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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;

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].

O 6



https://doi.org/10.36906/2311-4444/25-4/01 Yykuna H.B., JIykuna H.B., Qunumonosa E.H., I'nazvipuna M.A.

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
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14 + @
500 41 50 o
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= 300 & E10 | 5
= g o 2
& 250 300 % S 8 t 30 &
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S 150 = a 20 2
= oo 24 -
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50 227 &
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2rona 3roga 4 ropa 2 roma 3 roma 4 roma
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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