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AHHoTaumA: poBefeHO CpaBHEHWE CBOWCTB OwiaTepasbHO CUMMETPUYHbIX
JINCTOBbIX NAACTUH ABYX BUAOB: UMbl MenKkonucTHol (Tilia cordata Mill.) u nunel
wupokonuctHon (Tilia platyphyllos Scop.) B 3arpA3HeHHON 30HE U B KOHTpO/e
(r. Mocksa, 2016—-2018 rr.). dayktyumpytowan acummeTpua (PA) 3asucena ot roga
M mecTa cbopa MCTOBbIX MAACTMH, MAACTUYECKAA MU3MEHUYMBOCTb — TO/IbKO OT roga
cbopa. BennunHa dnykTympyowen acummetpum bbina Boiwe y T. platyphyllos,
yemy T. cordata. B 2017 r. ®A T. platyphyllos B napkoBoi 30He (KOHTPOAb) bbina
HUXKE, YemM Ha npoes3xken maructpanu. MpuunHamu nosbiweHua GA bbian: a)
xonogHoe neto 2017 r., KOTopoe TOPMO3MAO0 POCT IMCTOBbIX NAACTUH M MOBbLILWANO0
NAaCTUYECKYO0 U3MEHYMBOCTb MEPHbIX MPU3HAKOB; 6) TEXHOreHHOEe 3arpsA3HeHne
aBTOMOOMABbHbIM TPaHCNOPTOM. TakMM 06pa3om, KIMMATUYECKME YCNOBUA roAa
cnoco6cTBoBann U GNYKTYaLMOHHOM, M MAACTUYECKOA WU3MEHUYMBOCTM, YTO He
03HayasIo U3MEHEHUSA B CTAaOWUIbHOCTU PA3BUTKA.
© MeTpo3aBOACKUI rOCYAAPCTBEHHbIN YHUBEPCUTET

PeueHseHT: V. C. KOpoTueHKo
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6onee reHOTUNNYECKU NN dDEHOTMI'IM‘-IECKM n3-
MeHYMBbIe NPU3HAKN. Y I'Ipe,CI,CTaBMTeJ'IEﬁ poaa

—3TO NONYNAPHbIN NOKa3aTe b, KOTOPbIM XapaK-
TepU3yeTcsa HEe3HAYUTEIbHbIM OTKIOHEHUEM OT
HYNA PA3HOCTU BEIMYMH NPABOM U IEBOM YaCTeM
rOMONIOrMYyHOro 6unatepanbHO CUMMETPUYHO-
ro NnpusHaka. lna onpegeneHma sennynHol GA
M CcTabunbHOCTU/HECTabUNbHOCTU pPa3BUTUA
MCNONb3YKOTCA MepHble UK cyeTHble bunaTte-
PanbHO CUMMETPUYHbIE MPU3HAKMU C LUMPOKUM
ANana3oHOM peaKLuumM Ha BO3AEeNCTBUE CTPecC-
¢daktopos (Palmer, Strobeck, 2003; bapaHoB U
Ap., 2015). K Takum npr3Hakam OTHOCATCA Hau-

Jlnuna mepHble BunaTepanbHO CUMMETPUYHbIE
NPU3HaKM IMCTOBbLIX NNACTUH 061a4at0T BbICO-
KOW M3MEHUYMBOCTbHO, YTO CBA3AHO C BUAOBLIMM
cneunduyeckMummn ocobeHHocTamu. M3BecTHo,
YTO CTabunbHOCTb pa3suTma (CP) — aTo cnocob-
HOCTb OpPraHM3Ma KOMMEHCUPOBATb U CHUMKATb
OTK/IOHEHME OT HOPMaJIbHOTO OHTOreHeTuye-
CKOTrO Pa3BUTUA NO ONpeaeneHHOMY KaHaNN3n-
pytowemy nytn (Debat, David, 2001; Lens et al.,
2002; Klingenberg, 2016).

dnyKTyMpyowaa acMmmeTpua npeacras-
NAET MHTepec Kak B 3KO/IOTMYECKOM OTHOLLe-
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HWM, TaK M B ACMeKTE 3BOIOLUM U TAKCOHOMUMN
pacTUTeNbHbIX OpraHnsmos. [peacrtasutenu
cemelictB bepesoBble 1 J/IMnoBble WMPOKO UC-
NoNb3ylTCA ANA OnpeaeneHuAa YypoBHA CTa-
6unbHoCcTM pa3suTuA (3opuHa, Kopocos, 2015;
3bIkoB 1 Ap., 2015), 0AHAKO NPUYNHbI, BbI3bIBa-
towwmne GAyKTyaLMoHHblE U3MEHEHMA B MOPGO-
NIOTUYECKMX CTPYKTYpax bunatepanbHbix opra-
HOB, OCTaOTCA U3y4eHHbIMKU cnabo. Ucnonb3o-
BaHMe APEeBECHOrO BMAA Kak MHAMKATOpa CTa-
6MNbHOCTM pa3BUTUA B Baniax CTankmBaeTca €
TPYAHOCTAMM, CBA3AHHbIMWU C TEHOTUMUYECKON
YMCTOTOM MCMONb3YEMOro BUAa, MONYAALMOH-
HOM reTeporeHHOCTbIo, BAUAHMEM (PAKTOPOB,
BK/IlOYAsA OCBelleHMe, BOAHO-CO/EBOM COCTaB
N peXxMm Mnoysbl, penbed MeCTHOCTU, Apyrue
bOU3NKO-XMMUYECKME U WHble 0COBEeHHOCTH
cpegpbl.

MeTomonornyeckm onpegeneHne YypoBHA
CTabUNbHOCTU PA3BMTMA Bbl3blBA€T BOMPOCHI.
MeToabl U3MepeHUa 1 NOAroToBKa repbapHo-
ro maTepuana 3aHMMAKOT BaXKHYHO YacTb U NO4-
pa3yMeBaloT «CAenon» Henpeas3aTbl NOAXOA,
(Kozlov, Niemeld, 2003; Kozlov, Zvereva, 2015).
TpagMUMOHHBIMM METOA4AMMW, Hanpumep Hop-
Manu3yloller pa3HOCTU, NpeanonaraeTca pa-
60TaTb C MCNONb30BaHWEM OTAENbHO B3ATbIX
NPW3HAKOB, C HOPMa/bHbIM pacnpeaeneHUem
Pa3HOCTU MeXAay NpPaBbiMM U NEeBbIMM 3Haue-
HUAMMK. TakoM noaxon, No-npexKHemy HaxoauT
NPUMeHeHWe, XOTA OLLeHKa Mo O4HOMY-ABYM
NN MHOXeCTBY NPM3HAKOB 3a4acTyto He obe-
cneymBaeT penpes3eHTaTUBHOM pPerncrpaumnm
CMrHaNa B BMAE NOBbIWEHHOro 3HaveHnsa OA.
BbicTpo pa3BuMBalOWMNCA METOA, reomeTpuye-
cKoM mopdomeTpumn nossonseT AaTb bHonee
rAapMOHMYHYIO MHTErpPaTUBHYIO OLEHKY, Npu-
6aunkaa uccneposatenem K UCTUHHbIM NPUYK-
Ham NoBbIWeEHUA UK cHMKeHnsa PA. Passutue
3NUreHeTUKM NOBNAEKNO PAL HOBbIX UCCIeA0BaA-
HWI. Hanpumep, paboTbl, NnpoBeseHHble HAZ,
HECKOJIbKMMM FreHepaLLMsaMM, YKA3bIBatOT Ha re-
HOTUNUYECKYD 0OYCNOBNEHHOCTb MPOLLECCOB
CHUXKeHUA —noBblweHusa BenndmHbl GA (Clarke,
1993; Freeman et al., 1993).

OcTaeTca Npu3HaThb, YTO «340POBbE Cpesabl»
— TEPMUH, C TPYAOM MpPOKNAAbIBAOWMIA [0-
pory B BMOMHANKALMKN. ITO MHEHME BbITEKAET
N3 pe3y/sbTaTOB MHOFOYUCAEHHbIX paboT B 06-
NacTM AMHaMKUKK BennumHbl PA, moaenmpyto-
LLMX IKCMEPUMEHTOB in Vitro, CpaBHUTENbHbIX
nccneposaHuii no ®A pasHbix BUAOB, NONyNsA-
Ui, paboT ¢ oTpMuaTENbHBIMK Pe3y/bTaTaMMm
(Zverev et al., 2018), HaKoHel, paboT c obo-
CHOBaHMeM NapafoKcanbHblX 3GPeKTOB BANA-
HWA A03bl CTpecca Ha BennyunHy PA n ctabuno-
HocTb pas3sutuAa (Erofeeva, 2015). Tak, uccne-

noBaHua ®A n CP B 3aBMCMMOCTM OT rpagmneHTa
3arpA3HeHUA TEXHOTeHHbIMM TOKCMHAMW MO-
Ka3blBalOT NMPOTUBOPEYMBbLIE Pe3ynbTaTbl: Kak
obpatHyto (Kaligaric et al., 2008, Gostin, 2015),
npamyto cBa3b (benaesa, 2013; Cobyak 1 ap.,
2013; Koroteeva et al.,, 2015; Ivanov et al.,
2015), Tak U HeonpeaeneHHble UNU YCNOBHO-
nonoXuTtenbHble pesynbtatbl (Leung, 1996;
Lung, 2000). B To ke Bpems n3yyeHne PA nu-
CTOBbIX MAACTUH B YCNOBUAX MHTAKTHbIX 3KO-
CUCTEM NOKa3a/io cepbe3Hoe BAUAHNE BbICOTbI
penbeda n apyrux abuotmyeckmx (Zvereva et
al., 1997; Wuytack et al., 2011; Baranov, 2014a;
Baranov, 2014b) u 6uoTnyeckmx ¢aKTopos
(Zvereva, 1997; Kozlov et al., 2017).

BanaHue KanmaTtuyeckmx ¢GakToposB nog-
pobHO M3yyeHO Ha npumepe ayba (Hodar,
2002), cocHbl 0bbIkHOBeHHOM (Kozlov, Niemels,
2003), 6epesbl 6enoit (Valkama, Kozlov, 2001)
N HEKOTOPbIX TPaBAHMCTbIX pacTteHui (Alados
et al.,, 2001). CoBmecTHOe AEeNCTBME MHOTIUX
baKTOpPOB, HANPUMEP BNAKHOCTU U MOHUMKEH-
HOM TemnepaTypbl, OCTAETCA HEBbISCHEHHbIM,
Nno3aToMy 3TW ¢daKTopbl Ha PoHe aHTponoreH-
HOro cTpecca NpeAcTaBAAloT UHTepec. Jlornye-
CKOEe NPOoAo/IKEHUEe nccnegoBaHnii — OHOBbIN
MOHUTOPUHI, U3y4yeHMe 3TanoB MopdoreHesa
nMcToBbIX NnactuH (Anastasia, 2014) n paboTbl
B 0671aCTN 3BONOLLMOHHOTO PA3BMTKA MO onpe-
AeneHHoMY, KaHanuupytoLwemy nytu. Nocnea-
HUN TEPMWH aCCOLUMPYIOT CO CBOMCTBOM NAa-
CTUYHOCTM pa3suTuA (developmental plasticity;
Graham, 2010). B pycckoA3bI4HOM AnTepaTtype
NPOAOMMKAT  MCNONb30BATbCA  MNPMBbIYHbIE
TEPMUHbI — PEHOTUNUYECKan UAN SKoNornye-
CKas NNACTMYHOCTb. M3BECTHO, YTO 3KONOrU-
4yecKas NNaCTUYHOCTb pacTeHui obycnasnmea-
eTca 6ypepHON eMKOCTbo MOpPGdOOTrMYECKMX
CTPYKTYp, YTO NO3BONAET MM aKTMBHO afanTu-
pPOBaTbCA K yCcnoBMAM cpeabl. Bonpoc o ces-
31 MeXAy NNACTUYHOCTbIO U CTAabUNbHOCTbIO
pa3BUTMA npogonkaeT obcyxaatbca. OgHo-
BPEMEHHO AMCKYTUPYeTCA BOMPOC O GAYKTyU-
pyloLLen acMMMEeTPUN Kak 06 aganTauMOHHOM
CUTHane, NPoABAAKOLWEMCA B TPAEKTOPUM MO-
nynaymoHHoro passutua (Clarke, 1993; Debat,
David, 2001; Graham et al., 2010). Moaynsap-
HaA KOHLUEeNnuMa 3KON0MMYeCcKom NAacTUYHOCTH
NoApO6HO M3N0XKeHa BO MHOTMX UCTOYHMKAX,
Hanpumep B pabote De Kroon (De Kroon et
al., 2005). CornacHo 3TOM KOHUEenuuMmM Hopma
peaKkLunn, KaK OCHOBHAA 3KOOTM4YecKasa Xa-
PaKTEPUCTUKA OPraHM3ma, OXBaTblBAeT CyMMy
Mmoaynen NAacCTUYHOCTU KOPHA, INCTA U CTe-
6n8. dBOMOUMA M afaNTALMOHHbIE CBOMCTBA
nnactuyeckon nsmenumsoctu (MN) B ycnosusax
neptypbaumm cpeabl ONUCaHbl TaKKe BO MHO-
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rmx 063opHbIX paboTtax (Lande, 2009; Gilbert
et al., 2015; Abley et al., 2016), Bkntoyana na-
NNEOHTO/IOTNYECKME UCCNef0BaHUA pasmepa U
$OpMbl INCTOBbLIX NAACTUH HA NpUmepe MNoA-
BMOOB KNEHA B rpagueHTe TemnepaTypHbIX
ycnosuit (Royer et al., 2009). YctossBwumcs
MHEHMEM ABNAETCA KOPpPensauMoHHas CBA3b
MeXay CTabuabHOCTbO pPa3BuTMA, GeHoTUNU-
YeCKOM NIAaCTUYHOCTbIO M npucnocobsieHHo-
CTbIO Ha reHeTMyeckom ypoBHe (Tonsor et al.,
2013). ChepoBaTtenbHO, NaacTUYecKkasa U3MEH-
YMBOCTb MPEACTABNAAET MHTEPEC KaK CNyTHUK
GAYKTYAUMOHHOM M3MEHUYMBOCTM KaK NpU aH-
TPONOreHHOM CTpecce, TaK U NMPU KECTKUX KAK-
MaTUYECKUX YCNOBUAX. HECMOTPA HA BbICOKYHO
BapWaUMIO NPU3HAKOB INCTbEB /UMbl U YacToe
NPUCYTCTBME HANPaBAEHHOM aCUMMETPUMN, Me-
watowen onpeaeneHmto ®A, No cpaBHEHMUIO C
Buagamu p. Betula, npeacrasutenn poga /iuna
bonee ynobHbl 6Gnaropaps 6onee cTabunb-
HOMY XPOMOCOMHOMY KapuoTuny. MU3BecTHO,
4yTo 6/1M3KME BUAbI OTIMYALOTCA MO BeEMYMHE
®A B OTBET Ha cogep’KaHMe YrNeKMcnoro rasa
B Cpefe W BbIOPOCOB MHAYCTPUA/bHBIX Npea-
NPUATUIA, YTO NOATBEPKAAET reHOTUMNYECKYIO
OCHOBY CTabunbHoCTK passuTua (Hochwender,
Fritz, 1999; 3opuHa, Kopocos, 2015; Koroteeva
et al., 2015).

Llenb HactoAwer paboTbl — onpegeneHue
CTabuUNbHOCTU pPa3BUTUA U PEHOTMMNUYECKOM
NNACTUYECKOM M3MEHUYMBOCTM Y ABYX BAM3KMX
BMOOB B ABYX YPOaHM3MPOBAHHbIX CTaLMAX C
pa3HOM CTeneHb aHTPOMOreHHOW HarpysKu.
B 3amaun BXoAMNO uccnepgoBaHWE BAUAHUA
KAMMaTo-TemnepatypHoro ¢aKktopa Ha CTa-
OMNBbHOCTb PA3BUTUA U HA NJIACTUYECKYIO W3-
MEHYMBOCTb JINCTOBbIX MNJ1IACTUH BAN3KMX BUAOB
p. Jlnna. NpoBepaemasn rmnoTesa 3aka04anachb
BCaepyowem: ayKTyaumoHHaA USMEHYMBOCTb
CBA3aHa C NNACTUYECKON M3MEHUYNBOCTbIO, HO Y
pa3HbiX BUAOB 3Ta CBA3b NPOABAAETCA HEOAM-
HAaKOBO, 4YTO OODBACHAETCA FeHOTUMUYECKUMMU
ocobeHHOCTAMM BUAA.

MaTtepuanbl

Mecma cbopa u nodzomoska 2epbapHo20
mamepuana

MN3BecTHO, 4To nuna wupokonuctHasa (Tilia
platyphyllos Scop.) — 6onee 3BPUOGUOHTHbLIN
BMA, NO OTHOLLIEHUIO K MOYBEHHbIM U KAUMATU-
yeckum ycnosuam. Oba Buaga oAnMHAKOBO Tpe-
6oBaTe/NIbHbl K OCBELLEHWIO, YTO yA0bHO Ans
N3yYEeHUN FeHOTUNMYECKUX U GEHOTUNUYECKNX
CBOWMCTB B KOHTEKCTE aCUMMETPUU U NAacTuye-
CKOM M3MEHYMBOCTM IMCTOBbIX NNACTUH. Mony-
nAauum oboux BMAOB NPOU3PACTAOT B BOCTOY-
HOM 4YacTm MockBbl, B M3malinoBCKOM napke

n Ha M3mannosckom bynbeape. lMpupogHo-
nctopuyeckmn napk «Mamamnoso» (55°47°N;
37°47'E) — ato 6MoueHO3 ¢ bonee yem 500 Bu-
Aamu pacteHui. Mcxoas U3 aToro BbibMpanuco
0cobu aepeBbeB M3 PA3/IMYHbIX YacTel NapkKa,
T. €. U3 Pa3/INYHbIX PUTOLLEHO30B.

N3mannoscknn  6ynbBap (55°48'13.8"N;
38°58'23.8"E) — 3TO LEHTP OXKMBNEHHOW aB-
TOCTpPaZbl, NaowWwaab CTauMn Ha bynbBape 3a-
HUMa/Ia OKOMO 5 KB KM. XapaKTepHbIMW CBOM-
CTaMW [AHHOM CcTauun bblnM paBHOMEPHOCTb
OCBEeLUEHWNA, adpaLLUM, OTCYTCTBUE KOHKYpPEH-
LUUM M BbICOKMI YPOBEHb 3arpA3HEHUA aTmoc-
depbl OKCMaamm yrnepoaa, a3oTa, cepbl U yrie-
BOAOPOAAMM.

C60p NMCTOBBIX N1ACTUH NPOBOAWIICA B reHe-
PaTMBHOW CTaAnM Pa3BUTUA aepeBbes B 2016—
2018 rr. B KaxkA01 cTauMm IUCTOBbIE NAACTUHbI
WMPUHOM 3—4 cM paBHOMEPHO cobupanuch ¢
HUXHMX YacTen KPOH AeCATU O4HOBO3PACTHbIX
Aepesbes, No 10 o6pasyosB ¢ Kaxagoro u3s 10
AepesbeB. A n3MepeHUa MCNOJIb30Ba/IUCH
NPWU3HAKK, W3HaYaNbHO pa3paboTaHHble na-
6opaTopuei B. M. 3axapoBa (3axapos, Yybu-
HuwBemaM, 2001). Kak nokasanu npeabiaylimne
nccnepgosaHua (bapaHos u gp., 2015; 3bIkoB “
Ap., 2015), yrnoBoi npu3sHak 6bia SBHO Heyao-
6eH oA M3mepeHUA M3-3a BbICOKOW CTeneHu
KPMBM3HbI NEpPBOK NaTepasibHON KuAkK. OH
6bl1 3aMeHeH Ha aNbTepPHATUBHbIN emy — Nin-
HEWHbIN: pPACcCTOAHWE MeXAy OCHOBAHUEM
BTOPOM KWMAKK 1-ro nopagka U OCHOBAHMEM
NepBOM XKUKM 2-T0 NOPALKA Ha MePBOM KUKe
1-ro nopsaka (puc. 1).

Ninctba  BbiCywMBanucb nog OymarkHbIM
npeccom, n yepes 2—3 AHA NPOBOAUNUCL U3-
MEPEHUA MEPHOM NMHENKOWN C TOYHOCTbIO A0
0.5 mm (FOCT 427-75), paHHble COXpaHANUCH
B Tabaunuax Excel. TpexkpaTtHoe uamepeHwue
MOKa3aso KpalhHe HU3Kyl oWwnbKy, meHee 1
% oT BennunHbl PA, 4TO cuMTaeTca AONycTu-
MbIM Npu TecTMpoBaHUK acummeTpun (Palmer,
Strobeck, 2003). MpuHMMasa BO BHUMaHUE
naHHble Velickovi¢ (Velickovi¢, 2010) o Hawu-
6onblien YyBCTBUTENIbHOCTU NPU3HAKA AJINHbI
JINCTA M Npeablaylwine pesynbratbl, B KOTOPbIX
Hanbonee nogxogAwmMm bbin APYron NpUsHaK
(Ne 4), mbl pewnnum ncnonb3oBaTb Becb Habop
NPWU3HAKOB, YTO MPEACTABAAETCA KaK npeumy-
LLLeCTBO MHTErpaTMBHOIO NoAXoAa.

MeToabl

MoaroToBUTENbHbIA CKPUHWUHT 3HA4YeHun L
n R (BeQIMYMHDBI N€BOr0 U NPaBOro NPU3HAKOB)
MrpaeT CyLLeCTBEHHYIO POab B TECTUPOBAHUMU
@A NMUCTOBbIX NNACTUH, HE MEHEE BAXKHYHO, YEM
noArotoBka repbapHoro matepuana v nosbl-
lWeHMe TOYHOCTU m3mepeHuA. CHavana bbina
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Puc. 1. Mpu3HaKu TMCTOBOM NNACTUHbBI, UICNO/Ib3yeMble ANA onpeaeneHna GAyKTyupyowen acuMmmeTpum
BMaoB poaa Tilia L.: 1 — wnpmrHa cepeamHbl NCTA; 2 — PACCTOSTHUE MEXKAY OCHOBAHUSAMM NEPBON HKUIKU
1-ro nopszKa 1 BTOPOM KUKM 2-ro NOPALKA; 3 — PacCTOAHME MEXAY OCHOBAHUAMM BTOPOM U TpeTbew
KUNOK 2-r0 NOPALKa; 4 — paccTosHME MeXKAY OCHOBAHUAMM NepBOI U BTOPOM *KMNOK 1-ro nopaaka; 5
— paccTosHMe MeXK Ay OCHOBaHWEM BTOPOM KUNKK 1-ro nopaaKa u OCHOBaHMEM NepPBOM XKUIKK 2-ro no-
pAZKa Ha NepBoM }Kuake 1-ro nopaaka

Fig. 1. The traits used to determine the fluctuating asymmetry of species of genera Tilia L.: 1) the width
of sheet mean; 2) distance between the bases of the first vein of the 1st order and the second vein of
the 2nd order; 3) distance between the bases of the second and third veins of the 2nd order; 4) distance
between the bases of the first and second veins of the 1st order; 5) distance between the base of the
second vein of the 1st order and the base of the first vein of the 2nd order on the first vein of the 1st
order

npoBefeHa MHCNEKUMA AaHHbIX Ha MpucyT-
CTBME ABHO aCMMMETPUYHbIX NMPU3HAKOB, Ha-
npumep, ecam L n R pasnnyanuce bonee yem
8-10 pas, To Takne (eauHUYHbIE) AaHHblE Bbl-
6paKkoBbIBaIMCb. 3aTeM NPOBOANNACL NPOBEpP-
Ka Ha HOpManbHOCTb pacnpegenenunsa (L — R)
Tectom Konmoroposa — CMupHOBa € nonpas-
Kon Jlunnnedopca, T. K. 3Ta Pa3HOCTb U ABNAAET-
CA OTNPaBHOM TOYKOM TecTupoBaHua PA. Mpu-
CYTCTBME QHTUCUMMETPUM MNPOBEPANOCL MO
3Kcueccy 3HayeHui (L — R), T. K. BeAMYMHA 3KC-
uecca y < —2 cBuaeTenncTayeT 06 OTKNOHEHUN
OT HOPMa/IbHOrO pacnpeseneHna u o0 NPUCyT-
CTBMM aHTUCUMMETPUM KaK BO3MOXKHOM Buae
6unaTepasibHOM aCUMMETPUN, KOTOPbI BAMAET
Ha BennumHy PA. HanpasneHHaa acummeTpuma
(HA) onpegensanacb t-TeCTOM C HyN1€BOW FMNO-
Tesoit H: (L—R) =0.

MPUHUMAs BO BHUMAHME BO3SMOXKHYIO CBA3b
Mexay BennumHom npusHaka (L + R)/2 v payk-

TYUPYIOLWEN aCMMMETPUEN, NPOBOANACA KOp-
PensAUMOHHbIN aHaNM3 NAPHbIX 3HAYEHUN NO
CnupmeHny (Palmer, Strobeck, 2003). Tectupo-
BaHMe CTAaTUCTUYECKOM 3HAUYMMOCTU PAKTOPOB,
BAMAKOWMX HA GAYKTYaUMOHHYKO U naacTuye-
CKYI0O M3MEHYMBOCTb, NPOBOAUNOCL PaKTOpPU-
a/NlbHbIM  AUCMEPCUOHHBbIM aHanusom. [na-
CTUYeCKaa W3MEHYMBOCTb onpegenanacb ¢
nomouibto popmynsl PL = 1 — x/X, rae PL — Be-
NIMYNHA NNACTUYECKOM M3MEHYMBOCTHU, @ X N X
COOTBETCTBOBA/IN MWHUMAJIbBHOMY W MaKCU-
ManbHOMY 3HaYyeHMUIO Be/IMYMHbI Npu3Haka (L
+ R)/2 nnUCTOBOM NNACTUHBI C KaXKAOro AepeBa
(Bruschi, 2003). Bblnn ncnonb3oBaHbl cpeaHue
3HaueHuA MN gna Kaxgoro aepesa, T. €. 0cobb
nrpana posib SKCNepPUMeHTaNbHOM eanHULbI (N
= 10). bonbluasa YacTb CTaTUCTUYECKMX aHANU-
308 nposogmaacb B nporpamme STATISTICALO0
(StatSoft Ink) c ucnonb3oBaHWeM ypoBHSA cTaTh-
CcTU4eckom 3Hauymmoctn a = 0.05 %.
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Pe3ynbTatbl
lMo2o0Hble ycnosus

BeretaTuBHbIN ce30H 2017 r. 6bln bonee xo-
NogHbIN M BRaxKHbIN. CpeaHAA TemnepaTtypa B
Mmae — aBrycte 2017 r. 6bi1a Ha 16—18 % HUKe,

A BNAXKHOCTb Ha 2—3 % Bbilwe N0 CPAaBHEHMIO C
2016 u 2018 rr. Mo AaHHbIM Bcepoccuiickoro
HUW rugpomeTeoponornyeckoit nHpopmaymm,
mait 2017 r. 661 cambiM XONOAHbLIM C Hayana
XXI B., @ UOHb — CamMbIM MPOXJALHbIM 33 MO-
cnegHue 70 net (tabn. 1).

Tabnuua 1. Knumatunyeckune nokasatenu, 2016—-2018 rr.
Table 2. Climatic data, 2016—2018

2016 2017 2018 2016 2017 2018

H T
Mawi 60.30 60.21 57.96 15.03 10.91 16.19
MNioHb 62.36  69.20 58.87 18.19 14.45 16.32
MNionb 69.54 73.51 72.63 20.96 17.94 20.47
Asryct 72.92 69.82 63.51 19.48 18.84 19.64
CpegHee  66.28 68.18 63.24 1841 15.53 18.15

MpumeyaHue. T — cpeaHas TemnepaTtypa Bo3ayxa no Llenbcuio Ha BbicoTe 2 M HaZ ypoBHEM 3emau; H —
OTHOCWTE/IbHAA BNAXKHOCTb B % Ha BbICOTE 2 M HaJ YPOBHEM 3€MJIN.

Notes. T — average air temperature in Celsius at a height of 2 m above ground level; H — relative humidity

in% at a height of 2 m above ground level.

CpeaHsaa TemnepaTypa BO34yxa B mae bbina
HUXKE KAMMATMYEeCKON HopMbl Bonee yem Ha
TpU rpagyca, OblAM OTMEYeHbl MOHUMKEHUE
TemnepaTtypbl HUXKe HYNA U NOABAEHUE CHEra B
Mae M UIOHE, YTO BAKAET Ha ¢a3bl MepucTema-
TMYECKOM aKTUBHOCTU C nocneayoLen 6yToHK-
3aumeit, obINCTBEHMEM U HAYa/IOM LiBETEHUA
nvnel B ycnosuax Poccun (KuweHko, 2015;
Epodeesa, 2011; Youmuesa, TepexnHa, 2017).

lposepka nepsu4HbIX OAHHbIX

BbibopKku (L — R) OTKNIOHAAUCL OT HOPMa/ib-
HOro pacnpegeneHms, NoaTomy gns onpegene-
HUA GNYKTYMpPYHOLWEen aCMMMETPUN MUCMOJb30-
Banacb ¢opmyna |Log L — Log R|. Mocne Hop-
Manum3aumm ToNIbKO ABe BbIOOPKU He yaoBAeT-
BOPAZIN YC/IOBMAM HOPMaNbHOTO pacnpegene-
HUA M NOKa3a/M HanpasBleHHY0 aCUMMETPUIO
(t-test; p = 0.01). YunTbiBan HEBbICOKOE OTK/O-
HeHWe OT KpuTepuanbHoro t, H6olno0 peleHo
BK/IIOYMTb 3TU AaHHble B ucciegosaHue. B 90
% BbIOOPOK (L — R) BENMUMHA 3KcLecca y bbina
BblLLE HY/S, B OCTa/IbHbIX — 3KCLLecC Obl/1 MeHb-
Wwe Hyna, Ho He meHee —0.2. Kputnyeckoe 3Ha-
YyeHue y, yKasblBalowee Ha aHTUCMMMETPMUIO,
paBHo —0.68, npu obbeme HabnwaeHu n =
100, cnepoBaTenbHo, B BbibopKax (L — R) aHTU-

CUMMETPUA BbiABNEHA He bbina. MapHble Ko3d-
dGUUMEHTbI KOppenALMn, NOKasbiBatoLWme cuy
CBA3U MeXKAY Be/IMYMHOM Npr3HaKa n ®A, noka-
3ann y Tilia cordata chabyto KoppenALNOHHY
3aBucumoctb (r = -0.11 + 0.1; p < 0.05). Cna-
6an KoppenALMOHHAA 3aBUCMMOCTb MeXAyY Be-
nnumHamu ®A NpusHAKoB NO3BOSIMAA CAENATb
BbIBOZ, O HE3AaBUCUMMOCTM NPU3HAKOB M NPUToa-
HOCTU UX ANA onpeaeneHuns ctabunbHOCTU pas-
BUTUA. BanaHne Ha BenmumHy PA pasnnyHbIX
¢$aKTopOB NOKa3aHo B Tabn. 2.

®akTnueckn BenmunHa PA 3aBucena ot
BMAQA, roaa cbopa ANCTOBLIX NNACTUH, HO He 3a-
BMCE/1a OT PACMO/IOKEHMA NONYAALMUN.

¢/7yl-(myCIL{UOHHCIFI usmeH4usocmsos

Kak nokasaHo Ha pwuc. 2, Ha bynbBape 3Ha-
yeHne ®A TOoIbKO OAHOro BUAA — UMbl MNIOCKO-
JINCTHOM — BbINI0 3HAYMTENBHO Bbllle MO CpaB-
HEHWIO C KOHTPONIEM.

Taknm obpasom, anMna NAocKkoAnCcTHas obna-
Aana GAYKTYauMOHHON U3MEHYMBOCTbIO, 0Ob-
AcHAemon perictenem 2 GaKkTopoB: rogom cbo-
pa n mectom cbopa matepuana. HabnoaeHua
B 2017 r. BbIABUAU KpUTUYECKME BeNNYNHBI DA
TONIbKO ANA NNbl NNOCKOAUCTHOM (puc. 3).
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Tabnuua 2. BansHue Bnaa, roga, mecta cbopa M COBMECTHOro AeicTeusa ¢GakTopoB Ha BennunHy GA
Table 2. Effect of species, year, gathering place and combined effect of factors on FA value

MCTOYHMKM Bapmaymm SS df MS F p
Bug, 0.161 1 0.161 149.77 0.000
loa cbopa 0.016 2 0.008 7.62 0.001
Bua x roa cbopa 0.012 2 0.006 5.79 0.003
MecTo cbopa 0.003 1 0.003 2.74 0.098
Bupa x mecto cbopa 0.005 1 0.005 4.31 0.038
OwwnbKa 1.168 943 0.001

MprmeyaHue. YcnosHble 0603HauveHMA: SS — cymma KBaapaTtos; df — cteneHb cBoboapl; MS — cpeaHui
KBaZpaT; F — Kputepuii Puiepa; p — ypoBeHb CTaTUCTUHECKOM 3HAYMMOCTMU.

Notes. SS — sum square; df — degree of freedom; MS — mean square; F — criterion of Fisher; p — level of
statistical significance.
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Puc. 2. 3aBucumoctb GA ot mecTa cbopa, F (1;945) = 4.31; p = 0.04. BepTMKanbHble OTPE3KKU O3HaYatoT
95%-i poBepuUTENbHbIA MHTEPBAN

Fig. 2. Dependence of FA on gathering place, F (1;945) = 4.31; p = 0.04. Vertical segments mean a 95 %
confidence interval
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Puc. 3. 3aBucumoctb A oT roga cbopa (B none AnarpaMmbl — CPeAHAA roA0Ban TeMnepaTypa U BAax-
HOCTb, CpegHee 3HayeHue 3a Mai — aBrycT). F (2;943) = 5.79; p = 0.003. BepTuKanbHble OTPe3KN 03HauYa-
toT 95%-11 OBEPUTENbHbBIN UHTEPBAN

Fig. 3. Dependence of FA on the year of collection (in the field of the diagram — average annual tempera-
ture and humidity, the average values for May — August). F (2;943) = 5.79; p = 0.003. Vertical segments
mean a 95 % confidence interval

lnacmuyeckaa usmeH4YU80CMb

3HauUMMbIMK  GaKTOpamMu, BAUABLUMMM Ha
NAaCTUYECKYI0 M3MEHYMBOCTb JINCTOBLIX NAa-
CTWH, ObINM BMAOBAA NPUHALNENKHOCTb U ToZ,
cbopa nnactuH (Tabn. 3).

MnacTnyeckana M3MeHYMBOCTb bBblna Heoau-
HakoBa y AByx BMAoB (df = 62; p = 0.0002) n
3aBucena ot roga cbopa (df = 62; p = 0.006).
Y Avnbl WMPOKOANCTHOM NoKasatenu MU, Kak u
®A, 66111 BbilLE, YEM Y INMNbI MENKOJIUCTHOM (p
< 0.05; puc. 4).

2017 r. npusen K nosblweHntio ®A TONbKO
Yy NNbl WMPOKOJINCTHOM, B 3TOT roA, INCTOBAA
NAAacTMHA 6blna 3HAUMUTENbHO MeHblue: 44.34 +
0.83-82017r.;48.74+1.04-82016T1.146.85
+0.62-82018r. (p <0.001). He 6b110 NONYyYe-
HO CTAaTUCTUYECKM 3HAYMMOWN KOPPENALNOHHOWN
cBAsn mexay MU n cpegHer BeAMYNHOM npu-
3HaKa. XapaKTepPUCTUKU INCTOBOWM NAACTUHDI
MNbl MENKONUCTHOM OCTaBa/IMCb MHBAPWUAHT-
HbIMW B TEYEHME BCEro CPOKa HabnoaeHUA.

Bepugurayus pezynbmamos

MoCKONbKY /INCTOBble  MIACTUHbI  Bblin
HeoAWHaKoBbl No BeAnYnHe (okono 30 % Bbli-
60pOoK), TO B 33aZa4vyy BepupMKaLMM BXOAUNO

onpenenntb, CyWEeCTBEHHO /M U3MeHANacb
CTaHAapTHaa owwnbka ME npu onpeaeneHuu
®A B 3aBMCMMOCTM OT BENYMHbI MPU3HAKA.
Echn cBasb «PA — npusHak» bblna cunvHee,
4yem CBA3b «OLWMOKa — MPU3HAK», TO 3TO AaBaso
NpaBo MNONOXKUTENbHO BEPUPULMPOBATL CTATU-
CTUYECKYIO 3HAaYMMOCTb BennduuHbl ®A (Palmer,
Strobeck, 2003). Bbin npoBeaeH perpeccuoH-
HbI @aHaNM3 C OUEHKOMW KoapduuMeHTa Kop-
penaummn MupcoHa, T. K. BbIBOPKKN, coaeprKa-
Wwme cpegHue 3HavyeHMa Ha gepeso, obnaganm
HOpManbHbIM pacnpegeneHmem. OTHOWeHMe
Pa3HOCTU KOPPENALUMOHHbBIX KO3IPOULMEHTOB
K ownbke nsmepenma GA 6b110 NpoBepeHo B
t-TecTe MCxoaA U3 NPeAnoIoKeHMA O HOPMaib-
HOCTU pacnpeneneHna TaKOro OTHOLWEHMA:

t=(r,—r ME)/ SE ey

rae t — CTaTUCTMYECKUU KpUTEpUI pasiu-
4nA KO3PGUUMEHTOB KOPPENALMK; I, — 3HaYe-
HWe r KoppenaumoHHom cBaAsn mexay PA n (R+
L)/2; r,,, — 3Ha4eHWe r KOPPeNnALMNOHHO CBA3M
mexgy ®A n ME; SE_, — cTaHfapTHan ownbka
PA.

Ona oboux BMAOB CTAaTUCTUYECKOE 3Haue-
HUe KpuTepua t npesbiwano TabanyHoe Kpu-
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Tabnunua 3. BanaHve GaKkTopoB Ha NAaCTUYECKYIO U3MEHUMBOCTb
Table 3. Effect of some factors on phenotypic plasticity

NcToYHMKM Bapuaumm SS df MS F p
Bug 0.037 1 0.037 12.351 0.001
lop cb6opa 0.053 2 0.027 8.780 0.000
MecTo cbopa 0.001 1 0.001 0.403 0.527
Bua x rog cbopa 0.039 2 0.019 6.412 0.003
Bug, x mecto cbopa 0.016 1 0.016 4.501 0.037
Owwnbka 0.58 178 0.007
MpumeyaHune. YcnosHble 0603HayYeHusa: SS — cymma KeagpatoB; df — cTeneHb cBOGOAbI;

MS — cpeaHwii KBagpaT, F — KpuTepuit Pulepa; p — ypoBeHb CTAaTUCTUYECKOM 3HAYMMOCTMU.
Notes. SS — sum square; df — degree of freedom; MS — mean square; F — criterion of Fisher; p — level of
statistical significance.
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Puc. 4. MnacTnyeckaa n3ameHYMBOCTb, F (2;88) = 6.41; p = 0.003. BepTUKanbHble OTPE3KN O3HAYaoT
95%-11 foBepuUTENbHbIA MHTEPBA.

Fig. 4. Plastic variation, F (2;88) = 6.41; p = 0.003. Vertical segments mean a 95 % confidence interval
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TepuanbHoe 3HayeHue t = 2.02; n = 40 (nmna
MEeNIKONNUCTHAA — 62.4, nMna WUPOKOAMUCTHAA
—43.4). Takum 06pa3om, BAMAHUE OLLINOKN U3-
MepeHus Ha BenndnHy PA Ha ypoBHE UHANBU-
AyaNbHOM U3MEHYMBOCTU ObINO HeCyLLEeCTBEH-
Ho. O606LeHHaa nnHenHas moaenb (GLM) He
noKasana pas/iMynA B NONYYEHHOM 3aBUCMMO-
CTU B BblIOOpPKAX, CrpynnMPOBaHHbIX MO rogam
cbopa mnam no mecty cbopa (p > 0.05), 1. e. B
pa3Hble rogbl U B PasHbIX NONyAALMAX OWKN6-
Ka M3MepeHus OAMHAKOBO He BaMAna Ha DA.
OnuncaHHYIO NPOBEPKY CTAaTUCTUYECKOM 3HAYMU-
MOCTU CTaHAAPTHOM OWKMBKM aBTOPbI CYMTAIOT
NPUHLUMNNANbHOW B c/ly4ae paboTbl c 0bpasua-
MW NAACTUH Pa3HOM BEIMYUHbI, YTO BCTPEYaeT-
CA HepeaKo B NOAO0OHbIX MCCnefoBaHMAX.

O6cyxpeHue

Bbibop oTAenbHbIX NPU3HAKOB ANA onpeae-
NIeHnA CTabuNbHOCTU pPasBMTMA B NPOTUBO-
NMOMIO¥HOCTb MHTErpaTMBHOMY MNyTU BbI3blBa-
eT onpeaeneHHoe COMHEHME U MOXKET ObiTb
onpaBAaH, TONbKO €CAM CyLLecTBYeT TO4Has
OUEHKa rpagueHTa aenctema ¢GaKTopoB Ha
BennymHy ®A npusHaka (Baranov, 2014b; ba-
paHoB un ap., 2015, 3bikoB 1 ap., 2015). B Ha-
LWemM c/ay4yae HOpManM3aumsa ¢ NPUMMEHEHUEM
norapndmmpoBaHUA NO3BONANA ONEPUPOBATH
HOPMa/IbHO pacnpeaeNeHHbIMU BeIMYUHAMM Y
BCEX 5 NPU3HAKOB, YTO MOXKHO pPaccMaTpumBaTh,
CKOpee, KaK ygady. B To ke Bpems coxpaHAeT-
CA MHTPWUra UCcno/sib30BaTb OTAE/IbHbIE MPU3Ha-
KM (oguH-aBa), Hanbonee 4yBCTBUTE/IbHbIE K
nonntotaHtam (Baranov, 2014a; Koroteeva et
al., 2015). MN3BecTHO, YTO NAACTUYHOCTb pac-
TeHMn obycnasnunBaeTcs bypepHON eMKOCTbIO
MOpPdONOTrMYECKMX CTPYKTYP, KOTOpPaA MO3BO-
NIAET UM aKTUBHO aAanTUPOBATbLCA K YCI0BUAM
cpeabl (Debat, David, 2001; Klingenberg, 2003;
Tonsor et al., 2013; Venancio et al.,, 2016).
CnepoBaTenbHO, CTPECCOBOE KAMMaTU4YecKoe
BO34ENCTBME W XMMWUYECKOe 3arpasHeHue
Ha 6ynbBape Bananu Ha MU, agantupya pacre-
Hue. M3BecTHO, 4TO Ha Ko/IbCKOM NOAyoCTpoBe
B XONOAHOE NeTO MPOUCXOAUNO YBENUYEHUE
®A nuctbeB bepesbl 6enon, npu 3TOM Temne-
paTypa ABAANacb 6onee 3Ha4YMMbIM GaKTOPOM,
yem 3arpsasHeHne AMOKCUAOM Cepbl U HUKENEM
(Valkama, Kozlov, 2001). Kak 1 B cnyyae bepe-
3bl, KIMMATUYECKNI daKTop urpan bonee Baxk-
HYIO PO/ib, YEM AENCTBUE XMMUYECKUX MONNIO-
TAHTOB.

Jlnna wupoKonmctHaa — bonee tennontobu-
BblIlA BUA, C 6boNee BblparKeHHOM CTEHOOUOHTHO-
CTblO K KAMMaTU4eckum dpaktopam n GusMKo-
XMMUYECKMM CBOMCTBAM MoYBbl. [MpUUNHY no-
BbllweHMA ®A NUCTOBbLIX NAACTUH Mbl BUAMM B
CHUXXEHUM POCTA NNACTUH U CHUXKEHUU aKTUB-

HOCTU POTOCUHTE3A BO BPEMSA XONOAHOIO NeTa.
CKasaHHOe NoATBEeprKAAeTCA UHANKATOPHbLIMM
3HaYeHUAMKU Tennontbmuson UMbl NAOCKO-
JNINCTHOM, KOTOPbIE CMELLEHDbI B MPaByk NONO-
KUTENbHYIO CTOPOHY (8—13) No cpaBHEHUIO C
INNON MeNnKonuctHo (6—12 no wkane Ubira-
HOBa).

AfanTtaumio nvnbl WKMPOKOJIUCTHOM K YCN0-
BMAM CpPeAHEepPYyCCKON PaBHMHbI aBTOPbl OTHO-
CAT K 04HOM 13 pa3 peakLnm Ha CTpecc C NoBbI-
weHunem ®A nmnctoBbix NnactnuH. ChepgosBaTtenb-
HO, BblNa nNoaTBeEpPrKAeHa rmnoTesa o cBA3U 2
BMOOB W3MEHYMBOCTMU. Bunaosyto reHoOTUNK-
YeCKylo 0COBEeHHOCTb 3TOr0 MHTPOAYLEHTa B
BMAE MOBbILWEHHOW NAACTUYECKON U PAYKTya-
LMOHHON M3MEHYMBOCTU Mbl PacCMATPUBAEM
KaK «MnaTy» 3a aganTaumio B yC/IOBUAX KNMMa-
TUYECKMX CTPECCOBbIX PaKTOPOB.

3akntoueHue

deHoTUNMYECKAsA NNACTUYHOCTb OKa3blBaeT
BAUAHME HA PNIYKTYALMOHHYIO U3MEHYMBOCTb
(Houle, 2000; Sultan, 2003; Scheine, 2004;
Lajus, Alekseev, 2003; Tuci¢ et al., 2018). Cra-
OUNBbHOCTb Pa3BUTMA MNPEACTABNAAETCA KaTero-
puen, obbAcHAOLWEN npouecchl, 0bycnoBneH-
Hble OCOBEHHOCTAMM TeHOTUNA M BHELIHEWN
cpegbl. MN — Heoba3aTenbHbIN MOKa3aTeNb,
CBA3AHHbIA KOPPEenAuMOHHOMN cBA3bD C DA,
HO YacToe nposBaeHue, conytcreylouee OA.
B gaHHOM cnyyae noBbllWEHHAA NiacTMyeckan
M3MEHYMBOCTb BblNa GEeHOTUNMUYECKMM OTKO-
HEHWEM, BbI3BaHHbIM HU3KMMU TemnepaTypa-
MW BO3A4yXa, a NOBblWeHHana GpAYKTyupytow,as
acMmmeTpus obycnaBanBanacb Manbim pasme-
POM NIUCTOBbIX NAACTUH. PacTywas nnactuHa,
KaK M3BECTHO, Pa3BMBAETCA NyAbCUPYIOLLE TO B
npaBoM, TO B JIEBOM HanpasaeHun n obnagaer
NOBbILLEHHOW acMMMeTPUYHOCTbIO (Freeman et
al., 1993). U3BecTHO, YTO aTpUbyTOM AecTabu-
Nn3aumMn pasBUTUA AO/IKHO ObiTb KonebaHue
aucnepcun pasHoctu (L — R) B pamKax oaHoM
BeNYMHbI Npu3Haka (Palmer, Strobeck, 2003).
B Hawem cnyyae nnacTMYHOCTb PA3BUTUA NU-
CTOBbIX NNACTUH OblNa NOBbIWEHA, TEM HE Me-
Hee ®A, XOTA M NOBbILWEHHAA, HE ABNAACL CBU-
AEeTeNbCTBOM CHUMKEHMA CTabuabHOCTU pa3Bu-
TUA KaK OTKNIOHEHMA B TOMEOCTa3e Pas3BUTUA Ha
6rnoxmmmyeckom yposHe (Klingenberg, 2003;
Graham et al., 2010; Klingenberg, 2016).

MoBbllWEeHHaA NAacTUYeCcKas U3MEHUYMBOCTb
B JINCTOBbIX MIACTUHAX NUMbl NJAOCKOANCTHOM
Kak Buaocneundpuyeckoe cBoiicTeo, 6e3 guc-
6anaHca B roMeocTase pPas3BUTUS, [OO/KHO
YUYUTbIBATLCA B UCCNEA0BAHUAX, CBA3AHHbIX C
AO/ITOCPOYHBIM MOHUTOPUHIOM CTabUNbHOCTH
Pa3BUTUA APEBECHbIX PACTEHWIA.
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Tilia platyphyllos Scop.) were compared in the contaminated zone and in the control one (Mos-

fluctuating asymmetry cow, 2016-2018). The fluctuating asymmetry (FA) depended on the year and

phenotypic plasticity  gathering place of laminas, while the plastic variability depended on the year

stability of of gathering. The value of FA was higher in T. platyphyllos than in T. cordata. In

development 2017, the FA of Tilia platyphyllos in the park area (control) was lower than on a

fluctuation variability ~ traffic highway. The reasons for the increase of the FA were: a) the cold summer
of 2017, which inhibited the laminas growth and increased the plastic variability
of metric traits; b) motor vehicle pollution. Thus, the climatic conditions of the
year contributed to both fluctuation and plastic variability that did not mean a
change in the stability of development
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