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There are many different methods and tools for data analysis in dendrochronology. Modeling is one of
them. One of the main issues in modeling is a choice of the main factors. Climatic data (temperature
and precipitation) are the most common and affordable of them. Based on Vaganov — Shaskin model
the new algorithm of visual parameterization of three-ring growth — VS-oscilloscope was developed.
Algorithm was tested on different species of woody plants — Larix gmelini and Picea obovata. A new
parameterization and analysis of modeling results help to evaluate conditions of area of growth of
woody plants, based on dynamic of two climate variables: temperature and precipitation, without

adding information about area of growth.
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BusyasbHasi mapamerpusanus
MMHUTANHOHHOM Moaeu Baranosa-lllamkuna
U ee PUMEHEeHUe
B ACHAPOIKOJOTMYEeCKUX HUCCIICT0BAHUAX
HU.M. Teruxos, U.H. Koronuyenko,
B.A. Uabun, B.B. lllnnios

Cubupckuti hedepanvbHblil yHUBepcUumem
Poccus, 660041, Kpacnospck, np. Ce60600HbitL, 79

B oenodpoxpononozuu ucnonvzyemcs 00abuioe KOIUYECMBO PA3IUUHBIX AHATUMUYECKUX NOOX0008
0N aHanu3a OanHuLX, OOHUM U3 KOMOPBIX A6asemcsa moodeauposanue. Ilpu cozoanuu 110601 mooenu
OOHUM U3 2TIABHBIX BONPOCOG BbICIYNAem 8b100p 21a8HbIX hakmopos. Camble pacnpocmpaneHHvle U
docmynHtble KIuMamuieckue OanHvle — memnepamypa u 0caokil.

Ha ocuoganuu umumayuonuoii moodenu Baeanosa-Illawkuna npeonosicen HOGuLL AlOPUMM
BU3YANBHOU NAPAMEMPUZAYUU POCA 2OOUYHBIX KOJeYy XGOUHbIX 0epedbes, HA38anHblll «VS-
ocyunnoepagy, u onucawa ezo npoepammHas peanuzayus. Ilonyuenuviii ancopumm  Owvl1
anpobuposam Ha 08yx nopooax opesecHvlx pacmernuti — Larix gmelini u Picea obovata. Hoewiii cnoco6
napamempu3ayuu U aHaiu3 MoOeIupyemolx pe3yibmanos no380410m OYeHUMb J0KAIbHbLE YCI06Us
npouspacmanusi OpesecHblX pacmeHull Ha 0CHo8e OUHAMUKU 08YX KAUMAMUYECKUX NepeMeHHbIX:

memnepamypul U 0CaoKko8, be3 npusiedeHus OONOIHUMENbHOU UHDOPMAYUU O MeCMO0OUMAHUU.

Kurouesvie cnosa: VS-mooens, napamempusayus, VS-ocyunnoepag, Llenmpanvuas Cubups, wupuna

200UUHO20 KoJibya, KAUMAMUYECKUL CuzcHal, ckopocmbs pocma 200UYHBIX KoJney, 1ucmeeHHuyda, ejlv.

BBenenue

OpHOM M3 OCHOBHBIX 3a/a4 JIEHIPOXPOHO-
JIOTUU CIYXKUT H3yYEHUE IMOTOIUYHOU W3MEH-
YUBOCTH KA4YECTBEHHBIX M KOJHMYECTBEHHBIX
XapaKTePUCTUK CIIOEB MPUPOCTa IPEBECHHBI U
BbIsIBJICHHE (DAaKTOPOB BHEIIHEH CpEIbl, OIpe-
JEISIIOIKUX 3Ty M3MeH4YnBocTh (Masema, 1984;
Baranos u np., 1996; Baranos, lamkun, 2000;
Shishov, 2000; Shishov et al., 2002, 2007).

OmHUM W3 T0JIE3HBIX MHCTPYMEHTOB B pe-
OICHUH JaHHOW 3aJadd MPH3HAHO HCIIONIb30Ba-
HUE MOJeJIell pocTa JIepeBhEB.

CymiecTByeT HECKOIBKO THIIOB MOJIEICH
pocTa NepeBbEB, Pa3TUYAIONIUXCS MEXKIY CO-

Ooit nejasaMu, METoAaMUu M KOJIHMYCCTBOM pac-

CMaTpUBaeMbIX MapaMeTPOB MM KOJINYECTBOM
uccieayeMbix obpasuoB. Hampumep, Mmopenw,
UCTIONIb3YyEeMbIe JUISl U3yUCHHs TPYIII JEPEBbEB,
KOTOpbIe OoJiee MJIM MEHee OJTHOPOIHBI OTHOCH-
TEJIBHO IUIOTHOCTH, pa3Mepa, cpeibl OOMTaHMs
u Buja (B aHmIMiickoil muteparype whole stand
models). Takue mapameTpbpl, KaK KOJIHYECTBO
JICPEBbEB B HCCIIEyeMON 001acTH, 3aHNMaeMast
IJI0IIaAb, MTOMOTAIOT CIENaTh MPOrHO3 O IIpH-
pocTe U MpoayKTUBHOCTH JipeBocToeB (Vanclay,
1994). C npyroii CTOpOHBI, TAKkKe HCIOJIb3YI0TCS
MOJZICJI OT/EJIBHOIO JiepeBa, TpeOyroline HH-
¢dopManuu 0 TPOCTPAHCTBEHHOM IIOJIOKECHUU
JiepeBa MM BBICOTHI JIEPEBHEB U THUIIA KPOHBI,

MOJETHPYIOIIUE CTPYKTYPY BETBEH M XapakTe-
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PUCTHKH BHYTPEHHEH 4acTH CTBOJA (B aHIJIMM-
ckoif muteparype single-tree models) (Mitchell,
1988; Vanclay, 1988).

B memoM Monenu MOKHO pas3eliuTh Ha J1Ba
KJIacca: MOJIEJIH JIJIsI IPOTHO30B MPUPOCTA Jepe-
BbeB (models for predictions) u MomeIH, OMUCHI-
Barolue npoiecc pocra (process-based models)
(Vanclay, 1994).

Mogenu poruo3a mpupocTa MCIOIb3YIOT-
cst 1151 3 PEeKTUBHOTO BEIOOpA METOMIOB BEICHHUS
JICCHOTO XO3sWCTBa. B Takux MoAensX HWHOrIa
OITYCKAeTCSl BIUSHHE HEKOTOPHIX (PaKTOPOB M
KOHKDPETHBIX JeTajeil.

B mpOTHBOIOIOKHOCT MM CYIIECTBYIOT
UMHUTAIMOHHBIC MOJICIH — MOJIEJH, OIUCHIBAIO-
IIUe MPOLIECC POCTa HA OCHOBE KIIMMATHUCCKHUX
JAHHBIX, COJIHCYHOM paaualid, BIUSHUS II0-
YBEHHBIX XapaKTEPHCTHK Ha pPOCT ICpPEBHEB.
Takue MOIEIN TOJIE3HBI JIs1 IOHUMAaHUS UCCIIe-
JTyEMBIX MIPOLIECCOB POCTA M HAXOXKICHUS HOBBIX
3aKOHOMEPHOCTEH, OTPaKAIOUIUX B3AUMOJICH-
CTBHE (paKTOPOB BHEUIHEH Cpenbl ¢ OHoNornye-
CKHMH IPOLECCaAMH, MPOUCXOMSIIUMH BHYTPH
HCCIIEyEeMbIX OMOIIOTHYECKUX OOBEKTOB — Jpe-
BecHbIX pactenuit (Tolwinski-Ward et al., 2011;
Guiot et al., 2014). IMeHHO K 3TUM MOJEISIM H
OTHOCHTCSI HUMUTAI[MOHHASI MOJIC)Ib IIPUPOCTA TO-
JUYIHBIX KOJIEI] IPEBECHBIX pacTeHui Baranosa-
[Mamkuna (Baranos, amkuH, 2000; Vaganov
et al., 2006; Anchukaitis et al., 2006; Evans et al.,
2006; Touchan et al., 2012).

B manHO# paboTe mpemioKeH HOBBIHA aj-
TOPUTM BU3YaJTH3aI[MA U ONTHMH3AIMUU HMHU-
TannoHHOW Mojnein Baranosa-lllamkuna gus
BBISIBJICHUSI W aHajlu3a 3aKOHOMEPHOCTEH B
MPUPOCTE APEBECHBIX PACTCHUH B CBS3H C
U3MCHCHHUSIMH  OCHOBHBIX  KJIMMaTHYCCKUX
(dakTopoB (TemmepaTypel U ocankoB). JlaH-
Hasl BEpCHs MOJCIIH IMOJIyduia Ha3BaHue VS-
OCIMJIIOTPAa( IO aHAJIOTUU C (QUIHICCKHM
Hanomuuwm,

npubopoM  ocHUIIOrpadoMm.

ocumwuiorpadp — mpubop, HperHa3HAYCHHBINH

JUTSL MCCIIEIOBAHMSI aMILTUTYJIHBIX M BPEMEH-
HBIX IapaMEeTpPOB JJIEKTPUUECKUX CHUTHAJOB,
1ojlaBaeMbIX Ha auciiei. beiino pemeno pas-
paboTaTh BHPTyaldbHBIH aHAJOT JAaHHOTO (u-
3UUYECKOTO MNpubopa, MpeAHa3HAYCHHBIH IS
MOJEIUPOBAHUS JPEBECHO-KOIBLEBBIX XPOHO-
JIOTUM NpU [OMOLIM BU3YaJbHOH MaHUIIYJIS-
LMW 3HAYEHUSIMH OCHOBHBIX MapamMeTpoB VS-
MOJIEJIH, MO3BOJSIONIEH MOMydaTh HAUIyuIlee
MpUOTHIKEHUE MOJIETUPYEMOU KPUBOH MIPUPO-
cra. VS-ocuuiiorpad mo3BoJsieT MOJIEIUPO-
BaTh HEJMHEHHYIO PEaKIMI0 pocTa JEepPEBLEB
Ha M3MEHEHMS KJIMMaTa, ONEHUBAs MPH dTOM
BKJIaJ KaXX/I0W KIMMaTUYECKOU NIEPEMEHHOHN B
HM3MEHUYHUBOCTh CE30HHOM JUHAMUKHU POPMHUPO-
BaHMs FOJAMYHBIX KOJEL APEBECHBIX PacTeHUM
(TerakoB u np., 2012; Shishov et al., 2015).

Onucanme MoaeIn

Baranosa-lllamkuna

basoBeiii anroputm Mmojaenu Baranosa-
[lamknHa MOXHO pa3leauTh Ha CleAyloUIue
stansl (Baranos, [Ilamkun, 2000):
® BBOJ KJIMUMAaTHYECKUX AHHBIX CYTOUYHO-
r'0 pa3peLleHus;
® pacyeT MHTErpajbHOM CKOPOCTH pOCTa

TOAUYHOI'O KOJIbIla Ha OCHOBEC BXOJIHBIX

KInMaTHueckux  JgaHHbix  (Vaganov,
Shashkin, 2000; MBanosckuii, IIummos,
2010);

® BBIYKCJICHHE KOJIMYCCTBA KJICTOK, CHop-
MHUPOBABIINUXCS 33 T'OJl, U UX pajuajib-
HBIX PasMEpOB Ha OCHOBE IIOJIYYEHHBIX
JIAHHBIX 110 UHTErPAIbHOU CKOPOCTH PO-
cra (puc. 1).

HeoOx0oquMbIMU BXOJHBIMU MapaMeTPaMu
MOJIEJIH SIBJISIIOTCS CPEAHECYTOUHAS TEMIIEPATy-
pa, CyTouHasi CyMMa O0CaJ[KOB M OCBEIIIEHHOCTb.

Jlyist onpeieieH st HHTErPaTbHONU CKOPOCTH

pocta G(t) ucroab3yeTcsi COOTHOLICHHUE

G()=gg (0 -minigr @), gy (O},
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Temneparypa .
AR 1 —
HHTETpANbHOH
Ocamen * CKOPOCTH poCTa
TONHYHOTS KOlbLa
Cer .

Kamtuancuan

AKTHEHOCTE

¥

Briyucnenne
pasMepOB

¥

ENETEH

\ J

\

25 mapaMeTpoB

Puc. 1. biok-cxema anropurma Moaenu

rne G(t) — uaTerpanbHas ckopocTs pocta; gE(t),
2T (t), gW(t) — 9acTHBIE CKOPOCTH POCTa, 3aBHUCS-
mue oT npuxoasiei paguanuu E, remneparypsl
T u cogeprkanust BoJbl B mouse W.

Mogenb OLUEHUBAET €KEAHEBHBIM BOAHBII
GasaHCc Ha OCHOBE JJaHHBIX O HAKOIUICHHBIX B I10-
YBe ocalikax (C yueToM uiin Oe3 TasiHbsl CHera),
ucrapeHnu (KOTOPOe 3aBUCUT OT TEMIIEPATYPBI)
u ctoke (Thornthwaite, Mather, 1955). Komnuue-
CTBO TPHUXOJSIIEr0 COJHEYHOI'0 CBETa OIpese-
JAeTCAd MOJAETBI0 B 3aBHCHUMOCTH OT IIMPOTHI,
Ha KOTOPOHW HAXOJUTCS METEOopOIOrnyecKas
CTaHIUSA WU JCHJIPOXPOHOJIOTHYECKUN TeCT-
monuroH (Baranos, [llamkun, 2000; Vaganov et
al., 2006).

Jlaee Ha OCHOBE MOJYYEHHBIX JAHHBIX 110
HHTETPAJIBHOM CKOPOCTH POCTa BBIYHCIACTCS
KOJINYECTBO KJIETOK, c(OpMHUpPOBABIINXCS 3a
TOJ, ¥ UX Pa3MepBl.

B Giioke, onuchIBaromeM H3MEHEHHUS B CKO-
pocTH pocTa KaMOHalbHOM 30HBI, IIpoLecc Tud-
(epeHanuy KJIETOK MOJACINPYETCs sl O/THO-
T'0 CpPeIHET0 paguaIbHOTO psaa.

CxopocTh 00pa3oBaHUsI HOBBIX KJIETOK
3aBHCHUT OT KOJHYECTBA KJIETOK B KaMOualb-
HOIl 30HE M CKOPOCTH HMX jAeyeHus. Kaxnas
KJeTKa B KamMOMabHOW 30HE ompenelsieTcs
nByMsi xapaktepuctukamu (Baramnos, Hlam-
kuH, 2000; Vaganov et al., 2006; TeiukoB u
ap., 2012):

.

17 napameTpos

® TIOJIOKEHUEM j B PaJUAIBHOM PSJIy OTHO-
CUTENFHO Ha4YaJIbHOTO 3HAUCHHUS;

e paaManbHbIM auameTpoMm D(jf) B 3a-
BUCHMOCTH OT IIOJIOXKEHUS j 1 MOMEHTa
BPEMCHU 1.

Hcnons3oBanne VS-ocumiiorpada 1mo3Bo-
nseT 1o0aBUTH elle OAMH 3Tam K 0a30BOMY al-
roputMy Mozenu Baranosa-1llamkuHa — mon6op
ONTHMANBHBIX MapaMeTPOB MOAETHU (CM. HUXKE)

JJIsL OIIMCAHU A PEAJIBHOTO TPUPOCTA.

Onucanue VS-ocuunsiiorpaga

VS-ocumiorpad —SIBISETCS MPOrpamMm-
HBbIM O0ecreYeHrneM ¢ rpaguyecKuM IMOoJb30Ba-
TEIbCKUM HHTEpP(EHCOM, CO3IaHHBIM Ha 0Oase
KOMITBIOTEPHOTO si3bIka Lazarus — CBOOOAHOIA
cpenbl pa3pabOTKH MPOrpaMMHOIO odecreye-
HUs, pa3pabOTaHHOW I W TPU TOIJCPIKKE
komnuisitopa Free Pascal. [lannas cpema mpo-
rPaMMHUPOBAHUS  MO3BOJSIET  pa3padarhiBaTh
Kpocc-miaThOPMEHHOE MPHJIOKEHHE, TEM Cca-
MbIM VS-MOJie/Ib MOKHO HCIIOJIB30BaTh HA KOM-
MBIOTEPE HE3aBUCHMO OT YCTAHOBIICHHOM Orepa-
unoHHO# cuctemsl (Windows, Linux u T.1).

B kadyecTBe TECTOBON MOIEIIH HCIIOIH30BA-
nmack Monenb Baranopa-lllamkuaa (VS-model),
HamucaHHas Ha si3pike Fortran 5 (Vaganov et al.,
20006).

Wnrepdeiic VS-

ocunnnorpa(ba COACPKUT ABC BKJIAAKH, OTBC-

Omoka  ympaBieHUSA
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@ Vs -Oscilloscope [l ]
A { Open Data | Model
File of Paramteres (e.g. grrt50.par)
Parametersar
File of Climatic Data (e.g. ***.Cli) CALCULATION SAVE RESULT
wratssnc
File of Initial Tree Data (e.g. ***.CRN)
PlstLG.cm Browse
CLEAR ALL CLOSE
Latitude (**.*)
6417
Vear of Ending of Calculation
2009
[ Soil Melting
@ Vs -Oscilloscope o)==

Mode! Parametrization

B ) [Open Data

Min temperature T19

(8] (8}

Temperature Toptl 20 Soil moisture Woptl 0.1
8} 2]
Temperature Topt2 23 Soil moisture Wopt2 025
8] 8]

Maximurm temperature 7233 Soil moisture Wmax 1

Critical growth rate Ver 0.06

0 0

Minimum soil moisture (wilting point) Wuw 0.05

Initial soil moisture WO

D 0

Temperature sum Theg 100

Fraction of precip. penetrating soil (not caught by crown) C109
(8]
First cocfficient for calculation of transpiration C20.35
0
Second coefficient for calculation of transpiration C30.05
g

Coefficient for soler modification

Minimum soil moisture for tree growth, relative to saturated soil Wmin 001 Sum of temperature for start soil melting Tm 100

8 0

0

First coefficient of soil meling Smil 6
(B}
Second cofficient of soil melting Sm20.002
8}
Maximum daily precipitation for saturated soil Pmax
0
Root depth 300
0

Vo()=86°"B5+B7 Vimin (j) = b9exp(b8 - - b5)

B6-01 Be =04
8702 B

8] 0

0

Puc. 2. Brnok ynpasienus VS-ociunorpada: Bkinaaka «Jlanusie» (A) u Bkiaaka “Hactpoiika napamerpos”

(B)

YaloIKe 3a BBOJA MCXOAHBIX JaHHBIX (pHC. 2A)
¥ HacTpoiKy mapameTpoB (puc. 2B). Mcxomasie
JaHHBIC, COAEp)KAIMEe CYTOYHbIE 3HAYCHUS
TEMIIepaTyp W HAKOIUICHHBIX OCAJKOB, a TakK-
K€ 3HAYEHHsI HCXOIHOH JPEBECHO-KOJBIEBON
XPOHOJIOTHH, BBOASTCS II0 ONpPEAEICHHOMY
¢dopmary, onucanHomy B paszaeine “Help”. VS-
ociutorpad onepupyer 42 napameTpamu, OIu-
CBHIBAIOIIMMHU YCIIOBUSI OOMTAHUS HCCIIENYEMbIX

JpeBeCcHBIX pacTeHHH. COrIacHO aNTOPUTMY MO-

nenu Baranoma-lllamkuna (puc. 1) mapameTpsl
MOXHO pa3IeIuTh Ha JBE TPYIIBL: ITapaMeTpBhI,
HE0OXOIUMBIE ISl BBIYMCICHUS HHTETPaJIbHON
CKOPOCTH pOCTa JIPEBECHBIX KoJjel, — 25 MTYK,
U mapameTpbl, HeOOXOAMMBIE JIJIsl ONpEeeICHuU s
KaMOManbHOM akTHBHOCTH, — 17 mTyK. 3Haue-
HHS 24 apaMeTpOB MOYKHO M3MEHSTh BPYUHYIO
Ha nanenu Model Parameterization, gBurasi uH-
JMKATOPbl 3HaUeHUH (B JalibHElIIeM OeryHKH)

BI0JIb 3HaueHUU mKkaj. OcTalbHbIe napaMeTpbl
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MOJICIIH SIBJISIFOTCS (PUKCUPOBAaHHBIMH U HE MEHSI-
10T CBOMX 3HAYCHHUH OT YCIIOBUH IPOU3PACTAHUS
JipeBecHbIX pacTeHui. [1o 3Tol mpuynHe naHHbIe
rapaMeTpbl He BBIBOJSATCS HA TTAHEIb.

BupryanbHblil qucnuieil npeacTraBiser co-
0ol HOBOe Tpaduueckoe OKHO C AByMs Tpadu-
KaMU: KPacHbI — IIOCTPOEHHBIH Ha peajibHbIX
JAHHBIX (MCXO/IHAS APEBECHO-KOJIBIIEBASI XPOHO-
JIOTHST), 3arPyKEHHbBIX U3 (aiiyma *.crn; CHHUN —
rpaduK, MOCTPOECHHBIN Ha JAHHBIX MOZAEIH, BbI-
YUCJIEHHBIX TPOrpaMmMoit (puc. 3).

Ha nepBoM sTame monb3oBaTelnb 3arpyka-
€T BCce HEeoOXoquMmble JaHHble. Yepe3d KHOIKY
Browse ykaspIBaeTcs MyTh M UMs CIETYIONUX
(aiinos:

e (aiim c ocHOBHEIMH 42 mapaMeTpamMu

(grrt50.par) B moxne File of Parameters;

e (ailn ¢ JTaHHBIMH, HEOOXOJUMBIMU ISl
BBIUMCIICHHSI KaMOMaJIbHOM aKTHMBHOCTH
(CMB50.par), B mone File of Cambium
Data;

e (haily ¢ JAHHBIMU JJISI BBIYUCICHUSI Pas3-

mepoB kieTkn (CSCS50.PAR) B mone File
of Cell Size and Data for Calculation;
¢daiin ¢ KTUMaTHYECKUMHU JaHHBIMH 3a
rog Name**** CLI (****-rox, uMEeHHO ¢
YKa3aHHOTO T0Jla HAYMHAIOTCS BEIYHCIIC-
nusi) B nosie File of Climatic Data;
Bmoje Latitude ykaspiBaeTcs UpOTa BBI-
OpaHHOrO JIECHAPOKJIMMATOJOTHIECKOTO
y4acTka B opmare “TpagyChl.IecsIThIC
rpagyca”, Hanpumep 70,62°c. 1. (mpo-
Ta MECTOIIOJIOKCHHS METepeoJIornye-
CKOHM cTaHIMH) OyAyT 3aJaHbl B MOJEIb
Kak 70.62;
B mose Year of Ending of Calculation
YKa3bIBaCTCS T'OJl OKOHYAHUS PACUCTOB.
Hampumep, eciu HYXHO IPOU3BECTH
BeIuKciieHus ¢ 1975 mo 1989 r., Heobxo-
JIMMO BbIOpaTh (aill ¢ paciupeHuem.

CLI u ronom 1975 u B 1oJie mocJieTHEro

1951 1953 1955 1957 1959

0.807

950 1952 1954 1956 1958

1963 1965
1964

1967 1969
1908

Puc. 3. BupryansHslit aucruieir VS-ocuuiiorpada ¢ rpadukaMu HCXOTHOH IPEBECHO-KOIBIICBOH XPOHOIOT I
(kpacHast TUHUS), MOACIHPYEMON KPHBOH pOCTa, MOCTPOSHHONH HAa OCHOBE TEKYMIMX HapaMeTpOB (CHHSSA
JIUHUS), MOJCIINPYEMOil KpUBOH pOCTa, TOCTPOSHHOIT Ha OCHOBE MPEBITyIEro Habopa mapaMeTpoB (3eJIeHast
JUHUS) U KOXPOUIHEHTOM KOPPEISAIUN MEXK1y HCXOJHON M MOACTUPYEMOH XPOHOIOTHSIMHU
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rojia BerauciaeHuit BBectu 1989 (puc. 2A)
(TeraxoB u np., 2012).

[Mocne okoHUaHUsT PabOTHI IPOrPAMMBI T10-
Jy4YEeHHbIC Pe3yJbTaThl COXPAHSIOTCS B HOBOW
nanke Result — moaaupexkTopun mamnku ¢ OCHOB-
HBIM (haiiioM mapameTpos.

[To 3aBepuieHMH PAacYeTOB CO3JAIOTCS He-
CKOJIBKO OTHENIbHBIX (hailJIoB ¢ IONyYSHHBIMHU
pe3yJibraTamMu:

o (baiinm xpoHONOTHIT (Hanpumep, tura 1971-
1977.dat) — B Tabnuue mnpencTaBiICHBI
CMOJICIMPOBAHHBI HHIECKC IPUPOCTa
(indc), UCXOMHBIE XPOHOJIOTHH JIS HC-
ClIelyeMoro ydvacTtka (crn), HoMep HHs
Hadaja (BGl) u okoH9aHUS ce30Ha pocTa
(EG1) nns kaxxmoro roga (puc. 4);

e (baiim ckopocTelt (Hampumep, tura rate
1971-1977.dat) — B Tabnuie nepBoIil CTOI-
Oeu ron Year, cieayouiie — HOMep JHs
t, remneparypa Tem (°C), ocanku Prec

(MM), BIaXXHOCTh HOYBBI Sm, TITyOmHa

oTTasBIIeH mouBsl Dep (MM), TonmuHa
CHEXKHOTO TIOKpOBa Snow (MM) (IHHAMH-
Ka He BKJIIOYCHA B IAaHHYIO BEPCHIO IIPO-
I'PaMMBI), HHTETpajIbHasl CKOPOCTB pOCTa
Gr, CKOPOCTh B 3aBUCHMOCTU OT BIAX-
HocTH TOouBBl Grw, CKOpPOCTH pOCTa B
3aBUCUMOCTH OT Temiepatypsl GrT u Be-
JUYMHA CYyTOYHOW TpaHcrnupanuu Solar
(vm) (puc. 5);

¢aityn TMHAMHUKY KaMOHaJIbHON JesTeNb-
HOCTH — rof] Year, BpeMs t (HoMep THS),
YHCIIO0 KJIETOK KaMOuanbHON 30HEI Nc 1
o0l111ee YUCIIo KIETOK B FOAMYHOM KOJIbIIE
Nr (puc. 6);

daiin, cogepxraiuii KHPOPMAIIHIO O pas3-
Mepax TpaxeujJ B TOAMYHOM KOJbIE, —
HOMEp KJIETKH 1, paJralibHble pa3Mepsl
(MxM): m3Mepernsble rd u pacyeTHble cd

COOTBETCTBEHHO (pHuc. 7).

H3navanbpHO Ha IaHeJIu Model

Parameterization Bce OeryHKH Il KaXK0T0 I1a-

Calculation from 1971 to 2005

Year Model CRN

1971 1,12 0.93

1972 1.11 0.94

1976 0.9 0.99

1977 0,63 1.03

BG1 EG1
150 248
152 235
159 229
163 219

Puc. 4. Pesynprar paboThl MOAETH, COXpaHEHHBIN B (aiin tura 1971-1977.dat

Year | t Tem | Prec| Sm | Dep | snow | Gr | Grw | Gi'T | Solar
1971 1 |-31,38| 0 | 0,01] 500 0 0 0 0 0,02
1971 | 2 -32.6 0 |0,01]500 0 0 0 0 0,02
1971 | 364 | -40.14| 0 | 0,01 | 500 0 0 0 0 0,02
1971 | 365 | -34.48 | 11 | 0,09 | 500 0 0 0 0 0,02

Puc. 5. Pesynbrat paboTsl MOsieH, COXpaHeHHBIN B (haiin tura rate 1971-1977.dat
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Year 1 Nc | Nr
1,00
153,00

R
]

1971
1971

)
o

Puc. 6. PesynbraT paboThl MOJENN, COXpaHECHHBIA B
¢aiin Tura c.dat

pameTpa UMEIOT TOJIOKEHUE Ha IIKajle BO3MOX-
HBIX 3HAYCHHH, COOTBETCTBYIOIIEE 3HAYCHUIO
JAHHOTO ITapaMeTpa BO BXOIHOM (aiisie mapame-
Tpos grrt50.par. Hanmpumep, ecnu B daiine mapa-
MeTpoB Tmin MHHUMaJIbHAs TeMIeparypa s
Hayaja poCTa TOJUYHOTO KOJIbLIa NMpPUHHUMAaja
3HaueHune 5 °C, TO COOTBETCTBYIONHUII OEryHOK
ABTOMATHYECKH OyJeT YCTAHOBIICH Ha IIKaje B
3HadeHun 5 (puc. 2B). JIroboe n3mMeHeHne mojo-
JKeHHsI OeTyHKa MPUBOAMT K aBTOMATHUYECKOMY
3aIyCKy MpOTrpaMMBbl M NE€PecUeTy pe3yabTaToB
C HOBBIMU — BBICTABJICHHBIMH Ha OeryHKaX — 3Ha-
yeHussMH. [Ipy 3TOM Ha BUPTYaJIbHOM JHCILIEE
VS-ocuumnorpada aBTOMAaTUYECKH OTOOpaka-
€TCsI HOBasl MOZIeIMpyeMast KpuBasi pocTa, BblJie-
JICHHAsl CHHUM I[BETOM, a MpEeABIAyInas Bepcus
JMAaHHOW KpHBOW OTOOpaxkaeTcs 3eleHBIM. Jis
HOBOW OLIEHKU CUHXPOHHOCTH MEXAY UCXOIHOMI
JPEBECHO-KOJIBLIEBONH XPOHOJIOTHEH M MOAEIb-
HOW KPHUBOH HCIOJB3YyeTCs KOAI(D(DHUIUEHT KOp-
pessiunu [Tupcona, KOTOPBIN MEepecUYnUTHIBACTCS
ABTOMATHYECKH MTOCIIC M3MEHEHU I 3HAUCHUH JIf0-

6oro mapametpa (puc. 3).

OT1anuus

ot Fortran-peanu3anuu

B cBs13u ¢ pasHMILEH B MOaXomax MporpaMMu-
poBaHus B sA3blkax Fortran u Lazarus u ucnosns-
3yeMbIMHM THIIAMH JAHHBIX B VS-ocuumsuiorpad
ObLIM BHECEHBI U3MEHEH U U yTOuHeHus. [1oaTo-
My pe3yJbTaThl KOHEUHBIX BBIYUCICHUH, MOIY-
YEHHBIX HAa OCHOBAHUU PA3JIUYHBIX pealu3anui

anroput™Ma Mojenu Baranosa-lllamkuna, Ha

i rd cd
1] 47,60 | 47.60
214240 41,80

Puc. 7. Pesynprar paboThl MOAETHN, COXpPAHCHHBIN B
¢aiin Tura s.dat

s3bIKax mporpamMmuposanus Fortran u Lazarus
MOTYT pa3JInyaThCsl.

B wacTHOCTH, OBIITM BHECEHBI U3MEHEHHS B
¢dbopmyity pacdera mapuuUaIbHOM CKOPOCTH pO-
CTa OT COJIHEYHOU pajguauuu. B ucxonHoil pea-
nu3anuu 1 Fortran 3HaYeHne 4acTHOM CKOPO-
CTH POCTa, 3aBHUCSIIECH OT COJIHEUHON paguaiuu
grE(t), KOppeKTHO PacCUYUTHIBAIOCH TOJIBKO IS
cpenuux mupot. B VS-octminorpade vactaas
CKOPOCTh POCTa, 3aBUCSINAsI OT COJHEYHOU pa-
JVali{, PACCUMTHIBACTCS C HCIHOIb30BAHUEM
¢dbopmyuel (Liu, Jordan, 1960):

24 . Lo
E=—%*r*] (cosLcosdsinw+ wsinLsind),
T

rne E — cyToyHas WHCOJSIUS; 7 — OTHOIICHUE
WHTEHCHUBHOCTH COJIHEYHOTO H3JIYUYEHUS TMPHU
HOpMaJhHOM TaJICHUU 3a MpeaesiaMu aTMocge-
PbI IUTAHETHI K COJIHEYHOU IOCTOSIHHOM; [, — COJI-
HeuyHas HocTosiHHas, 1,958 kan/cm>MuH; L — -
pota, rpam.; & — COJHEYHOE CKJIOHCHHE, Tpa.;
® — 9aCOBOM yTOJI, Tpa.

B cnyvae ecnu aktuBeH OJOK OTTaMBaHUs,
TO HUHTET'PaJIbHAS CKOPOCTH POCTA TI0 BIIAYXHOCTH
Oyaet Monu(pUIIMPOBAHA HA OCHOBAHHH CIICAYFO-

e opMyIIbL:

Grw (i) _corr=Grw(i)* @’
-

rae GrW(i) — nHTerpalibHasi CKOPOCTh MO BIAX-

HocTH; Lr — TiryOWHa 3aneranus KopHeH, dep (i) —
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rJyOuHA OTTAasIBILErO CJIOsI MOYBBI Ha 1-H JIeHb
(Vaganov et al., 2006).

Takoke OBIJIO BBEJCHO YCJIOBHE, YTO €CJIH B
TedeHHne 15 mHEl TemmepaTypa OyaeT MeHbIIe
0 °C, To riyOMHa OTTaMBaHMsI TOYBbI IIPUPAB-
HUBAETCS K HYJIIO HAUWHAs C EPBOrO JIHS C OT-
puLaTeIbHON TeMIepaTypoil. Takoe usmeHeHue
CIICJIAHO M3-3a TOTO, YTO HEM3BECTHO, C KaKUM
3ama3pIBaHUEM 3aMep3aeT M0YBa B CUITY OTCYT-
CTBHSl XapaKTEPHCTUK TEIUIONPOBOJHOCTH II0-
YBBl M JJNTEIBHBIX HATYPHBIX HAaONIONCHUH 3a
MIPOIIECCOM OTTAaWBAHUS TOUYBBI C OOJBIINHCTBA
MECTOOOMTAaHUN JIPEBECHBIX PACTEHUH, UMEI0-
muxcst B Ypaiao-CruOupckoM JeHIpOXpOHOIOTH-
4eCKOM OaHKe JaHHBIX.

Ora npobiema TpedyeT opraHu3aluyd MHO-
TOJIETHUX HATYPHBIX IKCIEPUMEHTOB IS pa3-
JUYHBIX YCIOBHH MECTOOOMTAaHHWH IPEBECHBIX

pacTeHUil B pa3IMuHbIX YacTsax EBpaszun.

PesyabTaThl M HX 00Cy:K/IeHHe

Amnpobamnus VS-ocuunnorpada ImpoBo-
auigach Ha JACHIPOKIMMATHYECKHUX JaHHBIX
paznuuHbIX pernoHoB Cubupwm, LleHTpanbHOI
Asun u CpennuzeMHOMOPBS. J{1 BceX pernoHoB
TIOJYUYCHBI TapaMeTpbl, 0OecHeYnBaloIe BbI-
COKO3HAUMMYIO MOJOXHUTEIBHYIO KOPPEIALHIO
MEXJly MCXOAHBIMH JAHHBIMH M MOJEIbHBIMH
pe3ynbTaTamH.

B nanHoit pabote anropurM napamerpusa-
WU anmpoOMpoBaH JJsi OJHOTO AECHIPOXPOHO-
JOTMYECKOT0 TECT-IOJINTOHA, PACHOJIOKEHHOTO
Ha TEpPUTOpPUM cpeaHero tedueHus p. Exuceit
(moc. Typa) (64.17° c.ur., 110.13° B.11.). Ucnons30-
BaHbI JaHHBIE IBYX YYaCTKOB C pa3HBIMU IOPO-
nmamu nepeBbeB — PlatL G (B gpeBecHBIX pacTe-
Hull — nuctBeHHuna ['menuna (Larix gmelini)) u
PlatPO (ens cubupckas (Picea obovata)).

Hamu OblLIM HCIIOJIB30BaHbI  JAPEBECHO-
KOJIBIIEBBIE XPOHOJIOTUN 3a NEPUOA MHCTPYMEH-

TaJbHBIX KIMMAaTHYCCKHUX H3MCpeHPIﬁ CYTO4YHO-

ro paspelueHust Mereoctaniuu noc. Typa ¢ 1950

o 2009 r. BpemeHHO# niepuo HaOr0AeHU A ObLIT
pasout Ha nepuoy kanuoposku (1970-2009 rr.) u
nepuon Bepudukanuu (1950-1969 rr.). Ha nepu-
oJe KaITMOPOBKHM MOAOHPATHCEH TApAMETPBI, IIPH
KOTOPbIX OyJeT moiy4yeHa HauOoJIblIas 0JIO-
KUTEIbHAsI 3HAaUNMasi KOPPEIsLns MeXIY HCXO-
JHBIMU JIPEBECHO-KOJIBIIEBEIMH XPOHOJIOTUSIMHU
1 MOJICJINPYEMBIMH KPUBBIMU IIPUPOCTA APEBEC-
HbIX pacTeHuil. Ha nepuoae Bepudukamumu mpo-
BEpsUIach MPOTHOCTUYECKAsT CIIOCOOHOCTh MMHU-
TAalMOHHOM MOJIENIM OMUCATh PealIbHbIN IPUPOCT
JPEBECHBIX PACTEHWH HA OCHOBAaHWHM M3MEHYH-
BOCTH BEJYIUX KIMMaTHYECKUX (PaKTOPOB C UC-
MIOJIH30BAHNEM DPaHEe HaM/ICHHBIX NapamMeTpoB
MOJIEJIH Ha dTare KaJuOpoBKH.

Ha yuactke PlatLG Obutn momydeHs! cie-
nyromue ko3 uimeHTsl Koppeasiuun: r=0,71
Ha mepuoje KaaTuopoBku, r=0,73 Ha mepuome Be-
pudukanuu u r=0,72 Ha BceM paccMaTprUBaeMOM
niepuoae (puc. 8). CpenHss Mpo1OIKUTEIBHOCTD
ce30Ha pocTa coctaBuia 95 mHei (+15 nueit —
craHmapTHas ommuoka), ¢ 147-ro musa (27 mas)
o 243-ii (31 aBrycra) (puc. 9). Ha npotssxeHun
BCEro CE30HA POCTa MHTETpaJIbHasi CKOPOCTH IO
BinaxkHoctn GrW mpeBbIIACT HMHTErPAJIbHYIO
ckopocTs 1o temneparype GrT, cienoBaTensHo,
JIUMUTHPYIOIUM (aKTOPOM CE30HA POCTA SIBIISI-
etcs remrieparypa (puc. 10).

Jns yyactka PlatPO Ob1iau mosydeHsl cie-
nyromrue KodpounueHts Koppensnun: r=0,70
Ha nepuonme KanubpoBku, r=0,67 Ha mepuome
Bepudukanuu u r=0,70 Ha BceM paccMmarpu-
BaemoM miepuone (puc. 11). Cpenusis mpojos-
KHUTEIBHOCTh CE30HA POCTa coctaBuia 94 nHs
(#13 nueit), nHaunHasg ¢ 151-ro mo 245-it neHn
(31 mas — 2 cents0ps) (puc. 12). IlepBbie maHI
Ce30Ha POCT JUMHUTUPYETCS BIAXKHOCTBIO, HO C
CepeIHbI HIOHS U JI0 OKOHYaHUs Ce30Ha pocTa
JMMUTHPYIOIUM (DAKTOPOM CTAHOBUTCSI TEM-
nepatypa (puc. 13).

Ecnu cpaBHUTH mapaMeTpbl MOAEIH, JIs

KOTOPBIX TIONYYEHBI pe3yibrarhl (Tadm. 1), To
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Puc. 13. lunamMuka napuuajibHOW CKOPOCTU POCTa OT BIaKHOCTH Gry (IIYHKTUpPHAs JIMHHS) M NapLUaJIbHON
CKOPOCTH pocTa OT TeMiepatypbl Gry (CIIONIHAS TUHUS), TOJYYCHHAS IS €JIH CHOUPCKOI
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Tabnuua 1. [Mapamerpsl Mozenu, MpHU KOTOPBHIX ObUIM MOJNYYEHBI PE3yJbTaThl JJIs JIMCTBEHHULBI [ MenuHa
(PlatLG) u enu cubupckoii (PlatPO) (kypcuBOM BbIACICHBI TapaMeTPbl, KOTOPbIe ObLIH 3aaHbl N3HAYAJIBHO U
HE U3MEHSIOTCA 110JIb30BATEIICM)

[Tapametp Onucanue PlatLG PlatPO

Tmin MuHuManpHas TeMiepartypa ais Hadana pocta (°C) 8 8
HuxHss rpaHKIia TeMIepaTypsl, IPU KOTOPOU HHTErpaibHas

Toptl CKOPOCTB pocTa jocturaet Makcumyma (°C) 24 16
BepxHsis rpanuia TeMuepaTypbl, Ipyu KOTOPOH HHTETpajbHAas

Topt2 CKOpOCTB pocTa Jocturaet Makcumyma (°C) 26 27

Tmax MakcumainbHas TeMIepaTypa, mpu Kotopoi Bo3moxkeH poct (°C) 31 31

Wmin MuHuMalIbHasE OTHOCUTENIbHAS BIIAXKHOCTH ITOYBEI 0,04 0,09

HuokHsist rpaHrIia OTHOCUTEIBHOM BJIAYKHOCTH TMOYBBI, TPU KOTOPOH

Wopt1 UHTErpajbHas CKOPOCTh POCTA JOCTUIaeT MAKCUMYMa 0,1 0,1
BepxHss rpaHuna OTHOCUTENBHON BIaKHOCTH II0YBBI, IPH KOTOPOH

Wopt2 HMHTETpaJibHasi CKOPOCTh POCTa IOCTUTAET MAKCUMYyMa 0,60 0,35

Wmax MaxkcumanbHass OTHOCUTEIbHAs BJIaKHOCTh IIOYBBI 1,000 0,825

wo HauanpHas oTHOCHUTENbHAS BIA)KHOCTH MOYBHI 0,09 0,09

MunHuManbpHasi OTHOCUTENbHAS BIa)KHOCTH TIO4YBBI, IPU KOTOpOﬁ

Ww HauMHAETCS 3aBsiITaHue 0,07 0,10
Theg CyMMapHas Temrieparypa s Hadasa ce3oHa pocta (°C) 100 100
KonmuecTBo nHelH, He0OX0AUMOE ISl HACTYIUICHHS CyMMapHO#
tbeg TeMIIepaTypsl (CyT) 10 10
Ir I'myOuna 3aneranus KopHei (MM) 500 500
MaxkcumanbHOE CyTOYHOE KOJIMYECTBO OCAIKOB IS TOCTHKCHUS
Pmax HACBIIICHUS TPYHTA (MM/ICHB) 40 40
KonnuecTBO 0CaiKOB, IIPOHUKIINX B OYBY (HE OCTAHOBJICHHBIX
C1 KpOHOI1) (OTH. e1.) 0,85 0,50
C2 IepBbrit KOXQGHUITHEHT 151 BBIYUCICHUS TPAHCITHPALIUU (MM/ICHB) 1,35 1,00
C3 Bropoit koapPpuIHeHT 1715 BRIYUCICHIS TPAHCTIHPALUU (MM/ICHB) 0,01 0,01
J1 KoadduumeHT npenaxa Boabl U3 MOYBHI (OTH. €]1.) 0,00 0,00
Tc BpemeHHoIT nIar kamMmOuaIbHON MOJIENH (JICHB) 1,00 1,00
Ver MuHUMalbHAS CKOPOCTH POCTa KAMOHATBHON KIETKH (MKM/ICHB) 0,12 0,07
DO HavanbHbie pa3mMeps! KIETKH (MKM) 4,000 4,000
Dcr Pa3mep kJeTKM Ha MOMEHT Hadaja MUTOTHYECKOTO ITUKJIA (MKM) 8,000 8,000
Vm CKOpOCTB pOCTa B TEYEHUE MUTOTHYECKOTO IIUKJIA (MKM//ICHB) 1,000 1,000
Dm Pa3mep kamMOManbHOM KICTKH, TPH KOTOPOM HaYMHAETCS MUTO3 (MKM) | /0,00 10,00
Sml IepBbIit KO3 uIHeHT OTTanBanust MOYBsI (MM/°C) 3 18
Sm2 Bropoit ko3 pULHeHT OTTauBaHUS IOYBHI (S1/ICHB) 0,001 0,001
MOYKHO YBUJIETh CyIECTBEHHY 0 PA3HULLY MEK Y J1st 1By X pa3IMuHBIX BUJOB JIEPEBbEB pa3-

3HAUYEHUSIMU TTapaMETPOB MOJEIH, OTBEUAIOINX  HMIA B ITApaMeTPax, OTBEUAIOMINX 3a HIDKHIOIO
3a TeMIepaTypHbIEe YCIOBHS MECTOOOMTaHUS M BEPXHIOI TI'PAHUIBI TEMIEPaTypbl, IPHU KO-
n BrnaxkHocTh moussl (Toptl, Topt2, Wmin, Cl)  Topoii ckopocTs nocturaet makcumyma (ZToptl
IS IBYX Pa3HbIX MOPOJ, HAXOASMIUXCS B OTHUX U Topt2, cooTBeTCTBEHHO) — 24 u 26 °C mus

KJIMMAaTUYECKUX YCIOBUSAX. nuctBeHHUIB! ['Menuna (PlatLG) n 16 n 27 °C
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s enu cudbupekoit (PlatPO), — sBisieTcs cy-
miecTBEHHOH (Tabn. 1). 3To 03HaYaeT, 4TO CKO-
POCTh pOCTa JIUCTBCHHUIIBI B HAYaJIe CE30Ha PO-
CTa JPEBECHBIX PACTEHUI CYIIECTBEHHO BBIIIIE,
YeM CKOPOCTh POCTA €M CHOMPCKOU B MpUMEp-
HO OJIHUX U T€X XK€ YCIOBUSIX MECTOOOHTAHHUSI.
DTO XOPOIIIO COMIACYESTCs JAHHBIMHU O OOJIBIIOI
YyBCTBUTEIBHOCTH JIUCTBEHHUII ['MennHa K
temneparypubiM ycnoBusm (Kujansuu et al.,
2007).

Jpyroi
MIPEUMYIIECTBO UCIIOIB30BAaHUS HOBOTO CIIoco0a

pe3ysibTraT, IMOATBEPKAAOLINMN
napaMeTpU3aluy, 3aKJIYACTCs B CIELYIOLIEM.
XO0poIIO U3BECTHO, UTO €J1b IO CPABHEHHUIO C JIU-
CTBEHHUILIEH BBIOMpAET, KaKk MPaBHUIIO, JIOKAIBHO
0ojiee yBIIQXHCHHBIE MECTOOOWTaHWs. AHAIN3
3HAYEHU MUHUMAaJbHOM OTHOCUTEJIbHOU BIIaX-
HOCTHU TOYBBl Wmin mnokasbplBaeT, 4YToO AJSl Ha-
YaJia Ce30Ha POCTa €M HeOOXOAMMa BIIAYKHOCTh
MOYBHI B JIBa pa3a BhIILE, YEM JJIs1 JUCTBEHHULbI
(0,09 mpotus 0,04), 94TO TOATBEPKAAIOT HATYP-
HbIC HAOIOJICHHS.

3nayenuss mapamerpa Cl, oTBewaromero
3a KOJIMYECTBO OCAJKOB, NPOHHUKIIUX B IOYBY
(He OCTaHOBIEHHBIX KpOHOW aepesa), 0,85 mms
JMUCTBEHHUIBI TPOTUB 0,5 Mis edu OOBSICHSIOT
BO3MOXXHOCTH KPOHBI Pa3HBIX BUIOB JICPEBHEB
3aJIep’KUBaTh BIAry. B maHHOM ciydae cmoco0-
HOCTbD €JIM 3aJIePKUBATh BJIATY BBIIIE, YTO TAKKE
MO TBEPIKIAI0T MHOT OJICTHHE HATY PHBIC HAOII0-
JICHHS.

PesynpTaThl IpUMEHEHUS HOBOTO CIIOC00a
napamerpuszauuu mozaenu Baranosa-lllamkuna
TAaK)K€ XOpOIIO COOTHOCSITCS C pe3yjbTaTaMH
HAaTypHBIX HaOJIOJCHUN 3a OTTaMBAHHEM IIO-
YBBl JJIsI XBOMHBIX JAPEBOCTOEB Pa3HbIX I0-
poX B ycloOBUSIX BeuHOH Mep3noTsl (Hukomaes
2008, 2008a). M3BecTHO, YTO B €IOBBIX JIIpe-
BOCTOSIX 3TO OTTAaMBaHUE IPOUCXOAMUT CyIIe-
CTBEHHO MEJJIEHHEH, 4eM B JIMCTBEHHUYHHU-
KaX. DTOT pe3ynbTaT YaCTUYHO MOATBEPXKAACT

MOZJCJIbHBIC SKCIICPUMCECHTHI IIPU IMOMOIIHN VS-

ocrusiorpaga. MOXHO OTMETHTh, YTO MPO-
LIECC OTTaMBAaHUS JJISI INCTBEHHUYHOT'O MECTO-
oOUTaHWs HAaYMHAETCs paHbUIe M HIET Oosee
WHTCHCHBHO (puc. 14), XOTS CTaTHCTHYCCKUU
aHaJM3 He OOHAPYXWJI 3HAUYMMBIX pa3IHuUl
MEXJYy KPUBBIMH. DTO, CKOpee BCEro, o0bsic-
HSETCS TEM, YTO IPHU HCIOIb30BAaHUHU OJIOKA
OILIEHKH TITyOMHBI OTTasIBIIEH IMOYBBI ONyCKACT-
Csl psIJi PA3JIMUHBIX MOYBEHHBIX XapaKTEPUCTUK
(HampuMep, TEIUIONPOBOJHOCTD, COCTAB U AP.),
KOTOpBbIE, OE€3yCJIOBHO, 3a/ICHCTBOBAHBI B 9TOM
npouecce. st pemenuss 3Toi mpoodiIeMsl He-
00XOIMMbI MHOTOJIETHUE HaOIoJieHusl U cOop
nH(pOpPMAIHU O XapaKTePUCTHKAX MOYBBI U Ha-
TYPHBIX HAOJIOACHUN 1O TIIyOMHE CE30HHOTrO
oTTamBaHusi. Bo03MOXHO, M HanbHEHIIEro
ycoBepieHcTBoBaHus VS-ocuuiorpada cie-
ayeT MOAUGHUIIMPOBATH OJIOK OTTAWBAHUS C UC-
M0JIb30BAHUEM JIPYTHX aJITOPUTMOB €ro peaju-
3anuu (Hanpumep, Tolwinski-Ward et al., 2011).

VS-ocuunnorpad Mo3BossieT, HE HMeEs
MpEeACTaBICHUI O Ipoleccax pocTa TeX HIIH
WHBIX BHJIOB JIPEBECHBIX PACTCHHH, Kak MO-
Jy4YUTh TEPBUYHYIO KadyecTBEHHYIO HH(pOp-
MalMIo O MPOoIeccax PocTa CaMUX JPEBECHBIX
pacTeHH, TaK U OLEHHUTH YCIOBHUS IpOMU3pac-
TaHUS IPEBECHBIX PACTEHU HA OCHOBAHHUH UC-
MI0JIB30BAHUSI TOJIBKO JaHHBIX CYTOYHOI'O pas-
pelIeHHs 110 TeMIlepaType BO3yXa H 0cagKam
Onn3nexamiel MereoctaHnuu. B wacTtHOCTH,
BBISIBUTh Pa3jiu4us B pPEaKUHH JPEBECHBIX
pacTeHHM# pa3HBIX IOPOA HAa MEHSIOUINECs
YCIIOBHSI BHELIHEH CpeJbl, MONYUYUTh (EHOJIO-
TUYECKHE XapaKTePUCTUKU TOTO HJIH HHOTO
BHJIa JIEPEBbEB, OLCHUTH JIOKAJIbHBIC YCIOBHUS

MECTOOOUTAHUS U T.A.

3akaoueHune

PaboTocnocoOHOCTh UMUTALIMOHHON MOJe-
nu Baranosa-lllamkuna panee npoepsijiack Ha
oOmrpHoM marepuasie B CeBepHOM HOIYLIAPHU

(cm., Harmpumep, Evans et al., 2006; Anchukaitis
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(TyHKTHpHAS TUHU )

et al., 20006). [1pu ToM mapaMeTpHu3aIUs MOACTH
HE OCYILECTBIsLIACh, HAOOp MapamMeTpoB (UK-
CHUpOBAJiCs IJsg BCceX MecToobutaHwit. HoBEIi
Croco0 BHU3YaJbHOM MapaMeTpu3aluu, Mpeio-
JKCHHBIH B JaHHON paboTe, TOKa3all, 4TO TOYHAS
HACTPOMKa MOJENN TMO3BOJSAET MOJy4yaTh Kaue-
CTBEHHO HOBBIC pPE3YJbTaThl, WHTEpPIpETaIUs
KOTOPBIX YIy4lIaeT MOHUMaHHE IPOIECCOB PO-
CTa IPEBECHBIX PACTECHHH.

Ha ocHOBaHHMM TMONYyYEHHBIX PE3yJIBTAaTOB
MOXHO CZIeJIaTh CJICNYIOIINE BEIBOIBI:

e pa3paboTaH HOBBIH AJTOPUTM BHU3Yyallb-
HOM mapametpu3aruu (VS-ocumniorpad)
MMUTaUMOHHOM  Mozenu  Baranosa-

[amkuHa pocTa FOAMYHBIX KOJICI] XBOH-

HBIX PaCTEHHUI;

e pa3paboTaHO TpOorpaMMHOE obecrede-
Hue VS-ocumiiorpada, peanusyroiiee
JIAHHBIH CcrIoco0 MmapaMeTpu3alnm;

e pabota I1O VS-ocmumiorpad anpodupo-
BaHa JUIS CpeIHEro TedeHus p. EHmcel
IS ABYX Pa3JIMYHBIX BUJOB XBOWHBIX
JICPEBHCB;

® [I0Ka3aHO XOPOIIee COBMAJACHUE MOICIIb-
HBIX Pe3yJbTaTOB C OITyOJMKOBAHHBIMU
HATYPHBIMHU HAOIFOICHUSIMHU.

B manpHeHIMX WCCIENOBaHUAX IS YCO-
BEPILICHCTBOBAaHUs paboThl VS-ocuuiiiorpada
IJIAHUPYETCSl UCIIOJIB30BaTh MHOTOJICTHHE Ha-
TypHbBIC HAOIOACHHUS 32 KAMOHATbHON aKTHBHO-
CTbIO U KJIETOUHOU MPONYKLKENH XBOHHBIX Jepe-

BbCB B PA3JIMYHBIX YCIOBUAX MECTOOOMTAHMIA.

Paboma ovina noooepycana zpanmom Poccuiickozo mnayunozo ¢onoa (npoexm

Ne 14-14-00219). Aémopckuit konnekmue onazooapum A.B. Kuposanoea 3a npedocmagnennsle

oannvle.
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