ARETNEQ0

HV>KHEBAPTOBCKOIO
[OCVYOAPCTBEHHOIO
VHUBEPCUTETA

BUOJIOIr'MYECKUE HAYKUA

4(72)/2025




BECTHUK

HHUKHEBAPTOBCKOI'O
I'OCYJAPCTBEHHOI'O
YHUBEPCUTETA

Kypnan ocrnosan ¢ 2008 2.

exnouen ¢ Ilepeuens peyensupyemvix Hay4HbIX U30aAHUI,

ymeepaicoennvlii Boicuteli ammecmayuonnoti komuccueit Munucmepemesa obpazosanus u nayku Poccutickoit @edepayuu om 01.12.2015.

https://doi.org/10.36906/2311-4444/25-4

VYupenurens: ®I'BOY BO «HmkxHeBapTOBCKUi
TOCYHapCTBEHHBII YHUBEPCUTET)

Kypnau 3apeructpuposan @enepanbHoOl CIyx00ii 1Mo
Ha/30py B cepe CBI3U, NHPOPMAMOHHBIX
TEXHOJIOTUH ¥ MAaCCOBBIX KOMMYHMKALIUH
(PockomHaa30p).

CeugerensctBo o peructpanuu [IM Ne ®C 77 — 80105
ot 31.12.2020.

CaugerensctBo 0 peructpanuu DJI Ne dC 77 — 79658
ot 27.11.2020.

Tlogmucuoit nugexc AO «Iloura Poccum» I111617

TeproanuHoCTh M3AaHMs: 4 pa3a B OA / ©KEKBAPTAIHHO
SI3bIK U3JaHUS: PYCCKUM, aHIIMACKUNA

WNunexcupyercs u pasmeraercs: Crossref, Poccuiickuit
uHJekc HayyHoro nuruposanus (PMHIT), HOb
KubepJlennnka (CyberLeninka), 95C IPRbooks, 35C
«Jlamp», ZENODO, OpenAIRE, ZDB, Google
Axanemus, Information Matrix for the Analysis of
Journals (MIAR), Open Academic Journals Index
(OAJD), Polska Bibliografia Naukowa (PBN),
Dimensions, AGRIS, Open Ukrainian Citation Index.

Anpec penakiun: Poccus, 628616, XMAO-IOrpa,

r. HwkaeBapToBek, yi. Jlenunna, 56. ten./daxc: (3466)
44-39-50, dakc: (3466) 45-18-05

e-mail: nvsu@nvsu.ru, red@nvsu.ru

Anpec uznarennctBa: Poccust, 628616,
XMAO-Orpa, . HwxHeBapToBCK, yi1. Mapiana
Kyxoga, 1. 4. Ten./dakc: (3466) 24-50-51, e-mail:
izd@nvsu.ru

I'naBubrii penaxrop: Iopros C.HU. (r. HmxueBapToBck, Poccust)
3am. 1. penakropa: Maxymog b.H. (1. HioxaeBapToBck, Poccns)

OtB. penakrop: FOmazynosa 3.P. (r. HwxueBapToBck, Poccns)

PenakmuoHHast KoJLJIerusi:

Aukun B.A. (r. Omck, Poccus)

Boiimenro A.A. (r. Mocksa, Poccust)

TI'ooko C.K. (r. byake, Kor-n'lByap)
Topwikos-Kanmaxyszen B.A. (r. Munncekc, BenukoOpuranus)
Jaiinexo H.M. (r. I'omens, benapycs)
Hopazumosa JI.A. (. HwxueBapToBCcK, Poccus)
Emanoe A.I. (r. Tiomens, Poccust)

Kazanckuiit M.M. (r. Iaprx, ©pannms)
Kynazun A.1O. (1. Y da, Poccus)

Jyovuuesa JIL.H., (. Mockra, Poccus)
Maiimeposa I'11I. (r. bumikex, Keiprezcran)
Meoseoes C.C. (r. Canxt-IletepOypr, Poccus)
Hypoexos b.JK. (r. Actana, Kazaxcran)
Cunsaeckun H.U. (r. Cypryt, Poccust)
Conookun A.I. (r. HmxHeBapToBck, Poccns)
Cypmaesa H.H. (r. Canxt-IlerepOypr, Poccust)
Tanwi6oe T.I. (r. HaxupiBaH, AzepOaiimkaH)
Damynnaes I1.Y. (r. HaxasiBaH, A3zepOaiimKxaH)

ILvice B.B. (1. HmwxaeBapToBCK, Poccus)

16 +

JKypnan exniouen 6 nepeuensv peyenzupyemuix HAy4HbIX USOAHUI, 8 KOMOPLIX O0NHCHBL ObINb ONYOIUKOBAHBL OCHOGHBLE HAYYHbLE Pe3YTbIMATb]
ouccepmayuil Ha COUCKAHUe Y4eHOl CMeneH KaHOUOama HayK, Ha COUCKAHUE YUeHOU CmeneHu 00Kmopa Hayk (no cocmosinuto na 25.11.2025
2. 19.04.2025 2.) no cneyuanvnocmsam: 1.5.15. Ixonoeusn (buonocuueckue nayxu), 5.6.1. Omeuecmeennas ucmopus (ucmopuyeckue HayKu),
5.6.2. Bceobwas ucmopus (ucmopuueckue nayku), 5.8.7. Memodonozus u mexnonoeus npogeccuonanvbhnozo o6pasosanus (nedazocuyeckue
HayKu)

Tun mmuensun CC, noaaepxkusaeMblii xxypHaioM: Attribution 4.0 International (CC BY 4.0).
EY

Wznarens: ®T'BOY BO «HuskHeBapTOBCKHI rocynapCTBEeHHBIN yHIBepcHTeT», Poccus, 628605, XMAO-IOrpa, r. HmxHeBapToBck, yi1. JlenuHna, 56
HWcnonnurens: U3narensctBo HBI'Y, Poccust, 628616, XMAO-IOrpa, . HmxreBapToBck, yi. Mapmana JKykosa, 1. 4.

ISSN 2311-1402 (Print)
ISSN 2686-8784 (Online)
Hkoenesa A.M., sbinyckarowuii pedakmop

ITloozomoeneno u omnevamano 6 uzoamenvcmee HBI'Y M
- ) Bunssun J].B., mexuuueckuii pedaxmop

H30. nuy. JIP Ne 020742. Ioonucaro 6 newams 15.12.2025
Jlama evixooa 20.12.2025

Dopmam 60x84 1/8. I'apuumypa Times. Yea. neu. aucmos 9,48.
Tupaoic 100 2x3. 3axaz 2351 Lena: 6ecnnammo

© Huorcnesapmosckuii 2ocyoapcmeennulii ynusepcumen, 2025

O 1


https://rkn.gov.ru/mass-communications/reestr/media/?id=81313&page=
https://rkn.gov.ru/mass-communications/reestr/media/?id=832711&page=

BULLETIN

of NIZHNEVARTOVSK
STATE UNIVERSITY

Bulletin of Nizhnevartovsk State University was founded in 2008

Included in the List of peer-reviewed scientific publications,

approved by the Higher Attestation Commission of the Ministry of Education and Science of the Russian Federation dated 01.12.2015

https://doi.org/10.36906/2311-4444/25-4

The journal is published quarterly by the Publishing
House of Nizhnevartovsk State University

Registration certificate PI number FS77-80105 on
31.12.2020.
Registration certificate EL number FS77-79658 on
31.12.2020.

Subscription index in the JSC “Russian post”- PP617.

Quarterly
Language of publication: Russian, English

Indexed: Crossref, Russian Science Citation Index
(RSCI), NES Cyber-Leninka (CyberLeninka), EBS
IPRbooks, EBS Lan, ZENODO, OpenAIRE, ZDB,
Google Academy, Information Matrix for the Analysis of

Journals (MIAR), Open Academic Journals Index (OAJI),

Polska Bibliografia Naukowa (PBN), Dimensions,
AGRIS, Open Ukrainian Citation Index.

Editorial address: 628616, Russia, Khanty-Mansiysk
Autonomous Area — Yugra, Nizhnevartovsk, Lenin Str.,
56. tel./fax: (3466) 44-39-50; (3466) 45-18-05

e-mail: nvsu@nvsu.ru, red@nvsu.ru

Publisher address: 628616, Russia, Khanty-Mansiysk
Autonomous Area —Yugra, Nizhnevartovsk, Marshal
Zhukov Str., 4, of. 1001. tel.: (3466) 24-50-51,
e-mail: izd@nvsu.ru

Attribution 4.0 International (CC BY 4.0).

ISSN 2311-1402 (Print)
ISSN 2686-8784 (Online)

Prepared and printed in the publishing house of NVGU

Ed. persons. JIP No. 020742. Signed for printing on 15.12.2025
Release date 20.12.2025

Format 60x84 1/8. Times typeface. CONV. print sheets 9.48.
Circulation 100 copies. Order 2351. Free

Editor-in-Chief: S.1. Gorlov (Nizhnevartovsk, Russia)
Deputy Editor: B.N. Makhutov (Nizhnevartovsk, Russia)
Executive editor: E.R. Yumagulova (Nizhnevartovsk, Russia)

Editorial Board:

V.A. Aikin (Omsk, Russia)

A.A. Voitenko (Moscow, Russia)

S.K. Gboko (Bouake, Cote d'Ivoire)

V.A. Gorshkov-Kantakuzen (Middlesex, UK)
N.M. Daineko (Gomel, Belarus)

L.A. Ibragimova (Nizhnevartovsk, Russia)
A.G. Emanov (Tyumen, Russia)

M.M. Kazansky (Paris, France)

A.Yu. Kulagin (Ufa, Russia)

L.I. Lubysheva (Moscow, Russia)

G.Sh. Maymerova (Bishkek, Kyrgyzstan)
S.S. Medvedev (St. Petersburg, Russia)
B.Zh. Nurbekov (Astana, Kazakhstan)
N.1I. Sinyavsky (Surgut, Russia)

Ya.G. Solodkin (Nizhnevartovsk, Russia)
N.N. Surtaeva (St. Petersburg, Russia)
T.G. Talibov (Nakhchivan, Azerbaijan)
PU. Fatullayev (Nakhchivan, Azerbaijan)
V.V, Tsys (Nizhnevartovsk, Russia)

16+

A.M. Yakovleva, commissioning editor
D.V. Vilyavin, technical editor

© Nizhnevartovsk State University, 2025

O



COILEPKAHUE

Yykuna H.B., JIykuna H.B., @Qunumonosa E.U.,
Thasvipuna M.A.

AHaToMo-MopdooruuecKue u
OMOXMMHYECKHUE MOKA3aTEIH Pa3HOBO3PACTHON
xBou Pinus sibirica Du Tour

((©30771050707 0074 01 | USSR 4

Kaszanyesa M.H., Ilonos I1.11., Apegpves C.I1.
N3MeHYMBOCTh OCHOBHBIX CHCTEMATUYCCKUX
pHU3HAKOB THOpHIHOM (GopMel eneit Picea
abies u P. obovata (Pinaceae) .........ccccccoovevnee. 16

Csupuoenxo b.D.

OO0mast MUHepanu3aus U XUMAYeCKUH cOCTaB
BOJIbI KaK Ba)KHBIE (haKTOPBI ISl U3YUECHUS
HKOOMOMOP(] B SIKOIOTUIECKIX HUII
THIPOMAKPOMHUTOB. .....cocvvvvriricieieieieieeseneneenes 29

Tacupos A.P.

Mopdonoruyueckas XxapaKTepUCTHKA COCHBI
obbikHOBeHHO# (Pinus sylvestris L.) npu
€CTECTBEHHOM BO300HOBJICHHH Ha OTBajlax
Kymeprayckoro 0ypoyroisHOTO pa3pesa
(Poccus, Peciybnnka bamkoprocTaH) ........... 43

Yuukanoea E.C., I pebennuxosa O.A.
OCOOECHHOCTH CE30HHBIX PUTMOB POCTa U
pa3BuTHs npencrasureneit poxa Coreopsis L.

Y HAKOIJICHUE B MX COIBETHAX
AHTHUOKCHUIAHTOB ......cccvvvveieeeeeeeiiirrereeeseesseisannneeess 56

bumnep M.U., Cmonuna H.B., Ymrun A.A.
[MonoBoii AMMOPHU3M U TEHETHIECKOE
pasHooOpasue nonyssauun Carassius

carassius B 3BTpoHOM BojoemMe Oacceiina
PEKH TYPA .o 70

Kueos J[.A., Cyxapesa T.A.
3anacel a30Ta U YIJIEpoa B IOYBaX €JIOBBIX
71eCOB MYPMaHCKON OOJACTH ....cvevvrverieneennne 84

Toeou T ]I, I'ocou C.b., Cmopuax T.B., Konsap JI.
T'uapoxumudeckuil aHain3 U KOPPEJSIIIUOHHBIE
B3aMMOCBSI3U PACTBOPEHHBIX HOHOB B
MJIACTOBBIX BOJIAX HEPTIHBIX MECTOPOXKICHUI
BepxHeaccaMCKOTo 0acCeiHa ........ccovvvveeennnne 101

Tainanoe C.I., Anbaes FO.A., Kynaeun A.1O.,
Anbéaes P.IO., baxmuna C.1O.

EcrecTBeHHOE BO30OHOBIIEHHE B IPUTOPOJHBIX
IIIPOKOJTUCTBEHHBIX JIECAX T. Y(PBI ............. 123

CONTENT

N.V. Chukina, N.V. Lukina, E.I. Filimonova,

M.A. Glazyrina

Anatomical, Morphological, and Biochemical
Characteristics of Different-Aged Needles of
Pinus sibirica Du Tour (Middle Urals) ................ 4

M.N. Kazantseva, P.P. Popov, S.P. Arefyev
Variability of the Main Systematic Features of
the Hybrid Shape of Firs Picea abies and P.
obovata (PiNaceae) ...........cccoeeevevvereereeereensnns 16

B.F. Sviridenko

Total Salt Content and Chemical Composition of
Water as Important Factors for the Study of
Ecobiomorphes and Ecological Niches of
Hydromacrophytes...........cccoovencnniienniennnn, 29

A.R. Tagirov

Morphological Characteristics of the Scots Pine
(Pinus sylvestris L.) During Natural Regeneration
in the Dumps of the Kumertau Lignite Section
(Russia, the Republic of Bashkortostan) ............ 43

E.S. Chichkanova, O.A. Grebennikova

Features of Seasonal Rhythms of Growth and
Development of Representatives of the Genus
Coreopsis L. and the Accumulation of
Antioxidant Substances in their Infloresences...56

M.1. Bitner, N.V. Smolina, Y.A. Utkin

Sexual Dimorphism and Genetic Diversity of the
Carassius carassius Population in the Eutrophic
Water Body of the Tura Basin..........c.c.cccoovrvneee. 70

D.A. Zhivov, T.A. Sukhareva
Nitrogen and Carbon Reserves in the Soils of
Spruce Forests of the Murmansk Region............ 84

T.J. Gogoi, S.B. Gogoi, T.V. Storchak, D. Konwar
Correlation Analysis and Hydrochemical Facies
of Contaminant lons in Qilfield Produced Water
of the Upper Assam Basin ..........ccccooevrvrnenne. 101

S.G. Gainanov, Y.A. Yanbaev, A.Y. Kulagin,

R.Y. Yanbaev, S.Y. Bakhtina

Natural Regeneration in the Suburban Broad-
Leaved Stands in Ufa .........cccoovvvvinnienneene, 123

ONoM



9KOJIOT'Usl PACTEHUM / PLANT ECOLOGY

VIIK 631.531:504.064.2
https://doi.org/10.36906/2311-4444/25-4/01

Yykuna H.B., /lykuna H.B., @unumonoea E.U., I'nazvipuna M. A.

AHATOMO-MOP®OJIOI' MYECKUE U BHOXUMUYECKHUE MOKA3ATEJIN
PA3SHOBO3PACTHO XBOM PINUS SIBIRICA DU TOUR (CPEJHHMI YPAJI)

N.V. Chukina, N.V. Lukina, E.I. Filimonova, M.A. Glazyrina

ANATOMICAL, MORPHOLOGICAL, AND BIOCHEMICAL CHARACTERISTICS OF
DIFFERENT-AGED NEEDLES OF PINUS SIBIRICA DU TOUR (MIDDLE URALYS)

AnHoramus. llenpo uccnenoBaHuil ObUIO W3ydYeHUE
aHATOMO-MOP(HOIOTHIECKUX u OMOXMMHUYECKUX
XapaKTePUCTUK Pa3HOBO3PACTHOW XBou Pinus sibirica
Du Tour, mpouspacraromieii B  €CTECTBEHHOM
MecTooOWTaHUN B TaexkHoi 30He (Cpemamii Ypan).
AHaToMo-MopdoorHUecKue mapaMeTphl XBOH H3yJail
Ha TIOMEPEeYHBIX cpe3ax C HCIOJIb30BAaHUEM CHCTEMBI
ob6pabotkn  m3obpakenuit  «SIAMS  MesoPlanty.
CopepxaHne HHU3KOMOJICKYISIPHBIX aHTHOKCHIAHTOB,
TaKUX KaK MPOJIFH, aCKOPOMHOBAS KUCIIOTA, (DEHOJIBHBIC
COCJIMHEHMsI, B TOM 4YHcie W ()IIaBOHOUIBI, YPOBEHBb
nepekucHoro okucnenns umuaoB (IIOJI) B xBoe
WCCIIeIOBATTN CTaH/IapTHBIMHU
cnekTpodoromerpudeckuMu Metoaamiu. [lokazano, uyto
C yBeNMUYeHHEM BO3pacTa XBoH P. sibirica HaOI01a10Ch
YMEHbBIIIEHHE  TaKWX  aHaTOMO-MOP(OIOTHIECKIX
ToKa3aTesiei, Kak MiIomaib MONePeYHOT0 CEUEeHUS XBOH,
wiomaab Me3opwnia ¥ HEHTPATbHOTO UIMHIPA.
TonmmHa TOKPOBHBIX TKaHEH XBoW (SMUACPMBI U
TUIOAEPMBI) B TMPOLIECCE BO3PACTHOTO Pa3BUTHS
JIOCTOBEPHO HE W3MEHsJIach. BBIsIBIEHO, UYTO C
YBEJIHMYSHHEM BO3pacTa XBOH, MTPOUCXO/IHIIO
YMEHbBIIIEHHEe KOHIEHTPAIMH 3€JIeHBIX NUTMEHTOB 3a
cyer JIOCTOBEPHOTO CHU)KEHUSA coJiep KaHusI
xjopoduina @, TakkKe YMEHBIIEHHE COOTHOLICHHUS
xyopoduiLia & K aHTeHHBIM niurmMeHTaM. CojiepykaHue B
XBOE KapOTHHOHWIIOB U XJopoduiuia b 1ocToBepHO He
M3MEHSJIOCh, YTO VYKa3blBa€T HA OTHOCHUTEIbHYIO
CTaOUIBLHOCTH ITyJia aHTEHHBIX MUTMEHTOB. B 4-neTHeit
XBO€ yBenuuuBanack uHHTeHcuBHOCTh [IOJI m, kak
CIIEJICTBHE, aKTHBU3MPOBAJIACH cucTema
AHTUOKCHJAHTHON  3aIllUThI, 4YTO NPOSBIIOCH B
YBEJIMUEHUH COZepKaHusl (DEHOJBHBIX COEIWHEHUH U
cBoOoHOTO TposinHa. C YBEIMYCHHEM BO3pacTa XBOH
MIPOUCXOAMIIO CHIDKEHNE HAKOIUICHHS acKOpOWHOBOM
KHCJIOTBHI.

KinrwueBbie ciaoBa: Pinus sibirica; amatomus xBou;

(I)OTOCI/IHTCTI/I‘-ICCKI/IC IIUTMCHTHI, IEPEKHUCHOC
OKHCJICHHUC JIUNHUIO0B, HU3KOMOJICKYJISIPHBIC
AHTUOKCHIAaHTHI.

Abstract: The aim of the present study was to
investigate the anatomical, morphological, and
biochemical characteristics of Pinus sibirica Du
Tour needles of different ages, growing in their
natural habitat in the taiga zone (Middle Urals).
Anatomical and morphological parameters of
the needles were analyzed in cross-sections

using the «SIAMS MesoPlant» image
processing system. The content of low-
molecular antioxidants, such as proline,

ascorbic acid, phenolic compounds, including
flavonoids, and the level of lipid peroxidation
(LPO) in the needles were analyzed using
standard spectrophotometric methods. It was
shown that with the needle aging a decrease in
anatomical and morphological parameters such
as cross-sectional area, mesophyll area, and
central cylinder was observed. The thickness of
the covering tissues (epidermis and hypodermis)
did not change significantly with the needle
aging. It was found the decrease of green
pigments concentration in needles due to a
significant reduction in chlorophyll a, as well as
a decrease in the ratio of chlorophyll a to
antenna pigments with the needle aging. The
content of carotenoids and chlorophyll b in the
needles did not change significantly, indicating
the stability of antenna pigments pool. A
significant increase in lipid peroxidation was
observed in 4-year-old needles, as a result, the
antioxidant defense system was activated,
manifested by an increase in the phenolic
compounds and free proline content. The
accumulation of ascorbic acid decreased with
the needle aging.

Key words: Pinus sibirica; needles anatomy;
photosynthetic pigments; lipid peroxidation;
low-molecular antioxidants.
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Beenenue. CocHa keapoBasi cubupckas win keap cubupckuit (Pinus sibirica Du Tour,
Pinaceae Lindl.) — sBisercss omHuM U3 HarboJlee XapaKTEPHBIX JIEPEBbEB HEHTPAIBHON YacTh
XBOWHOM 30HBI B 3amangHo-Cubupckod HU3MEHHOCTH [17], mmpoko pacmpocTpaHeHa Ha
TeppuTopun Ypana, ANTaliCKOro Kpas M CEBEpO-BOCTOKa eBpomeickoil yactu Poccuiickoit
®enepanun [6], a Taxke Ha Tepputopun Kazaxcrana u Monromuu. B npyrux mMectax 3¢eMHOTO
mapa 3To pacCTeHHE B €CTECTBEHHOM COCTOSIHMM He Tpom3pactaet [1; 16]. B npenenax Ypana u
MPUJICTAIONINX PAaBHUHHBIX OOJACTEH HIDKHSIS TpaHHUIa apeana P. sibirica TpoXOAUT HEMHOTO
ceBepHee T. ExarepunOypra, a 1oxHas Ha [Ipunonspaom Ypaie [12].

P. sibirica — penkuil npuMep covyeTaHus B OJHOM JPEBECHOM PACTEHUH YCTOWYHUBOCTH K
YCIIOBUSIM CpE/Ibl U JOJITOBEYHOCTH, JEKOPATUBHBIX U O3/IOPOBUTENIbHBIX CBOMCTB, BCJE/ICTBUE
4ero uMeeT OO0JIBIIIOE XO3SMMCTBEHHOE 3HaueHne. BaxxHoe moctomHCTBO P. sibirica — ero cMoiia
WM KUBUIA, KOTOPask UCIIOJIb3YETCS JUIS MOJIYYeHUSI TaKUX LEHHBIX MPOIYKTOB, KaK KEeIPOBBIN
Oasb3aM, IMMEPCHOHHOE Maclio, ckunuaap, kanugois [1; 5; 6; 16]. KexpoBslie opexu SBIASIOTCS
Ba)XKHBIM THIIIEBbIM, KOPMOBBIM U JIEKAPCTBEHHBIM pecypcoM [6]. XBost P. sibirica — NCTOYHUK
00JIBIIOr0 KOJIMYECTBA OMOJIOTMYECKH aKTHBHBIX BEIIECTB, KOTOPbIE YCHEIIHO MPUMEHSIIOTCS B
naphromepun U MenunuHe. OHa Oorata 3()UPHBIMU MacjlaMd, MHKPOSJIEMEHTAMHU, COICPKUT
B-kapoTuH, acKOpPOWHOBYIO KHCJIOTY, BUTAaMHHBI TPYIIIHI [16].

B u np. Coneprxanue
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OMOJIOTUYECKH aKTUBHBIX BEUIECTB B XBOE I'OJIOCEMEHHBIX PACTEHUII BO MHOI'OM 3aBUCHT, KaK OT
IPOIOJDKUTEILHOCTH KU3HH XBOM, TaK M OT €€ aHaTOMO-Mopdostornyeckux mapamerpos [10; 15].
[Tpouecchl crapeHHs XBOU TOJIOCEMEHHBIX B OTIMYME OT JIMCTONAAHBIX M BEYHO3EICHBIX
JBYJIOJIBHBIX pacTeHUH BapbupyioT oT 1 roga y Larix sibirica Ledeb., 3-6 ser, a B cybanbnuiickom
nosice 10 4-12 net y P. sibirica, u 1o 12—15 net y Picea obovata Ledeb. [4; 6]. [Toka3aHo, uTo Ha
aHaTOMO-MOpQoJoruyeckue u GU3noIoro-OMOXUMHUYECKUE apaMeTpbl XBOU OOJIBIIOE BIHUSHUE
OKa3bIBAIOT JKOJIOTMYeCKHe (HaKTOpbl U MOTOJHO-KIMMATUYECKUE YCJIOBHS, TaKHe Kak
TeMnepaTrypa, BIaKHOCTb BO31yXa, YpoBeHb MHcoysiiuu U ap. [2; 10; 15]. OrmedeHo, uro B
IpoIlecce BO3pacTHOrO pa3BuThs XBou P. Sibirica mpocnexuBaroTcss U3MEHEHHSI €€ aHATOMO-
MopdosIoTHUecKuX CTPYKTYyp [14], akTHBHOCTH MUTMEHTHOTrO KoMmiuiekca [11; 14], conepxanus
BTOPUYHBIX MeTa0oauTOB [8], BuTamMuHOB (Hanpumep, ButamuHa C), a¢upHbIX Macen. B To xe
BpeMsl JJaHHbBIE 110 WX HAKOIUICHHUIO B XBOE Pa3HOr0 Bo3pacTa MpoTuBopednBbl. OHAKO pabOThI,
BKJIIOUAIOLIUE KOMIUIEKCHYIO OIICHKY aHAaTOMO-MOP(OJOTHYECKHMX U  OHOXUMHUYECKHX
napaMeTpoB Pa3HOBO3PACTHON XBoW P. sibirica, mpouspacTaronieil B €CTeCTBEHHBIX JIECHBIX
duToLIEHO3aX HA TPAHUIIE MTOJI30H I0KHOU U cpeiHel Taiiru Ha CpeqHeM Ypalie He TPOBOAMIUCK,
YTO U ONPEACTNIIO aKTYaIbHOCTh HACTOSIIEr0 HccleaoBanus. BeiGop Tepputopuu ObLT CBsI3aH C
TEM, UTO MOJ30HBI CPEIHEH U I0KHOU TalTH Ha Ypalie XapaKTepU3yITCsS XOPOIIUMHU YCIOBUSIMU
JUTSL SKU3HEIEATEIbHOCTH XBOMHBIX MOPOA. 31ech (GOpMUPYIOTCS HacaxaeHus c¢ ydactueM P.
sibirica IV, pexxe V kinaccoB OoHUTETA.

Leapb padoThl — H3yueHUE AaHATOMO-MOP(OIOTHUECKUX U OMOXUMUYECKUX XapaKTePUCTUK
pa3HoBo3pacTHOU xBou Pinus sibirica Du Tour B ectecTBeHHOM MecTooOuTanuu Ha CpenHeM
Vpare.

O0bexkThl M MeTOABI HccaenoBanus. lccienoBanust nposoaunu B urosie 2022 1. B
€CTECTBEHHOM JIECHOM (hUTOLIEHO3€, pacrnonokeHHoM B 17 km ot r. Huwxnss Typa (58°40'05"N
60°00'14"E).

Paiton uccnenoBannii HaXOIUTCS B TACKHOW 30HE, HA TPAHULIE NTOA30H F0KHOU U CpeIHEN
taiirn.  Kinmmar  paifoHa  yMepeHHO-KOHTHHEHTANBHBIM, MO  TEII000eCeYeHHOCTH
XapaKTepu3yeTcsl KaKk MPOXJIaIHbIi, MO BIaroo0ecneuyeHHOCTH — Kak BIaxHbId. CpenHerogosas
temneparypa Bosayxa +0,7°C, cpemnenronbekass +17,7°C, cpennesnBapckas -16,7°C. Ilpn
CpeIHEM I'OJJOBOM KOJMYECTBE OCAAKOB 673 MM 3a TEIJIbIi Mepuol (anpeb-oKTs0ph) BbIaaeT
489 mMm. ITouBeHHBIN TOKPOB TypHHCKOr0 OKpyra IpeACTABIECH MO30JUCTBIMU IOYBAMHU, CPEIU
KOTOPBIX BCTPEYAIOTCSI HEOOIbIIIKE OCTPOBKH 00J0THBIX. OKPYT pacIioyioKeH B Ta€KHOM 30He, Ha
nepexojie CpeaHel TalrW B FOKHYIO. 371ech npeobsamaroT xBoitHbie sieca (P. obovata, Abies
sibirica Ledeb., P. sibirica, Pinus sylvestris L.) ¢ menaxonuctBennsiMu (Betula sp.) mopomamu.
[Momtecok penxwit, Oemublii o coctaBy (Sorbus aucuparia subsp. sibirica (Hedl.) Krylov,
Juniperus sp., Rosa sp.) [20].

OObekT wuccrmemoBanuii — Pinus sibirica. DTO IUIACTHYECKHH BHI, OTIHYACTCS
YCTOMYHMBOCTBHIO K MOPO3Y M MaJoTpeboBaTeIbHOCTRIO K Teruty. [Ipu nocrarounoit armochepHoit
¥ TIOYBEHHOW BJIKHOCTH MTPOM3PACTAET MOYTH HA BCEX THIIAX TPYHTA, HO MPEIIOYUTAET XOPOIIO
NPEHUPOBAHHBIC, TUIOJOPOJHBIE TIOYBBI, COJCPIKAIlNe B CBOEM COCTaBE W3BECTh. Bua
TEHEBBIHOCIMBBIN, HO TIJIOXO MEPEHOCAIINI CUIILHOE 3aTEHEHUE B 3pesioM Bo3pacte [1; 5; 6].
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Monenbuble nepeBbst P. sibirica oTOupanu B €CTECTBEHHOM JIECHOM MAacCHBE C
npeobaamanuem P. obovata, A. sibirica, ¢ yuactuem P. sibirica, L. sibirica, Betula pubescens
Ehrh., comkayrocts kpon 0,7-0,8. TpaBsHO-KYyCTapHUYKOBBIH SPYC pa3pekeH, NSATHAMU
BcTpevanuchk Vaccinium vitis-idaea L., Orthilia secunda (L.) House, Pyrola rotundifolia L.,
Calamagrostis arundinacea (L.) Roth u ap. [24]. Ilnomans o6caeI0BaHHON TEPPUTOPUN
cocrapysieT 300 M2,

Jly1s o1leHKH BIMSIHHS BO3pAcTa XBOM Ha HCCielyeMble ToKa3aTesy Oblia coopaHa XBos 2,
3 u 4-ro roma ¢ 5 nepeBbeB 30-35-meTHEro BoO3pacTa C FOKHOM dKcmo3unuu. JJIMHY XBOHM
U3MEpsUIM Ha CBEXECOOpaHHOM xBoe, nis 4ero XBoMHKM (30 mT) BBIKJIAABIBAIM Ha
MUJUTUMETPOBYIO Oymary u (ororpaduposanu. Jlanee Ha pororpadusx mpoBOIUIN H3MEPEHUS
JUTUHBI (C TOYHOCTBIO JI0 COTHIX MUJUTUMETPA) C UCIIOJIb30BAHUEM CIICLIUATN3UPOBAHHOMN CUCTEMBI
ananmuza u3oOpakenuii SIAMS MesoPlant («CUAMC», r. ExarepunOypr). s u3ydeHwus
aHatomuueckoro crpoerus xBoto (N=30) ¢uxcupoBamu B 70% pacTBOpe 3THUIOBOTO CIHpTA.
[Tonepeunsle cpe3bl MOIyYaad IPU MOMOIIU 3aMOPAXKUBAIOILIET0 MUKpoToMa M3-2 1 momMenianu
B riuuepuH. M3MepeHne aHATOMUYECKUX IOKa3aTeneil, TakKuX Kak IUIOM@aAb IMONEepedHOro
CEUeHUs cpe3a XBOM, TOJIIIUHY HUIEPMbI, THIIOEPMbI M SHTOJIEPMBI, TUIOIIAh CMOJISIHBIX XO/I0B,
MPOBOAMIIM C UCIHOJIB30BAHUEM CBETOBOTO MHUKPOCKONA M CIEHUAIU3UPOBAHHONW CHCTEMBI
aHanu3a u3oopaxenuii SIAMS MesoPlant.

Jnia onpenenenus coaepkaHus GOTOCMHTETUYECKUX MUTMEHTOB HaBecKy XBou (50 Mr)
roMorenusupoBanu B 80% aierone. Mi3mepeHus: alleTOHOBBIX BBITSXKEK MUTMEHTOB MTPOBOIMIN
CHEKTPO(POTOMETPUUECKUM METOIOM ITpHU JUTHHAX BOJIH 470, 624, 647 u 663 um Ha npubdope APEL
(PD-303UV) (ABctpusi) u paccunthiBanu 1o cranaaptHoi metoauke H.K. Lichtenthaler [27].

Omnpenenenue coaep kaHusi HU3KOMOJEKYISIPHBIX aHTHOKCHJIAHTOB M YPOBHS MEPEKHUCHOTO
oxucnenus munuaoB (ITOJI) mpoBoannu Ha oOpas3iax XBOH, MPEABAPUTENBHO (PUKCUPOBAHHBIX B
KHUJKOM a30Te. AHaAIN3 OMOXMMHUYECKUX MOKa3aTeie mpoBOAWIN B 4-KpaTHON OMOIOTHYECKON
U 5 aHanmuTHYeCKHX MOBTOpHOCTAX. KomnuectBo mpoaykroB [IOJI ompepensiu mo peaxkiuu
ManoHoBoro auansaeruaa (M/IA) c Tuo6apoutyposoii kucnotoit (TBK). U3mepenue ontrueckoi
IUIOTHOCTH MIPOBOJIMIIN TpU AnMHAX BOJIH 532 u 600 HM [29]. Coaeprkanue cBOOOAHOTO MPOJIMHA
OTIPEAETISIIN CIIEKTPOPOTOMETPHUIECKH 110 MOAU(PHUIIMPOBAHHON METOUKE [ 7] ¢ UCTIOTB30BAaHUEM
aIMTHUHTHIPUHOBOTO peakThBa. ONTHUYECKYIO TUIOTHOCTh OKPAIIEHHOTO KOMILUIEKCA W3MEPSIIH
Ha CIeKTpo(OTOMETPE MPH JTMHE BOTHBI 520 HM.

OneHKy KOHIIEHTpaIuu (peHoI0B, (HhIaBOHOUIOB IMTPOBOAMIH C UCIIOB30BaHIEM IKCTPAKTa
METTKOM3METBYCHHON XBOH MOCIE CyTOUHOTO (24 "aca) HactauBanus B 80% 3tanone. M3mepenue
M pacyeT coaepkaHus oOmero koiauyecTBa (PeHOIOB B 0Opasliax MPOBOJIWIN MO TaIOBOU
KHCIIOTE C HCITOJIb30BaHueM peaktuBa DonmmHa-Yokanrey cormacHo mMetoauke [28]. KommuaecTBo
(ITaBOHOWIOB PACCUMTHIBAIN IO PYTHHY, C HCIIOJIb30BaHUEM XJIOpHIA AIIOMUHUS, COTJIACHO
meronuke [23]. Jlns onpenenenus coaepikanust aCKOPOMHOBOM KHCIOTHI UCTIOIB30BATH METOAUKY
E.J. Hewitt [26]. HaBecky xBou pactupanu B cmecu HPO3z u NasPOs (B cootHomienuu 3:2).
JlampHeHIIe U3MEepPeHHS SKCTPAKTOB MPOBOIMIN CIIEKTPOPOTOMETPHUICCKH TIPH JJIMHE BOJTHBI
265 uM. Pacuet Bcex OMOXMMUYECKUX TTOKa3aTesiel TPOBOIMIIN Ha CYXOUM BEC XBOH (C.B.).

OneHky conaep)KaHHUs HU3KOMOJIEKYJISIPHBIX AHTHOKCHJIAHTOB B XBO€ MPOBOJWIN B
5-KpaTHOW OMOJIOTMYECKOW MOBTOPHOCTH (Ha YCPEIHEHHOW MPoOe XBOU) M 3—5 aHATIMTUYECKHUX
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noBTOpHOCTAX. llomydyeHHble naHHBIE 00pabaThIBAIM CTATUCTUYECKHM C HCIOJIb30BAaHUEM
crangapTHoro makera nporpamm Microsoft Excel u StatSoft STATISTICA 12. JloctoBepHOCTh
pa3auyuuii MOJIYYEHHBIX PE3yJIbTaTOB IMPOBOAMIIN MO HemapaMeTpuyeckoMy Kputepuro MaHHa—
Yuthu (npu p < 0,05). B tabnumax 1, 2 u Ha pucyHke 1 mpencTaBieHbl CpeaHUE 3HAYCHHS U UX
CTaHJapTHBIE OLIUOKHU.

Pe3yabTaThl HcciaenoBaHusi U UX oOcy:xkaeHue. lcciaenoBaHusi mokasajid, 4TO JJIMHA
pasHoOBO3pacTHOM XxBou P. sibirica Bappupyer ot 88,83+1,44 ™M (4-7eTHsS XBOS) 10
99,75+1,62 MM (3-nmetHsas) (tabmn. 1). M3BecTtHO, 4TO MOpP(OJOTHYECKHUE IapaMeTpbl XBOHU
rOJIOCEMEHHBIX BO MHOIOM 3aBHCAT OT KOMILIEKca SKoorudeckux ¢axropos [10; 14; 18].
bonbiioe BiusHUE Ha UIMHY XBOM OKa3bIBAIOT MOTOIHBIC YCIOBHSI KaKk BO BpeMs 3aJ0KEHUS
MoueK, Tak u B nepuon ee pocta [14]. [Toroansie ycnoBus (o01iee KOIMUYECTBO OCAAKOB U CYMMBbI
CPEeIHECYTOYHBIX TEMIIEpaTyp B BEreTallMOHHBIA MEPHOJ]) CYIIECTBEHHO BapbUpPOBAIIMA, O YEM
CBUJICTENHCTBYIOT Pa3IMuHbIe 3HAYCHUSI TUApOoTepMUudeckoro kordpunuenta Censaunona (I'TK)
B paiione uccaemoanuii (2019 r. —I'TK = 1,5; 2021 r. - I'TK = 0,7) [3].

Tabauna 1
AHaToMO-MopdosIornyecKkue nNoKa3aTeju pazHoBo3pactHoii xsou P. sibirica
B yciaoBusx Cpeanero Ypajia
Tapamerphi Bo3spact xBou
2 roma 3 roma 4 Troma
JlirHa XBOM, MM 92,21+1,73a 99,75+1,62h 88,83+1,44a
ITnomas nonepeyHoro ceuenus Xxsou, *10% mxm? 55,61+0,89b 53,83+1,53b 47,31+1,10a
ITnomans Me3odumna, *10% Mmxm? 38,58+0,58b 37,67+1,05b 33,53+0,89a
Ilnomans neHTpansHoro mumMHapa, *10% Mxm? 11,12+0,19b 9,70+0,23ab 8,21+0,12a
TonmmHa SHTOIEPMBL, MKM 33,20+0,70a 36,56+0,61b 37,26+0,46b
IT1omaab CMOJISTHBIX XOJI0B, MKM? 274,51+4,70a | 287,91+£597b | 265,48+4,72a
TommuHa YTUAEPMBI, MKM 13,82+0,24a 14,48+0,22a 13,56+0,23a
TomuHa TUIOAEPMBI, MKM 10,59+0,18a 11,72+0,20a 11,11+£0,18a

Ipumeuanue: paszusie OyKBHI (a, b, ¢) B cTonbmax (Xcp. + m) yKa3slBalOT Ha JIOCTOBEPHBIC PA3IHYMSA MO KXKIOMY
MOKA3aTeI0 MEXIy XBOEH pa3HOro BO3pacTa, OJMHAKOBbIE OYKBEI — Ha OTCYTCTBHE DPa3IMYMH IIPU YpPOBHE
3Hayumoctu p < 0,05.

AHann3 aHATOMUYECKOTO CTPOCHHs Pa3HOBO3PACTHOUN xBou P. sibirica moxazamn, 4To MO
Mepe YBEJIMYEHHUs BO3pacTa XBOM MPOMCXOAUT HE3HAUMTENIBHOE YMEHBIICHUE IUIONaJAN €€
MOTIEPEYHOT0 CEUeHUs, MIOMAAN Me30(uiia M HEeHTpadbHOro HuinHiapa. [lo OGOonbBIIMHCTBY
nokasarenei paznuuus 4- u 2-netHeil xBou P. sibirica craTucTUdecku 3HauuMbl. CHIDKEHUE
TUIONIA/IA TOMIEPEYHOTO CEUEHHUsl XBOU U IUIOMAAN Me30uiia, B cpeaHemM, coctaBuio 17,5%,
IJIOLIAIU LEHTpalbHOro HuiauHapa — 35,4%. MakcumanbHasi 1I01aabs CMOJIOHOCHOM CHCTEMBI
OoTMeYeHa nisi xBou 3-ro roga. Ilpu 3ToM TONIIMHA MOKPOBHBIX TKAHEM XBOU B MPOLECCE
BO3PACTHOTO Pa3BUTHS MPAKTUYECKU He u3MeHsietcs (Tabm. 1).

OnucaHHble BbIIIE TEHACHIIMM COTJIACyIOTCS C JUTEPATypHbIMU AaHHBIMH [9; 14] u
OOBSCHSIOTCS HAyalloM TMpoIlecca CTapeHUs JHUCTOBOTO ammapara, KOTOPBIA HEpeaKo
COTPOBOXKAAETCA pEAYKIMed o0Ield acCUMIWIMPYIOIMeH TIMOBEPXHOCTH XBOM, HAauyWHAs C
4-neTHero Bo3pacTa.

AnHanu3 copaepaHusi (OTOCHHTETHMYECKUX MUTMEHTOB B xBoe P. sibirica B mpormecce

BO3PACTHOT'O Pa3BUTHA XBOU IMOKA3aJI OTHOCUTCIILHYIO CcTaOMILHOCTD IMyJia aHTCHHBIX TUTMCHTOB.
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[Ipu sTom HaOmroganoch HEOOJBIIOE CHIKEHUE KOHIIEHTpauuu xyopodwuia a (Ha 16%) y
4-neTHe XBOU MO CPABHEHUIO C 2-JI€THEW, YTO MPUBEIO K 3aKOHOMEPHOMY CHHKCHHIO
KOHIEHTPALMU 3€JIEHBIX MUTMEHTOB B XBO€ UM YMEHBILIEHHIO COOTHOUICHMS XJopoduiia a K
CyMMe aHTeHHBIX nMUrMeHToB (Xna/Xnb+kapotunousr) Ha 10% u 16%, cooTBeTCTBEHHO (TA0II.
2). CornacHo JUTEPAaTypHBIM JaHHBIM, MaKCHUMAallbHOE COJepXKaHUe XJIOpOPIIJIOB B XBOE
P. sibirica ormMeueHo a5t XBou 2-T0 ¥ 3-T0 T0J1a )KU3HH, YTO COTIIACYETCs C MOTyUYCHHBIMUA HAMHU
JTAHHBIMH [2].

Tabmuna 2
Coaep:kaHne MUrTMEHTOB B pa3HOBoO3pacTHO# xBoe P. sibirica B yciioBusix CpeaHero YpaJjia

Bo3spact xBou
ITokazarenu
2 roga 3 rona 4 roga

Xuna, Mr/t ¢.B. 1,12+0,04b 0,99+0,02b 0,94+0,03a

Xub, Mr/t ¢.B. 0,42+0,05a 0,47+0,01a 0,44+0,02a

Xna+b, mr/r c.B. 1,54+0,01b 1,46+0,02ab 1,38+0,05a

KapotuHowu b1, MI/T C.B. 0,44+0,03a 0,44+0,02a 0,44+0,02a

Xna+b/ kapoTHHOHIBI 3,58+0,4a 3,36+0,11a 3,17+0,09a

Xna/Xab 2,35+0,11a 2,12+0,09a 2,13+0,06a

Xna/ Xnb+kaporuHou st 1,33+0,12b 1,10+0,04ab 1,07+£0,02a
Ilpumeuanue: pazusie OyKBHI (2, b, ¢) B cTondmax (Xcp. £ m) yKa3blBalOT Ha JOCTOBEPHBIC PA3IHUYHs M0 KaXKIOMY
MOKA3aTel0 MEKIAY XBOEH pasHOro BO3pacTa, OJWHAKOBBIE OYKBBI — HAa OTCYTCTBME DPasjIMuUii NPU YPOBHE

3Hauumoctu p < 0,05.

CootHomienne  (opm  xsopodmmio  (Xma/Xnb) xapakrepusyeT MOTEHIMATbHYIO
(OTOCHHTETHUYECKYIO aKTHBHOCTb JINCTOBOTO ariiapara U B HOPME HaXOIUTCS B AHANa3oHe 2—3.
B nmuteparype 0TMEYEHO OTHOCHTEIBHOE TIOCTOSTHCTBO COOTHOMICHHUST (HOPM XJIOpO(HILIA B XBOE
P. sibirica B mporecce ee BO3pacTHOrO Pa3BHUTHS, YTO COOTHOCHUTCS C IMOJYYCHHBIMH HaMH
nanabivu [11; 13; 14]. Tlpu 3ToM oTMeuaeTcs, 4TO B Mpoliecce cTapeHust xBou y P. sibirica
MOBBIIIAETCS cofiepkanue KapotuHouioB [11; 14]. Hamm nccnenoBanus moka3aid OTCYTCTBUE
JOCTOBEPHBIX OTJIMYMH MO MOKA3ATEI0 COICPIKAHUS B XBOE KAPOTUHOMIOB U Xyiopoduiiia b.

VYpoBenb nepekucHoro okuciaeHus gununoB (IIOJI) — wuHAMKaTOpHAs peaxius
MOBPEXICHHS KIETOUHBIX MeMOpaH. Y cuienue npoueccoB [10JI sBisieTcss OTHUM U3 OCHOBHBIX
HeCTIeNN(UIECKUX MEXaHW3MOB 3alIUTHl OT TOBPEKAAIONIETO JEHCTBUS aKTHUBHBIX (hopMm
kucioposia (ADK) B ycmoBUsAX OKHUCIHUTENBHOTO cTpecca [22]. CpaBHUTENbHBIN aHAIN3 YPOBHS
MEPEKUCHOTO OKHCIICHUS JIMITUIOB B Pa3HOBO3pacTHOI xBoe P. sibirica mokasan ux qocroBepHoe
YBEIMYEHHUE 10 Mepe cTapeHHsi XBou. Tak mHTeHCcuBHOCTh 11O0JI B xBoe 3-ro m 4-ro roga, mo
CpaBHEHHIO ¢ 2-nmeTHel, yBenuumiach B 1,9 u 2,1 pasa coorBerctBeHHO (puc. 1, a). [lanHas
TEH/ICHITUS TOBOPUT 00 YCHIIEHUH TPOIIECCOB HAKOTUICHUS IPOTYKTOB OKHCIICHUS JIUITHIOB B XBOE
P. sibirica B mporiecce ee BO3paCTHOTO Pa3BHTHs, YTO TaKke OBLJIO OTMEYEHO B jureparype [11;
14].

CnencrBuem ycuienusi tnporecca I[IOJI B pacTeHusIX SBIs€TCS aKTUBALMSA U
WHTCHCU(UKAIMS CUCTEMBbl aHTHOKCHIAHTHOM 3allIMThI, KOTOpAsi MPEIOTBPAIAaeT M yCTPAHSIET
MOCTICNICTBHUSI OKHCIUTENHHOTO cTpecca. OMHUM M3 KOMIIOHEHTOB STOW CHCTEMBI SIBISFOTCS
He(epMEHTATUBHBIE  HU3KOMOJCKYIISIPHBIC COCIMHEHUSI. B KJIeTKax  pacTeHHH
HU3KOMOJIEKYJISIPHBIE ~ AaHTUOKCHUIAHTHI  TNPEACTaBIEHbl OYEHb IIUPOKO. bombpmyio u
pa3zHoo0pa3HyIo IPyNIy MPEACTaBIAIOT (DEHOJIbHBIE COEAUHEHNUS, K YUCITY KOTOPBIX OTHOCSTCS U
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¢dnaBononasl. Kak mnpaBuio, HakorsieHue (EHOJNbHBIX COCAMHEHHH B PAaCTEHHUSX CIIY)KUT
MHIUKATOPOM HHU3KOTEMIIEPATypHOTO cTpecca, AehuiuTa BOAbl U MHUHEPAIBHOTO MHUTAHUA.
®1aBOHOUIBI — OMOJIOTUYECKH aKTUBHBIE COCAMHEHUS (PEHOJIBHOU MPHUPOJBI, KOTOPbIE UTPAIOT
BaXHYIO POJIb B OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUSX, 3AIIUIIAI0T PACTUTEIbHbBIE TKAaHU
OT H30BITOYHOM CONHEYHOM paguanuu. AKKYMYJSIUS CBOOOJHOrO IMPOJUHA CUUTAETCS
TUIIUYHBIM OTBETOM PACTEHUS Ha BO3JICHCTBUE PAa3IMYHBIX HETATUBHBIX (PaKTOPOB OKpYKaroIei
cpenbl [25]. AckopOMHOBasI KUCIIOTa — BATAMUH, KOTOPBIH B KJIETKaX PaCTCHHUH HEITOCPEICTBEHHO
BCTYMAeT B PEaKIHH CO CBOOOJHO paguKaIbHBIMU YaCTHIIAMHM, MHAKTUBHUPYS UX, U TaKUM
00pa3oM, CHUXKAeT pa3pyLIUTeNIbHbIE MOCIEICTBUS OKHCIUTENBHOrO cTpecca [21].

a) 0)
500 1 600 16 b 1 60
450 .
14 o
400 500 i . 41 50 o
o 112 + =
5 ;2 g
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= £ £ z
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? 200 & § 20 3
S 150 = 8 a z
= 100 =4 S
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OTI0JI, TBK uM/r c.B. O AckopOHHOBasi KHCI0Ta, MI/T C.B.
B [IponuH, MKI/T C.B. B denonpHbIE COETUHEHUS, MI/T C.B.

Puc. 1. UHTeHCMBHOCTH NepeKUcHOro okucjaeHust Junuaos (IIOJI) u conep:xanue nposauHa (a),
aCKOpPOMHOBOI KUCJIOTHI M ()eHOTBbHBIX coeAnHeHNH (0)
B pa3HoBo3pacTHoii xBoe P. sibirica B yciioBusix Cpeanero Ypaia

Ha pucynke 1 mpencrtaBieHbl pe3ynbTaThl aHATU3a COJEPKAHUS HU3KOMOJIEKYISAPHBIX
AQHTHOKCUIAHTOB B pa3HOBO3pacTHOW xBoe P. sibirica. YcraHosieHo, 4To obmiee colepKaHue
(eHONBbHBIX COEAMHEHHH K 4-My Trojy >XKU3HM XBOM yBenuuuBaercs B 1,5 pasza. BeposiTHo,
MOBBIIIIEHHOE HAKOIUIEHHE (DEHOJBHBIX COEAMHEHHUH CBA3aHO C YCHJIECHHEM C BO3PACTOM XBOHM
nporiecco I[1OJI, orMeueHHBIM BbIIE. B TO jk€ BpeMsi MaKCUMallbHOE CoJiepKaHue (JIaBOHOUI0B
HaOmronaercst B 2-netHeit xBoe (3,15+0,14 mr/r ¢.B.). K 3-My roay >Ku3Hu XBOM KOHIIEHTpaLUs
¢dbnaBoHOMIOB cHIDKaeTcs Ha 15% (2,7540,15 mr/r c.B.), k 4-my yxe Ha 30% (2,42+0,15 M1/t c.B.).

[ToBbleHHOE copepkanue (pIaBOHOMIOB B MOJIOZON XBOE€ MOXET MOJOKHUTEIHHO BIUATH
Ha (POTOCHHTETUYECKYIO JEATENbHOCTb, 3allMINas MUTMEHTHBIM KOMIUIEKC OT HW30BITOYHOMN
MHCOJISLUH.
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B mponecce Bo3pacTHOrO pa3BUTHS XBOM TakkKe HAOJIOAETCS YBEIMUEHHUE COJAEP KAHUS
cBoOoaHOrO nposivHa (puc. 1). B 3-netneit XxBoe no cpaBHeHUIo ¢ 2-eTHel — Ha 29%, B 4-1eTHel
[0 CpaBHEHMIO C 2-jeTHer — Ha 76,5%. Ilo-Bugumomy, Takas TMHAMUKA U3MEHEHUsI TaHHOTO
MOKa3aTeiasi MOXKET ObITh CBf3aHA CO CHU)KEHHEM OOBOJHEHHOCTH XBOM M, KakK CJEJICTBUE,
YCBIXaHHEM €€ B IIPOLECCE CTapeHHUsI.

MakcumanbHOe coaepkanue ButamuHa C BbeIsiBIeHO B 2-jeTHeil xBoe (14,25+1,64 mr/r
c.B.), uto B 1,4 pasa Beime, yeM B 3 u 4-netHeir xBoe P. sibirica (puc. 1), uto cormacyercs ¢
JUTEPaTypHbIMU JaHHBIMU, B KOTOPBIX OTMEUYEHO YBEIUYECHHE HAKOIUIEHHUS acCKOpPOMHOBOMU
KHUCJIOTBI B MOJIOJIOM XxBoe [19].

Takum o00pa3oMm, OZHOHANPABICHHBIX W3MEHEHUN B HAKOIUICHUHM HU3KOMOJIEKYJISPHBIX
AHTHOKCHIAHTOB B ITPOIIECCE BO3PACTHOTO pa3BuTHs XBoH P. sibirica He ormeueHo.

3akmouenne. VccnenoBanue pa3HoBo3pacTHON xBou P. sibirica, mpouspacraromieii Ha
Cpennem Ypaie, okasaio, 4To C yBeJIMYEHHEM BO3pacTa XBOU HAOI01aI0Ch YMEHbBIIIEHNUE TAKUX
aHaTOMO-MOP(OJOTHYECKHUX MOKa3aTeNel, Kak IIoaab MOMEePEYHOT0 CEYCHHs XBOU, TLIOMIAIH
Me30(uIUIa U EHTPATbHOTO IIUIHHIPA.

[Ipu sTOoM Momonas (2-7eTHsisI) XBOS XapaKTepHU30BallaCh BBICOKOW (DOTOCHHTETHYECKON
aKTUBHOCTBIO, T.K. COJEpKala MaKCUMalbHOE KOJIMYECTBO (DOTOCHHTETHUECKUX MHUTMEHTOB, a
Takke acKopOMHOBOU KucioTel. B OGonee 3penoil (4-meTtHell) XBOe YCHIMBAIUCH IMPOLIECCHI
OKCHJIALIUY JIUIUOB, O YeM CBHIETEIHCTBOBAJIO yBEIWYEHHE KOHIIeHTpauuu npoaykToB [10J], u,
KaK CJe/ICTBHE, aKTUBU3UPOBAJACh CHCTEMa AHTUOKCHUIAHTHOM 3alllUThI, YTO MPOSBISIOCH B
YBEJIMYEHUH coAepkKaHus PeHOIbHBIX COEAMHEHUN U CBOOOIHOTO MPOJIMHA.

Paboma evinonnena npu gunarncoeoii noodepaiicke Munucmepcmea Hayku u gvicuieco obpasosanus PO
6 PAMKAX 8bINOAHEHUSL 20cy0apcmeenHo2o 3a0anua Yp@Y FEUZ-2023-0019.
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M3MEHYMUBOCTb OCHOBHBIX CUCTEMATHYECKHUX TIPU3HAKOB
IT'NBPUIHOU ®OPMBI EJIEU PICEA ABIES M P. OBOVATA (PINACEAE)

M.N. Kazantseva, P.P. Popov, S.P. Arefyev

VARIABILITY OF THE MAIN SYSTEMATIC FEATURES
OF THE HYBRID SHAPE OF FIRS PICEA ABIES AND P. OBOVATA (PINACEAE)

AnHotanusi. PaGota  mocBsleHa — M3YyYEHHUIO
WHIWBUIYaTbHOH U Teorpaduvyeckoil M3MEHYMBOCTU
OCHOBHBIX CHUCTEMaTHYECKHX MPU3HAKOB THOPHIHOU
(mpomexyTouHoi) hopmbl eneii eBponeiickoi (Picea
abies (L.) Karst.) u cubupckoii (P. obovata Ledeb.) —
JUIMHBl IIWIIEK W (GOpPMBI CEMEHHBIX uemryid. Ee
AKTYaJIbHOCTb ONPEAEIISIETCS TEM, YTO 3TH NIPU3HAKU Y
rUOPUIHBIX MOMYJISALUH €I U3yYeHbI HEAOCTaTOYHO U
TJIaBHBIM 00pa3oM BU3YaJlbHO-OMHCATEIBHBIM ITyTEM.
OcHOBHasE MeTOIMYECKass OCOOEHHOCTb JaHHOTO
UCCIICIOBAHUSl  3aK/IIOYAIOTCd B HCIIOJIB30BaHUHU
METPUYECKUX u MaTeMaTHKO-CTaTUCTUUECKUX
npueMoB  00pab0OTKHM  OONBIIOTO  MCXOIHOTO
Martepuana. Mcnonab30Badn MaTepual ¢ 24 KIIFOYEBBIX
YYacTKOB B paiioHe pacnpocTpaHeHHs THOPUAHOU
¢dopmbl enu Ha Tepputopun Poccuu. Beibopka miuinek
C KaXJI0T0 y4acTka Bkiodana He MeHee 100 mTyk (1mo
OIIHOH C aepeBa); o0Iee YUCIO JePEBLEB COCTABUIIO
4581 sk3emruisip. AHaNHM3 TONYYSHHOTO Marepuala
MoKa3all, YTO, B MOMYJALMIX THOpUIHOM PopMBbl eneit
P. abies u P. obovata cioxuiich pOMEKYTOUHBIE
MapaMeTpbl OCHOBHBIX CHCTEMAaTHYECKHX MPU3HAKOB.
Cpenusisi AnvHA MIMIIEK TUOPUIHOW (OPMBI  eln
cocrapmsieT 76(63-91) mm. KoadhdunmenTsr cyxenus
(coefficient of narrowing — C,) u BBITIHYTOCTH
(coefficient of projection — C,) BepxHeit uacTu
CEMEHHBIX YelIyi paBHBI COOTBETCTBEHHO 45(36—54)
52(47-71)%, wux pasnocts (C,—Cp) HaxomuTcs B
mpexpenax ot -16 mo +23%. WampuBmmyanbHast
(BHYTPHITOMYJISIIOHHAS ) WU3MEHYHUBOCTh 3TUX
NPU3HAKOB 3HAYMUTENIFHO BBIIIE Teorpaduueckoi. B
MEXTIOMYJISIIIUOHHOM  M3MEHYMBOCTH  IOKa3aTesneit
(GOpMBI CeMEHHBIX YellyH M JIJTMHBI IHUIIEK UMEeTCs
Koppenauus  cpegHero  ypoBHs.  Pe3ynbrarhl
MCCIIEIOBAHUSl TIO3BOJIAIOT 00OCHOBAaTH MOPQOIOro-
reorpaduueckyo AudQepeHIaiuio IPOMEKyTOIHON
dopMBl enM Ha TpU TPYNNBl B Ipenenax OOIIEero
paiioHa ee pacIpOCTpaHEHUs, a TaKXKe MOTYyT OBbITb
WCIIONB30BaHbl U BBIACTICHHS OoJiee  MENKHX
TaKCOHOB THOpHIHOH (opmbl eneit P. abies u P.
obovata. YuuTteiBas HaJIMYHE CBSI3H pacCMaTPUBACMBIX
[apaMeTpoB C KOJUYECTBOM M KAayeCTBOM CEMSH B
HIMIIKAaX, TIIO0Jy4YEHHBIE pe3yJlbTaTbl MOTrYT OBITh

Abstract. The article is devoted to the study of
individual and geographical variability of the
main systematic traits of the hybrid (intermediate)
form of European spruce (Picea abies (L.) Karst.)
and Siberian (P. obovata Ledeb.) - the length of
the cones and the shape of the seed scales. The
relevance of the study is determined by the fact
that these traits in hybrid populations of spruce
have been insufficiently studied and mainly by
visual-descriptive means. The main methods of
this study are the use of metric and mathematical-
statistical techniques for processing large source
material. The material was collected at 24 sites in
the area of distribution of the hybrid form of
spruce on the territory of Russia. The sample of
cones from each plot included at least 100 pieces
(one from a tree); the total number of trees was
4581 specimens. The analysis of the obtained
material showed that intermediate parameters of
the main systematic features were formed in the
populations of the hybrid form of European and
Siberian spruce. The average length of cones of a
hybrid form of spruce is 76 (63-91) mm. The
coefficients of narrowing (C,) and projection (Cy)
of the upper part of the seed scales are 45(36-54)
and 52(47-71)%, respectively, their difference
(Ci—Cp) is in the range from -16 to +23%.
Individual (intrapopulation) variability of these
traits is much higher than the geographical one. In
the interpopulation variability of the parameters
of the shape of the seed scales and the length of
the cones, there is a correlation of the average
level. The results of the study make it possible to
substantiate the morphological and geographical
differentiation of the intermediate form of spruce
into three groups within the general area of its
distribution, and can also be used to identify
smaller taxa of the hybrid form of European and
Siberian spruces. Given the relationship between
the parameters under consideration and the
quantity and quality of seeds in cones, the results
obtained can be useful for practical forestry in the
selection of the most promising forest-seed plots.
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Beenenue

@®eHOMEH WMHTPOTPECCHBHON T'HOpPHIM3allMM BUIOB JIPEBECHBIX PACTEHUH MIMPOKO
pacnpocTpaHeH M JIaBHO BBI3bIBAET HAYUHBIM M MPAKTUUYECKUIl MHTEpeC, OMpEeIeNseMbIil HX
0Cc000H IKOJIOrMUECKOM 1 X039iCTBEHHOM 3HAUNMOCTbhIO0. B mociieiHue roibl BHUMaHUE K 3TOMY
BOIIPOCY BO3POCJIO B CBSI3U 33Ja4aMU COXPAaHEHUS MOMYISIIMOHHO-TEHETHYECKOI0 pa3HO00pasus,
B BBISBJIEGHUM KOTOPOTO HapsIy € TPaAMLHMOHHBIMM MOP(HOJOTHYECKHMHU METOlaMHu OoJbIIoe
3Ha4YeHHe IPUOOPETH METOJIbl MOJIEKYIIPHO-TeHEeTUYECKHE. 3HAUYMTEIbHOE BHUMAHUE BbI3bIBACT
TaKXKe OLEHKAa YCTOMYMBOCTH pAa3HBIX MOMYJIALMOHHO-TEHETUYECKUX (OpM JEpeBbEB K
COBPEMEHHBIM H3MEHEHMSAM KJIMMaTa, OCOOCHHO OIMYTUMBIM B CEBEPHBIX pETrHOHax, IJie
OCHOBHBIMH 3JIM(UKATOPAMU JIECHON PACTUTENBHOCTH SIBISIOTCS XBOHHBIE BUIBI JI€PEBBLEB.
CoBpeMeHHbIE UCCIIEIOBAaHHSI HHTPOTPECCUBHON THOpUAN3ay XBOHBIX [34; 27; 28; 30; 41], B
yacTHOCTH BHIOB e (Picea) [29; 32; 35; 36; 42; 33; 40], moka3aiu reHeTHYECKYIO Crieln(UKy
MOMYJISAUOHHO-Teorpapuueckux (GOopM XBOHHBIX, ONpeAesieMbIX HMHTPOTpEecCUeil, Hepenko
HMEIOIIYI0 CIIOKHYIO 3BOJIIOLMOHHO-UCTOPUUECKYIO mpupony. Ilokazana Taxke 3HauMTeNbHAs
POJIb MHTPOTPECCUU B COXPAHEHUWH TE€HETHYECKOTO pPa3HOO0Opa3usi XBOMHBIX B MEHSIOIUXCS
YCJIOBUSAX, B YACTHOCTH, MOBBIIIEHHAS YCTOMUMBOCTD «IIPOMEKYTOUHBIX» MEXBUAOBBIX (opM K
HaOII0AaeMbIM HBIHE HM3MEHEHUsAM KiuMara. Bmecte ¢ TeMm, MOJEKYIsSpHO-TEHETUYECKHE
UCClieIoBaHusl elleil Ha TeppuTtopuu Poccuu moka He UMEIOT CKOJIb-HUOYAb MaciTaOHOTo
XapakTepa, akTyajbHa JuddepeHnuanus TuOpUaAHbIX (OpM MO TE€HETHYECKH O0YCIIOBIEHHBIM
MOpP(OJIOTHUECKUM MPU3HAKAM.

[Monynsuu ruOpuHON (MIPOMEXYTOUHOM MIIM MEepexoHoM) GopMbl enel eBpornencKoi
(Picea abies (Linnaeus) H. Karsten, 1881) u cubupckoii (Picea obovata Ledebour, 1833)
pacmonararTcs, rIIaBHBIM 00pa3oM, B poccuiickoit yactu apeana [5; 15; 21; 31]. BnepBsrie 3Ta enb
Obu1a onrcana Ha Tepputopuu OunIsHANK B 1863 T. 110 3aMeTHO oTaMyaroniencs popme BepxHei
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YaCTH CEMEHHBIX (IIUIIEYHBIX) Yellyld OTACNIBbHBIX 0coOei moa Ha3BanueM fennica (Regel) u
medioxima (Nylander) [13; 22]. B.JI. Komapos [14] oxapakTepu3oBall ee B paHre BHaa — €Iib
dunckas (Picea fennica Regel). B nanpueiiniem ona tak u HasbiBanachk (Picea fennica (Regel)
Kom.) [4; 16; 21], XOTs He BCe CUCTEMATHKHU OBLIM COTJIACHBI C €€ BHIOBBIM cTaTycoM. Hanbosee
MOJIHO M JJOCTaTOYHO KOHKPETHO YCJIOBHBIE TPAHUIIBI PACIPOCTPAHEHUSI THOPUAHON (POpMBI e
B npenenax Poccum ykazan JI.O. I[lpasaun [39]. [lo ero manHbIM roro-3amajaHasi rpaHula €€
npoxomuT npumepHo ot Cankrt-IlerepOypra, 3amagHee MOCKBBI K I0KHOW TpaHHIlE apeaa,
CEBEPO-BOCTOYHAS — OT BOCTOUHOro Oepera Yemickoit ryosl k CheIKThIBKapy, llepMu u nanee k
I0’KHOM TpaHule apeana. Paiion pacrpocTpaHeHus THOPUAHBIX MOMYISLUNA €Jd, BBIICICHHBIN ¢
MCIOJIb30BaHNEM METPUYECKUX MTPUEMOB U3YUEeHUSI MOP(OIOTUN CEMEHHBIX Yelllyil, B OCHOBHOM
TOT K€, HO TPaHUIIbI MPOXOIAT HecKoNbKo uHaue [19]. Jleca, oOpa3zoBaHHbIe THOPHUIHOM PopMOi
€M, pacmpoCTpaHEHbl B IeHTpanbHOM uacTu EBpomelickoit Poccuu, oHu umeroT Oonblioe
XO3IMCTBEHHOE M JKoJIoTmueckoe 3HadueHue [1; 6; 24; 26]. I'mOpuansie, (opmbi-ocodw,
XapaKTepU3YIOTCS MHOTUMHU aBTOpaMu JaBHO (cM. 0030p JI.B Oprnosoii, A.A. Eroposa [16]), HO
napaMmeTpsl IPU3HAKOB, UX U3MEHYUBOCTH JI0 CUX TMOP Majo U3Y4YEHBI U B OCHOBHOM BHU3YalbHO-
OnHcaTeIbHBIM MyTEM B OTIENbHBIX peruoHax. Llenpio Hacrosmeld paboThl SBISETCS U3yUYCHHE
WHAUBUAYAIbHOMN U reorpaduueckoil N3MEHUYNBOCTH JIMHEHHBIX TapaMeTPOB IIUIIIEK U CEMEHHBIX
yemryii THOpUAHON (OopMBI eniel eBporeicKoil u cubupckoit Ha Tepputopuu Poccuu Ha ocHOBe
MaTeMaTHKO-CTaTUCTUYECKOTO aHAN3a.

MartepuaJj u MeTOIbI

HWccnenoBanus MpoBEICHBI B paiioHe pacrpocTpaneHus TuopuaHoit hopmel eneii P. abies u
P. obovata [19; 21]. 3mech ObutM BbIAETEHBI 3 TPYMHNbl ((DEHOTUIBI) MOMYJSIANA €JIH,
reorpauecKkoe  pacrojioKEHHEe KOTOPbIX  OINpeNesieH0 Mo  mIpeoliaJaHuio — ocodei
MIPOMEKYTOUHBIX ()EHOTUTIOB, OLICHHBAEMbIX HA OCHOBE OMOMETPHUECKUX MapaMeTPOB CEMEHHBIX
verryii [19]: | — penorunt P.emm. (Picea europaea-medioxima-medioxima), Il — dpenorun P.m.
(Picea medioxima), Il — dpenorun P.mms. (Picea medioxima-medioxima-sibirica (puc. 1).

[Tpu c6ope u 06paboTKe MaTepHUaIoB IS TaHHOM CTaThU MCIOJIb30BaHa apOOUPOBaHHAS
MeTroauka [12] ¢ uCoab30BaHNEM 3JIEMEHTOB MHOIOMEPHOTO MaTEMaTUYECKOro aHanusa [7].

B xone pabor 2017-2020 rr. matepuan cobpan Ha 56 ydacTkax enpbHUKOB. Ha kaxaom
yuacTke ¢popmupoBain BbIOOpKY 1o 100 u 6osee muiek cpeaHel AIuHbI (110 OJHOM ¢ JiepeBa).
Jlns HacTosIIero aHaiu3a B3ATo 24 KII0YEBBIX y4acTKa, Hanojiee paBHOMEPHO paclpe/IelIeHHbIX
0 pailoHy UCClIeJIOBaHMM, Bcero Ha HuX coOpan 4581 sx3eMIuisip muiek. Y MUIIeK Onpeaessiia
nmuny (Le — Length of cones), mokasatenu GpopMbl CeMEHHBIX Yellyil B BHIe KO3((OHUIMEHTOB
cyxenus (Cn — coefficient of narrowing) u Berrsayroctu (Cp — coefficient of projection) Bepxneii
gactn, ux pasHocTh (Ch—Cp) [18], a Takke KOppeNAIHOHHBIC 3aBUCUMOCTH MEXKIY 3THMH
MPU3HAKaMU C UCTIOJB30BaHueM ko3 dunnenta koppensunn [Tupcona. [Tokazarenu onpeaensim
JUTSL K101 0coOU, BEIOOPKH, IO BCE COBOKYITHOCTH BBIOOPOK, a B €€ Ipejienax no GeHoTunam
(rpynnam) nonyJsiui IpoMeXyTOUHOU (HOpMBI eJlu.
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Puc. 1. I'eorpajuyeckoe pacnpoctpaneHue rpynn ((peHOTHIOB) NOMYJIANUI rHOpUIHON GopMBI
eqeii Picea abies u P. obovata B Poccun. | — P emm., 11 — P.m., 11 — P.mms.

Pe3yabTaThl M 00Cy:KI1€HUE

B unauBuayansHOM (BHYTPHUIIONMYISIIMOHHON) M3MEHYHBOCTU Mokaszareneit L, Ch u Cp
HaOJr0AaeTCsl OnpeiesieHHas 3aKOHOMEpHOCTh (Tabu. 1). Jlmama3oH mokasarens JUIMHBI HIMIIEK
coctaBisieT oT 45-50 no 100-120 mM. MakcumanbHOe cpefgHee JUisi 0coOOM 3HAa4eHHEe ITOro
MoKa3aTessl MPEeBBIIaeT MUHUMAIbHOE MIPUMEPHO B 2 pa3za, MpHu KodxpduuueHte Bapuanuu 13—
14%. Takum >xe ypOBHEM H3MEHYMBOCTH Xapakrepuszyercs mnokazarenb Cp. M3meHumBOCTH
nokazarens Cn HeCKOIbKO BBIIIE, pa3nuyue onpexaensercs B 2,4 (2,33-2,45) pasa, Bapuanus ero
coctasisier 17-19%.

Tabmuma 1
WNuauBuayaibHasi H3MEHYHBOCTH MOKa3aTe el JIHHbI HIHIIEK U (JOPMbI CEMEHHBIX Yelnyii B
ruOpUIHBIX MonmyJIsinusix ejeii Picea abies u P. obovata B kiiloueBbIX MyHKTaX
Ha Teppuropun Poccun

NQ n LC Cn Cp
IyHKTA X(min-max) | C, X(min-max) | C, X(min-max) | C,
| penorTun nmomynsmii
1 208 85(55-120) 14 38(22-57) 19 60(42-83) 15
2 120 80(55-110) 14 36(33-50) 19 59(47-75) 11
3 164 81(50-105) 13 40(23-59) 19 57(40-85) 14
4 175 88(55-115) 16 39(26-60) 18 57(40-85) 14
5 140 80(60-120) 14 39(24-63) 22 61(45-84) 14
6 150 91(53-122) 15 39(23-57) 18 57(40-73) 11
7 210 79(55-110) 14 39(20-60) 21 57(39-78) 14
8 200 78(50-110) 15 40(24-62) 20 56(37-81) 14
Il benoTun nonymsiuui
9 252 78(55-115) 14 42(23-67) 19 55(39-74) 12
10 167 73(50-105) 15 45(26-62) 19 57(39-72) 13
11 220 64(45-95) 15 47(30-68) 17 53(38-74) 12
12 130 80(55-110) 14 44(29-64) 19 54(40-70) 12
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13 130 82(55-115) 14 44(27-63) 18 53(40-84) 14
14 135 82(60-115) 13 41(27-57) 16 53(35-71) 14
15 200 79(55-110) 13 44(25-62) 21 51(35-77) 14
16 150 76(50-106) 15 46(29-64) 16 52(38-72) 13
Il penoTnn nonymnsumit
17 270 77(55-110) 12 47(31-69) 17 49(35-64) 14
18 160 67(45-90) 12 48(21-75) 21 50(36-69) 14
19 250 63(45-95) 16 50(23-73) 20 48(34-68) 14
20 200 73(45-105) 13 51(28-69) 17 50(36-67) 13
21 350 82(60-115) 14 46(20-70) 22 50(34-67) 13
22 300 82(60-115) 13 50(31-69) 15 50(37-69) 12
23 200 76(55-107) 13 52(27-75) 17 49(35-69) 11
24 100 70(48-95) 13 51(31-69) 17 50(37-67) 12

Ipumeuanue: 3aech u B Tabn. 2—4: Ilyakter: 1 — Beibopr, 2 — Pomuuo (JIuagynosckas poria), 3 — CopTaBana,
4 — Jlagsa, 5 — ConkoBo, 6 — Jlanuios, 7 — MiBanoBo, 8 — Ap3amac, 9 — Pe6ous, 10 — Koctomykina, 11 — O603epckuid,
12 — Konorra, 13 — Hukonbck, 14 — Conuranuy, 15 — Illapsst, 16 — Kupos, 17 — Kazans, 18 — Kems, 19 — Kapnoropsr,
20 — 3aitneBo, 21 — Bepxusist Toiima, 22 — AdanackeBo, 23 — Kyneimkap, 24 — Oca; N — 4rciio ocobeii B BEIOOPKE, IIT;
Lc— mmmHa mummrek, mM; Cp— ko ¢uunent cyxenus, Cp — k03(h(GULUEHT BHITSHYTOCTH BEPXHEH 4acTH CEMEHHBIX
vemyit; X — cpeiHee 3HAUCHUE TpU3HaKa, Min—max — kpaitaue 3Ha4deHus; Cy — koadduireHt Bapuanu, %.

[Tokazarens Cp B momymsimusix ¢peHotunos | u |l mensme Cp, a B momymsinusix penoruna ||
OHHU OJIM3KHU TI0 CBOEH BEJIMYMHE.

Koaddurment Bapuanuu Ch—Cp cocraBmsier 39—41% mipu 3aMeTHO O0JbIIEH €ro BEIMINHE
(33-50%) 1o oTAeabHBIM MOMyIAIUAM. B nHAMBHIyaIbHON H3MEeHYMBOCTH TToKa3areneit Cn u Cp
HAOJI0TaeTCS OTPHUIIATETIbHAS KOPPEISALUS CPETHETO YPOBHSI (TalII. 2).

Tabmuma 2
Cpennue noxkasareau GopMbl CEMEHHBIX YeIIYH U UX BHYTPHIIONYJISINMOHHAS
KOppeJsinusi B THOPHIHBIX Nomyasiusx ejeii Picea abies u P. obovate

Ne nmynkTa - CoCp N R
) X(min—max) | Cv Chu G, Cou Cp
| penorun momynsmii
1 —22(-55...+11) 44 0,645 —0,611
2 —23(-50...0) 50 0,580 —0,516
3 —17(-57...+24) 34 0,627 —0,616
4 —18(-—45...+23) 48 0,520 —0,505
5 —22(-60...+20) 41 0,684 —0,679
6 —18(-41...+16) 49 0,523 —0,456
7 —18(-51...+15) 39 0,652 —0,647
8 -16(-54...+21) 38 0,702 —0,682
Il benorun nomynsmuit
9 —13(-51...+24) 34 0,575 —0,563
10 —10(-41...+22) 45 0,575 —0,563
11 —6(—44...+27) 33 0,551 —0,543
12 —10(-39...+18) 45 0,630 —0,623
13 —9(-—40...+18) 45 0,652 0,647
14 -12(-40...+21) 40 0,580 —0,514
15 —7(-49...+28) 37 0,715 0,706
16 —6(-36...+23) 31 0,611 —0,580
Il dbenorun nomynsmuit
17 —2(-30...127) 45 0,774 0,755
18 —2(-42...+33) 38 0,652 0,627
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19 2(-40...+40) 35 0,719 0,712
20 1(-39...433) 34 0,681 —0,665
21 —4(-46...+33) 38 0,713 0,702
22 0(=30...+30) 40 0,560 —0,548
23 3(-32...+38) 36 0,577 0,516
24 1(-25...432) 47 0,514 —0,431
Ipumeuanue: | — KoppersHoHHOE oTHOMIeHHE Nokazarenelt Cpu Cp, R — KOapPUIHEHT X KOPPEITAIHH.
ITo Bcem momymsinusim denotunos (I, 11, 111) xoaddumumenT orpunaTensHON KOppensum
pasen: —0,572(-0,422 ... —0,734); —0,573(-0,303 ... —0,706); —0,641(-0,431 ... —0,779)

COOTBETCTBEHHO. Bo Bcex citydasx Koppessius CylleCTBEHHO HE OTIMYAETCs OT MPSIMOJIUHENHON
(n*~R?<0,1). 3neck, Kak BUAHO, KOppensius nokasareieit Cn u Cp B monynsauusax ¢penorumna Il
B IIEJIOM HECKOJBKO BhIIIE. BO3MOXHO, 3TO 00YyCIIOBICHO 00Jjiee MHTEHCHUBHBIMHU IPOIECCAMHU
uHtporpeccun  P. abies u P. obovata B BOCTOYHOM 4YacTW 30HbI THOPHUIU3ALMUU.
Buyrpunonynsinnonsas koppemsuusi nokazareneid Cn m Cp 3xmece B 1,25-1,40 Bbime, yewm,
Hanpumep, y P. obovata B cubupckoit yactu apeana [12].

I'eorpaduueckas (MeXNOMYJIALMOHHAS) H3MEHYMBOCTh AHAIM3UPYEMBIX I1OKa3aTeseu
CYIIECTBEHHO OTJIMYAETCS OT MHIWBUAyanbHOU (Tadin. 3). Bo Bceil COBOKYNMHOCTH MOMYNSALINN
CpelHss JJIMHA muieK paBHa 76 (63—91) mm, Gosbliee nonyasi{uOHHOE 3HAYEHHUE ITPEBOCXOIUT
MenbIiee B 1,44 pa3a. B atom ciyuae koaguiueHT Bapuanuu cocrtapisieT 8 %. Pacnpenenenue
MOMYJISILUM 110 AJIMHE IUIIEK HE OTJINYaeTcs OT HOPMaJIbHOTO (puc. 2).

Tabnuua 3
I'eorpadgmueckas N3MeHYMBOCTH CPeTHUX MOKAa3aTes el AIUHBI IIHIIEK
U GopMBbI ceMEeHHBIX Yellyil B NONYJIuusAX pa3HbIX GeHOTHIIOB ruOpuaHOol Gopmbl eseid
Picea abies u P. obovata na reppuropuu Poccuun

®deHoTUn N X(min—max)
MOIYJIAINN Lc Cn Cp Ci—Cp
-1l 56 76(63-91) 45(36-54) 52(47-61) —7(=23...+5)
I 13 82(77-91) 38(36-40) 58(56-61) —20(-16...-23)
I 15 77(64-82) 43(40-47) 53(51-56) -10(-6...-14
11 28 73(63-81) 50(46-54) 49(47-51) 1(-5...+5)
Ipumeuanue: N — 9ucio BEIOOPOK.
25
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63 67 71 75 79 83 87 91
Kraccs! [uinHbI mumex, MM

Puc. 2. Pacnpenenenue 56 nonyasinuii ruépuanoii ¢popmel eneii Picea abies u P. obovata
1o KJIaccaM cpeaHeii JIMHbI Mmek. CIulonIHasi TMHAS — SMIIMPUYECKHe MOKA3aTelH,
NYHKTHPHAsI — BLIPABHEHHBIE
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ITo nanubM JI. @. [TpaBauna [21] quHa mmiek ruOpuiHo# GOPMBI €11 cocTaBiseT 85+6,5
(to ectb 78,5-91,5) mm. Kak BugHO, CpelHEEe M HIDKHEE 3HAUCHHUS UMEIOT OOJIBIITNE Pa3INYUs C
HAIIMMH JAHHBIMU.

B nmonynsuusx denoruna | cpeaHss AjivHa MIMIIEK COCTaBiseT 82 MM, B MOMYJSLHUAX
denortuna |1l ona npumepno Ha 12% mensie. [IpomexxyrouHoe 3HaUeHUE UTHHBI MIUIIEK (77 MM)
xapakTtepHo g nonynauuid ¢enoruna ll. Pasmax m3aMeHYMBOCTH AJMHBI MIMIIEK B IMpeneiax
dbeHoTHNa TOMYJIANMH TpUMEpHO oauHakoB (63—82(91) mm). To ecTh, B mpemenax Bcex
(GEeHOTUIIOB BCTpPEYalOTCS MOMYJALUU C JOBOJIBHO MEIKUMHU IIUIIKaMu (63—65 MM) u c
oTHocHuTelbHO KpynHbIMH (80—90 mm). Ho Bo Bcex ciywasx reorpaduyeckas M3MEHUHMBOCTH
npu3Haka B 2-3 pa3a HW)KE MHAMBHIYyanbHOWU. M3meHunBOCTh mokasareneir Cn u Cp Mexnay
MOMYJISIIUSIMA  CYIIECTBEHHO MEHbBIIE HHIWBUIyanbHOU. [Ipm 3TOM OKa3bIBaeTCsi HECKOJIBKO
Oonbire Bapuanus nmokazarens Cn, uem Bapuanus nokazatens Cp. Bennunna nokazatens Cp—Cp B
NOMYJSIIUSIX pa3HbIX (peHoTunoB Bapbupyer oT —20 1o +1 %. DTOT mokazaTenb, €CTECTBEHHO,
aBIseTcs Hanbosiee BapradeIbHbIM.

B reorpaduueckoii M3MEHUMBOCTH T[OKa3aTeneil umeercs OOJbIIOE  CXOJCTBO,
MOJTBEPXKIAEMOE BBICOKUM ypoBHeM koppensuuu (tabn. 4). Koadduument orpuunarenbHoi
koppensun nokasateneir Ch u Cp (R=-0,90; C, = —-1,2466C, +110,93; Cp, = —0,649C,, +82,01;
omunbOKa ypaBHeHU paBHa 0,442) 3HAUUTEIHHO BhIIIE BHYTPUIIOMYISIIMOHHOTO.

Tabnuna 4
CxoacTBo (KoppeJsinus) B reorpapuueckoii I3MeHYUBOCTH NOKa3aTeseil GopMbI ceMEHHBIX
Yyeuryii ¥ JJIMHBbI IWIIEK B MONYJISINUsSIX THOpuaHoii ¢popmbl edeii Picea abies u P. obovata

n R
IIpu3Haku 1S, " RES, n K
Chu Cp 0,93440,0488 19,14 —-0,900+0,0593 18,18 0,062
Chu L 0,701+0,0971 7,22 —0,654+0,1029 6,36 0,063
Cpu L 0,629+0,1058 5,94 +0,598+0,1091 5,48 0,038
Ci—CpulL 0,677+0,1001 6,76 -0,674+0,1006 6,70 0,040

Ipumeuanue. Yncno map 56, N+S, — KOppeISIMNOHHOE OTHOIIEHHE U €ro omnoKa, R+S; — koadduienT koppensun
U ero omubKa, t — noxasatens gocrosepHoctH, K(n?-R?) — nokasarens kpusonuneitnoctu cBsisu. Koos = 0,1.

MexnonymsiiuonHas (reorpaduueckas) koppessuus (Cn, Cp u Ch—Cp) U UIHHBI IIHUIIEK
(Lc) cpennero yposas (R = 0,6-0,7): mexy Lc u Cn, Ch—Cp OHa OTpHIIATEIBHOTO HANIPABICHUS, &
mexny Cp u LC momoxkutensHoro. OTCrofa MOXHO CH€NaTh BBIBOJ OTHOCHTEIBHO
reorpaMuecKkoro M3MEHEHHUsl aHAIM3UPYEMbIX MpU3HAaKoB. Koppensaiuu mnokasarteneil ITUHBI
MIUIIeK U (POPMBI CEMEHHBIX YEllyi BHYTPH MOmysuuii Het [25].

Hanmuune  MexmnonysiasiiiMOHHOM (a 1O  MHEHHIO HEKOTOPHIX  aBTOPOB — |
BHYTPUIIOMYJIALIMOHHON) «CBSI3U» (OPMBI CEMEHHBIX Yellydl C JJIMHOM IIHIIeK HMEeeT
NPaKTUYECKOE JIECOBOIYECKOE 3HAu€HHE, IOCKOJIbKY C JJIMHOW INWIIEK TECHO CBS3aHO
KOJIMYECTBO U KAaU4eCTBO CEMSIH, KOTOPOE BIIHSIET HAa POCT JIEPEBLEB B HAUaIbHBIN nepuon [2; 3; 9;
11; 17; 20; 23].

I'n6punHas popma eneii P. abies u P. obovata xapakrepusyercs u psioM Ipyrux mpu3HaKoB
B OCHOBHOM IIPOMEXYTOUYHOTro Xapakrepa. Cpennss macca 1000 moaHbIX ceMsiH cocTaBisieT 4,5—
5,5 r, yucno cemsigonelt y BcxooB 7—7,5 wt. [ 18], oTHOCUTEIbHAS BBICOTAa CEMEHHOTO TOTOMCTBA
— 125(113-138) % B nomymsiuusax ¢penorunos | u 11, a B momymsimusix gpenoruna 111 — 100(88—
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113) %. Ioka3zarenb BHYTPHUIIOMYISAIHOHHOTO Pa3sHOOOpasusi (HEHOTHIIOB MpPU MX 9-KIACCHOM
rpajlallid XapaKTepu3yeTcs IMOoBbIIeHHBIM (5,1-6) u BbicokuM (6,1-7) ypoBHem [38]. Ha
TEPPUTOPUU CeBepo-3anana Poccuu, rae pacnpocTpaneHa MpoMeXyTouHas opma e (TIIaBHbIM

h0.75

obpasom B Kapenun), okaspiBaeTcs MOBBIIIEHHOH YacToTa ayutesst Gd [0 CPAaBHEHHUIO C eNIIMU

P. abies (benosesxckas mymia) u P. obovata (Kpacrosipek), a actora amrens Gpi®&

MOBBIILIEHHON
OTHOCUTEJIBHO TEPBOM M CYIIECTBEHHO HWKE OTHOcuTeNnbHO BTOopoi [10]. Ilo MHeHuro
IT1.A. Bonkosoii [8], enp B Kapenmuu mo mopdonorudeckuM npu3HAKaM HE OTJIMYAETCS OT
P. obovata, a mo opranensroit JIHK — ot P. abies. IToBbiieHHass H3MECHUYUBOCTD €JIH 37€Ch, KaK
OHa Tpe/roaraet, 00ycioBieHa ecTeCTBeHHON rubpuan3anueii P. abies u P. obovata.

[Tonoxenre mOMy/ISMi THOPUAHON (HOPMBI €I OTHOCHTEIBHO momyssuuidi P. abies u3
VYkpautnckoro 3akapnates u P. obovata u3z Bocrounoit CuOupH, HCIOIB3YyEeMbIX B KayeCTBE
«cTanaaptHeix» [37], onpeaessutu o Cn u Cp uepes kBaapat auctanimn MaxanaHoouca (Squared
Mahalanobis Distances) [7]. [y Bceii uX COBOKYMHOCTH OH cocTtaBisieT 29,44 u 18,75, To ecTh B
nenoM onHu Ommxke kK P. obovata.,, wem k P. abies. ITo denorunam nomymsuuit (1, 11, 1)
COOTHOIIIEHHWE J3TUX IoKa3areiein wmHoe: 15,18 m 34,08; 25,02 m 22,54; 38,13 u 9,61
cooTBeTcTBeHHO. OTCIO/1a BUAHO, UTO oy isiuu penoruna | 6imxe k Picea abies, a momyssiuu
¢denoruna Il x P. obovata. INomynsiuuu ¢enoruna |l 3aHMMAOT TPUMEPHO OJAMHAKOBOE
MOJI0KEHHE OTHOCUTEIIBHO «CTaHIapTHRIX» momyssiuii eieir P. obovata u P. abies. [ToromcTtBO
ruOpuHON  (QOopMBI  €1M B HCHBITATENbHBIX (reorpaguueckux) Mocaakax, Cyas 1o
MHOTOYHCIICHHBIM JIaHHBIM, MO0 KpailHel Mepe, [ LIEHTPAIbHBIX PalOHOB €BPOIEHCKON 4acTh
Poccun, otnnyaercs psaoM MPEeUMYIIECTB Mepei MOTOMCTBAMU HMCXOJHBIX €Jei, 4TO BechMa
BaYKHO JJISI IECOBOJICTBA.

3aki0oueHune

B rubpuansix (mepexonHbix) momynsiusx eneit P. abies u P. obovata na teppurtopuu
Poccun HaGmroar0TCsl MPOMEXKYTOUHBIE MTapaMETPhl OCHOBHBIX CHCTEMATHYECKUX MPU3HAKOB —
JUIMHBI ~ TIMIIEK W Tokazatened  (opmbl  ceMeHHBIX  dyemryil.  MHIuBHIyanbHas
(BHYTpHUMONYISALMOHHAS) M3MEHUYMBOCTh MX 3HAUUTENBHO BbIIe reorpaduyeckoil. B
MEXTOMYIAIMOHHON N3MEHYUBOCTH U3YYCHHBIX MMOKa3aTeNeil MeeTcs 3HAYUTEIbHOE CXO/ICTBO,
KOTOpOE XapaKTepU3yeTcs CPEeIHUM YPOBHEM Koppessiuu. Ha BceM MpOTSIKEHUH MOJIOCHI
THOPUIHBIX ITOMYJISIIUN, OCOOCHHO B €€ IICHTPAITbHOW YaCTH, HHTPOTPECCHS MTPOCIICIKUBACTCS Ha
TPaUCHTE «IOT0-3aMaj]] — CEBEPO-BOCTOK», K CEBEPY MOJOCH HECKOJIBKO YCUIUBACTCS IMTUPOTHBIN
IPaIUCHT MHTPOTPECCHH, K IOTY — €€ JOJTOTHBIA TpaJiueHT. Pe3ynbTaThl UCCIIeIOBaHUS MOTYT
OBITH TTOJIC3HBI TS MPAKTHICCKOTO JISCOBOJICTBA, a TAKXKE JIJIS PEIICHUS BOITPOCOB CUCTEMATHKH

ruOpuaHON GOpMBI eJieil eBponeckol 1 CHOUPCKOM.

Paboma evinonnena 6 pamxax cocyoapcmeennozo 3adanusi. npoexm Ne 121041600045
HUP TromHI] CO PAH.
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OBIIASI MUHEPAJIM3AIIASA U XUMWYECKHWI COCTAB BO/IbI
KAK BAKHBIE ®AKTOPHI J151 U3YYEHUA 9dKOBUOMOP®
N OKOJOI'MYECKUX HUIlI TMAPOMAKPO®UTOB

B.F. Sviridenko

TOTAL SALT CONTENT AND CHEMICAL COMPOSITION OF WATER AS IMPORTANT
FACTORS FOR THE STUDY OF ECOBIOMORPHES AND ECOLOGICAL NICHES OF

HYDROMACROPHYTES

AHHOTAIHA.
000CHOBaHUH

Ilenpb  paboThl  3aKiIO4aeTcs B
moaxofAoB K nuddepeHnnaim
sKobnoMopd THIIPOMaKpo(QHTOB Ha OCHOBE
KOJINYECTBEHHBIX JAHHBIX O TallOTOJIEPAHTHOCTH.
Wzydenne osxoOMOMOp] ¥  OSKONOTHYECKHUX  HUII
TUAPOMAaKpPOQUTOB  SBJISIETCS ~ BOXHOW  3a1ayeit
COBPEMEHHOM TUAPOOOTAHUKH. BonbmmHCTBO
CYLIECTBYIOLIMX CHUCTEM JXH3HEHHBIX ()OPM BOIHBIX
MaKpOCKOITMYECKUX PACTCHHH HE COIECPXKUT KakKyro-
00 KONUYECTBEHHYI0 HH(GOpMAIHI0 00 OTHOLICHUH
THAPOMAKPO(UTOB K a0MOTHYECKUM (haKTOpaM BOJHOU
cpensr. OOmmasi MuHepanu3anus (COJEHOCTh) Hapsmy C
o0mIeil XKEeCTKOCThI0O M AaKTHBHOM peakuued BOJBI —
BaXHbIE  (AaKTOpPhI, OKAa3bIBAIOLINE 3HAYUTEIBHOE
BIMSHUE Ha BOAHbIE pacteHus. KonmnuyectBeHHbIE
JMana3oHbl 3HaY€HUH 3THX (PaKTOPOB, YCTAHOBIICHHBIC B
X0Jic  J1abopaTopHOro aHamu3a TpoOd BOABI W3
OPUPOAHBIX  OSKOTONOB, Hapsay ¢  Ouonoro-
MOPGOJIOrHIECKUMH  XapaKTEepUCTUKAMH  CIIy>KaT
OCHOBOM it nuddepeHimanmu  3koouoMopd U
9KOJIOTHUECKUX HHII Kaxjaoro Bujaa. Ha ocHoBe
UCCJIEOBaHNN, BBINOJHEHHBIX B nepuoa ¢ 1984 r. mo
2023 r., yCTaHOBJEHBl KOJWYECTBEHHBIE IUANA30HbBI
MUHEpAIU3aLUN BOJIBI I 247 BHUJIOB
runpomakpoduros 3anaaHo-Cubupckoil paBHHMHBEL B
cocTaBe BOJHOW Makpo(UTHOH (IIOpHI 3TOr0 PEerroHa

BBIJICJICHEI 2 (hoprCcTHYECKUX KOMIIIEKCA:
MPECHOBOJIHBIH W COJIAHOBOJHBIA. EcTecTBeHHON
SKOJIOTHUECKON rpaHuLIeH MEXIY JaHHBIMHA

KOMILIEKCaMH SIBJIICTCS AMaIla30H MUHepanu3anuu 8—25
r/aM°, TONyYMBIIMM B TUAPOOMOJNIOTMM HA3BaHUE
KPUTUYECKOM  COJEHOCTH. Buapl  NpecHOBOAHOTO
KOMIIJIEKCa, OTPpaHNYEHHbIE B CBOEM PACIPOCTPaHEHHH

MUHEpaM3aluen JI0 0,2 r/mve, CUHMTAIOTCS
yIbTPaPECHOBOAHBIMU, 10 | T/nM° — THIMYHO
NPECHOBOJAHBIMH, 10 3 T©/IM° —  YCJIOBHO-

IPECHOBOJHBIMHU, 10 5 1/aM® — cnaboCoIOHOBATO-
IPECHOBOJHBIMH, 10 8 TI/aM® — CpeIHECOIOHOBATO-
IPECHOBOJHBIMH, 10 25 T/1M° — CHIIBHOCOJIOHOBATO-
NPECHOBOJMHBIMU. Bujbl, oOWTaromue B JUama3oHe
MuHepanuzanuu or 8 g0 80 r/mm°, obpasyror

Abstract. The aim of the work is to substantiate
approaches to the differentiation of
ecobiomorphes of hydromacrophytes based on
quantitative data on halotolerance. The study of
ecobiomorphes and ecological niches of
hydromacrophytes is an important problem of
hydrobotany. Most of the existing systems of
the life-forms of aquatic macrophytes do not
contain any quantitative information on the
relation of these plants to the abiotic factors of
the aquatic environment. Total salt content
along with total hardness and pH of water are
important factors strongly affecting the aquatic
plants. Quantitative ranges of these factors
revealed upon laboratory tests of water samples
from natural ecotopes along with their
biological-morphological parameters form the
basis for the differentiation of the
ecobiomorphes and the ecological niches of
each species. It was demonstrated that in
continental ~ water  bodies, quantitative
information on salt content and composition of
water can only be obtained based on laboratory
tests. Based on studies conducted in 1984-
2023, quantitative ranges for water salt content
for 247 species of hydromacrophytes in the
West Siberian Plain were obtained. In the
aquatic marcophyte flora of this region, 2
floristic systems were identified: a freshwater
one and a saltwater one. The natural ecological
threshold between these systems is the salt
content range of 8-25 g/dm?, which is called
critical salt content in hydrobiology. Species of
a freshwater system limited within a salt
content of up to 0.2 g/dm® are called ultra-
freshwater, up to 1 g/dm? typical freshwater, up
to 3 g/dm® conditionally freshwater, up to 5
g/dm? slightly saltish freshwater, up to 8 g/dm?
middle-saltish freshwater, up to 25 g/dm?
strongly saltish freshwater. Species living in a
salt content range between 8 to 80 g/dm?® form
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COJISTHOBOJHBIN  KOMIUIEKC. YKa3zaHHbIE Tpajallud
WCIIOJIB30BaHBI ~ TIPU  BBIACICHWH  3KoOHoMopd
THIPOMAKPO(HUTOB HAPSIY C APYTHMH YKOJIOTHYSCKHUMHU
napaMerpamMu  (KOHIEHTpAIMsl TJIABHBIX WOHOB H
pacTBOPUMBIX (OPM HEKOTOPHIX METAIIOB, OOIIas
JKecTKocTh, pH Boapl). DOTH TpaHUIBI Pa3ACIIIOT
JKOJIOTHYSCKUE  HHIIM  BHUJOB W TIO3BOJISIFOT
MPOTHO3UPOBATH BEPOSTHBIN COCTaB THAPO(YUTOLICHO30B
Ha OCHOBE CBEJICHUN O MUHEPAJIH3alUU H COCTABE BOJIBI
B KOHKPETHBIX BOJHBIX O0BEKTaX.

KaroueBnie ci0Ba: MOBEPXHOCTHBIC BOJIbI; TJIABHEIC
WOHBI, MaKpOCKOITUYECKHUE THPOQHUTH,
ralloTOJICPAHTHOCTh; KOJIOTUICCKUE HUIIIH.

Caenenns 06 aBTope: Ceupuaenko bopuc ®egoposuy,

a saltwater system. These grades are used to
identify ecobiomorphes of hydromacrophytes
in  combination with other ecological
parameters (concentration of main ions and
soluble forms of certain metals, total hardness
and pH of water). These borders divide the
ecological niches of the species making it
possible to predict potential composition of
hydrophyte  conenoses based on the
information on water salt content and
composition in specific water bodies.
Keywords: surface waters; main ions;
macroscopic  hydrophytes;  halotolerance;
ecological niches.
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BBenenne

3amagHo-Cubupckas paBHHHA SBISETCS PETHOHOM, B KOTOPOM (PaKTOPHI BOIHOW CpPEIbI
IIMPOKO BApbUPYIOT, YTO TO3BOJSET MOJNYYUTh Ha JTOH TEPPUTOPHUH KOJIHMYECTBEHHYIO
uHpopMali0o 00 DKOIOTUYECKOW TONEPAHTHOCTH THAPOMAKpohUTOB. MuHepanuzanus
(COJMIEHOCTH) BOJIBI SBJSIETCSI OJHUM W3 TJABHBIX a0MOTHYECKUX (aKTOPOB i TUAPOPUIHHBIX
pactenuii [4; 9; 13; 14; 15; 16; 23; 42]. 1lenp paboThl 3aKIr04aeTCs B 000CHOBAHHH MTOIXOI0B K
muddepeHnmanuu  3Ko0uomMopd TUAPOMAKPOPUTOB HA OCHOBE KOIMUYECTBEHHBIX JAaHHBIX O
raoTOJIePaHTHOCTH.

Jns obutaHus pa3HBIX BUAOB THAPOMAKPO(MUTOB MPUTOJHA KaK yAbTpampecHas BoJa C
OuYeHb HU3KOH KOHIIEHTpaIMeil pacTBOPEHHBIX MHUHEpaNbHBIX BemecTs (10 0,1 T/aM°), Tak u B
pa3HOUl CTeMeHW HachIleHHas colissMu. Kakaplii BUA HaxXOOUT YCIOBUS Ui CBOETO
CYIIIECTBOBAHMS TOJBKO B OINPEACIEHHOW, HEPEeIKO OTHOCUTEIBHO Y3KOH YacTu oOIIero
JIUarna3oHa MHUHEPAIMU3alUKd MOBEPXHOCTHBIX BOA. CIOCOOHOCTH OPraHM3MOB (BUIOB) KUTh B
KOHKPETHOM JHMAala3oHe MHUHepaIu3allud BOJ MONTYYHJa Ha3BaHUE COJEBBIHOCIMBOCTH WIU
raJIoTOJIEPAHTHOCTH. DTO OIpe/IeIeHUe OCHOBAHO Ha 3aKoHe TojiepanTHocTH B.D. Illendopaa [18;
22; 24]. V3BecTHO, YTO PacTBOPEHHBIC B BOJC COJU BIHUSIOT HE TOJBKO HAa OCMOTHYECKHE
MPOIIECCHI B PACTUTENBHBIX KIIETKAX, HO MOTYT OKa3bIBaTh TAKKe TOKCUYECKOE ACHCTBHE, B CBSI3U
C YeM OHHU NIPEICTAaBISIIOT coOOW nuMuUTUpYyromui ¢gaktop. [losTOMy BBISBIEHHE IHANa30HOB
TaJIOTOJICPAHTHOCTH, OTPAHMYMBAIOIINX BO3MOXKHOCTD CYIIECTBOBAHUS KOHTHHEHTAIEHOBOIHBIX
BHJIOB, UMEET OOJIbIIIOE HAYYHOE 3HAYEHWE B IUIaHE M3YYCHHs SKOOMOMOpP(] M IKOJIOTHUECKHX

HUIII 3TUX PACTEHHU.
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[Ton MuHepanu3anuen BOAbI MOHUMAIOT KOJMYECTBO PACTBOPEHHBIX B HEH MHHEpaIbHbBIX
BemlecTB. B BoAHBIX 00bEKTax BOJa HE BCTpEYaeTCsl B XMMHUYECKH YUCTOM BUJIE, TaK KaK B HEl
pacTBOpeHbl coinu W Japyrue BemectBa. OOmias MuHEpanu3alus MPEACTaBIsSET CyMMY
KOMIIOHEHTOB, HAMJIEHHBIX B XOJ€ THIPOXMMHYECKOr0o aHaiu3a. B 4YHCIIO y4YUTHIBaEMBIX
KOMIIOHEHTOB OOBIYHO OTHOCAT KaTHoHbl Kamus (KY), marpus (Na®), xampims (Ca?"), maraus
(Mg?*) 1 arnomns! xsopa (CI), cynsdar-annon (SO4%), ruapokapbonar-annon (HCO3Y), Torna kak
JPYTUe HOHBI B 3TOT MOKa3aTelb He Bxoaat [2; 21; 43]. Ilpu onpeaencHuy KOHICHTPALMH Ca%*
UCIOJIB3YIOT TUTPUMETpPUUYECKHi MeToa ¢ komiuiekcoHoM |lI B mpucyrctBum wuHaukaropa
Mypekcn, koHnenTpanun Cl- — aprenromerpuueckuii Meron, SO4> — Becosoii Meron, HCO3 —
METOJ1 0OOpPaTHOTO TUTPOBAHUSI B IPUCYTCTBUH CMEIIAHHOTO MHAUKATOPA (METUIIOBBIA KPACHBIN —
MeTHIIEHOBEII rony6oit). Conepxkanue katnoHos Maraus (Mg?") u omHoBaneHTHBIX KatHoHOB (K*
+ Na") onpenensror myrem pacuera [3; 25; 36].

B coBpeMeHHBII mepuoJl UCClIeOBaHHEe MOHHOTO COCTaBa PAaCTBOPEHHBIX COJIEH B BOJE
MPOBOAST METOJOM  BBICOKOA((EKTHUBHONW JKUIKOCTHOM XpoMatorpaguu Ha HOHHOM
xpomatorpade «Crailep» ¢ KOHIYKTOMETPUUECKUM JeTekTopoM. [l pas3aeneHuss HOHOB
UCIIOJIb3YIOT XpoMaTorpapuueckue KOJIOHKH: TIpH onpeaeacHnu katinoHoB — Shodex IC YS-50,
npu onpenenennn annoHoB — TRANSGENOMIC ICSep AN2 [20]. [lnst onpeneeHns MacCOBOM
KOHIIEHTpallul KapOOHAT- M THUJIPOKApPOOHAT-MOHOB HCIONB3YIOT 3HAYEHHUS CBOOOJHOMU
IIEJIOYHOCTH U OOIIEH IIETOYHOCTH, IPUMEHsSS COOTHOIICHUS M pacueTHbie Gopmysl [6; 7].
CopepxaHue XJIOPUI-HOHA OIPEACTSIOT TUTPUMETPUYECKH [0 PEaKUUU C a30THOKHUCIBIM
cepebpoM [8]. OmpeneneHue conepxaHus HUTpaT-, Gocdar-, CyabPaT-HOHOB HPOBOIAT IO
MeTonuke [26]. B utore o0mryro MUHEpaIU3aIyio BOIbI OMPEILNIIOT Kak CyMMy HOHOB. Takxke
BBISIBJISIETCS 00111asi 5KECTKOCTh BOJIbI, KOJIMYECTBEHHO BhIpa)kaeMasi Kak CyMMa JIBYXBaJICHTHBIX
kaTroHoB (Ca* + Mg?*, Mr-skB/mM°%), M COCTaB OCHOBHBIX PACTBOPEHHBIX COJNEA.

Cyl1ecTBEHHO CIOKHEe OIpeieJieHre a0COIIOTHOM BETMYUHBI MUHEPAIU3AlUU BOIBI IO €€
ANEKTPONPOBOAMMOCTH B mepecuere Ha NaCl, Tak kak MpUPOHbIE BOIBI MPEACTABISIOT COOO
CJIIOKHYIO CMECh 3JIEKTPOJIMTOB. XJIOPUIHbIE HOHBI, IO AaHHBIM M.I'. Bansmko [5], HaunHatoT
npeobyiagaTh TOIBKO MpU MUHepanu3anuu Oomnee 10%o, OIHAKO B CONOBBIX U CYIb(aTHBIX
TUIEPraliHHBIX 03epax ATH HOHBI TaKXKe COCTABISAIOT JIHIIb HEOONBIIYIO OO0 OT OOIIEro
cocTtaBa. B To e BpeMs 3IIEKTPONPOBOIUMOCTH 3aBUCUT B CHIIBHOW Mepe OT HOHHOTO COCTaBa,
MOSTOMY yCTAaHOBJICHHE HETIOCPEICTBEHHOHN CBS3H MEXIY YICITBHOH AJIEKTPOIPOBOTUMOCTHIO U
KOHIIEHTpAIlMeH HOHOB B BOJIC MOXKET OBITH CJICJTAHO JIUIITH CO 3HAYUTEIIBHBIMH TTOTPEITHOCTAMH,
a KOHEYHBIN pe3ybTaT Yallle BCEr0 MMEET HEeYI0BIeTBOpUTeIbHY0 TouHocTh [10]. Kpome Toro,
MeTOJ HE JaeT MHGOPMAIIUU O COCTaBE PACTBOPEHHBIX COJIEH M OOIIEH KECTKOCTH BOABL. JTOT
BBIBOJ] HAMISIHO JEMOHCTPHUPYIOT MaTepuaibl myoaukanuu [17], B KoTopoit st 27 BOAOEMOB
MPUBEJCHBI  KOJWYCCTBEHHBIC  JIaHHBIE O  MHHEpAJIM3AalMA  BOJBI,  ITOJTYYCHHBIC
KOHJYKTOMETPUYECKUM METOJIOM 10 3JIEKTpOoIrpoBoAuMocTH (B nepecuere Ha NaCl) u MeTonamu
THAPOXUMHUYECKOTO aHajgu3a. BONBIIMHCTBO W3 3THX BOMOEMOB (67%) HUMEIOT BOAy, HE
OTHOCANIYIOCS TIO COCTaBy K XJIOPUAHO-HATPHUEBOW COTIIACHO TMPHBEICHHBIM (popMynam
M.I'. Kypnosa [17]. [lomydeHHBIE TIO AIEKTPONPOBOAUMOCTH 3HAUCHUS] MUHEPATHU3AIUN BOJIBI
COCTABIJISIIOT TOJIBKO 48—86% OT peanbHBIX 3HAYECHHUU, MOJTYYEHHBIX MPU TUAPOXUMUYECKOM
aHanuze. TakuM 00pa3oM, KOHIYKTOMETPHUYECKHE HW3MEpPEHUs MUHEpaTU3aluud  BOJbI
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KOHTHHEHTAJIBHBIX BOJHBIX OOBEKTOB CYILIECTBEHHO MCKAXKAIOT JIAHHBIN MOKa3aTellb U HE MOTYT
UCIOJIb30BATHCS B THIPOOOTAHUYECKUX HUCCIIETOBAHUSIX.

Bo MHOrux paborax [j1sl OLlEHKH 9KOJOTHH MOPCKUX BUAOB PACTEHUN MPHUHSITO MTPUBOIUTD
JAaHHBIE O COJICHOCTH BOJbI B TaK HA3bIBAEMBIX MPAKTHUECKUX €IMHULIAX COJEHOCTH (PSU) miu
Jake IPOCTO B €IMHUIIAX U3MEPEHHS AIEKTPOIPOBOAUMOCTH BOAbI (MKCM/cM) 6e3 KoMMEHTapus
00 HKOJIOTMYECKOM 3HAUEHUU yKa3aHHBIX BelHurH. HO B pa3HBIX 4acTsAX akBaTOPUI BHYTPEHHHUX
MOpEH COCTaB OCHOBHBIX HOHOB MOXET CUJIBHO OTJIMYATHCS OT OKEAHUYECKOr0 COCTaBa, pU 3TOM
peanbHble 3HAUYEHMsI COJIEHOCTH CUJIBHO BapbUpyrT. Hampumep, conenocts Boa bantuiickoro
MOpsI M3MEHSAETCS Ha pa3HbIX YydacTkax oOT 2%o 10 20%o. IlosTomMy wucnosb3oBaHue
KOHAYKTOMETPUYECKOT0 METO/1a OLICHKH MUHEPAIU3AIMH BOABI B MOJOOHBIX 9KOCHCTEMAaX TAKKe
BEJeT K 3HAYUTENIbHBIM OIIMOKaM M HEBEPHBIM BBIBOJAM OTHOCUTEIBHO COJIEBBIHOCIUBOCTH
BU/JIOB.

MartepuaJj u MeTOIbI

B mepuon 1984-2023 rr. na 3anagHo-CuOupckoil paBHUHE BBIMOJIHSINCH PAaOOTHI IO
OIICHKE MapaMeTpoB BOJBI B KOTOMAaX BOJHBIX MAaKpOCKOMHYECKUX pacTeHuid. llempio ObLIo
BBISIBJICHUE KOJIMUYECTBEHHBIX JUANa30HOB TOJEPAHTHOCTH BHUAOB K BEAYUIMM IapaMeTpam
BoaHOM cpenbl. B 1984—1994 rr. cO0p maHHBIX BHITOJHSJICA B Ka3aXCTaHCKOW YacTH paBHUHBL. B
3KOTOTAX M3ydanach KOHIEHTpamus ocHoBHEIX HoHoB (Cl, SO HCOs' K*, Na*, Mg?*, Ca?"),
oOmras MuHepanu3amus, o0mias KecTKOCTh, aKTUBHAs peaklus BOJbL. DTH MapaMeTpbl BOJHOMI
Cpenbl BBIPAKAIOT KOJIMYECTBEHHO HAa OCHOBE HW3MEPEHUM, BBINOJIHIEMBIX C HPUMEHEHUEM
AHAJTUTUYECKUX METOAMK, YTO MO3BOJIET OOBEKTUBHO CPABHUBAThH 3KOJIOTMYECKHE TPEOOBaHUS
BUJIOB PACTE€HHH 1 UCIIOJIB30BATh UX B 9KOOMOMOP(OJIOTHUECKOM KiIacCU(PUKAIIMU U OTIPE/IETICHUN
IpaHUI] 3KOJOrMYEeCKUX HUIll. B Havasne paboThl UCClIe0BaHMs TTapaMeTPOB BObI BHINOJIHSINCH
T.B. Cupunenko B CeBepo-KazaxcTaHCKOW KOMIUIEKCHON THAPOOMOIOTHUECKON 1abopaTopuu
Kazaxckoro HUW psibHOTO XO03siicTBa. MuHepanu3anus BOABI OIpelessigach Kak CyMMa
OCHOBHBIX HOHOB, KOJIMYECTBEHHO ONPEIEIAEMBIX B TPEXKPATHOM IOBTOPHOCTU € TOYHOCTBIO JI0
5% Ha ocHOBe OOIIENPUHATHIX MeToIuK [2; 3; 21; 25; 36; 43].

B 1995-2023 rr. 5Tu uccnenoBaHus ObUIM MPOAOJDKEHBI Ha POCCHMCKON TEppUTOPUU B
OCHOBHOM B npezenax Omckoi, Kypranckoit, Tromenckoit, HoBocuOupckoit o6nacteid u XaHTbl-
Mamncuiickoro aBToHOMHOT0 okpyra — FOrpel. Ananus npo6 Boas! BeinosHeH FO.A. Mypariiko B
ruapoxumudeckoit tabopatopun HUU sxonoruu Cesepa u LleHTpe KOMIEKTUBHOTO MOJIb30BAHUS
CypryTckoro rocyaapCTBEHHOTO YHHUBEPCHUTETa Ha OCHOBE COBPEMEHHOIO aHaJIUTHYECKOTO
000pyI0BaHUS 10 COOTBETCTBYIOIIMM MeToAuKaM [6; 7; 8; 29; 26].

B wurore pe3ynbpTarhl OBLIM TpelCTaBI€Hbl B TaOnNMYHOM ¢dopme, rae Il BUIOB
TUAPOMAKpO(UTOB YKa3aHbI BBISIBJICHHBIC TUAMa30HBI 3HAUCHUH 00IIel MUHEpaTN3aluu, 001Ien
xecTkocTd U pH Bonbl (MUHUMAabHBIE U MakcuManbHble). [lonydeHHble NaHHbIE MO3BOJSIOT
OILICHUBATh PEKUMBI U3MEHEHHH 3TUX (DaKTOPOB, B MPe/iesiax KOTOPHIX BOZMOYKHO CYIIIECTBOBAaHUE
KaX0ro Bujaa. [IpenBapuTebHbe MaTepuanbl ObLTH omyOnukoBanel panee [29; 31; 32; 33],
OJIHAKO 3TU MCCIEAOBAaHUSA MPOAODKAIOTCS, B CBSI3U C 4YeM JUarna3oHbl 3HAY€HUH (PaKkTOpOB
cuUcTeMaThyecku yTouyHstorcs. KoandecTBeHHas olieHKa TOJIEPAHTHOCTH BUJIOB yKe MOCIYKUJIa
OCHOBOM /151 pa3pabOTKH CUCTEMBI IKOOMOMOP( MBETKOBBIX THAPOGUTOB U XapOBBIX BOAOPOCIICH
(Charophyta) [27; 29; 34]. Kpome Toro, aliroputM KOJHIECTBEHHOMN OICHKH [TapaMeTPOB BOAHOM
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cpensl Ha OCHOBE MH(GOpPMAallMU O TOJEPAaHTHOCTH BHUAOB MAaKPOCKOMUYECKHX BOJIOPOCIEH U
BBICIIUX TUAPO(UTOB K MUHEPATU3ALIUH, )KECTKOCTH M aKTUBHOW PEaKIuy MPUBEJEH B OJTHON U3
pa6or [30].

Bcero Obuta monydeHa wuHbopManus pa3HOM CTENEHM TOJHOTHI O JMara3oHax
raJIOTOJICPAaHTHOCTH 247 BUIOB THApOoMakpohuToB 3anaaHo-CuOUpCcKoi paBHUHBIL. J[71s1 ITMPOKO
pacnpocTpaHEHHBIX BUAOB JUANa30HbI TaJOTOJIEPAHTHOCTH BBISBIICHBI BECbMa HAJIe)KHO, B CBSI3U
C YeM MOJy4YEHHbIE B MOCJIEIHNE TOAbl HOBBIE JAHHBIE HE MPUBOASIT K HU3MEHEHHUIO UX TPAHUYHBIX
3HaueHui. OHAKO JUIsl PeIKUX BUAOB, HAXOJKH KOTOPBIX Ha TeppuTopuu 3amnaaHo-Cubupckoi
PaBHUHBI BECbMa MAJIOYHMCICHHBI WU J1a)XKe €IUHUYHBI, IPUBEACHHbBIC UAINa30Hbl (€AMHUYHBIC
3HAYEHUs) HOCAT MpeABapUTEeNbHBIA xapaktep. [lpu aHanmuze 3TUX AAHHBIX OTMEYEHO, YTO
OTJIeNIbHBIE TOPOTOBBIEC 3HAUCHUSI MUHEPAIU3AINHU SBIISIOTCS JIMMUATUPYIOLUTUMHU IS LIEIIBIX TPYIIIT
BUJIOB, B CBSI3U C Ye€M JJsl BBIPAKECHHSI UX TaJOTOJIEPAHTHOCTH Oblla NMPUHATA CIETYyOINas
rpajaius OBEPXHOCTHBIX Bo (Tabi. 1).

Tabmuna 1
Iloapa3nesienne MOBEpPXHOCTHBIX BOJ 3anaaHo-CHOUPCKOil paBHHHBI 10 MUHEPAIU3AHT

I'pynnel Box [Toarpynms! Box Munepanusanus, r/am°
TpecHas yIbTpanpecHas 10 0,2
TUITUYHO MPECHAS 0,2-1,0
YcnoBHO-TIpecHas YCIIOBHO-TIpECHAs 1,1-3
c11a00COJI0HOBATAS 3,1-5
CosoHoBaras CpEeIHECOIOHOBATAS 5,1-8
CHUJILHOCOJIOHOBATAS 8,1-25
ConsiHas COJIsSTHAsI bomee 25

COOTBETCTBEHHO, BUIIbI, OTMEUYEHHbIE B [MaNa3oHe MuHepamusamuy 10 0,2 1/aM°, HaseiBaeMm
YIOBTPaNpecHOBOAHBIME, 70 1 T/AM® — THIMYHO TPECHOBOAHBIMH, 1O 3 T/IM° — YCIIOBHO-
NPEeCHOBOHBIMM, 0 5 T1/aM° — cnaGoCoNOHOBATO-MPECHOBOAHBIME, 10 8 Tr/aM° —
CpPeIHECONOHOBATO-IPECHOBOIHBIMHE, 10 25 I/AM — CHIILHOCOTIOHOBATO-PECHOBOIHBIMH, CBBIIIIE
25 T/mM® — CONAHOBOAHBIMH. OTH Tpajalli HCMONB30BaHbl MPH BBIICICHHH SKOOGHOMOPD
THJIPOMaKpOGUTOB HAPSLY C APYTUMH 3KOJOTHUECKUMH TapameTrpamu (00miast )xecTkocTh u pH
BOJIBI).

Pe3yabTaThl M 00Cy:KI€HUE

B cocrtaBe BomHO# makpodutHOi ¢opsl 3amanHo-CuOUPCKON PaBHUHBI BBIIEICHO 2
COBOKYITHOCTH BHJIOB, KOTOpble O0O3HAa4e€Hbl KaK MPECHOBOAHBIA U  COJSIHOBOJHBII
¢dnopuctuueckue Komruiekcsl [28; 29]. EcTecTBEHHON SKOJOTHYECKOW TpaHUIEH MEXITY
JAHHBIMH KOMILJICKCAMU  SIBJISICTCSl Y3KUW JIMANa30H MHUHEPAIM3alliy, TOJIYUYUBIIMNA B
THIPOOMOIOTUYECKON  JTUTEepaType Ha3BaHue Kputuueckod coseHoctu [41]. CormacHo
KOHIIETIIHH KPUTHUECKOH COTEHOCTH, B BOJIE OKEAHHUECKOTO COCTAaBa COIEHOCTh OKOJIO0 5—8 r/mm®
IpeJCTaBisieT co00il yHUBEpCalnbHbIM Oapbep, pa3aesonuii OMOJIOrHUeCcKUe MPOLEeCCh Pa3HOM
HaNpaBICHHOCTH WJIM HWHTeHCUBHOCTU. Ocobas poiab Oapbepa KpPUTUYECKOH COJEHOCTH
OOBSICHACTCS PE3KMMHM M3MEHEHHUSIMH B ATOM JMaNa3zoHe (PU3MKO-XMMHYECKHX CBOMCTB CpEIbI.
Kputndeckast CONEHOCTh SIBISETCS TPaHUIICH PACHpPOCTPaHEHHUsT OPTraHU3MOB C Pa3TUYHON
OCMOPEryIATOpHOI crocoOHocThI0. [1o 06e CTOPOHBI Y3KO# 30HBI coleHocTH 5-8 r/ame mo-

pasHOMY IPOTCKAKOT OOMEHHBIE mponecCobl B OpraHu3Max MW TKaAHAX, @ MHOI'UC Ba)XKHEHIITHE
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MaKpOMOJICKYJISIPHbIC BEIIECTBA HMEIOT pa3indHyi cTpykrypy [37; 41]. Bapbepnas poib
coneHocTH 5-8 r/mm® 0TUETIINBO MPOSBIIAETCS TONBKO B BOAAX C OKEAHHIECKUM COCTABOM COJEH.
B Bogax npyroro cocraBa, Harpumep, B ApasibckoM U Kacnuiickom MOpsSIX OTMEUEHO CMELICHHE
KPUTHYECKONH COJCHOCTH B CTOpPOHY Oo0jee BBICOKMX KOHIEHTpAaUUd U OJHOBPEMEHHOE
yBEJIMUYCHUE WHTEPBaIa MKy ero kpaiHumu Toukamu [1; 12]. Dto sBieHHE MMEET MECTO U B
MOBEPXHOCTHBIX  BoAax  3amagHo-CHUOMpPCKOM  paBHUHBI, OTJIMYAIOMIMXCA  LIMPOKUM
pa3zHooOpa3reM 1o KOHLEHTPALUU U cocTaBy cotieil. [IoaToMy 0000111eHHast «30Ha CThIKa» BUJIOB
MIPECHOBOJIHOTO M COJISTHOBOAHOTO (DJIOPUCTHYECKUX KOMIUIEKCOB B MECTHBIX BOJOEMax
OXBaTHIBAET IMANA30H MUHEpAIn3auu 8—25 r/1M%, To €CTh pacronokeHa B CUILHOCOTOHOBATBIX
Bojax. Kputrueckas coleHOCTh B Ipeiesax 3TOM 30HbI CABUTAeTCs B Ty WK IPYTYIO CTOPOHY B
3aBHCHUMOCTH OT COCTaBa BOJbl B KOHKPETHOM BOJOE€ME. DTO SIBJICHHE CBSI3aHO C JIEHCTBUEM
3akoHa anTaronn3ma noHoB XK. Jle6a, coriiacHo KOTOPOMY TOKCHUECKOE BIUSHUE OJTHOBAIICHTHBIX
karnonoB (K" + Na) cyiiecTBEeHHO HHUBENIUPYETCS MPU HAIUMYMU B BOJE JBYXBAJIEHTHBIX
kaTioHoB (Mg?" + Ca?") [11; 44]. Kak u3BecTHO, B apUIHBIX H CEMHAPUIHBIX paiionax CeBepHOi
EBpazuu mupoko pacrnpocTpaHeHbl Cpe MUHEPAITU30BAHHBIX MOBEPXHOCTHBIX BOJ HE TOJBKO
XJIOPUJIHO-HATPHEBBIE, HO Takke CcyibpaTHble U TUIPOKAPOOHATHBIE BOABI C BBICOKUM
COZIEp’KaHUEM JBYXBaJICHTHBIX KATHOHOB Kaiblins U Maruus [38; 39; 40]. [Ipu MuHepaau3anuu
MeHbITe 8—25 /1M 0TMedaeTcs MaKCHMYM BHJIOB MPECHOBOIHOTO KOMILIEKCA, COOTBETCTBEHHO,
npu MuHepanmm3amuu Oomee 8—25 r/amM° pacrmomaraercs MakCHMYM BHJIOB COJSHOBOJHOTO
KOMIUIeKca. Bunabl w3 pasHbIX (IOPUCTUYECKUX KOMILJIEKCOB PeaKko (OpMUPYIOT oOIIue
(HUTOIEHO35I, TIOCKONBKY KPUTHYECKas COTEHOCTh (AmamaszoH 8—25 r/am°) sBisercs mms HUX
OJINHAKOBO HeONaronpusaTHOW. B BOAHBIX 00BEKTaxX C TakoW MHUHepaidu3alueil HabmogaeTcs
HU3KOIMPOTYKTUBHBIC MOMYNISIIMA MUHUMAIBHOTO YHCIIa BUIOB.

VYcranoBneHno, yto Ha 3amagHo-CUOMPCKON paBHHHE MPECHOBOAHBIN (IOPUCTUYECKUIN
KOMIUIEKC KOJIOTMYECKU HeOAHOpoAeH. OH Moapa3aenseTcs Ha TPYIIbL: YIbTPanpecHOBOIHYIO
(23%  BumoB), TuUNU4HO mpecHoBOAHYIO  (34%),  ycioBHO-pecHOBOAHYIO  (24%),
c1a00COIOHOBATO-NIPECHOBOIHYIO  (6%),  cpelHecoloHOBaTo-mpecHOoBOAHYIO  (5%) wm
CHUJIbHOCOJIOHOBATO-TIPECHOBOHYIO (5%). DTH TPYNIbI yCIOBHBI U MEXIY HUMH HET YETKHX
TPaHUII, MOCKOJIbKY CYIIECTBYET HKOJOTHUECKUN KOHTUHYYM. CONSTHOBOIHBIN (IIOPUCTUYECKUI
KOMIUIEKC (2,7%) TpencTaBisiOT BHJIbI, HE MPOHHUKAIOLINE B IPECHBIE, YCIOBHO-TIPECHBIE U
cabocosonoBatsie Bojbl: Lamprothamnium papulosum (Wallr.) J. Groves, Percursaria percursa
(Ag.) Bory, Ulothrix flacca (Dillwyn) Thuret, Ulothrix implexa (Kiitzing) Kiitzing, Ruppia
maritima L., Ruppia drepanensis Tineo u Althenia filiformis F. Petit subsp. orientalis Tzvel. (puc.
1). Ocob6o Beiensiercs aBpuranuunbiid Bun Cladophora glomerata (L.) Kiitzing, ormeueHHbIi B
OYCeHB IIMPOKOM Jana3one MuHepamu3anuu Boasl (0,10-79,70 r/11M3).

Cornacno onpenenenuto N.I'. CepebpsikoBa [35], noHsATHE <OKU3HEHHAs (hOpMay COAECPKUT
3 acmekrta: 1 — xu3HeHHas opMa Kak OCHOBHAs TAKCOHOMHYECKAs €IWHUIIA;, 2 — >KU3HEHHAs
dbopma kak cBoeoOpa3HbI OOIMI 00NMK (rabuTyc) AeUHUTUBHBIX OCOOEH BHA, BKIIOYAS
Ha/I3€MHBIC U TTOJ[3€MHBIC OPTaHbl; 3 — )KU3HEHHAas (hopMa KaK BBIPKEHUE MPUCTIOCOOICHHOCTH
pacTeHUH K OMPEICICHHBIM YCIOBUSIM a0UOTHYECKON U OMOTUYECKON CPEJIbI.
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Puc. 1. KosimyecTBO BUAOB rHAPOMAKPO(MUTOB U3 PA3HBIX FAJIOTOJIEPAHTHBIX I'PYIIIL.
ITo ocu aGenuce — AMANA30HbI TAJ0TOJIEPAHTHOCTH (1/1M°), 110 OCH OPAMHAT — KOJHYECTBO BHI0B

XKuznennoie ¢opMmbl (OHOMOP(BI) pacTeHUN XapaKTEPU3YIOT HAa OCHOBE Ba)KHEHIINMX
OMOJIOTMYECKUX U MOP(OIOTHUECKUX TapaMeTPOB BUIOB, MO3BOJIAIOIINX KPATKO, HO IOCTATOYHO
nH(OpPMATUBHO omucaTh X rabutyc. K Takum mpu3HakaM y LBETKOBBIX THAPOMAKPO(UTOB
MIPUHAIJICKAT MPOAOIKUTEIHHOCTh OOJBIIOTO KU3HEHHOTO LMKIJIA (MHOTOJETHHE, ABYJICTHHE,
OJIHOJIETHUE), CTEMEHb CBSI3U BHUJIOB C TPYHTOM Kak CO cpelod oOuTaHus (yKOpEeHsSIouecs,
CcBOOOIHOIUTIABAIOIINE), TUIIBI M PACTIONOKEHHE 3UMYIOIIUX ITOYEK B COYETAHUU C OCOOCHHOCTSIMHU
CTPYKTYphI HAJI3EMHBIX I0OETOB (ATMHHOMOOETOBBIE KOPHEBUIITHBIC, PO3ETOYHBIE KOPHEBUIITHBIE,
JUIMHHOTIOOETOBbIE KIIyOHEBBIE, PO3ETOYHBIC KIyOHEBbIE, IMHHOMOOETOBbIE CTOJIOHHBIE,
JUTMHHOTIOOETOBbIE TYPUOHOBBIE YKOPEHSIOLIUECS, PO3ETOYHBIE TYPUOHOBEIE, IITMHHOMOOETOBBIE
TYpUOHOBBIE  CBOOOIHOIJIABAIOIINE, JIMCTEIIOBBIE TYPHUOHOBBIE, JIMHHOMOOETOBBIE 0€3
3UMYIOIIUX MTOYEK — THUIPOTEPODUTHI).

Taxxke yauThIBa€TCS MOJI0KEHNE aCCUMUIISIIIHOHHOM MTOBEPXHOCTH OTHOCUTEIHHO IPAHHUIIBI,
pasnensdmoomeld BOAHYIO W BO3AYIIHYIO cpenbl (renopuThl, IUIEHCTOPUTHI, TUAATODUTHI),
TUHEHBIE pa3Mepbl 1e(UHUTUBHBIX 0cO0ei (BBICOKHE, CPEIHEBBICOKHE, HU3KUE) U HEKOTOPhIC
crnenuduUeckrue 4YepThl OMOIOTMU W MOP(OIOTHH, HAMPUMEP, ITUCTOPACIIONOKEHHE (IS
JUTMHHOTIOOETOBBIX ), (hOpMa JMCTOBBIX IIACTHHOK U X Pa3BUTOCTh, HATUYME JTUCTOBBIX JIOBUMX
Kamep, (hopma JIUCTE0B, 0COOCHHOCTH IBETEHHUS (HaIBOHO- U TMTOABOAHOIBETYIHE) [27].

B onpenenenun nonstus «kuzHeHHas (opma» M.I'. CepeOpsikoBa [35] Tpetuii acnexkT
aKIEHTUPYET BHUMaHWE Ha BBISABICHUU (PAKTOPOB, OOECMEUHBIIMX  DBOJIOIMOHHOE
(dhopmupoBanre 6uoMophbl KOHKPETHOTO BUA, YTO B UTOTE MO3BOJISIET YCTAHOBUTH CHEIUPUKY
€ro JKOJOTHYECKOW HUIIKU. JTO HampaBlieHHe ObUIo JomoiiHeHo B pabdorax E.M. JlaBpeHko u
B.M. CemnukoBoii [19], chopmymnupoBaBimx npeacrapieHne oo skoonomopdax. imenno sta
3a/la4a KOJMYECTBEHHOW OILIGHKH AKOJIOTMUYECKOM WHIAMBUAYAIBHOCTH KaXKJIOTO BHUIA U €r0
OKOJIOTHUECKON HUIIM SIBISIETCS OCHOBHOW TMpPU SKOOHMOMOP(OIOTHUECKUX HCCIEeTOBAHUSIX.
DxobuoMopdonaoruyeckasl KOHIEHIUS UMEET OCOOCHHO pellarollee 3HAYeHHe MpPU H3yYEeHUH
KU3HEHHBIX ()OPM HE TOJIHKO BBICIIUX THIPOMAKPO(PUTOB, HO U MHOTUX KOHTHHEHTAIEHOBOIHBIX
MakpOCKOTIMYECKUX  HHU3IIMX  PACTeHUH, Yy  KOTOPBIX  TaOUTyanbHbIE  TPU3HAKU
ManouH()OPMATHUBHEI, B CBS3M C HYe€M CHCTEMbI JKU3HEHHBIX (GOpM ele He pa3paOdOoTaHBI.
Bbuomopdb1 6IM3KOPOICTBEHHBIX BHIOB U3 HEKOTOPHIX POJIOB BHICIIUX THAPOMAKPO(DUTOB TAKKE
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CIOXHO Ju(PEepeHIIMPOBaTh HA OCHOBAHHWHU TOJIBKO OHOJOr0-MOP(OJOrHYECKHX MPU3HAKOB,
II03TOMY KOJIMYECTBEHHBIC JIAHHBIE O TaJOTOJIEPAHTHOCTH HMEIOT pEIIafoline 3HAYCHUE ISt
BBIIBJICHUS HX 9KOOHOMOP() ¥ SKOJIOTHYECKUX HUIII.

Hanpumep, 6nomopdsi BuaoB u3 poaa Myriophyllum — M. spicatum L. u M. verticillatum L.
BECbMa CXOJMHBI TabuTyanbHO (puC. 2, @), OJIHAKO HA OCHOBE BBISBJICHHBIX 3HAYECHHI
raJIOTOJEPAHTHOCTH UX 3KOOHOMOP(BI Pa3IHyaroTCs.

Puc. 2. Cxembl ouomopd Bugos: a — Myriophyllum spicatum u M. verticillatum; 6 — Ceratophyllum
demersum u C. submersum; ¢ — Nuphar lutea u N. pumila. ITlyHkTHpOM NOKa3aH YpOBeHb BOIbI,
CILIOIIHOM JINHUEH — YPOBEHb IPYHTA

B skobuomopdonornueckoii kimaccupukanuu  Bua M. spicatum  — MHOTOJETHHIA
MOJIMKAPIUYECKUI JUIMHHOTIOOET OBBIN TYPUOHOBBIN YKOPEHSAOUIUICS BBICOKUU
Ha/IBOJHOIBETYIIUI  c1a00COIIOHOBATO-IPECHOBOAHBIN  (AMana3zoHn MuHepanu3zauuu 0,20—
410 1/mm) rugaroput, Bug M. verticillatum — MHOromeTHHH MOJHKAPIHYCCKUI
JUIMHHOIIOOETOBBI TYPUOHOBBIM YKOPEHSIOLIMICS BBICOKMI HAJIBOJHOLBETYIIMNA YCIOBHO-
MIPECHOBOIHBIN (uana3zon Munepanusanuu 0,02-2,70 F/I[M3) TUIaTO(HUT.

pyroii mpuMep OTHOCUTCS K JIBYM CXOJHBIM IO OHoMopdam BHAaM U3 pPoAa
Ceratophyllum: C. demersum L. u C. submersum L. (puc. 2, 6), 3x00uOMOp(BI KOTOPBIX
pasnuuaroTcss 1o ramoroiepantHoctH. Bun Ceratophyllum demersum — MHOroneTHmit
JUTMHHOIIOOET OBbII TYpPHUOHOBBII CcBOOOIHOITABAIOIINIA (6eckopHeBOit) BBICOKHI
TIO/IBOTHOIIBETYIIHH yCITIOBHO-TIPECHOBOAHEIH (IMana3oH ranotonepantHoctd 0,03—1,60 1/mv?)
rugaropur, Torma kak C. submersum — wmHOroNeTHWI MIMHHONMOOETOBBIH TYPHOHOBBIN
CBOOOTHOIUIABAOMUNM  (OECKOPHEBOWM) BBICOKWNM  TOABOJHOIBETYIIHH  CJIa00COIOHOBATO-
TIPECHOBO/IHBIH (Mamna3oH ranoronepantaoctr 0,23-5,10 r/nm°) rumatodur.

CylIecTBEeHHO pa3anyaroTcs mo skodnomopdam cxoaubie Buasl Nuphar lutea (L.) Smith u
N. pumila (Timm) DC. (puc. 2, 6). Bunx Nuphar lutea MHoOroneTHHii MOMUKAPIHUSCKHIA
KOPHEBUILHBIM PO3€TOYHBIM BBICOKUN HAJIBOJHOLBETYLINI yCIOBHO-IIPECHOBOAHBIN (IHAana3oH
vuHepammsammu  0,03-1,69 r/am°) mneiicropur, Torma kak N. pumila — wmHOrONETHMI
MOJUKAPIUYECKUT KOPHEBUIIHBIA PO3ETOYHBIA BBICOKMH HAABOAHOIBETYIIMWA THUIMYHO
MIPECHOBOIHBIN (Mrama3zod muHepanu3aruu 0,01-0,90 r/z[M3) TIeHCTOUT.
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Ha >Tux npumepax mnokaszano, 4To MOp(OJIOTHUYECKH CXOIHBIE BUJIbI 3aHUMAIOT pa3InyHbIC
HKOJIOTMYECKHE HUIIU. B UTOre BBISIBICHHBIE KOJIMYECTBEHHbBIC TUANIA30Hbl MUHEPAIU3AlUU 1S
BUJIOB TUIPOMAKPO(PHUTOB Hapsy C APYTHMMH SKOJOTHYECKHMH IapamMeTpaMu (COCTaB HOHOB,
oOmiasi *KEeCTKOCTb, KOHIIGHTpAIMsl PacTBOPUMBIX (OpM HEKOTOphIX MeTawioB, pH Boabl)
o0ecneunBalOT OOBEKTUBHOE OMUCaHHE HX HKOOHOMOp(d. VYCTaHOBICHHBIE TpPAaHUIBI B
KOHTHHYyME 3HAQU€HUU MUHEpaIu3aliy MOBEPXHOCTHBIX BOJ 3anaaHo-CHOUpPCKOW paBHUHBI
pa3aeNaoT SKOJIOTMYECKUe HUILIM BUAOB PACTEHUI M MO3BOJSIOT MPOTHO3UPOBATH BEPOSTHBIN
cocTaB THAPO(PUTOIEHO30B HAa OCHOBE CBEICHUI O MHUHEpaJu3allid M COCTaBe BOJbI B
KOHKPETHBIX BOAHBIX 00BbeKTax. [Ipu rccnenoBaHnn 5KOIOTMYECKUX HUII BUOB MPEJICTABISIOT
MHTEPEC HE TOJIBKO BEPXHUE 3HAYCHHUSI IMANla30HOB, HO TAK)KE U HUKHUE. Y IIbTPaIPECHOBOAHbBIE
BUJIbI, OTMEUEHHBIE B OYEHb Y3KOM Auamna3zoHe MuHepanuszanuu (0-0,2 F/,Z[MS), B YCIIOBUSX
3anagHo-CuOupCcKOil paBHUHBI Yallle BCETO CBSI3aHBI C JUCTPOGHBIMU BOJHBIMU OOBEKTaAMHU
(BHYTpHOONOTHBIMU 03epaMu). B Takux Bogax, oTHocuMbIX O.A. AJeKUHBIM [2] K YETBEpTOMY
TUIY, 7S KOTOPOTO XapaKTepHO KpaiiHe HU3KOE COJep)KaHuE TUAPOKApOOHATHOrO aHHWOHA
(HCOz™ = 0) axtuBHas peakuusi kucnas. Kpome Toro, B 3TUX BoJaX OTMEYEHO 00Iee HU3ZKOE
coJiep>KaHue JPYTUX PACTBOPEHHBIX COJIEH, B TOM YHCIIe UCTOYHUKOB OMOTEHHBIX DIIEMEHTOB. JTH
THIPOIKOTOIIBI 3aCENIAI0T allUA0TOIEPAHTHBIE ONUTOTPO(HBIC BUABI, TAK KaK OHU HE MPUTOIHBI
JUIS TIPEeJICTaBUTENEW TUIUYHO TPECHOBOJHBIX, YCIOBHO-IIPECHOBOJHBIX U COJIOHOBATO-
MIPECHOBOAHBIX TPYIII.

BriBoanbI

KonnuecTBennsle 3HaueHus OOmIed MHMHEpalu3allMM, YCTAaHOBIEHHBIE B  XOJ€
1abopaTopHOro aHanu3a Mpod BOJBI U3 HKOTOIMOB BUAOB, MO3BOJISIOT OMPEACIUTh AUAMAa30H UX
CONEBBIHOCIMBOCTU. Hapsiny ¢ npyrumu (aktopamu cpefbl, 3HAU€HUS KOTOPBIX OIIEHUBAIOTCS
KOJMYECTBEHHO (KOHIIEHTPAIMsS TTIaBHBIX MOHOB M PACTBOPUMBIX ()OPM HEKOTOPBIX METAJIOB,
o0111ast )KECTKOCTh, aKTUBHAs PEAKIIHs), YCTAHOBJICHHBIE TUANa30HbI TaJ0TOIEPAHTHOCTH BHIOB
CIIy>)KaT Hay4yHOU OCHOBOM ans nuddepenimanyu ux sxodbromopd. MakcumanbHble 3HAYCHUS
o011eil MUHepaIn3aluy, BEISIBICHHBIE IS PA3HBIX BUOB, MPEACTABISIOT COOON CYIIeCTBEHHBIE
TPaHUIbI, TIO3BOJSIONIUE OMPENENATh HUX OHKOIOTUYECKHME HHIIU B OTHOIICHHH JaHHOTO
abuoTtuueckoro (haktopa.

Jlnama3oH MHHepanu3ally TOBEPXHOCTHBIX BOjA 3anaaHo-CHOUpCKOW paBHUHBI, B
npeenax KOTOPOTO MOTYT CYIIECTBOBATH THAPOMAKpo®HTH, cocTaBuseT oT 0 mo 80 r/mv’.
YCTaHOBJIEHO, YTO 3TOT 3KOJOTHYCCKUI KOHTHHYYM 3aHAT JABYMSI KOMILUIEKCAMH BHUJOB —
TIPECHOBOJTHBIM H COJITHOBO/IHBIM, KOTOpPBIE Pa3/IeeHbI Haa30HOM MUHEpaIn3aun 8—25 r/mv>,
B  mpecHOBOAHOM  KOMIUJICEKCE  BBIJICIICHBI  TPYIIBI  YIBTPAIIPECHOBOJHBIX, THITUYHO
MIPECHOBO/IHBIX, YCJIOBHO-TIPECHOBO/THBIX, c1a060C0JIOHOBATO-TIPECHOBOHBIX,
CPEIHECOIOHOBATO-TIPECHOBOIHBIX U CHIJIBHOCOJIOHOBATO-TIPECHOBOIHBIX BHJIOB, JJISI KOTOPBIX
0003HaYEHBI MaKCUMAaJIbHBbIC KOJUYECTBEHHBIE TPAHUIIBI TaJOTOJIEPAHTHOCTU. B comstHOBOTHOM
KOMIUIEKCE BBIJIEJICHA TpPYIMa BHJIOB, OOWUTAOIIMX B JAHANa30HE MHUHEPATU3AIUN  OT
CHJILHOCOJIOHOBATBIX 10 CONIIHBIX BoJ. Ocobo Bbimensiercst sBpuranuuHbii Bua Cladophora
glomerata, oTMe4eHHBII B OYCHD IIMPOKOM JHANa30HE MHUHEPATU3AI[HH BOJIbI.

B npenenax ycTaHOBIIEHHBIX TPYIII AUANa30HbI COJIEBBIHOCIMBOCTU KaXI0TO BUIA TaKXkKe
BeChbMa MHIMBUIyaJIbHBI, YTO MTO3BOJISIET HA UX OCHOBE U] depeHITupoBaTh 3KOOMOMOPGHBI TaXKe
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MOp(bOJ'IOFI/ILIeCKI/IX OYeHb OJIM3KUX BHUJIOB. HpI/I HCCICAOBAaHUU J3KOJIOI'MYCCKUX HHUIII BHUJI0B
MMpEACTABIAIOT HHTEPEC HE TOJBKO MAKCHMAJIBHBIC 3HAYCHUA JUAIIA30HOB I'aJIOTOJICPAHTHOCTH,
HO TaK)XXKC 1 MHMHHUMAJIbHBIC. BI/I,I[BI COJIAHOBOJHOI'O KOMIIJICKCA HE IMPOHUKAIOT B IIPECHBIC BOABI.
Taxxke OTMCUYCHO, qTo YIbTpAIIPECHBIC KHCJIBIC BOJBI C HU3KUM COACPIKAHUEM
FI/II[pOKap6OHaTHOFO HOHAa HC IIPUT'OAHBI AJIA Hpe,Z[CTaBHTeHeﬁ TUIIMYHO IIPECHOBOJAHBIX, YCIIOBHO-
IMPECHOBOAHLIX U COJIOHOBATO-IIPECHOBOJAHBIX I'PYIIII BUIOB.
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MOP®OJIOTUHYECKAS XAPAKTEPUCTUKA COCHBI OBBIKHOBEHHOM
(PINUS SYLVESTRIS L.) IPU ECTECTBEHHOM BO30OBFHOBJIEHUHN

HA OTBAJIAX KYMEPTAYCKOI'O BYPOYI'OJIBHOI'O PA3PE3A
(POCCHs, PECITYBJINKA BAIIIKOPTOCTAH)

A.R. Tagirov

MORPHOLOGICAL CHARACTERISTICS OF THE SCOTS PINE (PINUS SYLVESTRIS L.)
DURING NATURAL REGENERATION IN THE DUMPS OF THE KUMERTAU LIGNITE
SECTION (RUSSIA, THE REPUBLIC OF BASHKORTOSTAN)

AHHOTaLUS. Ha OTBaJIax Kymeprayckoro
oypoyroseHoro paspesa (KbP) otmeuaeTcs ycneniHoe
€CTECTBEHHOEC BO300HOBJIEHUE COCHBI OOBIKHOBEHHOW

(Pinus sylvestris L.). Ilens wucciemoBaHus -
0XapaKTepU30BaTh 0COOEHHOCTH aApXUTEKTYPbI
HaJ3¢€MHOM M TMOJ3EMHOM 4YacTe COCHbl TMpHU

€CTECTBEHHOM B0300HOBieHMH Ha otBamax KBP.
3amauy MCCIEeNOBaHMs: IPEICTABUTE XapaKTEPUCTUKY
MOP(OJIOTUYECKUX  OCOOCHHOCTEH  HAJ3eMHOW U
MOJ3€MHON 4YacTeil COCHbl OOBIKHOBEHHOW TMpH
€CTECTBCHHOM BO300HOBJICHHH; OXapaKTEPHU30BaTh
0CcOOEHHOCTH (hopmupoBaHUsI KPOHBI u
ACCUMIJIALIMOHHOTO  ammapara pacTeHUHl  COCHBI;
onucatb OCOOCHHOCTH (OPMHUPOBAHHMS KOPHEBOU
CHCTEMBI COCHBI IIPY €CTECTBEHHOM BO300OHOBIJICHHH Ha
otBatax KbP. MojenbHbie pacTeHHS BHIKAITLIBAINCH B
OKTSIOpe, YIAKOBBIBAINCH, TPAHCHOPTUPOBAIUCH H
XpaHWIUCh B CyXOM IPOXJIAAHOM MECTE€ UTOOBI He
JIOTYyCTUTh OChIMMaHusa XBoHW. Jlanmee mpoBoaMIIach
KaMepanbHasi 00paboTKa pacTeHUI: KOPHEBasi CHCTEMa
OTMBIBaJach OT cyOcTpaTa, IOCJIE Yero HM3Mepsuiach
olmiasi yIMHa PacTEeHUs, a TakXKe OTACIbHO IJIUHA
HaJI3¢EMHOM U MOJI3EMHON 4YacTel C OpHEHTauueu Mo
KOPHEBOH LIEHKe; ONpEAeIsIach IUPHUHA HAA3EMHON U
MOA3EMHOM 4YacTeil, u3Mepsuicsi AUaMETP KOPHEBOM
nieiiky. [IpupocTel pacTeHui N3MeEpsIIMCh, HAYMHAs C
nmpupocTa mocieanero roaa (2024 r.) u 3a npeApIIyIme
rojpl. OTAEABHO M3MEPSUTUCh KOJIUYECTBO, JJIWMHA H
Macca XBOHW, a TaK)Ke€ BEJMYMHA W Macca TOJMYHBIX
npupocToB. Bospact pacreHuil onpenensuics 1o
MyToBKaM (Jyna ¢ X2 u x10-KpaTHBIM yBEJTHUCHHEM).
Takxe BO3pacT pacTEeHU oNpeAemnsica 0 KOJIUYECTBY
TOIWYHBIX KOJIEI] Ha cpe3e (Ha YpPOBHE KOPHEBOM
mIedkn). AHaIM3  apXUTEKTyphl HAJ3eMHOH H
MOJ3E€MHON YacTeil MOoApOCTa COCHBI OOBIKHOBEHHOM
npu €CTECTBEHHOM BO300HOBIICHUN Ha
MPOMBIIIUIGHHBIX ~ OTBaJaXx  CBUAETENBCTBYET O
HEPABHOMEPHOCTH Pa3BUTHUS PACTEHHH. Y CTAaHOBIIEHO,
YTO IPH YCHEHIHOM POCTE COCHBI B BBICOTY M BBIXOZE
32  YPOBEHb TpPaBSHOTO IOKPOBA  MPOUCXOAMT

Abstract. Successful natural regeneration of
Scots pine (Pinus sylvestris L.) was noted at the
dumps of the Kumertau brown coal mine
(KBR). The purpose of the study was to
characterize the architectural features of
aboveground and underground parts of pine
during natural regeneration at KBR dumps.
Research objectives: to describe morphological
features of above- and underground pine parts
during natural regeneration, to characterize
crown formation and assimilation apparatus
features of pine plants, and to describe
formation features of root system in natural
regeneration process on KBR dump sites.
Model plants were excavated in October,
packaged, transported, and kept in a cool, dry
location to prevent needle shedding. Next, the
camera treatment of plants was carried out. The
root system was washed and the plant was
measured along the entire length of the plant,
separately measuring the length of aboveground
and underground parts guided by the root neck.
The width of above- and underground parts was
also measured, as well as the diameter of the
root neck and increments from the last year's
growth (2024). The number, length, and mass of
needles were measured individually, as were the
amount and weight of annual increments. The
age of plants was determined using a
magnifying glass with x2 and x10
magnifications. The whorls were also used to
determine the age of the plants. Additionally,
the number of rings at the level of the root necks
was used to estimate the age. An analysis of the
above- and below-ground architecture of Scots
pine  undergrowth  undergoing  natural
regeneration in industrial waste areas revealed
uneven development patterns among plants.. It
has been established that, with the successful
growth of a pine tree, height and beyond the
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JAJIbHENIINI aKTUBHBIA POCT U YBEJINYEHHUE Pa3MEPOB
KpOHBI JepeBa, a TaKKEe MAacChl OCEBBIX M OOKOBBIX
mpupocToB. JIJIsI COCeH 8-JETHEr0 BO3pacTa TaKHE
MoKa3aTelld, KaK JJIMHA HaJI3eMHOM YacTH, IIHpPHHA
HaJI3eMHOM 4YacTH, JJIMHA MOA3EMHOW YacTH, UIMPHUHA
MOJ3€MHOM 4YacTH, pa3Mepbl U Macca OCEBBIX U
OOKOBBIX TPUPOCTOB, a TAaKXKE KOJUYECTBO M Macca
XBOM OTIMYAIOTCSA. BBIIBIEHB HWHAWBUAyaIbHBIC
paziuuus B Pa3BUTHUU CESIHIIEB NPU €CTECTBEHHOM
Bo300OHOBIIeHNH Ha oTBaidax KBP, uto ompenmemnmsercs
WHJIUBUYaTbHON N3MEHYMBOCTHIO PACTCHHUM COCHBI.

TIpakTruueckas 3HAYUMOCTh pEe3yIbTaTOB
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level of grass cover occurs further active growth
and increase in the size of tree crown, as well as
mass of axial and lateral growth. For 8-year-old
pines, indicators such as length of aboveground
part, width of aboveground and underground
parts, size and weight of axial and laterals, as
well number and weight needles differ.
Individual differences in development of
seedlings during natural regeneration at CBD
dumps were identified, which is due to
individual variability in pine plants.

The practical significance of the research results
lies in establishing the role of forest crops
created during forest reclamation work at CBD
landfills in the natural regeneration process of
pine trees in disturbed landscapes. It is
theoretically and practically interesting to
characterize  the  formation of pine
cenopopulation in CBD landfill during natural
regeneration.

Key words: Scots pine; natural regeneration;
landfill reclamation; spoil heaps.
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BBenenue

Bormpockl 13MeHYHBOCTH MOP(OIOrHYECKUX TIPH3HAKOB XBOM COCHBI 00bIKHOBEHHOM (Pinus
sylvestris L.) B TOpHBIX W PaBHUHHBIX JICCOPACTHUTEIHHBIX YCJIOBHUSIX CBUCTEIBCTBYIOT 00
U3MEHYMBOCTH MPHUPOIHBIX MOMYJISIMIA COCHBI 00bIKHOBeHHOM [17; 12 11 3; 7].

[Toxazana BapHaTUBHOCTH MOP(OJIOTHYECKHX IOKa3aTele CEsHIIEB COCHBI 1O TaKuM
napaMerpaM Kak BBICOTa, JAMAMETP KOPHEBOM IIEMKH, KOJMYECTBO BEPXYLIEUHBIX IOYEK,
KOJIMYECTBO OOKOBBIX IMOOETOB, IJTMHA MaKCUMAJIbHOTO OOKOBOTO mobera, JIJTMHA XBOH, HAJIMYHE
TPEXXBOMHBIX OpaxnOIacTOB, a0COIOTHO CyXasi MaCChl XBOU, a0COTFOTHO CyXasi Macca CTBOJIMKOB
[13; 15]. Ilpu onenke ocobeHHOCTEH (HOPMUPOBAHMS TUTMEHTHOIO KOMITIEKCA XBOU COCHBI Ha
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TEXHOT'CHHBIX 3eMJISIX 0XapaKTEPU30BaHBI aalI THBHbBIC H3MEHEHUS ITMTMEHTHOTO KoMmIuiekca [ 14].
BrisiBneHbl HapylleHUsT pOCTa M Pa3BUTHUSA COCHBI MPHU PEKYJIbTUBALUMU JIPAKHBIX OTBAJIOB U
OTMEUYCHO MOXENTeHUEe XBOM y 12-metHux apeBoctoeB [6]. [lokaszaHo, 4TO yChIXaHHE XBOH
SIBJIAETCS TIEPBBIM MPU3HAKOM OTMHUPAHMS JAPEBOCTOSI COCHBI MPHU ACPUIMTE BOIOOOECTICUCHUS
[18].

B necocrennoii 3one 1oxkHoro Ilpemypanbsi B 30He pacnonoxenus Kymeprayckoro
OoypoyrosnbHoro paspeza (KBP) oTcyTcTBylOT ecTecTBeHHbIE JIECHBIE MAaCCHBBI COCHBI
o0bikHOBeHHOH. OTBasibl Kymeprayckoro 6ypoyroiabHOro pa3pesa pacroiosKeHbl Ha TPaHUIEe 30H
JIECOCTENH U Pa3HOTPABHO-IECPHOBUHHO-3JIAKOBBIX CTENEH B Mpejaenax aJIMUHUCTPATUBHBIX
rpanwui Kyroprasunckoro paitona Pecnyonuku bamkoprocran Poccuiickoit deneparuu. OTBanb
MPEJICTABIISIOT CMECh BCKPBIIIHBIX IMOPOJ (aJIEBPUTOB, MMECYAHHKOB, YTOJbHBIX OTJIOKECHHIA),
KOTOpBIE XapaKTepU3yrTCs ruApodoOHOCTHIO, B BECEHHE-IETHUI MEePHOJ] CUIILHO HArpeBaloTCs
u Tpeckatorcs. CiieryeT OTMETHTb, YTO B PErHOHE €CTECTBEHHBIX HACAXKICHUN COCHBI HE UMEETCS.
[Ipy 3TOM COBOKYNHOCTH MPHUPOJHO-KIMMATHYECKUX (DAaKTOPOB B IEIOM ONpedesseT
BO3MOYXHOCTh IIPOU3PACTaHUS COCHBI OOBIKHOBEHHOM B pErOHE, B TOM 4Kciie U Ha oTBainax KbP
[2]. B 19821986 rr. Ha orBanax KBP Obutn poBeIeHbI ONBITHO-IIPOM3BOACTBEHHBIE PAOOTHI 10
CO3/IaHHUIO JIECHBIX KynbTyp. Hacaxxaenusim cocHel 6onee 40 et u B TeueHue nocneanux 20 get
OTMEYAeTCs] €KEroJHOE YCHEIIHOEe IUIOJOHOLIEHUE JEepPEBbEB, YTO  MOATBEPIKIAETCS
Pa3HOBO3PACTHOCTHIO cestHIIeB COCHBI [ 10]. OcTaeTcst OTKPBITHIM BOIIPOC 00 0COOEHHOCTSX POCTa
Y Pa3BUTHUS CESTHIICB COCHBI Ha HaYalbHBIX ATAallax OHTOreHe3a. B 3ToMm ciyyae xapakTepucTHKa
MOJIETIbHBIX PACTEHUI MO3BOJISIET YCTAHOBUTH 3aKOHOMEPHOCTH (POPMHUPOBAHUS TOAPOCTA COCHBL.
AKTYyanbHOCTh MCCIIEIOBAaHUS 3aKJIIOYAETCs B OINPEJCICHUU MEPCIEKTUB E€CTECTBEHHOTO
BO300OHOBIICHUS COCHBI ITPH (POPMHUPOBAHUH JIECHOTO MOKpoBa Ha oTBanax KBP.

[enb paboThl — OXapakTepu30BaTh OCOOCHHOCTH apXUTEKTYphl HaJ3€MHON U TOJ3EMHOI
yacTeld cocHbl 0ObIKHOBeHHO# (Pinus sylvestris L.) mpu ecTecTBEHHOM BO300HOBICHHH Ha
orBanax KbP.

Jlnsa nmocTrykeHUs Ienud ObUTM ONpEeNeNeHbl CleAyrolue 3afaud: | — MpeacTaBuTh
XapaKTePUCTHKY MOP(OTOTHUECKHMX OCOOEHHOCTEH HAA3E€MHOW U TMOA3EMHOW YacTel COCHBI
OOBIKHOBEHHON TIPU E€CTECTBEHHOM BO300HOBIIEHHH; 2 — OXapaKTepH30BaThb OCOOECHHOCTHU
dbopMupOBaHHUS KpPOHBI M ACCHMWJISIIMOHHOTO armapara pacTeHWH COCHBI; 3 — oOmucarh
0CO0EHHOCTH (hOPMHPOBAHUS KOPHEBOW CHUCTEMBI COCHBI OOBIKHOBEHHOW MPH €CTECTBEHHOM
B0300HOBNEHNH Ha oTBas1ax KBP.

MarepuaJj 4 MeTOIbI

Pa6otsr npoBonunncsy Ha otBaniax KBP, Ha TeppuTopun yyacTka JecHON peKyiIbTHBAINH
(puc. 1).

UccnenoBanusi 1o BBIOOPY, BBIKOTIKE M XapaKTEPUCTHUKE MOJETBHBIX JIEPEBHEB COCHBI
MIPOBOJIMIIACH C YUETOM OOIIENPUHATHIX MeTo10B [1; 9].
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Jlechbie KyabTypbl
e ey

Puc. 1. KapTrocxema KkapbepHO-0TBAJILHOI0 KoMILIekca Kymeprayckoro 0ypoyrojibHoro pa3pesa
(Poccust, Pecnydiinka bamkoprocran). OTMe4eHO MeCTONOJI0KEHHE YYACTKA JIeCHOI
pexyabtuBanuu (URL: https://clck.ru/3Qrc2G; naxoaurcsi B OTKPBHITOM JIOCTYIIE)

MopnenbpHble pacTeHUsT COCHBI BBIKANbBIBAJINCh B KOHIE OKTsA0ps 2024 roma, B mepuon
BBIMA/IEHUSI OCEHHUX OCAKOB, UTO IMO3BOJIMIIO U3BJIEKATh PACTEHUS U3 TPYHTA C MUHUMAIBHBIMU
MOBPEXKACHUSIMA KOPHEBOW CHCTEMbI. BBIKONKa MPOM3BOAMIACH JIOIATAMH C  Y4E€TOM
OCOOCHHOCTEH CTpOEHHS U POCTa KOPHEBOWM cHUCTEMBbI COCHBI. [locie BBIKOMKH MoOjeIbHbIC
pacTeHUs yIaKOBBIBAIUCH U TPAHCIIOPTUPOBAIUCH IS XPAaHEHHS B XOJIOJHOE MTOMEIIEHUE, YTOOBI
HE JOMYCTHTh WX BBICHIXaHUS WM omajaeHus xBou. OOIIee KOJIUYECTBO MOJEIBHBIX PAaCTEHUI
CEesTHIIEB COCHBI cocTaBisieT 26 mT. B mganHO#N pa®oTe mpuBeneHa XapaKTEPUCTHKA 8-TETHHX
pacTeHHH.

Kamepanbnast 06paboTka MOJAETBHBIX JE€PEBHEB HAUYMHATIACh C 3aMayMBaHUS KOPHEBOM
CUCTEMBI OT/ICTFHBIX CESHIIEB B EMKOCTHU C BOJOW B TedeHHne 2—3 cyToK. OT KOpHEBOI CHCTEMBI
PY4YHBIM CIIOCOOOM  OTHENSUIMCH Pa3MOKIINE YacTHYKU TpyHTAa. Kaxkmomy pacTeHUio
IpUCBauBAJICd WHIUBUIYyalIbHBIH HoMep. [Ipous3Bonuianch U3MEpeHHs [UIMHBI U IIUPHUHBI
HAJ3¢MHOW M TOJ3€MHON YacTH, JUIMHBI BCErO CEAHIAa U AUAMETp KOpHEBOMW mieiiku. Jlanee,
OpPUEHTHUPYICh Ha KOPHEBYIO IIEWKY, C MOMOLIbI0 HOXKa OTAeNsIach HaJ3eMHas M IMOA3eMHast
4acTH MOJIENILHOTO JIepeBa.

Ilpu ananm3e HaA3€MHOM YacTH OTACISUICS NPUPOCT HA TEKYIIMH TOJ, a 3aTeM,
OpPUEHTHUPYSICh MO MYTOBKaM, OTJAEISUIUCH TOJAWYHBIE MPHUPOCTHI M0 OCHOBHOMY CTBOJIUKY [0
KOpHEBOW mIeWku. JIsi KakIoro oceBoro M OOKOBOTO MPHPOCTOB OMpPENETsICS BO3pacT
IPOBOIMIINCH H3MEPEHHSI JUTHHBI U uameTpa (mranreHiupkyins Epmak 150 mm, MT 001, IIITT-|-
150-0,1-1).

[Ipu xapakTepucTuke KOPHEBOW CUCTEMBI YUUTHIBAIUCH JJIMHA U IUAMETP IJIaBHOTO KOPHS
U KOpHEH 2-ro nopsaka. M3mepsuuchk niuHa (CM) MOJ3€MHOM Y9acTH (0T KOPHEBOM MICHKH 0
OKOHYaHUS KOPHEBOM CHCTEMEI 10 TIIyOrHE (hopMUpOBaHUS), IIUPHUHA TIOI3EMHOM YacTH (pa3Mep

|@®| 46




https://doi.org/10.36906/2311-4444/25-4/04 Tazupoe A.P.

KOPHEBOM CHCTEMBI 10 TOPU30HTAIBHOMY (DOPMUPOBAHUIO), JUITMHA [NIABHOT'O KOPHSI (OT KOPHEBOH
HIEWKHU 70 OKOHYaHUS IJIABHOTO KOPHSI C Y4€TOM H3TMOO0B), JJIMHA KOpPHEH BTOPOro MOpsIKa
(cymMmapHast JuInHa KOpHEH BTOPOTro Mopsiika) Ha MOJIEIbHOM PacTEeHUH.

OT npupocToB U 1MOOEroB ¢ y4ETOM BO3pacTa M IOJO0XKEHUS B KPOHE OTAESUIACh XBOSL.
IToncunThIBaIOCH KOJUYECTBO U JUIMHA XBOU HA OTAEIBHBIX IPUPOCTAX C yUETOM BO3pACTa.

Jlns ompezneneHus Macchl YacTH KaKJOr0 pPAcTeHUs C y4EeTOM BO3pacTa pasleiisiiv Ha
oceBble U OOKOBBIE IPUPOCTHI, XBOK, & TaKke 0Opa3slbl INIABHOTO KOPHS U KOpHEH BTOPOro
Hopsika; Bce 00pa3libl YMaKOBBIBAINCh B KOHBEPThl U BBICYIIMBAIMCH 10 BO31YLIHO-CYXOI'O
COCTOSIHUSL B TEPMOCYLIMJIBHOM IKady. [lamee npoBoAKUIOCH B3BELIMBAHUE 00pa3l0B HA Becax
(Professional Digital Miniscale TL-series).

OtnenbHble 3Tanbl paboT (GUKCHPOBAIMCH ¢ UCHOJIB30BaHUEM LU(pPOBOro (oroamnmnapara
(Nicon DA40).

[Tony4yeHHble naHHbIe 00padaThiBanKch B mporpamme Excel u Graph Pad Prism.

Pe3yabTaThl M 00Cy:KI1€HUE

IIpu pa3zpaboTke OypOYroJbHOTO MECTOPOKICHUS HAa TEPPUTOPUU KapbepPHO-OTBAIBHOTO
KOMIUIEKCAa OBlI TPaKTHUYECKH TIOJHOCTBIO pa3pylleH HPUPOJHBINH (PIOpOLeHOTHYECKUI
KOMILIEKC U chopMupoBaics TexHoreHHslit janamadr. Ha orBanax KBP B nepuox 19821986 rr.
IIPOBE/IEHBI OIBITHO-IIPOU3BOACTBEHHBIE Pa0OTHI MO JIeCHON peKyiabTuBauuu. ITo mpomectsun
JECATKOB JIeT C(GOPMHUPOBAIUCH JIECHBIE HAacaXJIEeHUS U HaONI0JaeTcsd eCTEeCTBEHHOE
BO300OHOBJICHHE COCHBI (puC. 2).

Puc. 2. JlecHble KyJIbTYpPbI U €CTECTBEHHOE BO300OHOBJIEHHE COCHbI 00bIKHOBEHH O
(Pinus sylvestris L.) na orBajiax Kymeprayckoro 6ypoyrojibHOro paspesa Ha y4acTke,
NPUJIEraoiieM K JECHBIM KYJIbTypam

C yueToM OCOOEHHOCTEH €CTECTBEHHOTO BO300HOBIIEHUS COCHBI U OTPHUIATEIHHOTO
BJIMSIHUS TPABSIHOTO MOKPOBA Ha POCT PacTeHUH, B EpBbIe Tofbl ku3Hu [8; 16], s netaibHOro
aHann3a MOPQOJIOTHIECKIX 0COOCHHOCTEN MCITOIh30BATINCH 8-JIETHHUE PACTCHHUSI.

[Tpu ecrecTBEeHHOM BO300HOBIICHHH 8-JE€THHUE PACTEHHS BCTYMAIOT B TEPHOJ] aKTUBHOTO
pocta W pa3BUTHs. MOOHMIM3AIMs POCTOBBIX IPOIECCOB OOECHEUMBACT BBIXOJ 3a MPEIEITBI
MPSIMOTO BJIMSIHHUS TPABSHOTO MOKPOBa. VI3BECTHO, YTO MO JOCTHKEHUH BBICOTHI mopsiaka 50 cM
MOJPOCT COCHBI C BBICOKOH BEPOSATHOCTHIO CHOPMHUPYET IMOJHOLEHHBINH apeBocToil [4; 5].
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[Tostomy juia 8-JIeTHUX PACTEHMI U3 COCTaBa €CTECTBEHHOIo B0300HOBiIeHMs Ha oTBasax KBP
MIPOBOJIUJIACH OIICHKA MOP(OJIOTMYECKUX XapaKTEPUCTUK HAJI3EMHOM U IMOA3EMHON YacTei.
JKCNepUMEHTAbLHAA YaCTh
Ha ocHOBaHWU BBINOJHEHHBIX PAa0OT MPEACTABICHA XaPaKTEPUCTHKA MOP(OIOTHIECKUX
OCOOCHHOCTEH 8-JEeTHHX pPAaCTEHUH COCHBI €CTECTBEHHOI'O BO300HOBIIeHUS Ha oTBasiax KBP

(puc. 3).

Puc. 3. ®ororpadun 8-1eTHHX cesiHIEB COCHbI 00bIKHOBeHHO¥ (Pinus sylvestris L.) ectecTBeHHOro
B0300HOBJIeHHsI Ha oTBasiax KymepTayckoro 6ypoyrojibHOro paspe3sa

Haozemnaa yacmp

Y MOJIENBHBIX 8-J€THUX JEPEBHEB COCHBI XapaKTEPH30BAIHCH OCOOCHHOCTH (HOPMUPOBAHHS
HAJ3€MHOW YacTH. YCTAHOBJICHO, YTO CyMMa TOJMYHBIX OCEBBIX MPHUPOCTOB y cocHBI Ne 19
cocraisieT 14,8 cM, y cocHbl Ne 7 — 15,2 cm, y cocHbl Ne 10 — 17,0 cM, y cocHBI Ne 23 — 23,2 cmM,
y cocHbI Ne 12— 76,1 cm (puc. 4A). Cymma JitiH OOKOBBIX IPUPOCTOB y COCHBI Ne 19 cocTapisier
10,8 cm, y cocabl Ne 7 — 5,8 cM, y cocHbl Ne 10 — 3,0 cm, y cocHbl Ne 23 — 30,1 cM, y cocHb Ne 12—
571,9 cM. DTu 3HAYEHHs TOJTYYEHBI B PE3yJIbTaTe M3MEPEHUH JJIMHBI MYTOBOK, OTJAEIBHO IO
OCEBOMY TPHUPOCTY M OTHECIBbHO MO OOKOBBIM mnpupoctaMm. [lokazarenbHO, 4YTO MOJENIbHOE
pacrenne Nel2 xapakTepusyeTcss MaKCUMaIbHBIMHU pa3zMepamu (puc. 3). [Ipu ycmemrHom pocre
COCHBI B BBICOTY M BBIXOJI€ 32 YPOBEHb TPaBSHOTO IMOKPOBA MPOMCXOAUT AKTHUBHBIA pOCT U
YBEJTUYCHHUE Pa3MEpPOB KPOHBI JIEPEBa, a TAK)KE MAaCChl OCEBBIX U OOKOBBIX MPUPOCTOB (puc. 4A,
puc. 4b).
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Puc. 4. XapakrepucTuka HaJ3eMHOH YacTH 8-JIeTHUX pacTeHUIl eCTECTBEHHOI0 BO300OHOBIEHUS
cocHbI 00bIKHOBeHHO# (Pinus sylvestris L.) (A — nyinHa 1 mMpuHa, cM; b — Maccea oceBbIX U
00KOBBIX MOOEroB, I)

[Tonydena xapakTeprucTuka OOKOBBIX MPUPOCTOB caMoceBa COCHBI. KonuecTBo 3HaueHUM
JUIS OTJENBHBIX CesHIIEB COCHBI OT 1 10 87. CpenHee 3HaUECHUE TOJUYHBIX OOKOBBIX MPUPOCTOB
coctasysteT ot 0,1 cm 1o 6,57 cm, MakcumainbHoe 3HadueHue — ot 0,1 cm 10 21,0 cM, MEHEMAaJIBHOE
3Hauenue — ot 0,1 cm 10 3,0 cm. CranmapTHoe oTKIOHEHHE uMmeeT 3HaueHue ot 0 10 4,98 cm, a
kod¢ddunment Bapuamuu — 10 157,3%. Ha ocHOBe omucaTenbHONW CTaTUCTHUKU YCTaHOBIIEHA
BBICOKAsl M3MEHYMBOCTb OCEBBIX M OOKOBBIX MPUPOCTOB, YTO OOYCIIOBICHO WHIUBUAYaTbHON
TPaeKTOPUEHN Pa3BUTHUS COCEH 8-TIETHErO BO3pAcTa, MPOU3PACTAIOIINX HA TEPPUTOPUU OTBAJIOB.

[TokazaHo, 4TO B ciIy4ae eCTECTBEHHOTO BO3OOHOBIEHUS YCIIEIIHbII POCT CESHIIEB COCHBI B
BBICOTY O0€CTeunBaeT BBIXOJ 3a MPEeNbl BRICOTHI TPABSHOTO MOKPOBA. DTO, B CBOIO OUEPE/lb,
MPUBOAUT K JaNbHEUIIEMY AaKTUBHOMY POCTY B BBICOTY U YBEIMYEHHUIO Pa3MEpPOB KPOHBI
pactenuii. Ha puc. 4 npeacTaBieHO OTHOUIEHUE JAJIMHBI K IIUPUHE CESTHIIEB COCHBL. Y MOJIEIbHBIX
nepeBbeB Ne 7, Ne 12 n Ne 23 nomuHuUpYyeT JUIMHA HA/J3€MHOW YacTH, a Y MOJIEIbHBIX JIEPEBHEB
No 10 1 Ne 19 — Gonee pa3BuTa MIUPHUHA HA3EMHON YaCTH. Y CTAHOBIIEHO, YTO 110 MAacCe OCEBBIX U
OOKOBBIX TMPUPOCTOB Yy PACTCHUN 3HAUMTENBHBIX OTIMYMN HeT. VckiaroueHue mpencTaBiseT
MozenbHoe aepeBo Ne 12, koTopoe sIBIIsIeTCS CaMbIM Pa3BUTBIM U3 8-J€THUX PACTEHUH.

YCnemHocTh pocTa W Pa3BUTHS PACTEHHM CBs3aHa C OOBEMOM AaCCUMUIISIIIHOHHOTO
anmapara. XBOsi COCHBI ObLIa pa3/ieieHa Mo Bo3pacTaM: OT 1-eTHel 10 S-neTHei. Y cTaHoBIIeHO,
YTO MO KOJIMYECTBEHHBIM XapaKTEPUCTUKAM XBOs |-JIETHEr0 Bo3pacTa JIOMUHUPYET Y JEPEBHEB
No 7, Ne 12, Ne 23. 'V nepeBbeB Ne 10 u Ne 19 B Gounbliieit cTenenu mpeacTaBieHa XBos 2-JI€THETO
Bo3pacta (puc. 5A). OnHako, MO Macce Ha KaXJOM 8-JIeTHEM JepeBe B OoJblled CTerneHu
npencrasieHa 1-netHss xBos (puc. 5b).
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Kak cnemyer u3 puc. 5, 1-meTHsAs XBOS B KOJMYECTBEHHOM OTHOIICHHHM HE BCETa
npeo0iagaeT y MOJEIBHBIX pacTeHHil. Y MojaenbHbIX AepeBbeB Ne 10 u Ne 19 pommuMpyeT
2-neTHss XBosi. [Ipu 3TOM 1Mo Macce y BceX CesSHIIEB COCHBI IOMUHUPYET 1-1eTHss XBosi. CiemyeT
OTMETUTh, YTO HAJIMYUE Y MOJICTbHBIX PACTCHUN KaK 2- U 3-JIETHEU XBOU SIBJIACTCS HOPMOU ISt
COCHBI OOBIKHOBEHHOU. DaKT COXpaHEHHS XBOM COCHBI JI0 Bo3pacTa 4 W 5 JIeT — IOKasarelb
MIPUCTIOCOOJICHUS K SKCTPEMAIbHBIM YCIOBUSM MTPOU3PACTaAHUS.
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Puc. 5. XapakrepucTuka XBOM Pa3HbIX BO3PACTOB 8-J1eTHUX PACTEHH eCTECTBEHHOI0
B0300HOBJIEHHS COCHBbI 00bIKHOBeHHO# (Pinus sylvestris L.) (A — koJuuecTBO XBOH, Yo;
B — macca xBou Ha pacrenun, %0)

MopnenbsHoe nepeBo Ne 7 sBisieTcss OAHMM U3 CIA0BIX B IUIAaHE Pa3BUTHS KaK OCEBOIO U
OOKOBBIX MPUPOCTOB, TAK U KOPHEBOM cucTeMbl. Calbblil pOCT U OTCYTCTBHE MHOT'OJIETHEH XBOU
CBUJIETEJILCTBYET O COINPSKEHHOW peaklMU CHWKEHUS Pa3BUTHS KOPHEBON CHUCTEMBI, a TaKXke
COKpallleHUs] 0ceBOro M OOKOBBIX mpupocToB. [Ipm 3ToM HaOdIOAaeTcs KOMIIEHCATOpHAas
aJlalTUBHASI peaklys TaKUX PAaCTEHUH 3a CUET YBEIMYEHHUs KOJMYECTBA U Macchl 1-JIeTHEN XBOU.
D10 cBOeoOpa3zHas peakiusi pacTeHUs, KOTopas 00eCTIeunBaeT BBDKUBAHUE CAMOCEBA COCHBI.

Iloozemnan wacmeo

YcraHoBIGHO, YTO MHHHMAJIbHAS JJIMHA TOJ3EMHOM YacTH COCHBI COCTaBIIET 5,4 cM,
MakcuMalibHas — 39,5 cM. MuUHMManbpHas MUPUHA MOJ3EMHOM YacTH COCHBI cocTaBigeT 1,0 cm,
MakcuMmaibHast — 49,5 cum.

MuHrManpHOE 3HAYEHHWE Macchl KOpHEH Broporo mnopsaka cocrasimsger 0,011 1
MakcuManbHOe 3HadueHne — 9,963 r. CpenHee 3HAUE€HHE MacChl KOPHEW BTOPOro MOpPSIKa
cocraBnsier 1,305 r (crangapTHoe OTKJIOHeHME — 2,293 1, craHgapTHas ouMbOKa CpeaHero
sHaueHust — 0,459 r). Koadumuent Bapuammu 175,7%.

O0cy:xnenune pe3yjJbTaTOB

Bricokne 3HaueHus kod¢pduireHTa BapualUu CBUICTEIBCTBYIOT 00 WHAMBHIYaJIbHOM
TPaeKTOPHUH Pa3BUTHUS KaXKIOTO OTJEIBHOIO PACTEHUSI COCHBI IIPU €CTECTBEHHOM BO300HOBJICHUU.
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OTO0 cieyeT U3 XapaKTePUCTUKH CESHIIEB COCHBI §8-JIETHETO BO3pacTa (BO3pacT OMpEeeIieH I0
OCEBBIM MPUPOCTaM), IPOU3PACTAIOLIUX HA TEPPUTOPUH OTBAIOB (Tal. 1).

Pactenus 8-etHero Bo3pacTa pa3ianyaroTcs Mo JMHEHHBIM IMOKa3aTeNsIM U Macce KOPHEBOM
cucremsl. JlyinHa moa3eMHO# yactu Bapeupyercs oT 10 cm 10 34 cM, mupUHa MOA3EMHON YacTu
ot 11 cM 10 54 cM, macca maBHOro KOopHs OoT 0,204 1 10 19,344 1, Macca KOpHE BTOPOro mopsiaka
ot 0,121 r 10 9,963 r.

MonensHoe aepeBo Ne 7 umeeT HauMEHbIIME TOKA3aTEeNN AJIMHBI [TOI36MHON YaCTH, MAaCChI
[JIaBHOTO KOPHS U KOpPHEH BTOPOTO MOPSIIKA.

Tabnuna 1
XapakTepHCTHKA KOPHEBOii CHCTeMBI COCHBI 00bIKHOBeHHOI (Pinus sylvestris L.) ecrectBenHnoro
B0O300HOBJIEHHSI HA TeppuTOpuM 0TBaI0B KyMepTayckoro 0ypoyrojibHOro paspesa

Jnuna IIuprHa Macca Macca
No Bo3pacr, . . N
MOJ3EMHOM MOJ3E€MHOI | IVIABHOT'O KOPHS, KOpHEH BTOporo
JepeBa neT
qacTu, CM qacTu, CM TI. rnopsaka, r.
7 8 10,0 17,5 0,204 0,121
10 8 14,0 13,0 0,492 0,184
19 8 16,0 11,0 0,256 0,302
23 8 20,5 14,5 0,842 1,181
12 8 34,0 54,0 19,344 9,963

VY wmopenbHoro nepesa Ne 10 juiMHa M IIUpHHA TMOA3EMHOM YacTU NPAKTHYECKU HE
otiauyaroTcs. MozenbHoe aepeBo Ne 19 umeeT HaMMEHbIIKME pa3Mephbl 110 UIMPUHE [OA3EMHON
4acTH U3 MPEACTABICHHBIX 8-JIETHUX MOJEIBHBIX JIE€PEBHEB.

s monenbHoro nepeBa Ne 23 xapakTepHO cOaJaHCHPOBAHHOE pPa3BUTHE KOPHEBOM
CUCTEMBI 110 MTOKA3aTeNsIM IITyOUHBI U IIHPHUHBIL.

MonenbsHoe nepeBo Ne 12 siBnsieTcsi caMbIM pa3BUTBHIM U3 §-JIETHUX MOJENIBbHBIX JI€PEBLEB.
OtmeTHM, 4TO HaJA3E€MHAas 4YacTh y 3TOT0 PacTeHHUs TaKKe Harbosiee pa3BUTask U 3TO 3aKOHOMEPHO.

B nenom ormeuaercs ycneniHoe (GopMUPOBaHNE KOPHEBOW CHUCTEMBI CESIHIIEB COCHBI IIPU
€CTECTBEHHOM B0300HOBJIeHNHU Ha oTBaiax KBP.

3ak/royeHue

JlepeBbst cocHbl OOBIKHOBEHHOW B JIECHBIX KyJIbTypax Ha oTBanax Kymeprayckoro
OypOyToJIbHOTO pa3pe3a €KerofHo IUI0J0HOCAT Ha MPOTSHKEHUH MOCIEIHUX ABYX JNECSITHIICTUH.
[Toctynuienue ceMsiH B T€UE€HHE JJIMTEIBHOIO MepHoja 00ecleuynBaeT yCIEeIHOe eCTECTBEHHOE
BO300HOBJICHHE COCHBI Ha OTBajaXx.

AHanmM3 apXUTEKTYPhl HAJI3EMHON M MOJA3EMHOMN YacTei MOJPOCcTa COCHBI OOBIKHOBEHHOM
IIpH €CTECTBEHHOM BO300HOBJIEHHHM Ha MPOMBIIUICHHBIX OTBaJlax CBHJIETEIBCTBYET O
HEPAaBHOMEPHOCTH pa3BUTHUsS pacTeHuM. 11 coceH §-JIeTHEro Bo3pacTa TakWe MOKA3aTeNH, Kak
JUIMHA HAJ3€MHOM 4YacTH, IIMPUHA HAA3€MHOW YacTH, JJIMHA MOJ3E€MHOM 4YacTv, IIMpPHUHA
MO/I36MHOM YaCTH, pa3Mephl K Macca OCEBBIX M OOKOBBIX IPUPOCTOB, a TAKXKE KOJIMUECTBO U Macca
XBOM OTAMYalOTCs. Pasznuuus oOycNOBJI€Hbl H3MEHUYMBOCTHIO COCHBI M HWHAMBUAYAJIbHOMN
TpaeKTOpuel pa3BUTHSI KaKJIOTO PACTEHHUS.

Mopdonoruueckuid  aHamu3 MOJENbHBIX JE€PEBHEB COCHBI  §-JIETHErO  BO3pacTa,
MIPOU3PACTAIOIINX B CXOAHBIX YCIOBUSX, O3BOJISIET YCTAHOBUTH Pl OCOOCHHOCTEH:
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— pacTeHus pa3IUyYaloTCs MO BHICOTE W LIMPUHE HAA3EMHOM YacTH, pazIUYaroTcs IO
IyOMHE U MIUPUHE KOPHEBOM CUCTEMBI;

— pacTeHHsI COCHBI IIPU €CTECTBEHHOM BO300OHOBIICHUH XapaKTEPU3YIOTCS KaK BbIPAKECHHBIM
BEPXYIIEYHBIM IPUPOCTOM, TaK U POCTOM OOKOBBIX TOOETOB;

— Ha MOJEJIbHBIX 8-JIETHUX PACTEHUSX COCHBI BO3PACT XBOU COCTABISET OT 1 roja 1o 5 jer;

— Ha MOJEIIbHBIX JIEPEBBAX COCHBI 1-JIETHSS XBOS, KaK MpaBHIIO, IpeobsiafjaeT Kak o
KOJIMYECTBY, TaK U IO Macce;

— KOpHEBasi CUCTeMa MOJENIbHBIX JIEPEBHEB PAa3BUBAETCS MPOIMOPLHUOHAIBLHO HAJA3E6MHON
YacTH, YTO SBJISIETCS MOATBEPKACHUEM COATaHCUPOBAHHOTO PA3BUTHSI PACTCHU.

BrisiBieHHast ©3MEHUYMBOCTH MOP(OJIOTHUECKUX XaPAKTEPUCTUK §-JIETHUX PACTEHUI COCHBI
P €CTECTBEHHOM BO30OHOBICHUH SIBISIETCA OTPaXXCHHEM aJalTHBHBIX peakuuid Ha
JKCTpeMallbHbIE YCIIOBUS IMPOM3pACTaHMsI Ha OTBajiaX OypoyrojbHOro MectopoxkiaeHus. [Ipu
€CTECTBEHHOM BO300HOBJIICHUU MPOUCXOIUT YCIEIIHBIH POCT M Pa3BUTHE PACTEHUI COCHBI, UTO
o0ecrevynBaeT pacliupeHre TEPPUTOPUH JIECOMOKPHITOMN TUIOIIAIU Ha OTBAJIAX.

Hccnedosanus evlnonnenst Ha 060py008aHUU YeHMPA KOJLIEKMUBHO20 NOJb308aHUs «A2udenvy 8
PAaAMKax niaHoeulx ucciedosanuii no orooxcemuou meme Ne 123020700152-5 FMRS-2023-0008
«Yemotiuusocmo necoobpasyrowux opesecHvlx U008 U IK0I020-0UoI02UdecKue adanmayuu ¢

Vuemom anmpono2enHol mpanc@opmayuu 1aHOuUapmuo-npupoOHbIX KOMIIEKCO8).
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OCOBEHHOCTH CE30HHBIX PUTMOB POCTA 1 PA3SBUTHS ITPEACTABUTEJIENA
POJJA COREOPSIS L. 1 HAKOIIVIEHUE B UX COUBETUAX AHTUOKCHUJAHTOB

E.S. Chichkanova, O.A. Grebennikova

FEATURES OF SEASONAL RHYTHMS OF GROWTH AND DEVELOPMENT OF
REPRESENTATIVES OF THE GENUS COREOPSIS L. AND THE ACCUMULATION OF
ANTIOXIDANT SUBSTANCES IN THEIR INFLORESENCES

AnHoTanus. B cratbe mnpuBENEHBI PE3yIbTATHI
U3y4eHUsT OCOOCGHHOCTEH pocTa W pas3BUTUA S
UcciIeayeMbIX mpezacraButeneii poma Coreopsis L.
C. basalis (A. Dietr.) S.F. Blake, C. grandiflora
Hogg. ex Sweet., C. grandiflora cv ‘Plena’, C.
lanceolata L., C. major Walt., npouspacraronmx B

YCIOBUSIX  OTKpBITOro  rpyHra  Huxurckoro
6otannueckoro cama. OmpezneneHo copepxKaHue
CyXOro BeIIECTBA, AaCKOPOMHOBOH KHUCIIOTHI H

KapOTHHOMJIOB B COLBETHAX OTUX PacTCHUM.
Y CTaHOBJIEHO, YTO U3YYEHHBIE IIPEICTABUTEIN POJA
Coreopsis, B yclnoBusix HHTpOAyKIUH Ha FHOkHOM
Oepery KpbiMa mpoXomsAT MONHBIA WIHKI pOCTa U
Pa3BUTHS, BKJIIOYAsl LBETEHUE U IIOJOHOIIEHUE. Y
sumpoB C. basalis, C. grandiflora u copra C.
grandiflora cv ‘Plena’ mactynarot noBTopHbIe (ha3bi:
«OYTOHM3ALMS» W «UBETEHHE», C TOCIEIyIOIIM
HACTYIJICHUEM TOBTOPHOW (ha3bl «ILIOJOHOIICHUEY.
OmnpeneneHo KIOYEBOE 3HAUYEHHE OMOJIOrMYEecKOro

MHUHMMYyMa TeMIeparypel Bo3ayxa or +5,0°C
HE00XO0ANMOE JUTST Hayvaja HACTYIUICHHUS
BEreTallMOHHOTO  Tepuojia y  pacTeHud U

HacTymieHus1 (a3 TeHepaTHBHON cdepbl pasBHUTHSL.
YcTaHOBIEHBI CyMMBI ~ aKTHBHBIX  TEMIIEpaTyp
BO3/lyXa, HAaKaIlUIMBaeMbIX K Hadyaly HACTYIUICHUS
da3z «Oyromamus» (ot 696,9°C mo 2271,8°C),
«uaBetenue» (ot 1068,2°C  mo  1301,2°C),
«ononomenre» (ot 1694,0°C mo 2568,8°C) mns
pasHeIXx  mpexacTaBuTeneii  poma  Coreopsis.
HanGonpiryro  KOHIIGHTpalUMIO  aCKOPOMHOBOWM
KHCJIOThI ¥ KAPOTHHOHUIOB B COIBETHSX, HAOJIO1a)IN
y C. grandifloracv. ‘Plena’, C. lanceolatq, C. basalis.
BhICOKHM cOJiepKaHUEM CYXUX BEIIECTB OTINYATHCH
C. lanceolata u C. major. Takum oGpazom, Ooiee
MIPHUCIIOCOOJIEHHBIMU MPeICTaBUTEIIIMHU poa
Coreopsis kK 3KOJOTO-KIIHMATHYECKAM YCIOBHSM, B
YaCTHOCTH, K TEMIlepaType BO3Iyxa SIBISIOTCS
nsyuennsie Buasl — C. basalis, C. grandiflora, C.
lanceolata. B c¢BA3M ¢ [0OCTAaTOYHO BBICOKAM
COJICP)KAHUEM B PACTUTEIILHOM CHIPhE STHX PACTCHUI
KapOTHHOM/IOB U aCKOPOMHOBOM KHCIIOTHI, HX MOXHO
CUMTATh  IEPCHEKTUBHBIMU  KyJIbTypaMu IS

Abstract. The article presents the results of a study
of the growth and development characteristics of
five studied representatives of the genus Coreopsis
L. — C. basalis (A. Dietr) S.F. Blake, C.
grandiflora Hogg. ex Sweet., C. grandiflora cv
‘Plena’, C. lanceolata L., C. major Walt. growing
in the open ground conditions of the Nikitsky
Botanical Garden. The content of dry matter,
ascorbate and carotenoids in the inflorescences of
these plants was determined. It was established
that the studied representatives of the genus
Coreopsis, under the conditions of introduction on
the southern coast of Crimea, undergo a full
growth and development cycle, including
flowering and fruiting. In the species C. basalis, C.
grandiflora and the variety C. grandiflora cv
‘Plena’, repeated phases of “budding” and
“flowering” occur, followed by the onset of a
repeated phase of “fruiting”. The key value of
biological minimum air temperature from +5.0°C,
necessary for the onset of the growing season in
plants and the onset of the generative development
phases, has been determined. The sums of active
air temperatures accumulated by the onset of the

following phases have been established:
"budding" (from 696.9°C to 2271.8°C),
"flowering" (from 1068.2°C to 1301.2°C),
"fruiting” (from 1694.0°C to 2568.8°C) for

different representatives of the genus Coreopsis.
The highest concentration of ascorbic acid and
carotenoids in inflorescences was observed in C.
grandiflora cv. ‘Plena’, C. lanceolata, C. basalis.
C. lanceolata and C. major were distinguished by
a high dry matter content. Thus, the studied species
of the genus Coreopsis — C. basalis, C.
grandiflora, and C. lanceolate — are better adapted
to ecological and climatic conditions. Due to the
relatively high content of carotenoids and ascorbic
acid in the plant material of these plants, they can
be considered promising crops for the
pharmaceutical industry. It should be noted that
further in-depth study of certain pharmacological
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(apManieBTHUecKoi mpoMblnuieHHocTH.  Creayet
OTMETUTh, HYTO B JaJIbHEHIIEM 1enecoo0pa3Ho
MPOBOANTE 0OoJee TIIyOOKOe HM3y4eHHE HEKOTOPBIX
(apMaKoJOTHYECKHX  IOKa3aTeled, a  Takke
XO3S5IICTBEHHO-TIEHHBIX, arpOTEXHIYECKUX
MPU3HAKOB BBIIIE TPEACTABICHHBIX BHIOB, C
nocieayouen BO3MOYKHOCTBIO MIPUMEHEHUS
PacTUTENBHOTO CBIPbS KOPEOIICHUCOB B
(hapmareBTHIECKON UHIYCTPHH.

KaioueBble cji0Ba: KOPEONCHCH, (EHOIOTHS;
acKopOMHOBasi ~ KHUCJIOTa; KAapOTHHOHIBI, CyXO€
BEIIECTBO; OTKPBITHIN CPYHT; Huxurckuit
Ootannueckuii can; FOxusenii 6eper Kpeima.
Cpenennss 00 aBrTopax: UYwnukanoBa Enena
CepreeBHa, SPIN-kox: 4703-2678, kan. OHoJI. HAYK,
Opnena Tpynosoro Kpacnoro 3namenn Hukutckuit
Oorannueckuii cag — HanuoHanpHBI Hay4YHBINA

indicators, as well as the economically valuable
agronomic traits of the above-mentioned species,
is advisable, with the subsequent potential use of
coreopsis plant material in the pharmaceutical
industry.

Key words: coreopsis; phenology; ascorbic acid,;
carotenoids; dry matter; open ground; Nikitsky
Botanical Garden; Southern Coast of Crimea.
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Beenenune

Pox Coreopsis L. (cemeiictBo Asteraceae) oObeauHsIET BHIBI C MPUPOJHBIM apeaioM B
Cesepnoii, lLlentpanbHoit m IOxHON AMepuke. B OCHOBHOM NpenCTaBUTENN 3TOr0 poja
WCIOJIL3YIOTCSL B O3€JIEHEHUH, B MUIIEBON ((puTOUan) U IErKoi (KpacUTenu) MPOMBIIIIIECHHOCTH
[22].

Buast poga Coreopsis BeI3bIBAIOT 0COOBIH HHTEpEC. B HacTosIee BpeMst uMeeTcst psij padoT,
MOCBAIIEHHBIX HM3YYCHHIO OmoxumMmmueckoro cocraBa [1; 3; 5; 20; 25-27], Ouonormdeckoi
AKTUBHOCTH [6], CE30HHBIX pUTMOB pocTa u pasButus [10; 13; 24], TMHAMHUKN KOJUIEKITMOHHBIX
doumoB poma Coreopsis [8; 21]. DTu acmekThl W3ydarOT Ui OMPEAETICHUS BO3MOKHOCTH
MIPUMEHEHUS PACTUTEIBHOIO ChIPhSi KOPEOIICUCOB B MUILEBON U (apMalleBTUUECKON OTpacisax
mpoMbIlIUIeHHOCTH. VI B mMeauiuHe. A Taxke Il BHEAPEHHS HOBBIX BHUIOB M COPTOB POJia
Coreopsis B komteknuu 6otanndeckux Camos [10].

B xomnexnum Hukutckoro GoTaHuueckoro caga, pacmosioxkeHHoro Ha HOskHOoM Oepery
Kpeima (FOBK), B 30He cyxoro cyOTpONMYECKOTO KJIMMAaTa CpPeJU3eMHOMOPCKOTO THIIA
HHTPOIYKIIMOHHOE H3yUEHHUE IPOXOIMIHN mecTh BUI0B poaa Coreopsis: C. basalis (A. Dietr.) S.F.
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Blake., C. grandiflora L., C. lanceolata L., C. longipes Hook., C. major Walt., C. tripteris L., 1
dopma — Coreopsis tinctoria f. atropurpurea (Hook.) Fernald u aBa copra: C. grandiflora “Plena”,
C. lanceolata “Sterntaler”.

Leap padoThl: Ha OCHOBE KOMIUIEKCHOTO aHaiu3a (M3ydyeHusi OCOOCHHOCTEH pocTa U
pa3BUTHUSA, OMpPENETICHUs] COJEP>KaHUs HEKOTOPHIX AHTHOKCHJIAHTOB B COLIBETUSX PACTCHMIA)
HY>KHO BBISIBUTH Hau0oJiee MepCIeKTUBHBIE JIJIs1 BO3MOXKHOTO MPUMEHEHUS B (hapMaleBTUUECKOI
UHIyCTpUH BUbl poaa Coreopsis.

B cBs13u ¢ MOCTaBIEHHON HeJIBIO, 33/Ja4aMU HAIlIMX UCCIIEJOBAaHUM SBIISIIOCH:

— U3Y4YEHUE CE30HHBIX PUTMOB POCTA U PA3BUTUS KOPEOIICUCOB;

— OIpe/ieNIeHUe CoepKaHUsl aCKOPOMHOBOI KUCJIOTHI U KapOTUHOUIOB B colBeTusix — C.
basalis, C. grandiflora, C. grandiflora cv. “Plena”, C. lanceolata, C. major pomxa Coreopsis,
MPEJICTABICHHOTO B KOJUIEKIMKU HUKUTCKOrOo 60TaHMYECKOro caa.

Metoab! ucciaenopanusi: O0beKTaMU UCCIIEIOBAHUS SBISLTUCH MATh MPEACTaBUTENEH poaa
Coreopsis L.: C. basalis (A. Dietr.) S.F. Blake, C. grandiflora Hogg. ex Sweet., C. grandiflora cv.
“Plena”, C. lanceolata L., C. major Walt.

[Tomyuensl cpenHue naThl HACTYIUIEHUS (peHonoruueckux (a3 M3y4eHHBIX BHJIOB poJia
Coreopsis3a 2020, 2021, 2023 rr., a TakKe MPOBEAEHA HX CTATUCTHYECKAst 00pabOTKa C IIOMOIIBIO
nporpammsl Statistica 5.0.

OLeHKa CEe30HHOrO pocTa M pa3BUTHUSL Y KOPEOIICHMCOB MIpOBEJEHa corjacHo «Meroauke
denonornyeckux HaOmomeHmit B Ooranmdeckux Camax CCCP» [12]. IlpuBomutcs
XapaKTepUCTHKA MPUPOIHBIX YCIOBUH 3aMaIHOTO F0XKHOOEPEKHOT0 CyOTpOnUYecKoro paoHa (ot
Mpica Al 1o ropsl Kacrens, BKiItOuas 3eMiM TOPOJACKOTO OKpyra SnTel M 3amagHOM 4acTh
TOPOJICKOTO OKpyra AJyIIThI).

Knumar 3acymuBblil JKapkuil CyOTpONIMYECKUH, ¢ yMepeHHO-Terol 3umon. CpemHss
rojoBas Temmeparypa Bo3ayxa — +12,0-+14,0°C xonognoro mecsina (deBpansb) — +2,5—+4,5°C,
camoro Temjoro (urousb, aBryct) — +23,0—+25,0°C. beamopo3nslii nepuos miaurcs 259 nHei,
BereranlnoHHbld — 212. Cymma temneparyp Bbime 10,0°C cocraBnser 3940°C. Ilpu rogosom
KonuuecTBe ocankoB 550 MM, B BererallnoHHoe BpeMs Beinagaet 260 mm. ['ogoBas ncnapseMocThb
Bosbl — 900-1100 mMMm. Penped crymeHuaro-TeppacHblii, OBpaXkHO-0an04HbIN. PaguannoHHbIH
6ananc FOxHOGEPeRHOTO KITMMATHIECKOTO PaifoHa paBeH — 53 KKkan/cM%, IpUdeM Ha HCTIapeHHe
pacxonyercs 21,6 kKxan/cm>.

[To MHOrONETHUM AaHHBIM ArpomereocTaHnMu HHUKHATCKOro caga, MOCeNnKa ropoJICKOTO
tunma (manee — nrr) Hukwra, kak MecTta MHTPOAYKIMHM MPEACTABUTEICH H3y4aeMoro poja,
KJIMMaTHYeCKHEe yCIOBHs Ha TeppuTopuu HUKUTCKOTO caja XapakTepHu3yroTcs TOA0BOMH HOPMOI
ocagkoB — 589 mm, abcomtoTHBIM MUHUMYM TemmepaTyp —14,6°C. AOCOMIOTHBIH MaKCUMyM
+39,0°C, cpennss rogosas temmeparypa — +12,4°C.

IIpuBoauM cBEEHMS O HEKOTOPBIX HKOJIOrO-KIMMaTH4ecKuxX ycinoBusax 3a 2020, 2021,
2023 rr. (Tabmn. 1-3).
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Tabmuma 1

Cpennne apupmernyeckue 3Hadenns temneparypsl (°C) Bo3ayxa zommndka
cpendero (M=m) 3a roabl ucciaexosanus (2020, 2021 u 2023) B nirr Hukura,

Hukurckuii 00TaHMYecKUui caa

I'on Arnpeinb Mait WroHb Wroib ABrycr CeHTs10pb
2020 9,5+0,6 19,7423 19,1£1,8 26,5+1,9 23,6+2,2 234+1,5
2021 9,2+0,7 16,4+1,4 19,7+2,6 28,7+1,8 24.2+1,7 19,7+£2,9
2023 12,0+0,6 17,6+1,4 20,9+0,6 24,0+0,3 28,1+0,4 21,0+0,5

Tabnuma 2
Cpennue apupmeTrnyeckre 3HAYCHUA BJIAKHOCTH BO31YXA BbIPAKEHHOH
B % ommoOka cpeanero (M+m) 3a roasl ucciegopanus (2020, 2021 u 2023)
B nrt Hukura, HUKuTCKHNI 00TAaHHYECKHH caj

l'on Anpenb Mait WroHb Wronb ABrycr CeHTs0pb
2020 | 63,0£1,5 62,042 69,0+1,5 53,04+2,5 53,0£3,0 54,04+2,0
2021 | 60,2+1,2 65,0+1 70,3+1,2 58,3424 53,642,3 55,0+4,5
2023 | 74,017 48,0+1,5 75,04+2,8 58,0+1,7 50,0+2,4 51,0+2,3

Tabnuua 3

Cpennne apugmMeTnyecKue 3HAYECHUS 0CAAKOB (MM) tommoOKa cpeanero (M=+m)
3a roabl ucciaeaoBanus (2020, 2021 u 2023) B nrt Hukura, Hukurckuii 6oTaHu4ecKuii caja

Ton Arnpenb Maii Hronb Wronp ABrycr CeHTs0pb
2020 16,4+5,0 30,7+7,0 34,2+1,0 4,9+1,2 1,6+0,8 0,4+0
2021 15,9+1,2 6,0£5,6 59,0+1,0 29,5+4,5 48,8+10,0 16,6+1,2
2023 8,1+1,0 4,0+3,0 30,9£1,2 2,4+2.3 1,3+1,0 0

CyMMy HaKOIUIGHHBIX AaKTUBHBIX TEMIIEpaTyp BO3ayXa (MPU KOTOPBIX Y pacTEHUM
HacTynaiu (asbl: «BETreTalus», «0yTOHU3AIUN», KIIBETCHUEY, «IIJIOJIOHOIICHHEY), PACCUUTHIBAIIN
coriacHo Metoaudeckomy nocoowuto JI.C. Kenpuerckoii [11].

COop couBeTuit sl OMpeneNeHusT KOHIIEHTPAIMH aHTUOKCUIAHTOB OCYIIECTBIISUIA TPU
MacCOBOM U OOMJILHOM IIBETEHHH KOPEOTICUCOB B MEPUO]] C MEPBOM 1O BTOPYIO JEKAIbI UIOHS, a
s C. basalis — B tpersto nexany wutons (puc. 1). Bce oroOpaHHBIE COIBETHS KOPEOICHCOB
WCTIONB30BaM JIJII W3BJICUEHUS W JATBHEUIIEr0 WCCICAOBAHUS COJEPKAHUS HEKOTOPBIX
OMOJIOTMYECKN AaKTUBHBIX BEHIECTB (ACKOPOMHOBOW KHCIOTHI, KapOTHHOWJOB). Ompeaensin
MPOLIEHTHOE COJAEpKaHME CyXoro BemiecTBa. KOHIEHTpanui0 acKOpOMHOBOM KHUCIIOTHI
OTIpeIeIISUTH HOJOMETPUIECKUM TUPOBaHUEM [ 14], KapoTHHOUIOB — CMIEKTPOGHOTOMETPUUECKH B
aleToOHOBBIX FKcTpakTax [15]. ConepkaHue Cyxoro BELIECTBa ONPEAEISIN TPaBUMETPUUECKUM
MeroaoMm [15]. Cratuctudeckyro oOpabOTKy JaHHBIX MPOBOJUIN C MOMOIIBI) METOIUYECKOTO
B.A.

cpenHeaprdmMeTnyecKkue 3Ha4eHHsl + OMNUOKa CPEeTHETO.

nocobuss  MarseeBa «Crartuctuka» [9]. Ha pucynke 2  mnpeacTaBieHBbI

Pe3yabTaThl
Oco0eHHOCTH CE30HHBIX PUTMOB POCTa U Pa3BUTHS KOPEOIICHCOB B YCIOBHUSIX OTKPHITOTO
rpyata B Hukurckom OortanmueckoMm cany. Kopeomcue (mar. Coreopsis L.), ITapmkckas
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Bce wuccnenyembie mpezcraButend poia COreopsiS SBISIOTCS —pPaHHEBErCTHPYHOLIMMHU
pacTeHussMH. Y KOTOpBIX POCT HacTymajl B Hauaje mnepBoil Jekaasl mapra (02.03+2 nus), npu
IIOBBILLIEHNY TeMIIepaTypsl Bo3ayxa ot + 5,0°C.

Mapr Anpennb Maii Hronn Hromn Asrycr Centsdpn OxTa6pn
March April May June July August September October
Coreopsis basalis (A. Dietr.) S.F. Blake
2020 rox

2021 rox

2023 ron

Coreopsis grandiflora Hogg. ex Sweelt.
2020 ron

2021 rosx

2023 rox

Coreopsis lanceolata 1..
2020 rox

2021 roax

2023 roa

Coreopsis major Walt.
2020 roa

2021 roa

2023 rox

Coreopsis grandiflora cv ‘Plena’
2020 rox

2021 rox

2023 rox

uBeTeHHe

jereranus Oy ToHH3aUHS

Puc. 1. ®enocnexTpsl npeacraButeeii poga Coreopsis L. B ycI0BHSIX OTKPBITOr0 IPYHTA
Huxurckoro 60TaHnYeCKOro caga
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Bce pacrenust Berynmaror B a3y «OyTOHH3AIMsI». YCTaHOBJIEHO, YTO OT Hayajla pocTa |
pasBuTHS, Y TipesicTaButelneii poaa COreopsis, 10 HacTyIIeHUs Gasbl «OyTOHU3AIHSD TOTPEOOBATIOCH
CYMMBI aKTHBHBIX TeMmrepaTyp Bosayxa ot 696,9°C mis C. major, 945,1°C mis C. basalis u C.
grandiflora, mo 1068,2°C mis C. lanceolata u C. grandiflora cv “Plena”. ®a3a 6yronuzanus y C.
Major MPOKMCXO/MiIa ¢ Hayajaa BTOPOM JeKa bl Masi, IPH CPEIHENCKAIHON TeMIepaType BO3ayxa —
+16,7°C 1 OTHOCHTENIBHON BIAKHOCTH Bo3ayxa — 76,5%; y 2 npencrasuteneii — C. lanceolata u C.
grandiflora cv. “Plena” ¢a3a «OyroHuzais» HadMHAIach C IEPBOM JCKaabl HIOHS, IIPH
CpenHeneKaaHol TemmepaTtype Bo3ayxa +18,5°C 1 OTHOCHTEIBHOM BIXKHOCTH BO3ayXa — 62,5%.

Hcxonst U3 BhIle CKA3aHHOTO, MBI MOYKEM OTMETHTh, YTO HAHOOJIEe MPHUCIIOCOOICHHBIMU K
teMmeparype Bosayxa sBisroress — C. major, C. basalis u C. grandiflora. im morpe6oBanach
HAWMEHBIIAsl CyMMa aKTUBHBIX TEMIIEpaTyp BO3lyXa JUIs HACTYIUICHHS (a3bl «OyTOHH3AIHSD.

Haubonee pannee Hacryruienue (aspl «Oyronmsamms» B 2020 r npoucxomuia y C. basalis
(puc. 1). BeposiTHee Bcero, 3T0 00YCIIOBIEHO HanOoOJee BHICOKUMH IMOKA3ATSISIMH TEMIIEPaTyphI
Bo3ayxa 3a 2020 r., B cpaBaenuu ¢ 2021 u 2023 rr. (Tabu. 1).

Jlnst ocranbHBIX IpeacTaButeneii poga Coreopsis — C. grandiflora, C. lanceolata, C. major, C.
grandiflora cv “Plena” nambonee panee HacTymieHue (a3bl «OYTOHH3AIMS» MPOUCXOAMIA C
HACTYIUICHUEM IOCICAYIOIUX (a3 pa3BUTHS — «IIBETCHUE» U «IUIogoHOoImIeHue» B 2023 T. (puc. 1,
Tabi. 3).

B cBs3u ¢ TeMm, 4YTO BHJIBI KOPEOIICHCOB SBJSIFOTCS JIEKOPATHBHOM KyJIbTYpPOH W B
3HAYUTEIBHOW CTEICHU MPHBIICKAIOT CBOUM OOMJIMEM I[BETCHHUS, TO IO pPe3yJibTaTaM 3-JIETHUX
dbeHomornuecknx HaOIIOACHH, 0 HavYaly HACTYIUICHUSI TeHePaTUBHOIO Mepuojia U, B YaCTHOCTH,
HACTYIUIEHUS (pa3bl «IBETEHHE», M3yYECHHBIC MPEACTAaBUTENN ObUIM PACHpeleieHbl B 2 TPYIIIBL:
panne- U cpeoneyeemyuue pacrenus. K mepsoit rpymme ornecen — C. grandiflora, userenue
KOTOPOTO HAYMHAJIOCh C TpeThed JAeKabl Mas MpU CPelHEM 3HA4eHUH (3a 3-X JIETHHM Mepuo)
TeMIlepaTypbl Bo3ayxa 3a jaekamy +17,0°C, mpu OTHOCHTENHbHOW BIAXKHOCTH Bo3ayxa — 76,5%.
OcranbHbIe BUIBI OTHECEHBI KO BTOPOM TPYIITE — «CpeoHeysemyujuey pacTeHHs.

®da3a «IBeTeHHEe» Y BCEX UCCIIEyEeMbIX PEICTABUTENECH HACTyala MPAKTUYECKU B OJUH U TOT
K€ JIETHUH Tepuoi. A HMMEHHO, C TMEpPBOM MO BTOPYIO JIEKaAbl HIOHS, MPU CPEIHEICKaTHBIX
Temreparypax Bosayxa — +18,5 n +20,9°C u oTHOCHTENBPHON BIAKHOCTH BO3ayxa — 62,5 u 73,3%,
COOTBETCTBEHHO, /ISl 1-i 1 2-i1 nekanpl. J[Muiock BeTeHne Y UCCIeyeMbIX PACTEHUH J10 IEpBOH 1
Bropoii nmekansl (C. lanceolate, C. major, C. grandiflora cv “Plena”) mo tpersio (C. basalis, C.
grandiflora) nexaspr nross.

YcTaHOBIICHO, YTO OT HaJayla BereTalllu y npejacraButeseii poga COreopsis 10 HaCTyIUICHUS
Ga3pl «IBeTEHHe» MOTpPeOOBaIach CyMMa aKTHBHBIX Temmeparyp Bozayxa ot 1068,2°C ms C.
grandiflora, 1152,2°C s C. major, 1193,1°C qa C. basalis, 1259,6°C s C. grandiflora cv “Plena”
10 1301,2°C s C. lanceolata.

Hcxonst W3 BBIIECKa3aHHOTO, MBI MOXKEM OTMETHTh, YTO HaHOOJee MPUCIIOCOOICHHBIMH K
temmeparype Bosayxa seistorcs C. grandiflora u C. major. Mim motpeboBanack HaMMeHBIIIas CyMMa
AKTUBHBIX TEMITEPATyp BO3AyXa JJIsl HACTYIUICHUS (Da3bl «IIBETCHHUEY.

VY uccrenyemsix npezacraputeseii poga Coreopsis ¢aza «I1oA0HOMICHHE) HACTYIIANA C IEPBOM
JIeKaIbl UIOJIS JIO TIEPBOM JIEKa bl aBT'yCTa, B 3aBUCUMOCTH OT UccieayeMoro Buna (cm. puc. 1). Tak,
y Buza C. grandiflora ¢asa «momonormenne» HacTymaaa B KOHIIE TPEThEH AeKabl HIOHS — B Hayasie
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MEepBOM AEKaAbl UIOJS, IPU CPEIHEACKATHOW Temmeparype Bo3ayxa — +22,6°C U OTHOCUTENIbHOM
BinaxHoct Bozayxa — 70,5%. YV C. lanceolata u C. major B mepBoii aekaae HIOIS IPU
CpenHeneKaAHON TeMIiepatype Bo3ayxa — +25,1°C, OTHOCUTENIbHOM BIaXHOCTH Bo3ayxa — 56,3%, a
y C. basalis mogoHoIIeHHE HACTYIIAIO B TPEThEH JeKajIe M0 IIPH CPEIHCH TeMITepaType BO3ayxa
— +24.,9°C, otHOCUTENBHOM BiakHOCTH Bo3nyxa — 58%. Haubosnee noszmHee HacTyruieHue (a3bl
«autogoHoirerney» npoucxommwio y C. grandiflora cv “Plena” ¢ mepBoii nekaabl aBrycra mnpu
CpeIHEIeKaHON TeMIieparype Bo3ayxa — +25,6°C, OTHOCUTEBHOM BIAXHOCTH Bo3ayxa — 43,6%.
Coop cemsH y Bcex mpezcTaBuTeneii poma COreopsis, Kak MpaBMIIo, OCYIIECTBISUICS C IIEPBOU U
BTOPOI JICKa bl aBI'yCTa U JIO KOHIIA TPEThEH JIeKajIbl CEHTSIOPSI.

YcraHOBIEHO, YTO OT Hayajga pocTa W pa3BuUTHs BHUAOB poma CoOreopsis (mpu temreparype
Bo3ayxa oT +5,0°C) no HacTyruieHHs! (a3bl «IUIOIOHOIIEHHE» MOTPe0OBaNach CyMMa aKTUBHBIX
temreparyp Bozayxa ot 1694,0°C mias C. grandiflora, 1921,2°C ans C. lanceolata u C. major,
2363,8°C mys C. basalis u mo 2568,8°C ms C. grandiflora cv “Plena”.

Takum 00pazom, COrIacHoO HAIIMM CBEJCHUSM HanboJee MPUCIIOCOOIEHHBIME K TeMIIepaType
Bo3ayxa seistotes — C. grandiflora, C. lanceolata, C. major. Fim notpeboBaiach HaMMEHbIIast CyMMa
aKTHBHBIX TEMIIEPATYpP BO3AyXa LI HACTYIUIEHHS (ha3bl «TUIOIOHOIICHHEY.

Criemyer OTMETHTbB, YTO B IIEJIOM BCE HCCIeAyeMble mpexacraButenu poxa Coreopsis — C.
basalis, C. grandiflora, C. lanceolata, C. major u copt C. grandiflora cv “Plena” npoxoasaT mosHbIi
LUK POCTA U Pa3BUTHUS B ycIOBUSIX OTKphIToro rpyHTa Ha FOBK. Ot Hactymnenus (asbl «Bereranus»
70 HaCTyIUIeHUs (pa3bl «IUIOJJOHOLIEHUE» U JANTbHEHIIEro CaMOCTOATENFHOrO 00CEMEHEHHs 3THX
pacrenuii. Y Bugo C. basalis, C. grandiflora u copra C. grandiflora cv “Plena” nacrymamu
MOBTOpHBIE (ha3pl «OYTOHHM3ALMS» M «IBETEHHE» C TMOCIEAYIOIIUM HACTyIJIeHueM (ha3bl
«autoioHoIeHne» (cM. puc. 1). Ha ocHOBe aHanmm3a ce30HHBIX OCOOEHHOCTEN pocTa U pa3BUTHs (TI0
¢dazam: «OyTOHM3AIMS, «IIBETCHHUE», <TUIOJIOHOIICHHE») MOXHO OTMETUTh, 4YTO Haubojee
aTanTHPOBAHHBIMA W TPHCIOCOOJNCHHBIMU TIpeicTaBuTesiMi  poga  COreopsis K 3KoJoro-
KJIMMaTHIECKUM YCIIOBHSIM BeposiTHee Beero siBisrorest — C. basalis, C. grandiflora, C. lanceolata, C.
major. DTHUM pacTeHHsM MOTPeOOBATACh HAUMEHBINAsE CyMMa aKTHBHBIX TEMIIEpATyp BO3AyXa st
HACTYIJICHUS] OCHOBHBIX (DeHONOTHUYECKHX (Pa3 pocTa U pa3BUTHSL.

Cooepoicarue HU3KOMONEKVIAPHLIX AHMUOKCUOAHMOS U CYX020 Beujecmed 8 COYBemusx
uccnedyemwix npedcmasumeineti pooa COreopsis.

N3mepsiin HEKOTOpbIE HU3KOMOJICKYJISIPHBIE aHTHOKCHUIAHTHI Ha TIpUMEPE aCKOPOMHOBOMH
KHCJIOTBI W KapoTHHOHAOB. ClemyeT OTMETHTh, YTO OCHOBHAs pOJIb AHTHOKCHJIAHTOB
3aKJTIOYAETCS B HMHTHOMPOBAHWUM OKHCIUTEIBLHOTO TIpollecca W HEUTpaau3aluu JACHCTBUSA
CBOOOJTHBIX PAJHMKAJIOB, a TAKXKE B MPEAOTBPAIIEHUN PA3pYyHIUTEIHLHOTO JEUCTBHUS CBOOOIHBIX
paauKaIoB Ha KJIETKH U 3aMEJICHUH TpoIecca UX crapeHus [4].

B pesynprare ompeneneHus coaep)KaHWS AHTHOKCHIAHTOB, PACCUMTAHHBIX Ha CyXO0e
BEIIIECTBO M CYXOI'0 BEIIECTBA B COI[BETHSIX pa3HbIX BUI0B poaa Coreopsis 3a 2020, 2021, 2023 rr.
YCTaHOBJICHO, 4YTO COOpaHHBIE B TIEPHUOJ] MAaCCOBOTO IIBETEHHUS COIBETHs, HaKAIUIMBAIIN
3HAYMUTENIbHBIE KOJWYECTBA JaHHBIX coeauHeHuil: 15,0—44,0 mr ackopOouHOBOM KuCa0Th/100 T
cyxoro Beca, 26,3-93,1 mr xaporunoumoB/100 T cyxoro Beca u 14,1-18,4% cyxoro BemecTBa

(puc. 2).
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CrnengyeT OTMETUTb, UTO COJAEpkKAHHE ACKOPOMHOBOM KHUCIOTHI B LIBETKAX y POMAIIKH
anteyHoi cocraBiser 17,3 mr/100 T cyxoro Beca [16]. B niBeTkax KajeHmysbl JEKapCTBEHHOM,
KOTOpasi BO MHOTHMX CTpaHaX MHpa MpU3HaHA Kak JIEKapCTBEHHOE pacTeHHue, Omaronmaps
HAKOIUICHHIO OOJIBLIOTO YHCIIa Pa3sHOOOpPAa3HBIX KJIAaCCOB OMOJIOMYECKH aKTHBHBIX BEILECTB,
KOHIICHTpaIlrs KapOTHHOUIOB BapbupyeT B npenenax ot 33,5 mo 101,5 mr/100 r cyxoro Beca [2;
7]. B uBerkax oayBaHYMKAa JIEKAPCTBEHHOI'O COJIEpP)KaHHWE KapOTHHOMJIOB COCTABIISIECT
14,0 mr/100 T cyxoro Beca u T.1. [19].

AHanu3upys HaKOIUIEHHE aCKOPOMHOBOM KUCIIOTHI B COLBETUSAX U3YUYEHHBIX BHJIOB/COPTOB
KOpeorncuca B TEYEHHE 3-X JIET MOXXHO OTMETUTb, YTO €€ KOJUYECTBEHHOE COJep>KaHue
3HAYUTENIbHO OTJIMYaJIOCh MO TOJaM, YTO, BEPOSITHO, CBSI3aHO C MOTOJHBIMH OCOOCHHOCTSIMU
KOHKPETHOI0 rojia. MakcuManbHOE HaKOTJIEHHE aCKOPOMHOBOM KUCIOTHI OTMEUYEHO Y BCEX BHJIOB
kopeorncuca B 2020 r., B cpaBHenud ¢ 2021 u 2023 rr. B 2021 r. y uccnenyemsix npeacTaBuTenei
BBISIBUJIM MUHHUMAaJIbHOE HAKOIUIEHHE aCKOPOMHOBOM KHUCIOTHI B COIIBETHSIX.

DTOMy, BEpOSITHO, CIIOCOOCTBOBAIM Kak camasl BBICOKAas CpeAHeleKaaHas TemIieparypa
Bo3ayxa +22,1°C (B cpaBHEHUHU C JIPYIMMH TOJaMU HCCIEIOBAaHMs), TaK U, MPEBBIIIAIONIAST
MOKa3aTelMu APYruX JeT, cyMMa aKTUBHBIX TEMIIepaTyp BO3/yXa, HAKOIUICHHOHW OT Hayala
HACTYIUIeHHs (pa3bl «BereTalus» KOPEOICHCOB J0 Hayala HACTyIUIeHUs (a3bl «IIBETCHHE» —
1312,7°C, (cm. Taba. 1).

[TonTBepkieHUEM STOMY SIBISIETCSl YCTAaHOBIICHHAs HAMM BBICOKAs IOJIOKHUTEIbHAsS
KOPPEJSILIMOHHAS. CBSI3b MEXJAY COJIep)KaHHEeM acKOPOMHOBOM KHCIOTBI B COLIBETHUSIX BCEX
npescTaBuTeNeit poga COreopsis ¢ remmeparypoit Bosayxa (R?=0,997; p = 0,070). YcTaHOBIEHO,
YTO MAaKCHUMAaJIbHOM KOHIIEHTpalHueld acKOpOMHOBOM KUCIIOTHI B COI[BETUSX MPAKTHYECKH BO BCE
roabl Beiaensuics Buj C. lanceolata. Beicokoe coepkanne aCKOPOMHOBOM KUCITOThI B COIBETHSIX
Taxoke Obu10 XapaktepHo s BuaoB C. basalis u C. grandiflora cv. “Plena” (puc. 2A).

CoaepxaHre KapOTHUHOUIOB B COLIBETHSX KOPEOIICHCOB Ha MPOTSHKEHUM 3-X JIET TaKXKe
3HAQUUTENIbHO BapbUPOBAJIO MO ToJaM. B HakomieHWM KapOTUHOUJOB MPOCIEKUBAIOCH
aQHAJOTUYHAsl TEHJACHLMS K CHUKEHUIO W TOBBIUIEHUIO COJEpKaHUS B 3aBUCUMOCTH OT
omnpezaenéunoro roaa. Tak, y Bcex mpezacraButeneit poma COreopsis copepxanne KapOTHHOUIOB
B couBeruax B 2020 r. Ob10 MakcHMaidbHBIM; a B 2021 r. — MuHMMaabHBEIM. HaubGonblee
cozepkanue kapotuHouaoB 3a 2020, 2021, 2023 rr. BeisiBneno y C. basalis u C. grandiflora cv.
“Plena” (puc. 2B).

HabGnronanach TeHACHIUS K YBEIMYCHUIO KOJUYECTBA KAPOTHHOUIOB MPH BO3PACTAHUHU
TEMIIEpaTypbl BO3AyXa B ONPEIEIEHHBIX TOJaX, OJIHAKO KOPPESAIUOHHAS CBs3h Oblia
HenocrosepHoit (R?=0,652; p = 0,402).

ComepkaHue CyXMX BEMIECTB HE OTIMYAIOCh BBICOKON BapHaOEIbHOCTHIO CpeaH
MCCJIeTyEMBIX BHJIOB U COPTa KOPEOIICUCOB 110 roaaM. [Ipu 3ToM conepkanne Cyxoro BEIIecTBa B
COILBETHUSIX KOPEOIICUCOB TAKKE€ MAaKCMMaJbHO HakarumBaioch B 2020 T. y BceX MCCIEAYEMBIX
pacteHuil. Takue 0COOEHHOCTH HAKOILJICHHUS] COEAMHEHUNH MOTYT OBITh CBSI3aHBI KaK C BBICOKOMN
CpEeIHEIeKaHOW TeMIIepaTypoil BO3JyXa B ATOM TOAY, TaK M C ONTHMAIbHBIMH YCIOBHUSIMH
BEreTali. A MMEHHO, C JOCTaTOYHBIM COJICpPKAHWEM BJIard B TOYBE Oyrarogaps OOJBIIIOMY
KOJIMYECTBY OCaJIKOB. BBICOKHM coziepikaHHeM CyXOro BellecTBa OTJIMYaNuCh npeacraBurenu C.
lanceolata, C. grandiflora cv. “Plena” u C. major (puc. 2B; cm. Tta6a. 1).
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B uenom, Bee uccienyemble npeacrasutean poga Coreopsis — C. basalis, C. grandiflora, C.
lanceolata, C. major u copt C. grandiflora cv. “Plena” npoxoasT moJHbIH MK POCTa ¥ Pa3BUTHS B
yeioBusx otkperroro rpyara Ha FOBK. Bumer C. basalis, C. grandiflora u copr C. grandiflora cv
“Plena” Bcrynmanu B mOBTOpHBIC (a3bl «OyTOHHM3AIMSA» M IBETCHHE» C TMOCICAYIOIINM
HACTyIUleHHeM (a3l <«IUIOIOHOIIeHHe». Haunboree amanTUpOBaHHBIMH M HPHCIOCOOICHHBIMU
npenacraBurersiMe poga COreopsis k skooro-kanMarndeckuM yeiaoBusm seisttotes C. grandiflora,
C. basalis, C. lanceolata, C. major.

B pesynbTarte usydeHus coaepikaHis aHTHOKCHUIAHTOB B COLIBETHSIX PA3HBIX MpPEICTaBUTENICH
poma Coreopsis 3a 2020, 2021, 2023 rr. ObUIO YCTAHOBIICHO, YTO COOPaHHBIE B BBINICYKA3aHHBIMN
MEepPUOJ  COLBETHS, HAKAIUIMBAIM 3HAYUTEIIBHOE KOJIHMYECTBO ACKOPOMHOBOM KHCIOTBI U
KapOTHHOM/IOB, HAPSAY C BBHICOKUM COJEPIKAaHHEM CyXOrO BEIIECTBA. BhIsABIEHO, 4TO HauOOJbIee
KOJIMYECTBO aCKOPOMHOBOW KHUCIIOTBI, BO BCE TOJbI MCCIeA0BaHus, coaepkanocs y C. lanceolata,
kapotuHongoB y C. basalis u C. grandiflora cv. “Plena”. HakoruieHne BBICOKOTO KOJMYECTBA
AHTHOKCHIAHTOB B COIBETHSX pa3HbIX TpezicTaBureneii poma COreopsis, BeposiTHEE Bcero,
00YCIIOBJIEHO HAKOIICHHEM MaKCHMAJIbHBIX CYMM aKTHBHBIX TeMmrieparyp Bo3ayxa. OTMETHM, YTo
VISl HAKOTUTCHUSI M3Y4aeMbIX KapOTHHOHU/IOB MPEAOYTUTEbHBI 3aCYIUTMBbIC YCIIOBHUS C JOCTATOYHO
BBICOKMMH TEMITEPaTypPaMH.

Cremyer OTMETHTh, pPAHHHUMH WCCICAOBAHMAMH OBUIO TOATBEPXKICHO, YTO MEKITY
TEMIIEPATYPHBIM PEXUMOM U (DU3HOJIOr0-OHOXMMHUUYCCKUMU MEXaHM3MaMH CYIIECTBYET CBS3b,
OTBEYAlOIlas 3a HAKOIUIEHWe aHTHOKCcHaaHtoB [18]. Takke OBUIO MMOKa3aHO, YTO KpOME
TEMIIEPATYPHO-BIAKHOCTHOTO PEXKUMA 1 KOJIMYECTBA OCAIKOB, HA YPOBEHb CHHTE3a aHTHOKCH/IAHTOB
BJIMSIET MHTEHCUBHOCTh COJIHEYHOTO cBeta [17; 23].

3aki0oueHune

Takum 00pa3oM, Ha OCHOBE MPOBEICHHOTO aHAIN3a, EPCIIEKTHBHBIMU MPEICTABUTEISIMU PO/
Coreopsis ssistrotest: C. grandiflora, C. basalis, C. lanceolata. Cnienyer oTMeTnTh, 9TO B AaTbHEHIIIEM
BOKHO W IEJIeCO00pa3sHO MPOBOAUTH Oosiee TIyOOKOE KOMIUIEKCHOE H3y4YeHHE YPOKAHHOCTH
COILIBETHI, CEMEHHON TPOJAYKTHBHOCTH W JPYTHX XO3MMCTBEHHO-IIEHHBIX arpoTEXHUYECKHUX,
HEKOTOPBIX (hapMaKOJOTHUECKUX TTOKa3aTeNiel BBIIIE MPEACTaBICHHBIX BHIOB. C MOCIeAyromei
BO3MOYKHOCTBO TIPEIOCTABICHHS PEKOMEH I OTHOCUTELHO MPUMEHEHUS PACTUTEIILHOTO CHIPhS
B (hapMarieBTHIECKOM MHTyCTPHH.
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Abstract. The study aimed to identify sexual
differences and genetic diversity of the crucian
carp Carassius carassius (Linnaeus, 1758)
inhabiting a eutrophic reservoir of the Tura
river basin (Western Siberia). This species has
been dynamically declining in numbers in
Eurasian waters in recent decades [5; 15; 16;
19]. During the study, a biological analysis of
100 individuals of the crucian carp was
conducted, including the determination of
morphometric characteristics and the area of
erythrocyte nuclei. The study showed that this
population is characterized by a short dwarf
form with a sex ratio of 1. 1, where all
individuals in the sample had the fourth stage
of gonadal maturity. Reliable sex differences in
size-weight and meristic traits were revealed.
Females were distinguished by a greater
commercial length and body weight, and also
had reliably higher values for 55.6% of the
studied meristic traits. Analysis of the
erythrocyte nuclear area showed that all
individuals were diploids, while sex differences
in this indicator were not significant. Genetic
analysis of mtDNA revealed a single CCA2
haplotype, which indicates low genetic
diversity of this population. The results of the
study emphasize the need to monitor changes in
the population structure of golden crucian carp
and develop measures to preserve this species.
Key words: golden crucian carp; haplotype;
population structure; eutrophic reservoir.
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AnHoTanms. VccienoBanue HammpaBjaeHO Ha BBISIBICHUE
MOJIOBBIX PA3NMYMil M TEHETHYECKOro pa3zHooOpasus
30510TOTO Kapacs Carassius carassius (Linnaeus, 1758),
o0OuTaroIIero B 3BTPOGHOM BoOJOeME OacceiiHa pPeKH
Typa (3amagHas Cubups). JaHHBIA BUA B IOCIETHHC
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JIOCTOBEpHO Oonpimme 3HaueHwss 1o 55,6% w3
WCCIIEIOBAHHBIX MEPUCTHYECKUX NPU3HAKOB. AHaIH3
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I'enetnueckuii ananu3 MTIHK BbIsSBHII € IMHCTBEHHBIN
rarotunn - CCA2, uTo yKka3bplBaeT Ha  HHU3KOE
TeHeTHYECKOe pa3HooOpa3ne B JaHHOW MOMYJISINY.
Pesynbratet HCCIICAOBAHUS MOAYEPKUBAIOT
HEOOXOAMMOCTh MOHHTOPHHTA 33 W3MCHEHUSMU B
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Introduction

In the waterbodies of Northern Eurasia, the crucian carp (Carassius carassius L.) has
historically been relatively abundant [1; 4; 8; 10; 15; 19].

The crucian carp is one of the most ecologically adaptable native fish species, resistant to
various adverse environmental factors such as oxygen deficiency, extreme temperatures, and poor
feeding conditions.

Under such circumstances, this species often forms a low-bodied dwarf form — C. carassius
morpha humilis Heckel, 1840, which demonstrates a wide range of variability in several of its
biological and morphological traits [4; 7; 12].

Since the late 20th century, in most waterbodies of Eurasia, as well as in lakes of the steppe
and forest-steppe zones and in floodplain taiga reservoirs of Western Siberia, a disappearance or
a rapid decline in the abundance of C. carassius has been observed [3; 6; 8; 9; 16; 17; 19].

Possible reasons for the reduction of its range include displacement due to the introduction
of the silver crucian carp from the Amur river [3; 6; 8; 15; 16; 19; 23; 26], which has a higher
growth rate [30]; a potential hybridization among cyprinid species [3; 6; 8; 15; 16; 19; 22]; and a
low genetic diversity of the crucian carp, suggesting a reduced ability to adapt to changing
environmental conditions [16; 23; 26; 27]. These factors determine growing scientific interest in
the current state and biological characteristics of the crucian carp populations, both in Russia and
abroad [15; 16; 19; 22; 23; 26; 31, 32].

Previously, sexual dimorphism in the crucian carp populations outside the breeding season
was characterized as weak. For example, in the waterbodies of Kazakhstan, females and males
differed only in the size of the pectoral and anal fins [8]. No sexual dimorphism was found in
populations of the crucian carp in some waterbodies of the Udmurt Republic [12]. In the Middle
Ob river basin, differences were recorded only in head length and maximum body height [3; 5; 8].

As a result of studies on the crucian carp population in Lake Igumenskoye (Tomsk), sexual
dimorphism was revealed only in plastic (morphometric) traits: females had greater head length,
anteventral, and antepectoral distances; males had larger ventroanal, ventrocaudal, anocaudal,
dorsocaudal distances, head height, eye diameter, dorsal and anal fin heights, and the lengths of
pectoral, pelvic, and lower caudal fin lobes [19].

A comparative analysis of how often certain countable morphological traits (meristic traits)
appear is used to identify intra-population and sex-related features in bony fishes. This approach
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is based on the fact that these traits have high heritability and show up early in ontogenesis [13].
However, studies focused on sexual differences in meristic traits that include the three sections of
the vertebral column and the number of seismosensory canals on paired cranial bones are still
insufficient for populations of the crucian carp.

It is known that C. carassius forms bisexual populations with a 1:1 female-to-male ratio, and
individuals have a diploid (2n) set of chromosomes [3; 4; 5; 8; 16]. Research on the genetic
diversity of the genus Carassius based on mitochondrial DNA (mtDNA) has shown that the
crucian carp has at least two closely related haplotypes (CCA1 and CCA2). One of them was
originally identified in the Czech Republic, and the other in Kazakhstan [26; 27]. It is also known
that a comparative mtDNA analysis of the crucian carp and the silver crucian carp revealed a
difference of about 6% in nucleotide substitutions, which support the relatedness of the two species
[3]. Until now, mtDNA of the crucian carp from the study region has not been analysed.

The aim of this work is to examine sexual differences and genetic diversity in a population
of the crucian carp inhibiting a eutrophic waterbody within the Tura river basin.

Materials and Methods

For this study, we selected a winterkill-prone body of water, Lake Srednee (coordinates:
57°38°15.9”N, 64°28°50.9”E), which belongs to the Tura river basin (Western Siberia) and is not
connected to the main river channel. Lake Srednee is a small, roughly circular lake. Its shoreline
is mostly surrounded by a mixed forest, while the western part is swampy. The lake’s surface area
is 1.07 km?, and the depth to the silty bottom is between 1.1 m and 1.6 m.

The fish community of the lake includes the following species: C. carassius, Carassius
gibelio (Bloch, 1782), Rhynchocypris percnurus (Pallas, 1814), and Perccottus glenii Dybowski,
1877. During the study period, the lake showed an increased level of primary production
throughout its area. The following species of higher aquatic plants were common: Typha latifolia
L. (1753), Nuphar lutea (L.) Smith., Lemna minor L. (1753), and Potamogeton natans L. (1753).
There was also an intensive growth of the cyanobacterium Aphanizomenon flos-aquae.

Sampling was carried out in July 2018. Fish were collected with a fishing seine (20.0 m

long, 1.5 m high, 24-mm mesh size) and with telescopic rods equipped with two-hook rigs.

According to its hydrochemical characteristics during sampling, the water of Lake Srednee
was classified as belonging to a hydrocarbonate class, a sodium group, and a low-mineralised type
(type 1) [6]. During the research period, the concentrations of ammonium nitrogen and total iron
exceeded the maximum allowable limits. The increased amount of organic matter and high primary
production during the summer growing season match the conditions typical of a eutrophic
waterbody prone to winterkill.

The research object was the population of the crucian carp, historically long-established in
this particular waterbody. The total sample size comprised 100 specimens. For all individuals, a
biological analysis was conducted to determine: sex and age; gonadal maturity stages; commercial
length measurements (L, cm) — from the tip of the snout to the base of the caudal fin, measured
horizontally; maximum body height (gh) — from the highest dorsal point to the ventral side,
measured vertically; total body mass (m, g); cytometric analysis of the erythrocyte nuclear area
(ENA); and scoring of meristic traits considering bilateral distribution according to established
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ichthyological guidelines [12; 15; 18]. For 30 individuals (15 females and 15 males) selected from
the total sample, a sequence analysis of the mitochondrial DNA control region (460 bp) was
performed to investigate the genetic diversity of the population.

For all individuals in the sample, there were analyzed 18 meristic traits, including: the
number of spiny rays in the dorsal fin (Dx); the number of branched rays in the dorsal fin (Ds);
spiny rays in the anal fin (Ak); branched rays in the anal fin (As); the number of gill rakers on the
first gill arch (Sp.br.); perforated scales (l.1.); rays in the pectoral fin (Ps); rays in the pelvic fin
(VB); the total number of scales in the lateral line (l.I. total.); the number of scale rows above the
lateral line (I.1. above) and below the lateral line (I.I. under); total vertebrae number in the vertebral
column (Vo); vertebrae count in the abdominal region (Va), transitional region (Vi), and caudal
region including urostyle (V¢ + ct); as well as the number of sensory canal pores (CCK) located
on three paired cranial bones — praeoperculum (pop), dentale (dn), and frontale (f) [12; 16; 18; 20].

To measure the erythrocyte nuclear area (ENA), arterial blood samples were taken from live
specimens, followed by fixation and staining of erythrocyte nuclei using a fixative-stain solution
composed of 0.3% dry eosin methylene blue dye according to May-Griinwald in methanol.
Cytogenetic analysis was performed microscopically, and cytological measurements of
erythrocyte nuclei were conducted using the licensed version of the Levenhuk Lite software. The
erythrocyte nuclear area was calculated using the formula for the area of an ellipse, based on
measurements of erythrocyte length and width [2; 6]. To ensure statistical reliability of the ENA
determination, 20 randomly selected erythrocytes were measured per individual.

Statistical processing included the calculation of the mean value (Xmean), the standard error
of the mean (mX), and the coefficient of variation (CV) [14].

The normality of the distribution of traits was tested using the Kolmogorov—-Smirnov test.
Since the indicators of body length, height, body mass, and meristic traits deviated from a normal
distribution, the Mann-Whitney U-test was used to compare the mean values. The GSI in the
sample followed a normal distribution; therefore, the Student’s t-test was applied to compare
females and males for this parameter [14]. Statistical analysis was performed using Microsoft
Excel 2016.

Fin clips of the fish, preserved in 80% ethanol, served as the biological material for the
genetic analysis. DNA extraction was performed using the D-cells kit according to the
manufacturer's protocol. A fragment of the mtDNA control region (D-loop) was amplified using
the “BioMaster HS-Tag PCR-Color” kit (Biolabmix) with primers 115923 (5'-
TTAAAGCATCGGTCTTGTAA-3") and HI16150 (5-GCCCTGAAATAGGAACCAGA-3'),
following the methodology of Takada et al., 2010 [29]. PCR products were purified from the
reaction mixture using EXoSAP-IT reagent (Applied Biosystems). Sequencing reactions were
carried out in a thermal cycler using BigDye™ Terminator v1.1 reagents (Applied Biosystems)
with the following thermal profile: initial denaturation (1 cycle) — 96°C (4 min); 40 cycles
(denaturation — 98°C (10 s), primer annealing — 57°C (10 s), extension — 60°C (4 min));
deactivation — 96°C (3 min); hold — 4°C (indefinite). Reaction products were purified using the
BigDye XTerminator Purification Kit (Thermo Fisher Scientific). The sequencing of the purified
DNA mixture was performed using a 3500 Genetic Analyzer (Applied Biosystems) capillary
sequencer. The alignment of the nucleotide sequences of the mtDNA control region fragment (460
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bp) of the crucian carp was performed using the MAFFT v7.245 algorithm in the Geneious v10.0.9
software. The obtained sequences were compared with the publicly available GenBank database.

Alignment of nucleotide sequences of the mitochondrial control-region fragment of the
golden crucian carp was performed using the MAFFT v7.245 algorithm [24]. To confirm species
identity, phylogenetic relationships of the obtained sequences with sequences of the golden and
silver crucian carp from the GenBank database [21] were reconstructed using the
maximum-likelihood method in RAXML v8.0 [28]. The outgroup comprised the closely related
species of the Japanese silver crucian carp (Carassius cuvieri Temminck & Schlegel, 1846)
(mtDNA: AP011237.1). The phylogenetic tree visualization was performed using the iTOL
version 6 online tool [25].

The study was conducted in accordance with all applicable international, national and
institutional guidelines for the care and use of animals.

Results and Discussion

The studied sample of C. carassius (100 spec.) consisted of 52 females and 48 males (a ratio
close to 1:1). All specimens were captured at Stage IV gonadal development. The size of the
individuals in the sample ranged in length from 10.1 cm to 15.2 cm and in weight from 22 g to 84
g. The body was elongated, with a mean body length-to-depth ratio of 3.1. The lateral line is
perforated. The number of perforated scales in the lateral line varied from 10 to 33 in females and
from 17 to 31 in males. The total number of scales along the lateral line ranged from 31 to 40 for
females and from 33 to 38 for males. The lower jaw was upturned. The captured individuals had
a dark spot at the base of the caudal fin (Fig. 1). These characteristics correspond to the description
of the shallow-bodied dwarf form C. carassius morpha humilis Heckel, 1840, inhibiting small
oxygen-depleted waterbodies [7; 12].
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Fig. 1. Carassius carassius specimens from Lake Srednee,
a) female (1 =10.5 cm, m =38 g); b) male (I = 11.9 cm, m = 42 g)

The age of the specimens in the sample was represented by four groups, from 5+ to 8+ years
(Table 1). Younger age groups were not captured during the sampling period. The largest number
of individuals (49 spec.) were 7+ years.
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Table 1
Size-age Characteristics of Female and Male Crucian Carp
in the Sample from the Studied Waterbody
Age, year
Sex, 5+ 6+ 7+ 8+
quantlty L mean; m meany L meany m meany L meany m meany L mean; m mean;
cm g cm g cm g cm g
Females, 10.9 28.0 12.3 43.9 13.6 63.1 14.1 68.1
52 spec.
Males, 11.0 29.3 113 32.1 116 33.6 116 34.2
48 spec.
Al 110 | 288 | 118 | 374 | 126 | 492 | 131 | 543
individuals

Note. Lmean — mean length; m mean — mean mass.

Females in the entire sample were significantly larger in body length, depth and mass (Table
1 and Table 2). The differences in body depth and mass of the individuals are likely associated
with the high (fourth) stage of gonad maturity, the size of which in females is usually 1-2 times
larger during egg maturation [1; 4; 7].

Table 2
Comparison of Morphological Traits between Female and Male Crucian Carp
in the Studied Sample
Entire Sample (100 spec.) Same-Age Individuals (49 spec.)
Females (52 Females 7+ Males 7+
Traits spec. Males (48 spec.) pTu (27 spec.) (22 spec.) pTu
X+ mx | CV )_(:I:mx cVv X+ mx | CV X+ mx | CV

L,cm | 13.5£0.2 | 4.2 | 11.4+0.1 | 9.1 | 0.000*** | 13.6+0.2 | 8.1 | 11.3+0.1 | 4.2 | 0.000***
gh,cm | 4.4+0.1 | 10.9 | 3.6+0.0 5.7 | 0.000*%** | 4.5+0.1 | 10.5| 3.6£0.0 | 5.0 | 0.000***
m,g | 60.742.2 | 26.0 | 32.8£0.7 | 13.8 | 0.000*** | 63.1+2.8 | 22.8 | 32.1+0.9 | 13.1 | 0.000***
Sp.br. | 27.3+0.2 | 6.0 | 27.0+0.3 | 6.9 0.101 27.3+0.2 | 3.9 | 26.7£04 | 6.4 | 0.001***
LLS |35.8+0.2 | 3.7 | 35.9+0.1 | 2.6 0.595 36.0+0.3 | 3.6 | 35.30.3 | 3.4 | 0.000***
LL 24.9+0.7 | 20.2 | 24.8+0.5 | 13.7 | 0.000*** | 25.2+0.9 | 17.7 | 24.6+0.5 | 10.3 | 0.000***
TRa 5.9+0.1 | 6.1 5.8+0.1 7.4 0.179 5.9+0.1 | 6.2 | 57+0.1 | 7.4 0.029*
TRb 5.9+0.0 | 45 6.0+0.1 54 0.301 6.0£0.0 | 3.2 | 59+0.1 | 5.0 | 0.004**
DSR 4.0+£0.0 | 0.0 4.0+0.0 0.0 1.223 4.0£0.0 | 0.0 | 4.0£0.0 | 0.0 0.771
DBR |17.7+0.1 | 4.1 | 17.3£0.1 | 3.8 0.016* | 17.6£0.1 | 4.2 | 17.4+0.1 | 3.8 0.017*
ASR 3.0+0.0 | 0.0 3.0+0.0 0.0 1.223 3.0+0.0 | 0.0 | 3.0+0.0 | 0.0 0.771
ABR 6.8+0.1 | 6.3 6.7+0.1 7.3 0.096 6.9+0.1 | 6.7 | 6.9+0.1 | 7.1 0.089
PR 14.8+0.1 | 6.7 | 14.6£0.1 | 5.3 0.036* | 14.8+0.1 | 4.7 | 14.6:0.2 | 54 0.028*
VR 9.8+0.1 | 4.8 9.7+0.1 55 0.045* 9.8+0.1 | 5.2 | 9.7+0.1 | 5.4 | 0.003**
TV 33.9+0.1 | 2.4 | 33.8+0.2 | 3.2 0.032* |[34.0+0.2 | 2.4 | 33.7£0.3 | 3.5 | 0.000***
PV 16.6+0.1 | 4.8 | 16.7£0.12 | 5.0 0.646 16.4+0.1 | 46 | 16.6£0.2 | 5.2 0.077
TRV | 42+0.1 |19.3| 4.1+0.1 | 18.5 1.030 4.44+0.1 | 15.7 | 4.0+£0.2 | 20.4 | 0.005**
CV+ct| 13.3£0.1 | 6.2 | 13.1+0.1 | 5.2 0.141 13.0+0.2 | 6.0 | 13.1+0.2 | 54 0.115
pop 92+0.1 | 10.1| 8.8+0.1 | 13.3| 0.035* 9.2+0.2 | 9.6 | 8.8+0.3 | 14.0 0.117
dn 5.8+0.1 | 8.1 5.8+0.1 9.8 0.310 5.8+0.1 | 6.8 | 5.6£0.1 | 8.7 0.095
f 6.9+0.1 | 104 | 6.8+0.1 | 12.2 0.299 6.9+0.1 | 9.7 | 7.1£0.1 | 9.0 0.209
Note. X — mean value; mx — standard error of the mean; CV — Coefficient of Variation; pTy — calculated value of the

Mann-Whitney U test; * — differences are significant at the 1% level (p < 0.05); ** — differences are significant at the
2" level (p < 0.01); *** — differences are significant at the 3 level (p< 0.001).
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Sexual dimorphism among all individuals in the sample of the crucian carp from the
eutrophic water body was identified for 6 meristic characters (Table 2).

In the sample, females showed a statistically significantly higher number of perforated scales
in the lateral line, a greater number of branched rays in the dorsal, pectoral, and pelvic fins, as well
as a higher number of vertebrae in the axial skeleton. When comparing individuals of the same
age, differences were also found in the above-mentioned meristic features, as well as in the total
number of scales in the lateral line, the number of scales above and below the lateral line, and the
number of transitional vertebrae. The mean values of all these traits were higher in females at
various levels of statistical significance.

There is evidence of both positive and negative correlations between certain countable traits
and body length in C. carassius [12]. For example, the number of transitional vertebrae (Vi) shows
a significant positive correlation with body length (I) in crucian carp inhabiting the Udmurt
Republic [12], which is consistent with acquired data indicating significantly greater body length
and a higher number of transitional vertebrae (Vi) in females compared to males of the same age
from Lake Srednee. In the cited study [12], a negative correlation was found between body length
and the total number of rays in the dorsal fin (D), along with the absence of sexual differences for
this trait. In this study, the number of rays in the dorsal fin was divided into two traits (Dk and
Dv), and significant differences at the first level of significance (p < 0.05) were found between
females and males in the number of branched rays in the dorsal fin, both in the overall sample and
among same-age individuals (Table 2).

Regarding the number of seismosensory canals (SSC) on the preopercular bone, females also
showed a statistically higher count in the overall sample. However, when comparing same-age
eight-year-old individuals, no differences were recorded for this trait. It is known that the number
of SSC is related to the number of primary canal neuromasts — mechanoreceptive organs located
in the canals of dermal bones, which play an important role in detecting moving food objects and
other elements in the aquatic environment, and depends on the concentration of various chemical
elements [13]. Further research is recommended to investigate the relationship between SSC on
paired skull bones and the hydrochemical characteristics of the water body, as well as the potential
for assessing environmental comfort based on fluctuating asymmetry of these traits.

Thus, sexual dimorphism in meristic features among same-age crucian carp from the
eutrophic waterbody of the Tura river basin was found to be statistically significant in 55.6% of
the studied meristic features (10 out of 18), confirming the necessity of accounting for differences
between males and females of the species in morphological examination.

The average erythrocyte nuclear area (ENA) in females across the entire sample was 45.9 +
0.4 pm?, while in males it was 46.3 + 0.5 um?. The differences between females and males in this
trait, both in the overall sample and among eight-year-old individuals, were not statistically
significant (Table 3). However, the greatest variability in ENA parameters was recorded for males,
covering the full range from minimum to maximum values (37.0-54.0 um?).
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Table 3
Comparison of Mean Dimensional Characteristics of ENA
for Female and Male Crucian Carp in the Sample

. All Females (52 spec.) All Males (48 spec.)
Traits min | max X mg | CV | min | max X mgx | CV Tst
ENA,um? | 39.0 | 51.0 [ 459 | 04 | 6.2 | 37.0 | 540 | 463 | 05 7.8 0.58

Females 7+ (27 spec.) Males 7+ (22 spec.)
ENA,um? | 39.0 | 500 | 455 | 0.7 |74 [ 430 [ 540 | 464 | 07 | 69 | 0.90

Note. min — minimum value; max — maximum value; X — mean value; mg — standard error of the mean;
CV — Coefficient of Variation; Tst — calculated Student's t-test value.

The distribution of the erythrocyte nuclear area (ENA) by the quantity of individuals in the
sample between females and males is presented in Figure 2.
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Fig. 2. Erythrocyte Nuclear Area Distribution in Female and Male Crucian Carp

The size range of the erythrocyte nuclear area (ENA) in female crucian carp (Carassius
carassius) from Lake Srednee varied from 39.0 to 51.0 um?, which was five intervals smaller than
in males.

It is known that erythrocytes with an unusual size and nuclear structure can serve as a marker
trait for hybrids (or allopolyploids) in cyprinid fish [2]. It has also been demonstrated that in
cyprinid species, males can undergo hybridization more readily than females when co-habiting
with other related species, such as the silver crucian carp (Carassius gibelio) [2; 3; 8; 16]. To gain
a more detailed understanding of potential hybridization between the two crucian carp species in
the studied waterbody, additional cytometric studies of nuclear anomalies (size, number of
nucleoli, segmentation) are recommended [2].

The analysis of the genetic diversity in the crucian carp from Lake Srednee, based on a
representative fragment of the mtDNA control region (460 bp), revealed that all 30 specimens
shared an identical haplotype, CCA2. This indicates a low genetic diversity within the studied
population [27].

To further examine the phylogenetic relationships with other species of the genus Carassius,
we obtained all available sequences of the mtDNA control region for the crucian carp from the
GenBank database and reconstructed a phylogenetic tree. All identified C. carassius sequences
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formed a distinct cluster separate from C. gibelio and C. cuvieri. This cluster splits into two clades
corresponding to two different haplotypes, CCA1 and CCA2, as was previously shown by Sakai
et al. [27]. The phylogenetic tree of the genus Carassius is presented in Figure 3, where the
numbers at the branches (1; 0.814; 0.802) represent the bootstrap support values.

Carassius cuvieri, AP011237
Carassius gibelio, mitochondrial lineage C7, Russia, GQ985474

0.814 ———Carassius gibelio, mitochondrial lineage C2, Rusma, KT756205
Carassms carassius, Czech Republlc, IN117596.  CCA1

0.802

Fig. 3. Phylogenetic relationship of the crucian carp with other species of the genus Carassius,
where two haplotypes are highlighted in color: red - CCA1, blue — CCA2

The sequences of the crucian carp from Lake Srednee obtained in this study show 100%
sequence identity with AB274417 (Kazakhstan), JN117597 (Sweden), HQ694621 (Russia), and
JQ911695 (China). These results indicate that the individuals from our sample belong genetically
to the Carassius carassius species and correspond to the widely distributed Eurasian haplotype
CCA2.

The detection of only two haplotypes of the crucian carp across the entire Eurasian range
indicates a low genetic diversity, likely resulting from an ongoing population decline [15, 16, 22,
23, 26, 27, 30-32]. These findings underscore the need for continued monitoring of the population
structure and provide a solid foundation for developing some targeted conservation measures.

Conclusion

The study of the crucian carp population in the eutrophic waterbody of the Tura river basin
revealed distinctive features in both morphological and genetic structure. The population consisted
of a small-bodied dwarf form (C. carassius morpha humilis Heckel, 1840) with a sex ratio
approaching 1:1, consistent with previously published data and indicating stability in reproductive
processes.

Pronounced sexual dimorphism in morphometric and meristic traits was observed,
emphasizing the importance of further investigation into these characteristics to enhance
understanding of the species’ ecology.

A low genetic diversity, evidenced by the lack of mtDNA haplotype variation and the
uniformity of erythrocyte nuclear area in both sexes, raises concerns regarding the population
vulnerability. This highlights the need for ongoing monitoring and additional studies. Taking these
findings into account, developing and implementing some conservation and population restoration
measures are important steps toward ensuring the long-term survival of the species in its natural
habitats.
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Regular monitoring of the population and the habitat hydrochemical parameters is
recommended to allow prompt adjustments to conservation strategies and to maintain the species’
genetic integrity over time.

The study was funded by the Ugra Foundation for Scientific and Technological Progress, as part of
scientific project No. 2025-604-04.
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3AITIACBI A3OTA U YIVIEPO/JIA B IIOYBAX EJIOBBIX JIECOB

D.A. Zhivov, T.A. Sukhareva

MYPMAHCKOW OBJIACTH

NITROGEN AND CARBON RESERVES IN THE SOILS
OF SPRUCE FORESTS OF THE MURMANSK REGION

AnHoTanus. JlecHbIE SKOCHCTEMBbI UTPAIOT BAXKHYIO
pOJb B PEryJIMPOBaHHMU IHKIIOB Yriepolia M a3oTa,
BBICTYyIIasl NPUPOAHBIMU PE3EpPBYapaMu XHMHUECKUX
aneMeHToB. Hacrosimee nccnenoBanue HampaBiaeHO Ha
MOJTyYeHUE HOBBIX W YTOUHEHHE YK€ CYIIECTBYIOIIUX
JaHHBIX II0 3amacaM yrjepoJa M a3oTa B IIOYBax
CEBEPOTAEIKHBIX JIeCOB. JTa MH(OpPMANHI OCOOCHHO
aKTyalbHa Il OTHCNbHBIX PErHMOHOB B CBS3H C
HW3MEHEHUEM KIIMMaTa u AHTPONOTCHHBIMU
Bo3fecTBUsIMHA. AKIEHT Ha MypmaHCKOH o0mactu
00yCIIOBJIEH HEIOCTATOYHOW H3YYEHHOCTHIO ITIyJIOB
yriepoja B IOYBaX CEBEPHBIX JIECOB, B KOTOPBIX
0COOEHHOCTH TEMIIEPATYPHOTO U THUAPOJIOTHMYECKOTO
PEKMMOB MOTYT CYIIECTBEHHO IOBJIMSATH Ha 3alachl
OpPTraHHYEeCcKOro BellecTBa. B craThe NpeacTaBlieHBI
pe3ynbTaThl MCCIEOBaHMS 3aMacoB OPTaHUYECKOTO
yriepona (Copr) ¥ a3ota (N) B MoYBe €I0BBIX JIECOB
Mypmanckoit  o0sactu. OOBEKTOM HCCIIEIOBaHUS
mocayxuar Al-Fe-ryMycoBsle TIOA30JBI B €IBHHUKAX
KyCTapHUYKOBO-3€JICHOMOIIHBIX B aBTOMOpPQHBIX
mo3urusx nangmadTta. B uwionme—aBrycre 2023 .
oOciieloBaHO 5 TIpOOHBIX TUIOMmANE, B Tpeaenax
KOTOPBIX MpPOBEAE€H OTOOp MOYBEHHBIX Mpo0 B
JOMHUHMPYIOIIMX 3JIEMEHTAapHBIX Ouoreoapenax: B
MEXKPOHOBBIX  (KYCTapHHYKOBO-3€JICHOMOIIIHBIX) U
noakponoBeix (mon Picea obovata Ledeb. u Betula
pubescens  Ehrh.)  mpocrpanctBax.  Iloka3ans
0co0eHHOCTH TPOMUIIEHOIO paclpeliesieH s 3aacoB
yriaepoga W a3ora B OpraHOTeHHOM  (JiecHOH
MOJICTUJIKE) M MUHEpAIBHBIX TOPU30HTAX, a TaKXKe
HakorieHue Copr. 1 N B MuHEpanbHbIx cioax 0-10, 0—
30, 0-100 cm. Ilom T1IOJIOTOM €U BBIABJICHBI
HanOoJbIINE 3amachl yriepoja M a3oTa B JIECHOU
nojctuike. O0mme 3anacel (OpraHOreHHBI TOPU30HT
+ wmmaepanpHBIA ciao 0-100 cMm) yriepoma Bcex
HCCIIeIyeMbIX Ororeoapeanax comnocraBuMbl — 116,7—
119,3 1/ra. 3anac Copr. B HOACTUIIKE cOCTaBisieT 13—
22% ot ero ob6mux 3amacoB B mouyBe. 3amackl N B
OPTraHOT€HHOM T'OPU30HTE MMEIOT CXOJHBbIE 3HAYCHUS

Abstract. Forest ecosystems play an important
role in regulating the carbon and nitrogen cycles,
serving as natural reservoirs of chemical elements.
This study aims to obtain new data and refine
existing information on carbon and nitrogen stocks
in the soils of northern taiga forests. This
information is particularly relevant for certain
regions due to climate change and anthropogenic
impacts. The focus on the Murmansk Region is due
to the insufficient knowledge of carbon pools in the
soils of northern forests, where specific
temperature and hydrological regimes can
significantly affect organic matter stocks. The
article presents the results of a study on organic
carbon (Corg) and nitrogen (N) stocks in the soil of
spruce forests in the Murmansk Region. The study
object was Al-Fe-humus podzols in dwarf
shrub-green moss spruce forests in automorphic
landscape positions. In July—August 2023, five
sample plots were surveyed. Within these plots,
soil samples were collected in the dominant
elementary biogeoregions: in inter-crown areas
(dwarf shrub-green moss) and under-crown spaces
(under Picea obovata Ledeb. and Betula pubescens
Ehrh.). The study reveals the characteristics of the
profile distribution of carbon and nitrogen stocks
in the organogenic horizon (forest floor) and
mineral horizons. It also demonstrates the
accumulation of Corg. and N in the mineral layers at
depths of 0-10 cm, 0-30 cm, and 0-100 cm. The
highest reserves of Cog and N in the forest litter
were found under the spruce canopy. The total
reserves (organogenic horizon + mineral layer 0—
100 cm) of Cory in all studied biogeoregions are
comparable and amount to 116,7-119,3 t/ha. The
reserve of Corg in the litter is 13,3-21,8% of its total
reserves in the soil. The reserves of N in the
organogenic horizon are comparable for the under-
and inter-canopy spaces and amount to 0,63-0,70
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JUTS TIOZAKPOHOBBIX M MEXKPOHOBBIX IMPOCTPAHCTB —
0,63-0,70 1/ra. O6mue 3anacel N (16,4 1/ra) u 3amacel
N (15,9 1/ra) B METPOBOM CJIO€ ITOYBHI MaKCHMATbHBI
moa kponamu Betula pubescens. B MeXKpOHOBBIX
MPOCTpaHCTBaX M Ioj KpoHamu Picea obovata oOrrue
3amackl azora — 14,5-14,8 1/ra. 3anacel N B moacTHiIKe
coctaBigeT 2,9-4,9% oT ero oOMMX ITOYBEHHEBIX

3amacoB. Takum 00pa3oM, OCHOBHBIC 3amachl
mouBeHHOro a3zoTa (mo 95%) m yraepoma (mo 82%)
3aJeTal0T  HIDKE OPraHOICHHOTO0 TOPWU30HTAa U

MIPUXOJATCS Ha MUHEpanbHBIN cioit 0—100 cMm.
KiroueBble cj10Ba: 104Ba; CEBEPOTACIKHBIE €IbLHUKH;
YTIepon; asor; aBTOMOp(DHBIE TaHamadTH;
MypmaHCKas 00J1acTh.

Cgenenns 006 aBropax: J)KusoB JMutpuii Aunpeenuy,
ORCID: 0009-0002-4670-0144, Bemymuii WHXEHED;
HuctuTyT npobieM npoMeilieHHOH 3konorun Cesepa
Konwsckoro Haydnoro mentpa Poccuiickoil akagemun
HayK, T. Amarutel, Poccus, d.zhivov@ksc.ru;
CyxapeBa Tarpsna AnexceeBna, ORCID: 0000-0001-
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t/ha. The total N reserves (16,4 t/ha) and N reserves
(15,9 t/ha) in the 1-meter soil layer are maximum
under the Betula pubescens crowns. In the inter-
crown spaces and under the Picea obovata crowns,
the total nitrogen reserves are 14,5-14,8 t/ha. The
N reserves in the litter are 2,9—4,9% of the total soil
N reserves. Thus, the main reserves of soil nitrogen
(up to 95%) and carbon (up to 82%) are located
below the organogenic horizon and are found in the
mineral layer of 0-100 cm.

Keywords: soil; North taiga spruce forests;
carbon; nitrogen; automorphic landscapes;
Murmansk region.
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B nacTos1ee BpeMs olleHKa CoJIep:KaHus U 3aacoB YIIIepo/ia B TOYBAX JIECHBIX 3KOCUCTEM
npuobpena ocoOyr0 3HAUYMMOCTh B CBS3M C HM3MEHEHHEM KIUMara M aHTPONOTEHHBIM
BozneictBueM [6; 13; 17]. Ha tepputopuu Poccuum cocpemoroderHo 22% MHPOBBIX JIECHBIX
pecypcoB u OoJiee MONOBUHBI O0peanbHBIX JecoB muaHeTsl [10]. HecMoTps Ha 9T0, paHee oHU
4acTO WTHOPUPOBATUCH B KOHTEKCTE MEXAYHAPOIHBIX YCHIMN MO CMSITYEHHUIO MOCIEICTBUN
M3MEHEHHMSI KITUMaTa, XOTs CITy)KaT 3HAYUTEIbHBIM CTOKOM yriiepoaa [14; 22; 32].

JlaHHBIE 110 3amacam yriiepoja B Mo4YBax — BayKHEUIIIas COCTABIIAIOIIAs OalaHca yriiepoaa B
JIECHBIX JKOCUCTeMax. Ha COBpeMEHHOM 3Tame HAaKOMUJIOCh OOJNBINOE KOJIUYECTBO PadOT MO
OIIEHKE TI100ANBbHBIX U PETHOHALHBIX 3a[1aCOB OPTaHUYECKOTo yriepoja B mouax [6; 13; 36, 39
u 1p.]. Ilo HEeKOTOpPBIM TaHHBIM, JIECHBIE YKOCUCTEMBI 3eMiin coaepxar 6osee 70% riobanbHOTO
[29].
pPaCTHTENbHBIM OMaj, KadecTBO KOTOPOro (CoAepKaHWe DJIEMEHTOB MHTaHWs, BEIUYHMHA

IIyjla TIOYBCHHOI'O YyIJIepoJda OCHOBHBIM HCTOYHHKOM yriiepoga T1IO4YB SBJISACTCA

cootHomenust C:N) omnpenenser CKOPOCTb €ro pas3jioXeHUs MOYBEHHOH Ouoroil w,
COOTBETCTBEHHO, CKOPOCTh M 00BEMBI NEpexoa yriepojaa B mouBeHHsble mynsl [7; 25; 31]. Ilpu
aHaJM3e YriepoAHOro OansaHca OCHOBHOE BHUMAaHUE YACTSAETCS Ha3eMHOW PacTUTENLHOCTH, a HE
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MMOYBEHHOMY KOMIIOHEHTY [5; 26], mO3TOMY CYIIECTBYIOT HEONPEACICHHOCTH B OLICHKE 3aI1acoB
yriepoja B MOYBaxX, B TOM YHCJIE CEBEPOTAEKHBIX JIECOB.

Kpowme Toro, He1ocTaTOuHO aKTyalbHBIX CBEJCHHI O MPOCTPAHCTBEHHOM paclpeiesieHuu U
MOYBEHHBIX IYJIOB yIJIepo/ia B MOYBaX OOpeasbHBIX JIECOB, KOTOPhIE BHOCAT BECOMBIN BKIJIA] B
ro0anbHBIM UK yriaepona [22; 34], ABSISCh 3HAYUTENBHBIM PE3EPBYapOM OPTraHUYECKOTO
BenlecTBa. JlecHble MOYBBI GopeanbHOro mosica coaepkar 15 % MUPOBBIX 3aMacoB MOYBEHHOTO
yraepona [35; 37]. IlorersieHne KiMMara MOXET MPUBECTH K MHTCHCHU(UKAIIMH IPOIIECCOB
pa3I0KEHUsI OPraHUYECKUX OCTAaTKOB B OOpEalIbHBIX JiecaxX M, COOTBETCTBEHHO, K YBEIUYCHUIO
noctymieHuss CO2 u3 mouBsl B atMocdepy. 3amnachl a30Ta HaXOIUTCS B TECHON 3aBUCUMOCTHU OT
3aracoB yriepoja, T.K. IOYTH BECh a30T B [TIOUYBE HAXOAUTCS B COCTABE OPIraHMYECKOr0 BEIIECTBA.

AKTYalbHOCTh HCCIIEZIOBaHUS OOYCIIOBIEHAa HEOOXOAMMOCTBHIO OIICHKH POJIM CEBEPHBIX
9KOCUCTEM B yIJIEPOJIHOM OayaHce, a TaKkKe MOTPeOHOCThIO B JAHHBIX Ui IPOTHO3UPOBAHUS U
CHI)KEHUSI HETaTUBHBIX 3()(PEeKTOB yriepojconepkammx ra3os [34] B ycnoBUSIX COBPEMEHHBIX
KIIMMATHYEeCKUX U3MEHEHUH.

[TomyueHHnsle  pe3ynpTaThl TOMOTYT B  BOCHOJHEHUM  Je(UIUTa  aKTyaJlIbHbIX
KOJIMUECTBEHHBIX JaHHBIX MO 3armacaM yriepoja M a30oTa B MOYBaX CEBEPOTACKHBIX JIECOB U U
CTaHyYT OCHOBOM JIJIsl pErMOHANBHBIX OLIEHOK YIJIEPOJHOro OalaHCca U MOHUTOPUHTA B YCIOBUSAX
MEHSIOLIErocss KiauMmara. B ganpHelem, MaTepuanbl MOTYT OBbITh HHTETPUPOBAHBI B
HAI[MOHAJIbHBIE TPOrPaMMBbl Y4€Ta CUCTEMbI BHIOPOCOB U IMOTJIONIEHUS MAPHUKOBBIX Ta30B, MPU
MPOEKTUPOBAHUM TPUPOJOOXPAHHBIX MEPONPUATHN U KapOOHOBBIX MpPOeKTOB. [lonydeHHbIe
pe3yNIbTaThl TO3BOJISAT PACHIMPUTH MPEACTABICHUS O PYHKIIMOHUPOBAHUU CEBEPHBIX SKOCHUCTEM U
UX pOIM B OMOTCOXMMHUYECKUX IMKIAX, a Takke OYAyT MOJE3HBI A pa3paOdOTKH CTpaTeruit
COXPAHEHHUs U pallMOHAIBHOT0 UCTIOIB30BAHMS IPUPOIHBIX pecypcoB EBponerickoro Ceepa PO.

[{enb paboTHI — OLIEHKA 3aMacoB yriaepoa U a30Ta B MOJ30JIaX WILTIOBHAIBHO-TYMYCOBBIX
HEHapYIIEHHBIX ((POHOBBIX) EMFHUKOB KyCTAPHUYKOBO-3€JI€HOMOIIIHBIX MypMaHCKOH 0011acTH B
aBTOMOP(HBIX MO3UIMIX JaHIIadTa.

OO0BbeKTBI 1 METOABI HCCIICI0BAHUS

HccnenoBanus mnpoBelneHbl B urone-aBrycte 2023 1. B e€lIbHUKAaX KyCTapHUYKOBO-
3eJIEHOMOIITHBIX, PACHOJIOKEHHBIX Ha Ioro-3amage MypmaHckoil ob6mnactu (Kanpanakmickuii
paloH, OKpecTHOCTH ¢. AnakypTTH) (puc. 1). 3anoxkeHo 5 mpoOHBIX IOl B aBTOMOP(HBIX
MO3UIUAX JaHamadTa, KOTOPbIE PaCHOI0KEHbI Ha HEOOJIBIION TPSJIE, BBITSIHYTOMU C F0Ta Ha CEeBep
C HE3HAUUTETLHBIM OHIKEHHEM penbeda k cerepy, 295-330 m Hax yp. M.

[TouBbI Ha IPOOHBIX MJIOIMIAASX HOPMHUPYIOTCS Ha CyleCUaHoi MOpeHe U npejcTabieHbl Al-
Fe-rymycoBeiMu mog3oniamu [4] ¢ TtunudyabiM s HuX npodumiem: O-E-BHF-C, wim Carbic
Podzols (Arenic), cormacao kimaccudukanmmun WRB 2022 [40]. JIpeBocToil mpencraBieH B
OCHOBHOM ejibio cubmpckoii (Picea obovata Ledeb.) u 6epésoii mymmmcroii (Betula pubescens
Ehrh.), pasHoBo3pactHbiii, V kiacca OoHuTeTa. ['OCONCTBYIOIIUMH >KU3HEHHBIMH (HhOpMaMu
HAMOYBEHHOTO TIOKpOBa sABJIsUIMCh KycTapuuuku (Vaccinium myrtillus L., Vaccinium vitis-idaea
L., Empetrum hermaphroditum Hager.) u mxu (Pleurozium schreberi Brid., Hylocomium
splendens Hedw.). U3 numraiiHuKoB HEOOIBIIMMH TATHAMH TPOU3PACTAIOT MPEACTABUTEIH PO
Cladonia. O61iee mpoeKTHBHOE TIOKPBITHE PACTUTEILHOCTEIO — 90-95%.
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Puc. 1. Kapta pacnoJiosxkeHusi NpoOHBIX MJIOLIAEH.
IIpumeyanne: mpoOHbIE IUIOIIAAN HMEIOT CJIeIyIole KOOPANHATHI:
I Ne 1: 66,952220 c.m. 29,862220 B.x; ITIT Ne 2: 66,952780 c.uu. 29,863060 B.1;
ITIT Ne 3: 66,953890 c.mx. 29,846440 B.1; I1I1 Ne 4: 66,947780 c.m1. 29,860000 B.1;
IIII Ne 5: 66,948610 c.m. 29,861670 B.1.

HccnenoBanus npoBOAWIM € y4€TOM BHYTPUOMOI€OIEHOTMYECKOro BapbupoBaHusd. Ha
KaX/10i NpOOHOW TIUIOmanM TOYBEHHbIE MPOOBI OTOMpasM B 3-KpaTHOH TOBTOPHOCTH B
JOMUHHUPYIOIIUX  dJIEMEHTapHbIX  Ouoreoapenax (OBI'A):  enoBoM  KyCTapHHUYKOBO-
3eJIeHOMOIIHOM (mpoekTuBHOE NoKpbiTHE 20—40%), 6epe30BOoM KyCTapHUYKOBO-3€JIEHOMOIITHOM
(20-25%), xycrapHuukoBo-3eIeHOMOMHOM (20-35%). IIpoObl oTOHMpanu MO TEHETUYECKUM
TOPU30HTaM: OpraHoreHHbIi ropu3zoHT (O), smoBuanbHbli (rop. E), mntroBuanshseiii (rop. BHF)
u mouyBooOpasytomas mopoaa (rop. C) Jus ompeneneHust 3amaca MOACTHIIKH Y KaKIOTO
IOYBEHHOTO pa3pe3a OTOMpaNH MOYBEHHBI MOHOIUT paMKoil 25X25 cM? Ha BCIO TIyOHHY
OpPraHOT€HHOI'0 TOPU30HTA, M3MEPSIM MOIIHOCTh. B 1a00paTOpHBIX YCIOBUSAX IPOBOAMIN
py4YHOIl pa30op MOYBEHHBIX MOHOJMTOB Ha moaropm3ontel OL, OF u OH, mpu 3TOM KOpHH
pactenmii uszBnekanu. [Toaropusont onaxa (OL) mpencrapiisier co00i BEpXHUM CIIOH, COCTOSTIHIA
U3 CBEXKUX WU CI1a00Pa3I0KUBIINXCSI PACTUTENLHBIX OCTATKOB, TAKUX KaK JHCThS, XBOS, KOpPa,
BETKHM, OMajJ Halo4YBeHHOro mokposa. [loaropu3ont ¢epmenramuu (OF) cocrout wu3
MOJTyPA3JIOKUBIINXCSL PACTHTEIBHBIX OCTATKOB, B KOTOPBIX €IIE€ COXPAHSIOTCS TPU3HAKU
aHaToMuueckoro crpoenus. [lomropusont rymudukanuu (OH) cocToMT B OCHOBHOM W3
MIOJIHOCTBIO Pa3JI0KUBIIETOCS, TYMU(PUIIUPOBAHHOTO OPraHMYECKOTO BELIECTBa U MMeeT Ooliee
IUIOTHYI0O UM TEMHYIO OJHOPOAHYIO CTpYKTypy [12]. Ompenensiu aOCOMIOTHO CyXYI Maccy
KaX/10T0 MOJrOpU30HTa MOACTHIKU. OOpasiibl Ha IUIOTHOCTh MUHEPAIBHBIX TOPU30HTOB MOYBBI
0TOMpaIM TOYBEHHBIM OypOM TMAMETPOM 5,5 cM JUTst Kax10ro paspesa. OnpeaeneHue mioTHOCTH
CJIO’KEHUSI TTOYBbI TpoBoaAnH 1o Metoay H.A. Kaunnckoro.

[loneBble M KamepanbHble pabOTHI MO HCCIEJOBAHUIO IOYB BBIMOJHEHBl COTJIACHO
METOAMYECKUM PEKOMEHAALMsAM, pa3padOTaHHbIX YYaCTHUKAMHU Hay4yHO-00pa30BaTEIbHOTO
KOHCOpLHUYyMa «YTJIEpoa B HKOCHCTEMax: MOHUTOPHUHI» B paMKax peaji3allii Ba)KHEHIIEero
MHHOBAI[MOHHOTO MPOEKTa rOCyIapCTBEHHOTO 3HaueHMsl «EquHas HaMOHalbHAs cHCTeMa

MOHUTOPHUHTA KJIMMAaTUYECKU aKTUBHBIX BemlecTB» (BUIII'3).
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Copneprxanue yriepoia M a3oTa B Ipobax ONpenessiii METOJOM MPSMOro CKUIaHUS Ha
anemenTHOM aHaym3aTope CHNS EMA 502 (VELP, Uranus).

Jis onpenenenus 3amacoB opranumdeckoro yriepoga (Copr) MCHONB30BAIM JaHHBIE IO
MOIIHOCTH, MJIOTHOCTH IIOYBEHHBIX TOPU30HTOB U COAEP)KAaHUIO B HUX yriepoja. Pacuer 3amaca
yriepoja B JECHOM MOJCTUIIKE IPOBOJWIN ITyTEM YMHOXKEHUSI aOCOJIFOTHO CyXOM MacChl OYBbI
Ha coaepkaHue yriepona. Pacuer 3anacoB Copr. B MUHEPAIBbHOM TOJIIIE [TOYBBI BBIIOJIHSUIN O
hopmyae (1) [6]:

Csanac = Copr. X p X h X 0,01, 1)
rzie Csamac— 3anac yriepoaa B nouse, TC/ra; Copr, — COJiEpKaHNE OPraHUYECKOT0 yIiIepoAa B IOYBE,
%; p — INIOTHOCTb NOYBHI, I/cM*; h — TommmHa pacu€THoro cios noussl, cM; 0,01 — ko3 unment
nepeBojia equHUI (YIUThIBaeT: % — 10, T/cM® — T/Ta ipu h B cm).

AHAJIOTUYHO ONPEIEIIIIN 3aackl a30Ta B MTOYBE.

Pacuers! 3anmacoB npoBoauiH st pukcupoBaHHBIX MUHEepabHbIX cinoeB 0-10, 0-30 u 0—
100 cM ¢ yuetom gomnu menko3ema. [lomydennblie naHHbIE 00padaThIBaIU B TPOrPAMMHBIX MTaKeTax
MS Excel (onucarenpHas cratuctika) u Statistica 13.3 (U-kputepuit Manna-Yutan).

PesyabTaTsl U 00cy:KIeHHE

Cpenusiss MOIIHOCTH oOpraHoreHHoro ropu3oHTa (O) B MEXKPOHOBOM IPOCTPAHCTBE
cocraBuia 8,7+2,3 cm, o kpoHoi e — 9.0+2,9 cm, o kpoHoit 6epésnl — 9,3+1,6 cm. B padore
E.M. JlanteBoii 1 ap. [8] ecTh npeAIonokeHue, 4To NPaKTUIECKU BCE OYBbI, (HOPMHUPYIOIIHAECS
B aBTOMOP(HBIX no3uusax JanamadTos [Ipunonsproro Ypana, BHE 3aBUCHIMOCTH OT XapakTepa
pacTUTENBHOTO TIOKPOBa, OOJNAArOT OJM3KUMH 3HAUYEHHUSIMH MOIIHOCTH OpPTaHOTEHHBIX
ropu3oHTOB — 4-5 cMm. Ilpu 5TOM, MOIIHOCTH OpPraHOTEHHOT'O TOPH30HTAa B AaBTOMOP(HBIX
MO3UIHUAX JaHmadTa Ha HAIMX 00BEKTAaX UCCIIEAOBAHMS TaKXKe HE 3aBHCEIa OT AJIEMEHTapHOTO
Oouoreoapeana U B cpenHeMm coctaBisuia 8—9 cwm. [lomydeHHbIe HAMU JaHHBIE IO MOIIHOCTH
TIOJICTHJIKU CXOJIHBI C pe3yJIbTaTaMH, MOJIy4eHHBIMU JIJIS T10/130710B MypMaHckoit oonactu [9; 15],
Pecriyomuku Komu [1; 2; 6; 18], Pecrryomuku Kapenus [19].

[Tpu omeHKax MOYBEHHBIX ITYJIOB yIJIEpoa M a30Ta MCCIEAOBATENIM OTMEYAIOT HEXBATKY
JIAHHBIX TIO TJIOTHOCTU MOYB [16], 4TO BHOCHUT PAJI CIIOKHOCTEH B Pacu€ThI 3a11aCOB JIEMEHTOB.
Hamu ycraHOBIEHO, 4YTO TMMOYBAa MEXKKPOHOBBIX IPOCTPAHCTB SIBJSIETCS OoJiee IUIOTHOMA.
[InotHOCTS TMOM30HcTOrO ropm3onTa (E) cocraBmser 1,32+0,24 1/cM°; WIIIOBHANBHOTO
ropmonTa (BHF) — 1,22+0,35 r/cm®; moaropmsonta BC — 1,30+0,12 r/cm®. B mOAKpPOHOBBIX
NPOCTPaHCTBAaX TOYBa MeHee IUIoTHas. [loJ mojIoroM enw IUIOTHOCTh TOpu3oHTa E —
1,13£0,09 r/cM®; ropmsonta BHF — 0,94+0,15 r/cm®, mox momoroM 6Gepessr 1,02+£0,20 u
1,12+0,22 t/cM® cooTBeTCTBEHHO. Pasnuums B IIOTHOCTH MEKKPOHOBBIX M IIOJKPOHOBBIX
IPOCTPAHCTB OOYCIIOBIICHBI pa3HUIEH B (pUTOMAacce KOPHEBBIX CHUCTEM, KOTOpas O] KPOHOH
nepeBbeB BhIe. J[os Mmenko3zéma (<2MM) B TTOUYBaX M3MEHsIIACh B quamnaszone ot 92,8 no 100%.

OCo0EHHOCTH pacTpeeTICHHs 3aI1acoB a30Ta M yriiepo/ia B OPraHOTEHHBIX U MHUHEPATHHBIX
TOPH30HTaX MPEACTaBICHbBI HA PUCYHKE 2.
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3anackl yrnepoga 3anack! azota
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Puc. 2. PacnipenesieHue 3anacos yrijieposaa a3oTa 1o reHeTH4eCKMM FOPU30HTaM MO4YB B
aBTOMOPQHBIX eJIbHUKAX KYCTADHHYKOBO-3€JIeHOMOIIHbIX MypMaHCKoii 00s1acTH, T/Ta.
Ipumeyanne: MK — meskkponoBbie npocTpancTa, N=5, IIK (e;1b) — noAKpoOHOBBIE €J10BbIE
npocrpancTBa, =5, ITK (6epe3a) — moAKpoHOBbIe Gepe3oBbIe MPOCTPaHCTBA, N=5

B aBroMopdubIX manmmadTax 3amacel yriiepojga B opraHoreHHoM TopuzoHTe (O)
BappupytoT oT 14 no 34 T C/ra. B noaropusoHnTax moAcTUIKM 3anackl BapbupoBanu ot 0,21 no
2,23 1 C/ra (rop. OL), ot 3,48 10 21,57 T C/ra (rop. OF), B (rop. OH) — ot 2,14 10 20,30 T C/ra.
B Munepanphbix ropusontax — ot 2 g0 12 1 C/ra (rop. E) u ot 10 no 39 T C/ra (rop. BHF), B
noaropusonTte (rop. BC) — ot 5 1o 13 T C/ra. B moacTuike Mex- ¥ MOKPOHOBBIX IPOCTPAHCTBAX
3armackl yriepoja B moaropu3onte OL Hmxke, yem B moaropuzontax OF u OH, 4to o0bscHseTCs
0oJyiee MHTEHCUBHBIM TIOCTYIUIGHHEM PACTHTEIBHOTO OMaja MoJ KpoHAaMH JiepeBbeB. [lpu aTom
HauOoJbMe 3amachkl yriaepoaa (p<0,05) B mojacTHiIke OTMEYEHBI 1MOJ KpoHoi Picea obovata.
MakcumanbHbie 3anachl yriepoaa (p<0,05) oTMedeHsl B HILTIOBHATEHOM ropu3oHTe BHF mous.

3anacel azota B opraHoreHHoM ropu3oHTe (O) BapeupyroT oT 0,34 mo 0,90 T C/ra. B
MOJITOPU30HTAX TOACTHIIKH BapbupoBasii HesHauuTenbHO — oT 0,01 1o 0,08 T N/ra (rop. OL), ot
0,13 10 0,48 T N/ra (rop. OF), B (rop. OH) — ot 0,08 10 0,57 T N/ra. B MuHepaibHbIX TOPH30HTAX
—ot1 0,23 10 0,74 T N/ra (rop. E) u ot 0,24 10 2,01 T N/ra (rop. BHF), B moaropusonte (rop. BC)
—ot 0,72 1o 7,99 T N/ra. Haubonee Bricokoe conepxanue N ormedero B noaropuzonte BC.
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3anacet azoma (N) B moactuike W MuHepanbHbix cinosx (0-10, 0-30 u 0-100 cm)
npecTaBieHbl Ha pucyHke 3. 3anackl N B OpraHOreHHOM TOPHU30HTE BapbUPOBAHU MO KPOHOMH
emn ot 0,6 no 0,9, mox kponoit 6epessl — ot 0,3 mo 0,5, mexay kpoH — ot 0,5 mo 0,7 T/ra.
Paccuurannble cpeanue 3HaueHus 3amnacoB N B MOACTUIIKE COMOCTABUMBI JIJISl TOJKPOHOBBIX U
MEXKpPOHOBBIX TIpocTpaHcTBax (puc. 3). 3amacel N B MunepansHoMm ciioe 0—100 cM mox KpoHOH
€11 I3MEHSTMCh B auana3one ot 7,3 1o 20,3, moa kpoHoit 6epessl — ot 13,2 10 20,1, Mex1y KpoH
—ot 8,4 10 19,1 1/ra. Makcumanbubie 3anachl N (p<0,05) B METpOBOM CJI0€ ITOYBBI OTMEYEHBI ITO/T
KpoHo# 6epé3bl (15,9 + 2,9 1/ra). 3anace! a3ota B MuHepaibHOM citoe 0—100 cM B MEXXKKPOHOBOM
U TMOAKPOHOBOM €JIOBOM IPOCTPAHCTBE XapaKTepU3YIOTCs Oojiee HU3KUMHU 3HaueHusMu (14—
14,1 t/ra). B cnoe 0—10 cm conepsxurcs 0,43—0,97 1/ra, B cnoe 0—-30 cM — 0KOJI0 YETBEPTH 3amaca
oT metpoBoro cios (1,85-4,52 1/ra).

T/ra MMK HETK (enb) LMK (6epésa)

20
15
10

i I

bl
0 == = = = ‘
Moactunka 0-10 cm 0-30 cm 0-100 cm

Puc. 3. 3anacsl a30Ta B OpraHoreHHOM rOpU30HTE MOYBbI H MHHEPAJIBLHBIX CJIOSIX
(0-10, 0-30 1 0—-100 cM) B aBTOMOP(PHBIX eILHUKAX KYCTAPHUYKOBO-3€J1€HOMOIIHBIX
Mypmanckoii o6s1acTh, T/Ta. [IpuMeyanHue: npuBeAeHb] CpeJHHE 3HAYCHUS U CTAHAAPTHOE
otrkjonenne. MK — mexkkpoHnoBbie poctpancTsa, n=5, I1K (eq1b) — noakpoHoBbIe e10BbIe
npoctpancTBa, n=5, IIK (0epe3a) — nogkpoHoBLIe Oepe30Bble MPOCTPAHCTBA, N=5

O6mue 3anacsl N (moactuiika + mMuHepanbHbli cioit 0-100 cM) Takke BbILIE 11O KPOHOMN
Oepe3sl — 16,4 T/ra. B mOAKpPOHOBOM €JIOBOM TpOCTpaHCTBE o0mme 3amackl N COCTaBISIOT
14,8+4,5 1/ra, mexxay kponamu — 14,5+4,0 T/ra.

3amac N B moacTmiike cocTaBiseT 2,9-4,9% oT ero oONMX IMOYBEHHEIX 3amacoB. Takum
0o0pa3oM, OCHOBHBIE 3alachl 3aJIeTal0T HUXKE OPraHOI€HHOI'O TOPU30HTA, 30HBI AKTHUBHOMN
JIEATEIIbHOCTH KOPHEH.

3anacer yenepooa (Cop.) B moactuiike U MuHepanbHbix ciosx 0-10, 0-30 u 0-100 cm
npeJcTaBieHbl Ha puc. 4. 3anachl Copr, B OPraHOT€HHOM TOPU30HTE BapbUPOBAIIN O] KPOHOU eln
ot 19,8 10 33,9, mox kponoii 6epe3s — ot 14,4 no 18,2, Mmexay kpon — ot 14,3 no 23,8 1/ra. 3anacsel
Copr. B MUHEpaTbHOM ci1oe 0—100 cM o1 KpOHOM €111 U3MEHSIMCH B quanasone ot 67,19 no 135,2,
moa KpoHou Oepe3sl — oT 81,2 mo 135,7, mexny kpoH — ot 58,8 no 131,2 1/ra. Paccuurannsie
cpennue 3amnachl Copr. B TOJCTHIIKE CHIDKAIOTCS B PAAY: MO KPOHOH emu (25,5 1/ra) > MeX 1y KpoH
(21,2 1/ra) > mom kponoit Oepe3wr (15,8 1/ra). Hambompmme 3amacel yraepoma (p<0,05) B
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MOJICTUJIKE U MUHEpabHOM ciioe 0—10 cM eT0BBIX MPOCTPAHCTB MO CPABHEHUIO C MEKKPOHOBBIMU
Y TIOJKPOHOBBIMHU O€pe30BBIMU MPOCTPAHCTBAMU MOTYT OOBSCHATHCS 00JI€e MOIIHBIM MOJIOIOM
€N ¥ O0JIBIIKMM KOJIMYECTBOM TPYIHO pasiiaraeMoro omnajia xsou. B munepansHom ciioe 0-100 cm
Habo1aeTcsi oOpaTHas TEHACHIUA: MaKCUMalbHbIe 3amachl Copr. OTMEUEHBI MO/ MOJAKPOHOBOM
6epezoBom mpoctpanctBe (103,4 T/ra), MUHUMAlIbHbIE B MEXKPOHOBOM U TOJKPOHOBOM
npoctpanctee (91,7-95,5 1/ra). B cmoe 0—-10 cm conmepxkutcs 3,2—17,2 1/ra, B coe 0-30 cm —
OKOJIO TPETH 3aIacoB yIjiepoja oT MeTpoBoro cios (25,1-47,8 t/ra).

O6mue 3amacel Copr. BCEX HCCIEAYEMBIX OHMOreoapeasgoB COMNOCTABUMBI M COCTABIISIFOT
116,7-119,3 1/ra.

3anac Copr. B moscTuiike coctapisieT 13,3-21,8% ot ero obuux 3anacos B nouse (puc. 3).
OcHoBHble 3amacel yriepoaa (1m0 82%) mpuxoasTcss Ha METPOBBINA Ciloi mouBbl. [lomydeHHbIE
PE3yNbTaThl COTNACYIOTCA C IaHHBIMH, MONYYEHHBIMU UIS JE€PHOBO-TIOA30JIUCTHIX TOYB JIECHOM
30HBI eBporelickoi Tepputopun Poccun (B T. 4. Tepputopus «YalrHUKOBO», pacIioioKeHHAs B
ConneyHoropckoM paitoHe MOCKOBCKOW 00yiacTi) B MOTYTUAPOMOP(GHBIX M aBTOMOPQHBIX
ycnoBusix [20].

Bricokuit ypoBenb BapuabenbHocTd 3amacoB N u Copr. (puc. 3 u 4) cBsizan ¢ HEOOIbLUIUM
00BbeMOM BBIOOpPKH (N=5) W 3HAUUTEIHLHOW MPOCTPAHCTBEHHOW HEOJHOPOJHOCTHIO B Mpeienax
OTJIeTIbHON TPOOHOM TUIOIIA/IH.

140T/Fa UMK HIK (enb) MK (Bepésa)
120
100

80

60

40 I I
. L |

Moactunka 0-10 cm 0-30 cm 0-100 cm

Puc. 4. 3anacel yriepoaa B OpraHoreHHOM FOPH30HTE MOYBbI 1 MUHEPAJIBHBIX CJI0AX
(0-10, 0-30 u 0100 cM) B aBTOMOP(PHBIX eTILHHKAX KYCTAPHUYKOBO-3€1€HOMOIIHBIX
Mypmanckoii o6sacTH, T/Ta.

IIpumeuanne: MK — mexxkpoHoBbIe npocTpancTBa, n=5, IIK (e1b) — NOAKPOHOBBIE €J10BbIE
npocrpancTea, n=5, IIK (6epe3a) — nonkpoHoBbie Oepe30BbIe MPOCTPAHCTBA, N=5

Bormpoc o ponu moAcTUITKY B IETTOHUPOBAHUHN OPTaHUYECKOTO YTIIEPO/1a BBI3BIBAET HAYIHBIC
JUCKYCCHHU, YTO OOYCIIOBJIICHO KOMIUIEKCHBIM XapaKTepoM JaHHOTO mpolecca. Hekoropsie
uccnenoBarenu [21] yka3pIBalOT HA OTHOCUTEIHHO HEBBICOKUMA BKJI MOACTHIIKKA B OOIIUN Ty
yriepona (5—6%), 94To MOXKET Ka3aThCsAd HEAOCTATOYHBIM I TMPHU3HAHUS €€ CYIIECTBEHHOTO
BIIMSIHHS HA YTJIEPOIHBINA OaTaHC SKOCHCTEMBI.
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OpHako Takoii moaxoj| Tpedyet Oosee rayookoro aHanu3sa. [pu neranbHOM CpaBHUTEITLHOM
pPacCMOTPEHUH CTAHOBHTCS OYEBHIHBIM, YTO OIICHKA POJM TOJCTUJIKH JOJDKHA YYUTHIBATH HE
TOJILKO a0COITIOTHBIC 3HaYCHUS coiepkaHusl Copr., HO U IOTIOJTHUTEIIbHBIE (PaKTOPBI PpETHOHATHHO-
KJIMMAaTHYEeCKOTO XapaKTepa, Takue Kak: KJIMMaTH4YecKas 30HaJIbHOCTHh (B ycioBusx Ceepa
IPOIIECCHI PA3IIOKEHHSI OPIraHUYECKOTO BEIIECTBA CYIIECTBEHHO 3aMEJUICHBI, YTO CIIOCOOCTBYET
AKKyMYJISIIIUK YTIIepoJa B BEPXHUX TOPH30HTAX ), OCOOCHHOCTH ITOYBOOOpa30BaHMs (B CEBEPHBIX
9KOCHCTEMaX OpPraHOTCHHBIM TOPU30HT (QOopMHpYeTcsl crenuduyeckuM o0pa3oM, co3aaBas
0coObIC YCIIOBUS Il KOHCEPBAIMH YIIIEpo/ia), CKOPOCTh NECTPYKIUHU (HHU3Kas TeMIeparypa u
KOPOTKHI BETeTAlMOHHBIA TIEPUOJ MPUBOIAT K 3aMEUICHUI0 MHHEPAIU3aIUH OPTaHUYECKOTO
BEIIECTBA, YTO YCWJIMBAET POJb TMOACTHIKH KaK BPEMEHHOTO JIENO YIiepoja), CTPYKTypa
9KOCHCTEMBI (B OOpEaNbHBIX M CYOapKTHYECKUX JaHmmadTax MOACTUIIKA SBJSICTCS BaKHBIM
KOMITOHEHTOM, BJIMSIFOIIUM Ha ()OPMHUPOBAHKE BCETO MOYBEHHOTO TPOQHIIS).

Ucnenosanwust [1-3; 6; 8; 11; 14; 21] 1eMOHCTPHPYIOT, YTO B MIOYBAX CEBEPHBIX TEPPUTOPHIA
UMCHHO OPraHOTCHHBIM TOPU30HT BBICTYIACT KIIOYEBBIM aKKyMYJSATOPOM yIJiepoja, 4YTo
00yCJIOBJICHO COBOKYITHOCTBIO BBIIICIIEPEYHCICHHBIX (hakTopoB. TakuM 00pa3oM, HCKIIOYCHUE
NOJCTHIIKA W3 OLEHKU YIJIEPOJICTIOHUPYIOICH CIIOCOOHOCTH TIOYB MOXET TPUBECTH K
CYIIIECTBEHHOMY MCKa)XCHUIO OOIIIeH KapTUHBI YIIIEPOAHOTO OaaHca 3KOCUCTEMBI.

CrnepnoBarenbHO, HECMOTPSI HA OTHOCUTENILHO HEBBICOKHE MPOICHTHBIE [TOKA3aTEeH, BKIIA]
HOJICTHIIKM B OOIIMHU IyJl YIiepoJia HEelb3sl HEJAOOICHUBATh, OCOOCHHO B YCIOBHUSX CEBEPHBIX
9KOCHCTEM, TJI¢ OHA BBITIOJIHICT YHUKAIbHBIC (DYHKIIUHM B CUCTEME YIIIEPOIHOTO LUKJIA.

AHanu3 IUTEepaTypHBIX JaHHBIX MOKA3bIBAET BAPbUPOBAHME 3aM1acOB YIIepo/a B MOYBax Ha
MOKPBITHIX JecoM 3emisix P® (Tabn. 1) u B OTAENbHBIX perruoHax cTpansl (Tadm. 2). [1; 2; 6; 13;
14; 21]

Tabmuma 1
3anacel yriiepoaa B oYBax NOKPBITHIX JIECOM 3eMellb
B Poccuu mo oneHkaM pasjiMmyHbIX HCCJIeaoBaTeNIei, T/ra.
3anace! Copr. T/T2 Asrop/ro
IloxcTrnka Cioit 0-100 cm

— 170 Opaos J1.C. u ap., 1996
— 203 Rozhkov V.A. et al. 1996

18 96, (86) Alexeyev B.H., Birdsey R., 1998, (1994)

15 115 Nilsson I. et al., 2000
— 148 Ytkun AWM. u np., 2001
- 159 [IBunenxo A.3. u 1p., 2003
- 125 Hcaes A. u ap., 2004
— 137 Yectreix O.B., 3amonomuukos JI.I'., YTkuua A.W., 2004
— 253 ConreH b. u 1p., 2005
- 159 3amonoauukos J.I'. u ap., 2005
- 115 Stolbovoi V., 2006

7,2 162 Yectarix O.B. u np., 2004; 2007

10,1 176 [enamenko A.I". u ap., 2013
9 136 [Isunenko A.3., lllenamenko J.I'., 2014

Ilpumeuanue: * «—» — naHHbIE OTCYTCTBYIOT.
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Tabmuna 2
3anachbl OPraHNYecKoro yrjiepoia B No4Bax ceBepHbIX peruoHOB PD
110 OLleHKAM Pa3JIM4YHBIX HccJieioBaTese, T/ra
3amackl C o T/Ta
Perunon ToxcTiKa Cr1oii 0-100 ont IlouBnl Astop/ron
MpraHCKaﬂVO6J'IaCTL 16-21 92-103 AnbderymycoBbie CobcTBEeHHBIE
(ceBepHas Taiira) MO30JTBI JTAHHBIE
Pecny6nuka Kapenust [Tonzonsl, necuansle | baxmer O.H.,
(cpenHsist Taiira) 11-61 39-402 U CylleCUYaHbIe 2018
Pecrry6mmka Komu [Homzon HdemvoB ALA.,
(ceBepHas Taiira) 5 20-68 WJLTIOBUAITEHO- 2020
JKEJIE3UCTBIN
[Monzomucteie Bobkosa K.C. u
12-27 88-101 nouBkl, TophsiuucTo- | [anenko O.J1.,
nonzonucro-riaeessie | 2006
Pecrry6mmka Komu [Homsonmcteie bob6koBa K.C. n
(cpennsis Taiira) 16-35 57-141 no4Bbl, TopdsiHucTo- | [anenko 3.J1.,
noj3onucro-raeeseiec | 2006
14-16 79-169 Tunwunele moa3oasl | bookora K.C.,
I'neenoa3omsI- Marmmka A.B.,
29 141161 UnmoBuansHo- g(l)viad,r uH A.B.,
ryMYCOBO-
KEJIC3UCThIE
AnbderymycoBbie [TactyxoB A.B.,
30 51 [10/130J1bI Kasepun JI.A.,
2013
[Ipunonsipueni ¥Ypan ITonzomsr Jlantea EM. u
21 (£14) 106 (+42) 1p., 2022

Hamm uccnenoBanus MOKa3bIBAOT, YTO COZAEP)KAaHUE yIiiepojia B MOYBAX CEBEPOTACKHBIX
necoB MypmaHCKON 0071acTH, KaKk MPaBUiIO, HUXKE, YEM B LIEJIOM B IOYBAX Ha MOKPBITHIX JIECOM
3emisix B PO.

B MypmaHckoii 001acTu 3amacel yriiepoaa B JIECHOM MOACTHIIKE U MUHEpalIbHOM cioe 0-
100 cM B e10BBIX Jiecax B aBTOMOP(HBIX JaHIadTaX COOTBETCTBYIOT 3HAUEHUSAM, OJTYYEHHBIMU
JIPYTUMH HCCIE0OBAaTENIMU Ul CEBEpHOM M cpenHell moa3oH Taiiru B Pecnybnuke Komu u
Pecniy6nuke Kapenus (Taba. 1).

M3BecTHO, 4TO TUN MOYBHI BIMSET HA 3amachl yriiepoaa B MOYBEHHOM mpoduie [14] u
aBnsieTca (akTopoM, ompeaessomuM 3TH 3amackl [14; 23; 24; 33]. Ilo »toit mpuumhe
NOoTPeOHOCTh B MCCIIEJOBAHUY CKJIAIBIBAETCS] HE TOJIBKO B OTHOLIEHUU PErHOHAJIBHOIO acleKTa,
HO U BCEX NMPUYPOUYEHHBIX K HEMY THUIIOB I10YB CO BCEMH M3MEHEHMAMH JlaHaAmadToB. KimroueBsiM
¢daTopaMu  SABIAETCS TAKXKE MHTEHCHUBHOCTh OMOT€OXMMHUYECKHMX IIMKIOB M  CTENeHb
aHTPOIIOTEHHOTO BO3JCUCTBUS Ha SKOCHCTeMBl. [loimydeHHble JaHHBIE COTJIACYIOTCS C
ro0aNbHBIMA TPEHJAMM paClpesieieHnsl MOYBEHHOTO yriepoja B OOpealbHOH 30HE, 4TO
MOJITBEPKIAETCS COBPEMEHHBIMHU KIMMATHUECKUMH MOJIEISIMUA U UCCIIEIOBAaHUSIMU YTIIEPOJHOTO
Oamanca ceBepHbIX Tepputopuii [28; 38]. IlepcrieKTHBHBIM HampaBlIeHHEM JalbHEUIINX

I/ICCJIG,Z[OBaHI/Iﬁ ABJICTCA M3YUCHHUC BJIIMAHHUA KIIMMATUYCCKUX U3MEHCHHMI Ha JAUHAMHUKY
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MOYBEHHOTO yIJIepoJa C Y4YeTOM CHeHu(UKH PpPErHoHANbHBIX IMOYBEHHBIX IPOLIECCOB U
JaHAmadTHO-KIMMATHYECKUX YCIOBHM.

BriBoabl

1. B HeHapylIeHHBIX €TbHUKAX KYCTAPHUYKOBO-3€JIEHOMOIIHBIX MypMaHCKO# 00J1aCcTH B
aBTOMOP(HBIX MO3ULHUAX JaHIapTa MOITHOCTh OPraHOI€HHOTI'0 TOPU30HTA cocTaBisia 8—9 cMm
U He 3aBHCelia OT 3JIEeMEHTapHOro duoreoapeana (OJAKPOHOBBIE M MEKKPOHOBBIE IPOCTPAHCTBA).

2. 3amacel Copr. B MOJCTHIIKE €JIOBBIX JIECOB CHIKAIHUCH B PSAY: MOJ KPOHAMHU €IH
(25,5+5,7 T1/ra) > mexnay kpoHamu (21,2+£3,9 1/ra) > nmox xkpoHamu Oepesbl (15,8+1,4 T1/ra).
Haubonbimue 3anacsl Copr. B HOJCTHIIKE €JIOBBIX IIPOCTPAHCTB M0 CPABHEHUIO C MEKKPOHOBBIMU
U TIOJKPOHOBBIMH O€pE30BBIMHU MPOCTPAHCTBAMHU MOTYT OOBSCHATHCS 00Jiee MOIIHBIM MOJIOTOM
enu ¥ OOJIBIINM KOJIMYECTBOM omaBiiel XxBou. 3anacskl N B MOJCTHIIKE ObUIM COITOCTaBUMBI JIJIS
MOJIKPOHOBBIX U MEKKPOHOBBIX MPOCTPAHCTB.

3. Amnanu3 pacrpeeieHus 3a1acoB yriepo/ia o reHeTHYeCKUM rOpU30HTaM MoKa3a, 4To
€ro OCHOBHBIE 3amachl cocpenoToueHbl B opraHoreHHoM (O) u womoBuaabHoMm (BHF)
ropuzoHTax. MakcuMalbHbIC 3alachl B MOYBEHHBIX TOPU30HTAX BBISABICHBI MO KpoHoi Picea
obovata, 4To CBsI3aHO C WHTEHCHBHBIM MOCTYIUICHHEM U MEUICHHBIM Pa3jIoKEHHEM XBOHHOTO
omana. B moactunke HanOonbIuii BKJIaA B 3amackl yriepoja BHocAT noaropu3oHTsl OF u OH,
TOrJa KaKk B MUHEPAJIbHBIX TOPU30HTAX JOMUHHUPYIOIIUM ITYJIOM YIiepoja SBJISETCS TOPU3OHT
BHF.

4. llpodunbHoe pacmpeieneHHEe 3amacoB a30Ta [0 TMOYBEHHBIM T'OPU30HTAM
CBUJIETENHCTBYET O €r0 HU3KUX 3aMacax B OPraHOT€HHOM U AJIIOBUAIBHOM TOPU30HTAX, M BBICOKUX
— B wumoBnansHoM (BHF) ropuzonte u B moaropusonte (BC), uTto MokeT yka3biBaTh Ha
3HAUUTENBHBIN MOTEHIIMAN K JEMOHUPOBAHHUIO YTIEpOAa HE TOJBKO B MOYBE KOPHEOOHUTaeMOM
30HBI, HO U B MUHEPAJIbHBIX TOPH3OHTAX.

5. OcnoBubie 3amacel mouBeHHOro N (1m0 96%) u Copr. (0 82%) 3aneraroT HMXKe
OpPTaHOT€HHOT'O TOPU30HTA U MPUXOAATCS Ha MUHepanbHbIN cinoit 0-100 cMm. [Tox kponamu Gepés
BBISIBJIEHBI MakcuMaibHble 3amachl Copr. (103,4£23,8 1/ra) u N (15,9£2,9) B MeTpoBOM ciioe
MOYBHI.

6. IloacTunka ceBEepOTACKHBIX JIECOB COAEPKHUT BECOMYIO 4acTh 3amacoB Copr. — 13,3—
21,8% ot obmero myna yriaepojaa, MOITOMY €€ Helb3s WrHOPUPOBATH TIPU  OIICHKE
YTISPOICTTOHUPYIOIIECH CITOCOOHOCTH JICCHBIX TTOYB.

[TorydeHHbIe NaHHBIC MOAYEPKUBAIOT BAXKHOCTh y4€Ta TIYOOKUX TOYBEHHBIX CIIOEB,
MIPOCTPAHCTBEHHON HEOJHOPOIHOCTH TIOYBHI, (DU3MKO-KIIMMATHICCKUX OCOOCHHOCTEH permoHa
WCCJICJIOBAHMS U BHYTPHOHMOTEOIICHOTHYECKOTO pa3HOOOpa3us MPHU OICHKE yIIIePOHO-a30THOTO
Oaranca ceBepOTa&KHBIX IKOCHCTEM.

Paboma svinonnena 6 pamkax peanuzayuu 8axiCHelUe20 UHHOBAYUOHHOZ0 NPOEKmMA 20CYOaApPCMEEHHO20
3Hauenus «Paspabomka cucmemvl HA3eMHO20 U OUCTMAHYUOHHO20 MOHUMOPUH2A NYI08 Y2nepood U
NOMOKO08 NAPHUKOBbIX 20308 Ha meppumopuu Poccutickoii @edepayuu, obecneyenue co30anus cucmemol
yuema OAHHbIX 0 HOMOKAX KIUMAMU4YeCKU aKMUBHbIX Geuecme U 0rodiceme y2iepood 8 iecax u Opyeux

HA3EMHBIX IKOA0SUYECKUX CUCTNEMAX)» U 8 paMKax 2ocyoapcmeennozo 3a0anus UITTIOC KHL] PAH Ne

1023032200043-6.
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Baaromapuoctu
ABTOpBI BBIpaXKAIOT 0JIAr0JJAPHOCTh COTPYIHUKOM L[eHTpa KOJIEKTHBHOTO MOJIb30BaHUS (hU3UKO-
xumudeckux MeronoB aHamm3a MIIIIOC KHIL PAH 3a BeImonHEHHE XUMUKO-aHATUTHIECKUX padoT, a
TaKk)Ke COTPYIHUKAM JIabOpaToOpruy Ha3eMHBIX dKocrcTeM K.0.H. B.B. EpmoBy n nmxenepy H.C. PssOoBy 3a
MTOMOIIIb B TTPOBEACHHUH TIOJICBBIX pab0T. ABTOPBI IPU3HATENBHEI Takke urxkeHepy .M. IlITabpoBckoii 3a
MMOCTPOCHUE KapThl 00OBEKTOB MCCIICIOBAHMS.
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CORRELATION ANALYSIS AND HYDROCHEMICAL FACIES
OF CONTAMINANT IONS IN OILFIELD PRODUCED WATER

OF THE UPPER ASSAM BASIN

T'ozou T.JI., I'ocou C.b., Cmopuax T.B., Koneap /1.

T'UIPOXUMHYECKHI AHAJIN3 U KOPPEJAIIMOHHBIE B3AUMOCBS3U .
PACTBOPEHHBIX HOHOB B INIACTOBBIX BOJAX HE®TAHBIX MECTOPOXXIEHUU

BEPXHEACCAMCKOI'O BACCEMHA

Abstract. The oil field produced water from
the Upper Assam Basin, generated during oil
and gas exploration and production, contains
high levels of contaminants, including
inorganic elements and anions, which pose
significant environment and health risks. To
address these challenges, we employed the
Piper class scatter plot and correlation
analysis methods to develop new correlations
and gain a deeper understanding of the
complex  relationships  among  these
contaminants. Our analysis revealed elevated
concentrations of Na, Li, Sr, Pb and F
exceeding the permissible limits set by India’s
Central Pollution Control Board, highlighting
their potential environmental and health
impacts. In contrast, Cr, Cu, Mo and Ni were
absent, reflecting varying geochemical
influences. The study also examined the roles
of Ca and Mg in water hardness and scaling,
as well as the severe environmental risks
associated with high levels of Zn and Pb.
Notably, the Piper class scatter plot analysis
identified calcium bicarbonate Ca(HCO3); as
the predominant component, providing a
clearer view of the water’s chemical
composition. Correlation analysis, supported
by empirical data, indicated that Na is
positively correlated with other inorganic
parameters, with a proportionality constant of
2.1 e These findings underscore the need for
advanced treatment methods to mitigate
excessive  contaminants and  enhance
sustainable management practices. The study
highlights the importance of employing
sophisticated analytical techniques to improve
environmental stewardship and operational

AnHoramus. [lonytHo noOwiBaemas Boxa (I1JIB) wu3
MECTOPOXKICHUI Bepxneaccamckoro Oaccelina,
o0pa3ymomascs B MpoIecce pa3BeIKH U JOOBIYM HEPTH U
rasa, XapakTepu3yeTcsl BBICOKHM YPOBHEM 3arpsi3HSIOMINX
BEIIECTB, BKJIIOYAsT HEOPTaHUIECKHE PIIEMEHTHI U aHHUOHBI,
YTO  CO3[aeT  3HAYMTENbHBIE  OKOIOTUYECKHE |
MeJUIUHCKHE PUCKU. J{JIs pelieHust 3TUX 3a7a4d B JaHHOM
WCCIIEIOBAHUN OBLIN WCIIONB30BAHBI METOIBI JHUATPAMMEI
paccesnus [alinepa n KOpPEISLHMOHHOTO aHATIN3A C LIETbI0
pa3pabOTKH HOBBIX KOPPEISIUOHHBIX 3aBHCUMOCTEH U
MoJIiyueHus: OoJjiee IIyOOKOTO TIMOHMMAHHUS —CJIOMKHBIX
B3aMIMOCBSI3€ MEXKIy YKa3aHHBIMH 3arpsS3HUTEISIMU.
IIpoBenennsiit aHaIu3 BBISIBUII TIOBBIIIEHHBIE
kourentparmn Na, Li, Sr, Pb u F, mpesbimaroniue
JOTyCTHMEIE TIpEAeIbl, yCTaHOBIIEHHBbIE LleHTpanbHBIM
COBETOM TI0 KOHTpOJItO 3a 3arpsisienuem Uuaun (CPCB),
YTO TIOJYEPKHBAET WX TMOTEHIMANBHOE HEraTHBHOE
BO3JICHCTBHE Ha OKPYXAIONIIYI0 Cpeay H 370POBbHE
4eloBeKa. B IpoTHBOMONOKHOCTE 3TOMY, 3neMeHThl Cr,
Cu, Mo u Ni obOHapyxeHBl He OBUIM, YTO OTpaKaer
BapbUpYIOIllee TEOXUMHUYUECKOEe BIIUsiHUE. B padore Takxke
nccrnenosansl posb Ca u Mg B popmMupoBaHHUT KECTKOCTH
BOJABI M O0Opa30BaHUM OTJIOKEHUH (CKEWMIIMHTA), a TaKke
Cepbe3HBIE PKOJIOTHUECKIE PUCKH, CBSI3aHHBIE C BEICOKUMH
ypoBHsiMd Zn u Pb. TlpumeuarenbHO, YTO aHAIH3 C
WCTIONIb30BaHMEeM  quarpammbl  [ladimepa  mo3Bommn
uneHtndunuposath Oukapoonat kanbims (Ca(HCO:).) B
KauecTBe peobIaaaronero KOMITOHEHTA, 9TO
oOecrieunBaeT  Oojee  YETKOE  NPEACTAaBICHHE O
XHMHMUYECKOM cocTaBe BOjbl. KoppenaiuuoHHBIM aHaius,
MOJITBEPIKICHHBIM SMITUPUYECKUMH JTaHHBIMH, YKazan Ha
HINYME TIOJIOKUTENbHON Koppemsaunu Mexay Na u
JIPYTHUMUA HEOpPraHMYeCKUMHU napameTpamu c
K0>()PUIMEHTOM TTPONOPLIMOHAIBHOCTH, paBHbIM 2,1 €-°,
[lonmy4eHnHble pe3ynbTaThl MOAYEPKUBAIOT HEOOXOIUMOCTD
npuMeHeHus: advanced MeTol0B OYHMCTKH JUIS CHYDKCHUS
Ype3MEpHOW KOHIEHTPALMK 3arps3HSIONINX BEIECTB |

efficiency in the oil and gas industry. noBbIIeHNsT  A(P(GEKTUBHOCTH MNPAKTUK  yCTOWYHBOTO

Keywords:  contaminants;  correlation; mnpupononosnp3oBanus. [IpoBegeHHOe — McCcleqOBaHUE

environment;  proportionality = constant; meMoHCTpHpyeT BaXKHOCTH HCIIONB30BaHMsA SOphisticated

relationships. AHAJTUTHYECKUX  METOAMK IUIT  COBEPIIEHCTBOBAHMS
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Introduction

Oil-field produced water (OFPW) constitutes the predominant volume of fluid generated
during oil and gas exploration and production (E&P) operations, representing both a critical
environmental challenge and a significant operational management concern [11; 17; 36; 54]. This
study focuses on the Upper Assam Basin (UAB), in northeastern India, located approximately
between 26° 54’ N-26° 58’ N latitude and 94° 35" E-94° 58' E longitude, one of India’s major on-
shore petroleum provinces. The UAB features a complex geological structure with productive
horizons spanning the Paleocene through Miocene strata, including formations such as the Barail
Main Sand (BMS), Barail Coal Shale (BCS) and Tipam Sand (TS-1V) [5; 34; 55]. These
formations overlie basement rocks and are interbedded with sandstones, siltstones and mudstones,
creating multiple productive pay zones with varying pressure and temperature regimes. In the
studied Rudrasagar oil field, depths of 3000—-3300 m, pressure gradients of 2800-4000 psi and
temperature gradients of 80—110 °C are reported. With production from these mature fields having
reached its peak, the volume of OFPW is rising markedly. The basin’s geological complexity,
together with water-to-oil ratios exceeding 90% in certain Barail horizon wells, contributes to the
generation of large quantities of OFPW [14; 16; 20; 45].
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The contamination observed in these waters originates from both natural geochemical
processes, including mineral dissolution from carbonate and silicate lithologies, ion exchange
reactions, and subsurface brine concentration, and operational sources such as corrosion of
infrastructure, chemical additives used in drilling and well-treatment, and mixing with formation
(connate) waters [3; 18; 31; 38]. Understanding the specific geochemical fingerprint of UAB
OFPW is essential for developing basin-specific treatment and management strategies that satisfy
regulatory compliance under India’s Central Pollution Control Board (CPCB) standards, as well
as for promoting sustainable environmental stewardship.

The American petroleum institute (API) estimated that approximately 18 billion barrels of
OFPW were generated by the US onshore operations in 1995 [3; 26; 52]. Khatib Z. and Verbeek
P. [38], indicated that the global estimates suggested an average of 77 billion barrels annually. It
is estimated that onshore oil and gas wells in the United States generated approximately 21, 18,
and 14 billion barrels of OFPW annually in the years 1985, 1995, and 2001, respectively [8; 25;
49]. Recent data from major oil industries of UAB further illustrate this trend, with substantial
volumes reported in their sustainability reports [1; 10; 16; 55; 56].

The chemical composition of untreated OFPW is complex and influenced by factors such as
geographical location, geological formation, reservoir life, and hydrocarbon type [5; 15; 22]. This
complexity includes a range of inorganic elements and anions (IEA), such as sodium (Na), calcium
(Ca), magnesium (Mg), arsenic (As), fluoride (F), chloride (Cl7), sulfate (SO37), bicarbonate
(HCO3), and others. Understanding these constituents is essential for developing effective
treatment strategies and managing environmental impacts [2; 9; 20; 23; 53].

High concentrations of both soluble and insoluble salts in OFPW can cause scaling and
corrosion in pipes, as well as equipment fouling, leading to increased maintenance costs and
potential equipment failure. Moreover, heavy metals present in OFPW are highly toxic to aquatic
life, even at low concentrations. These metals do not readily break down and can persist in the
environment for extended periods. They can also co-precipitate with other substances,
complicating their separation and removal during treatment [4; 14; 19; 43]. Additionally, the Piper
class scatter plot serves as a powerful tool for visualizing the ionic composition of OFPW. By
plotting elements and anions on a Piper diagram, researchers can categorize water types, reveal
patterns, and develop new correlations that enhance our understanding of water chemistry. This
plot offers valuable insights into the interrelationship between different ionic constituents and
assist to identify distinctive chemical signatures associated with various oil fields [15; 21; 29; 34].

This study aims to conduct a comprehensive analysis of the IEA present in untreated OFPW,
utilizing advanced analytical techniques and Piper class scatter plots. Our objective is to develop
new correlations and gain deeper insights into the chemical behaviour of OFPW. These insights
will support the development of more effective treatment processes and sustainable environmental
management strategies. In the subsequent sections, we will outline the methodology used for
sample collection and analysis, present our findings, and discuss their implications. Through this
research, we seek to enhance our understanding of OFPW chemistry and contribute to improved
management practices in the oil and gas industry.
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Geological setting and origin of contaminants in upper Assam basin produced water

The UAB is an intracontinental rift basin characterised by a complex stratigraphic succession
that records multiple phases of marine transgression and regression. The productive intervals
contain highly saline formation waters (paleowaters) that have undergone prolonged diagenesis
and extensive ion-exchange processes [20; 38; 49]. The elevated concentrations of dissolved
inorganic elements and anions observed in the present study are consistent with a combination of
geochemical and operational processes:

(a) Natural dissolution processes: Interaction of subsurface waters with carbonate
lithologies (limestone and dolomite) and evaporitic minerals leads to enrichment in Na*, Ca*" and
HCO3. The identification of Ca(HCOs). facies through Piper diagram interpretation supports a
carbonate-dominated geochemical signature in these reservoirs [51; 56].

(b) lon-exchange and mineral weathering: Clay water reactions and weathering of silicate
minerals such as feldspar and mica contribute K, Sr and trace elements to the aqueous phase. The
presence of Sr and Li is consistent with progressive mineral alteration and long residence times of
formation waters in the subsurface [27; 46].

(c) Anthropogenic contributions: Corrosion of steel well casings, tubing and surface
equipment can introduce Fe, Pb and Zn, while chemical treatment fluids used during drilling,
stimulation and well maintenance may contribute F and other anions [19; 35; 53].

(d) Redox controlled species: The detection of low but measurable concentrations of As and
Mn indicates reducing subsurface conditions in which these species occur predominantly as As**
(arsenite) and Mn?". The absence or near-absence of oxidised species such as chromate and
molybdate further corroborates the reducing redox environment typical of petroleum reservoirs [8;
24; 49].

Materials and Methods

Sampling of OFPW. Five crude oil (CO) samples were collected from five distinct
wellheads (S1, S2, S3, S4, S5) within the Rudrasagar oil field having depth, pressure gradient and
temperature gradient of 3000-3300 m, 2800-4000 psi and 80-110 °C respectively. Additionally,
five OFPW samples (S6, S7, S8, S9, S10) were obtained from the central dehydration system
(CDS) at Digboi. Sampling was conducted monthly over a six-month period. Both CO and OFPW
samples were collected using one litre polyethylene bottles that had been pre-cleaned with
deionized water. For each wellhead sample, CO was pumped directly in the bottle at a controlled
flow rate to ensure representative sampling. After collection, the samples were promptly
transported to the laboratory within 24 hours for gravity separation. The OFPW samples were then
thoroughly mixed with diethyl ether ((C2Hs)20) in a separating funnel. This process resulted in a
distinct separation into two layers, with the lower layer being collected for the determination of
IEA [18; 39].

Subsequent analytical studies included the use of flame photometer (FP), atomic absorption
spectrophotometer (AAS), inductively coupled plasma optical emission spectrophotometer (ICP-
OES), and a multi parameter kit (MPK) to analyse various elements. Anion analysis was performed
using titration methods (ASTM D 4458 — 15, ASTM D 3875 — 15) and gravimetric methods [22;
41]. The OFPW samples from the wellheads and CDS Digboi were analyzed within 48 hours of
collection.
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Analytical measurements of inorganic elements. In the FP, OFPW samples are atomized
into a flame, which emits characteristic colours based on the inorganic elements (Na, K, Ca and
Li) present. A photo detector, with a narrow-band filter for specific wavelengths, measures these
emissions and provides a digital readout of element concentrations. Chromium (Cr), manganese
(Mn), iron (Fe), copper (Cu), and As were analysed using AAS, which determines inorganic
element concentrations based on their ability to absorb light at specific wavelengths [13; 20].
Before sample measurement, the AAS instrument was calibrated using a 2% HNO3 blank solution
to establish a baseline. Further, a series of standard solutions containing 1, 2, 3, and 4 ppm of As,
Cr, Cu, Fe, and Mn were used to establish calibration for each metal.

ICP-OES was utilized to quantify the concentrations of magnesium (Mg), molybdenum
(Mo), nickel (Ni), lead (Pb), strontium (Sr), and zinc (Zn), in OFPW by measuring the light emitted
by atoms excited in an argon (Ar) plasma, where the high temperature excites the atoms and ions
of the elements present. The intensity of the emitted light, which is directly proportional to the
elemental concentration, was measured following calibration with standard solutions of known
concentrations. Fluoride (F) concentrations were determined using a MPK system equipped with
an ion-selective electrode. To maintain a constant ionic strength and pH, 0.5 mL of total ionic
strength adjustment buffer (TISAB) was added, and calibration was carried out using fluoride
standard solutions of 0.1 ppm, 1 ppm, and 10 ppm prepared in equal proportions with the buffer
[13; 20].

Analytical measurements of inorganic anions. The concentration of CI~ ions in the OFPW
was determined in accordance with ASTM D 4458 — 15. The method involves the precipitation of
silver chloride (AgCI) by titration with 0.01N silver nitrate (AgNO3). A few drops of 2N potassium
chromate (K2CrOz) were used as an endpoint indicator. The chemical reaction at the endpoint is
represented by equation 1:

AgNOs + NaCl — AgCl> + NaNOs 1)
HCO3 and CO%~ concentrations in the OFPW sample were determined following the ASTM D
3875 — 15 standard method, using titration with 0.05N H.SO4 and employing phenolphthalein and
methyl orange as indicators. SO;~ was measured by titrating a 50 ml OFPW sample containing 3
drops of methyl red indicator, with H2SO4 until an orange-red color appeared. BaCls was then
added to precipitate BaSO4, which was digested at 80-90°C. The precipitate was screened through
warm distilled water until free of CI™ ions, dried in a humidifier-controlled oven at 103°C, and
then cooled in a desiccator before weighing [20; 40]. The SO%~ concentration was then determined

using the equation 2 as follows:
Amount of BaS04 x411.5
Amount of OFPW sample

SO3~in ppm = (2)

Results and Discussion

The concentrations of 20 IEAs obtained from 10 OFPW samples are summarized in Table
1-3. Analysing these IEAs is crucial for understanding their presence and impact on OFPW. Na
concentrations in the OFPW samples ranged from 81.3 to 178.5 ppm, which are notably lower
than the 3165 to 4480 ppm reported by Konwar D. et al. for the UAB oil field [40]. Potassium (K)
levels were observed between 4.9 to 15.5 ppm, which also fall below the range of 39.1 to 275 ppm
reported by the same study. In comparison, Li H. and Harati H.M. reported K concentrations of
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5.8 to 8 ppm at the Wattenberg field and 59 to 64 ppm at the Al Hamada field, respectively [24;
43]. Ca concentrations in the present study ranged from 120 to 198 ppm, which is below the range
of 344 to 982 ppm reported by Konwar D. et. al., but higher than the 24.2 to 34.8 ppm and 60 to
64 ppm ranges reported by Li H. and Harati H.M. for the Wattenberg and Al Hamada fields,
respectively [24; 40; 43]. Mg concentrations were found to vary between 4.56 and 10.23 ppm.

Na* and CI~ were the principal contributors to salinity and total dissolved solids (TDS),
while Mg, Ca, and K contributed to a lesser extent [7; 17]. Lithium (Li) concentrations ranged
from 0.54 to 1.28 ppm, Sr from 2.97 to 4.89 ppm, Fe from 0.21 to 0.48 ppm, and Zn from 0.52 to
1.29 ppm. Previous studies have reported Zn concentrations of 0.9 ppm at the Wattenberg field,
and between 0.001 and 2.22 ppm at the Vafiflar field [6, 43]. Pb concentrations in the present study
ranged from 0.44 to 0.78 ppm, Mn from 0.034 to 0.132 ppm, As from 0.0017 to 0.0054 ppm, and
F from 4.5 to 8.7 ppm. No detectable concentrations of Cr, Mo, Cu, and Ni were observed in the
OFPW samples.

Cl™ concentrations in the OFPW samples ranged from 64 to 115 ppm. HCO3 levels varied
between 104 to 185 ppm, while CO% concentrations ranged from 50 to 90 ppm. SO%~
concentrations were observed within the range of 27 to 48 ppm. In comparison, Konwar D. et al.
reported CI~ concentrations ranging from 0.728 to 7.158 ppm in the UAB oil field, whereas Harati
H.M. and Cakmakce et al. documented higher values, ranging from 442 to 479 ppm and 3199 to
4004 ppm, in the Al Hamada oil field and Vakiflar field respectively [6; 24; 40]. The experimental
values for Ca, K, Zn and CI~ were consistent with those of other researchers, but the Na values
were notably lower than those reported in previous studies.

Equation 3, derived from the correlations presented in Table 2, indicates that Na is positively
correlated with As, Ca, F, Fe, K, Li, Mg, Mn, Pb, Sr, Zn, CI~, HCO3, SO%~ and CO3". The validity
of equation 3 was confirmed through the results illustrated in Figure 1.

Na o(As)(Ca) (F)(Fe) (K) (Li) (Mg) (Mn) (Pb) (Sr)(Zn)(C1™) (HCO3)(S057)(CO37) (3)

From equation 3, the relationship can be formulated as follows,

Na = Kiga(As)(Ca) (F) (Fe) (K) (Li) (Mg) (Mn) (Pb) (Sr) (Zn)(CI7) (HCO3)(S0%7)(CO37) (4)
where,
Kiea = proportionality constant of IEA.

By applying the experimental values obtained during this research, we determined the Kiea
valuestobe 3e® 7e® 1e’, 1e’,6e8 1e% 1e% 3e 1e*and 8e® for samples S1 through
S10, respectively. The average Kiea value from equation 4 is 2.1 e® which represents the
proportionality constant for the IEA.
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Table 1
Concentrations of 20 IEAs in 10 OFPW samples
Parameter Units CPCB limit S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Na 100 (max) 152.8 178.5 102.5 148.7 130.6 95.8 115 90.2 84.7 81.3
K 20 (max) 15.5 12.3 9.5 10.8 8.7 7.7 8.3 6.5 5.2 4.9
Ca 200 (max) 198 185 148 157 168 146 149 131 120 126
Li 0.7 (max) 1.21 1.28 1.15 1.03 1.19 0.86 0.95 0.72 0.54 0.6
Mg 100 (max) 9.57 10.23 7.85 8.23 8.92 6.21 6.56 5.72 4.56 4.98
Sr 0.1 (max) 4.89 4.79 4.15 4.21 4.45 3.56 3.8 3.72 3.05 2.97
Fe 1 (max) 0.45 0.48 0.37 0.41 0.35 0.29 0.38 0.28 0.23 0.21
Zn 2 (max) 1.29 1.22 0.95 1.09 0.89 0.63 0.67 0.61 0.52 0.55
Pb 0.1 (max) 0.78 0.76 0.65 0.58 0.56 0.61 0.52 0.53 0.44 0.47
Mn 2 (max) 0.132 0.127 0.075 0.092 0.081 0.056 0.066 0.064 0.034 0.037
As ppm 0.05 (max) 0.0054 0.0051 0.0042 0.0046 0.0048 0.0039 0.0035 0.0029 0.0017 0.002
F 1.5 (max) 8.7 8.4 7.2 7.9 7.5 5.3 6.2 6.5 4.5 4.9
Cr 1 (max) — — — — — — — — — —
Cu 0.2 (max) — — — — — — — — — —
Mo 0.1 (max) — — — — — — — — — —
Ni 3 (max) - - - - - - - — - -
Cl— 1000 (max) 115 113 91 77 108 88 74 79 69 64
HCO3 200 (max) 185 177 147 128 172 137 120 130 112 104
C0%~ 200 (max) 90 90 70 60 80 70 60 60 50 50
S05~ 100 (max) 48 42 38 35 39 35 34 33 27 29
Table 2
Correlation analysis of 16 IEAs in 10 OFPW samples
Na K Ca Li Mg Sr Fe Zn Pb Mn As F Cl HCOs | SO | COs*
Na 1
K 10.865348 1
Ca ]0.899404|0.947626 1
Li 0.83613 | 0.85056 |0.898746 1
Mg |0.925836|0.894478|0.945606 | 0.967548 1
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Sr 10.889526]0.919751| 0.94386 | 0.951444| 0.97499 1
Fe 10.928678|0.919408 |0.895594|0.913172|0.924744|0.931604 1
Zn ]0.912902|0.954712| 0.91547 |0.880748|0.945716|0.930975|0.917729 1
Pb ]0.770944|0.915217|0.892376 | 0.833139|0.859514 | 0.866994 | 0.837289 | 0.881627 1
Mn 10.929273|0.962026 | 0.955089 | 0.87138 |0.941599|0.959228 |0.937024 | 0.959581 | 0.913239 1
As | 0.85267 |0.898871|0.930297|0.960215|0.955248 | 0.95515 | 0.90136 |0.896014|0.861821|0.901017 1
F 10.882493|0.903071]0.888526| 0.90262 | 0.946198| 0.97147 |0.916334|0.946683|0.817586|0.951025]0.912397 1
Cl- ]0.743383]0.798903|0.902136 | 0.860099 | 0.887171 | 0.895044 | 0.738848 | 0.789878 | 0.863186 | 0.845087 | 0.862701 | 0.790884 1
HCO3 | 0.755839|0.822616|0.911715] 0.870222 | 0.900661 | 0.917783|0.757354 | 0.816408 | 0.864004 | 0.866236 | 0.874945| 0.827332 | 0.996513 1
S04> |0.777252]0.937529 | 0.95975 |0.893558 | 0.906128 | 0.939449 |0.845511 | 0.884241 | 0.933485 | 0.928257 | 0.920737 | 0.883291 | 0.923551 | 0.937476 1
COz% |0.777691| 0.8371 |0.930761|0.879652|0.901616|0.905135|0.788557|0.811785| 0.91094 |0.878308|0.887629 | 0.803086 | 0.988636 | 0.981658|0.946029| 1
Table 3
Comparative analysis of inorganic element and anion concentrations in OFPW reported across different oilfield basins from previous research studies
_ Present study (;akmakc_e et a}. (2008) | Harati HM (2912) Konwar et a_I. (2017) LiH
Parameters Units (n=10) Vakiflar field Al Hamada field UAB field (2013) Wattenberg
[6] [24] [40] field [43]
Na 81.3-178.5 3165-4480 — 277-2794 —
K 4.9-15.5 - 59-64 39.1-275 5.8-8
Ca 120-198 - 60-64 344-982 24.2-34.8
Li 0.54-1.28 — — 15-499.1 —
Fe ppm 0.21-0.48 1.63-30 — 0.024-2.47 —
Zn 0.52-1.29 0.001-2.22 — — 0.9
Pb 0.44-0.78 0.006-0.52 — — —
Cl™ 64-115 3199-4004 442479 0.728-7.158 -
S04~ 2748 355-390 — — —
Note: Empty cells (-) indicate data not presented in the referenced study.
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Fig. 1. Variation of 15 IEAs in response to Na concentration (ppm) across 10 OFPW samples

Establishing and Evaluating Relationships Between IEAs. Equation 4 was further
validated by the linear trend lines presented in Figure 3 (a) — (h). The analysis revealed that Na is
directly proportional to As, Ca, F, Fe, K, Li, Mg, Mn, Pb, Sr, Zn,
(CI7), (HCO3), (S0%7) and (CO3%").

In Figure 2 (a), the relationship between Ca and K relative to Na was plotted, revealing that
both Ca and K increase with Na. This analysis suggests that the concentration of Ca in the OFPW
sample originates from rocks such as limestone, calcite, and dolomite is within permissible limits.
Ca, a key determinant of water hardness, can affect the toxicity of other compounds and tends to
precipitate at higher bicarbonate concentrations [20; 30; 37]. Similarly, the presence of K in
OFPW, resulting from natural rock weathering, is consistent with these observations. In Figure 2
(b), the relationship between Sr and Mg relative to Na was plotted, showing that both Sr and Mg
increase with Na. This indicates that Sr, a naturally occurring element in rocks and soil, reacts
slowly with OFPW to form Sr(OH). and H. gas. Exposure to Sr can cause serious skin reactions,
seizures, and interfere with blood clotting. Likewise, Mg, which is carried into OFPW from rocks
and through human activities in the E&P industries, is also naturally occurring. It is found in
minerals like dolomite {CaMg(CO3)2} and magnesite (MgCO3), and contributes to water hardness
[32; 42; 53].

In Figure 2 (c), the relationship between Li and Fe relative to Na was examined, showing
that both Li and Fe increase with Na. This analysis indicates that the concentration of Li in OFPW
is relatively low and less harmful, posing minimal threat to aquatic environments. Similarly, Fe is
a critical parameter for assessing the quality of OFPW reinjection. High Fe concentrations can lead
to formation plugging, pipeline blockage, corrosion, and increased turbidity of OFPW [1; 31; 35;
47; 57].
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Figure 2(d) illustrates the relationship between Pb and Zn concentrations relative to Na in
10 OFPW samples, revealing a clear positive correlation. Both Pb and Zn concentrations increase
proportionally with rising Na levels, suggesting a shared source or geochemical behavior under
similar salinity conditions. This trend underscores the environmental risk posed by the discharge
of OFPW containing elevated levels of these heavy metals. Pb and Zn are well-documented
contaminants in OFPW, often originating from corrosion of galvanized steel infrastructure, well
casing materials, or from chemical additives used during drilling and hydraulic fracturing
operations [25; 40; 45]. The mobilization of these metals in OFPW presents a significant threat to
environmental receptors. If released untreated, such effluents may contaminate surface and
groundwater, negatively affecting aquatic ecosystems, altering soil chemistry, and potentially
entering the food chain, posing chronic toxicity risks to both wildlife and human populations [20;
43; 56].

In Figure 2(e), the correlation between As and Mn with respect to Na is presented. Both
elements exhibit increasing trends with Na concentration, indicating similar solubility or
mobilization mechanisms under saline conditions. Notably, a crossover point is observed at
Na = 120 ppm, where As and Mn concentrations are approximately equal. This intersection may
reflect a shift in geochemical speciation or redox behavior under varying ionic strengths. Mn is
known to oxidize readily in the presence of atmospheric oxygen, forming manganese
oxyhydroxides that can co-precipitate with other trace metals, potentially influencing the fate and
transport of contaminants in receiving environments [8; 37; 54; 57]. As, though typically present
at trace levels in OFPW, is of particular concern due to its high toxicity and carcinogenicity. It
often exists in multiple oxidation states, with its mobility influenced by redox potential, pH, and
the presence of competing ions. The co-occurrence of Mn and As in saline produced water
warrants careful monitoring, as their synergistic effects may enhance toxicity and complicate
treatment processes [28; 32; 46].

Figure 2 (f), presents the relationship between Cl~ and SO;~ concentrations relative to Na
in 10 OFPW samples. Both C1~ and SO3~ exhibit increasing trends with rising Na levels, indicative
of a common salinity driven behavior or shared source within the OFPW. A crossover point is
observed at Na = 115 ppm, where Cl~ equals SO3~ concentrations are approximately equal,
suggesting a transitional point in ionic dominance that may reflect changes in geochemical
conditions or water-rock interaction dynamics. Cl~ is one of the most prevalent inorganic anions
in OFPW and plays a significant role in determining its overall salinity. It reacts with inorganic
elements to form salts, leading to increased salinity due to high NaCl concentrations. Cl~ is
naturally derived from subsurface formations and, when brought to the surface, readily dissolves
in aqueous phases. Under specific thermodynamic conditions, it may volatilize indirectly via
aerosol formation, potentially contributing to atmospheric salt loading. SO3~, while less abundant
than Cl~, is of critical operational and environmental importance [4; 23; 39; 56]. Its concentration
in OFPW influences the risk of scale formation, particularly of low-solubility sulfate minerals such
as BaSOs4, SrSO4 and CaSOs. These mineral precipitates can obstruct pipelines, production
equipment, and injection wells, leading to significant maintenance and remediation costs. Accurate
prediction and mitigation of such scaling tendencies require a thorough understanding of sulfate
dynamics in relation to salinity, temperature, pH, and the presence of divalent cations. Moreover,

111 [@ ® |




Becmuux HBI'Y. Ne 4 (72) | 2025 DKOJIOI'vsl U ITPUPOJIOIIOIBL30BAHUE / ECOLOGY AND NATURE MANAGEMENT

S03~ serves as an electron acceptor for sulfate-reducing bacteria (SRB), a group of anaerobic
microorganisms commonly found in OFPW. These bacteria play a role in the biodegradation of
organic compounds and the biogeochemical cycling of sulfur [27; 33; 43; 51].

Figure 2 (g) illustrates the relationship between HCO3 and CO3~ concentrations relative to
Na in OFPW samples. The data reveal a positive correlation, with both HCO3 and CO3~ levels
increasing alongside Na concentrations. This trend suggests a shared geochemical behavior
influenced by salinity and possibly pH, and confirms that these anions are naturally occurring
constituents of OFPW. Their presence is not indicative of significant interaction with carbonate
rich lithologies, as such conditions would typically result in substantially higher concentrations of
carbonate species due to enhanced mineral dissolution [20, 34, 47, 55]. HCO3 and CO%~ are key
contributors to the alkalinity of OFPW and play a critical role in buffering against acidification.
They are also significant due to their involvement in scale formation, where One of the most
common and problematic forms is CaCOs, which precipitates through reactions such as that shown
in equation 5 [22; 35; 44].

Ca(HCO,), — CaCO; + CO, + H,0 (5)

In Figure 2 (h), the relationship between F and Na was plotted, revealing that F increases
with Na. This analysis suggests that elevated concentrations of F could cause eye and nose
irritation upon contact with humans. Although F typically occurs in low concentrations in natural
rocks, high levels of F can be harmful to the environment. It can damage or inhibit the growth of
aquatic flora and fauna [48; 50; 51].

Modelling IEASs using piper class scatter plot. In figure 3, the normalized data from the
three different axes of the two equilateral triangles at the bottom were projected onto the diamond
plot at the top, which was divided into five classes based on Ca concentration.

a. In the first class, with Ca ranging from 120 to <131, two data points, (63, 42, 37, 58) and
(63, 40, 37, 60), are represented by purple plus symbols.

b. In the second class, with Ca ranging from 131 to <148, two data points, (62, 40, 38, 60)
and (64, 39, 36, 61), are shown by light blue diamond symbols.

c. Inthe third class, with Ca ranging from 148 to <157, two data points, (63, 45, 37, 55) and
(62, 42, 38, 58), are marked with dark blue square symbols.

d. Inthe fourth class, with Ca ranging from 157 to <185, two data points, (63, 50, 37, 50) and
(62, 45, 38, 55), are denoted by yellow circle symbols.

e. In the fifth class, with Ca ranging from 185 to <198.1, two data points, (64, 50, 36, 50) and
(64, 45, 36, 55), are represented by red triangle symbols.

The diamond plot analysis reveals that all sample points fall within the left quadrant,
indicating that Ca(HCO:3): is the predominant component in the OFPW samples [15; 20; 29; 34;
49].
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Implications for water management and regulatory compliance

The elevated concentrations of Na, Li, Sr, Pb, and F observed in this study exceed the CPCB
permissible limits for surface water discharge. Nevertheless, the operational water-management
strategy in the UAB relies on subsurface reinjection into depleted reservoir intervals, which
substantially reduces the likelihood of direct environmental and human exposure. Under these
disposal conditions, the aqueous phase containing the dissolved ions remains geologically isolated
from freshwater aquifers and surface ecosystems, consistent with established OFPW management
practices in India and other petroleum provinces [9; 16; 25; 48].

The hydro-chemical facies classification and correlation analysis presented in this study
therefore have direct operational relevance, particularly for:

(a) Formation Compatibility Assessment: Knowledge of the ionic composition is critical for
predicting scaling potential, especially CaCOs and BaSO. precipitation, and for assessing
corrosion hazards in injection tubing and well casings. The strong correlations between Na and
divalent cations (Ca?*, Mg?*, Sr?*) indicate that high-salinity systems face an increased risk of
mineral scale deposition during water—rock mixing [18; 45; 56].

(b) Injectivity Management: Although Fe levels remain below CPCB discharge limits,
oxidation during surface handling or mixing with residual oxygen in injection lines can lead to
Fe(OH)s precipitation, which may reduce reservoir permeability. The positive correlation between
Fe and salinity suggests that periods of elevated Na warrant enhanced monitoring of Fe to
minimize injectivity decline [24; 39; 42; 50].

(c) Contingency Planning and Emergency Response: In the unlikely event of accidental
surface release or emergency discharge, the water quality characterization presented here supports
rapid selection of targeted treatment technologies. The observed dominance of the Ca(HCOs3)2
facies indicates that pH adjustment and chemical precipitation would be among the most efficient
pretreatment approaches prior to surface disposal [20; 31].

(d) Regulatory Documentation and Reporting: The analytical dataset generated in this
investigation provides robust and defensible evidence to demonstrate compliance with subsurface
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reinjection authorization requirements under India’s Petroleum Rules and the environmental
standards mandated by state pollution control boards [6; 24; 40; 53].

Conclusion

This study presents a comprehensive hydro-chemical assessment of untreated OFPW from
the UAB, providing new insights into its chemical composition, hydro-chemical facies, and
geochemical controls in a mature, high-salinity petroleum system. The predominance of the
Ca(HCO:s), facies confirms extensive water—rock interaction in carbonate and silicate rich
lithologies, while exceedances of CPCB permissible limits for Na, Li, Sr, Pb, and F indicate the
potential environmental risk associated with uncontrolled surface discharge. Notably, the
correlation analysis revealed statistically robust positive relationships (r = 0.75-0.99) between Na
and 15 inorganic parameters, with a proportionality constant (Kiga) averaging 2.1 e®°. These
correlations are not merely numerical artifacts but reflect fundamental geochemical controls, ion
exchange on clay minerals, common ion effects, and shared source materials. The resulting linear
relationships between Na and constituent ions offer a predictive capability for estimating overall
water composition from salinity measurements alone, providing a practical tool for rapid field
assessment.

The presence of Pb, Zn, and trace As presents credible environmental and ecological
concerns under surface discharge scenarios, reinforcing the suitability of subsurface reinjection as
the primary disposal practice in UAB operations. Conversely, Li and Sr, though detected at
elevated levels, pose minimal toxicological risk and instead represent natural signatures of
prolonged subsurface fluid—rock interaction. By integrating classical hydro-chemical techniques
such as Piper trilinear diagrams with modern multivariate statistical approaches, including
correlation matrices and empirical proportionality constants, this research demonstrates an
effective framework for understanding and predicting OFPW behaviour in complex reservoir
systems. The findings enhance operational decision making for scaling mitigation, injectivity
management, and regulatory compliance, while contributing to the broader scientific knowledge
base supporting environmentally responsible petroleum development in geologically mature
hydrocarbon provinces.
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FP — Flame Photometer ICP-OES — Inductively Coupled Plasma
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ECTECTBEHHOE BO30OBHOBJIEHUE

B IPUT'OPOAHBIX HIMPOKOJIMCTBEHHBIX JIECAX r. Y®bI

S.G. Gainanov, Y.A. Yanbaev, AY. Kulagin, R.Y. Yanbaev, S.Y. Bakhtina

NATURAL REGENERATION IN THE SUBURBAN BROAD-LEAVED STANDS IN UFA

AnHoTtanust. L{emsio paboTHI SBIISICTCS HCCIIEAOBAHIE
€CTECTBCHHOTO BO30OHOBJICHHUS B IPUTOPOIHBIX
HacaxaeHWsx  PecrmyOnukn — bamkoproctan ¢
ydacTHeM B WX COCTaBe KaK Bs3a TJIAJIKOTO, TaKk U
WHBa3MBHOTO BHUJa KJE€Ha siceHenaucTHoro. J[ns ee
BBITIOJIHCHUS TI0 JAaHHBIM TaKCAI[MOHHBIX OINMHCAHUN
1996 Toma mecoycTpoiicTBa OBLI MPOBEICH aHAIIN3
XapaKTePUCTUK HACKACHUN 23 BBHIIEIOB BOJU3M T.
Yode. Ha »Tux yuacTkax 3ajl0KEHBI IMPOOHBIC
IUIOMAIKA (B KaXKIOM BBIZIETIE, HA OOIIeH IUIONIIamu
0,0605+0,0222 ra, c U3MEHEHUSIMHU, B 3aBUCHMOCTH OT
ryctoTel moapocta, oT 0,0353 mo 0,4320 ra.). B
COCTaB€ OCHOBHBIX 1—2 SpPYyCcOB JApPEBOCTOCB U B
MoyTecke paHee OBLTH MpeacTaBicHB! 14 BHAOB, U3
KOTOPBIX ITHPOKOJIUCTBEHHBIC NPEBECHBIC PACTEHUS
XapaKTepU30BAIUCH hopmyoit cocraBa B
JecaTHYHBIX eauHunax 3,6B2,4JIn1,2Kn0,710,11
(B3  THmaAKWi, JMIIa  MENKOJNWCTHAs,  KIeH
OCTPOJIUCTHBIN, y0 yepenryaTslii U UIbM TOPHBIH,
COOTBETCTBEHHO). Y MOJIpOCTa TJIaBHBIX
MpeIcTaBuTeNei aTOH dhopmaruu cocTaB
(2,2B2,1Kn1,5JIm1 1 1,0Kns1) u3MeHUIICS B CTOPOHY
YMEHBITICHUSI MECTa MIUPOKOINCTBEHHBIX APEBECHBIX
32 CUeT  TOSBICHWS  WHBAa3WBHOTO  KJIIEHA
SICEHEIMCTHOTO, JTOJISI KOTOPOTO B U3YYEHHBIX YaCTAX
BBIJICJIOB JOXOJuia J0 8,8 eauHMI] cocTaBa. Buj
UMEET XOpOIlME BO3MOXKHOCTU IUIS JTATbHEHIIETo
YKpeTuIeHUs CBOMX TTO3UITHIA n3-3a
MPEJICTABIEHHOCTH KPYITHOTO MOJIPOCTa BBICOTOM
bomee 1,5 M (65,6% MOIOMOTO TIOKOJICHUSI 3TOTO
pacTeHus), yCTyIas M0 YHUCICHHOCTH 3TOW TPYIIITBI
TOJIBKO WJIBMY TOpHOMY. bombpmie Bcero moapoct
KJIEHa SICEHEIMCTHOTO BCTPEYaeTCs B  YUCTHIX
BSI30BHUKAX WJIM HACAXKICHUAX C JOMHUHUPOBAHUEM
atoro pactenus (3,1-8,8 equHuIl cocTaBa) U pexe — B
CMETITaHHBIX HaCaXICHUIX JIPYTHX
UIMPOKOJIUCTBEHHBIX BHAOB. YeM HIKE MOIHOTA
JIpeBOCTOs, TeM Oousblield ObTa 07 MOJIOJOTO
MOKOJIGHUS] 3TOTO BUJA (KOA(POUIMEHT KOPPEISIIUN

Cnupmena CTAaTUCTUYECKHU JIOCTOBEPHO
orpuniarensubiii:  R=-0,60, p<0,01). OOGcyxneHsI
MpoOJeMBI  YIPO3Bl  BHIOBOMY  Pa3HOOOpPA3HUIO

a60pI/II‘eHHBIX INUPOKOJIMCTBCHHBIX JICCOB.

Abstract. The aim of the work is to study the
natural regeneration in suburban stands of the
Republic of Bashkortostan with the participation
in them both European white elm and an invasive
species, ash—leaved maple. To carry out the study,
an analysis of the characteristics of stands in 23
habitats near Ufa was carried out according to the
data of the 1996 forest management tax
descriptions. Trial plots were established on each
of these sites (in each, on a total area of 0.0605+
0.0222 ha, with changes, depending on the
density of undergrowth, from 0.0353 to 0.4320
ha). The main 1-2 canopy levels of stands and
undergrowth previously included 14 species, of
which  broad-leaved  forest trees  were
characterized by a composition formula in
decimal units 3,6 (smooth elm) : 2,4 (small-leaved
linden) : 1,2 (holly maple) : 0,7 (pedunculate oak)
: 0,1 (mountain elm). In the undergrowth of this
formation’s main representatives, their
composition (2,2 (smooth elm) : 2,1 (holly maple)
: 1,5 (small-leaved linden) : 1,0 (ash-leaved
maple) changed towards a decrease in the place of
aboriginal broad-leaved tree species due to the
appearance of invasive ash-leaved maple, the
proportion of which reached in the studied areas
to 8,8 decimal units. The species has good
opportunities to further strengthen its position due
to the presence of larger undergrowth with a
height of more than 1.5 m (65.6% of the young
generation of this plant) in the total sample,
second in number to this group only to mountain
elm. The undergrowth of the ash—leaved maple is
most often found in pure elm forests or stands
with the dominance of this species (3.1-8.8 units
of composition) and less in mixed stands of other
species. Stands with lower density had a more
frequent occurrence of the young generation of
this species (the Spearman correlation coefficient
was statistically significantly negative: R=-0.60,
p<0.01). The problems of threats to the species
diversity of native broadleaf forests are discussed.
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Beenenue

B ocHOBe ycrenrHoro BHEApPEHUs YyKEPOJHBIX JPEBECHBIX BHUJIOB B MECTHBIE JIECHBIE
CO00I11eCTBA JIEKUT CII0KHOE B3aUMOJEHCTBHE MEXKy HHBa3UBHBIMU CIIOCOOHOCTSAMU PACTEHUI,
YS3BUMOCTBIO JIJISl 3TOTO JIOKATBHBIX YIKOCUCTEM M OCOOCHHOCTSMH MPAKTHKKA UHTPOAYKIMH [14-
16]. B ceBepHOM MOJTyIIapuu K YUCITY OJHOTO U3 Hanbosee HHBA3UBHBIX BUOB OTHOCUTCS KJIEH
sceHenmuCcTHBIH (Acer negundo L., Sapindaceae), mposiBuBmIMii TOCie 3aBo3a B EBpomy
YHUKAJIbHYIO (PEHOTUIUYECKYI0O M OSKOJOTHYECKYIO0 IIACTUYHOCTh. OH 3aHs1 JIpyrue, 4yem
CeBepHoil AMepuke, SKOJIOTMYECKME HMIIM, M Hadajl MCIOJIb30BaTh Ha CBoe Ojaro
ycUJIMBaroleecss i3MeHeHne kimMarta [5]. B xoze cBoeil mocT-uHTPOIyKIIMOHHOM 3BOTIOIUH BH/]T
CTaJl IPEJCTABIATh YTPO3y BUAOBOMY Pa3HOOOpa3Hio a0OPUTEHHBIX HIMPOKOIMCTBEHHBIX JIECOB
[9], B Tom umciie B ycnoBusix Poccun [7; 10]. B 3T0it cBsI3H, aKTyaIbHOM SBISCTCS 3a7a4a OICHKH
TeMIIOB MHBa3uu A. Negundo B 3Ty QopMaliuio, BOCTOYHAS TpaHHIa KOTOPOW MPOXOIUT IO
TeppuTopun bamkopTocTana, a TakyKe JIOKaJIW30BaHbl Haubosee oOUIMPHBIE BOCTOUYHbIE JIECHBIE
MaccuBbl. MI3BecTHO, YTO Ha Kpasx apeana SKOJIOTMYECKHUEe YCIIOBHS SIBJISIOTCS ISl OpraHU3MOB
OCOOEHHO JKCTpEeMalbHBIMHU, YTO JEJIa€T MX YA3BUMBIMH K Pa3zHOOOpPa3HBIM 3KOJIOTHYECKUM
dakropaM, B TOM uncie K MHBa3uu. V3 MHUPOKOTUCTBEHHBIX APEBECHBIX BHI0B PErHOHA, KPOME

ny0a ygeperrgaroro (Quercus robur L., Fagaceae) [3], cHmkeHHe KU3HECTIOCOOHOCTH 110 Pa3HbIM

O
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npuurHaM Habmromaercs y Bsa3a riuaakoro (Ulmus laevis Pall., Ulmaceae). Bua npennounraer,
kak 1 A. negundo, BiaskHbIe IIOYBBI HU3MEHHOCTEH, HoymH pek [19]. B mpeaenax Bcero apeana oH
moCTpajiayl OT ToJUIaHACKOH Oose3nu [18], uro 00yCIOBWIIO TMOSIBICHHUE CHEIUATbHOM
eBPOIEICKOI MPOrpaMMbl COXpaHEHHSI TEHETHYECKUX PECYPCOB Bsiza ritaakoro [6].

Lenbto paboThl SIBIISETCS UCCIEIOBAHUE €CTECTBEHHOI'O BO30OHOBIIECHUSI B IMPUTOPOIHBIX
HaCaXICHUAX T. Y (bl C ydacTHEM B UX cocTaBe oJHOBpeMeHHO Bsiza UImus laevis u nHBa3suBHOTO
BHUJIa KJIeHa siceHenucTHoro Acer negundo.

MarepuaJjbl 1 METOIbI

Paiton wuccnenoBanuii (puc. 1) B HacTosiee BpeMsl TPEICTaBICH JIECOCTENBIO C
IIMPOKOJIMCTBEHHBIMU HACAKACHUSIMH, (parMeHTaMH Oepe30BBIX U OCHHOBBIX JIECOB U
CEJIbCKOXO03SCTBEHHBIX 3€Mellb, BOZHUKIIUMU Ha UX MECTE, TOMMEHHBIMH JIECAMH U JTYTaMH.

e

'I i [IIupokonucTBeHHBIE JECa
"

[P

E€p€3OBbI€ 1 OCHMHOBBIC JIECa HA MCCTC
IIUPOKOJIMCTBEHHBIX JICCOB

[ToiimMeHHBIE NTyTa U Neca

CenbCKOXO03IICTBEHHBIE 3€MJIN HA MECTE
JIyTOBBIX cTEnen

Lok / / CenbCKOX035HCTBEHHBIE 3€MJIM HA MECTE
7. / HIMPOKOJIUCTBEHHBIX JIECOB

Puc. 1. CxemaTHueckoe H300paskeHue paiioHa MccIeT0BaHMId.
I[IpumepHOe pacnosio:keHne N3YYeHHBIX HACAKIEHHIT TOKA3aHO KPacHbIM Kpyrom. Paiion
HCCJIeT0OBAHMIT orpaHuyieH KoopanHaTamu 54,485557-54,489117 c.u1. u 55,806072-55,807037 B.a.

PaboTs! OblTH MpoOBeieHbI B KBapTanax 4, 24, 25, 26 u 102 HoBOTpoHUIIKOro y4acTKOBOTO
necHudectBa Y huMckoro jgecHuuectBa. CocTaB U Ipyrue TakCallMOHHbIE XapaKTepUCTUKU (TabII.
1) 23 npeBocroes ¢ U. laevis B 1peBecHOM MOJIOTe U CPe/Ii MOJIOI0T0 IIOKOJICHHS Jeca ObUIH B3SIThI
U3 TaKCaIMOHHOTO OMMcaHus jecoycTpoiicTBa 1996 r. Ota nnpopmanus BepupuIpoBagach 1o
MaTtepuanam jecoycrpoiictBa 2014 r., a cBeIeHUS MO MOAPOCTY U MOAJIECKY CPaBHUBAINUCH C
HAIlUMU JaHHBIMH JJIs1 TeX ke 23 BbiaenoB. Ha oTOOpaHHBIX Ui M3Y4EHHUS YydacTKax
3aknaapBand  1-10 mpoOHBIX IJIOMIAOK, Kak mpaBwio, B 20x20 M, mocienoBaTeabHO
PAacIoyIoKEHHBIX 0 JUIMHHOW CTOPOHE BbIjENa Ha YCIIOBHBIX TpaHcekTax. Mx olmas ruiomasib
cocraBuna B cpennem 0,0605+0,0222 ra (meauana 0,0353), ¢ u3BMEHEHUAMHU, B 3aBUCUMOCTH OT
T'YCTOTHI IOJPOCTA U MJIOUIa U BbiAeNa, B mpeaenax 0,0353-0,4320 ra. Ha oroOpaHHBIX y4acTKax
IIPOU3BE/EH CIUIOIIHOM MEPEUYET MOAPOCTa M MOAJIECKA C U3MEPEHMEM HMX BBICOTHI, a TaKXke C
OLIEHKOM MX >KU3HECTIOCOOHOCTH (0OIMCTBEHHSI KPOHBI, POIOPLHOHAIBHOCTH PAa3BUTHSI IO BHICOTE
U InaMeTpy CTBOJIMKOB). Bcxoapl, pactenus Beicotoil MmeHee 0,2 M He yunThiBanu. HazBanus BuioB
JlaHbl COTJIaCHO MH(OpMaluu, NpuBeneHHONW B [22]. [lng aHanm3a M3MEpEeHHBIX NOKa3aresen
ucnonbs3oBanach nporpamma STATISTICA 13.3. Tlocne mpoBepku BapHAIlMOHHBIX PSAIOB IO
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kputeputo lllanupo-Yunka u BbISBICHUS HE OMHOMMAIBLHOTO XapaKTepa YacTH W3 HUX, HAMU
TaKk)Ke MPUMEHEHbl MapaMeTpbl U METObl HelapaMeTpU4eckoi cTaTUCTUKU. [l BhIsBIIEHUS
CBSI3M MOKa3aTelneil Beraucisics ko3 duipent koppessinun Cnupmena R.

Tabmuma 1
TaxcanuoHHasi XapaKTEPUCTHKA BbIIEJIOB, B KOTOPBIX 3aJ105KeHbI POOHbIE IIOIIAAKH

No CocraB qpeBocTOs A H D b TJI I1 M
1 | 8B2B 75 19 32 3 KT 0,5 150
2 | 8B2B 75 19 32 3 KT 0,4 110
3 | 8B2B 75 19 32 3 KT 0,4 110
4 | 8B2B 75 19 32 3 KT 0,4 110
5 | 8B2B 85 18 32 4 KT 0,4 110
6 | 6B2B20my 85 20 26 3 KT 0,4 120
7 | 6B2B20my 85 20 26 3 KT 0,4 120
8 | 6B2B20nu 85 20 26 3 KT 0,4 120
9 | 5B30a420c¢ 75 19 24 3 KT 0,6 170

10 | 5JIm2B2Kunl/] 35 14 14 2 CH 0,6 130
11 | 8Kn2B+E 20 8 6 3 3J1 0,5 50
12 | 5Kn2JInl1/12B+b 10 4 2 3 CH 0,6 20
13 | 8KnlJIn1B+C 15 6 4 3 CH 0,7 50
14 | 7JIn2Kn11B+b 35 14 14 2 CH 0,8 170
15 | 3E2C4JInl1B+b+OC* 27 8 10 2 CH 0,7 70
16 | 3E2C4JInl1B+b+0c* 27 8 10 2 CH 0,7 70
17 | 9JIn1 B+KJI+]] 45 16 16 3 CH 0,8 210
18 | 8 A1B1Kn+b+JIn* 69 18 28 3 CH 0,6 160
19 | 312JIn2610c1Kn1B* 32 9 10 3 CHK 0,7 90
20 | 5JIn2b1B20c+Kn 25 12 10 2 CHK 0,7 120
21 | 8b2T* 50 23 24 1A CHK 0,6 160
22 | 8JIm2Un+b+Kn+]], 35 13 12 3 CHK 0,6 110
23 | 7JIn20c1 [ 75 20 24 3 CHK 0,6 250

Ilpumeuanus: Ne — HOMepa y4acTKOB (paccTaBJICHBI B ITOPsAKE yOBIBaHMS JIOJM BsA3a); TOKa3aTeNN JPEBOCTOS IO
TaKCaIlMOHHOMY OITMCAaHMUIO JiecoycTporicTBa 1996 r.: A — Bo3pact, H — BrIcoTa mpeBecHoro monora, D — cpemnnuit
JMaMeTp JepeBheB Ha BhIcoTe rpyan, b — 6oruter, TJI — tum meca (KT — kpanuBHO-TaBONTOBEIH, CH — CHBITHEBBIH,
3J1 — 3makoBsiit, CHK — CHBITBEBO-KOCTSIHHIHHUKOBHIN), [1 — momHoTa, M — 3amac Ha | ra B ky0. M., * — necHbIe
KyJIbTYPHI.

Pe3yabTaTsl U MX 00CyKIeHHE

B ocHOBHBIX sipycax 23 BBIZCIOB, 1O JTaHHBIM TAKCAI[HOHHOTO OMHCAHUS JIECOYCTPOICTBA
1996 r., npencrasnens! (Tabn. 1) TBEpAOIMCTBEHHBIE BUABI IPEBECHBIX PACTCHUN BA3 IJIaKUI
(o6o3nauen B), wapm ropubiii (Ulmus glabra Huds., i), ny6 uepermuateiit (JI) u wien
octponuctHbIi (Acer platanoides L., Aceraceae, Kin), msirkonuctBeHHbie Oepe3a mosucias (Betula
pendula Roth, Betulaceae, B), numa menkonuctaas (Tilia cordata Mill., Malvaceae, JI), ocuna
(Populus tremula L., Salicaceae, Oc), onbxa uepnas (Alnus glutinosa (L.) Gaertn., Betulaceae,
Omu) u Tononb 6anp3amuueckuii (Populus balsamifera L., Salicaceae, T), a Tak:xe XBOWHBIE COCHA
obowsikHOBeHHast (Pinus sylvestris L., Pinaceae, C) u enp cubupckas (Picea obovata Ledeb.,
Pinaceae, E). Q. robur, P. sylvestris u B. pendula Bctpeyanach kak B €CTECTBEHHBIX, TaK U B
UCKYCCTBEHHBIX HACAKICHHUAX. B TOjJIecKe NpU JIeCOYCTPOMCTBE ObUIM OTMEYEHBI uepeMyxa
(Padus avium Mill., Rosaceae, Up), psouna (Sorbus aucuparia L., Rosaceae, P) u nemuna
(Corylus avellana L., Betulaceae, JIm). J/[Ba Buma, P. obovata u P. balsamifera, owviu
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npeocmasieHvl TOJNBKO B JIECHBIX KyJbTypax. TakuM oOpa3om, B HCCIEIOBAaHHOM pailoHe B
COCTaBe UIMPOKOJIMCTBEHHBIX HACaXJEHUHW Ha CPAaBHUTEIBHO HEOONBINON  MIIOIIAIN
MIPEJICTAaBICHO CPaBHUTEIHLHO BHICOKOE OHOpa3zHo0Opasue BUI0BOro ypoBHs (14 TakCOHOB).

ITo manueIM necoyctpoiicTBa 1996 r. (Tabm. 1) B 4HCTHIX Bs30BHHMKAx (y4actku 1-4, 6)
MOJIO/IOC TIOKOJICHHE Jieca ObLI0 mpezcTaBieHo Tobko U. laevis, pacrenusiMu BbicoToi 3—4 M B
konmyecTBe 1-2 ThIC.1T/Ta. Emie B Tpex HacaxkneHusx (5, 7—8) ¢ JOMUHUPOBAHUEM TOM ITOPO/IBI,
HO ¢ mpeacTaBieHHOCTRIO A. glutinosa, cocras moapocTa panee 011 onrcan Gopmysnoit 8B20mmy,
C TaKMMH K€ KOJIMYECTBOM M BBICOTOI pacTeHuid. Bo Bcex ciydasx B TaKCAallMOHHOM OIMUCAHHUH
MOJIPOCT XapaKTepU30BaICA KakK «OJaroHa/leKHbI», XOTS €ro YUCIEHHOCTb M BBICOTA HE
yKa3bIBAIKCh. [10 HammM pesynbrataMm (Tabil. 2), y MOJIOJOTO MOKOJICHHS APEBECHBIX pPaCTCHHUI
BUJI0BOE pasHooOpasue B 2025 r. ObUIO UHBIM— Ha UCCIICOBAHHBIX IUIOMIAASIX HE OOHAPYKEHO
moJionoe mokosienue P. sylvestris u P. obovata, a taxxe A. glutinosa. B moasnecke no-npexHeMy
obnapyxensl P. avium, S. aucuparia u C. avellana. B To e Bpemst BO MHOTHUX y4acTKaxX HaMH
BbIsSIBJICH MHBa3uBHBIN A. negundo (Kist). B menom moarBepskaeHa nHGOpPMAIHS JIeCOyCTPOHCTBA
1996 r. o 6aronanexxHOCTH MoApocTa. Jlub y Q. robur 18,2% pacTeHuii OTHECEHbI K KATErOpHH
«TOPYKOB» — IK3EMIUISIPOB, Y KOTOPBIX KaXKIbIM T'OJ OTMUPAIOT BEPXYIICYHbIC IMOYKU U YacCTh
oceBoro nobera, a ipyrue noOeru NosABIsAI0TCA U3 OOKOBBIX MMOYeK. B To ke Bpems, B mepecuere
Ha 1 ra yncio moapocra okazanochk MeHblne 2000 sx3eMIIIAIpoB (BbICOTON 3—4 M) Ha OJMH Ta,
MPUBEJICHHBIX B TaKCAllMOHHOM omucanuu 1996 r. musa Hacaxnenuit 1-4, 5-6 n 7-8. Ha aTux
yd4acTKax MOJIOZ0E IMOKOJEHHE Jieca ObLIo mpezactaBieHo Tosibko U. laevis, pacreHusmMu B
konnuectBe 1000,0£119,9 (megmana 923,1), ¢ BbpaKeHHOW M3MEHYMBOCTBIO MOKAa3aTelNs IO
OTIeNbHBIM ydacTkaM — oT 81 10 2785,7 (ko3 uument Bapuanuu 119,8 %).

Tabmuna 2
Jonast moapocTa u noajiecka Ha uccjeJoBaHHbIX B 2025 r. yuacTkax
No N Hons nopop no 10-6ayibHO#M 1iKae
B Kng | Kn | Un | Jin A JIng b Oc Up P
1 923,1 5,8 4,2
2 1236,8 2,5 4,3 3,2
3 916,7 7,0 3,0
4 81,0 6,6 3,4
5 561,4 6,3 09 ] 22| 06
6 1315,7 0,8 8,8 0,4
7 900,0 2,2 7,8
8 645,2 2,0 6,0 05 | 05 0,5 0,5
9 365,9 4,6 3,1 2,3
10 1017,2 1,0 6,8 0,3 0,9 1,0
11 2785,7 2,8 31 ] 41
12 836,1 1,6 12 | 53 | 15 0,4
13 1096,2 4,4 3,8 0502 01 0,1
14 1090,9 4,6 04 | 21 2,9
15 1548,3 2,4 2,1 4,3 0,5 0,7
16 1933,3 2,2 50 ] 26 | 02
17 515,2 2,0 47 1 25 | 0,8
18 12414 14 36 | 44 0,6
19 14219 1,3 2,4 4,6 1,0 0,7
20 351,4 3,1 54108 | 0,7
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21 764,7 3,1 3,8 03 | 03 0,9 16
22 1090,9 1,7 6,7 0,5 11
23 590,2 14 03 14 |53 16

Ipumeuanue: Ne — HOMepa yd4acTKOB; HOMepa TPy MPOoOHBIX mIIomanok; N — 9uciio pacTeHui B mepecyere Ha | ra.

Beruucinennas HamMu cpenHss ¢GopMyria CocTaBa JAPEBOCTOEB  IIMPOKOJIMCTBEHHBIX
IpeBecHbIX pacTeHui (Tabn. 1) mo manHbiM 1996 1. umena Buxa 3,6B2,4JIm1,2Kn0,710,11.
CpaBHEHHE 3THX JJAaHHBIX CO CPEIHEH JT0JICH MOIpOocTa MPeACTaBUTENCH 3Tol (popmaruu Bo Bcex
23 yuactkax (2,2B2,1Kn1,5J]Im1N1Kins) nmoka3piBaeT, 4TO COOTHOLIEHHE MIMPOKOIMCTBEHHBIX
MOpoJl y TOTOMCTBAa HM3MEHWJIOCh, B TIEPBYIO O4YEpeh 3a CYET IOSIBICHUS CPaBHUTEIHHO
OOMJIBHOTO €CTECTBEHHOTO BO30OHOBJICHHMS Ha M3yYEHHBIX Yy4YacTKax, cocTaBuBiiero 9,6% ot
YHCIEHHOCTH BCEr0 YUYTEHHOro MojpocTa u moaiecka. Ilo cpaBHeHuio ¢ uHpOpMaluen wus3
TakcallMOHHOTO onucanusi 1996 r, k 2025 r. B M0JI0OJIOM MTOKOJICHUH BO3pOCIa MPeACTaBICHHOCTh
U. glabra u A. platanoides. OgHako HOAPOCT 3THX ABYX BHIOB, OOBIYHO OOMJIBHBIA B ITOM
BO3DAaCTHOM Tpymme B YyCIOBUSX bamikoprocTaHa, uMeEeT Mallo BO3MOXXHOCTEH s
MPOMOPLMOHATIEHO BHICOKOTO YUaCTHS B BEPXHEM Spyce APEBOCTOEB M3-3a UHTEHCUBHOTO OTMa/ia
Ha (Qa3ze xepanska [1, 2], coxpaHsaschb MPEUMYIIECTBEHHO B pa3pbiBax JAPEBECHOrO IMOJIOTA.
Benencreue storo, skomorumdeckd maactuudbii [13] A. negundo MokeT uMeTh OOIIbIIE
BO3MOKHOCTEH JUISI TEPPUTOPUAIILHON AKCIIAaHCHH. J0Ka3aTeNIbCTBOM 3TOTO MPEIIOIOKEHUS
ABIIAIOTCS TaKXKe HAIIM JaHHbIE [0 pa3MepaMm H3y4deHHbIX pacteHuid. [lo BwicoTe pactenus A.
negundo ycrymatot Tosnbko U. glabra (ta6um. 3). ITo mone kpymHOTro MOAPOCTa BHICOTOM Oosiee
15 ™, o0pa3oBaHHs  JIpEBOCTOSl, M3y4YCHHbBIC
IIMPOKOIIMCTBeHHbBIE BUIbI 00pa3oBanu psa: U. glabra — A. negundo — U. laevis — A. platanoides
— Tilia cordata.

HUMCIOIICTO OoJIbIIIHE HIaHCBI HJIA

Tabnuma 3
CraTucTHYeCKHe MOKA3aTeJd BHICOTHI MOAPOCTA Y MOPO/ JIECHBIX IPEBECHBIX PACTEHU

Mopos! Hons moapocta (%) BricoTa nonpoc.Ta
Ho 0,5 05-1,5 Brie 0,5 | Cpennee Menuana Lim C,%
B 16,2 39,2 44,6 1,6+0,1 1,2 0,2-5,0 72,6
Kunst 3,0 314 65,6 2,0+0,1 18 0,3-7,0 56,4
Kn 25,5 43,0 315 1,440,1 1,0 0,2-7,0 94,2
Wn 10,2 12,9 76,9 2,6+0,2 2,3 0,2-7,0 63,8
JIn 11,8 57,3 30,9 1,3£0,1 1,0 0,2-5,0 63,3

Ilpumeuanue: Bpicota noapocta B M; Lim — npexenst usmenenus; C — ko3 GULIUESHT BapHaliy; JaHHBIE 7S OPOJ
¢ gonedd B coctaBe mompocta menee 1% (Q. robur, P. balsamifera, P. sylvestris, P. obovata) B tabnuue He
NpEICTaBIICHBI.

BrisiBieHHbIe 3aKOHOMEPHOCTH 00001IeHbl pucyHke 2. [IpakTHuecku BO BceX Ciydasix
noapoct A. negundo mpencTaBiIeH B YUCTHIX BA30BHUKAX MJIM HACAKICHHUSAX C JOMHHUPOBAHUEM
Ba3a. MckiroueHneM sBISIIOTCS JeCHbIE KyNbTYpbl ¢ coctaBoM 8b2T Ha ywactke 21, rae nopona
OTCYTCTBYET B BepXHeM sipyce. A. Negundo HaMHOrO MEHBIIE MPEACTABICH B CMEUIaHHBIX
HaCaXJEHUAX JApyrux mopoa. Hamum oTMeyeHa 3aKOHOMEpPHOCTh, Korjga B Ooiee
BBICOKOTIOJIHOTHBIX JPEBOCTOSIX JaHHBIM MHBAa3MBHBIM BHUJ BcTpeuaercss pexe. Koadduuument
Koppemsinuy CnupMeHa MEeXAy J0JIEH €ro yJacTHs B COCTaBe MOAPOCTa U MOJTHOTOM HAaCa)KIEHUS

CTaTUCTHUYECKU aocToBepHO orpunateneH (R=-0,60, p<0,01). Ha pucynke 2 BuaHO, 4TO B

O
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Bs130BHHKaX A. Negundo mmeeT GOJIBINYIO YKCICHHOCTD, 01HM3KYyI0 K moapocty U. laevis, a mons
JAHHOTO WHBA3WBHOT'O BHJIA B ITHUX YCJIOBHUSAX COIMOCTaBUMa C KOJHYECTBOM IOJIPOCTA BCEX
JIPYTUX M3YYCHHBIX TOPOA. Takoi pe3yabTaT MOXKET OOBSICHATHCSA TEM, YTO BHUJ dPPEeKTHBHEES

peAIN3yET CBOH IIOTCHIIMAaJI 9KOJIOTHYECKON IIACTUYHOCTH B JICCHBIX COO6I]_[CCTBaX C MCHEC

OrpaHUYEHHBIMU KU3HEHHBIMU pecypcamu [13], B HaleM ciryyae J0CTYIIOM K CBETY.

A Yarnwikoat a wuott

Puc. 2. Joas moapocra A. negundo (B), Ulmus laevis (A2) u apyrux Buaos apeBecHbIx pactenuii (C)
OTHOCHTEJILHO IPEBOCTOEB C BA30M, YIOPSIA0YEHHBIX M0 Mepe yMeHbIeHust xoau Ulmus laevis B 1-
2 apycax (Al) Ha ucciieT0BAHHBIX YYACTKAX

Cyns 1o HalluM pe3yJbTaTaM M JIMTepaTypHBIM JaHHbBIM, yBeaudeHue posiu A. negundo B
COCTaBe UIMPOKOJIMCTBEHHBIX JIECOB OyneT TOJIbKO Bo3pacTaTh. llocine 3aHATUS HOBBIX
MECTOOOMTAHUN OH HAUMHAET U3MEHSATH cpely [15], B ToM uMcie A0CTyI K CBETY APYTUM BHJIaM
pactenuii [9], perynupys KpyrooOopoT BemecTs [8], Biusis Ha OMOTY [4], HCTIONB3Yys MEXaHU3MBI
aymenonatiu [12] u peanu3yst CBOHM JPYyrue dKOJIOr0-OMoJoruveckue npeumymectsa [17; 21].
Oobnapy>xeHHas HAaMH Ui yciaoBUi bamkoprocrana HapacTaromiasi yrpo3a CHUKEHHUS! BUJIOBOTO
pasHooOpa3us u3-3a nHBazuu A. Nnegundo cripaBeyTuBa HE TOIBKO TS IPEBECHBIX, HO U JAPYTHX
BHJI0B pactennii. Harmpumep, Ha CpegHem Ypase B MPUTOPOJHBIX U TOPOJICKUX HACAKICHUSIX C

y4acTHEeM 3TOro BHJIa HaOJI01al0Ch CHUKEHHE TAKCOHOMHUYECKOIO pa3HOOOpa3usi COCYAUCTHIX
Ha3zeMHBIX pacteHuid 10 40% [20]. Ho, kak moka3anu Hamm pe3ylbTaThl, HAanOoJIee BEPOSITHBIM
MOCJIEZICTBUEM TaKOro BHeApeHuss A. Negundo B TPUPOIHBIE COOOIIECTBA MOXET CTaTh
yxyamenne no3unuii U. laevis m3-3a npuypodyeHHOCTH OOOHMX BHUJIOB K OJHUM M TEM K& WU
OJIM3KUM 3KOJIOTHYECKUM HumIaM. Jloka3aTelbCTBOM 3TOTO MPOTHO3a MOKET ObITh BBISBICHHAS
HauOOoJIbIIas YUCICHHOCTh MOJPOCTa (B MEPBYIO OYepellb, KPYIHOTO) B KPAIMBHO-TABOJITOBOM

THUIIE Jieca, XapaKTepHOMY JUIsl IOJIMH U OWM peK, MPUIIOMeHHbIM TeppacaM pek benoit, Ydul u
Jembl.
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3akiroueHue

WMHBa3uBHOE JpPEBECHOE pACTEHHUE KJIEH SCEHEJIMCTHBI B IPUTOPOJHBIX Jiecax
bamkoprocrana 0coO0eHHO OBICTPHIMH TEMIIAMU PACHPOCTPAHSAETCS B BS30BHUKAX, B IMEPBYIO
ouepellb B HU3KOIMOJHOTHBIX HacaxAeHUsX. Ouaru MHTEHCHBHOTO BO30OHOBJICHHS BHIA B
ypOaHU3UPOBAHHBIX JIeCaX MOTYT CTaTh UICTOYHUKOM JabHEHIIEH TepPUTOPUATIEHOM SKCIIAHCUU
9TOr0 BH[A, MPEJACTABIAS HAPACTAMOIIYI yrpo3y Kak mnosuiusMm Bsza Ulmus laevis, tak u
BUJIOBOMY pa3HO00Opa3nio a0OpUTEHHBIX BHJIOB IIUPOKOJUCTBEHHBIX JIECHBIX JPEBECHBIX
pacTeHuil.
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