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AHHoTanus. [IpuBeneHa cTaTUCTHUECKN 3HAYMMAsl OIIEHKA (PEHONOTHYECKUX pe-
aKIIi MHOTOJICTHUX JICKAPCTBEHHBIX PACTEHUH B YCIOBHAX fora Tomckoil obmacty,
CKOOPJIMHUPOBAHHAS C TIOKA3aTETAMHU CPEAHECYTOUHBIX U CPEIHEMECSUHBIX TEMIIEepa-
Typ. DeHonorndeckne peaknuy MHOTOJIETHHX JICKApCTBECHHBIX PACTCHUH OBLIH H3Y-
YEeHBI C WCIONB30BaHUEM CTaHAAPTHBIX METOAWK Ha3eMHBIX HAOMIOJCHUH B MEPHOJ
¢ 1972 mo 2022 r. KoppesioHHbIA aHaU3 ¢ pacCYUTaHHBIM KO3()(OUIHUEHTOM KOp-
pemsinun [Tupcona (p < 0,005) ObUT IpHMEHEH JUTS BBISIBICHHS CBSI3H MEXKTY CpEIHe-
CYTOYHBIMU TEMIEPaTypaMH U CPOKaMH HacTyIuleHus eHodas. Y CTaHOBICHBI Cpe-
HHE CPOKH HacTyruieHus (eHodas y aByx BumoB — Tanacetum vulgare L., Althaea
officinalis L. — 3a nsteaecsr ner. O6a BUAa XapaKTEPU30BAIUCH 3HAYUTEIIBHBIMU KO-
7e0aHUAMH CPOKOB HACTYIUIEHHUs (hEHOJOTHUECKUX COOBITHI B TMEPBbIE JECATHICTHS
Hayaja HHTPOAYKLHOHHOTO dKcnepumenTa. st T. vulgare ycraHoBIIeHO HalmM4ue OT-
PHIATENIFHON KOPPENSAINN MKy IPH3HAKaMHU TeMIIepaTypsl M HadasoM (a3 IBeTe-
Hus u wiopoHomenus. Qs A. officinalis ycranosnena orpunarenbHas KOppensiust
My IPU3HAKaMH CPEJHECYTOUHOH TeMITepaTyphsl M HayajaoM (asbl BereTanuu u 0y-
TOHH3ALMH. Y CTaHOBJICHHBIE OCOOCHHOCTH PHUTMa POCTa M Pa3BUTHUS MPOSIBUIN pas-
HHIYy MEXIY pPeakUUsIMH BU/IA, aIallTUPOBAHHOTO K MIPUPOIHO-KIUMATHIECKUM YCIIO-
BHSIM pervoHa KynsruupoBanus (T. vulgare), u Buza, ciiaboyCTORYHBOTrO K yCIOBHIM
pernoHa. B mepBom ciryuae 3HaYeHHE UMENN CPEJHECYTOUHbIE TEMIEPaTypsl Ast (a3
IBETEHHMS U IUIOJIOHOIICHNUS, BO BTOPOM — CPEHECYTOUHbIE TEMIIEpaTyphl Hadaia Be-
reranuonnoro ce3ona (A. officinalis). [lpu ananu3ze cpeHEMECSMHBIX TEMIIEPATYp 3a
nepuop 1972-2022 rr. ycTaHOBIEHBI JJOCTOBEPHO 3HAUMMBIC YBEIMYEHHS CPEIHUX
TeMIIepaTyp BECEHHUX U OCEHHHUX MECSIIEB.

KiioueBble ¢JIOBA: SKOJOTHS PACTCHUH, JICKAPCTBEHHBIC pacTeHHUs, (CHOIOTHYEC-
CKasl peakuus, M3MEHEeHHe KiMMara, aganranus, Tanacetum vulgare L., Althaea offici-
nalis L., ror 3anaanoit Cubupu
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Summary. The aim of this study was to conduct a statistically significant assess-
ment of the phenological reactions of perennial medicinal plants in the south of Tomsk
Oblast coordinated with indicators of average daily and monthly temperatures. The
work used classical research methods that were relevant and unchanged over fifty years
of observation. The observations were carried out for fifty years on introduced plants
that entered the period of generative development in 1972, after the individuals entered
the postgenerative period of development and the cessation of generative function. The
observations were carried out on their reproductions of the original individuals formed
under the conditions of the south of Tomsk Oblast. The objects of research were species
of medicinal plants introduced under the above conditions in the Siberian Botanical
Garden: Althaea officinalis L., marshmallow, a perennial herbaceous plant of the
Malvaceae family and Tanacetum vulgare L., tansy, a perennial herbaceous plant of
the Asteraceae family. The phenological responses of perennial medicinal plants were
studied using standard ground-based observational techniques from 1972 to 2022. The
correlation analysis with the calculated Pearson correlation coefficient (p < 0.005) was
used to identify the relationship between average daily temperatures and the timing of
phenophases.

When analysing the results of meteorological monitoring of average monthly tem-
peratures (conditionally divided by decades), reliably significant increases in average
temperatures in the spring and autumn months were established: April from 1.3 to
4.5 °C over the last decade, August from 14.6 to 16.4 °C, October from 0.4 to 2°C.
In other cases, no clear trend towards an increase in average monthly temperatures over
decades was found. When analysing changes in precipitation over decades, the most
dramatic ones were noted in the summer months; no statistically significant trend to-
ward an increase or decrease in precipitation over decades was established.

As a result of this study, the average timing of the onset of phenophases of Tanace-
tum vulgare L., Althaea officinalis L. individuals over fifty years under the conditions
of an introduction experiment was determined. When analysing the timing of pheno-
logical events for T. vulgare in the south of Tomsk Oblast, it was established that the
species goes through a full cycle of seasonal development with all phases successfully
implemented. The average timing of the onset of vegetation in the south of Tomsk Ob-
last is at the beginning of May and is associated with a steady increase in air temperature
above 0 °C, budding — at the beginning of July, flowering occurs at the end of July,
fruiting is noted at the end of August. Using the standard deviation indicator, an attempt
was made to establish a connection between the plasticity of the studied species and
their phenological responses to climate change. The periods from 1972 to 1981 and
from 2012 to 2022 were characterised by the greatest fluctuations in the standard devi-
ation indicator for all phases of phenological development. However, over the
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entire history of observations, the greatest changes in the timing of the onset of phe-
nophases were noted for the flowering phase: minus 7 days per 10 years in the first
decade and minus 5 days per 10 years in the last decade. The timing of the onset of the
budding phase also shifted by 5 days over the first decade.

A. officinalis under the conditions of the south of Tomsk Oblast goes through a full
development cycle; however, in some years, the fruiting process cannot be completed
successfully, the seeds do not always have time to ripen, which can explain the high
values of the standard deviation and deviation from the average long-term date of the
onset of the phenological event. All phases of development were marked by significant
fluctuations, and the phases of fruiting and budding - to the greatest extent. Spring re-
growth under the conditions of Tomsk Oblast for A. officinalis L. begins at the end of
May and is associated with a stable transition of temperatures through 5°C, budding
begins in late June-early-mid July, flowering is noted in late July-early August, end
of August- beginning of September. The most conservative characteristic in terms of
standard deviation is the growing season during all the analysed periods; the largest
fluctuations were noted for the fruiting phase in the decades 1981-1990 and 1991-2000.
Over the entire history of observations, the greatest changes in the timing of the onset
of phases were noted for budding: minus 13 days for the first decade and plus 14 days
for the period 1991-2000 and the fruiting phase: minus 11 days for the first decade and
minus 15 days for the period 1991-2000.

Both species were characterised by significant fluctuations in the timing of pheno-
logical events in the first decades of the beginning of the introduction experiment, per-
haps this is due to actively ongoing adaptation processes or individual reactions to the
conditions of the growing seasons. For T. vulgare, a negative correlation was estab-
lished between temperature characteristics and the onset of the flowering and fruiting
phases. For A. officinalis, a negative correlation was established between the average
daily temperature and the onset of the vegetation and budding phases. The established
features of the rhythm of growth and development showed the difference between the
reactions of the species adapted to natural and climatic conditions of the cultivation
region (T. vulgare) and the species weakly resistant to the conditions of the region
(A. officinalis). In the first case, average daily temperatures for flowering and fruiting
phases were of importance, in the second case — average daily temperatures of the be-
ginning of the growing season. When analysing average monthly temperatures for the
period 1972-2022, a significant increase in average temperatures of spring and autumn
months were found.

The article contains: 2 Figures, 2 Tables, and 20 References.
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BBeaenue
B coBpemenHoM mupe (uUTOTEpanusi CTAHOBUTCA Bce Ooliee MOMyISApHON U

HIMPOKO UCTIONIB3YETCS I NIPO(UITAKTUKY U JICUEHHsI PA3THUHBIX 3a00JICBaHUI.
OnHUM U3 OCHOBHBIX METOJOB JIEYEHUS BO MHOTHX CTPaHax SIBISETCS HCHOIb-
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30BaHHUE TPATUIOHHBIX PACTUTENIBHBIX JIEKAPCTBEHHBIX CpecTB. OHAKO MHOTHUE
BU/IBI PECYPCHBIX PACTEHHMH MOABEPTAIOTCSA CBEPXIKCIUIyaTallny, 3ar0TOBKa ITHX
pacTeHu NpeBhIIIaeT Pa3pelIeHHbIE IPEETbl, He yUUTHIBAas UX OHOIOTHYECKUE
BO3MOKHOCTH JUIsl BOCCTaHOBJIEHUsI nomyAnuii [1]. Onun U3 nytel coxpaHeHus
TEHETUYECKUX PECYPCOB JIGKAPCTBEHHBIX PACTCHUN — 3TO MX HMHTPOAYKLUS U
noapoOHOe U3ydeHHE alalTAl[HIOHHBIX MEXaHU3MOB.

B Cubupckom 6otanndeckoM cagy TOMCKOTO rOCyAapCTBEHHOTO YHUBEPCH-
TeTa N3y4eHHE U BHIPAIBAHIE JEKAPCTBEHHBIX PaCTCHUH OBIIIO HAYATO €TO Iep-
BBIM AUPEKTOPOM, H3BECTHBIM pycckuM OotarmnkoMm [1.H. KpeutoemM (¢ 1885 mo
1890 r.), TOrAa OBLIO MOJIOKEHO HAYAJI0 BCECTOPOHHEMY HCCIIEAOBAaHHIO JIeKap-
CTBEHHBIX pacTeHuil [2]. HTpoxyKIMOHHOE M3ydeHHe JEeKapCTBEHHBIX pacTe-
HUH ¥ IOCTIEAyIonIas pa3paboTKa arpOTeXHHUK BBIPAITUBAHHS OCTAECTCS OTHUM 13
HEMHOTHUX ITyTeil COXpaHeHMs MIPUPOAHBIX Momysuid. [TogpoGHbIe HecnenoBa-
HUSI TIPOBOJSTCSA ¢ MOJEIBHBIMY BUAAMH, NIPOIICAIINMU HHTPOAYKIIMOHHBIE UC-
neiTanus B Tedenne ot 15 qo 20 aer: Rhodilola rosea L., Hedysarum alpinum L,
H. theinum Krasnob., Stemmacantha carthamoides (Willd.) Dittrich, Serratula
coronata L., Eupatorium cannabinum L. u ap. K HacrosiieMy BpeMeHH KOJIIEK-
IS JIEKApCTBEHHBIX pacTeHnit Cubupckoro 6oranmyeckoro caga TI'Y npeacras-
neHa 6osee yeM 300 Bumamu, okono 168 OTHECEHBI K yCTOMYMBBIM U BBICOKO-
YCTOHUYHMBBIM B ycnoBusax tora Tomckoit obmactn [3]. Bunpl mepcmexkTHBHBIX
JIEKapCTBEHHBIX PACTEHHH OOBITHO MPOXOAT aJalTaIlHIO B IEPBHYHOM HHTPO-
AYKIAOHHOM 3KCHEPUMEHTE U 3aTEM BKIIIOYAIOTCS B IMIPOMBIIIJIIEHHOC PaCTCHUEC-
BOJICTBO C Pa3pabOTaHHON arpOTEXHUKOH. DTOT MPOLECC COIPOBOXKAACTCS alal-
Tanuel BUIOB JIEKAPCTBEHHBIX PACTEHHH K MPUPOJHO-KIMMAaTHUECKIM H3MEHe-
HUSIM U B JaJbHEHIIEM CIIOCOOCTBYET MX COPTOBBIBEICHUIO. BakHO y4nTHIBaTH
MPUPOJHO-KINMATHYECKHE PICKU U B IEPBYIO OYepeb BIMIHIE KIMMaTHIECKHUX
W3MEHEHMI Ha ananTallMOHHBIC MEXaHU3MbI KYJIbTUBUPYEMBIX BUJIOB. HpOBC—
ACHHBIC TEMATUYCCKUE HCCICAOBAHUSA M SKCIICPTHLIC OLICHKW MNOATBECPKIAAIOT
U3MEHEHUE KIMMaTa, KOTOPOE B HACTOSAIIEE BpeMsl JOMUHUPYET UM, KaK OXKHa-
eTcsl, OyJeT JOMUHHPOBATh B JMHAMUKe OHMOpa3HOoOpasus B OyayiieM. Hekoro-
PBIC TOCIICACTBUA U3MCHECHU KJIMMaTa SABJIAIOTCA IPAMBIMU, HAIIPUMED, BOBIIeﬁ—
CTBHE MOBBIIICHHUS TEMITEPATYPBI HA KUBBIC OpraHu3mbl [4—7].

Hcnonb3oBanue QeHonornyeckux HaOMOJCHUI B MHOATBEPKACHUM WU
OLICHKE XapaKTepa KIMMAaTHYECKNX M3MEHEHHH IPEANOYTHTENFHO, ITOCKOIBKY
nac€T BO3MOKHOCTb OIEHUTH PCAKIIHUIO paCTeHI/Iﬁ B INUPOKOM BPEMCHHOM Juaria-
30HE, a TAKXKe OIICHUThH CTETIEHb, B KOTOPOH (heHOo( a3kl pacTeHUH pearupyoTr Ha
JIOKaJIbHBIC M3MEHEHUS TEMITepaTypsl U ocaakos [8,9].

DeHONOrHYEeCKHEe PEaKIMM OPraHU3MOB KaK €XErOJHO IMOBTOPSIOLINECS
LUKJIMYHbBIE PETPOIYKTHBHBIE IPOLIECCHl PACTEeHUI BHIPAOATHIBAIOTCS B PE3YIIb-
TaTC JJIUTCIBHOTO HpI/ICHOCO6J]eHPI$I Oprann3Ma K BHCIIHUM YCJIOBUSAM U I'CHETH-
YECKU JICTePMUHUPOBAHBI. PUTMUYHOCTD pa3BUTHS PacTCHUIN OTIMYAETCs OO0JIb-
m1eit TabMIIBHOCTBIO 10 CPABHEHUIO ¢ MOP(OJIOTNYECKUMH NpU3HaKaMu. 3me-
HEHU 110 IPU3HAKY PUTMa Pa3BUTHA, KaK ¥ 0 XHMHYECKUM NTPHU3HAKAM, OOBIIHO
MPEIIIECTBYIOT U3MEHEHUSIM 110 MOP(OIOrHYecKuM Ipru3HakaMm. DeHomormye-
CKHEe HAOIIOAEHHUS TMO3BOJSIOT YCTAHOBUTH B3aUMOOOYCIOBIEHHBIH pHTM
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Pa3BUTHUS PACTEHHUI U Cpelbl U MPOSBUTH aJaNTallMOHHBIN moTeHuual. Llembio
HCCIIEIOBAHUH OBUIO IPOBECTH CTATUCTUIECKU 3HAYNMYIO OICHKY (PCHOIOTHYE-
CKHX PEaKIUi MHOTOJECTHHX JICKAPCTBCHHBIX PACTEHHH B YCIIOBHSX fora Towm-
CKO# 00J1acTH, CKOOPAMHUPOBAHHOHN € TIOKA3aTEIsIMH CPEIHECYTOYHBIX U CPe/l-
HEMECSIYHBIX TeMIIEpaTyp.

MarepuaJj 1 MeTOABI

HccnenoBaHus POBOAMINCH HA SKOCHCTEMHOM ICHIPOJIOTHYECKOM TeppUTO-
puu Cubupckoro 6oranudeckoro caga TI'Y, pacnonoxkenHoil Ha 3anagHo-Cu-
OupcKoil paBHUHE B cpenHeM TedeHuu peku 00w, rore ToMckoi o6macTu.

O6nwexTol uccnenoanuii: Althaea officinalis L. (aireit tekapcTBeHHBIH ), MHO-
rojieTHee TPaBsIHUCTOE pacTeHue cemelictBa Malvaceae, u Tanacetum vulgare L.
(mmxmMa OOBIKHOBEHHAs!), MHOTOJIETHEE TPaBSIHUCTOE PpACTCHHE CeMeHCTBa
Asteraceae. Ins aHanmM3a TeMIIEPaTyPHBIX U3MEHEHHUH HCIIONB30BAUCH TAaHHEIC
Bcepoccuiickoro Hay4HO-HCCIEOBATEIHCKOTO HHCTUTYTA THIPOMETEOPOIIOTH-
9ecKoi MH(pOpMaIMy — MHPOBOTO IIEHTPa AaHHBIX C HUCIIOIB30BAHUEM MAacCHBa
JTaHHBIX 10 cTaHuu « ToMck» [10] u manHbIe HHTEpHET-TIopTana Gismeteo [11-
13]. OneHuBanuch U3MEHECHUSI CPEIHEMECAYHOM TeMIepaTypsl U KOJIUYECTBA
OCAJIKOB TI0 IECATUIICTHSM, JUISI MECSIICB alpellb—OKTSIOpb YCTAHOBICH XapaKTep
KOPPEILIIAN MEXIy CPETHECYTOYHBIMH TEMIIEpPaTypaMu M CPOKAMH HACTYILIC-
Hus peHodas.

W3yuenue putMa CE30HHOTO Pa3BUTHS MPOBOIWIN MO OOIIEIPUHITON MeTo-
muke [14,15], MeTo1oM Ha3eMHBIX (PEHOJOTMYECKHX HAONIOICHUI PEerucTpUpo-
BaJIM HACTYIIJICHUE OCHOBHBIX (heHonoruueckux ¢as B mepuoxa ¢ 1972 mo 2022 r.
duKcHpoBad HaYAJIO HACTYIUICHHS (peHoda3: Bereralyu, OyTOHU3aIluH, [IBETe-
HUSI, TUIOJJOHOIICHUsI. MeToanka HaOmoaeH!s OblTa HEM3MEHHA B TEYEHHE BCETO
nepuoja HabmoaeHniH. HaOmoaeHust IpoBOJMIN B T€UEHHE MATUACCATH JIeT Ha
HMHTPOIYIMPOBAHHBIX 0COOSAX, BCTYMUBIIUX B IIEPHOJ [CHEPATHBHOTO Pa3BUTHS
B 1972 T., mociie BCTyIUICHHSI 0cOOel B MOCTTCHEPATUBHBINA TIEPHO]] PA3BUTHS
1 TIIPEKpAIICHUN TeHEPATUBHOM (DYHKITNH, HAOIIOAEHHS IPOBOIIIM Ha PEIpo-
JOYKLUSIX UCXOAHBIX 0co0ei, chopMHUPOBABIINXCS B YCIOBHAX 1ora ToMCKoM 00-
JaCTH.

[TonmyuyeHnble AaHHBIE CPOKOB (heHO(DA3 ABYX HCCIEIOBAHHBIX BUIOB OBLITH
MIPOBEPEHBI Ha HOPMAJIBHOCTH pacmpeneneHus. HopManbHOCT pacmpeneneHus
JaHHBIX TPOBEPSATIACh OTIACIBHO IS KAXKI0H (heHOo(a3sl KaXI0T0 BUIA H3y4eH-
HBIX pacTeHuil ¢ ucnonb3oBanueM kpurepus llanupo—Yunka. Koppensuunonusrii
aHaJM3 C paccUUTaHHBIM K03 durmenTom koppersiuuu [Tupcona (p < 0,05) npu-
MEHSUTH JJIS BBISIBJICHUS CBSI3U MEXKIY CPEAHECYTOYHBIMHU TEMIIEPATYpPaMH U CPo-
KaMH HacTymieHus (eHodas. {1 BO3SMOXKHOCTH IPOTHO3UPOBATE CPOKH M3MeE-
HeHus (peHOo(a3 OT cpeaHECYTOUHBIX TeMIepaTyp HaMH ObLI MCIOJIB30BaH pe-
TPECCUOHHBIN aHAIIU3 C pacdyeToM Kod(duuuentos aerepmunanu. OopadoTka
MONYYEeHHBIX JaHHBIX IIPOBOIMIACH C HCIONB30BAHUEM MAKETa IPOTrpaMM
Statistica-12 (StatSoft Inc., Tulsa, OK, USA). Bce rpaduku 1 puCyHKH MOCTPO-
€HBI C HCTIONIb30BaHueM nakeTa mporpamm MS Excel 2016.
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Pe3y.]'l]>TaTl>I HCCJICT0OBAHNUSA U oﬁcymz[elme

[To MHEHHIO Pa3HBIX AaBTOPOB, PACTUTEIBHBIC OPraHU3MbI HEOTHO3HAYHO pea-
TUPYIOT Ha U3MEHEHHS KJIMMaTa, Y HEKOTOPBIX BUOB MOBBILIICHUE CPEIHET0/10-
BOH TeMIlepaTyphl BbI3BIBACT CIBUT (PEHOJIOTUYECKHUX (a3, OAHAKO PEaKlUu He
BCer/la OJJHO3HAYHBI U 4aCcTO 0YeHb BUocnenuduysl [16]. Lenas mpoBeaeHHOro
WCCTIEIOBAHUS — OIEHUTHh PEAKIMIO JICKAPCTBEHHBIX PACTCHUH, HAXOISIIMXCS
B YCIIOBUSIX MHTPOIYKIIMOHHOTO SKCIEPUMEHTa W HWMEIOIIMX pPa3HbIe CTEICHH
aJIanTalvy B TEYECHUE JUTUTEIILHOTO BPEMEHHOTO MMPOMEXKYTKA.

[Ipu ananu3e pe3yabTaTOB JAHHBIX METEOPOIOTMYECKOT0 MOHUTOPUHTA CPEJI-
HeMecsUHbIX TemmepaTyp [10], yCIOBHO pa3OUTHIX MO JECATHICTHIM, YCTaHOB-
JIEHBI JIOCTOBEPHO 3HAYHMMBIC YBEIUYCHHUS CPEIHUX TeMIIepaTyp BECCHHUX W
OCEHHHX MecsIeB: anpens — ot 1,3 10 4,5 °C k nmocnegHemMy JeCsITHIETHIO, aBly-
cta — ot 14,6 no 16,4 °C, okts16ps — ot 0,4 10 2 °C. B ocranbHbIX cinyyasx He
00HaApy>KEHO YETKOW TEHJICHIMHM K YBEJIHUCHHIO CPEIHEMECIYHBIX TEeMIIepaTyp
1o necsatwietusM. [lpu aHanmm3e U3MEeHEeHUs KOJIMYECTBA OCAIKOB IO JIECSATUIIC-
THSM OTMEYCHBI HanboJiee pe3Kre N3MEHEHHsI B JICTHAE MECSIIbI, CTATUCTHICCKU
3HAYMMOH TEHICHIIUH K YBEITMUSHUIO MJIM YMEHBIICHUIO KOJTMYECTBA 0CAIKOB IO
JECSTUIIETUSAM He yCTaHOBIIEHO (puc. 1).

H3aMeHeHHe C]]C,‘_IHCML‘CSI‘IH()H TeMIepaTyphbl o AeCATH/IETHAM
22
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20 195
ay 1{’1 R M 1981-1990
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: H2001-2010
o470
146

TemnepaTypa, °C

anpens mai HIOHB Hions asrycr ceHTAbps oKTABpL

Puc. 1. VI3meHeHus: cpeJHEMECSYHON TeMIIepaTyphl IO MepHoAaM,
YCIIOBHO JIECATHIIETHAM, Ha tore ToMckoi obmacti
[Fig. 1. Changes in the average monthly temperature by periods, conditionally decades,
in the south of Tomsk region]

[pu ananw3e MHOTONETHUX PEaKLUi PACTCHUH HA KIMMATUYECKHE H3MCHEHHS
BEIOpaHBI BU/IBI, UMEIOIINE PA3THYHBIA aIanTaldOHHBIN TOTEHIINAT B YCIOBHUIX
Tomckoii obiactu. Tanacetum vulgare L. oTtHocuTCst K GEHOPUTMOTHITY JJTH-
TEJbHO BEreTUPYIOIIMX BECEHHE-JICTHE3EIIEHBIX MHOTOJIETHUKOB C BECEHHUM
CPOKOM TIPOOYKICHHS W IEPHOIOM 3HUMHEro NOKOs, B ToMCkod obmactu
MPEACTABIICH YacTO M XapakTepu3yeTcs Kak ycroiunseii Bug [17, 18].
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Ipu ananmu3e CPOKOB HACTYIUIEHUS (peHONOrHUYecKux cobwituii T. vulgare
B yCIOBHUSIX fora TOMCKOH 00NacTH B TCUCHHE IIATHACCSTH JIET YCTAHOBJICHBI
CpeIHKE CPOKH HACTYIUICHHS OCHOBHBIX (peHodas (tadiu. 1). Bun mpoxoaut mod-
HBIW [UKJI CE30HHOTO pa3BUTHS, Bce (paspl ycrmenHo peanusytotcs. [lokazarenn
CpeIHero KBaApaTUYECKOro OTKIOHEHUSI HEKOTOPBIE aBTOPHI PACCMATPUBAIOT KaK
MOKAa3aTellb IVIACTUYHOCTH MU KOHCepBaTUBHOCTH BUja [19, 20]. Mcnons3ys mo-
Ka3aTellb CPEJHEro KBaJPAaTHUECKOTO OTKIIOHEHHS, CICNaHa ITONBITKA yCTaHO-
BUTH CBSI3b MEXKIY IIACTUIHOCTHIO M3yYaeMBIX BUAOB U HX (DEHOIOTHIECKUMHU
peakuusiMu Ha kiuMaTudeckue usmenenus. [leproa ¢ 1972 mo 1981 u ¢ 2012 no
2022 1. XapaKTepU30BAIUCh HANOONBIIUMH KOJIEOaHUSAMHU TIOKa3aTessl G TI0 BCEM
¢dazam ¢denonormueckoro pazuthia. OTHAKO 32 BCIO HUCTOPUIO HAOIIOMCHUIA
HauOOJIBITNEe U3MEHEHHS CPOKOB HACTYIUICHHS (eHo(da3 OTMEUEHBI i (a3bl
LIBeTeHUs: MUHYC 7 nHell 3a 10 neT B mepBoe AecsITHIIETHE U MUHYC 5 JTHEeH 3a
10 ner B mocnennee necstmwietne. Cpoku HacTymuieHus (as3pl OyTOHM3AIMU
TaKkKe CIBUHYJINCH Ha 5 THEH 3a MepBoe ACCATHIICTHE.

Ta6nauma 1 [Table 1]
Cpoxku Hacrymienust penosornueckux a3z Tanacetum vulgare L.
B ycaoBusx ora Tomckoii o6aactu ¢ 1972 no 2022 r.
[The timing of the onset of the phenological phases of Tanacetum vulgare L.
in the conditions of the south of the Tomsk region, 1972-2022]

®da3za pa3BuTus
[phase of phenological development]

Hayano Bererauuu| bByroHuzanus IIBeTenue ILmonoHomeHne
[Vegetation phase] [Budding phase] [Flowering phase] [Fruiting phase]
[lepuon
[Period] Hauano Hauano Hauano Hauano
hazbr (hazsr (hazber (assr
[Beginning)l o | & |[Beginningl o | & |[Beginning o | & |[Beginningl o | &
of the of the of the of the
phase] phase] phase] phase]
1972-2022 07.05 05.07 24.07 25.08

1972-1981 06.05 |15,6|-1| 30.06 |12,6|-5| 31.07 |185| 7 | 28.08 [343|3
1982-1991 0805 |50(1| 0807 |60]|3]| 2707 |87 |3 ]| 2508 [77]0
1992-2001 07.05 | 75|0| 0705 |66 | 2| 2407 |57 |0] 2408 |71 |-1
2002-2011 06.05 |81 |-1| 0407 |55 |-1| 2007 | 7,7 |-4| 2508 [81 |0
2012-2022 0805 |89 (1| 0407 |91 |-1] 19.07 |13,2|-5| 22.08 [145|-3
Ilpumeuanue. 6 — CpefHEe KBaJpPATUUYECKOE OTKIIOHEHHE; O — OTKJIOHEHHE OT CpeaHei
MHOTOJIETHEH J1aThl HACTYTIJICHUST q)eHOJ'IOFI/I'{eCKOFO COOBITHS.
[Note. o — the mean square deviation; & — is the deviation from the average long-term date of occurrence of
a phenological event].

CpenHue CpOKM HACTYIUICHUS BETETAIlMK B YCIOBUX ora ToMCKoO# obnacTu
OPpUXOAATCA Ha HAa4YaJl0O Mast U CBSA3aHbI C yCTOﬁ‘IHBbIM TMOBBIIIICHUEM TEMIIEpa-
Typsl Bo3ayxa Boite 0 °C, 0yTOHHU3aLKMU — Ha HA4aJIo UIOJIS, IBETEHUE HACTYTAeT
B KOHIIE HIOJIS, IUIOIOHOIICHHE OTMEUYCHO B KOHIIE aBrycra (puc. 2, 4).

A. officinalis ectecTBeHHO He npou3pacraeT Ha TeppuTopur TOMCKO#H 00acTH,
B 3amanHoit CuOHpHU BCcTpedaeTcs B CTEHMHBIX pailoHax, MHTPOAYLMPYETCS BO
MHOrux Ooranndeckux cagax Cubupu, B Tomckoil 00macTu, XapakTepusyercs
Kak crnaboycroiuuBsiid Bu [18]. [IpearnonoxxuTeIbHO BHJ JOJDKEH UCIIBITHIBAT
OOJIBIINI ananTalrnoOHHBIN cTpecc, ueM T. vulgare.
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Puc. 2. 3aBUCHMOCTH CPOKOB HACTYIIICHHUS (PEHOTOTUIECKUX COOBITHI
ot temreparypsl: Tanacetum vulgare L. (4) u Althaea officinalis L. (b)
[Fig. 2. Dependence of the timing of phenological events on the temperature
of Tanacetum vulgare L. (4) u Althaea officinalis L. (5)]

A. officinalis B ycioBusix rora ToMckoit 001aCTH IPOXOJUT ITOIHBIHN MK pa3-
BUTHSI, OTHAKO HE BCET/a YAACTCS YCIIEIIHO 3aBEPIINTD MPOIIECC IO IOHOIICHUS,
CeMEHa HE BCEr/ia YCIEBAIOT CO3PEBaTh, 3TUM MOKHO OOBSCHHUTH BHICOKHE 3HA-
YECHUS CPEIHEr0 KBaPaTHUCCKOTO OTKIOHEHHS M OTKIOHCHHUS OT CPEIHEH MHO-
TOJICTHEH JaThl HACTYIUICHUS (hEHOJIOTHYecKoro coObiThsA. Bee ¢a3nl pazBuTHs
OTMEYAITUCh 3HAYNTEIILHBIMU KOJICOAHUSAMH, B HAUOOJIBIICH cTeneHn (asbl TIo-
JIOHOIIIEHUs U OyToHU3auu (Tadm. 2).
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Ta6auna 2 [Table 2]
Cpoxu Hactyniienus penosornyeckux gas Althaea officinalis L.
B ycJioBusix 1ora Tomckoi o06/1actu ¢ 1972 mo 2022 r.
[The timing of the onset of the phenological phases of Althaea officinalis L.
in the conditions of the south of the Tomsk region, 1972-2022]

®da3za pa3BUTUAL
[phase of phenological development]

Hayvano Bereraunu| bByronuzauus LBerenue [InopoHomenue
[Vegetation phase] | [Budding phase] [Flowering phase] [Fruiting phase]
Ilepuon
[Period] Hauvano Hauvano Havano Havano
¢asbr thassl ¢asbr ¢asbr
[Beginningl & | & |[Beginningl © | & |[Beginningl © | & |[Beginningl © | &
of the of the of the of the
phase] phase] phase] phase]
19722022 245 3.7 28.7 23.8

1972-1980 205 |89 |4 156 (21,7113 287 |48|0| 128 |[134}1]
1981-1990 255 |58]1 47 (1721 | 237 |140|-5| 19 |247|9
1991-2000 215 |85 |-3| 177 |96 (14| 338 75|16 | 128 (86,115
2001-2010 235 |64 |-1| 717 8,7 |4 28 |13,7]5| 258 [196] 2
2011-2022 295 |93 |5| 296 (10,8|-4| 247 |84 |4 29 |118|10

Ilpumeuanue. ¢ — cpeHee KBaAPaTUIECKOE OTKIOHEHHUE; O — OTKIOHEHHE OT CPEeAHEH MHOTO-
JICTHEN JaThl HACTYTUICHUSA q)CHOJIOFI/I‘ICCKOFO COOBITHS

[Note. o — the mean square deviation; 8- is the deviation from the average long-term date of occurrence of
a phenological event].

Becennee orpacranue B ycmoBusx Tomckoit obmactu mis A. officinalis L.
HACTYIIAeT B KOHIIE Masi M CBA3aHO C YCTOMYMBBIM IIEPEX0I0M TEMIIEpaTyp uepes3
5 °C, OyToHU3aIHs HAYMHACTCS B KOHIIE HIOHS — HaYaJe—CePEIMHE HIOTIS, IIBETE-
HHE OTMCUYCHO B KOHIIEC MIOJSI — HAJalle aBrycTa, KOHIIE aBrycTa — Ha4yajo CeH-
Ts0ps (puc. 2, b). CiiefryeT OTMETHTh, YTO JJAaHHBIE O CPOKaX HACTYIUICHUS (ha3bl
CO3pEeBaHUs CeMSH B TepBbIe 4 NECATUIIETHS Pa3pO3HEHBI, OJTHAKO B TOCIIETHEE
JECATUIICTHE YIACTCS SKEr0THO (PUKCHUPOBATh HAYAIIO U KOHEIl a3kl CO3PEBaHMUS
CEeMsIH, YTO TOBOPHT O IEpecTpoiike puTMoB pocrta u passutus A. officinalis L.
B ycioBUsIX fora Tomckoit obmactn. Hanbonee KOHCEpBaTHBHBIM IMPU3HAKOM IO
MOKA3aTellto G BBITJSIAUT (pa3a BereTaiy B TEUCHHE BCEX aHATTM3UPYEMbIX TIepH-
0J10B, HanOoIbIIME KOJIeOaHUsI OTMEUEHBI TS (ha3bl MIIOJOHOIICHHS B IeCATHIIE-
i 1981-1990 u 1991-2000 rr. 3a Bcto uctoputo HaOI0AeHUI HauboIbIINE U3~
MEHEHUS CPOKOB HACTYIUICHUS (a3 oTMeueHs! s OyToOHU3aIK MUHYC 13 mHel
3a mepBoe Jecstuierre u wioc 14 muei 3a nepuon 1991-2000 rr. u dassl mwio-
JnoHouieHust MuHyc 11 aHel 3a nepBoe necstuieTne U MUHyc 15 nHeil 3a nepuon
19912000 rr.

Jns qByX BHIOB OTMEUYEHBI 3HAYUTEIBHBIE KOIECOAHMUS CPOKOB HACTYIICHUS
(heHONIOTHUECKUX COOBITHI UMEHHO B TIEPBBIC JICCATUIICTHS HaYalla HHTPOIYKITU-
OHHOTO 3KCIIEPUMEHTa. DTO, CKOpee BCETO, CBSI3aHO C OTKIMKOM T'€HETHYECKOTO
anmnapaTa pacTeHH Ha M3MEHEHHs yCJIOBUU MPOM3PACTAHHUs, YTO OCOOEHHO aK-
TUBHO MIPOXOAMJIO B TIEPBbIE 2 NEeCSITUIIETHUS.

PerpeccroHHBIN aHANW3 BIUSHUSA CPEIHECYTOUHONW TEMIEPATYphl HA HACTYM-
nenne pernodas T. vulgare nemoHCTpUpYyeT cTatucTHUecky 3Haunmoe (R? = 0,15
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mpu p = 0,0059) Gonee paHHee HACTYIUIEHUE CPOKOB LIBETEHUS NPH YBEIHMUECHUH
CPEIHECYTOYHOU TEMIIEPaTypPhl, YTO MOATBEPIKAACTCS OTPHLATEIHHON KOppes-
nuu Mexay npuszHakami (r = —0,53 mpu p < 0,05). 3aKk0HOMEPHO € 3TUM MOXKHO
TIPOrHO3UPOBATH Gonee paHHKe cpoku miogoHomenus (R? = 0,34 mpu p = 0,00002)
NIPY YBEJIMYSHUH CPEJHECYTOYHBIX TEeMIIepaTyp, YTO TaKKe ITOATBEPIKIACTCS
KOppesIIMOHHBIM aHanu3oM (r = —0,73 mpu p < 0,05). (cM. puc 2, 4). IIpu sTom
CTaTUCTUYCCKHU 3HAYMMOM CBSI3U CPOKOB (ha3 BETeTalH U OyTOHU3AINH C U3ME-
HEHHEM TEMIIEPaTyPHI He BELIBICHO.

Hus A. Officinalis, HaoGopot, ycTaHOBIEHa OTpHUIATENbHAS KOPPEJIALUS
MEX/ly IpH3HAKaMU CPEAHECYTOYHON TeMITepaTypsl 1 HayaloM a3kl BereTanuu
(r=-0,56 mpu p < 0,05) u 6yrorm3anuu (r =—0,61, npu p < 0,05). IIpu 5TOM HE
OBLTO BBIABIICHO BIHSHUS CPEJHECYTOYHOM TeMIlepaTyphl Ha (a3bl IBETCHUS U
miofoHomenus (cM. puc. 2, b). IlomydeHHbIe TaHHBIE CBUACTEILCTBYIOT O TOM,
YTO IS BUAA, aAaNTUPOBAHHOTO K yciIoBUsAM ToMckoit 00nacTu, cpeHecyTou-
HBIE TEMIIEpPaTyphl IMEIOT MEHbBIIICEe 3HAUCHIE B HaYaJle BEr€TAIIMOHHOTO Ce30Ha
1 OoJbIlie BIHSAIOT Ha (a3bl IBETCHUS U IUIOAOHOIICH!. HanpoTus, i Bua,
HaXOISIIIIETOCS B COCTOSHUH MHTPOAYKIIMOHHOTO CTPECca M MPOXOISIIETo Mpo-
LiecC aJanTalyy K yCIOBHAM KyJIbTHBHPOBAHUS, CPETHECYTOUHBIE TEMIIEPATYPBI
HayaJsa BereTalluOHHOTO CE30Ha B 3HAUUTENBHON CTETIEHH 00YCIOBIMBAIOT CPOKU
HACTYIUICHUS BETCTAIlMU 1 OyTOHM3aIUH.

3akiouenue

YcTaHOBICHHBIE OCOOCHHOCTH PUTMA POCTA M PA3BUTHUS MPOSIBHIN PA3HUILY
MEXY PEeaKIUsIMU BUAA, aJallTUPOBAHHOTO K MPUPOAHO-KIMMATUIECKUM YCIIO-
BUSIM perroHa KynstuBupoBanust (T. vulgare), 1 Buzia ciadoycToHInBOro K ycio-
BUSIM PErHoHa. B mepBoM cityuae cpeHECYTOUHBIE TEMIIEPATYpPhl UMENU 3HAUE-
HUe Ui (a3 IBETEHHS U IUIOAOHOIICHHS, BO BTOPOM CIIydae — CPEIHECYTOUHbIC
TeMIIepaTypbl Hayaja Bereranuonnoro cesona (A. officinalis). Jlnsa nByx Bumos
OTMEYeHbI 3HaUNTeNIbHbIEe KOJICOAaHNsI CPOKOB HACTYIUIEHUS (PEHOJIOTHUECKHX CO-
OBITHII MMEHHO B TIEPBBIE JECATHIECTHS Hadala MHTPOLYKIIMOHHOTO SKCIIEpH-
MeHTa. Ilpu aHanu3e cpegHeMecs4HbIX TeMmiepaTryp 3a nepuon 1972-2022 rr.
YCTAHOBJICHBI IOCTOBEPHO 3HAYMMEBIC YBEIWUCHUS CPEIHUX TEMIEpaTyp BECeH-
HUX ¥ OCEHHHUX MECSIIEB.
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