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O6cyxnatorcs mpobJieMbl Iepexoaa COCHbI 0ObIKHOBeHHOM (Pinus sylvestris 1..) U3 COCTOSTHUS YCTOMYUBOTO
K HEYCTOMYMBOMY paBHOBECHIO, CMEHBbI PABHOBECHOM TOITYJISIIIMM HAa HEPABHOBECHYIO B pe3yJIbTaTe Mo-
TeruteHus: kiuMara. Llenb ucciaenoBaHUil — U3YUYWTh COCTOSTHUE TeHEepaTUBHOM cepbl I0XKHON M 1IeH-
TPaJIbHOM JIECOCTEITHBIX MTOMYJISLINI COCHBI 0OBIKHOBEHHOI; TTO TIPU3HAKY ITOJTHO3EPHUCTOCTH OLIEHUTD UX
XKusHeHHoe cocTostHre B 2020 1. mo cpaBHeHMIO ¢ 2016 — TOI0M TecTabMIM3allii COCHOBBIX JIECOB, a TAKXKE
OTHOCHUTEJIbHO COCTOSTHUS CTEITHOM ITOITYJISIINU B ypoxkaitHoM 2017 r. O0beKTaMM UCCIICAOBAHUS CITYKIIA
LIEHTpaJIbHasl M I0XKHAasI JIECOCTEITHbIEC MOMYJISILIMA COCHBI, ITPOU3PACTAIOININE HA 9KOJOTMIECKU OIarorpy-
AaTHOI Tepputopun Boponexckoii u benaroponckoii o6aacreii. B 2015 r. 3apukcupoBaH mepexon Ux U3
paBHOBeCHS B ¢J1ab0 HEPaBHOBECHYIO CUCTEMY. YPOBEHB ITOJIHO3EPHUCTOCTH CTYITMHCKOM U 6EJITOPOACKOM
MOMYJISLINI CHU3WICS COOTBETCTBEHHO Ha 25.6 1 24.6% , uncno cemssH — Ha 37.7 u 22.4%, ypoBeHb CMeEpT-
HoOCTHU cemsriouek nosbicwics B 3.9 u 4.0 paza. CpaBHeHHe MoKa3aTejieil CEeMeHHOM MPOAYKTUBHOCTHU B
2013, 2016 1 2020 rr. TOKa3aJIo, 4YTO B HACTOSILIee BpeMsl 00a HacaXKIeHUSI IIPEACTABISIIOT PABHOBECHbBIE CH-
cteMbl. LleHTpasbHast TOMYJISIIUAS BEPHYJIACh K pETHOHAIBLHOM HOpMe (YCTOMYMBOTO paBHOBECHS ), 0K~
Hasl HaXOIWUTCSI B COCTOSTHUU HEYCTOMYMBOTO paBHOBecHs. [IMCIIEpCUOHHBIN aHAIW3 BBISIBUJI CYIIE-
ctBeHHOe (57.8%) Bnusinue dakTopa “I'TK” Ha reHepaTuBHYIO0 cepy GEATOPOICKOI TOIYISIIUN TI0
MMPU3HAKY MOJTHO3EPHUCTOCTH. B mocienHee necsatuieTie YMcio onTUMaIbHBIX JieT B [ITYP yMmeHbIIMIIOCH
¢ 7—8/10 net no 5. J1y151 BO3BpallleHNsI COCHOBBIX JIECOB B paBHOBecUE TpebyeTcst 3 onTUMabHbIX Toaa. Boi-
COKME TeMITbI TTOTEIICHUsI KJIMMAaTa MOTYT TIOBJIeYb 3a COOOI HapyllleHe paBHOBECHS M TTOBTOPHYIO Je-
crabunusainuio. JlaapHeiilee coKpallleHre YUCiia ONTUMAIbHBIX JIET JAejlacT MOYTH HEBO3MOXHBIM BO3-
BpalllcHHEe COCHOBBIX JIECOB K PETMOHATBLHOMN HOPME.

Knroueswie crosa: usmenernue Kaumama, cocHa 06blKH08€HHa}Z, JaecocmenHsvle nonyaauyuu, CemMenHHas npodyic—
MUBHOCNb, CMEHA HCU3HEHHO20 COCMOAHUA.

DOI: 10.31857/50024114823030063, EDN: PTGBOV

MN3MeHeHne KiIMMaTa He pas MPOVCXOIUIIO B UC-
Topuu 3eMin. B 3T meprombl YCKOPSUIOCH IBUKE-
HUE BUIOBBLIX apeajioB, OXHU BUIbI-3IU(PUKATOPHI
CMeHsUIUCh Ha apyrue. CerogHss MUpP BHOBb BCTYITUJ
B BIOXY KJIMMaTUYECKOM HECTAOMIBHOCTU. B pasHbIxX
CTpaHaxX U3MEHEeHUE KJIMMaTa ITPOUCXOIUT HEPABHO-
mepHo (Dias et al., 2015; IPCC, 2017). B Poccuu no-
BBILIEHUE CPEIHETOIOBOM TeMIIepaTyphbl COCTABIISIET
0.47°C/10 ner, yTo B 2.5 pa3a BhbIllle pocTa T100aTb-
Hoi Temniepatypsl (Jdokian ..., 2021). buonorus Bu-
JIOB TIEpPECTaeT COOTBETCTBOBATh CPeie OOMTAHUSI, UTO
SBJISIETCS] TIPUUYMHON OCIIabJIeHUs JIecoB, Iepexoia B

! Pagora Bbinonuena B paMKax rocy1apCTBEHHOTO 3a/laHusI, pe-
rucTpauMoHHbI HoMep AAAA-A17-117041800012-4.

0oJjiee HU3KOE XKM3HEHHOE COCTOSIHUE W JaxKe riOeiin
(Allen et al., 2010; KacumoB u ap., 2011; Alberto et al.,
2013; Gauthier et al., 2015; Kuznetsova et al., 2019).

MN3meHeHue kiaumaTta CpeqHEepyCcCKOM JiecoCTeIn
HayajaoCh BO BTOpOil moyioBuHe XX B. 3a mepBbIe
25 neT neTHs TeMIiepaTypa mnosbiciiiach Ha 0.6°C, K
KOHLly Beka — Ha 1.9°C (AkumoB, 3agopoxHas,
2018). B XXI Beke TeMIIbl TOTETJIEHWSI BO3POCH, UTO
MOATBEPKAAETCSI POCTOM aKTHUBHBLIX TeMIepaTyp
(Bunorpanona, 2014; Bunorpagosa u ap., 2015). C
2000 mo 2012 rr. ux ypoBeHb goctur 2600—3000°C,
YTO BBIIIIE MHOTOJETHMX IIoKasarejeit Ha 250—
350°C. YcraHOBIJIEHO, UTO HapyllleHUe TEPMUYECKOTO
peXuMa CBSI3aHO ¢ OJIOKMPOBAHMEM IepeHoca 3amaj-
HBIX BO3IYIIHBIX Macc, IMepeMelleHeM KapKoro Tpo-

244



TEHEPATUBHASI COEPA COCHBI OBbIKHOBEHHOW KAK MHJIUKATOP 245

IMMYECKOTO BO3AyXa 1 IIUTEILHBIM €T0 CTAllMOHUPOBA-
HueM Ha 1ore EBporeiickoit Poccuu (AkumoB, 3amo-
poxHas, 2018). Munexkc SCEI cHuswics ¢ —1 go —1.5,
I'TK — ¢ 1.0 mo 0.5—0.6 (Bunorpanosa, 2014; Buno-
rpagoBa u ap., 2015). YBnaxkHeHHbIE TeppPUTOPUU
CTaJIv TPEBBIIIATH 3acylInBbie Bcero Ha 10—15%. B
2007—2014 rr. B HenTpanpHo-YepHO3eMHOM paifoHe
MIpoM30liUIa MOIIIHAsI TeIUIoOBas BOJIHA, KOToOpas
Bkiaoyana 4 cuabHble 3acyxu (2007, 2010, 2012,
2014 rt.) (Ky3neuosa u ap., 2021). Haganace “pac-
KadyKa” COCHOBBIX JIECOB, KOTOpAasI BhI3BaJjIa UX JeCTa-
OuMu3alulo.

B nmanHOM mccaenoBaHUM MBI KUCHOIb30BAIN ABE
KOHIIENIINU, CONJIACHO KOTOPBIM JIECHBIE DKOCUCTE-
MbI Ha TEPPUTOPUU apeayia MOTYT HaXOIUThCS B paB-
HOBECHOM M HepaBHOBecHOM cocTosiHuu (Kpamep,
Ban nep Bepd 2010; Iglesias, Whitlock, 2020). Kaxk-
JIO€ U3 HUX, B CBOIO OUYEPE/lb, ITOAPA3AEISICTCS Ha 1BE
¢opMbI — yCTOMYUBYIO U MeHee ycToiuuBylo. Coc-
HOBBIE Jleca KaK CJIOXHBbIE NTUHAMWYHBIE CHUCTEMBI
MPEACTaBISIIOT B MOpsiAKe YOBbIBAaHUST CJIEAYIOIIWMA
pSII: YCTOMYMBO PAaBHOBECHBIE, HEYCTOMYNBO PaBHO-
BECHbIE, €J1ab0 HepaBHOBECHbIE, HEpaBHOBECHBIE,
MepTBbie. duddepeHimanys, mo-BUaAMMOMY, SIBJISIET-
csl CJEICTBUEM TIANEHUSI DHEPreTMYEeCKOro cTaTyca:
MaKCUMAaJIbHbIM — y paBHOBECHBIX MOMYJISLMiA, OoJiee
HU3KUIA — Y HEPABHOBECHBIX, HYJIEBOM — Y MEPTBbIX.
IMTpenmyiiecTBO TAHHOTO CUCTEMHOTO MOIXOAA 3aKJTI0-
YaeTcs B TOM, YTO OH JTa€T BO3MOXHOCTb aHAIM3UPO-
BaThb AMHAMUWKY U3MEHYMBOCTU ONTUMAJIBHO CTPYKTY-
PVUPOBAaHHBIX PABHOBECHBIX TMOIMYJSINN, KOTOpbIE
MO/, BO3AECUCTBUEM KIIMMAaTUYECKOTO CTPECCa MOTYT
TEePEeXoaUTh U3 ONHOU (POpMBI B IPYrylo, a Mpu J0-
CTUDKEHUM TIPEAETbHO JOIMYCTUMOIO ITOopora CKad-
KOM CITycKaThCsl B 00Jiee HU3KOE XKM3HEHHOE COCTO-
STHUE.

B ueHTpe apeana 60JBLIMHCTBO MOIYJSIMI coc-
Hbl OOBLIKHOBEHHOI HAXOJSTCS B COCTOSTHUU YCTOM-
YUBOTO WMJIM HEYCTOMYMBOro paBHoBecus. OOiee
ku3HeHHoe cocTtosiHue (OXKC) coCHOBBIX JIeCOB Ha
WHIWBUAYAJbHOM U TIOTMYJISILIUOHHOM YPOBHE IpU-
HSITO OLIEHMBATh MO KOMILJIEKCY BET€TATUBHBIX U Te-
HepaTuBHBIX Mpu3HaKkoB (boroao6oB u ap., 1999). I'e-
HepaTuBHasi cchepa COCHBI 6oJiee YyBCTBUTEIbHA K Cpe-
Jile OOMTaHMS1, YACTO UCITONb3YeTCsl KaK OMOMHIUKATOD
TSI oLleHKU ee udMeHeHus (Alaquori et al., 2020). B or-
TUMaJIbHbIE TObI IUAMAa30H U3MEHUMBOCTY MoOKa3are-
Jieii OMOMNPOAYKTUBHOCTU IIUILIEK HU3KUI, OTKJIOHE-
HUSI OTHOCUTEIBHO (OIYKTyallMii BHEIIIHEW cpenbl 00-
patumbl (KysHemioBa u ap., 2021). DT1o sBisieTcs
MOATBEPXKAEHUEM TOTO, YTO MOMYJISIIUU Pa3BUBAIOT-
Csl B pexkrMe paBHOBECHOM CUCTeMbl. B maHHOM k13-
HeHHOM cocTossHuM (2KC) cocHOBBIE Jleca, KakK yIo-
PSIIOYEHHBIE CUCTEMbI, XapaKTepU3YyIOTCS BbICOKUM
OOHUTETOM U YCTOMYMBOCTBIO K PErMOHAIbHBIM
cTpeccopam.

CMeHa paBHOBECHOTO XKM3HEHHOTO COCTOSTHUS Ha
OoJiee HU3KOE (c1ab0 HEpaBHOBECHOE) CYILIECTBEHHO
JIJECOBEAEHUE
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u3MeHseT (YHKIMOHUPOBAHUE MPEAIIECTBYIOIINX
CTPYKTYp U (PyHKIIUI, BEIET K peopraHU3aliii MeTa-
6onunueckux npoieccos (Payruan, 1993). B Hepas-
HOBECHBIX MOMYJSLMSAX HOPMbI pEeakiliu AePEeBbEB
MepPEKPHIBAIOTCS, UTO MPUIAECT YCTOMIMBOCTh KaK ca-
MOMY pacTeHHI0, TaK U MOMyJIsIuU B 1iejom. ITomnep-
JKaHWe TOMEOCTa3a 1 OCHOBHBIX CUCTEM XKU3HEOOeCTIe-
YeHUSI PACTEHUI B YCIIOBUSIX, HE COOTBETCTBYIOIINX UX
010JI0TMH, HEBO3MOXHO 0€3 JOMOJIHUTENIbHBIX SHEepre-
tnueckux 3atpaT (UyauHoBa, Opiosa, 2016). [1epexon
JIECHBIX 9KOCUCTEM Ha MEeHee 3aTPaTHBIN MyTh pa3BU-
TUSI COIPSDKEH C TepecTpONKON 3HepreTM4ecKmux
MPOLIECCOB, YTO, C OIHOW CTOPOHBI, OOECIIeunBaEeT
BbKMBaHUE PACTEHUM B U3MEHUBILIMNXCS YCIOBUSIX, a
C JIpYyTOil — CHUXXAeT WX XWU3HEHHBIN cratyc. [lpu
5TOM CTpajJlaeT BereTaTuBHas U reHepaTuBHas chepa
nepeBbeB. HepaBHOBECHBIE MOIMYISIINM, KaK MEHEe
YIOpSITIOYEHHbIE CUCTEMBI, B OOJIbIIICH CTeNeHU 3a-
BUCSIT OT (paKTOPOB BHEIIIHEN Ccpeabl, UMEIOT OoJjiee
HU3KYIO TTPOJOIKUTEIbHOCTD XXU3HU, OOHUTET, YPO-
KaHOCTb, KAUeCTBO CEMSIH.

Llenb vccenoBaHMii — U3yYUTh COCTOSIHHE TeHepa-
TUBHOM cdephl I0KHON M IEHTPATBHON JIECOCTEITHBIX
TTOITYJISILIA COCHBI OOBIKHOBEHHOIA; IO IMTPU3HAKY ITOJI-
HO3EPHUCTOCTU OLICHUTh WX XMN3HEHHOE COCTOSIHHE B
2021 1. 1o cpaBHeHMIO ¢ 2015 1. TecTadmIM3aml coc-
HOBBIX JIECOB, a TAK3K€ OTHOCUTEJIbHO COCTOSIHUSI CTETI-
HOI1 TToIyJIsIuy B ypoxkaitHom 2017 1.

OBBEKTbI U METOAMKA

CrynuHckuit TecT-00bekT (BopoHexckasi o0il.,
PamoHnckuit p-H, 55—60-1eTHHUE JIECHBIE KYJIbTYPHI,
KOHTPOJIb) — TUIIMYHOE MO BEreTaTUBHOM U CEMEH-
HOM NPOIYKTUBHOCTHU HACaXIEHNE COCHEI B LICHTPE
JIECOCTEMHOM 30HBI, OOBEKT 34-JIETHET0O MOHUTO-
pUHIra U KOMIUIEKCHBIX 3KOJIOTO-T€HETUYECKUX HC-
cnenoBaHuit (Kuznetsova, 2012; Knymesckasi, Kys-
HeloBa, 2016). I'panuunt ¢ BopoHexXXCKUM 3anoBel-
HHUKOM, T7Ie PMUCCUOHHAas Harpy3ka B 3.7 pa3za HUXe,
yeM B BopoHexckoii o61actu (Kyponaamn u ap., 2010).
OnbBITHBINA OOBEKT — IOXKHAS JIECOCTEITHAs ITOMYJISI-
us cocHbl (benropoackas 0671., KpacHeHCcKMit p-H,
30-neTHHE JIECHBIC KYJIBTYPHI) SIBISIETCSI OOBEKTOM MO-
auropuHTa ¢ 2010 1. Hacaxxmenme rmpouspacraeT Ha ce-
PBIX JIECHBIX MTOYBAX LLIMPOKOI MPUOBPAXKHOM MOJIOCHI
B 50—60 KM OT ecCMMAaJTbHOM 30HBI apeajla COCHBI.

Bribopka Bxmouaer 30 ciy4yaifHO B3SITHIX JIepe-
BbeB, 00BbEM OIHOI MpoObl — 10—15 mMIIeK TUITYI-
HoIt 011 fepeBa opMbl 1 pa3mepa. MHTEeHCMBHOCTD
CeMeHOIIeHUs onpeneasiack no mkaie B.I. Kanmepa
¥ TpeM MIPU3HaKaM CEMEHHOM ITPOAYKTUBHOCTH — ITOJI-
HO3epHUCTOCTH (%), YMCITy CEMSH Ha IIUINKY (IIT.),
CMEPTHOCTH OILTIONOTBOPEHHBIX ceMsiIodek (%). Dtu
9KOJIOTMYECKM 3aBUCHMbIE NPHU3HAKM HMMEIOT pa3-
HYIO TIPUPOJIY U MOPOT YYBCTBUTEJILHOCTU K 3aCyXe
(Kuznetsova, 2012). TlpuzHak MMOJHO3EPHUCTOCTU
XapaKTepu3yeT BEDKMBAHMWE 3apOJbIIleii B SMOPHO-
reHe3e, HAYMHAET pearupoBaTh Ha paHHIOIO 3aCyXy,
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KY3HEILIOBA

Ta6mma 1. TToka3zaTenn ceMeHHOI MPOMYKTUBHOCTH IIIUIIEK M Ka4eCTBa CEMSTH CTYITMHCKOI 1 6eJITOPOICKOM TTOITYJIs -

LU COCHBI OOBLIKHOBEHHOM

CMepTHOCTh
.. | [MTomHO3epHUCTOCTD, N cemsiH JlabopaTopHas
Ton uccnemoBanwmit OTLTOOTBOPEHHBIX
% Ha IIUIIKY, IIIT. BCXOXeCTbh, %
ceMsrmouek, %
CTyIUHCKUIL TeCT-00BEKT
2013, opt 82.1 £2.62 23.6 = 1.39 21.4 + 1.85 82.1x 1.6
2016, mecrabuiIn3anun 61.1 £ 3.40* 14.7 £ 1.21** 83.6 £ 13.17** 70.4 £ 3.3*
2020, opt 80.8 £ 1.34 28.0 = 1.36 25.6 = 2.49 86.5+ 1.2
Benroponckast momyssiyst
2013, opt 80.4 +£2.08 29.9 + 1.64 23.6 + 1.74 81.8 +2.7
2016, necrabmin3alnu 60.6 = 3.64* 23.2 £2.70* 94.0 £ 17.24** 64.6 £ 4.6*
2020, opt 61.4 + 3.02% 32.5+1.83 76.3 £ 12.23** 79.7+2.4

* Paznuuust noctoBepHbI ipu P < 0.05; ** — pazmuuus mnoctoBepHsl ripu P < 0.01.

BBIYMCJISIETCSI KaK OTHOIIICHUE KOJIUYECTBA MOJIHBIX
ceMsIH K oOllueMy uUX 4yuciay (MoJaHble + IyCThIC).
Menkue ImycThie KaIlCy/Ibl M3 aHaIM3a UCKIIIOYAIOTCSI.
Bropoii moka3aTenbs — YUCJIO CEMSIH Ha IIMIIKY 00-
Jiee yCTOMUMB K 3acyxe. Ero BeaMuuHa 3aBUCHUT OT
o0beMa (epTwibHOW 30HBI MKW (CBUHIIOBA,
2002). dns ompeneseHUsT YaCTOTHOTO pacripeaesie-
HUS AepeBbeB AMAana3oH U3MEHUYMBOCTU TIPU3HAKOB
pa3out Ha 4 xi1acca. MIx rpaHu1IbI ITO TPU3HAKY HOJIHO-
sepHucrocti: I — 0-24.9%; 11 — 25.0—49.9%; 111 —
50.0—74.9%; 1V — 75% w BBILIIE; IO YUCTY CeMSH: | —
0-9.9; IT — 10.0—19.9; III — 20.0—29.9; IV — 30.0 ce-
MsH 1 6oJbie. CMEpPTHOCTD OTUIOAOTBOPEHHBIX Ce-
MSIMIOYEK OIpeaesiyiach KaK COOTHOIIEHUE ITYCThIX
KaIlCyl K YMCIy BBIIIOJHEHHBIX ceMmsH (/IBaHOB
u ap., 2015). Pasmax n3MeHYMBOCTH MpHU3HAKaA OIle-
HUBAJICA IO KJiaccaM B rpanunax: I — 0—29.9%; 11 —
30.0—69.9%; 111 — 70.0—99.9%; IV — 100.0% u BBI1IIE.
XapakTtepucTka TpU3HAKOB M mokasareieit KC,
CBsI3aHHBIX co cMmeHoil 2KC mnomnyasinuii COCHBI
OOBIKHOBEHHOM, IpMBeAeHA B Ipeablaylleil padoTe
(Ky3neuosa u ap., 2021).

Cratuctuyeckasi 00padoTKa JaHHBIX BBHIITOJIHEHA
C TIOMOIIBIO MakeTa IPOTPAMMHOTO OOeCIeuYeHUsI
MS Excel-2010. [ cpaBHeHUSI BEIOOPOK M OLIEHKU
CUJIBI BIUSHUS (haKTOPOB MCIOJIb30BaIN OMHO(MAK-
TOpHbLINA nucriepcuoHHbI aHaiu3 (ANOVA). C mo-
MOILBIO IBYXBBIOOPOYHOIO t-KpUTEPUSI C Pa3INIHbBI-
MU TUCIIEPCUSIMU OCYIIECTBIISLUIM OLIEHKY TOCTOBEP-
HOCTU MEXIy BLIOOpKaMMU.

PE3VJIBTATHI 1 OBCYXIEHWNE

CpenHepycckasl JIeCOCTeIlb — 30Ha (pU3UKO-TEO-
rpadpuIecKoro oNnTUMyMa BHIa COCHBI OOBIKHOBEH-
Hoit (O6HOBIIeHCKMIA, 1962). Cpenuuii ypoBeHb [ TK
coctaBiser 1.0—1.2. Ero BeImunHa MeXay JecocTe-
MbIO U CTEMbIO MEepeXoauT 4yepe3 eauHuily. Ilepuo-
JUYHOCTb 3acyX — 2—3 B AecsTuJieTue. 3oHallbHas
rpaHMIla COCHBI Ha JaHHOM y4acTKe apeajia CoBIIaga-
€T C I0KHBIM TIPEIEeIOM 30HbI BUIOBOTO ONTUMYMa.

CocHoBblIe Jjieca (ecTeCTBEHHbIE, TPOU3BOMHbBIE) Be-
KaMU Ha ee TEPPUTOPUU PA3BUBAJIUCH MO MPUHIIUITY
B3aMMOJCUCTBUS “TEHOTUII-Cpeaa”, M OOJIBIINHCTBO
13 HUX J0 KoHIAa XX B. HaXOIWJIOCh B COCTOSTHUU
ycroitunBoro pasHoBecusi (Pomanosckuii, 2002;
Kuznetsova et al., 2019). C6anaHcupoBaHHOE pa3Bu-
the (cpenHuit 6onurer 1,,-11,)) obecreunBanu Ga-
TONpPUSITHBIE TIPUPOAHO-KIIMMAaTUYeCKIE YCIOBUs. B
OINTUMAJIbHBIE TOAbl MHTEHCUBHOCTh CEMEHOIIICHUS
cTabIbHO BhicOKast (0koio 80%).

CocHoOBbIE Jieca pa3BUBAIOTCI B peXrUMe paBHO-
BECHOI CCTEMBI B TOM CJlydyae, €CJId OHU Ha CJIe1yIo-
LU TOJ TMOCJie BO3MYIIIEHUSI BO3BpAIIalOTCs K UC-
XOJHOMY COCTOSIHWIO U TIPUPOAHO-KJIUMaTUYECKUe
YCJIOBUS DKOJIOTUYECKO HUIIIM COOTBETCTBYIOT OMO-
JoTMM BUIa COCHbl OObIKHOBeHHOU (Ky3HeloBa,
2021). CrynuHcKass 1 Oearopoackasi JIECOCTSITHBIS
MONYJISILIMY HA Ha4aJIbHOM 3Tarle MOHUTOPUHTA TaK-
Ke SIBJISUTMCh PaBHOBECHBIMU cucTeMaMu. UIX oTiau-
yajia yCTOHYMBOCTb 1 COAIAHCUPOBAHHOE Pa3BUTHE
BEreTaTMBHOM 1 reHepaTUBHOI cpepbl OONBIIIMHCTBA
JnepeBbeB. B aTOM ciiyyae peakliiusi Ha 3acyxy Tpen-
CTaBJisyla T€HETUYECKU OOYCIOBJIEHHbIN OTKIIMK,
MpoTeKallrii Ha 6a3e HecrieM(pUUIECKO U CIIeLI-
duueckoii peakuuu (Kuznetsova, 2012). Ha crnenyto-
LU TOJl UX TTOKa3aTe I BCeria BO3BpalllajiuCh K pe-
r'MoHaJibHOM HopMe. Tak, mociae HeypoxKaiHOoro 3a-
cyuuiuoro 2012 1. ypoBeHb MOJHO3EPHUCTOCTHU
CTYIIMHCKOM Tromyisiuuu coctaBun 82.1 = 2.62%,
oearopoackoit — 80.4 +2.08% (ra6ur. 1). [lokazarenu
CMEPTHOCTU OIUIOJOTBOPEHHBIX CEMSIMOYEK UMEIU
OM3KMe 3HaueHus1. Yrciio ceMsiH Ha LIUIIKY Y Aepe-
BbEB OEITOPOACKOI MOMYJISILIMUA JOCTOBEPHO MPEBHI-
11aJI0 YPOBEHb KOHTPOJIbHOIO 00bEKTAa.

TennoBast BomHa 2007—2014 rr. BeI3Bajla Ha Tep-
putopuu IITYP ocimabieHre COCHOBBIX JIECOB U Mac-
COBOE pa3MHOXEHUE BpeauTeneit. B mociaennmii ron
ee MPOTEeKaHUsI B perMOHe MPOU3OIUIN IBE 3aCyXU.
Oco0eHHO skecTKol OblIa mo3aHssa 3acyxa 2014 1., Bo
BpeMsi KOTOPOI 32 TPU OCEHHUX MeCS11a BhIITaIO BCe-

JIECOBEOEHUE
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ro 20% ot HOpMBI ocagkoB. [epeBbsl YL B 3UMY
CUJIBHO OcCJIabGJieHHBIMU. BeposiTHO, ypOoBeHb BHYT-
pEeHHel pas3balaHCUPOBKU (AecTabuau3aliuu) J10-
CTUT KPUTHUYECKON TOYKM, WJIM TOUYKM HEBO3BpaTa.
JlepeBbsl MOTEPSIJIN YCTOMYNBOCTh, 1 BECHOI CIIEay-
IOILIETO Tofa IIPY BHIXO/IE U3 II0OKOSI OHU CKAYKOM ITe-
pelUIM M3 OCHOBHOI'O PaBHOBECHOIO COCTOSIHHUS B
KayeCTBEHHO 00jiee HU3KUI pexXuM (PYHKIIMOHUPO-
BaHMsS — c1abo HepaBHOBecHYIo cucteMy. [lonTBep-
XKIEHUEM SIBIISIETCS TO, YTO BCE ITOKa3aTeIn reHepa-
TUBHOI cdepbl cCOCHBI B onTuMaibHOM 2015 1. 1 B
MOCJICIYIOIINE TOAbl OBIJIM HUKE pPEeTrMOHaJIbHOM
HopwMmel (Ky3nenioBa u ap., 2021). B roasr necradbuim-
3allMM Y CTYNIMHCKON MOMYJISILIMM OTMEUEHBI CIedy-
IOllIMEe M3MEHEHUS: CHUXKEHHE TOJOBOIO IIPUPOCTa
TePMHUHAJIILHBIX MOOETOB, YPOXAailHOCTU HOEpPEBLEB,
CEMEHHOI MPOIYKTUBHOCTU IIMILIEK U JabopaTop-
HOM BcxoxXecTu ceMsiH. OOpaTHEIN IIpoLiecC — BO3-
BpaT K perMoHaJIbHON HOpPME IIPOMAOJIKAJICS B TeUe-
Hue 3-x jeT. B BopoHexckoii o6sacTu 3TOMy CITO-
COOCTBOBAJIM OJIATOIIPUSITHBIE MOTOMHBIC YCIOBUSI
BereTallMmoHHBIX ce30HOB 2015—2017 rt. B 2018 1. cTY-
MAHCKAas1 MOMYJISILKS BHOBb HAXOAUTCS B COCTOSIHUU
paBHOBeCHs U pearupyeT Ha 3aCcyXy KaK paBHOBeCHas
cucrteMa. Yro kacaercss benroponckoit obdiacti, To
smeroM 2016 1. Ha ee TEPPUTOPUM TTPOU3OIILIA Cradast
3acyxa, 4TO HE IO3BOJIMIO OITBITHOM ITONYJISIIUU
BEPHYTHCS K COCTOSIHAIO YCTOMYMBOTO PAaBHOBECHSI.

B onTumanbHBIE TOMBI ITyCTOCEMSHHOCTD JIECO-
CTETTHBIX TTONYJISILNii cocTaBlisieT okoJio 20% (CBUH-
1oBa, 2002; Kuznetsova, 2012). Takue KoIu4eCTBEH-
HBIE TTOKa3aTeIN IIHIIeK, KaK MOJTHO3EPHUCTOCTb 1
YUCJIO CEMSTH Ha IIMIIKY, Ha TOMYJISIIMOHHOM YPOB-
HEe MapKUPYIOT TeHETUYECKYIO CTPYKTYPY PaBHOBEC-
HBIX TIOIYJISSIUIA ¢ TIPUOJIM3UTEIFHO OTMHAKOBBIM
IS KaKIOTO ITapaMeTpa COOTHOIIEHUEM MEXIY
Kjaccamu nponyktusHoctu (Kuznetsova, 2012). He-
CMOTpSI Ha TO, YTO MaHHBIEC TTOKA3aTe I UMEIOT pa3-
HYIO IPUPOY, OHU CBSI3aHBI IPYT C APYTOM 0OpaTHO
MIPOMOPIMOHATBHOI 3aBUCHUMOCTEIO. [Ipr3HaK moJ-
HO3EepHUCTOCTU OoJiee YYBCTBHUTEICH K ITOTOTHOMY
CTpeccy M HauMHAaeT pearnpoBaTh Ha CIabyIo 3acyxy.
KonmyecTBO ceMsIH CHIKAeTCs B CHIIBHYIO 3aCyXy.
IMapameTp “cMEPTHOCTD OTLTOAOTBOPEHHBIX CEMSIITO-
YeK” TI03BOJISIET OLICHUTDH HA MHIWBHUIYAITBHOM M TIOTTY-
JISIIMOHHOM YPOBHE YVCJIO MIOTUOIIMX CEMSITIOYEK B 3a-
CYIIUTMBBIE U ONITUMAJIbHBIE TOIBI 1, 9TO O0Jiee BaskKHO,
CTeTieHb pa30aTaHCUPOBKM PAaBHOBECHBIX JIECHBIX KO-
CHCTEM B pe3yJIbTaTe MOTEIICHUS KiuMaTa.

daHHble M3y4eHUS CEMEHHOI MPOMYKTUBHOCTU
JIEPEBbEB OIIBITHON U KOHTPOJBHOW TIOIYJISLUNA B
TPU ONTUMAJIbHBIX [JI Pa3BUTUSI TeHepaTUBHON
cdepnl cocHbl rona (2013, 2016 u 2020 rr.) npuBeae-
HbI B Ta0.1. 1. I[TonyJIsSILMOHHEBIN aHAJIM3 TTOKAa3aJl, 4YTO
B ypoxae BToporo 2016 roma gectabuian3alnu o oT-
HomeHunIo K 2013 y 06oux HacaxkaeHUI COXpaHSIJIOCh
JIOCTOBEPHOE CHUXXEHUE BCEX aHATU3UPYEMBbIX TIPU-
3HaKoOB. [Ipy 3TOM OTMETUM, UTO BO BpeMsI JecTabu-
JIN3allM1 OCOOEHHO BBICOKHE OTIMYUSL UMETN MECTO
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IO CMEPTHOCTU CEMSINOYEK: MPEBBIIIEHUE COCTABU-
J0 3.9 pa3 y ctynuHcKoii u 4.0 pa3 y 6earopoackoii
nomnyisuuu (tadi. 1). JaHHbIe pa3audus ITOOTBEP-
KIIAIOTCS BBICOKOU BapuabesibHOCTbIO MpH3HaKa.
Tak, y CTYNIMHCKON TTOMyJISIuKU KO3 UITUEHT Bapu-
am (CV, %) BBIGOPKM TOBBICHIICS ¢ 9.2 mo 86.3%.
MOHUTOPUHT CHUCTEM CEMEHHOIO Pa3MHOXEHUS
MO3BOJIWJI CIEeJIaTh BBIBOMA, YTO MOITYJISILIUU, TIPOU3-
pacraroliiye B HIEeHTpe 1 Ha Iore JIECOCTEMHO 30HbI, B
TedeHue 3 onTtuMaibHbIX JeT (2015—2017 rr.) Haxo-
JIVJIUCh B COCTOSIHUU CJ1a00 HepaBHOBECHOI cuCTe-
MmHl (Ky3uenosa u ap., 2021).

AHanm3 COCTOSIHUSI TeHEPaTUBHOM CGhephl IOITy-
Jsaumii B 2020 1. BBISIBUJI, C OMHOM CTOPOHBI, CyIIle-
CTBEHHbBIE OTJIUYMSI TI0 YPOBHIO IMTOJTHO3EPHUCTOCTU U
CMEPTHOCTU CEMIIOYEK, a C IPYroil — cpegHee Ko-
JIMYECTBO CEMSH B IIMIIKAX OEJITOPOACKON MOMyJIsi-
muu (32.5 £ 1.83 1IT.) HECKOJBKO IPEBBICUIO YPO-
BeHb 2013 1. (Tabm. 1). CpaBHeHMe NOKa3aTelleid
CMEPTHOCTH OILUIOAOTBOPEHHBIX CEMSIOYEK B ypO-
xkae 2013 u 2020 rr. nokaszajo, 4To y 0eJropoackoi
MOITYJISILIAM MEXIY TOJaMH COXPAaHSIOTCS BBICOKHE
paznmuuus. Ero MopmanbHOEe 3HAaUeHME IIPEBBIIIACT
ypoBeHb 2013 1. B 3.2 paza (CV = 70.3%, nuamnaszoH
n3MeHunBocTH — 12.5—-280%).

[MTonyyeHHBIE HAaHHBIE MOXHO OOBSICHUTH TEM,
YTO IOITYJISILIMU HAaXOISTCSI B pABHOBECHOM COCTOSI-
HUU, HO B pPa3HbIX ee (hopMax: CTyMUHCKas — YCTOM-
YMBOTIO, a 0eIToponcKas — HEYyCTOMYMBOIO paBHOBE -
cus. Ux paznuuus o 2KC moaTBepKaaroTcsl JaHHBI-
MU YaCTOTHOTO pacIripe/ieJIeHUsI IePEBbEB 10 YPOBHIO
CMEPTHOCTH ceMsmnouek (puc. 1). Beibopka crynuH-
CKOM MonyJsiuuu TpeactaBiaeHa pacteHusmu I u 11
kiacca (puc. 1a). B III knacc BxoouTt 1 nepeBo, a 00b-
em | kimacca Gonbine B 2.75 pasa, yem Il-ro. benro-
poIcKast MOIyJSIINST BKITIOUAET JIePEBbsI BCEX UEThI-
pex KJIaccoB, ¢ Moot mpu3Haka B obactu Il ki1acca
(puc. 10). Ilpuaumass BO BHUMaHME, UYTO YPOBEHb
CMEPTHOCTHU CEeMSITIOUEK OIMBITHOTO 0OBEeKTa BO Bpe-
Ms AecTabuin3aunu coctasisut 94.0 = 17.24%, 1o te-
KyIIM YpOBEHb €€ BHYTPEHHel pa30alaHCUPOBKU
(76.3 £ 12.23) 61130K K KPUTUYECKOIM TOYKE ITEPEXO-
Jla Ha 0oJiee HU3KUI pexXuM (yHKIIMOHUPOBAHUST —
HEepaBHOBECHOM CUCTEMBI.

IMTocne Tpex ONTUMAJBHBIX JET KIMMaTUYECKast
CUTyalysl B peTMOHE BHOBb KOPEHHBLIM 00pa3oM M3-
MmeHmnack. 2020 u 2021 rT. 0Ka3anuch cCaMbIMU TEIl-
JILIMU 32 BCIO UCTOpUIO MeTeoHabmoaeHuii. B 2020 1.
cpenHerooBas TeMIiiepatypa BopoHexkckoit o6nactu
nocturia HoBoro pekopma — 9.8°C. Ilpowusornia
CUJIbHAs MOYBEHHAs 3acyXa, KOTopas IIpoIoJKaiach
C cepenrHbI N1oJist 10 KoH1a okTs0ps. ' TK cHuzuics
go 0.7, 4TO COOTBETCTBYET BIAr000ECHIECYCHHOCTU
LIEHTpa paiioHa crereil. 3acyxa HETraTUBHO OTpa3y-
Jlach Ha COCTOSIHMU BeTeTaTMBHOI cepbl COCHBI. B
COCHOBBIX JIeCcax HaOII0JaIoCh MacCOBOE TTOXEITe-
HUe 1 omax XBou. [1p1 5TOM MOTOIHBIN cTpece He 3a-
TPOHYJI TeHePaTUBHYIO C(pepy COCHBI.
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Puc. 1. YacToTHOE pacrpeneaeHue 1epeBbeB COCHBI OOBIKHOBEHHOI 10 KJIaccaM YPOBHSI CMEPTHOCTHU OIUIOAOTBOPEHHBIX Ce-
MSTIOYEK Ha CTYITMHCKOM 1 GeITOpOICKO Moy asaumsix, ypoxaii 2020 T.
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Puc. 2. YactoTHOE pacrnipenesieHre IepeBbeB COCHBI OOBIKHOBEHHOM ITO KJlaccaM MPOIYKTUBHOCTH MPU3HAKA MTOJTHO3EPHUCTO-
CTH Ha CTYNUHCKOM (a) 1 6eIropoackoii (0) MOIMyJISILIUSIX COCHbI OOBIKHOBEHHOM, ypoxkaii 2020 T.

YuuTbiBasi Bce CKa3aHHOE BBIIIE, TIPOAHATU3UPY-
€M TeKylllee COCTOSIHUE TeHepaTUBHOM chepbl 10X~
HOW M LIEHTPAJIILHOH JIECOCTEITHBIX IOMyIsInuii. B
Boponexckoit 061acTy TepMo- 1 BlIaroodecIieyeH-
HOCTb TEPBOil MOJOBUHBI BEreTallMOHHOIO CE30HA
2020 1. ObUIM OIM3KMMM K PETHMOHAJIBHOII HOpME.
HanGonee 4yBCTBUTENBbHBIE CTaAUM PEMPOTYKTUB-
HOTI'O IIUKJIAa COCHBI OOBIKHOBEHHOI MPUXOMSITCS Ha
KOHell anpeJisi, Maii U MIOHb. DTO OIPENeIUI0 BbICO-
KUl ypOBEHb MHTEHCHUBHOCTU CEMEHOIICHUSI CTY-
MUHCKOM mnonynsinuu (4 6amna). YpoxXaliHOCTb U
KpUBasl pacrnpee/ieHus] 1epeBbeB BHYTPU BBIOOPKU
COOTBETCTBYIOT YPOBHIO ONTUMAIbHBIX JIET: OJTHO-
3epHUCTOCTD ceMstH 80.8 + 1.34%, npu pa3zMaxe Ba-
pbUpoOBaHUs Mpu3Haka 56.6—90.4% (taba. 2). Iuna-
Ma30oH M3MEHYMBOCTU TIpU3HAKa HUXE, 4YeM B
OpenpIayiue roabl: Koa¢hGUIIUEHT Bapyualul pa-

BeH 9.2%. Cuna BnusHug I'TK cocrasisieT Bcero
12.5%, 4TO CBUAETEILCTBYET O CIAOOM BIUSTHUU TaH-
HOTO (paKTOpa Ha KOHEUHBIN pe3yabTaT IMOJIOBOM pe-
MPONYKIIMMU.

Ha gmarpamme puc. 2 mpuBeneHBI JaHHBIC Ya-
CTOTHOTO paclipelne/ieH!s IepPeBbeB CTYIMHCKONW U
OenroponcKoi MomyJIsIiuii Mo KiaaccaM MPOIYKTUB-
HOCTH TTpU3HaKa MOJTHO3EPHUCTOCTH. Y CTYMMHCKOM
MTOMYJISIIIUY KPUBAsi UBMEHYMBOCTH UMEET aCUMMET-
PWYHBINA, TUTTMYHBIN 1JIS1 ONTUMAJILHBIX JIET TUI pac-
npeneneHusi. Pacrenns Huskux [—I1 kmaccos mpo-
JIYKTUBHOCTM OTCYTCTBYIOT (puc. 2a). Bribopka
MpeacTaBieHa AByMsl MPOAYKTUBHBIMU KJIacCaMU, 13
HUX 4/5 nepeBbeB OTHOCSITCS K BHICOKOIIPOIYKTHUB-
Homy IV xiaccy. JIaGopaTtopHasi BCXOXKECTh CEMSIH
BbICOKast — 86.5 + 1.24% nipu pa3maxe BapbUpOBaHUSI
73.5—98%.

Taomuna 2. BausHue I'TK Ha nmpu3HaK NOJHO3EPHUCTOCTU CTYITMHCKOM M O€JITOPOICKO TTOMYJISILIMiA COCHbI OOBIKHO-

BeHHOI1 B 2020 1.

Tonynsuus I'TK (3a maii—uioJib) TTonmHo3epHUCTOCTh ceMsiH, % | Cuna BiusHus daktopa, %
CrynuHcKas 1.0 80.8 £ 1.34 12.5
Benroponckas 0.7 61.4 + 3.02* 57.8
* Pazmuumst noctoBepHbI ipu P < 0.05.
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Tabomuna 3. BausHue xxuszHeHHoro coctosiHus (KC) monynsguuy Ha MPU3HaK MOJTHO3EPHUCTOCTU OEJITOPOICKOTO 00b-

€KTa COCHBI 00bIKHOBeHHOM B 2020 T.

TMonynsiuus Ton Tun 2KC Hozgcoff’p ;HC_ CV, % C;gifggzﬂg 7
Benroponckas 2020 | HeycroitumBo paBHOBeCHAasI 61.4+3.0 2.7 —
Benroponckas 2016 | Cnabo HepaBHOBeCHAS 60.6 + 3.6 18.5 1.2
CrymnuHcKas 2020 | YcroitumBO paBHOBECHAs 80.8 + 1.3* 9.2 54.3
CrynuHcKas 2016 | Cnabo HepaBHOBECHAs 61.1 34 3.0 1.1
KanTemupoBckas 2017 Cnabo HepaBHOBECHAS 71.2 £ 3.5 26.6 7.2

* Pazmuumst noctoBepHbI ipu P < 0.05.

HeckoabKo OTIMYHEIE Pe3yJIbTAThl MOJYyYEHBI Y
0eJIrOpONCKOI ITOMY/ISIIMKU. YPOBEHb ITOJTHO3E€PHU-
croctu coctaBui 61.4 = 3.0%, 4TO JOCTOBEPHO HIKE
KoHTposst (Tab. 2). KoadduuueHT Bapuaiuu 1o
cpaBHeHU10 co CtynuHo B 2.3 pa3sa Boiie — 21.3%.
Juana3zoH M3MEHYMBOCTU PEAJM30BAHHON HOPMBI
peakiuy yBeJaIudmiIcsa 10 62.6% 3a cueT cMellleHUs
IokasaTeJieii IepeBbeB B 00J1aCTh HIKHUX 3HAYCHUIA:
88.9—26.3%. IlonoBuHa AepeBbeB BBHIOOPKU OTHO-
cutcs K I1I knaccy (puc. 26). Pe3ko cHU3uIach 10Jst
pacTeHuit BBICOKOTIponykTuBHOrOo IV Knacca. Ilo-
saBuJIcs HU3Ko mponykTuBHBIN II kitacc. Ero oosem
COITOCTABUM C KOJIMYECTBOM BBICOKOIIPOMYKTUBHBIX
¢dopM B BEIOOpKE. PacTeHMsI ¢ ypOBHEM ITOJIHO3EPHU -
croctu Hike 25% orcyrcTByioT. ComiacHO TaHHBIM
JMCIIEPCUOHHOIO aHa/In3a, I0JIs1 U3MEHUYUBOCTH, 00y~
ciosiieHHass dakTopoMm “I'TK”, cocraBiser 57.8% ot
o01Iel U3MEHYMBOCTH, U OH, KaK OCHOBHOI CTpeccop
IEPEXOIHOIT 30HbBI JIECOCTENH, CYILIECTBEHHO BIMSIET HA
CHIDKECHHUE YPOKAMHOCTH OEJITOPOICKOMN MOMYJISIIINH.

JoTMoTHUTEIbHO TIPOBEEH AMCIEPCUOHHbBIN aHa-
JIN3 U3yYeHUs BIMSTHUS (pakTopa “>KM3HEHHOE COCTOSI-
Hue nonyssiyuu” (2KC) Ha M3MEHYMBOCTh TIPU3HAKA
MOJTHO3EPHUCTOCTH Y TPeX OOBEKTOB COCHBI B pa3HbIC
TOfbl: LIEHTPAJIBHOTO JecocternHoro (2016 — rox gecra-
owmmzanuu, 2020 — onTUMAaIbHBINA TOf), I0XKHOTO Jie-
cocternHoro (2016 — rox aectabMaM3aLnm), KAHTEMU-
poBckoro cternHoro (2017 — onTUMaIbHEIN rom) — 110
OTHOIIIEHUIO K TTapaMeTpy OeITOponCcKOro Hacaxme-
Hus (2020 r.). Kak cka3zaHO BbIllIe, CTYIMUHCKAsI U
GeropomcKast oMy TIepelluTh B ¢J1abo HepaB-
HoBecHOe cocTostHre B 2015 1. CrermHas Tomysnus
(Boponexckast o61actb, KaHTeMHMpOBCKUilI pailioH,
35-meTHUE JIeCHBIE KYJIBTYPHBI) IPOM3pacTaeT B paiio-
HE cTeTleid Ha DKOJOTMYECKM OJIaronpusITHON Teppu-
topuu (CepatokoBa, 2020). DTo meccumalibHasi 30Ha
apeajila COCHbI OOBIKHOBEHHOM, TIe TTPUPOTHO-KITV-
MaTHYECKHUE YCIIOBUSI COOTBETCTBYIOT OMOJIOTMY BUIA
JIUIITb YacTUYHO. HacaxkneHue rpencTaBiisieT cjiabo He-
paBHOBecHYyIO cucteMy. B ontumansHom 2017 rony oHO
XapaKTepru30BaJI0Ch TMTOHXKEHHOIM CEMEHHOM MPOayK-
TUBHOCTBIO: TTOJTHO3epHUCTOCTL —71.2 + 3.48%, ynciio
ceMssH Ha MKy — 18.5 = 1.03 mr. (Cepmiokosa,
2020; Degtyareva, 2021). IToka3aTenu KoadduiimeH-
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TOB BapualUiy, MOJTHO3EPHUCTOCTU U Pe3yJbTaTOB
0THO(MAKTOPHOTO TUCTIEPCUOHHOTO aHaIn3a UX 10~
BapuMaHTHOTO CpaBHEHUSI NpUBEACHBI B Ta0. 3.

CpaBHeHUe TIoKa3aTesieil JeCOCTeITHOM Oenropomn-
ckoii (2020 1.) co CTenHOM KAHTEMUPOBCKOM MOITYJISI-
mueit (2017 r.) mokazan, 4To cwia BIMsSHUS (hakTopa
“ZKC” Ha ypoBeHb ITOTHO3EPHUCTOCTU HE3HAYUTEIbHA
" cocTaBisier 7.2% (tab6mn. 3). MUHUMAaIbHOE BIUSTHUC
¢hakTOpa BBISIBJIEHO TIPY COMOCTABIEHUM TaHHBIX CTY-
MMUHCKOM M Oenropoackoit momynsuuii B 2016 1. —
1.1-1.2%. CymectBeHHble pasmmuus (54.3%) ycra-
HOBJICHBI JIUIIIb B BapUaHTe CpaBHEHUSI KOHTPOJIbHO-
IO ¥ ONBITHOTO 00BbeKTOB B 2020 1. I3 mpoBeaeHHOTO
aHajqM3a clieayeT, YTO B HAcCTosllee BpeMsl TOJIbKO
COCHa CTYIIMHCKOTO TeCT-O0beKTa TIpeacTaBJsieT
YCTOMUYMBYIO PABHOBECHYIO CUCTEMY.

BTtopoii npru3HaK — YMCII0 CEMSIH Ha IIUIIKY — Xa-
paKTepU3yeTCs BBICOKOM MU3MEHUYMBOCTBIO U 3aBUCUT
OT TEHOTUIIMYECKUX OCOOEHHOCTEe MaTepUHCKUX
pacTeHuii, MUHAMBUAYaJAbHOMI MPOAYKTUBHOCTU MEra-
CTpOOUJIOB JiepeBa U BEJIMYUHbI (DEPTUIHLHON 30HBI
muiiek. B paiioHe uccinenoBaHuii MoTeHUMATbHAs
NPOAYKTUBHOCTh METacTPOOMIOB COCTaBJIsIeT 14—
76 cemsmiouek (CBuHIIOBa, 2002), YTO CYIIECTBEHHO
BBIIIE, YEM Yy COCHbI OOBIKHOBEHHOM JIECHOU 30HBI
(Pomanosckuii, 1997). 3amM0opo3Ku, HEOOOMBLICH-
HOCTb Y TIOBpEXIAEeHNE HACEKOMBIMU SIBJISIIOTCSI OC-
HOBHBIMUY TIpUYMHAMU UX dIUMUHaLuU (PoMaHOB-
ckuit, 1997; Csunuona, 2002; Kuznetsova, 2012).
IIporamHasi aza penpoayKTUBHOTO LIMKJIA TOCTa-
TOYHO YCTOIMYMBA K DIyKTyallussM BHEIIIHEN U BHYT-
peHHell cpenpl. Tmbenb ceMsITToYeK HeBBICOKAS —
~5% (CBuH1IOBa, 2002), TaK KaK MOTOTHBIN CTpecC B
Mepro 3aJ0XEeHNsI CEMEHHbIX Yelllyili 1 (hopMUpO-
BaHHUS CEMSIINOYEK, KaK MPaBWUJIO, HE IPEBbLIIIAET
BEPXHUI IMOPOT UX YCTOMYMBOCTU. Y CTYIIMHCKOM
MOITYJISILIAM Y1CI0 ceMsTH Ha mminKy B 2020 r. cocTa-
Buito 28.0 £ 1.36 mr. (17.3—46.2 1mt.) (Tada. 1). Dro
HOBBIIi MaKCUMyM, KOTODBI HE YKJIaJblBaeTCs B
IMana3oH U3MEHYMBOCTU MOJAJIbHBIX 3HAYEHU I BbI-
OOpKM, MOJIYYEHHBIX B XOA€ MOHUTOPUHTA 22 ONTU-
MaJTbHBIX JIeT (19.6—26.1 mT.). Mozaa mpr3HaKa Haxo-
mutcs B obnactu nepeBbeB 111 ximacca (20—30 miT.).
I'pynmna Husko npoayktuBHoro Il kiacca npencras-
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JneHa 5 pactenussmu. epeBbs ¢ unciiom meHee 10 ce-
MSIH OTCYTCTBYIOT. ¥ OITLITHOIO 00ObEeKTa MOAAJIbHOE
3HaYeHME MpU3HaKa elle Bbime — 32.5 + 1.83 mT.
Paznuunst Mexxny CTYIIMHCKOM M OeITOpOoACKOi Mo-
MyJIsIIMel HenocToBepHbl. Hopma peakiium cMele-
Ha B 00JIaCTh BEICOKOITPOAYKTUBHBIX (POPM M BKITIOUYAET
TPpU Kjlacca MIPOAYKTUBHOCTH. 2/3 NepeBbeB HUMEIOT
oonbire 30 cemsiH. JlabopaTropHasi BcxoxecTb — 79.9 =
+ 2.83%, nipu GoJsiee LIMPOKOM pa3Maxe BapbUpOBa-
Hus rpusHaka — 42.0—98.0%.

Bricokue mokasaTesn 4ncia CEMsIH U JIJabopaTop-
HOI BCXOXXECTU YKa3bIBaIOT Ha TO, UTO OeJIropoacKasi
MOITYJISILYSI, B OTJIMYME OT CTEIIHOII KaHTEMUPOB-
CKOM, IBJIsIeTCSI paBHOBeCHOM cucteMoii. [ToHmkeH-
HBII1 YPOBEHb MMOJIHO3EPHUCTOCTU CBUAETEIBCTBYET O
TOM, YTO HacaXACHMWE HAXOOUTCS B COCTOSIHUU HE-
YCTOMYMBOIO paBHOBECHUS, YTO, II0-BUAMMOMY, Xa-
pakTepHO MJIsl JIECOCTEIMHBIX MOMNYASLUNA COCHBI,
IIpoM3pacTalolINX B IEPEXOOHOM 30He apeaa.

M3 mpuBeneHHOro aHajam3a OAaHHBIX CJIEOYeET,
YTO TTOBBILIEHHBIN BABOE YPOBEHb ITyCTOCEMSHHO-
CTU, MO-BUIMMOMY, Pe3yJbTaT ASUCTBUS CUJI CTa-
OMIM3UPYIOLIEro OTOOpa, KOTOPhId obecnedynBaeT
BBICOKOE KaueCTBO CEMSTH B YCJIOBUSIX 00JIee TEII0-
ro u cyxoro kjamMmara. CTaOMJIM3UPYIOLIUI OTOOD
SIBJISIETCS BaXKHOI (DYHKIIMEH MOJIOBOrO BOCIIPOM3-
BeneHus (Illepoakos, 2005). CornacHo autepaTyp-
HBbIM TaHHBIM, JIMHEIHBIC pa3Mephl 3apObIIeil Ha
HavaJIbHOM CTaguU POCTa XapaKTEPU3YIOTCS BBICO-
KOIf MI3MEHYMBOCTHIO HAa MHAMBUAYaJIbHOM YPOBHE
1 B IIpeesiaX KpOHBI IepeBbeB. B xone popmupona-
HUSI CEMSIH UX U3MEHYMBOCTh CHUXXAETCSI M TOCTHU-
raeT MMUHMMYMa Ha CTaauu 3aBEpIIeHUsT pPOCTa
(CBunuoBa, 2002). KnumaTtuyeckass HecTaOWJIb-
HOCTh YCUJIMBAET pa30alaHCUPOBKY 3KOJIOTUYECKU
3aBUCHUMBIX ITPOIIECCOB U KOJMYECTBEHHBIX MPU-
3HAKOB B Mpejesiax auara3oHa U3MEHYMBOCTU UX
HOpM peakuuu. IloBBIIIIEHHAsT W3MEHYUBOCTD
YMEHBIIIaeTCsI B XOJIe CTAaOMJIM3UPYIOIIEero oroopa,
KOTOPBIIf OrpaHUYMBaeT U3OBITOYHYIO U3MEHYM-
BOCTh ITyTeM ymajleHUsI U3 CEMEHHOTO reHogoHaa
TeHEeTUYECKU HapylLIeHHBIX, MHOPEeIHBIX, HECOBME-
CTUMBIX C BHJIOCTIEPMOM, OTKJIOHSIIOIIIMXCS TI0 pa3-
MepaMm U ¢dopMe TreHOTHHOB. Mopdonornyecku
JIaHHOE SIBJIEHHWE BBIPAXKAETCS B BUIAE YBEJIUUYECHUS
MYyCTOCEMSIHHOCTU IIMIIEK B YpOXasiX ONTUMAaIb-
HBIX JIET.

INoTennenne KiIMMaTa BEIBOOUT OMOKIMMATHYE-
CKYIO CHCTEMY PEervoHa 13 COCTOSIHUSI TOMeOocCTasa.
Ha Teppuropun CpemHepyccKoii iecocTen HecTa-
GUIILHOCTH CO CTOPOHBI KJIIMMAaTUYECKOM ee COCTaB-
JISTIOIIEH peain3yeTcsl MyTeM COKpallleHUsI 6oJiee yeM
Ha TPEThb YMCJIa ONITUMAJIBHBIX JIET M YBEIMUCHMS BABOE
YACTOThI SKCTPEMANIbHBIX COOBITHIA (3aCyX, TEILIOBBIX
BOJIH). DTO YBEJIMUYUBAET BEPOSITHOCTh ITIEPEX01a BEICO-
KOIIPOAYKTUBHBIX COCHOBBIX JIECOB B 0o0jice HU3KOE
KU3HEHHOE COCTOSHUE, a IIaHCHI IUIS UX BO3BpaTa K
pETrMOHAJILHOM HOpMe, HAa00O0POT, TTafaloT.

KY3HEILIOBA

SAKJIIOYEHHME

CrynuHcKag M Gearopoackast JIECOCTEITHbIE TO-
nyassuy B 2013 1. HaXomUIMCh B COCTOSSHUM YCTOM -
YUBOIO paBHOBECHSI. 8-JICTHSISI TeIJIOBAsI BOJIHA U 3a-
cyxa 2014 r. BeCHOI CJIEAYIOIIETO Iola BHI3BAIM UX
Mepexo Ha APYyro pexum (yHKIIMOHUPOBAHUS —
cJIabo HepaBHOBECHOII cucTeMBbl. B omnTuMaaibHOM
2016 r. cocTosiHME OeCTaOMIM3alii COXPAHSIIOCH:
YPOBEHb ITOJTHO3EPHUCTOCTH OTHOcUTeabHO 2013 T.
CHU3WICI COOTBETCTBEHHO Ha 25.6 u 24.6%, 4yucio
ceMstH — Ha 37.7 1 22.4%, ypoBeHb CMEPTHOCTH Ce-
Msinodek noBeicuics B 3.9 u 4.0 pa3za.

BnaronpusaTHbie TOoromHbie ycinoBUs BopoHex-
CKOI 00J1aCTU B TeUeHHUE TpeX JIET 00ecreunan Bo3-
BpaT IEHTPAJTBLHOMN CTYITMHCKOM TTOMYISIINY K peTH-
OHAJILHOII HOpMe (YCTOMYMBOTO paBHOBECHU). AHA-
JIN3UpyeMble TIPU3HAKU CEMEHHOM MPOAYKTUBHOCTHU
B ypoxasx 2013 u 2020 rr. xapakTepu3yoTcs He0OJIb-
IO aMIUTUTYIOW M3MEHYMBOCTH M OJTU3KU MEXKIY
o001 1O KOJIMYECTBEHHBIM MapaMeTpaM.

IOxHas Genaropoackast IMOIyJISIIUS 13-3a TOToI-
HOTO CTpecca CMOTJIa BEPHYTHCS TOJIBKO B COCTOSTHIE
HEYCTOMYMBOro paBHOBECHSI, B KOTOPOM HaXOMUTCS
JI0 HACTOSIIEro BpeMeHu. Y1cino ceMsaH U ux Kade-
CTBO BBICOKOE. YPOBEHb CMEPTHOCTH CEMSIIOYEK
CHU3WJICS, HO OH MO-TIpeXXHEMY OYEHb BBICOKHUIA
(76.3 = 12.23%). [10THO3epHUCTOCTh HIKE YPOBHS
2013 1. Ha 23.6%. Cwna Busaus pakropa “I'TK” co-
crasisgeT 57.8%. I1puunHOil JaHHOTO SIBJIEHUS, I10-
BUAUMOMY, SIBJISIETCSI CTAaOMJIM3UPYIOLIUIT OTOOp.
Ero peiictBue B cucreme “pomuTennd-IIOTOMKHN”
obecrieunBaeT BHICOKOE KauyeCTBO €€ CeMSIH, cCoXpa-
HeHMe U Ilepegady oT ITOKOJISHUSI K TIOKOJIEHUIO pe-
TMOHAJIbHOW HOPMBI BUA, YTO TOCTUTAETCS 34 CUET
MOBBIIIIEHHON MyCTOCEMSIHHOCTH LUK U TTOAIep-
KaHWSI TOMeOoCTa3a BHYTPEHHEN cpelbl B YCIOBUSIX
KJIIMMAaTUYECKOI HECTAOUIBHOCTH.

M3 Tpex mpu3HaKoB CEMEHHON ITPOXYKTUBHOCTU
CMEPTHOCTb OILIOIOTBOPEHHBIX CEMSIITIOYEK XapaKTe-
pU3YyeTCs CaMOM BbICOKOIW aMIUIUTYI0MH U3MEHUYUBO-
CTH B ONTHMAaJbHBIE TOIbI, OTpaxasi CTeIIeHb BHYT-
peHHell pa30aJaHCUPOBKM PaBHOBECHBIX JIECHBIX
9KOCHCTEM COCHBI OOBIKHOBEHHOM Ha MHAWBUAYaAJIb-
HOM W TOIYJSLMOHHOM ypPOBHE MX OpraHM3alUu.
151 OLIEeHKM CTeNeHM 3KOJOTrMYecKOro HebIaroro-
JIy4Msl JIECOCTEIMHBIX MOMNYJSLUiA B pe3yjibTaTre Mo-
TEIUICHUSI KJIMMaTa OaHHBIA NpU3HAK MOXET CIIy-
XUTh peauKTopoM npubmmkeHus 2KC monyasiii
K HIDKHEMY mnpeaesly YCTOMYMBOCTH PaBHOBECHOIO
COCTOSIHUSI COCHBI OOBIKHOBEHHOI.

CpenHepyccKast JIeCOCTeITh XapaKTepu3yeTcsl BbI-
COKMMM TeMIIaMM MOTEIUIEHUs KJIUMaTa, 4YTO Hera-
TuBHO oTpaxaeTcsd Ha O2KC cocHOBBIX JiecoB. B 110-
cliefHee AeCATUIIETHE KOIMYECTBO ONTUMAJIbHBIX JIET
B peruoHe cokpatuiioch ¢ 7—8/10 net no nsaru. Tva-
POTEpPMUYECKUIT CTpECC BO BpeMsl 3aCyX! ITOBHIIIIACT
BEPOSITHOCTh ITepexoa COCHBI Ha 60Jiee HU3KUIM ypo-
BeHb (yHKILMOHUpOBaHUsA. s BO3BpallleHUS U3
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HEPaBHOBECHOTO COCTOSTHUS B PaBHOBECHE TpeOyeT-
Cs DHEPIrus, KOTopasd MOXKET HaKallJIMBaTbCs TOJIBKO
B ONITUMaJIbHBIE TOABI. JlanbHelIIee COKpallleHUue UX
YUCIIa AelaeT MPaKTUIEeCKN HEBO3MOXKXHBIM BO3BpAT
COCHOBBIX JIECOB K peTMOHAIBLHON HOpME.
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Scots Pine Generative Sphere as an Indicator of the Climate-Determined Change

in Vital States of the Populations

N. F. Kuznetsova*

All-Russian Research Institute of Forest Genetics and Breeding,
Lomonosov str., 105, Voronezh, 394087 Russia

*E-mail: nfsenyuk @mail.ru

The problems of transition of Scots pine (Pinus sylvestris L.) from the stable state to an unstable equilibrium
and the change of equilibrium population to non-equilibrium as a result of the global warming are discussed.
The purpose of the research is to study the state of the southern and central forest-steppe Scots pine popula-
tions’ generative sphere on the basis of its seed fullness, assess their vital state in 2020 compared to 2016 — the
year of the pine forests’ destabilisation, as well as compared to the state of the steppe populations in the abun-
dant year of 2017. The objects of the study were the central and southern forest-steppe pine populations grow-
ing in the ecologically favourable territory of the Voronezh and Belgorod regions. In 2015, their transition
from equilibrium to a slightly nonequilibrium systems was recorded. The level of seed fullness in the Stupino
and Belgorod populations decreased by 25.6 and 24.6%, respectively, the number of seeds by 37.7 and 22.4%,
and the mortality rate of ovules increased by 3.9 and 4.0 times. Comparison of the seed productivity indicators
in 2013, 2016 and 2020 showed that at present both plantations can be considered equilibrium systems. The
central population has returned to the regional norm (stable equilibrium), the southern one is in a state of
unstable equilibrium. The analysis of variance revealed a significant (57.8%) influence of the HTC factor
on the generative sphere of the Belgorod population on the basis of full grain. In the last decade, the num-
ber of optimal years in the CCR has decreased from 7—8/10 years to 5. It takes 3 optimal years to return
pine forests to equilibrium. High rates of the global warming can lead to an imbalance and re-destabiliza-
tion. A further reduction in the number of optimal years makes it almost impossible for pine forests to re-
turn to the regional norm.

Keywords: climate change, Scots pine, forest-steppe populations, seed productivity, changes in vital state.
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