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CTpyKTypa ApeBOCTOeB U 0COOEHHOCTH HAKOIJICHHUSA
UMHU (puTOMACCHI HA OCTENHEHHBIX CKIOHAX
maccusa rop Kpaka (FQxubiii Ypaun)

Pabora BrImonHeHa B pamMkax rocynapctseHHoro 3aganus ®PI'BY «bamkupckuit
rocyaapcTBeHHbIN 3anoBenHuk», PI'BYH MHcTuTyTa 3K0I0TUM paCTEHUM U dKUBOTHBIX
YpO PAH u ®I'BOYBO Ypaibckoro rocyaapcTBEHHOTO JIECOTEXHUYECKOTO YHHBEPCUTETA.

IIposeden  cpasnumenvuuvlii  AHAIU3  MOPOOMEMPULECKOU  XAPAKMEPUCTHUKU
Opesocmoes u ux Mecrmonpou3pacmaHuil 8 pasiuiHbIX Yacmax SKOMOHA 1eC—20pPHAs
cmenv na maccuge eop Cegepmuviili u IOocnwvii Kpaxa (FOxcuvui Ypan). H3zyuenwvt
0COOEHHOCU HAKONIEHUS U PACHPeOeleHUs HAO3eMHOU QUmMoMAaccyl Opesocmoes
no pasnuuHblM PPaKyusm. Ycmanoeneno, ymo Ha (poue NOSbIULEHUA 8 NOCIEOHUe
Ooecamunemus na FOoxcrnom Ypane memnepamypvl u Koiuuecmea 0caokos, KOMopoe
6 Haubonvuiell cmeneHy HAOIOOANOCL 8 3UMHULL NEPUOd, NPOUZOULTO NPOOBUNCEHUE
2paHuybl ieca u yeenudenue COMKHYmocmu Opesocmoes 6 IKONoHe Jiec — 20PHASL CMenb.
Omu usmMeHeHUss Ha COBPEMEHHOU 2PaAHUYe COMKHYMBbIX 1eC08 NPUgenu K y8eaudeHuo
Haoszemnou gumomaccel na 32,8—56,6 m/za. B yerom 6 nociednue oecsmuiemus
3anac Ha03emMHoU humMomMaccyl Opesocmoes 8 IKONOHe Jlec — 20PHASL CMENd, 6 CEA3U C
yeenuuenuem niowaou 1ecos, 8vipoc Ha maccuse 2op IOxcnviii Kpaka na 31,4 moic. m,
Cpeonuii Kpaxa na 10,4 meic. m u Cesepuwiti Kpaka na 50,5 muic. m.
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BBenenune
B HacTos1Iee BpeMst TPOUCXOAUT U MPOJOIIKUTCS B 0003PHMOI ITePCIICKTHBE

MOBBINICHAE TEMIIEPATYPhl BO3AyXa U M3MEHEHUE PEXKKMMAa BBINAJICHHS OCAJIKOB.
DTO PUBOJINT K IEPEeCTPOrKe Bcel Onochepsl 3eMitn, TpaHCPOPMAITUH CTPYKTY-
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PBI DKOCHCTEM, CMEIIEHUIO TPAHUII PACIIPOCTpaHEHUs MHOTHX BHIOB [1, 2]. U B
MEpPBYIO OYepeb U3MEHEHHs KIIMMaTa OTPa)aloTCsl HA PAaCTUTEIBHBIX COOOIIe-
CTBaX, MPOM3PACTAIOMINX Ha IMpPEAeie WX PacIpOCTPAHCHHUS, YTO CBSI3aHO C MX
BBICOKOM UyBCTBUTENBHOCTBIO K M3MEHEHUSIM OKpYy»katoIeit cpensl [3—5]. B ro-
pax OIEHKa peaKkInH IPEBOCTOEB, MX IMPOCTPAHCTBEHHOH CTPYKTYPHI U THHAMU-
KM, HaKOIUICHUsI OMOMAacChl CTAHOBUTCS BCE OoJice aKTyalIbHOM, a pOJIb JIECOB KaK
OJTHOW W3 COCTaBHBIX 4acTel OWoc(epbl HENPEPhIBHO yBEIHUMBACTCS HA (QoHE
COBpPEMEHHBIX U3MEHEHUH KiumMaTa [6, 7].

B aToii cBsI3M 3a MOCEeAHNE AECATHICTHS B PA3IMYHBIX TOPHBIX PETHOHAX B
MEepeXOiHON 30HE MEXKAY JIECOM U O€3IeCHBIMHU TEPPUTOPHUSIMU (TyHIpa, CTEIb),
MIPOBEICHEl OOIIMPHBIC MCCICIOBAaHMS, HAIPABICHHBIC HAa BBIABICHUE H3MEHE-
HUM cOCTaBa U CTPYKTYpBI, OIIEHKU HAKOIUICHUS (PUTOMacchl ApeBocToeB. Ilo-
BEIIIICHUE TEMIIEPATYPHl U YBEIUUEHHUE OCAAKOB MPUBOMST K IOBBHIIICHHUIO MIPO-
U3BOJUTENBHOCTH, CMEIIEHUIO BEPXHEH IpaHUIIbI IECOB B BEICOKOTOPHAX [8, 9],
3apacTaHMIO APEBECHON PACTHTEIHFHOCTHIO HEKOTOPHIX CTEIHEIX U JIECOCTEITHBIX
peruoHoB [10, 11]. B BEICOKOTOpbAX U Ha CEBEPHOM IpaHUIIE PacIpOCTPaHEHUS
JPEBECHBIX PACTEHUH OCHOBHBIM (DAKTOPOM, OTPaHMYUBAIONINM HX IIPOIBIDKE-
HUE BBIIIIE B TOPBI ¥ BEICOKOIIUPOTHBIE 00IAaCTH, SBIAETCS HEAOCTATOYHOCTH Tell-
na. Ha FOxxunoM Ypane B mpenenax pacrpocTpaHeHUS SKCTPAa30HAIBHBIX TOPHBIX
cTemneil HabmroaeTcst MHAsl KapTHHA. 37eCh CTENHU, OKPY)KECHHBIE JIecaMu, MpH-
YPOYCHHI K FOXKHBIM CHIIFHO HHCOJMPYEMBIM CKJIIOHAaM XpeOTOB, Ha KOTOPEIX (op-
MUPYIOTCS CHENU(UUECKUE KECTKUE YCIOBUS, CACPKUBAIOIINE POCT IPEBECHBIX
pacteHnii. 31ecs HAOMIONAIOTCS KpaifHe BRICOKHE JICTHHE M HU3KHE 3UMHHE TEM-
Heparypsl, UX Nepemnaj B TeUEHUE CYyTOK B MEXCE30HbE, CHIIbHBIC BETPHI U IIOCTO-
SIHHBIM CMBIB C KPYTBIX CKJIOHOB Meliko3ema [12]. Bee 3To mpuBoauT K teduiuTy
BJIard B IIOYBE B BETETAI[OHHBIN MEPHOJ, CHIIBHOMY IIPOMEP3aHUI0 KOpHEOOUTa-
€MOTO CJIOS B 3UMHEE BpeMsI, COJTHEUHBIM 0KOTaM H IMIOBPEKICHUIO HI3KUMH TEM-
neparypaMu AepeBbeB. B TO jxe BpeMst ¢ CeBEpPHON CTOPOHBI XPEOTHI MOKPHITHI
JIECOM TIOYTH 0 UX rpebHeBoi yactru. Ha maccuBe rop Kpaka Hamu panee Obuti
BBISIBIICHBI HHTCHCUBHAS SKCIIAHCHUS JIeca Ha TOPHBIE CTEMHU U YBEIUUEHHE JIECO-
MTOKPBITOH IUIOIMIAIN, CBSI3aHHBIE C YIYUIICHHEM JIECOPACTHTENBHBIX YCIOBHM 32
nocnenuue 80 et [13, 14].

Lens Hammx rccnenoBaHMA HAa JAHHOM 3Talle — H3yUUTh 0COOCHHOCTH CTPYK-
TYpbI U HAaKOIUIEHHUs (PUTOMACCHI APEBOCTOEB B MEPEXOJHOI MONOCe MEXIy Jie-
COM W TOPHBIMH CTEIISIMH Ha CKJIOHAX OJHOTO M3 KPYIMHEUIINX TOPHBIX KOMILICK-
coB FOxHoro Ypana — maccuse Kpaxa.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

UccnenoBanus mpoBeneHsl B Mpejenax TopHbIx MmaccuBoB CeBepHbld, Cpen-
Hui 1 FOxupir Kpaka (53°15-53°50'N, 57°36'-58°12'E), mpencraBisronmnx
co0O# B 1IeJTIOM 4acTUYHO 000COONIEHHBIN TOPHBIN y3el1 K 3amagy OT OCHOBHBIX
LIEHTPANBHBIX TOPHBIX oausTHi FOxHOTO Ypana (puc. 1).
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Puc. 1. Paitonst uccnenosanuii: I — FOxusiii Kpaka; 11 — Cpenanii Kpaka;

IIT — CesepHbrit Kpaka. Apabckumu nrdpamMu 06003Ha9eHBI MECTa PAa3MEIICHHUS BRICOTHBIX
npoduneii: 1 — bonpmoit bamapt; 2 — bamapr; 3 — ABIKT?; 4 — MPO(UITE-TIONUTOH
Bamapr; 5 — Cypranner; 6 — Manstit Capras; 7 — Llurait; 8 — LlenTpansHbiit AKOHUK

[Fig. 1. The study areas: I - Southern Kraka; II - Central Kraka; III - Northern Kraka.
Arabic numerals indicate the location of the altitudinal transects: 1 - Bolshoi Bashart; 2 - Bashart;
3 - Avdekte; 4 - Bashart—polygon; 5 - Surtandy; 6 - Malay Sargaya; 7 - Shigai; 8 - Central Akbiik]

Maccussl Kpaka mpencraBisioT co00i YHUKaIbHBIE TPUPOIHBIE KOMIUICKCH,
c(hOopMHPOBABIINECS B IKCTPEMATBHBIX MTOYBEHHO-KJIMMATHYECKUX ycioBusx. [1o
XapakTepy JaHIAa(pTOB OHU OYCHb CHIIBHO OTIMYAIOTCS OT OCTABHBIX TOPHBIX
cucteM FOxHoro Ypana. Kaskaplii U3 HUX COCTOUT U3 CIOXKHOI y3710BOH CUCTEMBI
XpeOTOB, OCHOBY KOTOPHIX COCTABILTIOT YIETPAOCHOBHEIC W3BEPKEHHBIE TOPHEIC
nopozbl (rab0po-runep6azutel). XpeOThl 3PO3HMOHHO-PACUIICHEHBI, C OCTPBIMHU
rpeOHAMH, KPYTHIMH TPUBHOJIIOKOWHHBIME CKJIOHaMu (ot 700-900 M Ham yp. M.,
HauBbICIIast Touka Ha xpebre Cypranasl uMeer BbicoTy 1 045 m). Pactutens-
HOCTh COCTOWT M3 CBETIOXBOMHEIX JIECOB, OOPa30BaHHBIX COCHOH OOBIKHOBEH-
HoW (Pinus sylvestris L.), nuctBennuneit cubupckoii (Larix sibirica Ledeb.) u
HeOONIBINON puMechio Oepesbl Ooponasuaroii (Betula pendula Roth). Bepxaue
YaCTH CKJIOHOB FOXKHBIX HKCIIO3HLUI 3aHMMAIOT TOPHBIE CTEIH, 0011as MIO0MaAb
KOTOpPBIX cocTaBisieT 0koio 20%. Knumar paiioHa KOHTUHEHTaIbHBIH, XOJIOIHBIH.
TemnepaTypHBbIi pexXUM XapaKTepU3yeTCs CIEAYIOIUMU HU(PpPaMU: CPEIHSsS ro-
noBasi temneparypa +1,2 °C, cpemHsisi MHOTOJIETHISI TeMIieparypa siaapst —16,7,
a urons +17,4 °C. TomoBoe konm4ecTBO ocaakoB ot 373,8 1o 762,2 mm (532,3 mm
B cpenHeM). Beretanmonnslii nepuoy 149 nHel, 3a KOTOPBIN BBRITIAAET B CPETHEM
400 MM ocankoB. CpeHUIT MHOTOJIETHHH MHAEKC 3aCyIIMBOCTH — 53,8 Mm. Hau-
Oolee 3aCyIIIMBEIE MECAIIB — Mail M MIOHb. B Mae HHIEKC 3aCyITHBOCTH B CPe-
HeM cocTaBiseT 21,1 My, a B utoHe — 27,3. B oTaenpHbIe ToIbl 3TOT MOKa3aTelb
MOXET CHU3HTBCS 10 8—12 MM [15, 16].

B maccuse rop FOxHbIit 1 CeBepHblit Kpaka Ha cKJIOHaX 103KHOH U 0T0-BOCTOY-
HOWM DKCITO3UITUI B TIEPEXOHOM 30He (PKOTOHE) Jiec — cTerb Jietom 2015-2017 rr.
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3aJI0’KEHBI BOCEMb BBICOTHBIX mpoduieid (cM. puc. 1). B mpenenax kaxmoro mpo-
¢uist 3a(huKCUPOBaHBI TPU BHICOTHBIX YpOBHs (BY): BepxHuit (mepBslit) — y Bepx-
Hel TpaHUIbl PerH (TPYIIIEI IePeBheB C COMKHYTOCTBIO KpoH 0,05-0,1), cpen-
HU (BTOpOIt) — y BepxHeil rpaHuIsl penkonecuil (comknyrocts kpoH 0,2-0,3),
HWKHHU (TPETUil) — y BEpXHEW IPaHUIBI COMKHYTHIX JIECOB (COMKHYTOCTH KPOH
0,4-0,5). Ha nmwxHeM u cpeaneM BY 3anoxkensl no 3 mpoOHBIX TUIOMAAKH pa3-
mepom 20 x 20 M, a Ha BEpXHEM YPOBHE — IIOJINTOHBI B BHJIE MPSIMOYTOIBHUKA
pasmepom 1-3 ra. Ha Cpennem Kpaka npodwin He 3akiIaiblBaliid U OLEHUBAIN
TOJIBKO M3MEHEHUWE IUIOIAau TopHbIX crened. Ha rope bamapr 3amoxkeH mpo-
(UIIB-TIONUTOH B BUE NpsMoyroiabHUKa 360 X 200 M Oe3 pa3aeneHust Ha ypoBHU
W3-32 MO3aWYHOTO PaCIIpEeNICHNs IEPEBREB M0 BceMy Ipodmio. Ha mpoOHBIX
IUIOIAIKaX U MOJUIOHAX JUIl KaXKJOTro JiepeBa OINpeeIeHbl CIeAYONHe napa-
METpBI: BBICOTA, TUaMETpP CTBOJIA Y OCHOBaHMA U Ha BbIcoTe 1,3 M, AMaMeTp mpo-
€KUY KPOHBI 110 JIBYM HalpaBlIEHUSM, )KU3HEHHOE cocTosiHuE. [ onpeaeneHus
BO3pacTa U3 ACPEBLEB JUaMETPOM Oosiee 3 cM H3BIIeueHBI OypOBEIe 00pas3Iibl Ape-
BecuHBI (kepHbI). Kaxxaplii oOpaseln] ApeBeCHHBI MPUKIEUBAIN Ha JIEPEBIHHYIO
OCHOBY, 3aUHILAJIM OCTPbIM Je3BueM. [[jig KOHTpacTUpOBaHUS FOAWYHBIX KOJIEll
MIPUMEHSIN HaHECEHUE 3yOHOTO Mopomika. Y Bcex 00pa3LioB APeBECUHBI Ha yCTa-
HoBke LINTAB-III (Frank Rinn-Rinntech, ['epmanus) u3mepena mvpuHa roamd-
HBIX KOJIEIl, a TIPH IOMOIIH IporpaMmHoro obecneuenust TSAP—3.0 natuposancs
rox (opMHPOBAaHUS CaMOTO OIIVKHETO K IEHTPY TOAWYHOTO KOibIa. [locKombKy
BO3pacTHBIM OypoM KepH OepeTcs Bblllle KOPHEBOW IIEHKH, ISl BBISBICHUS CO-
OTHOLLIEHMSI MEXy BO3PacTOM U BBICOTOH Yy KakIIOTO TPETHEro MOJIOLOTO Ape-
BECHOTO pacTeHus BbICOTOM Oonee 0,1 M, HO IMAaMETPOM y OCHOBAHHsS CTBOJA
MeHee 3 ¢M, Ha ypOBHE KOPHEBOH IICHKH Opaid morepeynbie Jucku. Mcmonb3yst
BO3pAcCT TaKHUX JIEPEBbEB M BBICOTY WX CTBOJIOB, MBI PACCUMTAIHN ypaBHEHUE pe-
rpeccun [13], MO KOTOPOMY BBIYMCIISUIMA TIOTIPABKU JIJISI OTPEIEIICHUS BO3pPAcTa
Ka)/IOTO M3yYE€HHOT'0 HAMU JIepeBa JuaMeTpoM Oosee 3 cM.

Jleca paitona uccinenoBaHUS OTIIMYAIOTCSA BBICOKOM TOPHUMOCTBIO, MO3TOMY
MIPH 3aKJIaJIKe BHICOTHBIX MpoQuiieil BEIOpaHbl yYacTKH, HE MOIBEP>KEHHBIE BO3-
JEHCTBHUIO JIECHBIX MIOXKAPOB B IIOCJIEAHUE ECATUIIETHSL, YTO OIPEAEIAIOCH BU3Y-
aJIbHO TI0 HAJMYUIO 3apociieil MOXOKeBebHIUKA U TIOKapHBIM MOBPEXKICHHUSIM Ha
ctBone aepeBbeB [17]. Cnexyer oTMeTHTh, 9YTO Ha MaccuBe Top Kpaka neca, He
MOABEPKCHHBIE paHee BO3ACHCTBUIO IIOXKAPOB, MPAKTUUECKH OTCYTCTBYIOT.

Marepuan mist H3y4eHUsI CTPYKTYPHI M 3allacoB HAA3EeMHOW (PUTOMACCHI CO-
Opan B 2019-2020 rr. B mepexoiHOM MOI0Ce B HEMOCPEICTBEHHOM OIM30CTH OT
BBICOTHBIX npoduneit Cypranap! u bonbmioi bamapt. B ¢Bs3u ¢ upe3BbryaitHOM
TPYAOEMKOCTBIO BBIMTOTHAEMBIX pab0T BBIOOpPKA MOJETBHBIX IEPEBHEB MPOBEICHA
TOJIBKO Ha BTOpoM BY, Bhlllle IpaHUIBl COMKHYTHIX HacaXAcHUM. J[aHHbIE 3TUX
MOJICTIBHBIX JIEPEBbEB HCIIONB30BAHbI IIPH OLIEHKE (PUTOMACCHI IPEBOCTOEB U HA
npyrux BY. Takoii momxon AJis IEpBHYHON OIICHKH ¥ BBISABICHHS 0COOSHHOCTEH
(opMupoBaHus (pUTOMACCH IPEBOCTOEB HA HCCIEAYEMBIX MPOGMILX, HA HAaIl
B3IJIS], BIIOJIHE IPUEMJIIEM.
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OT160p MOAENBHBIX AEPEBHEB MPOBEIEH MO BCEMY JAMAIIa30HY BapbUPOBAHUS
JUaMeTPOB Ha MPOOHBIX IJIOLIa/IKaX 0e3 MpeABapUTEIbHOrO ONpeAeNeHHs pas-
MepoB. Taxoil mpuHIMI 0TOOpa HanboIIee MOAXOANUT [UIS HCCIIEIOBAHUS 3aBH-
CHUMOCTEH Macchl pa3iIMYHBIX YacTel JIepPeBbEB OT MX Pa3MEPHBIX MOKa3aTemei
(mnameTpa, BHICOTHI U JIp.).

Y MOAENbHBIX JAEPEBHEB KPOME TPAJUIMOHHBIX TaKCAlIMOHHBIX MOKa3aTenei
(mmameTrpa y OCHOBaHHS M Ha BBICOTE TPYIIU, BHICOTHI, cOera u 00beMa) orpeele-
Ha HaJ3eMHas (puToMacca ¢ Mojpas3/e/iCHUeM Ha CleAyloIue (ppaKkiuu: CTBOI B
KOpe, BETBH, XBOS M TeHEPATHBHEIEC OpraHbl. duTOMAacca CTBOJIOB B KOpPE M3MEpeHa
HENOCPECTBEHHBIM B3BEIIMBAHUEM Ha JJIEKTPOHHBIX BECax ¢ TOYHOCTHIO +50 T.
Omnpenenenne conepkaHus aOCOIIOTHO CYXOTO BEIIECTBA B IPEBECHHE U KOPE IO
JIMCKaM BBIITWJICHHBIX, C TOPIIOB PAaCIIMJIEHHBIX CeKIMid. [[peBecuny 1 Kopy ¢ 1uc-
KOB B Jiecy B3BemmBanu (£0,1 1), 3aTeM B 1TaOOPATOPHBIX YCIOBUSAX BBICYIIIHBAIH
B TepMocTarax mpu temneparype 100—105 °C no mocrostuaoro Beca. 1o pesyns-
TaTaM B3BEIINBAHUS JPEBECHHBI M KOPHI JUCKOB JIO U IIOCIE CYIIKH PACCUUTHI-
BaJlU COZIepKaHUE a0COIIOTHO CYyXOH MacChl 3TUX (hpaKIUii B CHIPOH HaBECKE U B
LIEJIOM JIJISI CTBOJIA.

O0mryro ¢uromaccy KpoH (BeTBU + XB0s + T€éHepaTUBHBIE OPraHbl) U3MEPSUIH MO~
ciie 0OpyOKH BCEX BETOK Ha IEKTPOHHBIX Becax (£50 T, Mpy MENKHUX KpoHax =+ 5 T).
[Tocine aToro mpoBOAMIIM JIeJIieHHE KPOHBI Ha clieaylomue (GpaKkiuu: OTMEpIIne
BeTBH (B KPOHE), HEOXBOCHHBIC YaCTH W OXBOCHHBIC YaCTH XHUBBIX BeTBe. [lo-
clie ompeAeNieHns Beca KaXIoW (paKIHUu U3 OXBOEHHOW YacTH YKUBBIX BETBEH
(opMHpOBaIN MOIETBHHYIO YacTh, T.e. oTOMpamu HaBecky (1o 20-30% mo Becy
OT 0011Ieil Macchl PpaklKu) AJIsl YCTAaHOBJICHHUS! COOTHOILIEHHS XBOU U IPEBECHBIX
yacTed. /[ 3TOro XBOIO B HaBECKE OTAEISUIM OT BETBEU M ONPEIECISIN Maccy
kaxaoi ¢pakauu (1 1). [lo ycTaHOBIEHHBIM COOTHOIICHUSIM B HAaBECKE pac-
CUUTBHIBAIM MacCy XBOW U JPEBECHBIX YacTeW AJIA BCeil KpoHBI. s ycTaHOBIE-
HUS BIIQYKHOCTH U aOCOIIOTHO CyXOT0O Beca XBOM U BETBEH OTOMpaId UX 00pasLibl
(30-60 t mo Becy), KoToprie cpasy ke B3BemmBanu (£0,1 ). B maboparopHbIx
YCIOBHSIX 00pa3ibl IPeBECHHBI U KOPBl BETBEH, a TaK)Ke XBOHM BBHICYIIUBAIIN B
cynmmisHOM mikady (LICIT-0.25-100, Poccust) mpu temmeparype 106 °C no mo-
ctosiHHOTrO Beca [18]. I1o u3noxkeHHON METOANKE HAMH OTOOPaHBI U 00pPabOTaHBbI
16 MOJETBLHBIX JIEPEBHEB COCHBI M 12 — MUCTBeHHUIIB. B Tabn. 1 B paspese ape-
BECHBIX BHJIOB NPEACTaBJICHbI MIPEAENbl N3MEHEHUS UX OCHOBHBIX Pa3MEPHBIX U
BECOBBIX ITOKA3aTeleil IepeBhEB.

duTtomaccy JepeBbEB 11eIeco00pa3HO OLIEHUBATh HA OCHOBE YpaBHEHHH, ONu-
CBHIBAIOIINX 3aKOHOMEPHBIE CBSI3U UX MEXK/Y BECOBBIMH M pa3MEPHBIMH ITOKa3aTe-
nsamu. [IpuBenenHbie B Ta0M. | mpenessl “3BMEHeHHs TaKCAllMOHHBIX MTOKa3aTeeH,
KOTOpBIE, KaK MPaBUIIO, UCTIONB3YIOTCS B KaYeCTBE HE3aBUCHMBIX ITEPEMEHHBIX,
SIBIISIFOTCSL OPUEHTUPOM TIPH OIpeieNIeHNH 00JIacTh MPUMEHEHUs pa3padarbiBae-
MBIX YPaBHEHUH.
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Tabnuna 1 [Table 1]
IIpenesbl n3MeHeHUH TAKCAMOHHBIX NOKa3aTeei 1 Gppaxumii

HaJ3eMHOIi (puTOMACCHI MO/ICJILHBIX [1¢PEBbEB
[Limits of changes in taxation parameters and aboveground phytomass fractions of model trees]

Bo3- | [uametp Bhicora dutomacca, kr [Phytomass, kg]

Bux pact, | y ocHOBa- .y ’ B ToM uncre [including] | XBoH
Speci ner HUSL, CM . O6mas B KpOHE
[Species] [Age, [Basal di- [H;{]ght, [Total] CTBOJIOB KpOH [Needles in

[trunk] [crown]
years] | ameter, cm] the crown]
Pinus
. 28-98 | 9,3-32,0 |5,3-17,1|3,41-261,9|2,23-205,6| 1,18-56,3 |0,64-18,6
sylvestris
Larix
o 21-191| 4,2-38,7 |3,0-18,5|1,31-366,0|0,82-293,7| 0,49-72,3 {0,05-10,8
sibirica

Pe3ynbTaTsl Hcciae0BaHus U 00CYKIeHe

Xapaxmepucmuxa opegdocmoes 8 IKomoHe jec — 20pHasi cmens. Ha 3a1moxeH-
HBIX MPO(UIISIX TpaHULIa COMKHYTBIX JpeBocToeB (Tpetuit BY) Ha BhicoTe 580—
650 m Hax yp. M. Berme, Ha BeicoTe oT 700 m0 750 M, pacIionoKeHbl PEeAKOIEChS
(Bropoii BY), nanee HaunHaIOTCS peAMHBI U O€37IeCHbIE MPOCTPAHCTBA C €AUHUY-
HBIMH JiepeBbsiMu (iepBoiid BY). KpyTrH3Ha ckiloHOB Ha HkHeM BY konebneTcst
oT 15 mo 20°. OHa MOCTENEeHHO YBEIMYMBAETCS [0 HAIPABICHUIO K BEPXHEMY
YPOBHIO, TJI¢ TOCTHTAeT BeMUIHHbI 25—35°. Takas kapTuHa, ¢ He OONBIIUMHU OT-
KIIOHEHUSIMH, XapaKTepHa /7151 CKJIOHOB F0XKHBIX 9KCIIO3UIIMIA Bcero MaccuBa Kpa-
Ka. Hamm BeIcOTHBIE TPOGIITH 3a0KEHBI Ha CKIOHAX FOTO-BOCTOYHOHN M OKHOM
sKcno3unuil. M3-3a cnoxHoil oporpaduu B ropaom maccuse Kpaka ctporo opu-
SHTUPOBAHHBIX 10 SKCIO3WIIMSM YYaCTKOB IPAKTHIECKH HET. BimsHue sKcrio-
3HULKU Ha CTPYKTYPY U HAA3EMHYIO (hUuTOMaccy IPeBOCTOEB B TaHHOW padoTe He
YYUTHIBAJIOCE.

B Tabn. 2 mpencrapneHa TakcallMOHHAsS XapaKTEPUCTHUKA JAPEBOCTOEB HA HC-
cieyeMbIX pohmisix B pazpese BY.

B cocraBe uccrenoBaHHbIX HacaxJIeHUI npeobnagaer cocHa. OHa mpecTas-
JIeHa Pa3HOBO3PACTHBHIME, HEOTHOPOIHBIMHU IO TAKCAI[MOHHOW CTPYKType Ipe-
BOCTOSIMH. Y4acTue JIMCTBEHHHIIBI B COCTAaBE PEBOCTOEB CYIIECTBEHHO HIIKE.
Cpennwii Bo3pacT IaHHOM Mopoas! Ha Bcex BY (3a uckimroueHneM BTOPOTo U Tpe-
THET0 YPOBHsSI HA BTOPOM Npo(duIie) BhIIIe, 4eM COCHBI (cM. Tabm. 1). Bo3pacTHble
oTI4Ius 0c000 3aMETHHI Ha BEPXHHUX YPOBHSIX, TN JINCTBEHHUIA IPEICTaBICHA
€IMHUYHBIMH CTapOBO3PACTHBIMU JIEPEBbAMHU, CPETHHIA BO3PACT KOTOPHIX BHILIE
COCHOBOTO B cpenHeM B 1,5-2,5 paza.

Ha BepxHeM ypoBHE KeCTKHE YCIOBUS POCTA HAJIOKUIIM OTIIEYAaTOK HA OOJIHK
IPEBECHBIX pacTeHHH. 3MeCh MPOM3PACTAIOT CANHINYHBIC HU3KOPOCIBIC, CHIIEHO
cOeXKUCThIE JIepeBbs, UX KOIUUecTBO BapbupyeT oT 20 110 43 mT./ra Ha KOxxHOM 1
1o 64 mt./ra Ha CeBepHoM Kpaka.
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Tabnuna 2 [Table 2]
XapaKkTepUCTHKA JPEBOCTOEB HA HCCIeyeMbIX NPoduiIsax
[Stand characteristics on the studied transects]

KonnuectBo
JIEPEBbEB, COMKHYTOCTS KPOH CpenHue 3Ha4eHHsI TaKCAHOHHBIX
mrT./ra [Crown closure], % IOKa3aTesiel 1epeBbeB
BY [Number of 70 [Mean values of trees’ morphometric parameters]
[Altitudi- | trees, scp./ha]
nal level B tom Bospacr, HMaMET]
] 0o- qucIe JIET © | Buwora, OC{IIOBaHI/IEI) };M
P L . Height, i >
S s [;I(I)?;] [Including] | [Age, years] [Height, m] [Basal diameter, cm]
Ps [ Ls | Ps [ Ls [ Ps | Ls Ps | Ls

IOxus1i1 Kpaka [Southern Kraka]
poduns 1 — Bonpmioii bamapr [Transect 1 - Bolshoi Bashart]
1-2 16 14 69 |35]34 |130] 178 | 8,6 | 10,5 29,1 35,6

3 725 | 200 | 69,2 [570(192] 74 | 73 [ 90 ] 7,6 16,3 15,7
IIpoduns 2 — Barrapt [Transect 2 — Bashart]

17 3 3,8 |81,2]18,8| 123 | 161 | 84 | 11,1 26,9 31,6
513 25 | 70,1 97,1129 | 9 | 94 | 7,7 | 85 20,6 20,8
3 1100 | 25 |112,9(989] 1,1 | 78 | 58 | 7,5 | 5,7 14,7 11,9
IIpoduas 3 — ABIIKT? [Transect 3 — Avdekte]

Do [ —

1 43 0 1131100 0 [ 131 | — |104| - 29,3 —
850 0 73,3 100 | 0O 46 — 5,1 — 11,2 —
3 500 | 108 |114,6185,5]14,5] 90 | 106 | 14,5] 114 | 25,0 24,8

IIpodmns-monurod 4 bamapt [Transect—polygon 4 — Bashart]
1-2 [104 [ 11,3 ] 44 [41,9]58,1[92,0]181,0] 8,1 [ 11,4 | 234 | 343
Cesepunblii Kpaka [Northern Kraka]
IIpoduas 5 — Cypranmsl [Transect 5 — Surtandy]

1 26 0 0,5 [100] O 35 — 3,7 - 9,7 -
2 875 8 31,1 1992 0,8 | 60 | 66 | 8,6 | 8,5 17,1 9,5
3 1192 | 33 [37,2(96,7] 33 | 65 75 193 | 10,5 16,5 19,9
4 892 0 4251100 0O 74 - 134 - 19,0 -
IIpoduas 6 — Maubiii Capras [Transect 6 — Malay Sargaya

1 42 0 73 [100] 0O 56 - 7,9 - 20,6 -
2 467 | 108 | 96,5 [80,2]19,8 | 55 78 10,6 | 14,6 19,0 24,5
3 683 | 342 [137,2]1655(34,5| 62 | 75 | 11,8 | 11,2 18,6 19,8

IIpodwas 7 — Illuraii [Transect 7 — Shigai

1 61 3 3,5 186,3]113,7| 34 | 67 | 40 | 74 11,0 24,2

2 508 67 429 |76,8[232| 39 | 61 | 54 | 85 12,2 19,1

3 858 | 117 [144,1|1849 151 ] 82 | 92 [129] 13,0 21,0 27,4
IIpoduas 8 — Ilenrpanbubiii AKOHKK [Transect 8 — Central Akbiik]

1 30 4 2,3 [83,6]164 ] 33 73 140 | 85 13,0 25,1

375 83 [34,7 |739]26,1| 41 72 1 6,1 | 114 13,0 22,0

3 283 | 475 |116,2[34,5]655] 60 | 63 |12,5] 12,0 19,3 21,7

Ipumeuanue [Note). Ps — Pinus sylvestris, Ls — Larix sibirica.

[To mMepe mpoABIKEHHSI BHU3 10 CKJIOHY M MPH CYIIECTBEHHOM YIyUIIEHUU
MUKPOKJINMATHUECKUX YCIOBHH B CTPYKTYpE IPEBOCTOEB YBEIHUMBACTCS KO-
JIMYECTBO MOJIOJBIX JIEPEBbEB, M YHCIIO APEBECHBIX PACTCHUN YBEIWYHBAETCS B
cpenueM B 15 pa3 ma Bropom BY, a Ha Tpetbem — B 40 pa3. D10 oTpakaercs Ha
Mop(hoMeTpHUECKUX TMOKa3aTeIsIX APEeBOCTOEB. boiblie BCero Molobx Jepe-
BBEB Ha CPETHEM YPOBHE, TIIE Pa3peKeHHBIA IPEBOCTOM CO3AET OIaronpusITHEIE
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MUKPOKJIIMATHYECKE U KOHKYPEHTHBIC YCIIOBHSI IUIST BO3OOHOBJIEHHS U POCTa MO-
nonHsika. Hamo otmetuts, uto Ha npoduiisix B MaccuBe CeBepHblii Kpaka Ha BepxHeM
BY npakTrdgecku 0TCYTCTBYIOT CTapOBO3PACTHBIE IEPEBbSI, 3aPaCcTaHIe 31eCh HAYallo
MPOUCXOIUTH TONBKO B ocneqaue 50 JIeT, 0 YeM CBUACTENBCTBYET CPEHUM BO3PACT
JIepeBbEB, KOTOPBIH COCTABIISIET OKOJI0 35 neT. Ha Harm B3misiz, 5To CBsI3aHO C TEM, 4TO
B Maccuse CeBepHblil Kpaka ropel B cpeHeM Ha 50 M BbIIIE U 31€Ch HAOMIONAKOTCS
OoJ1ee JKeCTKUE YCIOBHSI TS POCTa IPEBECHBIX pacTeHnit, 4eM Ha FOxHoM Kpaxka.

O cHuKXeHUH MOP(POMETPUUECKUX XapaKTEPUCTUK AEPEBBEB, IPOU3PACTAFOIINX
B AKCTPEMANBHBIX THAPOTCPMUIECKIX YCIOBHSIX POCTa Ha BEPXHEH IPaHUIE B TO-
pax WM CEeBEPHBIX LIMPOTaX, a TAKKE HA TPAHUIIC JIECOB CO CTEIISIMU, YKa3bIBAIOT
MHOTHE uccienoBarenn [19-21]. Otmedaercs, 9T0 HUZKOPOCHBIE, MHOTOCTBOJb-
HBIC U HU3KOIIPOAYKTUBHBIC IPEBOCTOHM MPH MOBBIMICHHH KOJIUYECTBA TeI1a 1 00e-
CTICYCHHOCTH BJIarM B TIOJIHOW Mepe HMCIONB3YIOT CBOM 3aJI0KEHHBIN OHONIOTHYe-
CKHI MOTEHIMAN KaK Ha MHIUBUIYAILHOM (POCT U HAKOIUICHUE (PUTOMACCHI), TAK U
Ha IOITYJISIIIMOHHOM (BO30OHOBJICHUE U pacceneHue) yposae [14, 22, 23].

Ha akTHBHYO 5KCIIaHCHIO APEBECHBIX PACTCHUII Ha O€371eCHBIE TEPPUTOPHU B
ropax, CBSI3aHHYIO C YJIy4IIEHHEM YCIIOBHI pocTa B pe3y/bTare KIMMaTHIeCKUX
nepeMeH nocie 70-x . XX B. (mocnennue 30-50 neT), yka3pIlBaeT psija Uccle-
noBateneit [24—26]. UTHTEeHCUBHOCTD 00JIECEHUsT OTACIBHBIX YYaCTKOB 3aBHCHT,
MpEeXJIe BCETO, OT JIOKAJIBHBIX YCJIOBUI MecT mpouspactanus [8, 14]. Ilpu uc-
CJICIOBaHUH JaHHOTO IpoIiecca 0c000e MECTO yAEISIETCs OIEHKE OAPOCTa — ca-
MOMY YSI3BUMOMY KOMIIOHEHTY JIECHOTO HacaKACeHUsA. B Hammx MccienoBaHusx
K MOIPOCTY OTHECEHBI MOJIO/IBIE pACTEHUs BBICOTOM 10 1,5 M. XapakrepucTtuka
9TOTO KOMIIOHEHTa HACAXKACHUH NpuBeIeHa B Ta0. 3.

WnaTencuBHOE BO30OHOBIEHHE C IIPe0OIaaHueM COCHOBOTO MOAPOCTA B TIO-
ciennue 30—40 et uaet no BceMy 3KOTOHY (cM. Tabi. 3). JIMCTBEHHUUHBIH OJ-
POCT COCTaBIISICT HE3HAUYNTENBHYIO JacTh, a Ha mepBoM BY oTcyTcTByeT coBCceM
WM TIpENICTaBlIeH €IWHUYHBIMU dK3eMIUsipamMu. Ha Bropom BY, rae Ooprba 3a
PECYpPCHI CO CTOPOHBI MAaTEPHHCKOTO MOJIOTa MUHUMAJIBHAS M CO3IAIOTCS ONTHU-
MaJIbHBIC YCIIOBHUSI, HaOMI0AaeTCsl HauOoJblIee YHUCIO MOJIOABIX JepeBheB. Pac-
MpeAeIeHUe IIOAPOCTa IO TPYIIIIAaM BBICOT Ha Pa3HBIX MPOQIIIIX 3aMETHO OTIH-
4aeTcsl, HOITOMY 0OIIeit 3aKOHOMEPHOCTH HaMH HE BBISIBIICHO.

Dumomacca modenvHbix depesbes u dpesocmoes. Putomacca n 00beM Jepe-
BBECB M UX CTPYKTYPHBIX YacTel 3aBHCUT OT MHOXKecTBa (pakTtopoB. [TosTomy mpu
HCCIIEIOBAaHMUAX HaI3eMHOM (PUTOMACCH IEPEBREB U APCBOCTOECB BAKHOE 3HAUE-
HHUe UMeeT 000CHOBAaHHBIH BEIOOD (haKTOPOB (TAaKCAIMOHHBIX IIOKa3areneit), 00b-
SICHSIFOIITX MAaKCUMAaITbHYTO JIOJTI0 M3MEHIYNBOCTH MACChI CTBOJIOB M KpoH [27-30].
C y4eToM MpOCTOTHI U TOYHOCTH OTIPEJIENICHUS, a TAKKE TECHOTHI KOPPEISIUH C
(buTOMaccoil CTPYKTYPHBIX YacTel JiepeBa OOJBIITMHCTBO UCCIIeIoBaTeNel BHIOOD
JICTIAfOT B MOJIB3Y AUAMETPa U BBICOTHI CTBOJIOB HJIM HAa UX KOMOWHAIUU B hopme
D’H. IIpryeM oTMEYAETCsI, YTO B YPAaBHEHHSX MTAPHON CBSI3H I1eJIeCO00pa3HO HC-
MoJb30BaTh mokaszareab D’H, a B MHOTO(aKTOPHBIX YpaBHEHHUSX — JAUAMETP U
BBICOTY B Ka4€CTBE OTJCILHBIX ONpEACAIomux Gpakropos [28, 32].
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Tabauma 3 [Table 3]
XapaKTepuCTHKA II0APOCTA HA BLICOTHBIX YPoBHAX (BY) nccienyemsbix npoduiei
[Young trees characteristics on altitudinal levels of the studied transects]

Xapaxrepuctuka nojpocta [Characteristics of young trees|
I Komn- Cymma Pacnipenenenue nogpo-
po- BY 4eCTBO, | MPOEKIHiA CTa 10 IPYIIaM BBICOTHI
2 [Altitudi- COCT.a B mr./ra | kpom, %/ ra | [Distribution of trees by height group]
[T} tever] | ISPOCIES 1 pumber | [Sum of
sects] structure] of trees, |crown projec- <0.5m 0.51-1.0m|1.1-1.5 m
scp./ha] | tion, m%ha]
1 1-2 10Ps 8,7 0,84 4,3 2,9 1,5
3 9Ps1Ls 891,7 98,5 525 2583 108,3
1 S5PslLs 2 0,45 - 2 —
2 2 9Ps1Ls 162,5 98,67 37,5 100 25
3 10Ps 875 2759 250 325 300
1 10Ps 11,8 3,7 3,9 4 3,9
3 2 10Ps 1491,7 260,8 491,7 733,3 266,7
30 | 1OPseat hg17 70,1 41,7 1583 | 91,7
Ls, Bp
4 1-2  |10Ps, en. Ls 2 — 0,1 0,6 1,3
1 10Ps 17,4 14,9 - - 17,4
2 10Ps 816,7 400,5 200 325 291,7
5 3 10Ps 483.4 210,7 91,7 200 191,7
4 10Ps 100 48,4 0 37,5 62,5
en. Bp
1 10Ps 13,9 11,4 - — 13,9
2 7Ps3Ls 200 42,9 25 108,3 66,7
6 8Ps2Ls
3 183,3 163.,4 16,7 75 91,7
en. Bp
1 10Ps 15,7 7,8 0 7,5 8,2
7 2 10Psen Ls| 341,7 84,9 175 66,7 100
3 10Ls 25 1,6 — - 25
1 10Ps 14,5 8,2 1,3 4 9,2
8 2 10Ps 491,6 1339 133.3 125 2333
3 9Bp1Ps 66,8 27,4 0 33,1 33,7

Ipumeuanue [Note). Ps — Pinus sylvestris, Ls — Larix sibirica, Bp — Betula pendula; en. — enu-
HU4HBIE [single].

Ha mamaOoM 3Tame paboT OrpaHWYEHHBIH HYKCIIEPUMEHTANBHBINA MaTepHail He
MO3BOJIMJI HaM OIICHUTh MHOXXECTBEHHBIE CBSI3M (DUTOMACCHI IEPEBHEB C UX TaK-
CaIlMOHHBIMU TTOKa3aTesIMA. B manHO# paboTe akIeHT clieslaH Ha UCCIIeIOBAHIe
3aBUCUMOCTEHN MacChl CTBOJIOB, KPOH M XBOM OT mokasaresist D?H ¢ pacuetom, 4To
MIOTyYEHHEIE TIPH STOM YPaBHEHHS IO3BOJIAT PACCUNTATH HAI3EMHYIO (pHTOMACCY
JpEBOCTOEB.

[IpensapurenbHas rpaduyeckas oOpabOTKa 3KCIIEPHMEHTAIBHOTO MaTepH-
aja rokasajia, YTO 3aBHCHMOCTb MAacChl CTBOJIOB M COCHBI, U JTUCTBEHHUIIBI OT
mokasaresst D’H HoCHT npsiIMOSTHHEHHBIN XapakTep. [IpraeM, HECMOTPS Ha 3Ha-
YUTETHHYIO0 HEOAHOPOIHOCTh MOJIENIEHBIX IEPEBBEB 110 BO3PACTY, BIHSIHHUE 3TOTO
MTOKa3aTessl Ha XapaKkTep 3aBUCUMOCTH He 00HapyknuBaeTcs. JJaHHOe 00CTOsATEIh-
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CTBO ITO3BOJIMIIO HAM B pa3pe3e JPEeBECHBIX MOPOJ IOIyYHTh 0OIIHe YpaBHEHNUS C
HCIOJIH30BAaHUEM BCEU COBOKYITHOCTH MOJIENIbHBIX JIEPEBbEB:

— 10 COCHE

PS =1,21945+97,76528xD*H, R*= 0,954; €))
— M0 JINCTBEHHHUIIE

PS =-3,3793+107,6882xD?H, R*= 0,992. 2

Bnauenus ko3(¢unmenra merepmuHanuu (R?) ypasuenuit (1) u (2) cBume-
TEJNbCTBYIOT, YTO MU3MEHYHUBOCTH (PUTOMACCHI CTBOJIOB B 3HAYMTEIHHON CTENECHH
omnpezensiercst mokasareneM D?H. TlomydeHnHble ypaBHEHHST KOPPEKTHBI M aIeK-
BaTHBI 3KCIIEPUMEHTAIBHBIM MaTepHaiaMm.

Harnmsgao 3aBUCHMOCTE (PUTOMACCH CTBOJIOB MOJCIBHEIX IEPEBHEB OT HX I10-
kazarenst D’H nokasana Ha puc. 2.

)
53
=

250

o
=)
S
[}

200 L4

150 150 e

=)
=3

100

[}
®duromacca cTBoONA, KI
@

3
[

®duromacca CTBOJIa, KI'

50 Cp s L ]

¢
\

0 0,5 1 1,5 2
0 0,5 1 L5 2 Tokasatens DDH, m3
Tokazarens DDH, M3

Puc. 2. 3aBrcHMOCTb ()UTOMACCHI CTBOJIOB MOJICTBHBIX JICPEBHEB
cocHsl (A4) u muctBeHHuUIBI (B) oT ux nmokasarens D*H
[Fig. 2. Dependence of trunk phytomass of model pine (a) and larch (b) trees
on their D*H index: on the X-axis - Trunk phytomass, on the Y-axis - Index D*H, m?]

JluHuM perpeccuu Ha pHc. 2 TOCTPOeHsI o ypasHeHUsaM (1) u (2). Touxamu
Ha pHC. 2 MOKa3aHbI JaHHBIE MOJICIEHBIX AEPEBbEB, CIIOF30BAHHBIX IIPH pa3pa-
0oTke ypaBHEHHH. B 1ienom npsMoiarHeHbIH XapakTep UCCIIeTyeMbIX 3aBUCHMO-
cTelf COMHEeHHH He BEI3BIBAcCT. [loydeHHbIe ypaBHEHHUS MOTYT OBITh HCITOIb30Ba-
HBI JJIs1 ONpe/ieIeH s MacChl CTBOJIOB Ha €AMHHMIIE IIIOIIA 1 HA OCHOBE JIAHHBIX
HU3MEPCHUS THaMeTpa M BEICOTHI AEPEBbEB HA POOHBIX IUIOMIATISX.

Ipu uccrenoBaHUN 3aBUCHMOCTEH Macchl KpoH (xBou) oT mokasareis D*H
OBLTH MTOTYYEHBI COBEPIICHHO HHBIE pe3yIbTaThl. Bo-TiepBhIX, Ha rpadukax moie
paccerBaHUs SMIIMPUYECKUX 3HAYEHUH Macchl KPOH (XBOM) HAMHOTO ILIHPE, YeM
MaccChl CTBOJIOB. YCTaHOBIICHO, YTO TaKO€ OOCTOATENBECTBO B 3HAUUTEIHHON CTe-
IeHH OOYCJIOBJICHO BIUSTHHEM BO3pacTa JEpPEeBbEB HA XapaKTep 3aBUCHUMOCTEHL.
Anami3 rpaduUecKkruX JaHHBIX [T0Ka3a] Ha HEOOXOMUMOCT H BO3MOXKHOCTD pas3-
JIeJIeHHs. COBOKYITHOCTH MOJICNIBHBIX JI€PEBHEB U COCHBI, U JINCTBEHHUIIBI Ha JIBE
rpymnmnsl o Bo3pacty. [lo cocHe B mepByto rpymiry (6ojiee MOJOIBIX IEPEBBHEB)
00beIMHEHBI MOZIETIbHBIE JIEPEBBS BO3pacToM OT 28 10 54 neT, a Bo BTOpyIo (cTap-
IIMX 0 BO3pacTy) — JAepeBbs Bo3pacTtoM oT 63 mo 98 net. [lo nucTBeHHMIIE B
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MIEPBYIO TPYIILy BKIIOUCHBI MOJEIBHEBIC IEPEBhS, BO3PACT KOTOPHIX COCTABISET
ot 21 o 50 ner, a Bo BTopyto — oT 66 10 106 ner.

Bo-BTOpEIX, HCCheqyeMble 3aBUCHMOCTH HOCST KPHUBOJMHEHHBIM Xapakrep.
HenmuHeHHOCTh 3aBUCUMOCTEN MEXIy KOPPEIHPYIOIIUMHE MOKA3aTeIIIMHA CBHUIE-
TEMBCTBYIOT O HEOOXOMMMOCTH OIEHKU Pa3IMIHBIX (QYHKIUH U1 NX aHaJUTHUC-
CKOTO BBIpa)KeHUs1. BONBIIMHCTBO HCCieA0BaTeNel (PUTOMACCHI ICPEBbEB MPU3HA-
0T, YTO JJISI BRIPAKEHMS TAKMX 3aBHCUMOCTEH Hanbolee 000CHOBaHHBIM SIBIISCTCS
MPUMEHEHHE CTEIICHHON (JJIOMETPUIECKOM) (PyHKIINH, CTATUCTUYCCKHUE TIapaMe-
TPBI KOTOPOU KOPPEKTHO OOBSICHSIOTCS ¢ OMOJIOTHUYeCKUX no3unuii [31, 32]:

y = ax®. 3)

[Ipw omeHKe pa3MUIHBIX (YHKIUH AT aHATATHIECKOTO BBIPAKSHNS H3yIaeMBIX
HaMHM 3aBUCHMOCTel ¢yHKIMA (3) okazanace Haubosee kKoppekTHoil. Koppekrt-
HOCTh HCITOJIb30BaHHBIX (DYHKIMI OIEHUBAJIACH IO 3HAYCHHSAM KO3 QHIIMEHTA
JCTepMHUHAINH U {-KpuTepueB CThIOZCHTA I UX napameTpoB. CTaTHCTHYCCKIE
XapaKTepPUCTUKU (QYHKIHH y = ax®, MOJy4eHHbIC NPH OMHCAHWUH 3aBUCHMOCTH
(uromMacchl KpoH (XBou) OT mokasarens D*H 1o yeTsipeM rpyrmam (COBOKYITHO-
CTSIM) MOJIETILHBIX JICPEBLEB, PUBEICHBI B Ta0II. 4.

Ta6numa 4 [Table 4]
YpaBHeHus 3aBHCHMOCTH pUTOMACCHI KPOH (XBOM) 0T moka3zaresi D*H
[Equations of the dependence of the phytomass of crowns (needles) on the D?H indicator]|

[TapameTpsl ypaBHEHUS Kos¢ppuuuent Home
dutomacca [Equation parameters] JIETEPMUHALUH p
[Phytomass] [Determination YPaBHCHU
a b . [Equation number]
coefficient]

Pinus sylvestris (0 TpyIIie MOIOABIX MOJICJILHBIX JICPCBHEB)
[(by group of young model trees)]
Kpons! B menom

[Total by crown] 46,8576 1,2106 0,976 4)
XBowu [Needles] 13,4597 0,8609 0,913 (5)

Pinus sylvestris (110 TpyTiIie cTapIIEBO3PACTHBIX MOAETHHBIX ICPEBHEB)
[(by group of old-aged model trees)]

Kpous! B ienom

[Total by crown] 24,0237 1,1028 0,560 (6)

XBou [Needles] 9,1882 1,0311 0,604 (7)
Larix sibirica (110 rpyIine MOJOIBIX MOAEIbHBIX JepeBbeB) [(by group of young model trees)]

Kpouns! B nenom

[Total by crown] 24,1470 0,8001 0,962 ®)

XBou [Needles] 6,9449 0,9291 0,974 9

Larix sibirica (1o Tpymie cTapIeBo3pacTHBIX MOACIBHBIX IEPEBLEB)
[(by group of old-aged model trees)]
Kpons! B nenom

[Total by crown] 18,2823 1,4416 0,890 (10)
XBowu [Needles] 3,2889 1,8081 0,930 (11)

Ha ocnoBe ananm3a 3HadeHUI KOA(PQHUINCHTOB NETCPMUHALNH, IPUBEICH-
HBIX B Ta0O1. 4, MOXKHO OTMETHUTH clenyromiee. [Ipu olieHKe Macchl KPOH B LIEIOM
U MaccChl XBOH ITOJYYCHHBIC YPaBHEHUS 00ECIEUNBAIOT IPUMEPHO OIMHAKOBYIO
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TOYHOCTbh. [IpHdyeM ypaBHEHUS, pa3paOOTaHHBIC IO JAHHBIM MOJIOIBIX JIEPEBHEB,
XapaKTepU3yIOTCsl Oosiee BBICOKUMH 3HaYeHHAMH Kod(duimeHTa neTepMUHAIHH.
Ha nam B3msiz, 3T0 0OBSICHAETCS MEHBIIMMH MTOTPEITHOCTSAMH MIPU OTPEICIICHUN
Macchl KpOH (XBOH) y 0oJiee MEJIKHX IO pa3MepaM JepeBbeB MU UX TMOJIEBOM 00-
pabotke. CpaBHeHHe 3HaYeHHUI KOd(QdUIMeHTOB neTepMuHAIMK ypaBHeHui (1) u
(2) co 3HaYeHNAMU 3TOrO TIOKa3arens y ypaBHeHuit (4)—(11) mo3Bonser caenars 3a-
KITFOYCHHE, YTO HA OCHOBE PErPECCHOHHBIX YPAaBHEHHIA C OITPEACIIIONTNM (HaKTOPOM
D?H ¢uromacca CTBOJIOB OIIEHUBACTCSI 3HAYUTEIILHO TOUHEE, YE€M KPOHBI M XBOU.
Harmsimaoe mpencTaBiieHHe O XapakTepe 3aBUCUMOCTH (PUTOMACCHI KPOH OT
nokaszaresst D’H MOKHO MOJy4YdTh 10 rpaguuecKuM JaHHBIM, TOCTPOECHHBIM B
Ka4yecTBEe IpUMepa 10 JIBYM COBOKYITHOCTSIM MOJICITBHBIX JIEpEBbeB (pHC. 3).
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S o
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DuTomMacca KPOHBI, KI'
Duromacca KPOHbI, K&
_— W
cuo XS hS

0 0,2 04 0,6 08 1 12

N 5 S
Tlokasarers DDH, M o 0, 1 1 2

Tlokasarers DDH. m*

Puc. 3. 3aBHCHMMOCTH (HPUTOMACCHI KPOH MOJICIIbHBIX J€PEBBEB OT MX MoKasaress D’H:
A — 10 TpyIIE MOJIOJBIX IEPEBLEB COCHBI; B — MO0 Ipymnne
CTaplIEBO3PACTHBIX JEPEBbEB JIMCTBEHHUIIbI
[Fig. 3. Dependence of crown phytomass of model trees on their D’°H index:

A - for the group of young pine trees; B - for the group of older larch trees:
on the X-axis - Trunk phytomass, on the Y-axis - Index D*H, m?]

Teoperndeckue TUHAN PErPECCUH HA PUC. 3 IS TPYTIITEI MOJOIBIX ICPEBBHEB
COCHBI TIOJTyYEeHBI 110 YPAaBHEHUIO (4), a /Ui TPYIIbI CTapIIEBO3PACTHBIX Jepe-
BbEB JIMCTBEHHUIIBI — 10 ypaBHeHHIO (10) (cM. Tabn. 4). [paduueckre naHHbIC
MOATBEPKIAIOT HEJIMHEHHOCTh HCCIIENYyEeMBIX 3aBHCHMOCTEH M TPABHIBHOCTD
moadopa anmpokCUMHpyromei GyHknuu. [1o ¢puromMacce XBOW MOTyYSHBI MPaK-
TUYECKU TAKHE K& PE3yNbTaThl, 4TO U MO (uTOMACCE KPOH, IOATOMY IO ITOM
(bpakiyu rpaduKy HE IPUBEICHBL.

B 11e10M npuBeICHHBIC BBIIIE MaTepHAIIbl MOKA3BIBAIOT, YTO pa3pabOTaHHBIE
YpaBHEHUS BIIOJHE KOPPEKTHEHI M aIeKBATHBI SMIIMPHYCCKIM JTAaHHBIM H TIPHEM-
JIEMBI JIJIs1 OIICHKU HaJ3eMHOU (UTOMAcCHl Ha YpoBHE JpeBocToeB. OOmacTs ux
HCIIONIb30BaHMs OTPAaHMYMBACTCS AHANa30HAME U3MeHeH s 3HaueHunit D*H B ape-
BOCTOSIX OTIBITHBIX YYaCTKOB.

C ucnonb3oBaHNEM pa3padOTaHHBIX YPaBHEHHH IT0 MaTepHaiaM (aKTHIeCKO-
O pachpeeieH s 1ePEBbEB Ha MPOOHBIX IUIOIIAIKAX U MOJIUTOHAX 0 ToKa3are-
m0 D*H omnpenenenst 3amachl (UTOMACCH Ha €AWHMIE TUIOMIaan. IIpu 3TOM BHa-
Yajie BBIYUCISUIACh (prToMacca Il KaKIOTO YITEHHOTO Ha OMBITHBIX 00BEKTaX
JepeBa. 3aTeM CyMMHpPOBAaHHEM (PHTOMACCHI JIEPEBHEB MOTYUCHBI TaHHBIC U
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npesoctos B 1iesioM. [IprdaeM npu oreHKe GUTOMACCH KPOH (XBOH) Ha 00BEKTaX
MpeaBapUTENLHO (POPMHUPOBAIUCH JBE BEIOOPKHU IEPEBBHEB C YUETOM UX BO3PACTa.
Pe3ynbpraTsl COOTBETCTBYIONINX pacyeTOB MPUBENCHEI B Ta0II. 5.

Marepuaiisl, IpuBeJIeHHBIC B Ta0Il. 5, MO3BOJISIOT OTMETUTH cieaytomee. Han-
3eMHas (pUTOMacca IPEeBOCTOEB Ha BCEX MPOPIIIIX CYIIECTBEHHO YMEHBIIASTCS 10
Mepe MpOJBIDKEHUS 0T HIbkHero BY k BepxHemy. Ha HOxunoM Kpaka cpequss mo
BceM npodwisiM (uToMacca JpeBOCTOEB Ha TpeTheM ypoBHE (72,85 T/ra) Oonee
yeM B 15 pa3 Boiuie, yem Ha niepBoM (4,73 1/ra). Ha CeBepHom Kpaka pasHuia o
ATOMY TTOKa3aTeITI0 MEK/Ty IPEBOCTOSIMHI HIDKHETO M BEPXHETO YpOBHEH ermie Ooree
BHYIIUTENbHA: (pUTOMacca ApeBOCTOEB Ha HIKHEM ypoBHE (98,68 1/ra) B 58,4 paza
npeBbItIaeT puroMaccy Ha BepxHeM (1,69 1/ra). Ha cpeaHeM 1 HUKHEM YPOBHSAX
9TOT noka3areins Boinie Ha CesepHoM Kpaka (B 1,05 u 1,35 pa3a cooTBeTCTBEH-
HO), a Ha BepxHeM — Ha IOxxHoM Kpaka (B 4,6 pa3a). B 000ux ropHbIX Maccu-
Bax yMeHbIlIEHHE (UTOMACCHI IIPU TMEPEXoJie OT CPEIHETO YPOBHS K BepXHEMY
BEIPKCHO B 3HAUYNTEIHHO OOIBINIEH CTENCHH, YeM IIPH IEePEXoe OT HIKHETO K
cpenHeMy. Tak, puromMacca JpeBOCTOEB HAa CPETHEM YPOBHE BBIIIE, UEM Ha BEPX-
HeMm Ha FOxHOM Kpaka B 8,5 paza, a Ha CeBepHom — B 24,9 paza. [Ipu nepexone
OT HIDKHETO YPOBHS K CpeiHeMy (puToMacca IpeBOCTOEB YMEHBIIAETCS HE CTOMb
3HaunTenbHO: Ha FOxHOM Kpaka — B 1,7 pa3za, a na CeBeprom — B 2,3 pasza.

B popmupoBanum Haa3eMHON (PUTOMACCH APEBOCTOEB HA UCCIIEAYEMBIX TOp-
HBIX MacCHBax OIPEIeIIIoNmas pollb MpHHAIICKHUT cocHe. Ee moms xonmebnercs
Ha FOxHoMm Kpaka ot 76,5 (Ha nepBoM ypoBHe) 110 97,7% (Ha BTOpoMm), a Ha Ce-
BepHOM Kpaka — ot 66,9 (Ha TperseM ypoBHe) 10 91,1% (Ha mepBom).

PesynbraTel uccnempoBanuii (ppakiMOHHOTO COCTaBa Haa3eMHOU (hUTOMACCHI
IPEBOCTOEB CBHUICTENBCTBYIOT, UTO B HEl Mpeo0IIagaloT CTBOJIEI I BETBH — Opra-
HBI, JUIMTENBHO JCTIOHUPYIOILINEe OpPTaHUYecKoe BellecTBo. [IpuuemM yem BhbIlIe
BO3pacT opraHa JiepeBa, TeM OOJBIIE ero YIASNbHBIA BeC B 0OMmIeH (puTomMacce.
Tak, Ha pa3HbIx BY uccnenyembix mpoduieit 1051 CTBOIOBOM MacChl COCHBI KO-
nebiercs B cpegHem ot 73,6 mo 81,0%, a xBou — Toabko ot 7,7 mo 8,1%. JpeBo-
CTOM JINCTBEHHHUIIBI 110 CPAaBHEHHIO C COCHOBBIMH XapaKTepU3yIOTCS 0oJiee BbI-
COKHMM y4acTHEeM CTBOJIOBOM Macchl (0T 79,5 no 84,8%) u Hu3koi noseil xBou
(ot 3,3 o 6,7%) B 001ieii Hag3eMHON Macce. Pa3nuuns MexIy COCHOBBIMH H
JICTBEHHUYHBIMH JPEBOCTOSIMH TI0 CTPYKTYpe HAA3eMHON pHUTOMACCH 00yCIOB-
JIEHBI KaK UX TaKCAIIMOHHBIMU TIOKA3aTeNIIMHU, TaK K OMOIOTHYeCKIMU 0COOEHHO-
CTSMH JaHHBIX JPEBECHBIX MOPOX. B memoM pe3ynsraThl TaHHBIX HCCICIOBAaHHN
CBUJICTENBCTBYIOT O MPUHIUIHAIBEHOM CXOJCTBE MOJyYE€HHBIX HAMU JTAHHBIX C
W3BECTHBIMH B CIICIIHATIHLHON JIUTEPAType MaTepruataMi UCCIeIoBaHni (pUTOMAaC-
CBI JIEpPEBLEB U IPEBOCTOEB MPH HEOONBIIOM KOTHYECTBEHHOM PAaCXOXKICHUH He-
KOTOPBIX MoKazareneit [28, 31, 32].

Psgom uccnenoBaHuii BEISABIEHO, YTO MPH MPOABMKEHUH BIITyOb KOHTHHEHTA
W B TOPHI CHIDKaeTcs puTomMacca Beex (pakmuii aepesbeB [33]. [Ipu aTom B X0-
JIOJHBIX KJIMMATHYECKUX MOsICaxX yBEIWYEHUE OCAJKOB MPUBOJUT K CHUXKEHHUIO
HaKOIUICHUS (PUTOMACCHI, a B TEIUIBIX — K YBEIMUCHUIO. YXYIIICHHE YCIOBHHA PO-
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CTa TIPUBOIUT K YMCHBIIICHHIO, B MIEPBYIO OUepeb, (PUTOMACCH XBOU U BETBEH,
CTBOJIOBasi Macca MEHseTcs B MeHblIell crerneHd. Yem xécTye yCIOBHUsS pocTa
IPEBECHBIX pacTeHH, TeM MEHbIIE OIS Haa3eMHOM (hPUTOMAacCHl B 00IIeM co-
crase [2, 7). HakoruieHue o61iei Haa3eMHOM pUTOMacChl U CTPYKTYPHBIX dacTel
3aBHCHT OT OHOJIOTHUECKUX 0COOSHHOCTEH KaXKI0T0 BHIa B Bo3pacTa [34].

B paborax, BBINOJIHEHHBIX Ha BEpXHEW I'paHHIE JIECOB C TOPHBIMH TYyHJpa-
MU Ha Ypaie U B JPYTHX CyOapKTHUECKHX pETHOHaX, MOKa3aHO KIMMATOTCHHOE
yBEIMUYCHUE NPOAYKTUBHOCTH JIpeBoctoes [8, 19, 35-37]. Ilpu 3tom pabot mo
CTPYKTYpE ¥ HaKOIUIEHHIO (PUTOMACCHI, BEITIOTHEHHBIX HA CTHIKE JIECOB C TOPHEI-
MM CTEIIsIMH, B CHIELMAJIBHOMN JIUTepaType HaMU He HalijieHo. XoTs 1o puromacce
COMKHYTBIX HACa)XJICHUH JIECOB YPAJIbCKOrO peruona Poccun, u B iesioM 1o Bce-
MY MHpY OITyOIMKOBaHHBIX JJAHHBIX Pa3INYHBIMU HCCIIE0BATEISIMU JJOCTATOYHO
mHOTO [38].

Dopmuposanue pumomaccyl Opesocmoes 8 IKOmone iec — 20pHas Cmens 8
CBA3U C UBMEHeHUAMU epanuybl 1eca 3a nociedrue 30 1em. CpaBHEHHE IUIOMIAIH
ropHbIx cremneif B 1986 u 2016 rr., mpou3BeJcHHOE HAMU paHee, Mokazano [13,
14], uTo B 3TOM paiioHEe MPOU3OLLIO cymiecTBeHHOE (Ha 17,6%) yMCHBIIEHHE UX
VIO B CBSI3M C MHTEHCHBHOI dKcHaHCHell iecoB. BrisiBieHHBIE Oe3ecHble
y4acTku momazsio 6 559,8 ra na FOxxunom Kpaxka; 1 923,6 ra — na Cpennem Kpa-
ka u 3 176,6 ra — Ha CeBepHoM Kpaka Ha ocHoBe kapT ['ocl'ucllentpa B 1986 1.
3a mocienaue 30 5er 3apociau COMKHYTHIM jJecoM Ha 958,6; 2323 u 8927 ra
COOTBETCTBEHHO. J{J11 pacueTa yBeIM4eHHs 3a11acoB HaI3eMHOM pUTOMACCHI pe-
BOCTOEB B UCCIIEAYEMOM paifoHe MBI YMHOKIITH HOTyYSHHBIE 3HAUCHHS PAa3HOCTH
TUTOIIAIM HA Pa3HUILy MEXK/Ty CPEJHUM 3a1acoM (PUTOMACCHI B COMKHYTBIX Jiecax
(3 BY) u penxonecbax (2 BY). Tak, Ha Oe371€CHBIX IPOCTPAHCTBAX COMKHYTHIC
HacaxaeHUs (C MOKphITHEM KpoH Oornee 35-40%) GopMUpYIOTCS HMOCTENEHHO,
CHadJaa TOSBILIOTCS COIMHUYHBIC IEPEBhs, Jajiee CO BPEMEHEM KOIMYIECTBO MX
yBEJINYMBAETCS, PEBPAIAsCh B PEIKOIECHS, 3aTEM — B COMKHYThIE HaCaXKICHUSI.
Penxonecrs u panee ob6namany onpeneIcHHBIM 3aI1acoM (PUTOMACCHL, KOTOPHIHA B
MOCIIEIHIE JAECATUIICTHS YBEIMYMBACTCS 110 Mepe YBEIMYEHHs T'YyCTOTHI U pas-
MEpOB MIPOM3PACTAIOMINX B HUX JICPEBBEB.

Harm pacueTs okasaiiu, 4To B CBSI3M C yBeJIMYEHNEM ILIOIIA/IH JIECOB 3a ITOCIe/I-
aue 30 net 3amac (UTOMAacChl IPEBOCTOCB B 3KOTOHE yBenmImicst Ha 32,8 1/ra Ha FOx-
HoM Kpaka, Ha 56,6 T/ra Ha CeBepHoM Kpaka (cM. Tabn. 5). Tak kak Ha CpeqHem
Kpaxa mpodmnn He 3aJ0KeHBI, OBUIO IPHHATO PEHICHUE YCIIOBHO YBEIMYCHIE
(uTOMacChl IPHHATH KaK CPEJHIOI MEXAy ABYMs IepBbIMH, T.e Ha 44,7 T/ra
(MaccuB rop Haxomutcs Mexny HOxxabiM u CeBepHbIM Kpaka). 3apacranue rop-
HBIX CTeNel U MPOJIBI)KEHNE TPaHHMIIBI Jieca IPUBENH K IPUPOCTY OOIIel HaI3eMHOI
(buToMacchl IPEeBOCTOEB B 11e7I0M B MaccuBe rop FOkubrii Kpaka Ha 31,4 ThIC. T, Ha
10,4 u 50,5 teIc. T — B MaccuBax Cpennuii Kpaka u CeBepHbiii Kpaka coorser-
CTBEHHO.

CwMenieHne TpaHUIIbl JIECOB KakK CJEICTBHE YBEIWYECHHUS MX IIOMAAN B pas-
JUYHBIX TOPHBIX PETHOHAX MHUPA B CBSI3M C M3MCHEHUSIMH KJINMATa IPUBOTUTCS
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B paboTax APyTHX HCCIeoBaTeNei. DTo, B CBOIO OYepeb, IIPUBOINT K YBEIIH-
YEHUIO 3aIlacOB (DPUTOMACCHI JIECOB HA SKOTOHE BEpXHeH rpaHuIs jeca [§, 14,
19, 30].

Panee JI.A. BonkoB [39] Ha ocHOBe aHain3a KOCMOCHUMKOB Landsat uzyuun
muHamMuKy 32 1984 u 2016 TT. rpaHHIBI JTeca M AKCTPA3OHAIBHBIX TOPHBIX CTe-
neif B maccuse rop HOxubIii Kpaka. MeTogom nemu@prpoBaHus BBIIBII I'PAHU-
LBl JIeca U cTeNH. ABTOp 3aKJIIOYAeT, YTO B Mpejesiax ropHoro Maccusa FOxHbII
Kpaka, Haxozs1merocs: Ha TeppUTOpUN balkupckoro 3amoBeIHNUKA, 32 IOCIEHIE
30 yileT UMENIo MECTO 3apacTaHUe T'OPHBIX CTENe NPEeBECHON PaCTHUTEIbHOCTHIO
Ha 20,6%. AnanornuyHele naHHble TonydeHbl [1.A. MouceeBbiM ¢ coaBt. [13] B
MaccuBe rop FOxubi Kpaka. B criermansHON auTepaType UMEIOTCS CeIeHHs 00
WHTeHCU(UKALUK BO30OHOBIICHUS B MOCIEAHUE ACCATUICTHs B 3abalikaibe, Ha
Adnrae, B MOHTOJIMH ¥ B HEKOTOPBIX JIPYTHX TOPHOCTEMHBIX obnactsx [2, 10, 26].

3HaYUTENbHBINA CABUT TPAHMIIBI U YBETUYEHHUE IUIOLIA/IU JIECOB 3a TOCTIeTHUE
necstwretns [1.A. MouceeB ¢ coaBT. 0OBSICHSIIOT TE€M, UYTO AEPEBBIM «TPYIHEE
3aceNATh Oe37IECHbIE IPOCTPAHCTBA, YEM YUACTKH, I7I€ YK€ UMEIOTCS, XOTS U pel-
KM€, 1epEeBbsl, 32 CUET OCBOEHUS POCTPAHCTBA MEKAY HUMU. 3apacTaHue PEIKo-
Jiecuit IPUBEIIO K PE3KOMY YBEIHUEHHUIO COMKHYTOCTH JPEBOCTOEB U NMPOJIBUXKE-
HUIO TPAHMIIBI COMKHYTHIX JiecoB [19].

PesynbraThl HaIUX WCCIIEAOBAaHUM CBUETEILCTBYIOT O TOM, YTO B MAacCHUBE
rop Kpaka B korne XX n magaire XXI B. Mpon30MUIO0 yBEIHUEHUE TIIOMAIH Jie-
COB U yBeJIMUeHHE 3amnaca ¢puromacchl. Ha Hal B3I, ”HTEHCUBHOE 3apacTaHue
TOPHBIX CTEIeH IPEeBECHOI pacTUTEIBHOCTHIO, YBEITUUEHUE COMKHYTOCTH U IIPO-
JIBMOKEHHUE TPaHHMIIBI JIECOB HA OCTEITHEHHBIX CKJIIOHAX 00YCJIOBJICHBI BIUSIHUEM Ha
3TH TPOIECCHI OOMUX JJIsl BCEH TEPPUTOPUN (PAKTOPOB, KOTOPHIMU MOTYT OBITH
TOJIBKO KIIMMaTHYECKUE.

AHanmm3 JaHHBIX IBYX MeTeocTaHuil («bamroc3amoBeqHuKy, pacloIoKeH-
HOU B 5 KM OT ucciexyemsix npocguieil Ha FOxuHoM Kpaka, u «benopenx», Ha-
xomsmierics B 15 km ot npogmieid Ha CeBepHoM Kpaka) mokasai, 94To B IEpHOJ
¢ 1930-2015 rr. 65110 BhIsIBIEHO ToBbIIeHUE Ha 0,2—0,6 °C cpenHuX MeCcSYHbIX
TEMITeparyp BO3AyXa B Mae, MioHe W uione u ux cHmwxkenne Ha 0,1-0,2 °C B aB-
rycre. B pe3ysnbTrare 3a BereTal[MOHHBIH MepHoA (Mali—aBryCT) yBENUYEHUE TEM-
nepatyp Bozmyxa coctaBuio 0,3 °C. B okTs0pe—Mapre cpefHHE TeMIepaTyphbl
BO3/yXa OT/AETbHBIX MecsIeB yBennuuauch Ha 0,4—1,2 °C, yTo mpuBeIIo B LEIOM
K POCTY CpelmHel TemMIreparypbl XoJIoaHoTo eproaa roga Ha 1,0 °C. Takum 06-
pasoMm, 3a nocueguue 90 eT TpeH  NOBHILICHUS CPEAHel TeMIepaTypbl BO3ayXa
oueBuzieH. [Ipu 3TOM cpaBHEHHE CpPEIHUX I'OIOBBIX CYMM OCaJIKOB II0Ka3aJl0, YTO
B Mae U aBIycTe MPOU3OILIO UX YBEIHUCHHUE Ha 4—7 MM, a B UIOHE, UIOJIC U CEH-
Ts10pe, Hao0opoT, CHIKEeHNE Ha 1-6 MM. B memom st Temioro meprona roma
YBEIMUYCHHUE CyMMBI OCaJIKOB COCTaBUIIO 3 MM (0koio 1%). B xonomuslii nepuon
rozia (¢ OKTSAOps O amnperb) MOBBIIICHHE CYMMBI 0CakoB Ha 3—11 MM OTME4eHO
BO BCE MecsIIbl, 4To cocTabisieT 41 mm (16,5%) 11 Bcero nepuoa. YBelIuueHUe
TEMITepaTyphl BO3AyXa U HOBBIIICHAE OCAIKOB B 3UMHHUI ITepr0] 00yCIOBINBAIOT
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MEHbIlIee TIPOMEP3aHUe II0YB, YTO, B CBOIO OYepe/lb, IIPHUBOAUT K YMEHBILICHHUIO
pacxojia TalbIX BOJ HA MOBEPXHOCTHBIA CTOK M HAKOIUICHUIO BJIark. ITO CIoco0-
CTBYET aKTHUBHOMY POCTY JIEPEBbEB B Hadajie BEreTAllHOHHOTO CE30HA. 3aKOHO-
MEPHOCTh TI0 MacCOBOM JKCIIAHCHU CBETIIOXBONHBIX JEPEBbEB B TOPHBIC CTCIH
[PU yBEIWYEHHU KOJIMYECTBA OCAJIKOB IMOATBEPXK/CHA HCCiIeaoBaHuAME B Wiib-
MeHCKuX ropax Ha FOxHom Ypaie [25], a Takxke u Ha Cpennem Ypaie [40, 41].

3akir0uenne

Crpykrypa U MopdoMeTpuyeckas XapaKTepucTHKa JEepPeBbEB COCHBI U JIH-
CTBEHHHIIBI MEHSIOTCS B 3aBUCHMOCTH OT PACHONIOKCHHUS HA pa3InIHEIX BY axo-
TOHA JIeC — CTelb Ha CKJIOHaX rop MaccuBa Kpaka. Ha BepxHUX yacTix cKkiIOHa
MIPOHM3PACTAIOT CANHIYHBIC IEPEBHsI, KOTOPHIC O ACHCTBUEM KECTKUX YCIOBHMA
Cpebl IMEIOT HU3KOPOCIYIO, CHIIBHO COSKHCTYIO popMy. B cpesHUX M HIDKHHX
9acTsIX KOJMIECTBO AEPEBHEB BO3PACTaET MHOTOKPATHO, MEHSETCS TAKKe TaKca-
IIMOHHAsl XapaKTePUCTHUKA JPEBOCTOEB. 3HAUMTENIFHO OTIMYAIOTCS ITOKA3aTelH
IpeBocToeB Ha MaccuBe rop FOxubIil Kpaka, roe Ha BepXHUX YPOBHSAX BO3pPacCT
JepeBbeB Bhllle, ueM Ha CeBepHoM Kpaka.

durtomacca gepeBbeB MEHIETCS B 3aBUCHMOCTH OT MTOPOJIBL, X THaMETPa, BBI-
COTBI CTBOJIa U BO3pacTa, a B TOpaX MEHSETCS OT PacIlONOXKEHHs Ha Pa3IM4HBIX
BBICOTHBIX YPOBHSX CKJIOHA, OT KOTOPOTO 3aBUCHT Ta0HUTyC JepeBheB. B akcTpe-
MaJIbHBIX YCJIOBHSX B (POPMHUPOBAHHU (PUTOMACCHI HAOIIONAIOTCS 3aKOHOMEPHBIE
M3MEHEHMSI HE TOJBLKO aOCONFOTHBIX 3HAUCHUH (paKinii HAA3eMHON (hUTOMACCHI
JIePEBLEB, HO U COOTHOILIEHNE UX MEXKIY COOOI.

B cBs3u ¢ yBenmmueHneM TeMIeparyphl W KOJIMYECTBAa OCAIKOB B MOCIICIHUE
JeCATKH JIET, KOTOPOE 0COOSHHO BBIPAKEHO B paifoHe HCCIIeIOBaHUN B XOJIOAHBIH
MIEPUOJ TOA, TIPOUCXOIUT IKCIIAHCHS Jieca Ha TOPHBIE CTENH M yBEIWICHHE UX
uomaay Ha 6osee yeM 2 Toic. ra. Haubonbliee BO30OHOBIIEHNE IPEBOCTOEB Ha-
OJIOmaeTCs B PENKOIEChX, TIe HAa CBOOOMHBIX OT JEPEBBHEB IMPOCTPAHCTBAX CO3-
Jal0Tcs HanOosee OJaronpusTHBIE YCJIOBUS JUIsl HOSBIEHHS W POCTa MOJIOIBIX
JIepEeBBEB, KOTOPEIE, Pa3pacTasich, IPUBOIAT K YBEITHICHUIO COMKHYTOCTH, a 9TO B
CBOIO 0Y€pe/ib, — K CMEIIEHUIO BBEPX 10 CKJIOHAM BepXHEH I'paHUIIbl COMKHYTBIX
JIECOB.

Habnronaemoe HHTEHCHBHOE 3apacTaHue TOPHBIX cTenel B Maccue rop Kpa-
Ka ¥ CMEIeHNE TPaHHUIIbl COMKHYTHIX JIECOB IIPHUBENHU K YBEIMUICHHIO 3amaca (pu-
TOMACCHI Ha JIECATKH THICSY TOHH, YTO SKBHBAJICHTHO JOJITOCPOYHOMY CBSI3bIBa-
HUIO OKOJIO 46,2 THIC. T CBOOOIHOTO yriiepoaa arMochepsl 3emin (M3 pacuera,
4TO CofiepkaHue yrieposaa B puromacce okoao 50%).

Konnexmus asmopoe 6nazooapum 3a nomowb 6 cOope nonegoco Mamepuaid M.H.C.
M.O. bybnosa (MOPuwXK YpO PAH, e. Examepunbype), cmyoenmos Hnvio Maxmymosa u Aua-
cmacuio Illempogy (Yp®Y, e. Examepunbype) u Kupunia Bonxoea u Anexcanopa Koncmanmu-
nosa (YIJITY, . Examepunbype).
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The structure of tree stands and features of their phytomass accumulation
on the steppified slopes of the Kraka Mountain massif (Southern Urals)

Against the general background of an increase in global temperature and spatio-
temporal rearrangements in the distribution of precipitations in the 20th century, there
are significant changes in the structure and properties of terrestrial ecosystems at all
levels of biosphere organization, while their carbon-depositing role is widely discussed
in connection with an increase in the concentration of carbon dioxide (CO,) in the
last century. In the massif of the Kraka mountains (South Urals), extrazonal mountain
(petrophytic) steppes are located on the southern, highly insolated slopes of the ridges,
where peculiar harsh conditions are formed that restrict the growth of woody plants.
Due to climate change, forests are expanding to mountain steppes and their area is
increasing. The aim of our research is to study the contemporary structure of tree stands
and the features of their phytomass accumulation in the transition zone between the
forest and mountain steppes on the slopes of the Kraka mountains (53°15’ — 53°50'N,
57° 36’ — 58°12'E), as well as to assess their changes in the last decades (See Fig. ).

In the massifs of the North and South Kraka mountains on the forest-mountain
steppe ecotone, 8 altitudinal transects were installed, with division into levels depending
on the crown density: the upper (first) — at the upper border of the sparse tree stands
(groups of trees with crown density 0.05-0.1), middle (second) — at the upper border
of open forests (crown density 0.2-0.3), lower (third) — at the upper border of closed
forests (crown density 0.4-0.5). At the lower and middle altitudinal levels, 3 plots with
a size of 20 x 20 m were installed. At the upper level, polygons were set up in the
form of a rectangle with a size of 1-3 hectares. On Bashart Mount, a polygon profile
was installed, without division into levels due to the mosaic distribution of trees along
the entire profile. For each tree, the following parameters were determined: height,
trunk diameter at the base and at a height of 1.3 m, crown projection diameter in two
directions, and vital state. To determine the age of trees with a diameter of more than
3 cm, a bored wood sample (core) was taken. The age was determined using standard
dendrochronological methods. The data on the phytomass of 16 model pine trees and
12 larch trees were obtained with subdivision into the following fractions: phytomass
of the trunk, branches, needles and generative organs. The trunk phytomass in the bark
was determined by direct weighing in the field with an accuracy of 50 g, for which the
trunk was cut into meter sections. The percentage of dry matter, both in the wood and in
the bark, is determined by the discs cut from the ends of the sawn sections. Wood and
bark from the discs were weighed with an accuracy of 0.1 g at the site, and then they
were sent to the laboratory for further drying and determination of their weight in an
absolutely dry state. When determining the phytomass of the crown and its structural
parts, all branches from the trunk were chopped off. The total weight of the crown was
determined by direct weighing at the site in the field, after which the crown was divided
into parts covered with needles and without them, and they were weighed separately.
A sample of up to 20-30% of the total weight was taken. The needles in the sample
were separated from the branches and weighed. To determine the absolutely dry matter,
a sample weighing 30-60 g was taken from each crown fraction for subsequent drying
to an absolutely dry state in laboratory conditions.
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The assessment of the scale of changes in the area of treeless territories on the
slopes of the Kraka mountain ranges was carried out using the functionality of the
SAS.Planet 160707 program. Using the “tools” from the “Tags” tab, on the basis of
the images in the layers of modern (2015) satellite images of sub-meter resolution and
maps (~ 1986) of the GosGisCentre (M 1: 25000), all non-forested areas were identified
where the forest stands below 35-40%. For each treeless territory, its area was estimated
in 1986 and 2016.

Comparative characteristics of the habitat within the ecotone between closed forests
and the mountain steppe and the patterns of changes in the morphometric parameters of
tree stands at different altitude levels on the slopes of the South Kraka massif showed
that the trunk diameter, height and age of trees increase from the lower to the upper
level. At the upper level, single, old-growth, strongly intermittent trees are most often
found. Down the slope, the number of trees at the middle level increases 15 times, and
40 times at the lower level. At the same time, the average age and diameter of trees
decrease, while the height increases. In the North Kraka, the average values of the
diameter, height and age, on the contrary, decrease from the lower to the upper level.
Here the number and the average age of trees are significantly lower than in the South
Kraka, especially at the upper levels (See Table 2).

On the basis of the set of model trees of Scots pine and Sukachev larch, we studied
the dependences of the aboveground phytomass and fractional structure (trunk, crown,
needles) between different parameters of trees. We developed regression equations for
the total aboveground phytomass of trees, as well as of the trunk, crown and needles
from the diameter at the base and the height of the trunk (See Fig. 2 and 3; Table 4).
On the basis of the equations, the reserves of aboveground phytomass were calculated
for all altitudinal levels of the studied transects, and separately for the South and North
Kraka mountains. The revealed features of the accumulation of phytomass of various
fractions of trees and their ratio depend on the altitudinal position in the ecotone, the
age and tree species.

We found out that the total aboveground phytomass of stands at the upper border of
closed forests on average for all profiles in the South Kraka is 72.9 ton /ha and ranges
from 45.4 to 106 ton /ha. When moving to the upper border of open forests, it decreases
1.8 times and averages 40.1 ton / ha (37.7—42.4 ton / ha). Towards the border of sparse
tree stands, the aboveground phytomass of stands is reduced by almost 16 times - to
4.4 ton/ ha (2.4-7.4 ton / ha). In the North Kraka mountain massif, the aboveground
phytomass of stands at the border of closed forest and open woodlands is significantly
higher than in the Southern Kraka, averaging 98.7 and 42.1 ton / ha, respectively,
with a 2.3-time decrease in phytomass. In the sparse tree stands, on the contrary, the
phytomass of stands is lower than in the South Kraka, averaging 1.69 ton / ha across
all transects, which is almost 60 times less than at the third altitudinal level (Table 5).

Analysis of climate change over the past 80 years showed that in the study area
there was a 1.3°C increase in air temperature and an increase in precipitations by
41 mm, which are most pronounced during the cold season. Climate change had a
favorable effect on the growth of woody plants, which led to an active overgrowth of
mountain steppes with forests, as well as an increase in the density of woodlands. Over
the past 30 years, there has been a decrease in the total area of treeless territories on the
slopes of the mountains in the Kraka massif by more than 2 thousand hectares (17.6%).

The overgrowth of mountain steppes with woody vegetation in the Kraka mountains
led to an increase in the area of forests and the stock of phytomass concentrated in
them equals to 92.3 thousand tons. This is equivalent to the long-term binding of
appoximately 42.6 thousand tons of free carbon of the Earth’s atmosphere.

The paper contains 3 Figures, 5 Tables, and 42 References.
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