHUE IMpoliecca arolnTo3a, B pe3yibTaTe - FeHeTHdecKas
HecTaOMIIBHOCTH 00yCIIOBIMBaeT UX Tpanchopmaimio [13].

Heo06Xx0oauMo OTMETHTB, YTO YCKOPEHHE MPOLECCOB MPOTIHQepaii TKaHeH MOXKET ObITh
OIIOCPEI0BAHO Pa3IMUHBIMU (akTopamMu. PsS0M aBTOPOB BBISBICHO MHOKECTBO (B npenenax 40)
IKCKPETOPHO-CEKPETOPHBIX  MpoaykToB renpmuHTa Opisthorchis felineus [17], kotopsie
o0yazaroT cBOiCTBaMH OMOJIOTMYECKOTO BO3/IEUCTBUS HA TKAHU OPraHU3Ma-X0351Ha.

Pa3mHOMXeHME KIETOK peryaupyercsi TOMEOCTaTMUEeCKHUMU MEXaHM3MaMM OpraHu3Ma Ha
Pa3UYHBIX YPOBHAX: TKAHEBOM (B T. 4. KEHJIOHHBIE 3(PPEKTOPHI), MEKTKAHEBOM (I'€HOTPOIIHBIE
aKTUBATOPBI) M OPraHU3MEHHOM (HEpBHAs, DHIOKPUHHAs M MUMMYHOJIOTHYECKAsl PEryJsiius),
KOTOpBIE JIETEPMUHUPYIOT AKTHBALMIO WJIM MHTHOMIIMIO MHUTOTHYECKOro nukia. Ilomyuenue
JAHHBIX O MEXaHU3MaX JAEUCTBUS KJIETOYHO-TKAHEBBIX OMOPETYIISITOPOB SIBJISETCSI OCHOBOM s
ITOHMMAaHHUs CYIIHOCTH ITPOLIECCOB, OCYILECTBISIOINXCA B )KUBBIX cucTemMax. Mcxons us Toro, 4to
CHUCTEMa PEryJslus KJIETOYHOrO I[MKJa OCHOBaHA Ha JBYX BHJaX CUTHAJIOB: OJIMH U3 HUX — O
HEMOBPEXAEHHOCTH T€HOMa, APYrol — O BO3JCHCTBUM BHENIHMX CTUMYJIUPYIOIIUX WIN
MHTUOMpYIOIMX MUTO3 (pakTopoB [19], To B TKaHEBOM perynsiuu mpoiecca npoiudepanuu u
MOJIEPIKAHUS CTPYKTYPHOI'O TOMEOCTA3a Ha KJIIETOUHO-TKAHEBOM YPOBHE 3HAYMMYIO POJIb UTPAET
cuHTe3 U epeHIMPOBAHHBIMU KIIETKaMHU TKaHU KEHIIOH-coaepikaiero ¢akrtopa [12; 18; 19].

Keiinonsl yrueramT mnpoiudepannio He3penbIX KIETOK 3TOM e TKaHW Ha OCHOBE
OMOJIOTMYECKOT0 MEXaHNU3Ma 00paTHOM CBS3U: CHUKEHUE yHcia JU(PepeHIIMPOBAHHBIX KIETOK
B TKaHU OINOCPENyeT CHHXEHHE YPOBHS BBIPAOOTKH KEHJIOHOB; BCIEACTBUE CHUKEHUS

COJIep’KaHusl yYKa3aHHOTO TKaHecnenuduueckoro 3ddexropa Bo3pacTaeT MUTOTHYECKAS
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aKTUBHOCTh TKaHeBbIX kierok [11; 18; 20; 27]. B pesynapTare MaHHOTO MeXaHH3Ma
MOJJICP>KUBACTCS HEOOXOAMMOE KOJIMYECTBO KIIETOK B TKaHsaX. OTCIOJa ClIelyeT, YTO U3ydyeHue
MeXaHHM3Ma PEryJSIMA TKAaHEBOI'0 TOMEOoCcTasa MPH OMUCTOPXO3HOM NHBAa3UM OpraHu3Ma KenIoH-
comepxkamM (HakTopoM HMMeeT OOJIbIIOe 3HAYCHUE NIl OMpEAETICHHs] POJH €ro B MPOMOILNHU
XOJIaHTMOKaHIleorenesa [22].

B cBs3u ¢ Tem, 4TO y MHOpPEAHBIX MBbIIIEH HE MPEACTaBISETCS BOSMOXHBIM BbIJIEICHHE
TKaHeW, BBICTHJIAIOUIMX JKEIYHbIE MPOTOKU, M TMOJIYYEHHE M3 HHUX KEHJIOH-COAepkKallero
OKCTPAKTA, TO JUIA M3YYCHUS U MOHUMAHUS 3aKOHOMEPHOCTEH rOMEOCTaTHYECKOT0 MEXaHHU3Ma
TKAaHEBOW PETYySAIUU TPOoNHQepaluyd XOTaHTUOIMTOB IPU WHBAa3UHM OpPTraHU3Ma OMHCTOPXaMHU
CYIIECTBEHHBIMU SIBIISIIOTCS JaHHbIE, TOJTYYSHHbBIEC HA MOJIEIHU TeNaTOLEIUTIONIAPHON TKaHU.

[Ipu wuccienoBaHuM  KEWIOHHOM  AKTUBHOCTH  JKCTpPaKTa U3 TKAaHU  [E€YCHH
HEWHBA3HPOBAHHBIX OINMCTOPXaMH HHOPEIHBIX MBIIICH YCTaHOBJICHO JOCTOBEPHOE CHIDKEHUE
npoardepannuy renaTouruToB B onbITHON rpymnme Ha 60,1 % (251,5+70,3 wwmm. /100 cex. mpoTus
630,9+£93,3 wumm. /100 cexk. B koHTpone, pP<0,05). B kadecTBe TecT-00OBCKTAa Ha
TKaHeCMeM(PUIHOCTh KEUJIOHHOTO JKCTpPaKTa M3 TKAHU MEYEHH ObUIM HCIOJIb30BAaHBI MOYKH.
MutoTHyeckass aKTUBHOCTh KIIETOK JIaHHOTO OpraHa B KOHTPOJBHOW M ONBITHOW TpyImax
cratuctuyecku HemoctoBepHa (P>0,05). Takum o0pa3om, BBIACICHHBIA IKCTPAKT U3 TKaHU
HCMHBa3MpoOBaHHOM Tpemaromoit Opisthorchis felineus meyenn o6namaeT BhIpakeHHOM
TKaHecnenu(pUIecKo KeHMIOHHONW aKTUBHOCTBIO U MOXKET OBITh MCIOJIb30BaH ISl BHIIIOJIHEHUS
AKCIIEPUMEHTAIBHBIX HCCIECTOBAHUH.

Pe3ynbpTarhl M3ydeHUS YyBCTBUTEIBHOCTH TCIATOIUTOB IPH OIMHMCTOPXO3HOW HWHBA3WUU
anuTensHoCThI0 2 Mecana (4 CBA/LAC) k KeinmoHHOMy (DakTOpy, BBIAEIEHHOMY M3 TKaHU
310poBOil meyeHn (BBoAmiics B/O B o3¢ 10 Mr Ha MbIIb), TOKa3ajdd pasHUIY C
HEMHBAa3UPOBAHHBIMH JKWBOTHBIMHU. Y MBbIIIEH € ONUCTOPXO3HOM uHBasuend cuure3d JIHK B
renatorurax uaruoupyercs KO na 20,0% (249,8 umn/mun: -K® nportus 200,4 umn/mun: +KOP),
a B KOHTPOIILHOM TpyIine (KUBOTHbIE HE WHBA3UPOBAHbBI) YYBCTBUTEIHHOCTh renaToiuToB K KO
HECKOJIbKO BBIIIE — MHIHOMIMS NposinpepaTUBHOW aKTUBHOCTH cocTaBmwia 27,8% (643,8
umn/muH: -K® npotus 464,6 umn/mun: +K®). [lonydyeHHble JaHHBIE CBUAECTEIBCTBYIOT O TOM,
YTO TEMaTOIUThl HE HWHBA3MPOBAHHBIX TEIbMHUHTAMH JKUBOTHBIX K JIEHCTBUIO HMHTHOUTOpA
npoiudepannu, BEIICICHHOTO U3 TKAaHU 3[J0POBOM MEYEHH, YyBCTBUTENIbHBI B OOJIBIIEH CTEIIEHU
YeM T'elaToIUThI KUBOTHBIX, HHBA3UPOBAHHBIC TPEMATOIaMU B TCUCHHUE 2-X MECSAIEB (HIKE HA
7,8%).

buonorudeckast aktuBHOCTh K@, BBIJICICHHOTO W3 MEUYEHU MBIIIEH MPU BHIICYKa3aHHOM
CpPOKE OMHMCTOPXO3HOW HMHBA3WHM, UMEET AHAIOTMYHYIO UYBCTBUTEIBHOCTH renaTouuToB Kk KO
TeHAeHIM0. [Ipyn BO3AEMCTBUM KEWJIOH-COJAEPKAIIErO SKCTPaKTa, MOJYYEHHOrO M3 IEUYECHHU
MBIIIEN € 2-X MECIYHOUN ONMMCTOPXO3HOM MHBA3UEHN, OTMEUYAETCS MEHBIINI IPOLIEHT TOPMOXKEHUS
npoiudepanuu (609,8 nmn/mMun) — 66,8%, yem npu BozaelictBun K@, BbIIEICHHOTO U3 TIEYEHU
HE WHBa3MPOBAHHBIX )KUBOTHBIX (387,5 umn/mun) — 78,9% 1o oTHomeHut0 K KoHTpouro (1836,2

I/IMH/MI/IH) Ha ocHoBanun MOJIYYCHHBIX JaHHBIX MOXHO CICJIaTb BBIBOJ, YTO 2-X MecsuHas
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ONUCTOPXO3Hasi MHBA3Ms BIMSET HAa aKTUBHOCTh KEHJIOH-COAEPIKAIIErO SKCTPAaKTa MeueHu. Y
MIPAKTUYECKH 30POBbIX XUBOTHBIX K® Oosiee BbIpaXEHHO TOPMO3UT Mpoiudepaluio KIeTOK
TKaHH, YeM Y MHBa3UPOBaHHBIX (HIke Ha 12,1%).

[IpakTHyeckn, CHUKEHHE I[IOKAa3aTeNsl YPOBHS UYBCTBHTEIBHOCTH TEHNATOIMTOB K
KEJIOHHOMY (haKTOpy IpH ONMUCTOpX03HON nHBa3uu (7,8%) u Omonorndeckord akTuBHOCTH KD,
BBIJIEJICHHOT'O U3 TI€UYE€HU MBbIIIeH, NHBA3UPOBAHHBIX onucTtopxamu (Ha 12,1%) — umerot onny u
Ty K€ TeH/ICHLUIO.

Takum 00pa3oM, pe3yabTaTbl HCCIEAOBAaHUS IOKa3alM, 4YTO MpH JJIUTSIBHON
ONUCTOPXO3HOM WHBA3WM AaKTHBAIMA MNpojudepanuu TKaHEH OpraHM3Ma aCCOLUUPYETCS C
HapylIeHUEM MEXaHU3MOB €€ peryisiiuid — CHUKEHHEM AaKTUBHOCTH MEMOpPaHOTPOIHOIO
romeocratuyeckoro ¢akropa (OuoperymnsaTopa), MHrHOMpYIOHIEro nposmdepanuio (KSHIOHBI,
K®) 1 uyBCTBUTENBHOCTH K HEMY PELIEITOPOB COMAaTHUECKUX KIIETOK.

OTKJIIOHEHHE OT HOPMBI MEXaHHW3MOB pETYISIIUU KJIETOYHO-TKAHEBOIO TOMEOCTasa,
WHIYIUPOBaHHOE HWHBasuel Ouortmueckoro mnarorena Opisthorchis felineus — omocpemyer
CYLIECTBEHHOE CHIKEHHE (QYHKIUI cOaTaHCUPOBAHHOTO YIIPABICHUS MUTOTUYECKUM IIUKIIOM U
nporeccoMm audepeHunpoBKH  KIETOK. ITO sBisieTcsl  (HAKTOPOM, JIETCPMHUHHPYIOLIEM
BO3HUKHOBEHHUE M Pa3BUTHE Tpoliecca oHKoreHesa [29].

[TonydeHnHble pe3ynbTaThl AKCIEPUMEHTATbHBIX MCCICAOBAaHUN AaKTUBHOCTU KEWUJIOH-
COJIEp>KaIIero SKCTPAKTa U UyBCTBUTEIBHOCTH K HEMY COMATUYECKUX KIIETOK MPHU OMHCTOPXO03€
Ha MOJIEJIU [TeYE€HU HHOPETHBIX MBIIIEH Tal0T OCHOBAHHUE MOJIaraTh 00 aHAIIOTUYHBIX HAPYIIEHUSIX
perynsun npoaudepaiy KJISTOK JpYruX TKaHEel, B TOM YHCIIe IPOTOKOBOTO SNUTeNus. To ecTs,
HapylIeHHe MeXaHN3Ma OMOJIOTUYECKOTO JeUCTBUS aHTUIIPOTU(EPATUBHBIX CUTHAIOB KEHIIOHH-
cozepxkamiero (akropa uepe3 TpancMeMOpaHHble penentopsl CK mpuBOAMT K pa3sMHOXKEHUIO
KJIETOK, HEYyBCTBUTENIbHBIX K TOIABISIONIMM POCT (AKTOpaM, 9YTO SBISETCS BO3MOXKHBIM
MIPOMOTOPOM XOJIAHTHOKAHIIEPOTeHE3a.

H3meHeHne KOHIeHTpaluu win akTuBHOCcTH KO Beien 3a KaHIIEpOT€HHBIM BO3/ICHCTBUEM
KaKuX-I100 BEIIECTB BBIABICHO MHOTHMHU aBTOpPaMH, a Ha CTaaAuud (OPMUPOBAHUS OITYXOJIEBBIX
y3eIKOB 3TOT MexaHm3Mm HapymieH [20; 28; 29]. Bo3Mo0XHO, B CHW)KCHHH YyBCTBHTEIHLHOCTU
perienTopoB comatnueckux kieTok K K@ wurpaer pons aktuBaius [1OJI muromemOpan u ux
necrabunu3anus [22].

Hapymenne peryssinuy TKaHEBOrO TOMEOCTa3a OpraHiu3Ma Ipu HHBA3UH T'elaToOMINapHON
cucteMbl MbIiel Tpematomoi Opisthorchis felineus B cropoHy akTHBalMK MPOIECCOB
nponudepanuu MOATBEPKAAETCS M CIEAYIOIIMMU JaHHBIMH. [lokazaHo, YTO CKOpOCTb pocTa
CHUHIEHHBIX 3JI0KayecTBeHHBIX omyxoieid (30) mpu XO otHOocurenbHo I'C 3HaYMTENTBHO
Bo3pacraet: unBasusa 1 mecsan, & F1 [CBA/Lac x C57B1/6], 30 PILIM-5 — na 33,3% (p<0,05);
unBasus 4,5 mecsma, $ CBA/Lac, 30 PIIM-5 - na 29,7% (p<0,05); unBasus 4 mecsina, © Balb/c,
30 AKATOJI — na 650,0% (p<0,001). IlomyueHHBIE pe3ynbTaThl MCCIEIOBaHUS SIBISAIOTCA
3HAYUMBIMH JIJIS1 OIICHKHU POJIU HAPYIICHUS PETYISIUN TKAHEBOT'O TOMEOCTa3a OpraHu3Ma Ha poHe

OHHCTOpXOSHOﬁ HWHBa3WH B JCTCPMUHAIINU ITPOLECCA XOJTAHTMOKAHICPOrcHE3a.
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Kpome Toro, He06X0IMMO OTMETUTH, YTO NMPHU TKAHEBOM CTPECCE B PETYIIALUHU KIECTOYHO-
TKaHEBOI'0 romeocrtasza (mpouecchl mnposudepanun u audepeHIUpPOBKH KIETOK) y4acTBYeT
cucreMa uHTepheponoB (MDH), xotopyro 00pa3yroT reHbl, peuentopsl U 3(QexkTopHbIC
monekyibl [10; 25; 30]. 13 Bcex BugoB UDH oxaum u3 Hambosiee 3HAYUMBIX JJII TOMEOCTa3a
opranuzMa M (apMakoJoruu sBisercs jerkonurapueiii untepdepon (L-MDH/ NDH-a),
cojiepikaHue KoToporo cocraBisier 95,0% ot Bcex Mousekyn uHTepdepona [4; 6]. L-UDH
CBOOOAHO ULHUPKYJIUPYET B KPOBU M OBICTPO PACHpPOCTPAHSETCS IO OpPraHaM U TKaHSM.
Bsanmopneticteue L-MI®OH ¢ kneTkamu TKaHU peanu3yercs uepes cnenupuyueckrne MeMOpaHHbIe
pernenitopsl, (epmeHTatuBHBIE cucTteMbl [37; 38], obecmeuuBaronue mnepenadyy CHUTHAJIOB B
KJICTOYHOE PO IS peaiau3amuu ononornyeckux s¢dexros [32; 33].

Cpemn 300 »ddexroB cucrempl uHTepdhepoHoB L-UDH — kpome aHTUBHpYCHOTO,
AHTUMUKPOOHOTO, IMMYHOMOIYJIHPYIOIIETO M IPYTUX — 00JagaeT aHTHIPOIH(EpaTHBHBIM U
AHTUTYMOPOTEHHBIM JielicTBHeM [6]. B HacTosimee Bpemsi MpU  ONyXOJSIX Pa3IudHON
TUCTOJIOTHYECKON CTPYKTYPHI U JIOKATU3alUU C IEeTbI0 MPO(YUIAKTUKH OMYX0JIEBOM MPOrpeccuH,
PELUINBOB U METACTa30B MPUMEHsIOT npenapatbl Ha ocHoBe L-MIDH. Cucremy untepdeponon
OTHOCSIT K MHTHMOUPYIOLIEMY PEryisTOpy MPaKTUYECKH BCEX 3BEHbEB OHKOT€HE3a: MHMIIMALIUY,
npoiudepanuy, mnporpeccun W mertacrazupoBanmst [2; 5; 14; 31]. Dddekr TopMokeHUs
MPOLIECCOB Mposikdepaii JaHHBIM ITUTOKMHOM OXBAaThIBa€T BCE KJIETKH OpPraHHM3Ma, OJHAKO
MaKCHMaJlbHas 4yBCTBUTEIBHOCT HAOI01aeTCsl y ObICTpOpa3MHOKarOIIUXCs KIeTok [16]. Takke
U3BECTHO, 4TO L-IDH MoxeT MHruOMpoBaTh B OMYyXOJIEBBIX KIETKAX ONpeAcIEéHHbIE OHKOI'€HbI
(c-myc, c-src, cHa-ras) W WHIynMpOBaTh AaKTHBAILMIO APYIMX Y4YacTKOB T'€HOMa, KOTOPbBIE
CHOCOOHBI 00ECTIEYUTh MPOANONTHUYECKYI0 akTUBHOCTS [15]. CymectBeHHbIM 3 dextom L-NDH
ABJISIETCA  CIOCOOHOCTh B HeAM(PEPEHLHMPOBAHHBIX OIYXOJIEBBIX KJIETKAaX HWHAYLHPOBATH
HPOIIECCHI CO3PEBAHMUS MPH WHTUOUIMHU TIPOIIECCOB MX npoiudepanuu [16; 23].

Panee Hamm Ha WHOpEIHBIX MbImax-omyxoieHocurensix ¢ CBA/Lac ¢ uHOKysimeit
cUHTeHHOM omyxomu PIIIM-5 noaxoxuo (0.5 mii/1 x 10° ™) yHBa3upoBaHHBIX OGMOTHYECKHM
narorenom Opisthorchis felineus B Teuenue 4,5 mec. 66110 mokasano (Peidoka A.T'., Iaiin A.A.,
K. «utokmHel u BocnameHue», 2002), uyTO mNpuU BHYTPUOPIOIMIMHHOM BBEACHUHU UM
pocTuHrHGHUpYyIomero hakropa TpancdopmuposanHbix ki1etok (L-U®H) B nose 5 x 10° Ex. B
tedyeHue 20 aHel HaOMI01aeTCs BO3pacTaHUE CKOPOCTH pocTa yKazaHHo onmyxonu Ha 104,0 % (2
rp.) IO CPaBHEHHUIO C MHBa3MPOBAHHBIMHU MbIlIaMU-ontyxosneHocutensmu (1 rp.) u Ha 133,7 %
IIPEBBICHIIA ATOT MOKa3aTeNb B rpynne (3 rp.) HEMHBa3UPOBAHHBIX KUBOTHBIX-OMTyXOHOCUTEIIEH.

Heo6xoauMo o0paTtuTh BHUMaHUE Ha TOT (DAaKT, YTO MPU BHYTPUOPIOIIMHHOM BBEIECHUH
roMoJyioruuHoro neiikouutapHoro L-M®H B yka3zaHHBIX J103€ M ME€pHOAEC WHOPEAHBIM MbIIIAM-
neornyxonenocurensm & IBA/2 u @ CBA/Lac co cpokoM onucTopxo3Hoi nusazuu 4 mec. — MU
AMUTENUs BHYTPUIIEYEHOUYHBIX MPOTOKOB JocToBepHO cHuxainca Ha 20,0% u  55,5%
COOTBETCTBEHHO. T. e. uccaenyeMblii poctunruOupyoomuii nutokud L-UOH B onpenenénnoi

CTCIICHU KOHKYPUPYCT C POCTOBBIMU (I)aKTOpaMI/I OIMHUCTOPXOB.
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JlaHHbIE TUTEPATYPBHI IOKA3BIBAIOT, YUTO B HEMHBA3UPOBAHHBIX ONUCTOPXaMH OpraHusmax L-
N®H unrudupyet npornecc ITA Bo Bcex TKaHAX, B TOM uncie 3QGEeKTUBHO B KapiuHOoMax [16;
23]. Ilpupona MexaHM3MOB CTUMYJIUPOBAHUS POCTA KJIETOK OIMyXOJIEBOI TKAHU MPU BBEICHUU B
opranusmM M®H ocraercs HescHoW. OAHAKO H3ECTHO, YTO B OIYXOJEBIX KIIETKAX HMEIOTCS
nedexkTel B peryniaropHoil uenu mnponudepanuu. Ilpm  KaHIeporeHe3e MPOUCXOAUT
TUIEpPIKCIIpecCHsl KIETOYHBIX PElEenTOpOB, OO0JAJaroNIMX TUPO3HMHKUHA3HOM aKTUBHOCTBIO K
¢dakropam pocra (PP), T.e. HapymaeTcs peryssaius NOBEPXHOCTHBIX KJIETOUYHBIX PELENTOPOB U
3HAUUTENIBHO BO3pAcTacT TPAHCAYKLMS MUTOTEHHBIX CUTHAJIOB BHYTPb KJIETKH. B03MOXHO,
3HAYUTENbHAsE  CaMOOOECIECUYEHHOCTh  3JIOKAYECTBEHHOM  OMYXOJM  CHTHAJAaMH  POCTa
(MUTOT€HHBIMHU CUTHaJlaMH) Ha (DOHE BBICOKOT'O YPOBHSI IUPKYJIUPYIOIIUX B Cpelie OpraHu3Ma
(akTopoB pocTa TebMUHTOB C YYETOM THUIIEPIKCIPECCUU TPOMHBIX K HUM MEMOpaHHBIX
pELETITOPOB ~ IETEPMUHHUPYET  ONpENeNEHHBIE OCOOCHHOCTH OWOJIOTHYECKOTO  JIEHCTBHSA
MHTHOUTOpa Tposudepaii COMAaTUYECKUX M 3JI0KaueCTBEHHBIX KiIeTok L-UDH. BozmoxHo,
pOCTOBBIE (pAaKTOPBI, BBIACISIEMbIE OMHCTOPXaMU U OMYXOJEBOH TKaHbIO, CHHEPTUYHO
KOHKYpupyT ¢ L-UDH, npeBanupys B OMOIOrMYECKOM IEHCTBHUM Ha TKAHU — aKTUBUPYIOT
nponudepaTuBHBIE TPOIECCHl B KApPIMHOMAax. B OTCYTCTBHM € Yy WHBa3HpPOBAHHBIX
OMMCTOPXaMH MBbIIIEH 3JI0KaYECTBEHHBIX oIyxoyie romosiornyHblii L-MIDOH oka3siBaer
onpeaenéHHblid pocT-uHrnoupyromuii 3¢pdext na CK.

[lonyyeHHble [aHHBIE CBUJETEIBCTBYIOT O TOM, 4YTO IPU HAJIUYMM B OpraHU3MeE
37I0KQYECTBEHHOW OITyXOJIM Ha (pOHE UIMTENBHOW ONMHUCTOPXO3HOW MHBA3HH MOIU(DHUIMPYETCS
3¢ deKT HHrHOnuTOpa 3I0KAYECTBEHHOTO POCTa — TOMOJIOTUYHOTO JISHKOIIMTApHOTO HHTEPEepOHa
(L-DH), B ctumynsTopa [21].

Monudukanus antutymoporenoro 3¢ dekra L-MIOH non Bo3aeiicTBueM BbIIEISEMBIX B
cpely opraHu3zMa MeTaOoJIUTOB ONMUCTOPXOB ((akTOpoB pocTa) U (HAKTOPOB POCTa KapLUHOM B
CTOPOHY AaKTHBAIlMU 3JI0OKAYECTBEHHOI'O IIPOLECCAa BO3MOYKHA TOJBKO HA YPOBHE PETYISALUU
(GYHKIMHU KJIETOYHOTO FEeHOMA.

BoiBoabl. 1. [lnurenbHoe Mapa3sUTHpPOBAHUE B TENAaTOOMIIMAPHOM cHUCTEME OpraHu3Ma
sKkomaToreHHoro renpmuHTa Opisthorchis felineus omocpenyer HapyiieHHe MeEXaHHU3MOB
PEryJsIUK KJIETOYHO-TKAaHEBOI'O T'OMEOCTa3a B CTOPOHY CHIIKEHHsSI OMOJOTHYecKo (GyHKIMH
POCTHHTUOUPYIOIIETO TKaHECTIEU(UIECKOT0 KeWIoH-cofepxaiero (Gakropa, T. €. CHHKEHHS
KOHTpoJst Haj muTtoTHYeckuM 1ukioM CK. DTo 00ycrmoBiamBaeT BBICOKYIO MPOIH(EPaTHBHYIO
AKTUBHOCTH XOJaHrnonuToB u apyrux CK opranusma.

2. HapyumieHne MeXaHU3MOB PETYJSILIUM KJIETOYHO-TKAHEBOTO I'OMEOCTa3a OpraHu3Ma
MOJITBEPXKIAAETCST  SIBJICHHEM MOJIUGUKAIMK OWOJIOTUYECKOTr0 JCWUCTBUS TOMOJIOTHYHOTO
JEHKOIMTapHOTO HHTEp(epoHa y UHOPEIHBIHX MBIIIECH-OITYX0JIEHOCUTENIEH C XPOHUYECKUM
OMHCTOPXO030M - U3 HHTHOUTOpA KaHIIEpOreHe3a B aKTUBATOPa. Y CTAHOBJIEHHASI 3AKOHOMEPHOCTh
npennonaraer  uckimoueHne npumeHenuss L-UOH (UDH-o) y OGompablIXx XO co

3JIOKAaUCCTBCHHBIMU NIPOLICCCaMU.
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3. CHmwkeHHEe aKTUBHOCTH pPOCT-WHTHOMPYIOIIETO TKaHECHeUU(UYHOTO  KEHIOH-
comepxamiero (akropa W UYYBCTBUTEILHOCTH K HEMY COMAaTHYECKHX KIETOK Ha (QoHe
XPOHHMYECKON MHBa3KuK opranu3ma rejapmuaToM Opisthorchis felineus mpu Bo3aeiicTBiK Ha TKAHH
IPOTOKOBOTO SMHUTEJHSI MYTareHOB/KaHIEPOT€HOB HMIPAET POJIb MPOMOTOpa 3JI0KAYEeCTBEHHBIX
OIIyXOJIeH, B TOM YHCJI€ XOJIaHTHOKaHIIepOTeHe3a.

4. OpHoit ™3 3amady  BTOPUYHOW MNPOGUIAKTUKH  XOJAHTHOKAHIIEpOreHe3a B
NOCTIeJIbMUHTHBIA ~ TEPUOJA  SIBIIIETCST  pa3paboTKa  OMOTEXHOJOTMYECKMX  METOJIOB,
BOCCTaHABIIMBAIOIINX CHCTEMBI PEryJSALMU KJIETOYHO-TKaHEBOTO TOMEOCTa3a OpraHu3ma, T. €.

yIpaBJIeHUE MUTOTUYECKUM IIUKJIOM U TporieccoM (G PepeHIIMPOBKH COMATUYECKUX KIIETOK.
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CPABHUTEJBHBIA AHAJIN3 IPPEKTUBHOCTH METO10B
IKCTPAKIIMU JHK U3 TKAHEHU ) KUBOTHbBIX

A.V. Filippova, M.V. Ryabukhina, G.N. Odinokov, N.G. Karpova

COMPARATIVE ANALYSIS OF THE EFFICIENCY
OF METHODS FOR DNA EXTRACTION FROM ANIMAL TISSUES

AnHoTauus. BrepBble mpoBeneH CpaBHUTEIHHBIN
aHanmu3 3¢dextuBHOCTH MeTonoB dSKcTpakuun JHK,
NPUMEHSIEMBIX B  3KCIEPTHO-KPUMHUHAIMCTUUECKON
MPaKTUKE, U3 PA3TUYHBIX TKaHEH )KUBOTHBIX — KOCTHBIX
pOroB M KOMBIT ceBepHOro oiens Rangifer tarandus
(Linnaeus, 1758); CKeNETHBIX MBIIIII, XPSIIEBOX TKAHA
U cam3u paxgyxuoir ¢dopemu Oncorhynchus mykkis
(Walbaum, 1792); ckeneTHpIXx MbII #u pebpa
moMmamueit ceumpu Sus scrofa domesticus (Erxleben,
1777). Boemenenne JHK mnpoBogwau — coriacHo
NPOTOKOJIAaM TIPOU3BOAUTENCH C TIOMOILIBIO IIECTH
KOMMEPUYECKHUX Ha0OpOB pearcHTOB, OTEYECTBEHHOIO
NPOM3BOACTBA, OCHOBAaHHBIX HAa METOAE OCAXKICHMS
couptroM: «GM  Tissue» («Raissol»), «Amex»
(«Raissol»); copbunu Ha MarHuTHbIe YacTulpl: «GM
Tissue M» («Raissol»), «M-Cop6-kocTb» («CHHTOI);
copOuun Ha CHJIKAreb: «D-Tissues»
(«bruonabmMukcy), «D-blood» («bruonabMuKcy).
KonuuecTBeHHBIE M KaueCTBEHHBIE XapaKTEPUCTHUKU
MOJIYYEeHHOU JHK OLICHUBAJIN HU3MEPEHUEM
KoHueHTpanuu nyxuenodeunor JIHK nHa poyopumerpe
Qubit 2.0 (Life Technologies, CIIIA), ucnonb3yst Habop
pearerroB Qubit DNA HS Assay Kit. HanGonbmas
KoHLeHTpanus apyxuenoueunor JJHK, u3 Bcex Tumon
TKaHEeH JKUBOTHBIX, ObLIA MOTy4eHa METOJIOM COpOIUH
Ha MarHuTHele dYacTuubl. C TpUMEHEHHEM 3TOrO
MeToqa, ObUTM TOJY4YeHBl HamOollee CTaOWIIbHBIE W
BocrmpomsBoaumMblie KoHneHTpamuu JHK (cpemnue
sHauenus — 474,00 mxr/mi, 268,00 mxr/mm, 83,20
MKT/MI u 69,70 Mkr/mia, coorBercTBeHHO). C
npumenenue Meroaa skcrpakunu JHK Ha ocHoBe
OCaXJIeHWsS CITUPTOM, M3 BCEX THIOB TKaHeU
JKUBOTHBIX, OBIIM  MOJY4YeHBl  Oonee  HHU3KHE
koHueHTpauuu JIHK, B cpaBHeHNH ¢ MeTO10M cOpOLMH
Ha MarHUTHBIE YacTuIlbl. OJIHAKO MPUMEHEHHE TAHHOTO
METO/1a NI0KAa3aJi0 JOCTaTOYHO BBICOKYIO CTAOMIBHOCTD
M BOCIIPOM3BOJUMOCTD II0JIy4aeMbIX KOHIIEHTpaLUi
JHK (cpemnme 3mavenus — 120,00 mxr/mi, 110,00
MKIr/MT 1 99,90 MKr/Mj, COOTBETCTBEHHO), M3 BCEX
TUIIOB OWOJIOTMYECKHX TKaHEH, BO BCEX CEPHUiX
(moBTOpeHMAX) OdTama IKCTpaknuuu. lIlpumenenne
Meroma akcrpakiuu JIHK wa ocHOBe copOrmu Ha

Annotation. For the first time, a comparative
analysis of the effectiveness of DNA extraction
methods used in expert forensic practice from
various animal tissues — bone antlers and hooves
of reindeer Rangifer tarandus (Linnaeus, 1758);
skeletal muscle, cartilage tissue and mucus of
rainbow trout Oncorhynchus mykkis (Walbaum,
1792); skeletal muscles and ribs of the domestic
pig Sus scrofa domesticus (Erxleben, 1777).
DNA extraction was carried out according to the
manufacturers' protocols using six commercial
reagent kits, domestically produced, based on the
alcohol precipitation method: "GM Tissue"
(Raissol), “Amex” (Raissol); sorption onto
magnetic particles: “GM Tissue M” (“Raissol”),
“M-Sorb-bone” (“Synthol”); sorption on silica
gel:  “D-Tissues” (“Biolabmix”), “D-blood”
(“Biolabmix™). The quantitative and qualitative
characteristics of the obtained DNA were
assessed by measuring the concentration of
double-stranded DNA on a Qubit 2.0 fluorometer
(Life Technologies, USA) using the Qubit DNA
HS Assay Kit. The highest concentration of
double-stranded DNA of all types of animal
tissue was obtained by sorption onto magnetic
particles. Using this method, the most stable and
reproducible DNA concentrations were obtained
(average values — 474.00 pg/ml, 268.00 pg/ml,
83.20 pg/ml and 69.70 pg/ml, respectively).
Using the method of DNA extraction based on
precipitation with alcohol, lower concentrations
of DNA were obtained from all types of animal
tissues in comparison with the method of
sorption onto magnetic particles. However, the
use of this method has shown a fairly high
stability and reproducibility of the obtained DNA
concentrations (average values — 120.00 pg/ml,
110.00 ug/ml and 99.90 ug/ml, respectively),
from all types of biological tissues, in all series
(repetitions) of the extraction step. The use of a
DNA extraction method based on sorption on
silica gel showed, on average, lower
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CHJIMKareib, ITOKa3alo B CpegHeM Ooyiee HH3KHE
koH1eHTpanuu neneBoit [IHK, u3 Bcex TMNOB TkaHen
JKUBOTHBIX, B CPaBHEHHH C METOAaMH COpOIHMH Ha
MAarHUTHBIC YaCTHUIIBI U OCAXKJICHUU CITUPTOM. JaHHBIIH
METOJI OTJINYaJICs Hanboiee HU3KOH CTaOMIBHOCTHIO U
BOCTIPOHM3BOJIMMOCTBIO  TIOJTyYaeMBIX KOHIIEHTPAIAH
JHK (cpennue 3nauenns — 74,10 mxr/mn u 41,60
MKT/MJI, COOTBETCTBEHHO). TakuM 06pa3oM, aBTOPCKUM
KOJUICKTUBOM TIpOBEACHA OIeHKa 3(PPEKTHBHOCTH
METoJMYecKuX  moaxonoB  skcrtpakuuu  JIHK,
OTHOCHUTEIILHO Pa3IMYHBIX THIIOB TKAHEH )KUBOTHBIX, a
TaKk)Ke OIeHKa CTAOMIBHOCTH W BOCIPOW3BOJAUMOCTH
MONTyYeHHBIX pe3ynbraToB. Panee 3(¢eKkTHBHOCTH
JAHHBIX METOJMUYECKHX MOIX0A0B HE OLIEHUBAJIACK.

KaroueBbie caoBa: okcrpakuus JAHK;  Tkanu
JKUBOTHBIX;  CHJIMKArejlb; MarHWTHBIC  YaCTHUIIb,
OCaXICHHE CIIUPTOM; 3KCIIEpPTHO-
KpUMHUHATUCTHYECKas MPAKTHKA.

Ceegennss 00  aBropax:  QDumunmoBa  Acs
BsgecnaBoBra, ORCID:0000-0003-2665-5673, n-p
O0uon. Hayk, OpeHOyprckuii  TrocyaapCTBEHHBIN
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Beenenue.

HepBLIM 3TaroM  JIF0OOTo MOJICKYJIAPHO-TCHECTUYCCKOTO  HCCJICIOBAHUSA

siBisieTcs Beienenue (dxcrpaknus) JJHK u3 6uonorudyeckoro marepuana. C MOMEHTA OTKPBITHS

cTpykTypsl u cBoMcTB JIHK, TexHOnmorus ee BbIAEIEHUS HEMPEPHIBHO COBEPUICHCTBYETCS W

MOHH(bHHpreTCH. HpI/I BBI60pC METOa SKCTPaKIIUU HCO6XO,I[I/IMO YUYUTBIBATH NPCABABIIACMBIC K

HEMY TpC6OBaHI/I$I. OcHoBHas 3aa4a oTalla 3KCTPAKIUU — MOJTYYCHUC BBICOKUX KOHLICHTpaLII/Iﬁ

ounieHHbIX npenaparoB JHK, koTopeie B nanpHelIeM MOTIyT MCHOJIB30BAaThCS ISl PEILICHUS

LIMPOKOTO cIieKTpa BorpocoB. Kpome Toro, BakKHO yUUTHIBATh TOKCUYHOCTh M OBICTPOTY METO/IA,

BO3MOXXHOCTb aBTOMAaTU3aIlMHU IIpoLecca. boapmuHCTBO COBPCMCHHBIX MCTONOB BbIACIICHUA ﬂHK

77

O


mailto:kassio-67@yandex.ru
mailto:kassio-67@yandex.ru
mailto:marija-rjabuhina@mail.ru
mailto:olo-natasha@yandex.ru
mailto:olo-natasha@yandex.ru
mailto:kassio@yandex.ru
mailto:marija-rjabuhina@mail.ru
mailto:marija-rjabuhina@mail.ru
mailto:olo-natasha@yandex.ru
mailto:olo-natasha@yandex.ru

Becmuux HBI'Y. Ne 2(66) / 2024 OKOJIOT' M )KUBOTHBIX / ANIMAL ECOLOGY

COCTOST W3 CIEAYIONIMX JTaloB: JIM3UC KIETOYHBIX W SJIEPHBIX MeMOpaH, yAaleHUue W3
MOJIyYEHHOT0 MaTepHaiia MHIMOUTOPOB, MHAKTHUBALIMS KIIETOUYHBIX HYKJI€a3, OTJEICHNE UCKOMBIX
monekyn JIHK, ux oumcrtka [1; 2; 5; 7; 9; 14; 18-20]. Ilo ocHOBHbIM (uU3NUYECKUM U
OMOXMMHUYECKUM Tpu3HaKaM MeToj bl dKkcTpakuuu JJHK MoxxHO pasmenuts Ha kuakodasHble U
TBepao(a3Hble, CpeAd KOTOPbIX B HACTOSIIEE BpEMS LIMPOKO HCIOJIB3YIOT METOJbI
MpEUNUTaIy (OCaKICHUE CITUPTOM) M COpOIMH (HA CHIIMKAre/lb WJIM MarHUTHBIC YacTHUIHI) [ 8;
11; 15]. Meroa npenunuranuu npeamnoiaraer arperanuto JJHK B mpucyrctBum conu u crimpra.
[Tocne ocaxnenus crnuprom JHK otmensercs ot pactBopa uentpudyrupoBanuem. Ocaiok,
conepxkammii  JIHK, HEONHOKpAaTHO IpOMBIBACTCS  COUPTAMM M KOHLEHTPUPYETCS
ueHTpudyrupopanriem. CopOLUMOHHBIE METOMBI MPEANOIaraloT HAJIUYUE TBEPAOrO HOCUTENS C
BbIcOKOH addunHOCTBIO K MoniekyiaMm JJHK, kotopbie ¢ HUM 00paTuMO CBSI3BIBAIOTCS, IIPH 3TOM
WHTUOUTOPHI M JPYrd€ KOMIIOHEHTBHI OCTAalOTCS B PacTBOpPE, YTO IMIO3BOJISET IMOIy4aTh
BBICOKOOUHMIIICHHBIC Mpenaparsl, npaktudecku 0e3 moreps JAHK [1; 5; 6; 10; 12-14; 16; 17; 19;
20].

OdyeHb 4acTO 0COOEHHOCTHIO KPUMHHATUCTHUECKUX OOBEKTOB M CIEAOB OMOIOTUYECKOTO
MIPOUCX 0K ICHHUS, TPUMEHsIeMbIX 11 ipoBeaeHust JJHK-ananu3a, siBiasieTcst uX Manoe KOJIM4eCTBO
U 3HAUUTEIbHOE pa3IM4YM€ B COJCPKAHUM TIEHETHUYECKOT0 MarepHuaja, a TakXKe HaJudue
THUJIOCTHBIX M3MEHEHH, Beaymux K Aerpaaanuu JJHK u npucyrctBue nHruoutopos [2-4].

YuuTbiBas OCOOCHHOCTH, CBSI3AHHBIE CO CIOKHOCTBHIO BBIICTICHUS T€HETUYECKOTO
Marepuaia U3 KpUMHHAIMCTHYECKHNX OOBEKTOB M CJIEJJOB OMOJIIOTHYECKOTO MPOMCXOKIACHUS, a
TaKXKe BAKHOCTh WX COXpaHEHUs, BBIOOp Mmeronma »kcrtpakuun JHK sBnsercs omnum u3
ocHOBoTMoararmux 3ranos [1; 3].

Leap HacToseli padoThI: o1leHKA Y3(PHEKTUBHOCTH METOAMUECKUX MOIXO0J0B, TAKUX KaK
IpeuunuTanus (OcaxxJeH1ue CIUPTOM) U copOLus (Ha CUJIMKAreslb WIM MarHUTHBIE YaCTULIbI), JUIS
skcTpakuuu npenaparoB JJHK u3 paznuyHbIX TUIIOB TKAHEH YKUBOTHBIX MYTEM ONPEACICHUS
koHneHTpanuu 1eneBoit JHK dayopumerpuueckum wmetogom. Hamu Obul  mpoBeneH
CpaBHHUTENbHBIN aHanmu3 3dextuBHocTH 3KCcTparupoBanus JJHK mpu momorym kKoMMepuecKux
Ha0OpOB, PEKOMEHIyeMbIX mpousBoauteneM s skcTpakiuu JHK B coorBerctBum ¢
OTpefieIeHHBIM TUIIOM TKaHH, a TakKe HaOOPOB, HE MpeIHa3HAUCHHBIX (HecTIen(PUIECKIX) AJs
JTAHHBIX THUIIOB TKaHEH.

O0beKTbI, MaTepHAJIbI 1 METOAbI HCCJIeI0BAHUSA

B pabote ncnonb30BaHbl 00pa3ipl TKaHEH )KUBOTHBIX: KOCTHBIE POra U KOIbITa CEBEPHOTO
onenst Rangifer tarandus (Linnaeus, 1758); ckeieTHbIE MBIIIIBI, XPAIIEBas TKaHb U CIU3b
panyxHou ¢operun Oncorhynchus mykkis (Walbaum, 1792); ckeneTHble MBIIIIBI U pedpo
nomairHen cBuHbH SUS scrofa domesticus (Erxleben, 1777).

HavanpHble yciaoBus ObUIM OJMHAKOBBIMU I BceX MeToq0B dkcTpakiuu JIHK, tak kak
BBIJICTICHHE TPOBOAWIOCH M3 OJHUX M TeX € OOpa3IoB TKaHU, pa3lelieHHbIX Ha paBHbBIC
¢dparmenTsl BecoM ~10 mr. Tak KOCTHBIE pora CeBepHOrO OJieHS ObLTM pa3feneHbl Ha 12

(GbparMeHTOB, KOIbITa CEBEPHOTO OJieHsI — Ha 12 ¢parmeHTOB, peOpo JOMalIHEHl CBUHBH — Ha 9
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(parMeHTOB, CKEJETHasl MBIIIA JAOMAaITHeH CBHHBM — Ha 3 (pparMeHTa, CKeleTHas MBIIIIA
panyxHoi (openu —Ha 9 pparMeHToB, ClK3b pagyKHOU Qopenu - Ha 9 pparMeHTOB, XpsilieBas
TKaHb paayxHou Gopenu — Ha 12 GpparmMeHTOB.

Hns  sxcrpakunun  JAHK  memodom ocaxcoenus cnupmom (npeyunumayuu), B
COOTBETCTBHUH C MPOTOKOJIAMHU MTPOU3BOAUTEINS, IPUMEHSIIN CIEAYIONINEe KOMMEPUYECKUEe HaOOPHI
pearenToB: «GM Tissue» («Raissol», Poccus), pekoMeHmyeMbIii NpPOU3BOAMUTEIEM JIS
BBIJICJICHUS] HYKJIEMHOBBIX KHCJIOT U3 TKaHEW MJIEKONMUTAOIIMX, BOPCUH XOPHUOHA, BOJOCSHBIX
¢dommukynoB u 1p.; «Amex» («Raissol», Poccus), pekoMeHIyeMblii MPOU3BOAMUTENEM IS
BBIJICJICHUS] HYKJICMHOBBIX KUCIIOT U3 aMHUOTHYECKOM JKUJIKOCTH.

Hns sxcerpakuun JJTHK memodom copouyuu na macnummnsie wacmuyvt, B COOTBETCTBUH C
MIPOTOKOJIAaMU TPOU3BOAMUTENCH, MPUMEHSUIM CIEAYIOIue KOMMepYecKHe HaOOphl peareHTOB:
«GM Tissue M» («Raissol», Poccust), pekoMeHIyeMblii TPOU3BOIUTENEM JUISI BBIICICHUS
HYKJICUHOBBIX KHCIJIOT U3 TKaHEH MJICKONMHUTAIONINX, BOPCUH XOPHOHA, BOJIOCSHBIX (DOJUTMKYIIOB,
¢bukcupoBaHHbIX MATeH KpoBH; «M-Cop0O-kocTh» («CuHTONM», Poccus), pekoMeHIyeMblii
MIPOU3BOJUTENEM JIJIsl BBIACIICHUS] HYKJIIEMHOBBIX KUCJIOT U3 KOCTHOTO MOPOILIKA.

Hns skcrpakunun JAHK, memooom copouyuu na cunuxazenv (npou3eoonom ouokcuoa
KpemHus), B COOTBETCTBUU C TPOTOKOJIAMU TPOU3BOAUTENEH, NPUMEHSUIM CIEAYIOLIUE
KoMMepueckue HaOopwl peareHToB: «D-Tissues» («buomnadbmukc», Poccus), pexkomeHmyembliit
MIPOU3BOJIUTENIEM [UIsl BBIICICHUS HYKIEHHOBBIX KHUCJIOT W3 TKaHEW >KUBOTHBIX; «D-bloody,
PEKOMEHIyeMbIl TTPOU3BOIUTENeM T BhiAeneHus renomuon JIHK u3 kpoBu («bromabMukcy,
Poccust); «PUBO-cop6» («AmpliSensy», Poccust), pekoMeHIyeMblii TpPOM3BOIUTEIEM IS
Boienenus JJHK/PHK w3 knunngeckoro marepuana.

Okcrpakuuto JJTHK 3 kaxaoro thma TKaHUM HNPOBOAMIIM B TPEX MOBTOpaxX IS KaXKI0TrO
Habopa. Omnpenenenune koHueHtpauuun JIHK B wuccnegyempix o0pasnax NOpOBOAMIM Ha
dbayopumerpe Qubit 2.0 (Life Technologies, CILIA), ucnionb3yst Hadbop pearentoB Qubit DNA HS
Assay Kit, 1u1st konnuectBeHHOTO onpenenenus asyxuenodeynoit JJHK ¢ konnentpanueit fo 100
Mkr/mia. [lpemapatel ¢ Oonee BBICOKOH KoHIeHTpauued 1eneBoit JIHK moaBepramuce
pa3BeIeHUIO, B COOTBETCTBUH C MPOTOKOJIOM IpousBoauTens. [Ipuniun padotsl npudopa Qubit
2.0 3akiroyaeTcs B JETEKIIUU U3TydeHHs (IyOpEeCIIeHTHOTO KpacuTens, KOTOPBIH CBA3BIBAETCS C
neyxuenoueyHoil JIHK. Bpicokass uyBcTBUTENBHOCTh MeToAa mo3BojsieT omnpeaenars [IHK B
HU3KHUX KOHIEHTpauusx. M3mepenue konunentpaumii JIHK mpowsBoauiam B COOTBETCTBUUM €
MIPOTOKOJIOM Mpou3BoauTeNs. B TaGmuiry BHOCHIUCH cpenHee 3HaueHne konnentpanuu JJHK s
KaKJIOT0 THUIAa OMOJIOTUYECKUX TKaHEH, MONyUYeHHBIE B CEpUU M3 TPEX MOBTOPEHMI ¢ Habopamu
peareHToB JJIsl SKCTPAKIIMH.

Pe3yabTaTsl M 00Cy:KICHUE

CornacHo MoJIy4eHHBIM pe3yJibTaTaM, MPeACTaBICHHBIM B Ta0JINIIE, BBISIBICHBI pa3IuyMs B
3¢ (HEeKTHBHOCTH METOOB, KOTOPBIe OBLIM MCIONB30BaHbl A dkcTpakiuu JJHK u3 paznuusbix

THUIIOB TKaHEH >KUBOTHBIX.
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Tak wucnonp3oBaHMEe KOMMEpuYecKuX HabopoB pereHTOB «M-Copb-kocTb» («CHHTOI,
Poccust) u «GM Tissue M» («Raissol», Poccust), 0cHOBaHHBIX Ha METO/I€ COPOIIMY HA MAarHUTHBIC
YaCcTULIBI, IIO3BOJMJIO CTa0WJIBHO U BOCIPOM3BOJMMO MOJy4aTh IpenapaTsl C BBICOKON
koHuentpauueit JIHK u3 peGpa nomamneit cBunbu (cpeanee 3Hadenue — 474,00 Mxr/mo),
KOCTHBIX POTOB H KOIIBIT CEBEPHOTO OJieHs (cpeanue 3HadeHus — 268,00 Mxr/mi u 83,20 MKr/mi,
COOTBETCTBEHHO), XPSAIIECBON TKaHb paayxHoOu (dopenu (cpeaHee 3HaueHue — 69,70 MKr/mo).
Jannblit MeTo/1 oKa3aa Hanbosee BHICOKYIO CTa0UIBLHOCTh U BOCIIPOU3BOAMMOCTD MOJTy4aeMBbIX
koHuentpanueit JIHK, Bo Bcex cepusx (MOBTOpeHUsIX), MOCIie dTamna skcrpakiun. OgHako Habop
pearentoB «GM Tissue M» («Raissol», Poccust), oTmnuaincs 6osiee HU3K0# BOCIPON3BOANMOCTBIO
pe3ynbTaToB, yem Habop «M-Cop06-koctb» («CunTon», Poccus), n Bcerma mokasbiBan Ooljiee

HU3KYI0 KoHLeHTpauuio nenesoit JIHK B mpenapaTax mocine 3Tarna 3KCTpaKI|H.

Tabmuia
CpaBHMTENbHDBIH aHATU3 d(PPEKTUBHOCTH METOA0B IKCTPAKIIMHT
JAHK u3 TkaHell }KUBOTHBIX
Meton Kommepueckoe fz}:ll;e};g?[lﬁ;[l(
Ne Tun Tkanu (Bux) IKCTPAKIUM Ha3BaHue Habopa penap
JHK (MPOM3BOANTEIb) (vier/mn),
P ! cpeaHee 3HaYeHMe (L)
1,2.3 OCaK/ICHHE «QM Tissue» ~110,00
CIIUPTOM («Raissoly», Poccust)
«GM Tissue M»

45,6 Kocthble pora igﬁiﬁg:;: («Raissol», Poccus) 42,80
789 CEBEPHOTO OJIEHS YACTHILEI «M-Cop06-KocTb» ~268.00

T (Rangifer tarandus) t («Cuntom», Poccust) '

«D-Tissues»

10,11, copouns («buomabmukcy, ~2,21

12 CHUJTUKAreb

Poccust)

13, 14, OCaKICHHUE «GM Tissuex» ~25.00

15 CIIUPTOM («Raissoly», Poccust) '
16, 17, «GM Tissue M» _

18 Komnmita ig;i]lﬁf;: («Raissol», Poccus) 72,10
19, 20, CEBEPHOr0 OJICHS 4ACTHLILL «M-Cop06-KocTb» ~83.20
21 (Rangifer tarandus) H («CunTtom», Poccust) ’

«D-Tissues»
22,23, copbuns na («buomabMuKcy, ~0,23
24 CHUJIMKAresb
Poccus)

25, 26, OCaXK/IeHHE «GM Tissue» ~120.00
27 CIIUPTOM («Raissol», Poccus) '
28, 29, PeGpo nomarnneit ;Zgii?isz «M-Cop06-KoCTb» ~474.00
30 ceunbH (SUs scrofa 4ACTHLLLL («CunTtom», Poccust) ’

domesticus) 4 -
31 32 copbmn Ha «D-Tissues»
oy («buomabmMukcy, ~19,30
33 CUJIMKAreb
Poccus)
CkeJsreTHast MBIIIIIA
34, 35, JIOMAIlIHEX CBUHBU copO1ust Ha «PHBO.-COP6»
(«AmpliSensy, ~36,60
36 (Sus scrofa CHJIMKAreyb Poccrs)
domesticus)
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37, 38, OCaKICHHUE «Amex», («Raissol»,
39 CIIUPTOM Poccust) ~99.90
40 41 CkeneTHast MbIIIIA «D-blood»
41,2 ' panyxHou popenu («buomadmMukcy, ~42,10
(Oncorhynchus copOrust Ha Poccusi)
43 a4 mykkis) CHUITHKAT€eJIh «PUBO-cop6»
415 ' («AmpliSens», ~74,10
Poccus)
46, 47, OCaKICHHUE «Amex», («Raissol», 30.90
48 CIIUPTOM Poccust) s
49 50 Crnusp «D-blood»
él ' panyxHol popenu («broaaOMHKCY, ~3,570
(Oncorhynchus copOIust Ha Poccus)
59 53 mykkis) CHUITHKAT€eJIh «PUBO-cop6»
é A ' («AmpliSens», ~41,60
Poccust)
55, 56, OCKJICHUC «GM Tissue» ~21.40
57 CIUPTOM («Raissoly», Poccust) '
58, 59, «M-Cop6-KocTb» _
o | Nomemanans | coptunit | oo poc | 00"
61, 62, (Oncorhynchus YaCTHULIBI «GM Tissue M> ~54,60
63 mykkis) («Raissol», Poccus)
64 65 y cOnBLISL Ha «D-Tissues»
66 ’ cnﬁnﬁarem, («broaaOMHKCY, ~0,16
Poccus)

[Ipumenenne metona sxctpakuuu JJHK Ha ocHOBe ocaxaeHus CIUpTOM, C HCIIOJIb30BAHUEM
KomMmepueckux HabopoB peareHToB «GM Tissue» («Raissol», Poccus) u «Amex», («Raissoly,
Poccust), Haubonee >¢dextuBHO nposiBuiio ceds npu BeiaeneHun JJHK u3 peGpa nomarmineit
cBuHbM (cpeaHee 3HaueHue — 120,00 MKr/mir), KOCTHBIX POTOB CEBEPHOTO OJieHs (CpeaHee
3HaueHue — 110 MKr/mMiT) ¥ CKeJIeTHOW MBIl paxyxHou (opemu (cpemanee 3HaueHue — 99,90
MKI/MJ). JlaHHBIH MeTOJ MOKa3all JOCTaTOYHO BBICOKYIO CTa0MIIBHOCTh M BOCHPOM3BOAMMOCTh
nonydaeMbix kKoHneHTpanuedt J[THK, Bo Bcex cepusix (MOBTOpPEHHSIX), MOCNE dTana dKCTPAKIIUU.
Opnako xonuentpauus BoiaeneHHo JJHK B cpemnem Obuta Huke, yeM MpH HCTIOIb30BAaHUH
MeETOJ1a COPOLIMY HAa MAarHUTHBIE YaCTUIIBI.

[Tpumenenue merona sxcrpakunu JJHK Ha ocHOBE copOumu Ha cuiukarens (IpOU3BOAHBIC
JTUOKCHIa KPEMHHS), C HCIOJb30BAHHEM KOMMEpYeCKUX HabopoB peareHTOB «D-Tissues»
(«buomabmukc», Poccus) u «PUBO-copd» («AmpliSens», Poccust), mokasano B cpeaHem
HanOosiee HM3KkHe KoHIeHTpammu neneBor [IHK, u3 Bcex THUMOB TKaHeW >KMBOTHBIX, BO BCEX
cepusix (MMOBTOPEHUSX), TMOCHE dTana dKcTpakiuu. Hambonee 3¢h(HEKTUBHBIM JaHHBIM METO[
okazancs Juis skerpakiuu JJHK w3 ckeneTHONM MBIIIIBI U CIU3U padyXHOU ¢dopenu (cpemHee
3HaueHue — 74,10 mxr/mn u 41,60 MKr/MJ, COOTBETCTBEHHO). TeM He MeHee, MOTy4YeHHbIEe C
MOMOLIBI0  MeToAa COpOLMM HA  CWIMKAareiab  pe3ylbTaThl, OTIMYAINCh  HU3KOU
BOCITPOM3BOJIUMOCTBIO, C OOJBIITUM PACXOXKACHUEM TOKa3zarenel KoHueHTpauu menesoit JJHK
MOCJIe dTana KCTpakiuuu. Tak MUHMMallbHbIE CpeIHUE 3HaueHUs KoHleHTpauun uenesoi JJHK

ObLIN IMOJIYYCHBI B IIPCIIapaTax U3 KOIBIT U KOCTHBIX POTrOB CCBCPHOI'O OJICHA (cpeJ:[Hee 3HA4YCHHUC
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— 0,23 mkr/ma 1 2,21 MKr/MiI, COOTBETCTBEHHO), XPSIIEBON TKaHU paayXHOH (openu (cpenHee
3Hauenue — 0,16 MKr/moi).

3akarwdenue. CI10)KHOCTD BbifenaeHus neneBoit JJHK u3 Tkanel sKUBOTHBIX, COCTOHUT B TOM,
9TO OHM UMEIOT pPa3JIHYHbIA OWOXMMHYECKUUA COCTaB U (DU3MYECKHE XapaKTEPUCTUKH.
CrnenoBarenbHO, BeCbMa IPOOJIEeMaTHYHO TOA00paTh YHUBEPCATBHBINA IPOTOKOJI JUIsl BBIICICHUS
neneBoit JJHK u3 Bcex TUIIOB OMOJIOrMYECKUX TKaHEH ¢ 0JJuHAaKOBOU 3(DPEKTUBHOCTHIO.

[IpoBenieHHBIN CpaBHUTEIbHBIM aHaNIW3 KoOHIeHTpanui mnpenaparoB JJHK, momydeHHBbIX
Pa3IMYHBIMU METOJIaMHU HKCTPAKIIMH, [MOKa3al, YTo HauOoubinas KoHeHTpauus uenesor JJHK,
U3 BCEX TUIOB TKAHEH JKMBOTHBIX, ObLJIa MOJIy4eHa METOJOM COPOIIMHM HA MarHUTHBIC YACTHIIBI.
Kpome Toro, ¢ npuMeHeHHEM 3TOr0 METOa, BO BCeX CepusiX (IIOBTOPEHHUSX) ITara IKCTPAKIIUH,
ObLIM TONyyeHbl Haubosiee CTaOUIBHBIE M BOCIPOM3BOAMMBIE KOHIeHTpanuu Ieneoit JTHK.
CrnenyeTr OTMETUTh, UTO C IPUMEHEHUEM KOMMEPUYECKOr0 Habopa peareHTOB Ha OCHOBE COpOLIUU
JHK na wmarautaeie vactunbl — «M-Cop0-koctb» («CuHTOMm», Poccus), ObutM mOIydeHbI
MakcuMaibHbIMU KoHLIeHTpanusimu JIHK, u3 Bcex TUIIOB OMOIOTHYecKUX TKaHEH, BO BCEX CEPUAX
(TIOBTOpPEHUSX) Tamna SKCTPaKILUH.

C nmpumenenue metona skcrpakunu JJHK Ha ocHOBe ocakeHus COUpPTOM, U3 BCEX TUIIOB
TKaHeH )KMBOTHBIX, ObUIH MOYYeHBI OoJiee HU3KMe KoHleHTpamuu 1enesoit JIHK, B cpaBHennn ¢
METOJIOM COpOIMM HAa MarHuTHbIE yacTuilbl. OJHAKO MPUMEHEHHE JAHHOTO METOJa MOKa3alo
JIOCTaTOYHO BBICOKYIO CTaOWJIBHOCTh M BOCIPOU3BOJAMMOCTH MOJNYyYAEMBIX KOHIIEHTPALUN
nenesoit JIHK, u3 Bcex TMIOB OMOJIOTHYECKMX TKaHEW, BO BCEX CEpHsiX (MOBTOPEHMSX) ATara
skcrpakiuu. Hanbonpmme xoHuentpauuu nenesoi JJHK Obutn mosmyueHsl npu 3KCTpakLMU U3
pebpa nomaiHeill CBUHBH, KOCTHBIX POTOB CEBEPHOTO OJICHS M CKEJETHOW MBIIIIBI PaayKHON
dopenu, ¢c npuMeHeHne KoMMepuecknx HabopoB peareHToB «GM Tissue» («Raissol», Poccus) u
«Amexy, («Raissol», Poccust), COOTBETCTBEHHO.

[Tpumenenue meroxa skcrpakuuu JJHK Ha ocHOBe copOunm Ha cunukaremns (IpOU3BOIHbBIC
JTUOKCHIa KPEeMHHUS), TTOKa3aio B cpeHeM Oosiee HU3KHe KoHueHTpanuu nenesoit JJHK, u3 Bcex
TUTIOB TKaHEW >KMBOTHBIX, B CPaBHEHHH C METOJaMU COPOIMM HAa MAarHUTHBIC YACTHUIIBI U
OCKJIEHUM CHUpTOM. JlaHHBIM MeToJ oTIMuajics Haubojiee HHU3KOW CTaOMIBHOCTHIO U
BOCIIPOM3BOAMMOCTBIO TMOJTydaeMbIXx KoHueHTpanmii nenesoit JIHK. Haubonee »dpdexTuBHBIM
JAHHBIA MeTon okazancs ana skcrpakuuu JJHK w3 ckeneTHoil MbIMIIBI U CIKM3M pagyKHOM
dopenu, ¢ mpuMeHeHUEM Kommepueckoro Habopa peareHToB «PUBO-cop0» («AmpliSensy,
Poccust). MunnmanbHbIe CpeiHre 3HaYeHHs KoHIeHTpanuu 1eneBoit JJHK, metogom copOrnm Ha
CUJIMKaresb, OBLIM TMOJYYEHBI B MpermapaTax M3 KOMBIT U KOCTHBIX POTOB CEBEPHOTO OJICHS, a
TaK)Ke XPAIIEBON TKaHU paayKHOU Qopenn, ¢ IPUMEHEHHEM KOMMEPUeCKOro Habopa peareHToB
«D-Tissues» («buomadbmuxcy, Poccus).

Takum 00pa3oM, Ha OCHOBAHUHU MOJIYYEHHBIX PE3yJIbTaTOB, IOKa3aHO, YTO MCCIIEOBaHHE
Ka)KZ0r0 HOBOT'O 00pasiia TKaHeH KUBOTHBIX, B SKCIIEPTHO-KPUMUHAIUCTUIECKON AESITeTbHOCTH,
JOJKEH HayMHAThCS C Moa0opa ONTUMAaNbHBIX ycioBui akctpakiuu JIHK, ans momyuenus

npemnaparoB MPUTroOAHBIX IJIA }IaHBHGﬁMHX MOJICKYJISAPHO-TCHETUUCCKHUX UCCIICAOBAHM.
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TEMOJIMHAMUYECKHUE ITOKA3ATEJM )KUTEJIEA CEBEPA,

SAHUMAIOIIUXCA MOP’KEBAHUEM

Abstract. The purpose of the study is to assess
changes in hemodynamic parameters in areas of
the  northern  city  (Khanty-Mansiysk
Autonomous Okrug — Yugra) under the
influence of extreme cold temperature.
Determination of hemodynamic parameters
was carried out by compression oscillometry
method using the APKO-8-RITS-M circulatory
parameters analyzer. Results: under the
influence of extreme cold water, all subjects
showed an increase in the values of systolic and
mean arterial pressure and pulse pressure. There
was an increase in cardiac output, stroke
volume of blood, cardiac index and stroke
index; significant differences in the dynamics
of these indicators were revealed. For the
majority of surveyed people (77.7%), engaged
in winter swimming, a tendency to increase
arterial stiffness under conditions of general
cold stress was revealed. Conclusion: in
general, the tolerance of extreme cold stress in
men can be assessed as satisfactory, since on
average there is an increase in cardiac output,
largely due to stroke output; there is a
correspondence between the actual resistance of
peripheral vessels and the working specific
peripheral resistance. Since there were no
significant changes in the diameter of the
brachial artery with an increase of pulse wave
velocity after swimming in cold water, this
suggests the preservation of the observed elastic
properties of the vascular wall. Data obtained
from a limited number of examined people
indicate the possibility of identifying the initial
stages of disorders of the elastic properties of
the aorta using compression oscillometry and

AnHoTauus. Llenp uccnenoBaHusi — OUEHUTh U3MEHEHUE
FeMOJMHAMHYECKHUX IIOKa3aTelIed JKUTEJIEH CEBEPHOTO
ropoga (XaHTel-MaHCUHCKUH aBTOHOMHBIH OKpyr —
IOrpa) mox BiausSHHEM 3KCTPEMaJIBHOIO XOJIOJOBOTO
TEMIIEpaTypHOTO BO3JICUCTBUSL. Onpenenenue
reMOJMHAMUYECKIX rokaszaTesieit MIPOBOJIUIIOCH
METOJIOM  KOMIIPECCHOHHOM  OCLMJUIOMETPHUH  C
HCTIOJIb30BaHUEM aHaJM3aTopa apaMeTpoB
kpoBooOpamenus: «AIIKO-8-PUIL-M». Pesynbratsr:
MOJ, BO3JCUCTBUEM SKCTPEMaJIbHOM XOJOJOBOW aKBa-
Harpy3ku y BceX 00cJeqyeMbIX MYXYHH OTMEUYEHO
YBEJMYEHHE 3HAYEHUH CHUCTOIMYECKOTO M CPEIOHEro

apTepUaIbHOTO  JIABJICHUSA, ITyJbCOBOTO  JABJICHHS,
OTMEYaJoCh  TOBBIIIGHHE  CEPJEYHOr0  BhIOpOCa,
yaapHoro oObeMa KpOBH, CEpIEYHOTO HHIEKCa,

YJAapHOTO HWHJCKCA, B JMHAMUKE OSTUX I[OKa3aTelieh
BBIABIEHBI 3HAUYMMBIE OTIHYng. Jlasg OOJbIIMHCTBA
00cClIeq0OBaHHBIX (77,7%), 3aHUMAIOIINXCS
MOpP)KEBAaHHEM, BBISBWJIM TCHJCHIMIO K YBEIUYCHHIO
KECTKOCTU apTepuil B YCIOBHUSIX OOIIETO XOJIOI0BOIO
cTpecca.  BeIBOgBI: B IEIOM  MEPEHOCHMOCTb
OKCTPEMATILHOM XOJIOJIOBOI HAIPY3KU Yy MY)XYMH MOXKET
OIICHUBAThCSA KakK yJIOBJICTBOPUTEIIbHAS, TaK KaK B
CpellHEM TPOUCXOIUT YBEIUYCHHUE CEPIICYHOIO BRIOpOCa
B Oonbliell CTEMeHM 3a CYET YJIApPHOTO BBIOPOCA;
HaOJIIOJIaeTCI COOTBETCTBHE (DAaKTHUYECKOTO YJIEIBHOTO
COMPOTHUBJICHHUS TEPUPEPUISCKUX COCYIO0B padoueMy
yAeIbHOMY Tepu(epruieckoMy CONMPOTUBICHHIO. Tak
KaKk HE OTMEYCHO 3HAYMMBIX HW3MEHEHHWH IuameTpa
IJICYEBOM apTEPUH ITPH MPUPOCTE IMOKA3ATENEH CKOPOCTH
MyJIbCOBOM BOJIHBI TOCJIC IJIaBaHHMS B XOJIOIHOU BOJIE,
3TO  TO3BOJSET  NpEAIojaraTh  COXPaHHOCTh Y
o0creryeMbIX  JJaCTUYECKHX CBOMCTB  COCYAHCTOM
creHkd. [lonydeHHbIe HA OrPaHUYCHHOM KOJIHMYCCTBE
obcnemyeMbpIx JIaHHBIE, CBUJCTEIBCTBYIOT 0
BO3MOXKHOCTHU BBISIBIICHUS HaYaJbHBIX cTagui
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expanding the capabilities of early diagnosis of
signs of aortic stiffness.

Keywords: compression oscillometry;
hemodynamic parameters; winter swimming;
north; adaptation.
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According to the literature data, such a social phenomenon as “winter swimming” refers to
the hardening system and combines different types of cold exposure (immersion in cold water,
winter swimming, winter sports swimming). Interest in winter swimming has been increasing in
recent years; people visit amateur clubs and sports sections [5; 6]. The influence of extreme cold
exposure on the human body and, in particular, on the cardiovascular system, is assessed
ambiguously; the observed functional manifestations illustrate complex adaptation to the stress
factor.

Several foreign studies describe the positive effects of winter swimming on the
cardiovascular system; there is a decrease in the risk of cardiovascular diseases, normalization of
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the lipid profile [3; 7; 13] and blood pressure (BP) [10]. Results have been published showing an
increase in systolic blood pressure (SBP) and diastolic blood pressure (DBP) by 20 mmHg in the
first 60 seconds of extreme cold exposure, which was a hyperreactivity observed mainly in subjects
with hypertension or in individuals prone to hypertension in later life [15]. Indian scientists
assessed the cardiovascular system's response to cold using a stress test. Healthy young people
immersed their hands up to the wrist in cold water with a temperature of 5°C. Before the test and
1, 3 and 5 minutes after the dive, blood pressure measurements were taken with a
sphygmomanometer. The majority of subjects had a statistically significant increase in blood
pressure, diastolic by 16.02%, systolic by 12.10%. An increase in heart rate (HR) by 23.09% was
also detected. Heart rate increased significantly after 1 minute of immersion and by the end of 5
minutes it almost reached normal values (p < 0.05). Despite the statistically significant increase in
these indicators, they were within normal limits [14].

According to Popov A.V., Suxovej, Yu.G. et al. (2003), prolonged cold exposure can lead
to depletion of functional systems that implement adaptation mechanisms, including the immune
system. The authors note the different effects of cryogenic regimes on organs and systems, which
depend on the premorbid background; primarily the fitness of the body, the presence of chronic
diseases, clinical and anamnestic signs of immune deficiency, etc. [16; 17]. E.G. Kostolomova
(2006) conducted a comparative analysis of the parameters of the immune system of “almost
healthy people” and “winter swimmers” in response to immersion in ice water. It was revealed
that “winter swimmers” develop a special type of immune status, manifested by a redistribution of
the activation-proliferative component of the lymphocyte-cell link, an increase in the level of
immunoglobulins of classes M and G against the background of a decrease in large-molecular
circulating immune complexes, a decrease in the intensity of phagocytosis of neutrophils and the
activity of oxygen-dependent metabolism of monocytes [12].

A number of authors believe that in the process of hardening, especially winter swimming,
the psycho-emotional state is normalized, increases efficiency, and anxiety decreases [5; 6]. It was
also found that regular winter swimming can have a beneficial effect on the sleep and well-being
of patients diagnosed with depression. The study involved patients aged 20 to 69 years who
practiced cold water swimming twice a week [8]. According to the results of a study by P.
Huttunen, L. Kokko, V. Ylijukuri (2004), at the end of a four-month period of winter swimming,
swimmers felt more energetic, active and cheerful, compared to the examined of the control group.
All swimmers with a history of rheumatism and/or fibromyalgia reported that winter swimming
relieved their pain [9].

The effect of regular winter immersion in water on the activity of the sympathoadrenal
system was studied. Some findings suggest that winter swimming significantly activates the
sympathetic nervous system even after cold acclimation, without affecting the adrenal medulla.
The change in plasma epinephrine levels is likely dependent on the level before cold exposure.
Swimmers whose plasma adrenaline levels dropped during the test dive had higher predive levels
than those whose adrenaline levels increased. Individual characteristics may also influence the
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amount of cortisol released in response to cold exposure. These results may explain why some
“winter swimmers” find swimming in ice-cold water stimulating while others find it relaxing [11].

The circulatory system plays a significant role during adaptation to extreme hypothermic
exposure. The purpose of the study is to evaluate changes in hemodynamic parameters under the
influence of extreme cold temperature exposure.

The study was conducted in the suburbs of Nizhnevartovsk (KhMAO-Yugra, a region
equated to the regions of the Far North), Lake Molodezhnoye. At the time of the study (February
28, 2023), the following weather conditions were recorded: air temperature was —5 °C; water
temperature +1.8 °C; atmospheric pressure 743 mmHg.; southern wind at a speed of 5.7 m/s; air
humidity 84%. The temperature of water and air didn’t change during the study. Members of the
“Bodryachok” club engaged in winter swimming, a total of 39 people, were examined. We
interpreted hemodynamic parameters in subjects with initially normal blood pressure values,
according to national and European recommendations of cardiologists [2; 4]. The table presents
the results of 18 men with initial blood pressure corresponding to normal values, who are in the
second period of adulthood. 21 people (53.8%) were excluded from the analyzed sample because
20 minutes before immersion in cold water they had high resting blood pressure (the threshold of
140/90 mmHg was exceeded). The average age of the formed sample is 43.4+1.5 years. The
hardening experience averaged 2.1+0.14 g. The average time spent in cold water was 2.4+0.5
minutes. The study was approved by the Local Ethics Committee of the Federal State Budgetary
Educational Institution of Higher Education "Nizhnevartovsk State University" (Protocol No. 1
dated 01/23/2023). All participants signed voluntary informed consent to participate in the study.

Determination of hemodynamic parameters was carried out by compression oscillometry
method using the APKO-8-RITS-M circulatory parameters analyzer (automatic non-invasive
complex for express diagnostics of the cardiovascular system). The technique allows to determine
the pulse wave velocity (PWV) on the brachial artery by computer analysis of changes in the
instantaneous values of the volume of the brachial artery and the pressure in it under the influence
of increasing pressure in the pinch cuff. The advantage of this method is the ability to determine,
in addition to PWV, 17 more vascular and cardiac parameters. Oscillometric determination of
linear parameters of blood flow in the brachial artery is a reliable way to study not only peripheral,
but also central hemodynamics [1, 18]. Hemodynamic parameters were measured twice: before
swimming in cold water (20 minutes); immediately after the end of cold exposure.

The Excel 2010 and Statistica 10.0 software package was used for statistical processing of
primary data. The normality of the distribution of these characteristics was checked using the
Kolmogorov—-Smirnov test. For comparative analysis, the nonparametric Mann-Whitney test for
two independent samples was used. The data is presented in the form: M+m (M — arithmetic mean,
m — error of the arithmetic mean). The significance level (p) was calculated: differences between
the compared values were considered significant at (p <0.05).

As it turned out, in 13 subjects (72%) 20 minutes before extreme cold exposure, SBP
increased to an average of 132.2 + 2.85 mmHg (measured using the Korotkov method —
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auscultatory method), which is possibly the body’s reaction to upcoming stress and is implemented
through the mechanism of a conditioned reflex (see table).

Table

Hemodynamic parameters of men engaged in winter swimming (n=18)

Indicator Value (Mm) Resting value
before cold exposure | after cold exposure
Blood pressure according to compression oscillometry method

SBP, mmHg 118,5+2,65 124,7+2,84%* 86-109

DBP, mmHg 64,2+1,67 63,5+1,70 50-71

MAP, mmHg 91,24+2,04 93,4+2,10 75-97

PP, mmHg 54,4+1,16 61,8+1,35* 25-40

Cardiac activity

HR, bpm 61,7£1,05 59,2+1,24 6090

CO, L/min 5,140,23 6,3+0,38* S0+1,5
ind. norm

SV, L/min/m? 2,9+0,20 3,620,15* 3,0+1,0
ind. norm

cl, ml 84,042,05 121,342,87* 70+20
ind. norm

SI, mi/m? 47 4+1,18 69,3+1,75* 40+10
ind. norm

Vascular parameters

BAD, cm 0,38+0,04 0,27+0,06 0,3-0,6

BAC, ml/mmHg 0,12+0,02 0,25+0,04 0,03-0,3

LBFV, cm/sec 62,3+2,95 66,2+2.86 90 + 30

PWV, cm/sec 590,5+12,04 657,8£15,95% 500-900
ind. norm

TPR, ml/mmHg 2,2+0,07 2,78+0,09 .0'3_3’0
ind. norm

TPR, din*cm™*sec 1425,6+64,28 1178,5+£59,45%* 1100-2100

PVP, % 103,1£9,47 109,3£10,05 85-115

Blood pressure according to Korotkov
SBP, mmHg 132,2+2,85 144,12,69% <129 (120-129)
DBP, mmHg 80,3+1,98 82,4+2.03 <84 (80-84)

Note: * — significance of differences in indicators under the influence of extreme cold water.
Ind. norm — the value of the indicator is assessed by deviation from the range of the individual norm for

each subject [1].

According to the results of compression oscillometry, at rest in the examined sample, an

increase in the average values of SBP and pulse pressure (PP) was detected; the average values of
DBP and MAP were within normal limits. Under the influence of extreme cold water, all subjects
showed an increase in the values of SBP, PP, and MAP. Significant differences were revealed in
the parameters of SBP and PP; there were no significant differences in the parameters of DBP and
MAP (see table).

After swimming in cold water, a decrease in heart rate was found in 66.6% of the examined
men; no significant differences were found. Such a paradoxical reaction may indicate overstrain
of the sympathetic division and parallel activation of the parasympathetic division of the
autonomic nervous system under conditions of such extreme exposure as general cold stress. After
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cold exposure, all subjects showed an increase in cardiac output (CO), stroke volume (SV), cardiac
index (CI), stroke index (SI), and linear blood flow velocity (LBFV). Significant differences were
revealed in the dynamics of these indicators. It should be noted that an excessive increase in SV
may be a risk factor for arterial hypertension. The brachial artery diameter (BAD) after extreme
cold water decreased insignificantly; no decrease in brachial artery compliance (BAC) was noted
(see table).

In general, the tolerance of extreme cold stress in the examined can be assessed as
satisfactory, since on average there is an increase in cardiac output (CO) to a greater extent due to
stroke output; there is a correspondence between the actual specific resistance of peripheral vessels
and the working specific peripheral resistance.

For the majority of examined (77.7%), a tendency towards an increase in arterial stiffness
under conditions of general cold stress was revealed. The device used determines the stiffness of
the arterial bed by increasing the speed of propagation of the pulse wave. The pulse wave velocity
in 77.7% of men was higher than the individual norm (see table). A decrease in the elastic
properties of the brachial artery was confirmed by an increase in the amplitude of oscillations
during compression oscillometry. The mean arterial diameter showed a statistically insignificant
decrease after cold exercise. Since there were no significant changes in the diameter of the brachial
artery with an increase in pulse wave velocity after swimming in cold water, this suggests that the
elastic properties of the vascular wall were preserved in the subjects.

The value of total peripheral vascular resistance (TPR), which is determined by the degree
of patency of the precapillary bed, was within the normal range in all subjects before and after the
influence of cold water; on average, it decreased after swimming in cold water. The values of
vascular compliance (VC), which is functionally consistent with blood pressure, as well as with
changes in vascular elasticity, didn’t go beyond the individual norm; on average, after swimming
in cold water, TPR didn’t increase significantly. The degree of peripheral vascular patency (PVP)
was on average normal; after swimming there was a tendency to a constrictor reaction of peripheral
vessels; no significant differences were found (see table).

Conclusion. The data obtained on a limited number of subjects indicate the possibility of
identifying the initial stages of a violation of the elastic properties of the aorta using compression
oscillometry and expanding the possibilities of early diagnosis of signs of aortic stiffness. Such
changes indicate additional stress on the vascular system as a whole. This is confirmed by the data
recorded from examined using the APKO-8-RITS-M apparatus, in particular by an increase in the
speed of the pulse wave. The results obtained indicate the importance of systematic monitoring of
the functional state of a group of participants in extreme cold hardening. First of all, it is necessary
to control the level of systolic and diastolic blood pressure before swimming in cold water, which
shouldn’t exceed the threshold of 140/90 mmHg. Such precautions will help prevent the
development of cardiovascular pathology.

Acknowledgments. The authors thank Sergei Leonidovich Udintsev, chairman of the
Bodryachok club, Nizhnevartovsk.

91 @@



Becmuux HBI'Y. Ne 2(66) / 2024 OKOJIOT' M YEJIOBEKA / HUMAN ECOLOGY

Financing. The study was carried out at the expense of the grant of the Russian Science
Foundation and the Government of Khanty-Mansi Autonomous Okrug-Yugra No. 22-15-20023,
https://rscf.ru/project/22-15-20023

References

1. APKO-8-RICz-M. Analizator parametrov serdechnogo vy brosa i arterial' nogo davleniya
oscillometricheskij. Metodicheskie rekomendacii. Vostochno-evropejskij centr innovacionny x
texnologij. Moskva, 2006. (in Russ.) .

2. Cardiovascular prevention 2017. National guidelines (2018). Russian Journal of Cardiology,
23(6), 7-122. https://doi.org/10.15829/1560-4071-2018-6-7-122. (in Russ.).

3. Checinska-Maciejewska, Z., Miller-Kasprzak, E., Checinska, A., Korek, E., Gibas-Dorna,
M., Adamczak-Ratajczak, A., Bogdanski, P., & Krauss, H. (2017). Gender-related effect of cold water
swimming on the seasonal changes in lipid profile, ApoB/ApoA-I ratio, and homocysteine
concentration in cold water swimmers. Journal of physiology and pharmacology: an official journal
of the Polish Physiological Society, 68(6), 887-896.

4. ESC/ESH Guidelines for the management of arterial hypertension (2018). Russian Journal
of Cardiology, 23(12), 143-228. http://dx.doi.org/10.15829/1560-4071-2018-12-143-228 (in Russ.)

5. Fisher, T.A., Docenko, E.L., Petrov, S.A., & Frolova, O.V. (2015). Winter swimming as a
way of improvement the life quality. lzvestiya Samarskogo nauchnogo centra RAN, (5-2), 528-533.
(in Russ.).

6. Fisher, T.A., Koly'vanova, S.S., Pushnikov, A.A. & Lepunova, O.N. (2020). The dynamics
of hemodynamic, psychophysiological parameters and adaptive potential of men of working age
engaged in water-cold hardening. Problems of Balneology, Physiotherapy and Exercise Therapy,
97(6), 40-49. https://doi.org/10.17116/kurort20209706140 (in Russ.)

7. Gibas-Dorna, M., Checinska, Z., Korek, E., Kupsz, J., Sowinska, A., Wojciechowska, M.,
Krauss, H., & Piatek J. (2016). Variations in leptin and insulin levels within one swimming season in
non-obese female cold water swimmers. Scandinavian journal of clinical and laboratory investigation,
76(6), 486-491. https://doi.org/10.1080/00365513.2016.1201851

8. Hjorth, P., Sikjeer, M.G., Leokke, A., Jorgensen, A.M., Jorgensen, N., Kaasgaard, D.M., &
Rasmussen, M.R.V. (2023). Cold water swimming as an add-on treatment for depression: a feasibility
study. Nordic journal of psychiatry, 77(7), 706—711. https://doi.org/10.1080/08039488.2023.2228290

9. Huttunen, P., Kokko, L., & Ylijukuri, V. (2004). Winter swimming improves general well-
being. International Journal of Circumpolar Health, 63(2), 140-144.
https://doi.org/10.3402/ijch.v63i2.17700

10. Huttunen, P., Lando, N.G., Meshtsheryakov, V.A., & Lyutov, V.A. (2000). Effects of long-
distance swimming in cold water on temperature, blood pressure and stress hormones in winter
swimmers. Journal of Thermal Biology, 25(2), 171-174. https://doi.org/10.1016/S0306-
4565(99)00059-5

@@I 92



https://doi.org/10.36906/2311-4444/24-2/08 Pazosun O.H., Iloconviumesa U.A., lllaramosa E.FO. u op.

11. Huttunen, P., Rintamaiki, H., & Hirvonen, J. (2001). Effect of regular winter swimming on
the activity of the sympathoadrenal system before and after a single cold water immersion.
International Journal of Circumpolar Health, 60(3), 400-406.
https://doi.org/10.1080/22423982.2001.12113043

12. Kostolomova, E.G. (2006). Sopryazhennost™ immunofiziologicheskix  reakcij
makroorganizma i izolirovanny'x immunokompetentny'x kletok pri razlichny’x rezhimax
kriovozdejstviya: avtoreferat dissertacii na soiskanie uchenoj stepeni kand. biol. nauk. Tyumen. (in
Russ.).

13. Kralova Lesna, I., Rychlikova, J., Vavrova, L., & Vybiral, S. (2015). Could human cold
adaptation decrease the risk of cardiovascular disease? Journal of thermal biology, 52, 192-198.
https://doi.org/10.1016/j.jtherbio.2015.07.007

14. Mishra, S., Manjareeka, M., & Mishra, J. (2012). Blood pressure response to cold water
immersion test. International Journal of Biology, Pharmacy and Allied Sciences, 1(10), 1483-1491

15. Murray, A.G., Adolph, J.B., George, A.L., & Edward, R. (1965). Circulatory dynamics
during the cold pressor test. The American Journal of Cardiology, 16(1), 54-60.
https://doi.org/10.1016/0002-9149(65)90007-X

16. Popov, A.V., Suxovej, Yu.G., Petrov S.A., & Kostolomova E.G. (2003). Dinamika
pokazatelej immunnogo statusa do i posle pogruzheniya v ledyanuyu vodu u licz, zanimayushhixsya
zimnim plavaniem. Medicinskaya immunologiya, 5(3-4), 383-384. (in Russ.).

17. Suxovej, Yu.G., Popov, A.V., & Kostolomova, E.G. (2003). Vliyanie gipotermicheskogo
vozdejstviya ledyanoj vody™ na immunny e xarakteristiki adaptirovannyx licz. Immunologiya Urala,
(1), 62-63. (in Russ.).

18. Trivozhenko, A.B., Semenova, Yu.V., & Shiryaev, A.A. (2019). Assessment of central
hemodynamics by the method of volumetric compression of oscillometry. Medical alphabet, 2(12),
18-23. (in Russ.).

Jluteparypa

1. AIIKO-8-PUII-M. Amnamm3arop mnapaMeTpOB CEpIECYHOTO BBIOpOCa M apTepHUaIbLHOTO
JaBJICHUA OCI_II/IJIJIOMCTpI/I‘{CCKI/II;'I. MeTO):[I/I‘-I€CKI/Ie PEKOMCHAAINU. BOCTO‘IHO-GBpOHGﬁCKHﬁ OCHTP
WHHOBAITMOHHBIX TexHoyoruii. Mockga. 2006. 35 c.

2. Kapnuosackynspaas npodunaxkruka 2017. Poccuiickue HalmoHalbHbIe peKOMEHAAuu //
Poccwuiickuit kapauonoruueckuii xyprai. 2018. T. 23. Ne 6. C. 7-122. https://doi.org/10.15829/1560-
4071-2018-6-7-122

3. Checinska-Maciejewska Z., Miller-Kasprzak E., Checinska A., Korek E., Gibas-Dorna M.,
Adamczak-Ratajczak A., Bogdanski P., Krauss, H. Gender-related effect of cold water swimming on
the seasonal changes in lipid profile, ApoB/ApoA-I ratio, and homocysteine concentration in cold
water swimmers // Journal of physiology and pharmacology: an official journal of the Polish
Physiological Society. 2017. Vol. 68. No. 6. P. 887-896.

93 @@



Becmuux HBI'Y. Ne 2(66) / 2024 OKOJIOT' M YEJIOBEKA / HUMAN ECOLOGY

4. EOK/EOAI pexkoMeHIalMU IO JIEYCHUIO OOJBbHBIX C apTepuaibHOM TUIEpPTEH3HEH //
Poccmiickmit  kapamosormdeckuii  kypmanm. 2018,  T. 23, Ne 12, C. 143-228.
http://dx.doi.org/10.15829/1560-4071-2018-12-143-228

5. ®umep T.A., Houenko E.JI., IletpoB C.A., ®ponosa O.B. MopxkeBanue kak croco0
MOBBINIICHHS KadecTBa >xu3Hu // 3Bectrss Camapckoro HayuaHoro earpa PAH. 2015. Ne 5-2. C. 528-
533.

6. ®umep T.A., KomeBanoBa C.C., IlymmukoB A.A., Jlemynoa O.H. W3meHenwue
TeMOINHAMHNYCCKUX, HCI/IXO(bI/BI/IOJ'IOFI/I‘ICCKI/IX oKa3arTeJiel u aaanTalquOHHOI'0O MOTCHIHAJIa MY>KYHNH
TPYAOCIIOCOOHOTO BO3pacTa, 3aHMMAIOIIMXCS BOJHO-XOJIOJOBBIM 3akaluBaHueMm // Bompocbl
KypOpTOJIOTHH, (Pu3noTepanuu U JiedeOHoi Qmsudeckort kyabTypsl. 2020. T. 97. Ne 6. C. 40-49.
https://doi.org/10.17116/kurort20209706140

7. Gibas-Dorna M., Checinska Z., Korek E., Kupsz J., Sowinska A., Wojciechowska M., Krauss
H., Pigtek J. Variations in leptin and insulin levels within one swimming season in non-obese female
cold water swimmers // Scandinavian journal of clinical and laboratory investigation. 2016. Vol. 76.
No. 6. P. 486-491. https://doi.org/10.1080/00365513.2016.1201851

8. Hjorth P., Sikjer M.G., Lekke A., Jorgensen A.M., Jorgensen N., Kaasgaard D.M.,
Rasmussen M.R.V. Cold water swimming as an add-on treatment for depression: a feasibility study //
Nordic  journal of  psychiatry. 2023. Vol 77. No. 7. P. 706-711.
https://doi.org/10.1080/08039488.2023.2228290

9. Huttunen P., Kokko L., Ylijukuri V. Winter swimming improves general well-being //
International Journal of Circumpolar Health. 2004. Vol. 63. No. 2. P. 140-144.
https://doi.org/10.3402/ijch.v63i2.17700

10. Huttunen P., Lando N.G., Meshtsheryakov V.A., Lyutov V.A. Effects of long-distance
swimming in cold water on temperature, blood pressure and stress hormones in winter swimmers //
Journal of Thermal Biology. 2000. Vol. 25. No. 2. P. 171-174. https://doi.org/10.1016/S0306-
4565(99)00059-5

11. Huttunen P., Rintaméki H., Hirvonen J. Effect of regular winter swimming on the activity
of the sympathoadrenal system before and after a single cold water immersion // International Journal
of Circumpolar Health. 2001. Vol. 60. No. 3. P. 400-406.
https://doi.org/10.1080/22423982.2001.12113043

12. Kocronomona E.I'. ConpspkeHHOCTh MMMYHO(MHU3UOJIOTMYECKUX PeaKIMi MaKpOoOpraHu3Ma
U HU30JIMPOBAHHBIX MMMYHOKOMIICTCHTHBIX KJICTOK IIPH PA3JIMYHBIX PCKUMaAX KpI/IOBOS,Zlef/‘ICTBI/ISIZ
aBTOpedepar auccepTanyy Ha COUCKaHUE yUeHOH CTeNeHH KaHa. ouoi. Hayk. Tromens. 2006. 18 c.

13. Kralova Lesna I., Rychlikova J., Vavrova L., Vybiral S. Could human cold adaptation
decrease the risk of cardiovascular disease? // Journal of thermal biology. 2015. Vol. 52. P. 192-198.
https://doi.org/10.1016/j.jtherbio.2015.07.007

14. Mishra S., Manjareeka, M., Mishra J. Blood pressure response to cold water immersion test
/I International Journal of Biology, Pharmacy and Allied Sciences. 2012. Vol. 1. No. 10. P. 1483-1491.

@@ 94



https://doi.org/10.36906/2311-4444/24-2/08 Pazosun O.H., Iloconviumesa U.A., lllaramosa E.FO. u op.

15. Murray A.G., Adolph J.B., George A.L., Edward R. Circulatory dynamics during the cold
pressor test // The American Journal of Cardiology. 1965. Vol. 16. No. 1. P. 54-60.
https://doi.org/10.1016/0002-9149(65)90007-X

16. IlomoB A.B., Cyxogeit IO.I', ITerpoB C.A., KoctonomoBa E.I'. Jlunamuka moka3zaTene
MMMYHHOTO CTaTyca J0 U IOCJie HOTPYXKEHHs B JIEASHYIO BOAY Y JIMI, 3aHUMAOLIUXCS 3UMHHM
nnaBanueM // Menuuuackas ummyHosorus. 2003. T. 5. Ne 3-4. C. 383-384.

17. Cyxoseii IO.I'., [Tono A.B., Kocromomosa E.I'. Biusiaue runmotepMudeckoro Bo31eHCTBUS
JISTHOM BOJIBI HA MMMYHHBIE XapaKTePUCTHKHU aIallTUPOBAaHHBIX JnIl // UmmyHomorus Ypana. 2003.
Ne 1. C. 62-63.

18. TpuBoxenko A.b., CemenoBa 10.B., [llupse A.A. OneHka COCTOSIHHSA IEHTpPaIbHON
FeMOJMHAMHUKHA METOJOM KOMIIPECCHOHHON 00BeMHOH ocimioMeTpuu // MenuuuHCKUN andaBuT.
2019. T.2. Ne 12. C. 18-23.

nata nocrymienus: 21.02.2024 nata npunstus: 27.04.2024

© Parosun O.H., IToronsrmesa M. A., Illanamona E.1O.,
[Toronsimes /[.A., [Toctaukosa B.B., Kyaymos M.C., 2024

95 @@



Becmuux HBI'Y. Ne 2(66) / 2024

OKOJIOT WA U ITPUPOAOIIOJIB30BAHUE / ECOLOGY AND NATURE MANAGEMENT

IKOJIOT'UA U ITPUPOJOIIOJIB3OBAHMUE /
ECOLOGY AND NATURE MANAGEMENT

VIIK 550.4
https://doi.org/10.36906/2311-4444/24-2/09

bonovipeea E.A., Mockosuenko /I.B.

IF'EOXUMHNYECKHUE OCOBEHHOCTH BEPXOBBIX
TOP®OB BYI'PUCTBIX BOJIOT XMAO-IOI'PbI

E.A. Boldyreva, D.V. Moskovchenko

GEOCHEMICAL FEATURES OF THE TOP PEATS OF THE HUMMOCKY BOGS OF THE

KHMAO-YUGRA

Annorauusi. byrpucteie TOpOSHHKH  SBISIOTCS
HaKOMUTEISIMU yriepozaa u CHOCOOCTBYIOT
COXPAHEHHIO MHOT'OJIETHEMEP3JIBIX TIOPOJ B CEBEPHBIX
peruonax. OnHaKO TOJ BIUSHUEM IOTEIICHUS
KJIMMaTa ¥ NPOTAauBaHMSA MEP3JIOTHI B TOPQSHHUKAX
OPOUCXOMAT M3MEHEHHS HX OHOT€OXHMHYECKHX
cBoiicTB. Ha mpuMepe Tpex pa3pe3oB, CllelaHHBIX Ha
TeppuTopun mpuponHoro napka «Hymrto» (XMAO-
Orpa), rtme w™ep3mora KpaifHE HEyCTON4YMBA,
OTIpeIeJICHBI 3aKOHOMEPHOCTH  pacIpeieneHus
9JMIEMEHTOB B mpoduie TopdsaukoB. OnpexneneHue
MHKpPO3JIEMEHTOB B 00pa3lax OCYIIECTBICHO C
MOMOIIBI0 METOIOB MAacCC-CIIEKTPaIbHOW U aTOMHO-
amuccuonHo# criekrpockonuu (ICP-MS u ICP-OES).
Topda uccieayeMoit TeppUTOPUHN OTINIAIOTCS HU3KOM
3051bHOCTBI0. OTMEUEHO MOBBIIEHHOE coepkaHue Fe,
Mn, Cr, uro xapakTtepHo s TopdoB 3amagHOH
Cubupn. KoHueHTpamus  TSDKENbIX  METaJIOB,
TPagULMOHHO  pacCMaTpuBaeMbIX B  KayecTBE
HHIMKAaTOPOB TexHorenHoro 3arpsisaenus (Cd, Pb, Cr,
Ni, Cu) B Topdhax HU3Kas BCICACTBUE YIaJCHHOCTH OT
HCTOUYHUKOB TexHoreHeza. Ha BHyTpunpoduibHOe
pacrpefefieHe METAIJIOB  BJIMSET OOTaHWYECKHUI
cocrtaB Topda. KycrapHuukoBbIii TOpd, 10 CPABHEHHUIO
co c(arHoBbIM, OTIIHYAETCS MOBBIIICHHBIM
coxepxkanuem Pb, Cu, Cd.
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Abstract. Palsa bogs are carbon sinks and help
preserve permafrost in northern regions.
However, under the influence of climate warming
and permafrost thawing in peatlands, changes in
their biogeochemical properties occur. Using the
example of three sections made on the territory of
the Numto Natural Park (KhMAO-Yugra), where
the permafrost is extremely unstable, the
distribution patterns of elements in the peat
deposit profiles were determined. Determination
of trace elements in the samples was carried out
using mass spectral and atomic emission
spectroscopy methods (ICP-MS and ICP-OES).
The peat of the study area is characterized by low
ash content. An increased content of Fe, Mn, and
Cr was noted, which is typical for the peat of
Western Siberia. The concentration of heavy
metals traditionally considered as indicators of
technogenic pollution (Cd, Pb, Cr, Ni, Cu) in peat
is low due to the remoteness from the sources of
technogenesis. The intraprofile distribution of
metals is influenced by the botanical composition
of peat. Dwarfshrub peat, compared to Sphagnum
peat, has a higher content of Pb, Cu and Cd.
Keywords: palsa bogs; Western Siberia;
elemental composition of peat; heavy metals;
radial geochemical structure; Sphagnum peat;
dwarfshrub peat; gross content.
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BBenenne. Topdsapie 60moTa 3anagHoii CuOMpH BBI3BIBAIOT OOIBIION HHTEPEC Y YUCHBIX.
OpHMM M3 aKTyaJlbHbIX HaIlpaBJICHUH HCCIIEOBAaHUI SBJISETCS aHAIMU3 JIEMEHTHOIO COCTaBa
TOpoB, YTO TMO3BOJSET OLEHUTHh COCTOSHHE AaTMOC(Epbl B  pa3IUYHbIE MEPHOIbI
TopdoHAKOIUICHUST W JaeT uHpopmamuio o0 m3MeHeHusX kimumara [16]. Ha ceBepe 3amamnoit
Cubupu cocrtaB TOpda TakKe HUCIOIB3YETCS JUIsl OLEHKH 3arps3HEHHs] OT OOBEKTOB
Hedrerazonoberun [6; 8; 27]. Psan crareil MOCBAICH paclpee/ICHUI0 OTACIbHBIX JIEMEHTOB B
npodunsax topdpsuaukoB: Ca, Fe, Mn [3-4], Pb [35]. CBeaenus o BajJOBOM COJEpKaHUU
XUMHUYECKHUX JJIEMEHTOB, PACIpEIEICHUIO MOABIKHBIX (OpM, 3aBUCUMOCTH 3SJIEMEHTHOTO
COCTaBa OT OOTAaHMYECKOTO COCTaBa TOP(HOB M KOJIMIECTBA OPTaHNIECKHUX BEIIECTB PECTABICHBI
B [12; 14; 19; 23].

JlannmadTel KpuonUTO30HBI 3amagHoit CuOHpU XapaKTepU3YIOTCS 3HAYUTENbHOU
3a00JI04€HHOCThIO. B necoTyHape u ceBepHOU Taiire 4pe3BbIYaifHO MIMPOKO PACIPOCTPAHEHBI
IJIOCKOOYTpUCTHIE 00JI0TA, TUIONIAIb KOTOPBIX Ha IMIMpOoTax 63—68° c.11. oieHuBaeTcs B 426 ThIC.
km? [15]. OzmHako daHHBIE O XMMHYECKOM COCTaBe Topha OGYrpHCTBIX GOIOT KPHOIMTO3OHEI
3anagnoi Cubupu manourcieHHbl. OcoOEHHO Majlo JaHHBIX O cOCTaBe Topda Ha F0’)KHOM Ipejiene
KPHUOJIMTO30HBI, TJI€ MHOTOJIETHSISI MEp3JI0Ta COXpaHseTcsi TOJbKo B TopdsHukax [34]. B
HacTofAIlee BpeMs IO/ BIMSHUEM MOTEIJICHUS KJIMMaTa 3/1eCh HaOJI0JaeTcs aKTHBU3aLUs
9K30T€HHBIX IPOLIECCOB — TEPMOKAPCTOBOE IpoOcenaHue, 00pa3oBaHUE TPEIIMH-Pa3pbIBOB C
nocnenymiei  rugpomopdusarmeit, ¢dopmupoBanue TpemwH-pocagok [2; 29; 30].
CoBpeMeHHOE MOTEMJICHUE KJIMMaTra, MPHUBOJSAIIEE K OTTAUBAHUIO MEp3JbIX TOP(HOB, MOKET
W3MEHUTh OMOT€OXMMHUYECKHE IHKIJIBI B MOJIIPHBIX W MPUIOJSPHBIX JaHAa(TaXx U yBEITUINTh
pOJIb TOP(SHOMN 3a1eku B POPMUPOBAHUHU THAPOXUMUYECKUX MTAPAMETPOB MOBEPXHOCTHBIX BOJ
3a00J109€HHBIX BOA0cO0poB [17; 33]. D10 onpenenser akTyalbHOCTh U3Y4€HUs cocTaBa Top(dha Ha
y4JacTKax ¢ HeCTaOMJIbHBIM COCTOSIHUEM MHOTOJIETHEMEP3JIBIX OPO/I.

Lenp wuccnenoBaHus — U3YUUTh COJEpKAHUE W 3aKOHOMEPHOCTHU pacIpeaeseHUs
JJIEMEHTOB, B TOPQSHBIX 3a1ekax FOKHOM 4YacTh KPHUOJIMTO30HBL. Jlis 3TOro Hamu ObLI
HCCIIeIOBaH cocTaB Topda B pa3pe3ax Ha TeppuTopuu npupogHoro napka «Hymro» (XMAO —
IOrpa), rae mupoko pacmpoCTpaHEHbl Mep3iible IIOCKO- M KPYMHOOYIpUCTble TOP(SIHUKH,
o0pa3yroIre KOMIUIEKCHI TUTOMIAIBIO 0 HECKOJIBKUX JIECATKOB KM? [5].

Matepuaibl 1 MeToAbI HcciegoBaHusi. OTO0p nMpo6 Topda BBITOIHEH B JIETHUH MEPHOA
2020-2021 rr. Tepputopusi HCCIEOBaHMs pacroyiaraercsi B IEHTPaJbHONH 4YacTH 3amaHo—

Cubupckoii paBHUHBI, HA CEBEPHOM CKJIOHE BO3BbILIEHHOCTH Cubupckue ¥YBaisl mexay 63°10°—
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64°20° c.u., 70°00° — 71°35’ B.1. 1o cxeme paiionupoBaHust 60J0THBIX cucteM [ 18] Teppuropust
napka otHocutcs kK Cypryrcko-IlonecckoMy OKpyry ceBepOTaekHbIX OJIMIOTPO(HBIX 03€pKOBO-
I'PA0BO-MOYAXXHHHBIX U COCHOBO-KYCTapHHUYKOBO-C()arHOBO-IMIIAMHUKOBBIX 00J0T. bosora
3aHuMaroT npuMepHo 2\3 Teppuropun mapka «Hymro» [28]. OcobeHHOCThIO TaHAmAPTOB MapKa
SBISICTCA IIMPOKOE PACHpPOCTPAHEHHUE MEP3JIbIX IJIOCKOOYTrpUCTBIX OOJOT € EpHHKOBO-
KyCTapHUYKOBO-JIMIIAHHUKOBONH  PacTUTENbHOCTBIO, CBOEOOPA3HOI0 aHKJIaBa TYHIPOBBIX
9KOCHCTEM B TaeHOU 30HE [5]. Mep3ibie TOpdsHUKH 3/1€Ch HAXOAATCs BOJIU3H F0)KHON MPaHUIIbI
pactipoctpanenus. [lo kpasm Mep3ibIX TOP(GSHUKOB PACHIPOCTPAHEHBI HEMEP3JbIE COCHOBO-
KyCTapHUYKOBO-C(parHOBbIe 00JI0Ta C pa3pesKeHHBIM JPEBOCTOEM BBICOTOH 10 4—6 M. lllupoxo
pacIpoCTpaHEHbl OJUTOTPO(HBIE TI'PsIOBO-MOYAKUHHBIE M TPsI0OBO-03€pKOBBIE 00J0Ta, C
KyCTapHUYKOBO-JIMIIAHHUKOBBIMU COOOIIECTBAMU C COCHOM Ha IpsAAax U OCOKOBO-IYIIHIEBO-
carHOBBIMM B MOY@XHMHAX. Me30TpodHBIE OCOKOBO-MOXOBBIE 00J0Ta MPHYPOUEHBI K
NPUPEYHBIM YIaCTKaM.

OObexTamMu UccleoBaHUS ObUIM  TOPGSAHUKH, pa3Iuyarouyecs 10 MopQOJIOrHH,
pacTUTENLHOMY ITOKPOBY U IIyOMHE Ce30HHOTro mpoTauBaHus. MccienoBan coctas Topda Tpex
pa3pe3oB, PACIOIOKEHHBIX B Pa3IUYHBIX ydacTkax mapka (puc. 1). Pa3pe3 1 caeman Ha
KpynHOOyrpuctoM TopdsiHuke (63°52'50" c.mr., 70°16'S0" B.m.), paspes 2 (63°42'20" c.u.,
70°24'04" B.1.) — Ha OTIENBHO CcTOsIIEM Oyrpe mydenus, pa3pes 3 (63°30'06" c.u1., 71°22'14" B.11.)
— B KpaeBOoll wyacTu IUIOCKOOyrpuctoro TopdsHuka. Bce TOpQsHMKM pacliokeHbl Ha
MHOT0JIETHEMEP3JIBIX MOpoJiax. MuHepalnbHble MOPO/bI, MOACTUIIAIOUINE TOP(, MpeICTaBIECHbI
JBJAUCTHIMU M CHJIBHO JIBAUCTBIMU NIECKaMH U cynecsiMi. Ce30HHOE OTTanBaHKWE BapbUPOBAJIO OT
1,1 M (mnockoOyrpucteiii ToppssHUK) 10 2 M (Oyrop mydenus). Paspe3 1 mouTu MOIHOCTBIO
CJIO’KEH C(arHOoBBIM TOP(OM, TOJIBKO B CAMBIX HIDKHUX CJIOSX CMEHSIOIMIMNCS 0COKOBBIM. Pa3pe3
2 — CJIO’KEH BEpXOBBIMHU TOp(aMH, B BEpXHEH YacTH pa3pe3a MPEHUMYIIECTBEHHO KyCTapHIYKOBBIN
topd (OarynpHUK, OpycHWKa), B HiKHeH — cdarHoBeii (Sphagnum fuscum, Sphagnum
magellanicum, Sphagnum angustifolium). Boranundeckuii ananus Topda paspesa 3 mokasai, 4To
nous mymuil (Eriophorum spp.) B ocHoBHOI# wacTu paspesa cocrasiseT ot 73% 1o 96%. B cambix
BEPXHUX CJOSX JOJIsI NyIUIbsl yMmeHblaercss 10 42%, ocTanbHOE KOJWYECTBO OCTaTKOB
IpeCTaBIeHO c(harHOBBIMU M TMITHOBBIMH MXaMH, KIIFOKBOH. Takum o0pa3oM, Topd OTHOCUTCS K
NYyUIMIIEBOMY BUAY, B 0OTaHHYECKOM cocTaBe KoToporo coaepxxutcs oT 40 no 100% ocratkoB
nymuiel v He 6onee 35% charHoBbIX MXOB.

Tumonornyeckass TPUHAIICKHOCTh OJUTOTPO(HBIX TOP(MSHBIX IOYB IMapKa SBISETCS
OpeaMeToM AMCKyccud. PaHee mMouBBI Mep3iblXx OyrpoB Ha Teppuropuu mnapka HymTo mo
nuarHoctuaeckuM kpurepusMm Knaccudukanum nous Poceun [31] Obliv OTHECEHBI K MOATUITY
JECTPYKTUBHBIX THUTIA TOPPSHBIX OMUTOTPO(HBIX, a B CIydae pa3pylmieHus OyrpoB MPEIsIOKEHO
BBIIETIUTh  TOp(QsiHbIE  OJIUTOTPOGHBIE  PENUKTOBO-3BTpodHBIe mouBbl [1].  OnHako
HpOSIBIIAIONIEECS B OTACIBHBIX CIy4asX HECOOTBETCTBHE cOCTaBa TOpda U CTPOCHUS 3aJeKU
onucaHHbIM B «Knaccudukanu. ..» KpUTEpusiM J€CTPYKTUBHBIX OJIUIOTPO(GHBIX MOYB BHI3BAIO

MPEJJIOKEHNE BBIIETUTh OCOOBIM MOATHI BJIAXHBIX perpeccUBHbIX MouB [2]. OOcienoBaHHbIE
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HaMH pa3pe3bl MO COBOKYIMHOCTH IMPHU3HAKOB OBLTH OTHECEHBI K OMUTOTpodHBIM (paspes 1),
OJIMTOTPO(GHBIM TeCTPYKTUBHBIM (pa3pe3 2). [louBsl pazpesa 3, rae onurorpodHbiil Topd ciiaraet
OCHOBHYIO 4YacCTh 3aJie)kM OBLIO NPHUHSATO OTHECTH B COOTBETCTBUU C [1] K onurorpodHbM
PEITUKTOBO-3YTPO(HBIM.

B xonme wuccienoBaHus € MOMOINBIO MPOOOOTOOPHUKA MPSIMOYTOJIBHOTO CEUEHHUS ObLI
oToOpaH KepH Topda Ha BCIO IMIYOMHY pa3pe3a 10 MUHEpalbHON OcHOBBL. OOIIas MONIHOCTh
topda B pazpese 1 cocraBmser 100 cm, B pa3pese 2 — 162 cm, paspese 3 — 97 cm. s uzydenus
pacripesieieHusl XUMHYECKUX AJIEMEHTOB B Mpoduiie Top(siHuKa KepH ObUT MOJIENIEH Ha paBHBIC

OTPE3KH, KOTOPBIC OBLIN BBICYIIICHBI P KOMHATHOM TeMIIepaType 10 BO3AYIIHO-CYXOro Beca.

SHAO |, - ,_ o
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o

Puc. 1. Pajion uccinenopanus. Pa3zpes 1 — kpynHoOyrpucroe 601010
Ha poaoBbIx yroabsax C./l. PanasiMoBa. Pa3pe3s 2 — Oyrop ny4eHusi, TUIEH3MOHHBIH YUaCTOK
umenu Jlorauyesa. Pa3pes 3 — kpaeBasi 4acTh MJI0CKOOYIrprcTOro TophsiHuKa

DONEeMEHTHBI COCTaB 00pa3loB ObUI OMNpEACieH C TPUMEHEHHEM METOJO0B Macc-
CTIEKTPAILHOW M aToMHO-dMuccHoHHOU crnekTpockonuu (ICP-MS u ICP-OES). [lnsa xaxmnon
poObI MPOBEJCHO JABa MapajuIeNbHBIX ONpENeNeHusl 3JEeMEeHTOB. Pe3ynbTaThl, MOTydYeHHbIE B
JIBYX TOBTOPEHUSX, TNPOBEPSUINCh Ha MpeaMeT pacxoxiaeHuil c gomyckamu (P=0,95),
paccuMTaHHBIMU JUISI KaXJ0r0 HM3MEpSEeMOro 3JjieMeHTa oThenbHO. [Ipu yaoBieTBopuUTENbHOM
pe3ynbTraTe B KauecTBE KOHEYHOrOo pe3yjbTaTa HW3MEpPEHUs MNPUHUMAIOCh CpeliHee
apupmernueckoe. 307bHOCTh TOpda ompenensian corsacHo ['OCT 26801-86 [9]. Turmum c
HaBECKaMH{, BbICyHIEHHbIe Ipu Temreparype 105°C 10 moCTOSHHOW Maccel, NMOMEIAId B
MybenpHyio meub. [locrenenHo mogHuManu Temmeparypy nedn a0 800°C u mpokanwBaid B

TCUYCHHUC IBYX YaCOB. ITocme OXJIAXKACHHWA TUTJIN B3BCUINBAJIN.
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Jis  TONYyYeHHBIX  JaHHBIX  TOJCYMTAHBI  CTATUCTHYECKHE  MOKazaTreind  —
cpenneapudmeTrdeckoe 3HadueHue (M), mMenuanHoe 3HavyeHwe (Me) M cpemHEeKBaapaTHYHOE
otkioneHue (SD). O6paboTka mpoBoamiack ¢ momoiibio mporpammbl Microsoft Excel. s
YTOHEHUsSI 0COOEHHOCTEH pachpeleICHHs] XUMHUECKUX JIEMEHTOB B Mpoduiie ToppsHUKa ObLIn
NOJCUMTAHBI KO3 PUIMEHTHI paguanbHol quddepeHnnanu. buoreoxumMmuueckne 0co6eHHOCTH
Topda 00CIEeOBAHHOW TEPPUTOPHH OICHUBAINCH ITyTEM COIOCTABJICHUS C pe3yJbTaTaMu
u3ydeHus coctaBa TophoB conpeneabHbix Teppuropuii: Hagpim-Ilyp- Ta3oBckoro Mexmypedbs
[26], Cpennero IIpuoOss [7], Tomckoii obmactu [11], 6acceitna p. [Takymyp [17] u BepxoBbIx
top¢os Poccun [10].

Pe3yabTaTsl u ux 06cy:kaenne. CpeaHsis 30JpHOCTh Top(ha coctaBuiia B paspese 1 — 3,1%
(BapbupoBanue 2,1 — 3,6%), B paspese 2 — 6,5 % (4,5 — 9,1%), B pazpese 3 — 2,9% (1,5-3,5%).
Huskas 307pHOCTH CBs3aHa Kak cO clnaboil CTenmeHblo pasioxeHus Topda, Tak U C
HE3HAYUTEILHBIM TIOCTYIUICHUEM IBUICBBIX YaCTUIl B TOPQSHUK B XO0Je €ro (OPMHUPOBAHUS.
Pe3ynbTaThl ompeneneHUs 3JIEMEHTHOrO cocrtaBa TOpP(OB MpeACTaBieHbl B TaOJHIIE.
ComocTaBiieHHE C MTOKa3aTeIsIMH PErHOHAILHOTO ()OHA IMOKa3aio, 4To Top¢ Ha 00ClIeT0BaHHON
TEPPUTOPUHU OTIIMYACTCS HU3KUM COJICpPKAHHEM OOJBIIMHCTBA MHKPO- U MaKpO3JIEeMEHTOB. Bo
Bcex o0cnenoBaHHbIX Topdhax comeprxkanue Cr, Co, Ni, Pb, Cu, Cd ObL10 HIKE CpeTHUX 3HAUCHHI
st Topdsiaeix nouB HaneiM-ITyp-TazoBckoro pernona [26]. [loHMKEHHBIE KOHIIEHTPAIMU Psijia
npyrux mukposnementos (Fe, Sc, V, Mn, Co) orMmedensl B c(harHOBOM M MYyIIUIIEBOM Topde
(trabm. 1). B cxomgapix mo mopdonorum TopdhsHukax OacceitHa peku [laxymyp [17] Obum

BBISIBJICHBI eliie OoJiee Hu3Kkue kourenrpanuu Fe, Co, Ni, V, Mo.

Tabmuna
DyieMeHTHBII cocTaB Topdos «IIpupoanoro mapka «Hymro»
Paspes 1'v Paspes 2. BerOBE’ e Paspes 3. PernonasnbHblii
OIEMEHTHI, CdarnoBslit (KycTapHUYKOBBIH 1 N
Mr/kr abc. |omurorpodHsiii Topd | charHoBbIi) Topdha Hynmue_labm Topd bon s
- _ (n=20) TOP(HSIHUKOB
CyXOro B-Ba (n=40) (n=47) [17: 26]
Mxsd Me M4sd Me M=sd Me ’
Al 2943 £2959 | 2096 | 2690+1729 1927 | 1406+410 | 1303 1487+1060*
Fe 20554930 | 1758 | 8678+3620 9985 | 1371+1163 | 708 4890+700 **
Li 0,5+1,2 0,14 0,74+0,69 0,36 0,32+0,11 | 0,29 0,48+0,31*
Be 0,17+0,07 | 0,16 0,14+0,09 0,13 0,14+0,04 | 0,15 -
Sc 0,72+0,51 0,57 1,1+£0,77 0,75 0,81+0,25 | 0,87 0,90+0,16 **
Ti 75+151 38 77458 52 125+40,6 115 94493 *
V 5,348.,5 3,0 11£8,3 11 6,9+1,9 6,8 7,84+0,95 **
Cr 3,9+4,1 2,5 6,3+4.,2 4,7 4,6=1,3 4,5 7,9240,92%*
Mn 12+10,1 7,7 88+84 51 13,8+8,3 14,7 49+9**
Co 0,94+0,67 | 0,68 2,1+0,85 2,4 0,63+0,14 | 0,62 2,07+0,16**
Ni 5,6£1,2 2,5 42427 4,1 1,340,3 13 6,34+0,50**
Cu 1,7+£0,92 14 3,2+1,6 2,7 2,67+1,6 2,3 6,24+0,58**
As 0,57+0,34 | 0,50 3,814 3,8 - - 0,11+0,07*
Sr 214+12.9 18 2111 24 13,8+6,4 12,0 20,5+0,2%*
Y 2,6=1,0 2,4 3,5+2,7 2,6 2,13+0,72 | 2,24 -
Mo 0,14+0,06 | 0,10 0,20+0,10 0,19 0,51+0,44 | 0,40 0,12+0,05*
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Cd 0,14+0,10 | 0,11 0,11+0,07 0,09 - - 0,25+0,024**
Cs 0,14+0,19 | 0,10 0,21+0,17 0,10 - - -

Ba 30+£28 24 60+£22 64 81,1+21.9 | 75,1 65,1£52%*
La 1,8+0,96 14 2,920 2.2 1,73+0.54 | 1,66 -

Pb 2,943,5 15 1,6+1,4 1.2 1,43+£1.5 0,95 4,934+0,45*8

Ipumeuanue: M — cpennee apupmMeTndeckoe 3HaueHue; sd — CpeTHEKBaIPaTUIHOE OTKIIOHEHUE;
Me — memmana. * — [17]; ** — [26]
Panee ykaswiBasioch, uto TOp( TaexkHBIX paitoHoB Cpeanero [IproOes npeacrapiser codooi

CWIBHYIO OTPHUIATEIbHYI0O TI'€OXUMHUYECKYI0 aHOMAJIMI0O MHOTMX XHMHYECKUX 3JIEMEHTOB
BCJIC/ICTBHE yIAJICHHOCTH OT MCTOYHUKOB a’palibHOTO repeHoca meiin [7]. O4eBuaHO, 4TO U B
0osee ceBepHBIX pailoHax TOp( TakKe OTIMYACTCS HU3KMMHU KOHIIEHTPAIMSIMH 3J€MEHTOB. B
topdsiaukax Hageim-ITyp-TazoBckoro mexxaypeubs koHueHTpanus Ba, Mn, Sc, Sru Pb B 3-5 pas3,
Zn, Co, Co u Cr B 2-3 pa3a HMUXKE, YeM B OPraHOT'CHHBIX TOPH30HTAX MHHEPAIBHBIX MOYB [26].
Takum 00pa3oM, OTTaMBaHHE MEP3JIBIX TOPPSHUKOB IMPEACTABISCT 3HAYUTEIHHO MEHBIIYIO
yrpo3y TpanchopManuu OMOre0OXUMUYECKUX MOTOKOB BEIIECTB, YEM OTTaMBaHHE MUHEPATHHBIX
MOYB.

CpaBHeHue ¢ pe3yabTaTaMu 0000IIEHHUS JIEMEHTHOTO COCTaBa BEpXOBhIX TophoB Poccum,
MOJTYYEHHBIX MperumMyIecTBeHHO Ha Boctouno-EBpomnetickoii papaune [10], 103BOIMIO YTOUYHUTH
HEKOTOpBIe OMoreoxuMuieckre ocooeHHocTu TopoB TaexkHOU 30HbI 3anannoit Cubupu. Topda
napka «HymTO» copepaT MOBBIIIEHHOE KOJMYECTBO >Keje3a, XpoMa M Maprasma (puc. 2).
Bricokoe comepikaHue 3THX JJIEMEHTOB paHee OTMEYaoch B TOpdax pa3HbIX MPHUPOTHBIX 30H
Zamagnoit Cubupum [19]. B Topdax Tomckoii oOiacTé Takke OBUIO BBISBICHO BBICOKOE
conepxanue Fe [11], mapranma u xpoma [13]. Takum oGpa3om, coctaB Topda Ha 00CIeIOBAaHHOM
y4acTKe TUIIUYEH JIJIsi TaeKHOU 30HBI 3anannoit Cubupu, K OMOT€OXUMUYECKUM OCOOEHHOCTSIM

KOTOpO# oTHOcHTCs HakoruteHue Fe, Mn, Cr B Topde BepXxoBBIX 00OJIOT.

| OO0

SOro

1 OO0

100 i

Rech

CogepauIe VIEMERTOR, MI KT adc ¢

Fe Cr NMn Co Nt Can 4 PbL

Puc. 2. diieMeHTHBII cocTaB BepxoBbIX TOP(oB. 1 — «IIpupoansiii napk «HymMTo» (Hamu KaHHBIE);
2 —BepxoBble Topda Poccun [10]
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Bwmecrte ¢ Tem coneprkaHue KaaMusl M CBHHIIA B MCCIEIOBAaHHOM Top(de ObUIO Ha HU3KOM
ypoBHe. CBUHEI] B HCCIeNyeMbIX Topdax aKKyMyJIHpYyeTcsi B HE3HAUUTENbHBIX KoJndecTBax: B
HCCIICIOBAHHBIX pa3pe3ax ero KoHueHTpamus B 1,2-3,1 pa3 MeHbIIE CPeJHUX 3HAYCHUM ISt
ceBepa 3anannoit Cubupu 1o [26], conepkanue Cd menbine B 1,8-2,3 pasa. DTH 3JIEMECHTBI
TPAJUIIMOHHO CYMTAIOTCS WHAWKATOPAaMH AaHTPOIOTCHHOTO BO3ACUCTBHS, OOYCIOBIEHHOTO
TpancnopTHoii Harpyskoi (Pb), mBernoit meramnyprueir (Cd) [32]. Huskoe comepkanue
9JIEMEHTOB B HCCJIEIOBAaHHBIX TOp(ax MOXKHO OOBSCHUTh HX CJa0bIM MOCTYIUIGHHEM OT
AHTPONIOTEHHBIX UCTOYHUKOB BCIIEACTBHE YIAICHHOCTH OT IMPOMBIIIICHHBIX IIEHTPOB U B I[EJIOM
OT KPYIIHBIX II0CEJICHUMN.

ConocraBnenue coctaBa TOpPOB pa3HOro OOTAHMUECKOTO COCTaBa IOKa3bIBaeT
3HAYUTENIbHOE BApbUPOBAHUE COJIEPKAHUS PAJla JIEMEHTOB. B BepXoBbIX Topdax Oyrpa mydeHus
OTMEYEHO MOBBIIIeHHOE coaepxkanue Fe, V, Mn, Mo, B mymmunieBom Topde — Ba.

Ha ¢opmupoBanne cocraBa Topda OKa3bIBAIOT BIMSHHUE MPOIECCHI OHOIOTHYECKOTO
HAKOIUICHHS PACTEHUSIMU-JOMUHAHTAMH, OCOOCHHOCTH BOJOMHIPAIIMOHHOW aKTHUBHOCTHU
3JIEMEHTOB B OOJOTHBIX BOJaX, MOCTYIUICHHE TTOYBEHHOTO MEIKO3eMa U adp030Jieil BO3AYIITHBIM
nyteMm [22]. CdarHoBble MXU SIBISIOTCS OJHHM M3 OCHOBHBIX TOp(hooOpazoBareseil BEpXOBBIX
6o101. OTMEUAJIOCH, YTO OMOr€OXMMHUYECKask aKTUBHOCTb, TO €CTh CIIOCOOHOCTh K HAaKOIUIEHHIO
3JIEMEHTOB y C(harHOBBIX MXOB HUXKE, YEM Y PACTCHHH MIaKOpHbIX MecToobutanuit [20]. Onnako
OTJICIbHBIC PJIEMEHTHl HMHTEHCHUBHO IOTJIOMIAI0TCs C(arHOBBIMH MXaMH, B TOM YHCIIe MapraHell
[19]. Hakornnenue 6apus 1 Maprasiia mymuiiei Obuio oTMeueHo B Y peHromckux tynapax [21]. B
ATOM OTHOIIIEHUH BBICOKOE cojiepkanue Ba B Topde paspesa 3 MOKHO 0OBSICHUTH OCOOEHHOCTSIMU
ero OWOJOrMuYecKoro HakomieHus mymwuined. OAHako TMOBBIIIEHHOE cojaepkaHue Mn B
c(arHoBBIX MXaX HE COOTBETCTBYET HM3KOMY COJEpXaHHI0 B charHoBoM Topde paspesa 1. B
COCTaB€ pACTEHMM OTOT OSJIEMEHT HAXOJIUTCA B JIETKO pacTBOpuMoi (opme u OBICTPO
OCBOOOXKIACTCS U3 Pa3JIaralolluXcsl PaCTUTENBHBIX OCTaTKOB [24]. CneqoBaTeNbHO, COepKaHNE
Mn u ero pacnpenenenue B mpodune TophsHHKA 3aBUCUT HE OT COCTaBa pacTeHHIi-
TopdoobpazoBareneid, a OT MPOLECCOB TPAHCIOKAIMM M 3aKpEIUIEHUS 3TOro 3J€MEHTa Ha
reOXUMHYECKUX Oaphepax.

HawuGonbiast KoHIleHTpalss MHOTHX smementoB (Mn, Fe, Li, Sc, V, Cr, Mn, Co, Cu, Y)
oTMeueHa B Topdax Oyrpa myuenus (Tabin.). Poct comepxaHusi MUKPODIIEMEHTOB COBIIAJAET C
pocToM 30JIbHOCTH Topda. 301bHOCTh TOpda paspesa 2 OblIa MAaKCUMAJIBHOM, YTO, 10 HaIeMy
MHEHHIO, CBSI3aHO C YCHJICHHEM OCQKICHHS D0JIOBOTO Marepuana Ha Oyrpe mydeHus. OmgHaKo
COIPSDKEHHBIN aHau3 O0TAaHMUYECKOTo M 3JeMEHTHOro coctaB Topda (puc. 3, 4) mokaszan, 4Tto
yBenmuenue conepxanusi Pb, Cu, Cd coBmamaer co cmeHoii coctaBa Topda co carHoBOro Ha
KyctapHHuKoBbIi (Ericaceae). JIpyrue aeMeHThI 10 MPOPIIII0 PACTIPOCTPAHEHBI OTHOCUTEIBHO
paBHOMepHO. Takum o0pazom, pacnpexnenenue Pb, Cu, Cd 3aBUCHT THpEeHMYIIECTBEHHO OT
OMOJIOTUYECKOTO HAaKOoIIeHus. PaHee oTMeyanoch, 4YTO OarylibHUK B pailoHe YpeHros
WHTEHCUBHO HaKaIlIMBaeT XxanbkoduibHbie 3eMeHThl (Cu, Pb, Cd), B To Bpemst kak coziep:kanue

cunepodmibabix Fe, Co, Cr B Hem nonmxkeno [21]. CornacHo nuTepaTypHbIM JaHHBIM [25], B
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IIO4YBC KaTHOHBbI XaJILKO(l)I/IJILHbIX DJICMCHTOB (Ka,Z[MI/ISI, CBHHIIA, MGI[I/I) BBaHMOI[efICTByIOT C

OpraHn4€CKUMHN U MUHCPAJIbHBIMU COCIMHCHUSAMU. FYMI/IHOBBIG n (bYJ'IBBOKI/ICJ'IOTBI CITOCOOHEI

O6paSOBBIBaTI> YCTOI;'I‘II/IBLIC KOMIIJICKCBI C HHUMH, IMO3TOMY TOp(b O6J'IaI[aeT CIIOCOOHOCTBIO K

MIPOYHOM (PUKCAITUH STHX DJIEMEHTOB.
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Puc. 4. Borannuecknii coctas Topga paspesa 2

O Sphagnum fuscum
OEricaceas

0O Sphagnum angustofolium
O Sphagnum russowii

O Sphagnum baticum

O Sphagnum sp.

B Sphagnum magellanucum
OAulacomium palustre
BWamstorfia sp.

O Calamagrostis sp.
OErophorumsp.

O Polytrichum sp.

B Pinus syhedrns
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Takum 00pa3oM, MOBBIICHHOE CO/AEPKAaHUE XaTIbKO(PMIBHBIX 3JIEMEHTOB B KOMILIEKCHOM
Topde pa3pe3a 2 Mbl CBA3BIBAET C U3MEHEHHEM O0OTaHMYECKOro cocTaBa TopdoobpazoBaTenei, a
POCT cozepKaHMsl JUTOQHIBHBIX U CHIEPOMMIBHBIX 3JIEMEHTOB — IOCTYIJICHMEM 30JI0BOTO
MEJIKO3eMa.

J1s mporuo3a n3MeHEeHHs TOTOKOB BELIECTBA, BEI3BAHHOTO TasTHUEM MEP3JIbIX TOP(SIHUKOB,
ObUIO IIPOBEIEHO COIOCTAaBJIEHUE COCTaBa MX Top(da ¢ COCTaBOM IOYBOOOPa3yIOLUX IMOPO.
Pe3ynbTarhl, MpUBEICHHbIE Ha PUCYHKE 5, MOKAa3bIBAIOT COZEp:KaHUE OOJIBIIMHCTBA TSIKENbBIX
MeTauioB B Topde MeHbiie, yeM B moponax. Topda mmeror Oojee HHU3KHI OOBEMHBINH Bec,
MIOSTOMY 3aI1achl AIEMEHTOB B HUX HMKE, Y€M B MHHEPAIbHBIX ToYBax. OJHAaKO TOp( OTIINYaeTcs
HoBbIILIEHHBIM cozepkanueM Cd. Takum o0pa3oM, BOZMOXKHOE TasiHUE MEp3JIbIX TOPPSHUKOB C
HOCJIEIYIOIUM BBICBOOOX/IEHUE COAEPKAIIMUXCS B HHUX DJIEMEHTOB MOXET IPHUBECTH K
YBEJIMYECHUIO ITOCTYIIJICHUS 3TOTO JIEMEHTA B [IOBEPXHOCTHBIE BOJBI.

100000, 0
1000,
1040400

100.0

10.0
1.0
0,
0.0 I

Cu Pb Mn Cd Co M Cr Fe
ml m2

=1

CoJe [ARAFIIE HSTTEMHTOR, MI/KT

ot

Puc. 5. Conep:xanue 1 — Ts13eIbIX MeTAJUIOB B IOYB000PA3yIOIIHUX MOPOAAX
«IIpupoanoro napka «HymTo» [S5] 1 2 — B Top¢e (HamIu JaHHbIE)

BobiBoabl. BepxoBoif Topd Ha 00cienoBaHHON TEPPUTOPUU OTIMYAETCS IMOBBIIIEHHBIM
cogepxkanueM Fe, Mn, Cr. [lannas Ouoreoxumuueckas OCOOEHHOCTh CBOMCTBEHHa Topdam
pa3nMyHBIX TPUPOAHBIX 30H 3amagHoit CuOupu. KoHIEHTpamus TSHKEIBIX METalloB,
TPaJMIIMOHHO PACCMATPUBACMBIX B Ka4eCTBE MHIMKATOPOB TeXHOreHHOro 3arps3uenus (Cd, Pb,
Cr, Ni, Cu) B topdpe mpupomnoro mnapka «HymTo» HH3Kas BCIIEACTBHE YIaJCHHOCTH OT
UCTOYHUKOB TEXHOT'€HE3a.

Conepxanue xanbkodmibHbIx amementoB (Pb, Cu, Cd) B Topde 3aBucut, npex e Bcero, ot
OHMOJIOTUYECKOTO HAKOIUICHHS pacTeHUsIMU-TopdooOpazoBarensimu. KycTapHUYKH, B 9aCTHOCTH,
0aryjapbHUK, WHTEHCUBHO HAKaIUIMBAIOT 3TH 3JEMEHTHI, MO3TOMY KYCTapHUYKOBBIH TOpd B

BEPXHEH YacTH pa3zpes3a COACPIKUT ITHX IIEMEHTOB O0JIbIIIE, YeM C(arHOBBIN U MYLIUIIEBHIH TOP.
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Mn HMHTEHCHMBHO HAKAaIJIMBAE€TCS PACTEHUSIMH, HO CTOJb >K€ HWHTEHCHUBHO BBIMBIBACTCS U3
pacTuTenbHbIX ocTaTKoB. Coeprkanue TUTOMUIBHBIX U CUAEPODUIBHBIX 3JIEMEHTOB Fe 3aBUCUT
OT OCKJCHUS MbUIEBBIX YACTHI], KOTOPOE MAKCHUMAJIbHO HAa KPYIHBIX Oyrpax My4eHusl.

ITo cpaBHEHMIO C TOYBOOOPA3YIOLIMMHU ITOPOIAMH B paifoHe UCCIeI0BaHUNA, TOP( CONEPKUT
MOBBIIIEHHOE KOJHMYECTBO KaJIMHs, TOSTOMY OTTAaMBaHUE Mep3Noro Topda Mpu MOTETUICHUU

KiIMMaTa MOXCET BBI3BATh POCT IMOCTYIUICHUA 9TOr0 9JIEMCHTA B ITIOBEPXHOCTHBIC BOABI.

Paboma svinonnena 6 pamxax cocyoapcmeennoeo 3a0anus Munucmepcmea HayKu u 8bicuie2o
obpaszosanuss P® (NeFWRZ-2021-0006).
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OCOBEHHOCTH BO3JIEVCTBUSA ®PAKTOPOB OKPYKAIOIIEN CPEJIbI
HA BUOMETPUYECKHUE XAPAKTEPUCTUKU
BBICOKOMOK/KEBEJIOBBIX JIECOB KPBIMA

0.0. Koren'kova

THE IMPACT OF ENVIRONMENTAL FACTORS ON THE BIOMETRIC
CHARACTERISTICS OF HIGH JUNIPER FORESTS OF THE CRIMEA

AHHOTanus. BBICOKOMOMKEBEIIOBBIE JECA SIBIAIOTCS
BaXHEUITUM KOMIIOHEHTOM 3KOJIOTHYECKON
ycroitunBocT KpbsiMckoro mnomyoctpoBa. OpHako, B
HACTOsILIIEe BpeMsl IUIOIIAAb momyisiuu J. excelsa B
Kpbimy cokpamaerca. B pesyiabTaTe 4ero BO3HUKAET
yrpo3a HeoOpaTUMOTO W3MEHEHUs 00JIMKa TOIyOCTPOBa
B Oyaymem. llemsio TpPOBENEHHBIX HCCIETOBAHUN
SBUJIOCH OIpeesieHne OMOMETPUUIECKUX XapaKTePUCTUK
BBICOKOMOKEBEJIOBBIX  JpeBocToeB  Kpbima  u
0coOeHHOCTE! BIMSHUS Ha HUX (aKTOPOB OKPYKatoLIen
cpenpl. Mcxons w3 nenu pa®oTbl, ObLIM MOCTABIECHBI
clenyromue 3aJauu: YCTaHOBUTD OCHOBHBIE
TaKCaLlMOHHbIE XapaKTEPUCTUKN HACAKICHUI; BBIIBUTH
CTCTICHb BIMAHUS aOMOTHYECKUX M AaHTPOIOICHHBIX
¢dakTOopoB Ha wu3ydaemble mapaMeTpel. CoriacHo
OOIICTIPUHSATEIM B JIGCOBOJACTBE M  TIe00OTaHHKE
METO/IMKaM, B TIpe/ienax ApeBocToeB J. excelsa 3anoxeHo
28 npoOHEIX TUTOMmael pazmepom mo 0,2 Ta Ha BBICOTE
or 40 mo 1020 M HYy.M., B paM4HbIX 31ado-
oporpapuuecKux YCIOBHSIX. [Tocpencteom
0IHO()AaKTOPHOTO IHUCIIEPCHOHHOIO aHAJIN3a BBISBIISIIN
CTCTIeHb BIMSHUS aOWOTUYECKUX M aHTPOIOTEHHBIX
dakTOpoB Ha  OHMOMETPHYECKHE  XapaKTEpUCTHUKH
BBICOKOMOJKEBENOBBIX JiecoB Kpreima. B pesynbrare
MIPOBEJCHHBIX ~ HCCIICJIOBAaHUM, YCTAHOBJIEHO, 4YTO
cpeL[HI/H‘/'I JuaMeTp CTBOJa JpPEBOCTOCB J. excelsa —
27,1£1,3 cm (mpy MHUHHMAIBHBIX U MaKCHUMAaJbHBIX
3HaueHUsX B 11 m 41 cm, coorBercTBeHHO). Cpenn
(baKTOpoB, OKAa3BIBAIOIIUX HAMOOJbIEE BIUSHUE HAa
JUaMeTp CTBOJIOB, MOYKHO BBIJICNIUTH: dAaduvecKue
YCIIOBHUSI M TOJJOBOE€ KOJIMUECTBO OcajlkoB. Kpome Toro,
BBISIBIICHO, 4YTO JiepeBbst J.excelsa He pocturaror
ONMMCAaHHBIX B JINTEPAType BBICOT, CBOHCTBEHHBIX
OCHOBHOM CpEIN3eMHOMOPCKOM 4acTH apeana, 4yTo, B
CBOIO OYepe/b, CBHUICTENLCTBYET O HEOIarompHATHBIX
YCIIOBHUSIX CYIIECTBOBAHHS BHJA HA CEBEPHOHN TpaHMIIC
ero pacmpocTpaHeHus. B cpemaHeM, BBICOTa JepeBHEB
J.excelsa B TI'opaom Kpeimy cocraBmser 5,4+0,2 m.
YHUKaIbHBIM ~ DIIEMEHTOM  KPBIMCKOH  MOMYJISINN
J. excelsa BbIcTYynarOT HAaCAKICHUS, MPOU3PACTAIOIINEC
Ha . KpecToBas, ux BeicoTa focTuraet 16 M, 4ro B 3 pasa

Abstract. High-juniper forests are a critical
component of the sustainability of the Crimean
Peninsula. However, the area visited by J.
excelsa in Crimea is currently increasing. As a
result, there is a threat of irreversible changes
in the appearance of the peninsula in the future.
As

a result of the research, the biometric
characteristics of the high-juniper forests of the
Crimea and the characteristics of the ancient
environmental factors existing on them were
determined. Based on the goals of the work, the
following tasks were set: to establish the main
taxation characteristics of hopes; the degree of
influence of abiotic and anthropogenic factors
according to the studied parameters. According
to methods generally accepted in forestry and
geobotany, 28 sample plots of 0.2 hectares in
size were established within J. excelsa stands
at an altitude of 40 to 1020 m above sea level,
in various edapho-orographic conditions.
Using one-way analysis of variance, the degree
of biometric characteristics of abiotic and
anthropogenic factors in the high-juniper
forests of Crimea was revealed. As a result of
the studies, it was established that the average
diameter of J. excelsa stands is 27.1+1.3 cm
(with minimum and maximum values of 11 cm
and 41 cm, respectively). Among the factors
that have the greatest influence on trunk
diameter are: edaphic conditions and regional
growth. In addition, it was established that J.
excelsa trees are not described in the
alphabetical heights characteristic of the main
ones among the Mediterranean part of the
range, which, in turn, indicates stable
conditions of existence on its northern border.
On average, the height of J. excelsa individuals
in the Crimean Mountains is 5.4+0.2 m. A
unique element of the Crimean culture, J.
excelsa is being studied growing on the town of
Krestovaya, their height reaches 16 m, which is
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Ooupllle, YeM CpenHssl BBICOTAa BBICOKOMOXMOKEBeNOBBIX 3 times higher than the average height of the
necoB Kprima. area.
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BBenenue. PennkToBble BHICOKOMOXOKEBENOBBIE Jieca KpbiMa MrparoT BaXKHYIO POJb B
nporeccax GopMUPOBaHHS SKOIOTUIECKON YCTOMYMBOCTH MOTyocTpoBa. [IponspacTast Ha Cyxux
KaMEHHCTBIX YYacTKaxX, Majl0 NPUTOAHBIX JJsi JPYTUX JPEBECHBIX TOPOJ, HAaCaXKICHUS
MOJKKEBEJIbHHMKA BbICOKOro (Juniperus excelsa M.-Bieb.) 3amuimator 3tu Mecta OOUTaHHS OT
9PO3HH, CIMOCOOCTBYIOT COXPAaHEHUI0 W (HOPMUPOBAHHMIO HAIMOYBEHHOT'O IIOKPOBA, a TaKkKe
OCYIIECTBIISIIOT ~ BOAOPETYJIHPYIOIIYI0O U cpenoobOpasyromrylo  posnb.  Kpome  Toro,
BBICOKOMOJXX)KEBEIIOBBIE  JIPEBOCTOM  BBHIMIOJHAIOT BAXKHYIO OCTETHYECKYI0 W CAaHHUTapHO-
rurueHnyeckyro ¢pynkuuu. [locnennee Bo3MoKHO 6aroaps BbIACIEHUIO OOJIBIION0 KOJIMYECTBA
3(HPHBIX Macell, 00Taaf0NIMX aHTHCENTHIeCKUMH cBocTBamH [10; 16; 21-23].

OnHako, B HacTosIIee BpeMs Iuiomaap nomyisiiun J. excelsa B Kpeimy cokpamaercs. Ha
OCHOBaHMU 4yero By Obu1 BKitoueH B Kpacueie kauru Pecriyommku Kpeim 1 roposa CeBacTorouts.
Cpenu OCHOBHBIX MPHUYWH, MPUBEAIINX K H3MEHEHHIO TUIOIIAIU BBICOKOMOYXKEBEIIOBBIX JIECOB,
UCCIIEIOBATEIN BBIIENAIOT CHM)KEHHE YPOBHS €CTECTBEHHOIO BO300HOBJICHMS, IMOpa)KeHHE
BpPEIUTENSIMI M OOJIE3HSMH, a TaKKe IMPsAMOE YHHUYTOXKEHHUE B PE3y/IbTaTe aHTPOIIOTEHHOMN
nestenbHOCTH [5; 6]. Ilpm 5TOM, KOMIUIEKCHBIX MCCIIEIOBAHUM BBICOKOMOKIKEBEIOBBIX
JPEBOCTOEB U OTPEJICNIEHUs UX KaUeCTBEHHBIX XapaKTEPUCTUK MPAKTUIECKH HE TTPOBOAMIOCH.

Baxnas ponb npeBocroeB J.excelsa B skonormyeckom Oanmance Kpeima, mo3Bossier
NPEIOI0KHTh, YTO 3HAYUTEIFHOE COKpAalIeHHEe MX IJIOMAId MOXKET B ONIDKaiIieM OymyrieMm
NPUBECTH K HEOOpPATHMBIM TOCIEICTBHSIM M W3MEHEHHIO OOJIMKa IMOJyocTpoBa. B pesyibrare
4ero, BO3HUKAET OCTpasi HEOOXOAMMOCTh B OLIEHKE TEKYIIEro COCTOSHUS momyisiuu J. excelsa
[12; 18].

[lenpt0  MPOBEACHHBIX  WCCIENOBAaHWW  SBHJIOCH  OIpENEIeHHe OHOMETPHUYECKUX

XapaKTEPHUCTHUK BBLICOKOMOKIKCBCIOBBIX APEBOCTOCB KpLIMa 1 0COOEHHOCTEN BIMSAHUS HAa HHUX
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(hakTopoB OKpyxKaromieit cpenasl. Icxois u3 1enu paboThl, ObLTH MOCTABJICHBI CIISAYIONINE 3a/1a4H:
YCTaHOBUTH OCHOBHBIC TAKCAIIMOHHBIX XapPaKTEPUCTUKU HACAKICHUH; BBIIBUTH CTEIICHD BIIMSIHUS
a0MOTHYECKUX U aHTPOIIOTEHHBIX (DAKTOPOB HA U3yYaeMbI€ ITAPaMETPHI.

Martepuanabl 1 MeTOABI UccaenoBanus. OnpeneneHue OUOMETPUUCCKUX XapaKTEPUCTHK
HacaxaeHui J. excelsa mpoBoauiiu Ha 28 IPOOHBIX IUIOMIASX, 3aKJIaKy KOTOPBIX OCYIIECTBIISUIN
0 OOIIEIPUHATEIM B JICCOBOJICTBE M I'e00OTaHHKE MeToaukam, pasmepom mo 0,2 ra [8; 9].
3akyapIBaJIA MPOOHBIC IO B MPUPOIHBIX MOMYIAIUAX Ha BeicoTe oT 40 10 1020 M H.y.M.,

B Pa3NUYHBIX 371ao-oporpadudeckux ycnoBusx (puc. 1).

Puc. 1. Cxema pacnoJio:keHusi IPOGHBIX IUuIomaaeii B momyasinusx J. excelsa B 'opuom Kpsimy
(1-2 — oxpectHocTH 1. UHKepmaHn; 3 — r. Yupka-Kasicsl; 4 — r. Kasitaun; 5 — r. Kyuyk-Koas-Bypys;
6 — oxkpectHocTH c. lllupoxoe; 7 — r. Camuannix; 8-9 — r. Kypr-Kas; 10-12 r. Kapa-/lar;

13 —r. Tonaka-baup; 14 — r. Tapnan-baup; 15 — yp. bBaruauman; 16 — r. Capseiu; 17 —r. J[paxoH;
18 — r. Komka; 19 — r. KpecroBas; 20 — okpecTHocTH nrT. Maccanapa; 21 — m. MapThsin;

22 — 6. CemuaBopckas; 23 —r. SAnya-bypyn; 24 — r. [lanas-Kas; 25-26 — r. Koda-Kas;

27 —r. Coxoa; 28 — r. Kapmurepc)

JluameTp CTBOJIa 3aMepsiIi MEPHOUM BWJIKOW Ha BeicoTe 1,3 M OoT kopHeBoil mieiiku. Illar
CTYIIEHEH TOJIIIMHBI NPUHUMANHU B 4 cM. Takke NOJICUUTHIBAIM 2 CPETHUX TUAMETPa APEBOCTOS:
CpeIHEeB3BEIICHHBII Yepe3 IUIOIaAb CEYeHNUs U CpeiHui apudmMeTnueckuii. BricoTy nepeBbeB B
HACAXACHUAX OIPeJIeNIsIN € MOMOIIbI0 BeicoToMepa Suunto PM-5. C nomormsio ¢popmysl Jlopes
MOJCUYUTHIBAIIN CPETHIOIO BBICOTY JApeBocTos [15].

JInst OIIEHKH BIJIMSHUS TIOTOJHBIX YCIIOBHI Ha pa3BHTHE ApeBocToeB J. excelsa, mpoOHbIe
Iomaan ObUTH pa3fesieHbl Ha TPH reorpauyeckux TPYIIbL: 3alaJHylo, F0KHOOEPEkKHYIO U
BOCTOUHYI0. B 3anannyro rpynmy Bouiu npoOHsie rtomaan Ne 1-14; B roxxHoOepexHyro — Ne 15—
23, a B BocTouHyro — Ne 24-28. JIns 3amagHON Tpynmnbl HMCHOJIB30BAIIM JAHHBIE OCAJKOB

Meteoposiorndeckoi cranuuu Ne 33991 (CeBacTomnoib); A1t BOCTOYHOM U 105KHOOEPEKHOM TpyI
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— No 33976 (®eomocust) u Ne 33990 (Snra) coOoTBETCTBEHHO. /[l BBIEICHHBIX TPYIII
MOJICYUTHIBAJIOCH T'0JI0OBOE KoimdecTBO ocankoB [13]. Kpome romoBoro koiuyecTBa OCajKoOB,
BbIJICJICHHBIE PErHOHBI XapaKTEPU3YIOTCS Pa3IMYHbIMU TUIIAMU MOYB. 3amagHas yacTh [ 1aBHOMN
TPl KPBIMCKUX TOp OTJIMYAeTCs OYpbIMH TOPHO-JIECHBIMU MOYBaMH. B BOCTOYHOH M FOKHOM
YacTsAX MpeodasaloT KOpHUHEBbIE TOpHO-IIeOHICTRIe TouBHI [10; 12].

Kpome Toro, npoOHble IUIOMAaM 00bEIUHSIIM B IPYIIBl B 3aBUCUMOCTH OT JKCIIO3ULIUU
cksioHa. Beero Obu10 BIIENeHOo 6 skcno3unuii: ceBepo-poctouHast (ITI1 Ne 10 u Ne 24); BocTouHas
(TIIT Ne 11, Ne 12 u Ne 25); roro-Bocrounast (ITIT Ne 5, Ne 17, Ne 22, Ne 23 u Ne 27); roxnas (ITIT
Ne 1, Ne3, Ne4, No7, Ne 15 u Ne 21); roro-3amaguast (ITIT Ne 8, Ne 9, Ne 14, Ne 16, Ne 19 u Ne 20);
sanaanas (TTIT Ne 2, Ne 6, Ne 13, Ne 18, Ne 26, Ne 28).

Onaduyeckuil (akTop Onpenessuics Mo YpPOBHIO IJI0IOPOAHS MOYBBI U €€ YBIQXKHEHHOCTH
[14]. Ilo wmeronuke II.C.Ilorpebnsika (1968) ycraHaBauBaiM  TUIBI  YCJIOBHM
MecTornpou3pactanust (dnaduueckue ycioBusi) [14]. Bcero Ha TeppuTOpuu TpOM3pacTaHUs
J. excelsa B 'opaom KpeiMy BbiziesieHo 4 Tura jieca. [IpoOHbIe monany rpynmupoBaiid COrIacCHO
TUIIAM Jieca, K KOTOPBIM OHU OTHOCATCA: Cyxoi MoskkeBenoBbiil 6op (ITIT No 3, No 20 u Ne 23),
oueHb cyxas MosxokesenoBast cyoops (ITIT Ne 6, Ne 10-12, Ne 14, Ne 22 u Ne 25-26), cyxas
moxokeBenoBast cyoops (ITIT Ne 4-9, Ne 13, Ne 18, Ne 24), cyxoit moxkeBesnoBbii cyrpynok (I111
Ne 1-2, No 1517, Ne 19, Ne 21, Ne 27, No 28).

Crernenb aHTPONOTEHHOW HArpy3KH OMpeNeNsiach Mo 5-0albHOM IIKane MyTeM OICHKH
PEKpEealMOHHON JUTPECCUU, COTJIACHO KOTOpOou 1 Gamt — nesTenbHOCTh YelioBeKa HE BHECIA B
JIECHOM KOMIUIEKC HHUKAKHX 3aMETHBIX W3MEHEHMii; 2 0ajia — peKpealnoOHHOE BO3ICHCTBHUE
YeJI0BEKa BBIPA)KAETCsl B YCTAHOBJIEHUHM PEIKOM CeTH TPONMHOK (He Oosee 5% wuccnenyemoit
wiomaan); 3 Oamna — TPONMHOYHAs CETh CpaBHMUTENbHO Tycra (3aHumaer 10-15% Bceit
momaan); 4 6amwia — rycras TponuHo4Has ceth (3aHuMarotr 20-30% rtutomanamn); 5 O6aymoB —
TPONMHOYHAs CETh OYEeHB rycras (ee miomaab yBeauuuBaetrcs 10 60—-100% tepputopun) [2].
[Tony4yeHHble pe3ynbTaThl 00pabdaThIBad METOIAMHU BapUAIIMOHHON CTaTUCTUKH [7].

PesynabTaTsl n o0cy:xaenne. Ilpu onpenenennn cpeqHero B3BEIEHHOIO Yepes3 IIOMAab
CEUCHHUS TMaMeTpa JIPEBOCTOEB YCTAHOBIICHO, YTO JAHHBIN MOKa3aresb B momyisiuu J. excelsa
BapbUpyeT JOCTaTOYHO INHpokKo B mpexaenax or 11 cm (6. CemumaBopckas) no 41 cm
(yp. barunmuman) (ta6:m.). Koadduiment Bapuanuu 26,2%. B memom, s J. excelsa B Topaom
KppiMy 3TOT nokasaTeinb paBeH 27 cM.

B mepByto ouepenp aumamerp ctBojioB J. excelsa B I'opruom KpeiMy oTpakaer Bo3pact
HacaxJeHu. MaKCcUMalbHBIM CPEIHUM JUAMETPOM CTBOJIA XapaKTEPHU3YIOTCS HaCaXKJICHMUS,
IIPOU3pacTaroIINe Ha TEPPUTOPUH ypouullia baTunnman, BXOASILIEro B cOcTaB [ 'oCcy1apCTBEHHOTO
IMPUPOIHOTO JIaHAIMA(THOTO 3aKa3HUKA peruoHanbHOro 3HayeHus: «Mspic Alis» (co3nad B 1974
rony) [11]. OtnenbHBIe nepeBbs 31aech nocturaroT 102 cm B nuamerpe. [Ipu 3TOM KHU3HEHHOE
COCTOSIHUE TAaKUX JEPEBhEB OLIEHUBACTCA KaK YJOBIETBOpUTENIbHOE. PerenepaTuBHble GyHKINN Y
HUX COXPAaHSIOTCS Ha HE3HAYUTEIbHOM YpOBHE (00pa3yloT eJUHHMYHBIE IIHUIIKOATOABl U

MUKpPOCTPOOUJIBI).
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Tabnuma
BuoMeTpuyeckue XapaKTepPUCTHKH BbICOKOMOKKEBEJIOBBIX JiecoB KpbimMa
Do, cm H, m
Ne It Ds, em M=+m V M+m \Y
1 24 17,4+1,9 66,5 4,44+0,3 28,7
2 31 26,6+£2,7 51,6 4,8+0,2 24,3
3 27 25,1+4,1 44,8 3,8+0,2 16,7
4 18 15,1+1,1 48,5 4,3+0,2 36,7
5 26 21,6+1,5 59,3 4,7+0,1 25,8
6 24 18,2+1,5 45,4 3,8+0,1 34,3
7 25 18,7+1,3 61,1 3,7+0,2 34,9
8 28 20,9+2.0 57,0 4,6+0,2 38,5
9 27 16,2+2,1 72,9 4,3+0,2 28,4
10 31 25,0+1,7 43,8 4,6+0,2 39,7
11 32 26,6+1,9 53,1 5,0£0,2 29,9
12 39 30,6+£2,6 44,0 4,7+0,2 25,8
13 22 17,2+1,6 53,0 4,6+0,2 26,7
14 25 20,9+2,2 40,0 3,8+0,2 27,8
15 41 30,8+2.8 64,3 5,7+0,3 32,9
16 30 22,6£1,6 58,7 4,9+0,2 30,6
17 24 18,4+1,7 47,5 5,0+0,3 32,8
18 34 27,5+1,9 59,1 5,5+0,2 23,9
19 33 28,1+1,1 38,9 7,6+0,2 34,6
20 17 13,0+0,9 51,3 3,3+0,1 24,4
21 28 22,1£1,6 55,8 5,4+0,2 30,8
22 11 9,2+0,5 49,7 3,2+0,1 34,2
23 23 15,8+1,7 76,7 3,5+0,2 32,9
24 20 14,44+1,3 63,8 3,4+0.3 35,5
25 40 31,4+2,7 63,3 3,5+0,2 39,4
26 34 26,0+£2,4 64,4 2,84+0,2 34,9
27 26 18,7+1,6 67,2 3,6:0,1 32,7
28 17 13,7+1,3 58,9 3,6+0,2 33,0

Ipumeuanue: D1—cpeqHEeB3BELICHHBIN Yepe3 IUIOMAAb CeUeHHs AuaMeTp cTBoa; D2 — cpenHmii
apudmeTHIecKuil 1namMeTp cTBosa; H — BeIcOTa iepeBhEB.

B xone npoBenenHoro onHohakTopHOro MU depeHIInaIbHOr0 aHaINu3a YCTAHOBIIEHO, YTO

CTCIICHb BJIMAHHA BHCIIHHX (I)aI(TOpOB CpCAbl HAa Pa3BUTHUC ACPCBLCB J. excelsa IMPAKTUYCCKU

Takas ke, kak u Ha ocobu J. deltoides [4]. MakcumanbHOE BO3JEHCTBHE HA JUAMETP CTBOJIA

OKa3bIBAIOT H1apruecKre ycIoBUsl MECT MPOU3pacTaHus (CTENEeHb BIUAHUSA (pakTopa cOoCTaBIsIeT

4,52 %) (puc. 2). B ycnoBusx cyxoro 6opa pocT JepEeBhEB 3aMEJISIETCS U JUAMETP UX CTBOJIA B

cpeaneM cocraniser 15,00+1,43 cMm. Torna kak B ycJI0BHUAX CyXOi cyOOpH 3TOT nokasarens B 1,57

paza Boie — 23,56+1,97 cm.
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Puc. 2. Crenens BJIUSIHUSA BHEIIHUX (paKTOPOB HA OMOMeTpHYECKHE MOKA3aTeIH
BBICOKOMO::KeBe10BbIX jiecoB Kpbima
Ilpumeuanue: cepbIM LIBETOM 0003HAYEHBI (PAKTOPBI, BIUSHUE KOTOPBIX JOCTOBEPHO HE YCTAHOBJIEHO

B menbieit crenenu (cuna Bo3aeictsus — 3,36 %) Ha OMOMETpUYECKUE XapaKTePUCTUKU
BBICOKOMOJKKEBEJIOBBIX JIECOB BIIMSET T'OJI0BOE KOJIMYECTBO OCAJKOB (PErMOHAIBbHBIN (akTop).
HaubGonpimmii cpeguuii nuaMeTp cTBojIa OTMEUEH y 0co0ei, TPOU3pacTaroX B BOCTOUHOM 4acTu
KpsiMckoro mnoisryocrpoBa. MMEHHO 3Ta TEppUTOPUS MAaKCUMaJIbHO CXOXa C LEHTPAJIbHOU
CpennseMHOMOpPCKOI 4acThio apeaina J. excelsa. Kpome Toro, apeBoctou 37ech OTIMYAKOTCS
HanOOJbIIed MHTEHCHBHOCTHIO €CTECTBEHHOrO B0300HOBIEeHHA. COMKHYTOCTh WX KpPOH B
cpennem cocrasisier 0,6 [3].

Emte omHu (hakTopoM, OKa3bIBAIOLIMM BO3JCHCTBHE HA JUMAMETP JIpeBocToeB J. excelsa B
I'opuom KpsIMy, BeICTymaer aHTpomnoreHHas nestesnbHOcTh — 2,87%. Ha Tepputopusx,
MOJIBEPTaOIINXCSl MHTEHCUBHOW PEKpEeallMOHHOM Harpys3ke, OTMEUYEHBl JIepeBbsi C OOJBLINM
TUaMETpoM CTBOJIOB  (24,8+2,23 cM), Torga Kak Ha ydYacTKax MaJl0 TIOJBEPKEHHBIX
AQHTPOIIOTEHHON JAESTEIBbHOCTH WJIM HE 3aTPOHYTBHIX €K BOBCE, ATOT MOKA3aTeNlb COCTABISAET
18,9+1,56 cM. DTo CcBsI3aHO, B MEPBYIO OYEpe/b, C TEM, UYTO AHTPOIIOTE€HHAas Harpy3ka OoJibIle B
CTapOBO3PACTHBIX HACAKACHMSX, MPHUBJICKAIONIMX 3HAUYUTEIbHOE BHHMAaHHME TYPHUCTOB,
OTJAIOLIUX MPEANOYTEHUE «OTIBIXY» B BBICOKOJIEKOPATUBHBIX MOXOKEBEJIOBBIX HACAKIACHUSIX.
JlocToBEpHOTO BIIMSHUA HAa CPEIHUIN B3BELICHHBIN 4YE€pe3 IUIOLIa/Jb CEUYEHHUs CTBOJIOB AUAMETP
JPEBOCTOEB IPYTUX aOMOTHYECKUX (DaKTOPOB BBISBIEHO HE OBLIO.

[Tpu onpeeneHnu cpeHEro apuPpMeTHYeCKOro JuaMeTpa yCTaHOBJICHO, YTO OH COCTaBIISET
20 cm. OTnuuust MEXly CpeTHUM B3BEUICHHBIM Yepe3 IUIOIa/lb CEUEeHHUsI CTBOJIOB AUAMETPOM U
CpeHUM apu(METHIECKUM TUaMeTpoM Bhilie, ueM y J. deltoides [4], u cocTaBnsroT 5—7 cm, 4TO
TaK K€ HaxXOJUTCS B IpeleNax AONYCTUMBIX 3HA4Y€HUM, 4TO, B CBOKO OYEPElb, TOBOPUT O
JIOCTOBEPHOCTH MOJTYYEHHBIX PE3YJIbTaTOB.

[Tpu paccMoTpeHuU KpUBOM pacrpeieNieHus IEPEeBEB M0 TOJIIHMHE CTBOJIOB (puUc. 3) BUAHO,
YTO OHA UMEET JIEBOCTOPOHHIOIO MOJIOKUTENBHYIO ACHMMETPHIO C HOPMAJIBHBIM paclpeesIEHuEM

(acummerpuunocts — 1,20; axcrecc — 0,28).
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Puc. 3. Pacnpeneiienne cTBoJI0B epeBbeB J. eXCelsa mo auamerpy

Ha pucynke 3 BuAHO, YTO NOJABISIONIEe OOJBLIIMHCTBO JIEPEBBEB XapaKTepPH3YyeTCs
auameTpom ctBona 1o 20 cm. OnmHako B mpenenax momyssinuu J. excelsa B T'opruom Kpeimy
BCTPEUAIOTCS 0COOH, TMaMETP CTBOJIA KOTOPBIX Aocturaer 104 cm. BospacT nepeBa oreHuBaeTcs
B 900 net. [Ipu 3TOM, €ro )KU3HEHHOE COCTOSIHUE — YJOBJIETBOPUTEIBLHOE CO CPEJHUM YPOBHEM
CEMEHHOM NMPOAYKTHBHOCTH, ITOJI KPOHOH JepeBa MpOU3pacTeT MOAPOCT Pa3IMYHOTO BO3pAcTa,
YTO FTOBOPHUT O BHICOKOM PETPOTYKTUBHOM MOTEHIIHAJIE HE TOJILKO OTIEIBHOTO AEpPeBa, HO M BUAA
B 1enoM. IIpuCyTCTByeT pa3JgBOEGHHE CTBOJIA, YTO CBHICTEIBCTBYET O MOBPEXKICHUU
BEpXYIICYHOW IIOYKM Ha PAHHUX OJTalax pPa3BHTHUS, B peE3ylbTare 4Yero, BO3MOXKHO, OBLIO
3aMe/JIeHHE poCTa CTBOJIA KaK B IMIMPHHY, TaK U B BBICOTY. MOKHO MPEAIOI0KUTh, YTO BO3pACT
JTAHHOTO JIEPeBa BHIIIEC YCTAHOBICHHOTO 3HAUCHHS.

Cpennsist BeicoTa apeBocToeB J. excelsa mpesbimaet BoicoTy J. deltoides B 1,67 pasza [4] u
coctaBiseT 5 M. B menom 3ToT mokasarens BapbHupyeT oT 4 10 8 M (puc. 4). Koapduument
Bapuanuu 20,3 %.

W3 nutepaTypHBIX HWCTOYHMKOB M3BECTHO, 4TO B Cpeam3eMHOMOpPHE BBICOTA JIEPEBHEB
J. excelsa cocraBnsier 20-25 m [19, 20, 23], uto 4-5 pa3 Gosnblie, yem B Kpeimy. Takum o6pazom,
MOKHO BHJIETb Kakue MOp(QOJOTHUECKHE H3MEHEHMs IPEeTEepreBaloT OCOOM B  CIOXKHBIX
MOYBEHHO-KIMMAaTHUYECKUX YCIOBUAX IOIYOCTpOBa. DTHU NIpeoOpa3oBaHUs, B CBOIO OUYepEelb,
BBICTYIAIOT aJalTUBHBIM MEXaHW3MOM, HAlpaBJICHHBIM Ha BBDKMBAEMOCTh BHJA B TIpe/eiax
CEBEPHOM IpaHUIIbI €T0 apeana.

[Ipu mpoBeaeHun ogHO(MaKTOpHOTO MU(GEPEHIINATBPHOIO aHalu3a U3 pacyera ObuIH
UCKJIIOUEHBl TI0Ka3aTelM JIEPEeBbEB, NPOM3PACTAIOIIMX Ha MpoOHOM miomamu Ne 19
(r. KpectoBas), T. K. BIX BBICOTa 3HAYUTEILHO TPEBBINIAET BHICOTY OCTAILHON YacTH MOIYIISIIUT
J. excelsa B 'opaom Kpeimy.

BrnusHue ¢akTopoB OKpyKaromied cpeibl Ha BBICOTY JAepeBbeB J. excelsa mposisercs
3HAYUTENbHO CHJIbHEE, YeM Ha JJMaMETP UX CTBOJIOB. Y CTAHOBJICHO, YTO HanOOIbIIee BO3/IeHCTBHE

OKa3bIBaIOT 31a()UUECKUE YCIOBUS MECT MPOU3PACTAHUs APeBOCTOEB (cuia pakrtopa — 21,13%).
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C ynydnieHneM NOYBEHHBIX YCIIOBHIA BO3pacTaeT BhICOTa JiepeBbeB J. excelsa. B ycimoBusix cyxoro
MOXOKEBEIJIOBOTO 00pa cpemHss BbicoTa coctaBiseT 3,41+0,26 M, Toraa Kak B mpejaesiax Cyxou

MOXOKEBEJIOBOM CyOOpH 3TOT MOKasarelb Boiiie — 5,404+0,37 m.
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Puc. 4. Boicora apeBocroes J. excelsa B 'opaom Kpbimy

B HemHOro MeHbIIEH CTENeHM Ha BBICOTY 0COOEH OKa3bhIBaeT BO3ACUCTBUE BBICOTHBIM
dakrop — 11,83%. Ha Beicote 200-300 M H.y.M. MPOHU3PACTAIOT CaMbIe BBICOKHE NEepeBbs. X
BBICOTA, B CpelHeM, cocTaBiseT 5,86+0,24 M, Torga Kak B APYTHMX BBICOTHBIX IOSCaX 3TOT
nokasatesb paBeH 4,22+0,38 M. M0OXHO NMPeanoyioKUTh, YTO JAHHBIM BHICOTHBIN TMOSC SIBISETCS
ONTUMYMOM MPOU3pACTaHUs B yCIOBUsIX KpbIMCKOT0 1MOIyoCcTpoBa.

Eme omnum QaxTopoMm, OKa3bIBAIOIIMM BIUSHUE Ha BBICOTY JAPEBOCTOEB, SBISETCS
skcno3unus ckioHa (7,48%). YcraHoBneHo, 4TO Ha ci1ab0 MPOrpeBaeMbIX y4acTKaxX BbHICOTA
nepeBbeB coctaBisieT 3,844+0,25 M, Torja Kak Ha CKJIOHAX C IOKHOHM M IOTO-BOCTOYHOM
OKCIIO3UIMSIMUA  OTOT TOKazaTesdb coctaBmsieT 5,22+0,46 M. JloCTOBEpHOTO  BIHMSHUS
PErHOHATIBHOTO M aHTPOIIOTEHHOTO (haKTOPOB Ha BBICOTY JpeBocToeB J. excelsa 8 'opHom Kpeimy
YCTaHOBJIEHO HE ObLIO.

IIpu paccMoTpeHuH pacrpeneieHust aepeBbeB J. excelsa mo Beicote (puc. 5), MOXHO
OTMETUTh, YTO KpHUBas TaKXKE€ HMEET TOJOXKHUTEIbHYI0O aCUMMETPHUIO, C pacrpeeIeHueM
MOBBIIIEHHOTO KocuHyca (acummerpuyHocth — 0,97; skcuece — -0,75). Ilomasnsromiee
OOJBIIMHCTBO IEPEBHEB UMEET BBHICOTY 4—6 M.

OTnenpHO HEOOXO0IMMO OOpaTHTh BHUMAaHHUE Ha IPeBOCTOM J. excelsa, mpouspacraromuii Ha
rope Kpecrosas. Kpusas, oTpaxkaroras pacrnpeeineHue 1epeBbeB JaHHOW MPOOHOH TIIOMIAIH TI0
BBICOTE, MPAKTUYECKH HE HUMEET aCHMMMETPUM W OYeHb OJHM3Ka K KPUBOH HOPMAIBHOTO
pactipenenieHust (puc. 6). JlaHHbIC HacaXJCHHS SIBJSIOTCS YHHUKAJIbHBIMH IO CBOCH BBICOTE.
VMeHHO OHM MaKCHUMaJIbHO OJIM3KM K BBICOTHBIM ITOKAa3aTeIsIM, OIMCAHHBIM I BHJA B

JUTEPATYPHBIX NCTOYHHUKAX.
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Puc. 6. Pacnipenesienue nepeBbeB J. excelsa mo Boicore (r. KpecroBas)

I'opa KpectoBas (Ypbsana-Hcap) — HamMsSTHHUK NPUPOILI PETHOHAIBLHOTO 3HAUCHUS,
co3manubiii 22.09.1969 roma, mimomanes kKoToporo cocraBisier 7 ra [1]. Cnoxena oHa
BEPXHEIOPCKUMHU M3BECTHSIKAMH H SBIISIETCS OTTOPXKEHIIEM, OTKOJOBIIMMCS OT [ JTaBHOW TpsIbl
Kpsimckux rop [17]. Umeer popmy kymona ¢ O0JbIIMM KOTUYECTBOM yTecoB. C TpeX CTOPOH Y
Hee CKaJIMCThIE CKIJIOHBI M TOJIBKO C CEBEPHAsi CTOPOHA — roJiorasi. BeposTHo, UMeHHO (opMa ropsl
U €€ HeMPUCTYIHOCTh ONPEAEININ, B CBOIO 04Y€pE/b, COXPAaHHOCTh MOXOKEBEJIOBBIX JIPEBOCTOEB.
B XI11-XV Bekax 371ech CyliecTBOBajia KPEMoCTh T€HYI3IIEB, OCTATKH KOTOPOM COXPAHWIHNCH 10
Hammx naHed. B mepumon OcMaHCKONW HMMIEpUM aKTHBHAS XO3SHUCTBEHHas JEATEIbHOCTH
3aBepIIMJIacCh U TOpY CTaJld MCIIOJB30BaTh Kak Kianouile. Bo3pacT caMbIX cTapbiX JEpeBbEB,
mpouspacTaroniux Ha rope KpecroBast coBnasaer ¢ HagajioM rocrnocTBOBaHu 3/1ech OcMaHCKON
nmnepuu [17].

Tomeko npeBocrom J.excelsa, mpouspacratomme Ha rope KpecroBas um B ypouuiie
bartunuman, xapakTepusyroTcs KiiaccoM O60HuUTETa V, ocTalbHbIE MOXKKEBEJIOBbIE HACAXKJIEHUS
SIBIISTIOTCS KpaifHe HU3KO OOHUTETHBIMH.

KoppensaiuoHnnsie 3aBUCUMOCTH TaKCAI[HOHHBIX TapameTpoB J. excelsa BeImisaasaT uHaue,
gyeMm y J. deltoides. BrisiBiieHa mpsiMasi 3aBUCUMOCTh MEKIY BBICOTOH JIepeBa U JUAMETPOM €ro

ctBoma (r = 0,39). Kpome Toro, yctaHoBjI€Ha TpsiMasi 3aBUCHMOCTh MEXITY BBICOTOW JepeBa U
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COMKHYTOCTBIO JPEBOCTOEB, a TAKXE IUaMETPOM CTBOJA U COMKHYTOCTbIO KpoH (I = 0,66 un
r = 0,32 coorBercrBenno). J{ist J. deltoides atu 3aBucumocTr ObLIH KpaitHe Maisl [4].

[Ipu comocTaBieHun pacrnpeesieHus: BBICOTHI JEPEBbEB U JUAMETPOB HUX CTBOJIOB
YCTaHOBJICHO, YTO JIMHUS TpeHJa — Bocxojsmas. [lonapistoniee KOIUYECTBO JIE€PEBHEB MMEET
BBICOTY 70 8§ M M auameTp cTtBosia 10 60 cMm. B menom, nuama3zoH BapbUPOBAHMS JTUAMETPOB
CTBOJIOB IMPHU OJIHOM BBICOTE MaKCHMAJIbHO IIUPOK. Tak, HallpuUMep, MpH BbICOTE 6 M JUAMETp
ctBosia ObiBaer ot 4 no 102 cm. [logoOHOE sIBIIEHME MOKHO OOBICHUTEH OOJIBIIUM KOJIMYECTBOM
MOBPEXKICHHBIX JIEPEBbEB. MHOTME MMEIOT 1O HECKOJIBKO CTBOJIOB, YTO CBHUICTEIBCTBYET O
HapYIIEHUHU PAa3BUTHUS BEPXYILICUHOM MTOYKH U, KaK CIEJCTBUE, 3aMEJICHUE POCTa JEPEBA B IIEJIOM.

3akaouyenue. Ha ocHOBaHMU MPOBENEHHBIX HCCIEAOBAHUN YCTAHOBJIEHO, YTO CPEAHHI
nuametp apeBoctoeB J. excelsa — 27+1,3 cm. Cpeau ¢GakTopoB, OKa3bIBAIOIIUX HAHOOJbIICE
BIIMSTHUE HA JIMAMETP CTBOJIOB, MOKHO BBIICIUTE: dAa(QUICCKHE YCIOBUS U TOJIOBOE KOJUIECTBO
0CaJKOB (pPEryOH IPOU3PACTAHHUS).

Kpome Toro, BBISIBICHO, YTO JIepeBbs J. €XCelsa He JOCTUTaloT OMUCAHHBIX B JIUTEPATYPE
BBICOT, CBOMCTBEHHBIX OCHOBHOI CpEIM3eMHOMOPCKON 4acTU apeana, uTo, B CBOIO OYepelb,
CBUJICTEJILCTBYET O HEOJArOMPUSITHBIX YCIOBHX CYIIIECTBOBAHUS BU/1a HA CEBEPHOM TPAHUILIE €r0
pacnpoctpaneHus. B cpennem, Bbicota ocobeii J.excelsa B T'opuom KpeiMy cocraBisieT
5,4+0,2 M.

Opnnako OOHapy>KE€HbI BBICOKOMOMOKEBEIIOBBIE HACAXJCHHUSA, MPOU3PACTAIOIIME Ha TOpe
KpecroBast u ABJISIOIIMECS YHUKATBHBIM DJIEMECHTOM KPBIMCKOW MOMyJsiuu J. excelsa, koropsie
XapaKTEepPU3yITCA JIYYIIMM OOHHMTETOM, MAaKCUMaJIbHON COMKHYTOCTbIO KPOH M BBICOTOM
JnepeBbeB. MOXHO TOBOPUTh O 3HAYMTENBHOM IOTEHLMANE BHUJA B YCIOBUsAX KpbIMCKOro

IIOJIyOCTPOBA.
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B.B. Thien

ANALYSIS OF FOREST COVER CHANGE IN BEN EN NATIONAL PARK, VIETNAM

Txuen b b.

AHAJIM3 U3MEHEHUA JTIECHOTI'O ITIOKPOBA B HAIIMOHAJIBHOM ITAPKE BEH 2H,

BBETHAM

Abstract. The analysis of land use and land
cover (LULC) based on remote sensing and
geographic information systems in Ben En
National Park, Vietnam, from 2003 to 2023
has revealed significant landscape changes.
Assessing the accuracy of the classification
results on our Landsat satellite images has
shown high reliability, with kappa coefficients
above 0.9 for both 2003 and 2023, indicating
strong agreement between the classified
images and actual reference data. Over the
two-decade period, the dominant LULC class
remained natural forest, albeit experiencing a
substantial reduction in coverage. In contrast,
waterbodies and agricultural land expanded
significantly. These LULC changes can be
attributed to both natural processes and human
activities, such as dam construction and water
management projects. The most concerning
trend is the significant decline in natural forest
coverage, primarily driven by deforestation,
logging, and land conversion. These activities
pose a severe threat to plant biodiversity and
the habitats of wildlife within Ben En National
Park. Climate change, characterized by erratic
weather patterns, exacerbates  these
challenges, disrupting forest development.
Prolonged droughts and heavy rainfall disrupt
the growth of planted species, aggravating the
situation. Urgent measures are required to
address illegal logging and deforestation,
coupled with sustainable land management
practices to safeguard the park's unique
biodiversity. This study underscores the
importance of remote sensing and geographic
information systems in monitoring and
addressing environmental changes, providing
essential data for informed decision-making in
land use planning and conservation efforts
within the national park.

Keywords:  Forest  cover; Landsat;
Deforestation; Remote Sensing; Ben En
National Park.
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AHHOTaIUs. AHAJIN3 UCIIOJIH30BAHUS 3eMeNb M MOKPBITHS
3emu (LULC) Ha OCHOBE TUCTAaHITMOHHOTO 30HINPOBAHMS
n reorpaduuecknx HHPOPMAIMOHHBIX CHCTEM B
HanuoHanbHOM napke ben OH, Bretnam, ¢ 2003 mo 2023
roj, NOKa3al 3HAYMTEeNbHbIE M3MEHEHHs B JaHamadgre.
O1neHKa TOYHOCTH Pe3yJIbTaTOB KJIACCH(PHUKALIMK HA HAIINX
CIYTHHKOBBIX M300pakeHMsx Landsat mokasana BEICOKYIO
Ha/IeKHOCTh, ¢ Koddduuuentamu kamma Boimre 0,9 Kak B
2003, tak u B 2023 roay, 4TO yKa3blBaeT Ha CHJbHOE
corJyiacue MEXIY KJ1accu(UIUPOBAaHHBIMU
n300paXeHUsIMM W (AKTHYECKUMH  JaHHBIMH. 3a
OBAJLATUICTHUI Mepuoj, AOMHHUPYIOIIUM  KJIAcCOM
LULC ocraBaics OpUpPOINHBIA Jiec, XOTI U C
CYLIECTBEHHBIM COKpAILICHUEM IUToaad. B To Bpems kak
BOJIOEMBI U CEIILCKOXO3IHCTBEHHBIC YIOJbsi 3HAYUTEIBHO
pacmmpunuck. IOt m3meHeHuss LULC ™oryr ObITh
OOBSICHEHBl KaK €CTECTBEHHBIMH TIPOLIECCAMH, TaK H
JIeATEIbHOCTBIO YeJIOBeKa, TaKOH Kak CTPOUTENHCTBO
IUIOTHH U IIPOEKTHI 110 YIPaBJICHUIO BOAHBIMU PECypCaMH.
Camoil TpEeBOXKHOU TEHACHILIMEH SIBISIETCS 3HAYUTEIbHOE
COKpallleHHe IUTOMAAN TPUPOIAHOTO Jieca, B MEPBYIO
ouepeab H3-3a BBIPYOKM JEpEBbEB, JIECO3arOTOBKH H
npeoOpa3oBaHusa 3eMellb. DTH ACUCTBHS IMPEACTABISIIOT
CEPhE3HYI0 yIpo3y PAaCTUTEIBHOMY OHMOPa3HOOOpasuio M
MECTOOOUTAHHSIM TUKOH MPHPOIH B HAIIMOHAIEHOM ITapKe
ben On. U3MeHeHwe KinumaTa, XapaKTepH3YIOLIEecs
HECTaOMJILHBIMH MOTOAHBIMU YCIOBUSIMH, YCYT'YOIISIET 3TH
mpo0JieMsl, pa3pylias pa3sutue jeca. [IpogomkurensHble
3aCyXH U CHWJIbHBIE JOXKIM HAapYLIAIOT POCT MOCAKEHHBIX
BUAOB, yXyAwas curyauudio. HeoTnoxHele Mepsl
HEOOXOUMBI JUIsi OOpbOBI ¢ HE3aKOHHOW BBIPYOKOU H
BBIPYOKOMW Jieca, COBMECTHO C YCTOMYMBBIMH METOJAMHU
3eMJIEyCTpPOICTBa, YTOOBI  OOECNEYUTh  YHHUKAJIbHOE
O6uopazHoobpasue rmapka. 310 HCCIIeTI0BaHNE
MOTYEPKUBACT BAXKHOCTh TUCTAHIIIOHHOTO 30HMPOBAHUS
u reorpaduuecKuX HMHPOPMAIMOHHBIX CHCTEM B
MOHUTOPHUHIE€ W PEIICHUH JKOJOTMYECKUX H3MEHEHHH,
MPeIOCTaBIIsAs HEOOXOAUMBIE JaHHBIE JIJIs1 000CHOBAHHOTO
OPUHATHA PEUIeHWH B  IUIAHUPOBAHUM  3€MEJBHOTO
UCTIONIb30BaHUA W YCWIIMAX 10 COXPAaHEHHI0 B
HaIIMOHAJILHOM TapKe.

KawueBbie cioBa: Jleconokpeitre; Landsat; BripyOka
neca; JlucraHuMoHHOE 30HAMpOBaHME; HarmoHambHBIN
napk ben OH.
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Introduction

Biological diversity forms the foundation of living resources, playing a crucial role in
meeting the fundamental needs of human beings [1; 10]. It accelerates the process of
decomposition, influences the chemical composition of the atmosphere, and impacts on the global
climate, all of which rely on the sustainability of robust and intricate ecosystems. Forest
ecosystems fulfil these essential functions, offering significant value from both economic and
ecological perspectives by providing various goods and services such as water and soil protection,
carbon sequestration, tourism and recreation opportunities, and non-wood forest products [2; 7;
29]. To ensure the long-term sustainability of these forest values, forest ecosystems are commonly
conserved through in-situ programs such as National Parks, Nature Conservation Areas, Nature
Parks, or Wildlife Development Areas [10]. While National Parks are specifically designated to
contribute to global conservation efforts, they often fall short of fulfilling all their intended
functions. The land use and spatial patterns of forests in National Parks constantly face the
imminent threat of displacement due to rapid population growth, urbanization, excessive
exploitation, and illegal logging [9; 32].

Vietnam is blessed with a significant forest cover, encompassing approximately 41% of its
land area, equivalent to around 14 million hectares [23]. These forests are home to a wide range
of plant and animal species, making them vital ecosystems for biodiversity conservation. Their
lush green landscapes, towering trees, and rich biodiversity [6] characterize the forests in Vietnam.
However, Vietnam's forests face various challenges and threats. Deforestation remains a
significant issue, with an estimated loss of approximately 26,000 ha of forest annually. Factors
contributing to deforestation include illegal logging, encroachment for agriculture and settlements,
unsustainable land-use practices, and the demand for fuelwood [14; 19]. These activities put
immense pressure on the country's forest resources and cousing the degradation and fragmentation
of forests. The consequences of deforestation and forest degradation are far-reaching. They include
the loss of habitat for numerous plant and animal species, disruption of ecosystems, soil erosion,
reduced water quality and availability, and increased greenhouse gas emissions. Addressing these
challenges is crucial for the long-term sustainability of Vietnam's forests and the well-being of its
people.
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In contemporary times, satellite data plays a vital role in monitoring the dynamic changes
occurring within forests [4; 13]. The high temporal resolution of remote sensing data makes it
highly valuable for detecting alterations in forest cover. The synergistic use of remote sensing and
geographic information systems (GIS) technology has proven to be the most effective tool for
studying land use and land cover (LULC) on the Earth's surface [15; 19]. Mapping LULC has now
become a standard method for monitoring forest cover changes. Consequently, a current study was
conducted to assess the changes in forest cover in Ben En National Park, Vietnam by integrating
remote sensing with GIS technology.

Materials and methods

Study area

Ben En National Park is located in the southern part of Thanh Hoa province, Vietnam,
spanning from 19°31'N to 19°43'N latitude and 105°25'E to 105°38'E longitude, with a total area
of 14,735 ha (Fig. 1) [17]. On January 27, 1992, Ben En National Park was established under
Decision No. 33/CT by the Chairman of the Council of Ministers of Vietnam, with the objectives
of conserving natural ecosystems, restoring wildlife species, conducting scientific research,
developing tourism, and improving the livelihoods of the local communities [17]. The park
encompasses diverse landscapes including plains, hills, and river valleys. The majority of the
park's area consists of plains, while hills and rivers occupy the remaining portion, providing a rich
habitat for various animal and plant species. The study area is subdivided into two distinct regions:
the mountainous area and the river area, each exhibiting distinctive biological characteristics.
Within the mountainous regions, the biodiversity peaks, encompassing tropical forests, temperate
woodlands, and primary forests. Evergreen and deciduous tree species coexist, giving rise to a
unique ecological equilibrium. The river area of Ben En National Park underscores the intricate
interplay between terrestrial life and aquatic ecosystems. The rivers and lakes serve as vital water
sources that underpin the survival of a myriad of fish species and aquatic organisms, fostering a
delicate ecological harmony. Ben En National Park is situated in a region with a subtropical
climate characterized by four distinct seasons: spring, summer, autumn, and winter. The average
annual temperature ranges from 23°C to 25°C. Summers are hot and humid, while winters are
relatively cold. These favorable climatic conditions have created a conducive environment for the
development of diverse species within the national park.

The research area not only holds unique natural values but also plays a crucial role in the
economic development of the region. In addition to preserving and maintaining valuable natural
resources, the national park attracts visitors from all over to explore and enjoy its remarkable
natural beauty. Tourism has become one of the main sources of revenue for the national park,
contributing to the development of the local community. With the combination of diverse natural
landscapes and economic growth, Ben En National Park proudly stands as an attractive and
worthwhile destination in Vietnam.
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Fig. 1. Study area map of Ben En National Park, Vietnam

Data collection

Two datasets, Landsat 5-TM (2003) and Landsat 8-OLI/TIRS (2023) were obtained from
the United States Geological Survey (USGS) GloVis website (https://glovis.usgs.gov) for
analyzing LULC changes and mapping. Satellite images with a spatial resolution of 30 m and
path/row 127/046 were collected during the summer of each year to minimize the impact of clouds
during the classification process. Ground truth verification was conducted to validate the accuracy
of the LULC classification map using samples collected through Google Earth Pro in 2003 as well
as through field surveys in 2023. Through on-site surveys, we identified five main types of LULC
based on different land uses. These include agricultural land (rice, tea, cashew, and black pepper),
cultivated forest (white sandalwood, rosewood, bamboo, and dalbergia), natural forest (rosewood,
red sandalwood, ebony, lacquer tree, and ancient tree), waterbodies (ponds, lakes, rivers, and
brook), and other land cover (abandoned land, built-up areas, and rocky terrain).

Image pre-processing and supervised classification

To extract meaningful information from satellite data and facilitate interpretation, a series of
image pre-processing techniques were applied [21]. These procedures included geometric
corrections, image enhancement, noise removal, and topographic corrections, aiming to preprocess
the raw data and enhance its interpretability [16]. Composite bands were then generated by
combining specific bands to create an image with optimal band combinations. The study area was
defined, and the image subset was extracted using ArcGIS 10.8 software. The extract by mask
tools were utilized to isolate the image based on the study area boundaries [20]. Following the
classification scheme proposed by Anderson et al. (1976) [3] and validated through field surveys,
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five primary LULC categories were identified: agricultural land, cultivated forest, natural forest,
waterbodies, and other land cover.

Training samples were carefully selected for each predefined LULC class by delineating
polygons around representative areas [12; 26]. Spectral signatures, which represent the
characteristic spectral properties of each land cover type, were derived from the satellite images
using these defined polygons. The selection of representative training samples ensured minimal
confusion between the mapped land cover classes. For LULC classification of the acquired images
from 2003 and 2023, a rule-based supervised classification approach called the maximum
likelihood classifier (MLC) was employed [12; 30]. The MLC algorithm allows the analyst to
manually select pixels that represent the desired land cover classes. To refine the classification
results and improve accuracy while reducing misclassifications, a post-classification refinement
technique was applied. The adopted LULC classification approach ensured consistency in defining
each land cover category and provided clear boundaries based on variations in natural and
anthropogenic features within the study area. Moreover, this classification method is scale-
independent, making it applicable at various spatial scales and levels of detail.

Classification accuracy assessment

In change detection analysis involving classification data, it is crucial to assess the accuracy
of the classification results. The aim is to determine the quality of spatial classification information
obtained from remotely sensed data and its correspondence with reference information [12]. The
kappa coefficient is a widely used metric to quantify the classification accuracy and the
performance of the analysts involved in the classification process [21]. To assess the classification
accuracy, 100 random points were selected using stratified randomization in ArcGIS 10.8
software. These points were distributed across the study area to represent different LULC classes.
This approach ensures that each LULC class is adequately represented by reference points,
minimizing bias in accuracy estimates. The reference data and the classification results were
statistically compared using an error matrix. The kappa coefficient was expressed by the formula
below to calculate the degree of agreement between the reference data and the classification
results:

Po—-Pe

1-Pe

where P, is the agreement ratio between the predicted classification results and the actual
classification results. Pe is the random agreement ratio between the predicted classification results
and the actual classification results.

Land use/land cover change detection

The post-classification change detection technique, acknowledged as the most accurate
approach, compares independently produced classifications of images from different dates to
detect changes in LULC. We compiled change maps to illustrate the specific changes observed
between each pair of classified images. Utilizing pixel-based comparisons, we generated
information that identifies changes on a pixel-by-pixel basis and facilitates a more efficient

Kappa =
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interpretation of the “from-to” transitions [18]. By performing cross-tabulation, we compared the
categories of image pairs to determine qualitative and quantitative differences between the 2003
and 2023 datasets. This analysis enabled us to obtain a two-way cross-matrix, which described the
primary patterns of change within the study area.

Results and discussion

The LULC classification map in Ben En National Park for the years 2003 and 2023 was
depicted in Figure 2. Table 1 presents the area, proportion, and changes of each corresponding
LULC type during the period 2003-2023. From the data in Table 1, it can be observed that
significant changes have occurred over the 20 years in the study area. Before using satellite image-
based classification results for change detection, we first evaluated their accuracy by checking the
results obtained with reference data. The overall accuracy values of the classification results in this
study area for the years 2003 and 2023 were 92.0% and 92.8%, respectively. Moreover, the kappa
coefficients were 0.901 and 0.910 for the years 2003 and 2023, respectively. The kappa coefficient
serves as a quantitative measure of the classification accuracy, providing valuable insights into the
agreement between the classified image and the ground truth reference data [11]. Kappa
coefficients ranging from 0.81 to 1.00 are considered almost perfect in LULC classification [22;
31]. These results show reliable land cover classification and good consistency between referenced
and classified maps.
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Fig. 2. Land use/land cover maps for Ben En National Park in (a) 2003 and (b) 2023

The classification results have indicated that in 2003, the natural forest class area was the
largest area within the research area, accounting for 83.09% (12243.22 ha) (Table 1). Following
that, the waterbodies class area accounted for 5.62% (827.95 ha), the cultivated forest class area
accounted for 5.24% (772.79 ha), and other land cover classes area accounted for 4.08% (601.79
ha). Lastly, the agricultural land class area had the smallest coverage within the research area at
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1.96% (289.25 ha) (Table 1). By the year 2023, the natural forest class area had experienced a
reduction in coverage; however, it remained the predominant land cover class within the research
area, accounting for 75.00% (11050.80 ha). Furthermore, the cultivated forest and other land cover
classes area had also decreased to 5.14% (758.02 ha) and 2.63% (387.24 ha), respectively (Table
1). Meanwhile, the area of agricultural land and waterbodies classes had increased to 3.62%
(532.85 ha) and 13.61% (2006.09 ha), respectively of the total research area.

Table 1
The land use/land cover area distribution from 2003 to 2023 in Ben En National Park
Class 2003 2023 Change in 2003-2023
Area (ha) % Area (ha) % Area (ha) %

Agricultural land 289.25 1.96 532.85 3.62 243.60 1.65
Cultivated forest 772.79 5.24 758.02 5.14 -14.77 -0.10
Natural forest 12243.22 83.09 11050.80 75.00 -1192.42 -8.09
Waterbodies 827.95 5.62 2006.09 13.61 1178.14 8.00
Other land cover 601.79 4.08 387.24 2.63 -214.55 -1.46
Total 14735.00 100.00 14735.00 100.00

Figure 3 illustrates the changes in land cover classes within the Ben En National Park from
2003 to 2023. From Table 1, it can be observed that, during this period, most of the LULC changes
occurred in the natural forest and waterbodies classes. The area of the waterbodies class has
increased the most, with a total area increase of 1178.14 ha (8.00%). This significant increase in
waterbodies may be due to natural processes like increased rainfall or changes in hydrological
patterns [25; 28]. It could also result from human activities such as dam construction or irrigation
projects, which may have led to the creation of new water bodies or the expansion of existing ones.
In addition, the area of agricultural land class has also increased by 243.60 ha, equivalent to 1.65%
of the total area of the study area. The expansion of agricultural land can be linked to factors like
population growth, agricultural development, or changes in land-use policies [24]. Conversion of
natural areas, including forests, into agricultural land is a common reason for such increases. In
contrast, the natural forest area class has been reduced the most with 1192.42 ha (8.09%), along
with other land cover classes also reduced with 214.55 ha (1.46%) (Table 1). The substantial
reduction in natural forest area may be primarily due to deforestation, logging, and land conversion
for agricultural or developmental purposes [8]. Human activities, illegal logging, and forest
clearance for infrastructure or agricultural expansion are typical causes of deforestation. Finally,
the cultivated forest class from 2003 to 2023 has also been reduced by 14.77 ha (0.10%) (Table
1). The reduction in cultivated forest may be due to factors like shifting agricultural practices,
abandonment of cultivated areas, or changes in land management [5]. These factors can lead to a
decrease in the extent of cultivated forest over time.

GIS analysis was used for post-classification comparison of the detected changes, with a
change map generated for the period 2003—-2023 to understand the spatial pattern of change (Fig.
3). The classified maps were overlayed to create a LULC volatility map; a cross-tabulation matrix
was also generated for the period 2003-2023 (Table 2) to show the nature of changes in the
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different cover classes [27]. Among the total agricultural land area of 289.25 ha in 2003, 18.18 ha
remained as agricultural land in 2020. However, 199.85 ha were converted into the waterbodies
class, 47.71 ha became other land cover, and the remaining 23.51 ha were converted into cultivated
forest and natural forest. The cultivated forest class retained only 99.92 ha out of the initial total
of 772.79 ha in 2003; the rest was converted to all other classes (Table 2). During the period 2003—
2023, the cultivated forest class, with the lowest area loss primarily due to receiving 638.37 ha
from natural forest conversion, accounted for most of the loss. In the total natural forest area of
12,243.22 ha in 2003, most of the lost area was converted into cultivated forest, as mentioned
above. There was also an additional 665.23 ha converted into other land cover classes, including
agricultural land, water bodies, and other land cover. Meanwhile, 10,939.62 ha of natural forest
area have been retained by 2023. The waterbodies class increased from 827.95 ha (2003) to
2006.09 ha (2023). Of the initial total area of this class, 824.91 ha were retained, with the most
significant increase observed from the other land cover class (530.65 ha), followed by cultivated
forest (329.80 ha), agricultural land (199.85 ha), and natural forest (120.88 ha). The other land
cover class decreased from 601.79 ha in 2003 to 387.24 ha in 2023. Only 38.85 ha remained as
other land cover, while the rest was converted into other classes such as cultivated forest and
natural forest (Table 2).
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Fig. 3. Land use/land cover changes map from 2003 to 2023 in Ben En National Park

The results of the change matrix analysis (Table 2) indicate a significant reduction in the
natural forest and cultivated forest areas during the study period. This reflects that conservation
policies for plant biodiversity and the habitats of wildlife within Ben En National Park are facing
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urgent challenges. The ongoing issue of illegal logging for production and construction materials
has resulted in the conversion of a portion of natural forests and sparse forests into other LULC
classes, leading to a reduction in green space within the forested area [21; 27]. This negatively
impacts the land protective capabilities and water retention, affecting the local ecosystem. Climate
change is another factor influencing the development of forested areas within Ben En National
Park. Abnormal weather patterns such as prolonged droughts and heavy rainfall have disrupted the
forest's condition, hindering the growth of planted species. Additionally, the construction of dams
to retain water has also increased the area of water areas, engulfing most of the area of natural
forest and cultivated forest.

Table 2

Cross-tabulation of land cover classes between 2003 and 2023 (area in ha)

2023 | Agricultural | Cultivated | Natural . Other land
2003 land forest forest Waterbodies cover Total
Agricultural land 18.18 10.03 13.48 199.85 47.71 289.25
Cultivated forest 132.70 99.92 85.10 329.80 125.27 772.79
Natural forest 370.81 638.37 10939.62 120.88 173.54 12243.22
Waterbodies 0.35 0.24 0.58 824.91 1.87 827.95
Other land cover 10.81 9.46 12.02 530.65 38.85 601.79

Total 532.85 758.02 11050.80 2006.09 387.24 14735.00
Conclusion

In this study, Landsat 5-TM and Landsat 8-OLI/TIRS image data were used to perform
supervised classification and LULC maps for the years 2003 and 2023 in Ben En National Park.
GIS analysis was then used to overlay the LULC map classes and obtain a change map, with a
diagonal matrix created for 2003-2023 to understand the changes in types better. Over the 20
years, the study area has experienced a decline in natural forest, cultivated forest and other land
cover classes, with area decreases of 8.09%, 0.10%, and 1.46%, respectively. Additionally, there
has been a substantial increase in the extent of agricultural land and waterbodies class areas from
2003 to 2023, with a total increase of 1.65% and 8.00%, respectively. Changes in LULC classes
in Ben En National Park, as revealed by this study, are largely associated with human activities. If
these LULC trends persist, they are likely to have significant environmental and economic
ramifications, impacting the local population’'s livelihoods. This research underscores the
importance of combining remote sensing and GIS in monitoring LULC and forest changes. It
provides valuable insights into the spatial distribution and character of land cover changes in Ben
En National Park. Based on this research, we recommend that relevant authorities consider
implementing solutions such as increasing human resources for monitoring and protecting forest
cover from illegal logging activities. Strict enforcement of laws and regulations is also essential
for preserving forested areas within the study region. Lastly, we hope that this research can assist
national park management agencies in generating the necessary environmental education
materials, policy design, and decision-making processes for the conservation and management of
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forest ecosystems. This includes efforts to protect against illegal logging to prevent loss and
degradation of plant biodiversity.

References

1. Agbedahin, A.V. (2019). Sustainable development, Education for Sustainable
Development, and the 2030 Agenda for Sustainable Development: Emergence, efficacy, eminence,
and future. Sustainable Development, 27(4), 669-680. https://doi.org/10.1002/sd.1931

2. Ahammad, R., Stacey, N., & Sunderland, T.C. (2019). Use and perceived importance of
forest ecosystem services in rural livelihoods of Chittagong Hill Tracts, Bangladesh. Ecosystem
services, 35, 87-98. https://doi.org/10.1016/j.ecoser.2018.11.009

3. Anderson, J.R., Hardy, E.E., Roach, J.T., & Witmer, R.E. (1976). A land use and land cover
classification system for use with remote sensor data. Geological survey professional paper, U.S.
government printing office. Washington DC, 964, 1-28.

4. Brovelli, M.A,, Sun, Y., & Yordanov, V. (2020). Monitoring forest change in the amazon
using multi-temporal remote sensing data and machine learning classification on Google Earth Engine.
ISPRS International Journal of Geo-Information, 9(10), 580. https://doi.org/10.3390/ijgi9100580

5. Chen, Z., Huang, M., Zhu, D., & Altan, O. (2021). Integrating remote sensing and a markov-
FLUS model to simulate future land use changes in Hokkaido, Japan. Remote Sensing, 13(13), 2621.
https://doi.org/10.3390/rs13132621

6. Cisar-Erlach, A. (2019). The Flavor of Wood: In Search of the Wild Taste of Trees from
Smoke and Sap to Root and Bark. Abrams.

7. Doimo, I., Masiero, M., & Gatto, P. (2020). Forest and wellbeing: Bridging medical and
forest  research  for  effective  forest-based  initiatives.  Forests,  11(8),  791.
https://doi.org/10.3390/f11080791

8. Febriyanti, A.R., Ratnasari, R.T., & Wardhana, A.K. (2022). The effect of economic
growth, agricultural land, and trade openness moderated by population density on deforestation in OIC
countries. Quantitative Economics and Management Studies, 3(2), 221-234.

9. Garrett, R.D., Cammelli, F., Ferreira, J., Levy, S.A., Valentim, J., & Vieira, I. (2021).
Forests and sustainable development in the Brazilian Amazon: history, trends, and future prospects.
Annual Review of Environment and Resources, 46, 625-652. https://doi.org/10.1146/annurev-environ-
012220-010228

10. Heckl, F., Lexer, W., Vacik, H., Wolfslehner, B., & Hackl, J. (2003). Foundations for the
implementation of the ecosystem approach defined under the Convention on Biological Diversity.
Vienna: Federal Environment Agency Austria.

11. Islami, F.A., Tarigan, S.D., Wahjunie, E.D., & Dasanto, B.D. (2022). Accuracy assessment
of land use change analysis using Google Earth in Sadar Watershed Mojokerto Regency. In 10P
Conference Series: Earth and Environmental Science, 950(1), 012091. https://doi.org/10.1088/1755-
1315/950/1/012091

12. Isma'il, M., Zubairu, S.M., Aliyu, A., Ahmed, M.H., Ibrahim, S., Magaji, A., & Hassan,
I.M. (2023). Evaluating the Performance of Machine Learning Algorithms and Maximum Likelihood

@ ® 132


https://doi.org/10.1088/1755-1315/950/1/012091
https://doi.org/10.1088/1755-1315/950/1/012091

https://doi.org/10.36906/2311-4444/24-2/11 Yykuna H.B., Inazeipuna M.A., Jlykuna H.B.

Classifier for Land-Use and Land-Cover Change Detection in Yola, Nigeria. SLU Journal of Science
and Technology, 7(1), 97-115. https://doi.org/10.56471/slujst.v7i.380

13. Jamal, S., & Ahmad, W.S. (2020). Assessing land use land cover dynamics of wetland
ecosystems using Landsat satellite data. SN Applied Sciences, 2, 1-24. https://doi.org/10.1007/s42452-
020-03685-z

14. Ken, S., Sasaki, N., Entani, T., Ma, H.O., Thuch, P., & Tsusaka, T.W. (2020). Assessment
of the local perceptions on the drivers of deforestation and forest degradation, agents of drivers, and
appropriate activities in Cambodia. Sustainability, 12(23), 99-87. https://doi.org/10.3390/su12239987

15. Macarringue, L.S., Bolfe, E.L., & Pereira, P.R.M. (2022). Developments in land use and
land cover classification techniques in remote sensing: A review. Journal of Geographic Information
System, 14(1), 1-28. https://doi.org/10.4236/jgis.2022.141001.

16. Mishaa, M.M., Andrushia, A.D., & Neebha, T.M. (2021). Image based land cover
classification for remote sensing applications-A review. In 3rd International Conference on Signal
Processing and Communication (ICPSC) (pp. 152-155). IEEE.
https://doi.org/10.1109/ICSPC51351.2021.9451755

17. Nga, N.T.P., & Truong, N.X. (2018). Assessment of ecological tourism development at Ben
En National Park, Thanh Hoa province in sustainable development. TNU Journal of Science and
Technology, 186(10), 77-82. (in Vietnamese)

18. Peng, D., Bruzzone, L., Zhang, Y., Guan, H., & He, P. (2021). SCDNET: A novel
convolutional network for semantic change detection in high resolution optical remote sensing
imagery. International Journal of Applied Earth Observation and Geoinformation, 103, 102465.
https://doi.org/10.1016/j.jag.2021.102465

19. Phumee, P., Pagdee, A., & Kawasaki, J. (2018). Energy crops, livelihoods, and legal
deforestation: a case study at Phu Wiang National Park, Thailand. Journal of Sustainable Forestry,
37(2), 120-138. https://doi.org/10.1080/10549811.2017.1318292

20. Phuong, V.T., & Thien, B.B. (2023). A multi-temporal Landsat data analysis for land-
use/land-cover change in the Northwest mountains region of Vietnam using remote sensing techniques.
Forum Geografic, 22(1), 54-66. https://doi.org/10.5775/fg.2023.030.i

21. Phuong, V.T., & Thien, B.B. (2023). Using Landsat Satellite Images to Detect Forest Cover
Changes in the Northeast Region of Vietnam. Bulletin of the Transilvania University of Brasov, Series
Il:  Forestry, Wood Industry, Agricultural Food Engineering, 16(1), 19-36.
https://doi.org/10.31926/but.fwiafe.2023.16.65.1.2

22. Regasa, M.S., Nones, M., & Adeba, D. (2021). A review on land use and land cover change
in Ethiopian basins. Land, 10(6), 585. https://doi.org/10.3390/1and10060585

23. Son, N.T., Chen, C.F., Chen, C.R., Cheng, Y.S., & Chen, S.H. (2023). Multidecadal
evaluation of changes in coffee-growing areas using Landsat data in Central Highlands, Vietnam.
Geocarto International, 38(1), 2204099. https://doi.org/10.1080/10106049.2023.2204099

24. Tadese, M., Kumar, L., Koech, R., & Kogo, B.K. (2020). Mapping of land-use/land-cover
changes and its dynamics in Awash River Basin using remote sensing and GIS. Remote Sensing
Applications: Society and Environment, 19, 100352. https://doi.org/10.1016/j.rsase.2020.100352

133 @ ®


https://doi.org/10.56471/slujst.v7i.380
https://doi.org/10.1007/s42452-020-03685-z
https://doi.org/10.1007/s42452-020-03685-z
https://doi.org/10.3390/su12239987
https://doi.org/10.4236/jgis.2022.141001
https://doi.org/10.1109/ICSPC51351.2021.9451755
https://doi.org/10.1016/j.jag.2021.102465
https://doi.org/10.1080/10549811.2017.1318292
https://doi.org/10.5775/fg.2023.030.i
https://doi.org/10.31926/but.fwiafe.2023.16.65.1.2
https://doi.org/10.3390/land10060585
https://doi.org/10.1080/10106049.2023.2204099
https://doi.org/10.1016/j.rsase.2020.100352

Becmuux HBI'Y. Ne 2(66) / 2024 OKOJIOT WA U ITPUPOAOIIOJIB30BAHUE / ECOLOGY AND NATURE MANAGEMENT

25. Wierik, S.A., Cammeraat, E.L., Gupta, J., & Artzy-Randrup, Y.A. (2021). Reviewing the
impact of land use and land-use change on moisture recycling and precipitation patterns. Water
Resources Research, 57(7), e€2020WR029234. https://doi.org/10.1029/2020WR029234

26. Thien, B.B. (2023). Using GIS Tools to Detect the Land Use/Land Cover Changes in Ha
Nam province, Vietnam. Regional Geosystems, 47(4), 593-606. https://doi.org/10.52575/2712-7443-
2023-47-4-593-606

27. Thien, B.B., Phuong, V.T., & Komolafe, A.A. (2023). Assessment of forest cover and forest
loss using satellite images in Thua Thien Hue province, Vietham. AUC Geographica, 58(2), 172-186.
https://doi.org/10.14712/23361980.2023.13

28. Thien, B.B., Sosamphanh, B., Yachongtou, B., & Phuong, V.T. (2022). Land use/land cover
changes in the period of 2015-2020 in AngYai Village, Sikhottabong District, Vientiane Capital, Lao
PDR. Geology, Geophysics and Environment, 48(3), 279-286.
https://doi.org/10.7494/geol.2022.48.3.279

29. Thien, B.B., Yachongtou, B., & Phuong, V.T. (2023). Long-term monitoring of forest cover
change resulting in forest loss in the capital of Luang Prabang province, Lao PDR. Environmental
Monitoring and Assessment, 195(8), 947. https://doi.org/10.1007/s10661-023-11548-4

30. Verma, P., Raghubanshi, A., Srivastava, P.K., & Raghubanshi, A.S. (2020). Appraisal of
kappa-based metrics and disagreement indices of accuracy assessment for parametric and
nonparametric techniques used in LULC classification and change detection. Modeling Earth Systems
and Environment, 6, 1045-1059. https://doi.org/10.1007/s40808-020-00740-x

31. Wahla, S.S., Kazmi, J.H., & Tarig A. (2023). Mapping and monitoring of spatio-temporal
land use and land cover changes and relationship with normalized satellite indices and driving factors.
Geology, Ecology, and Landscapes, 1-17. https://doi.org/10.1080/24749508.2023.2187567

32. Wiwoho, B.S., Phinn, S., & Mclntyre, N. (2023). Two Decades of Land-Use Dynamics in
an Urbanizing Tropical Watershed: Understanding the Patterns and Drivers. ISPRS International
Journal of Geo-Information, 12(3), 92. https://doi.org/10.3390/ijgi12030092

nata noctyruienus: 10.10.2023 nata npunsTus: 10.04.2024

© Thien B.B., 2024

@ ® 134


https://doi.org/10.1029/2020WR029234
https://doi.org/10.52575/2712-7443-2023-47-4-593-606
https://doi.org/10.52575/2712-7443-2023-47-4-593-606
https://doi.org/10.14712/23361980.2023.13
https://doi.org/10.7494/geol.2022.48.3.279
https://doi.org/10.1007/s10661-023-11548-4
https://doi.org/10.1007/s40808-020-00740-x
https://doi.org/10.1080/24749508.2023.2187567
https://doi.org/10.3390/ijgi12030092



