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KOJIOHKA I''TABHOI'O PEJAKTOPA

Yeaoicaemvie xonneau!

Ilpeocmasnaem eawiemy GHUMAHUIO OYe-
peonotl Homep Hawezo dcyprana 3a 2024 200.

Pazoen «Jlecnoe xossiicmeo» omkpuvléaem
cmamvs, 8 KOMopotll ONUCAHO GIUAHUE INEeKMpo-
MASHUMHO2O0 — NONSL  CBEPXBBICOKOU  YACOMbL
(OMII CBY) na obessapadsicusanue cyocmpamos
npu GbIPAUUBANUL CEsTHYE8 COCHbL U el 8 KOHMmeli-
Hepax. Ycmanoeneno nooagnsiowjee u CuMyupy-
owee delicmaue UNy4eHUs. HPU PAHBIX PEHCUMAX
obpabomxu na muxpoopeanusmel. Ipu mowmocmu
uznywenus 200450 Bm u npoodomicumensHocmu
so3oeticmsuss CBY om 4 0o 8 murnym 6 cybcmpame
NOTHOCMBIO OMCYMCMBO8ANU 6CX00bl COPHLIX pacmenuti. Onmu-
ManbHbM pedcumom cmepunusayuu mopgpa IMIT CBY seisemcs
mowgrocmv 300 Bm u sxcnosuyust obnyuenus — 10 murym. Bo emopoti
cmamve npueedeHo GIUAHUE MAKPOINEMEHIMHO20 COCMABd Cpeobl
WPM u peayniamopog pocma Ha Mopgocenes 8ecemamusHbIX U 2eHe-
pamusHblx mxaneil copmoebix gopm eonyouku. Coenan 661600
00 0cObeHHOCIAX aKMUBAYUU NEPEKTIOHEHUs. PA3GUMUSL MUKPOCHOD
€ 2amMemogoumHOLL Ha COPOGUMHYIO NPOSPAMMY Y COPMOBLIX POPM
2071YOUKU Y3KOTUCMHOU 8 3A6UCUMOCTIU OM KOHYEHMPAyuu MaKpo-
2NIeMEHmMHO20 cocmasa cpeovl. B cnedyroweli cmamve dannozo pas-
Oena npueedeHa  CPasHUMeNbHAs OYEHKA OeKOPAMUSHbIX popm
u copmos myu sanaounoul (Thuja occidentalis) 6 ycnosusx Huoiceeo-
poockoi obnacmu. Copma u opmvl myu 3anaoHoli HeOOHOPOOHbl
no nuemenmHomy cocmagy xeou. Ilpu smom on Hecmabunen u noo-
6epIICeH 3HAUUMETbHBIM USMEHEHUAM 8 HAYasle U KOHYe 8eemaytioH-
Ho20 nepuoda. Ilpu 5mom KoHyeHmpayus Xiopoduiia u KapomuHoU-
008 8 OCeH ULl NEPUOO NOBLIUACINCAL.

B pasoene «Texnonoeuu u mawunsl 1ecHozo 0ena» npeocmag-
JeHbl 08e cmambit. B nepeoii u3 Hux 0aémcs xapakmepucmuka ¢u-
3UKO-MEXAHUHECKUX CBOUCME OpeBeCHbIX KOMNO3UWUOHHBIX Mame-
PUATOB8 C UCHOTb308AHUEM ONIX0008 OYUTUHOPOSKU OpéseH. Apbo-
JUM, U320MOGTEHHbII U3 OAHHBIX ONX0008, COOMEECmEyem mpe-
6osanuam I'OCT 19222-2019 «Apborum u uzdenus uz nezo. Obwue
mexnuyeckue ycnosusy. Bo emopoii oama oyenka Hanpsicénmo-
0ehopMUPOBAHHO20 COCMOSIHUSL OOPOIHCHOLL 00EHCObL IECHBIX OOPOR,
yeunenHou  eeocunmemuyeckumu  obonouxamu. Ilpeonooicenuie
KOHCIPYKYUU OOPOACHBIX 00edHCO NO3GONAION CHUZUNb UX BEPIMU-
KanvHble Oeghopmayuu.

B pazoene «llpobremul sxono2uu 4 payuoHanbHO20 HPUpoOo-
nonb308anusy onyomukoeansl 0se cmamvu. Ilepeas noceswjena
oyenKe U NpoSHO3Y IKONOSUHECKUX MEHOCHYUIl COCMOSIHUSL N1eCO8
10 OaHHbIM BDEMEHHBIX PSIO08 CHYIMHUKOBbIX OAHHBIX U HETUHELIHbIX
3asucumocmeli. Ananus HenuHeliHo20 MOOETUPOBAHUS C IKONO2UYe-
CKUMU UHOEKCaMU NO360Jem NOMVYUUMb 6aJiCHble C8e0eHUs Ols
6yOywux cmpameuti COXpaHeHUs. U YnpagieHus. JIeCHLIMU IKOCU-
cmemamu, ocobento 6 patione Xaocu KHP. Bo emopoui cmamve onu-
CbIBAIOMCSL GbIAGTEHHbIE MEHOSHYUU NOBMOPAEMOCHIU CYXUX 2PO3
6 niemmue mecaywl ona Axymuu u Kpacrospckozo kpas. Onu onpede-
JIIOMCS. He MOTLKO 8aAPUAYUAMU MECIMHO20 KIUMAMA, HO U 2e02pa-
@uueckum nonodicenuem usyuaemvix meppumopuit. Cywecmsennoe
GnUAHUE HA NOBMOPHOCHb CYXUX 2PO3 NPEONONIONCUMENLHO OKA3bI-
6aiom qaHowaghmusle Qakmopeoi.

B pasoene «Jamui. Cobvimus. Kommenmapuuy pazmvewena
cmambsi, NOCEAWEHHAS YieHOMY~1eco8o0y, Tlouémnomy pabomuuxy
sbicuiec0 npogheccuonanbrozo obpasosanus P®, 3acnyscennomy
Oesmenio nayku Pecnyonuxu Mapuii On, nowémmnomy npogheccopy
HITY, 3acmyscennomy  necosody  Poccutickoii  Dedepayuu
Buxmopy Huvuuy [Tuenuny.

Veaosicaemvie uumamenu, mvl Hadeemcs, ymo pe3yrbmamoi
UCCIe008aHull, NPeocmasiieHtbvle 8 SMom Homepe, 6Y0ym 6am uxme-
pectbl U nonestvl 8 pabome.

TIpogheccop Eezenuii Pomanos

Dear colleagues!

We present to your attention the new
2024 issue of our journal.

The section “Forestry” opens with an ar-
ticle that describes the influence of the ultrahigh
frequency electromagnetic  field (microwave
EMF) on the disinfection of substrates when
growing containerized pine and spruce seed-
lings. Both suppressive and stimulating effects
of microwave radiation on microorganisms
exposed to under different treatment modes were
determined. The application of microwave ra-
diation at a power of 200450 W for 4-8 minutes
resulted in the total absence of weed seedlings in the substrate.
The optimal mode of peat sterilization via microwave iradiation
is at the power level of 300 W with the exposure time
of 10 minutes. The second article considers the effect of the WPM
macroelement composition and growth regulators on the mor-
phogenesis of vegetative and generative tissues in varietal forms
of blueberry. The study revealed the specific features of activating
the switch of the microspore development from the gametophytic
to the sporophytic program in the varietal forms of Vaccinium
angustifolium Aiton depending on the concentrations of macro-
elements in the medium composition. The final article in this
section provides a comparative assessment of several decorative
Jorms and varieties of Western thuja (Thuja occidentalis) in
the conditions of the Nizhny Novgorod region. The varieties
and forms of Thuja occidentalis are heterogeneous in terms
of needle pigment composition which is unstable and subject
to significant changes at the beginning and at the end of the grow-
ing season. Furthermore, the concentration of chlorophyll
and carotenoids increases in autumn.

The section “Forestry Technologies and Machines” fea-
tures two articles. The first deals with characteristics of the physi-
cal and mechanical properties of wood composite materials and
the use of log rounding waste. Arbolite made from this waste meets
the requirements of the GOST 19222-2019 standard "Arbolite and
its products. Specifications”. The second arficle focuses on the
assessment of the stress-strain state of the forest road pavements
reinforced with geosynthetic shells. The proposed road pavement
designs make it possible to reduce their vertical deformations.

Two articles are published in the section “Problems of
Ecology and Rational Nature Management”. The first one is
devoted to assessing and forecasting the environmental trends in
the state of forests based on time series of satellite data and non-
linear dependencies. The combination of nonlinear model analy-
sis with environmental indices provides crucial insights for future
conservation and management strategies, especially in the Hexi
Corridor, China. The second article describes the trends identi-
fled in the recurrence of dry thunderstorms during summer
months in Yakutia and Krasnoyarsk Krai. The trends are deter-
mined not only by variations of the local climate, but also by the
geographical location of the studied territories. It is presumed
that landscape factors have a significant influence on the fie-
quency of dry thunderstorm events.

The section “Dates. Events. Comments” includes an ar-
ticle dedicated to Victor Ilyich Pchelin, forest scientist, Honor-
ary Worker of Higher Professional Education of the Russian
Federation, Honored Scientist of the Republic of Mari El,
Honorary Professor of Volga State University of Technology,
and Honored Forester of the Russian Federation

Dear readers, we hope that you will find the research
results presented in this issue interesting and relevant
Jor your work.

Professor Evgeny Romanov
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EDN: QBEZNM

O06e33apaxxuBanue cyOCTPATOB NPHU BHIPAIMBAHUY CESIHICB
ApPeBEeCHBbIX MOPOJ B KOHTEeHHepax

JI. H. Myxopmoe™, M. A. Oxau, H. /1. Maiiopoe

TloBomxckuii rocy1TapCTBEHHBIM TEXHOJIOTHUECKUN YHUBEPCUTET,
Poccutiickas @eneparyst, 424000, Momxkap-Omna, . Jlenuna, 3
MuhortovDI@volgatech.net

AHHOTanms. Bseoenue. TlomydeHne CTaHIAPTHOTO JIECHOTO TOCAJOYHOTO MaTepHala C 3aKphbl-
TOI KOpHEBO! CHUCTEMOMW MpPEoaracT UCHONb30BaHUE MPU €r0 BBIPAIIMBAHUM KaueCTBEHHOTO Tell-
JIMYHOTO CyOCTpaTa, KOTOPHIH XapaKTepH3yeTCs] ONTUMAIBHBIMU (DH3NKO-XUMUYECKIMH CBOWCTBAMH,
OTCYTCTBHEM CEMSIH COPHOW PacTHTEIFHOCTH W MAaTOTeHHOW MHUKpo(IIophl. B kauecTBe ajnbTepHaTHB-
HOTO criocofa o0e33apakiBaHus TpeJyIaracTcsl UCHOIb30BaTh 3JIEKTPOMarHUTHBIE TOJISI CBEPXBBICO-
KOM 4acTOThI. []enb paboThl — ompeaenTh 3PHEKTUBHBIN pekuM 00e33apaKUBaHUS KOPHE3AKPHIBAIO-
mero cyocTpara B 3JI€KTPOMAarHUTHOM TToJie ¢BepXBbIcOKoH gacToThl (OMIT CBY). O6vexmom uccie-
JTIOBaHUs OB HU3UHHBIN TOPJ ¢ BKIIOYEHHBIMU B €TO0 COCTaB CEMEHAMH COPHBIX pacTeHuil. B xone
9KCTIEpHMEHTa OBIT MPOBEAEH KOMMIECTBEHHBIN aHaIN3 KOJOHHEOOPa3youX eANHNL] MUKPOOpra-
HHU3MOB B TOp(€, N3yUCHBI BCX0KECTh CEMSH COPHOM PAaCTUTENHLHOCTH U OMOMETPHUIECKUE MapaMeT-
pBI CESHIIEB COCHBI OOBIKHOBEHHOW W €ld eBporeickoi. [IpoaHanmm3upoBaHO BO3ACHCTBHUE
CBY-n3nmy4yenus: Ha U3MEHEHUE TeMIIEpaTypbl U Macchl Topda. Pesyavmamsl. AHaIN3 N3MEHEHUS
TeMneparypsl HarpeBa Topda ot pexnma CBU-m3mydeHns mokasai, 4TO MHTEHCHBHOCTb HarpeBa
TOp(a 3aBUCUT OT MOIIHOCTH M3JTyYEHUs] U BPEMEHHOH SKCHO3UIUH. D()(PEKTUBHBIE TEMIIepaTyphl
pazorpesa B 100—120 °C ormewanuch npu MomHocTsix 600-800 Bt ¢ mmurensHOCTEIO 00paboTKH
B aunarnasone 8—10 mMuHYT, a Tarke npu 450 BT ¢ pecaTUMHHYTHBIM 00iy4yeHHeM. MUHUMAaIbHbBIC
notepu Macchl Topga noxa Bo3aeiicteueM CBU-u3nmydenus HaOMIOAANINCH NTPU PEXUMAX MOIIHOCTH
ot 300450 Bt npu s3xcriosuiuu 10 munyT. M3ydenne Bo3aeticteust CBU-moneit Ha MEKpOOpraHm3-
MBI BBISIBUIIO MOAABIISIONICE M CTUMYJIUPYIOIEe ACHCTBHIE M3ITy4YEHNUS MIPH Pa3INIHbIX peXuMax 00-
paboTKu. AHaNW3 Pe3yJabTATOB JIKCIIEPHUMEHTa 1O BIHSHHIO peknMoB CBU-m3nmydennss Ha BCXO-
JKECTb CEMSH COPHBIX PAaCTCHHH IOKa3aJl MOJHOE OTCYTCTBHE BCXOIOB MPH PEXUME MOIIHOCTU H3-
nyderns 200-450 Bt u npogomkutensHocTy BozneiictBus CBY ot 4—8 MUHYT. Y CcesHIIEB COCHBI
O0OBIKHOBEHHOH, BBIpaIleHHBIX Ha Topde mocie obe3zapakuBanus CBU-m3mydeHneM, 0TMEdanoch
YBEIHUYEHUE MACCHI CESIHIEB 10 CPAaBHEHUIO C KOHTPOJEM. Y CESHIIEB €M €BPONENHCKON CHIXKAIACh
SHeprusl MPOpacTaHUs CEMSH U JOCTOBEPHO MOBBILIAJICA MTOKA3aTeNb AUAMETpa CTBOJIMKOB Y KOpHE-
BOM HIEHKH. Bbi600bi. ONTUMANBHBIM PEXUMOM cTeprinzanui Topda CBU-u3nyuenuem sBisiiach
momHocts 300 Bt u BpemenHast skcnozuumst obmydeHust — 10 mMuHyT. OnpeneneHsl peXUME
CBY-n3ny4enus, ”HrHOMpYrome rnpopactanue ceMsH. O6e33apaxnBanue Topha CBU-uznmyueHnem
TIOJIOXKUTEBHO BIIMSIET HA MAcCy CEsIHIIEB COCHBI OOBIKHOBEHHOW M CHIDKAET ITPOLICHT SHEPTHH IPO-
pacTaHus CEMSH €11 €BPOTEHCKOM.

Ki1oueBble ¢j10Ba: JIECOMOCAIOTHBIN MaTepHaT;, KOPHE3aKPBIBAIOIIHMNA CyOCTpaT; 3JEKTPOMarHuT-
HOC TIOJIC CBEPXBBICOKOH 4YacCTOTHI, 3(PEKTUBHAS TeMIIepaTypa pa3orpeBa; MUKPOOPTaHU3MEI, CeMEHA
COPHOM PacTUTEIILHOCTH

(I)l/IHaHCl/II)OBaHI/le: ABTOPLI 3asBJIAIOT 00 OTCYTCTBUH BHCIIHCTO q)HHaHCHpOBaHI/IH Ipu 1mpo-
BCIACHUU UCCIICIOBaHU.
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BBenenue

B nacrosimiee BpeMs B IECHOM XO3SIMCTBE
Poccuiickoit denepanyy 3HaYUTEIBHO BO3POC
MHTEpEC K BBIPALLMBAHUIO CESHIIEB C 3aKpPbI-
TOW KOpHEBOH cuctemoil. BaxubiM (ak-
TOPOM,  ONPEAENSIONMM OHOMETPHUUECKUE
napaMeTpsl pacTeHHil B YCJIOBHSIX Orpa-
HUYEHHOro 00bEMa KOpPHE3aKPHIBAIOLIETO
cyocrtpara, siBisiercsi ero kadectso [1]. Tpa-
JIUIIMOHHO OCHOBOM CyOCTpaToB i BbIpa-
LIMBaHUS PACTCHUN B KOHTEHHEpaX SBIIACTCA
topd, MomUPHUIMPOBAHHBIA  KOMILJICKCOM
MUHEPAITBHBIX JO0ABOK, CMayMBaTelel U pas-
peixiuteneii. CyocTparsl, NMpeaHa3HauYCHHBIC
JUISL BBIpALIUBAHUSI PACTEHUN B YCIOBHSX
3aKpBITOTO TPYHTA, JOJDKHBI 001aaaTh orpe-
NEeNEHHBIME arpoPU3NUECKUMU, arpOXUMHYE-
CKUMH U OHOJIOTHUECKUMH MOKa3aTEISIMHU.
K OuonornveckuM CBOHCTBaM KOPHE3aKphI-
BaIOUIMX CYOCTpaTOB OTHOCST OTCYTCTBHE
IIATOr€HHBIX MHUKPOOPTraHU3MOB [2] U cemsH
copHOM pacturenbHOCcTH [3]. B ycmoBusx
KOHTPOJIUPYEMOTO MHUKPOKIMMAaTa Heo0Xo-
JTUMO YIIETATh 0c000e BHUMaHUE OMoJIoTHYe-
CKUM CBOKHCTBaM CyOCTpaTOB, 3TO IMOMOXKET
CHM3UTh SKOHOMHYECKHE 3aTpaThl HA yXOIbl
U TIPEIOTBPATUTh MOTEPU CESIHIIEB OT UH(QEK-
IMOHHBIX 3a0oyieBaHuid. B Hacrosimee Bpems
pacnpocTpaHEHHBIMU crIoco0amMK  JIe3UH(EK-
MU KOPHE3aKPBIBAIOIIUX CyOCTpaToB SIBIIS-
ercst 00pabOTKa BOJSHBIM MTAPOM M BHICOKUMH
Temrneparypamu [4]. DHEpreTMuyecKku MU Tex-
HUYECKU JAaHHBIE CIIOCOOBI 00e33apasKuBaHU
3aTpaTHbIE, B CBA3U C YEM B KaUECTBE albTep-
HATUBBI MPEAJIaraeTcs MCIOJIb30BaTh MOTOKU
AJIEKTPOMAarHUTHOM SHEPIUM CBEPXBBICOKOU
gactotel (CBY). OT™meueHo, uTo Ae3nH(HIIN-
pytommmii  3pdext CBYU-uznyueHus cBs3aH
C TEIUIOBBIMU [5] U 3JEKTPUUECKUMU SIBJICHU-
svu [6-9]. CornacHO JUTEpAaTypHBIM JaH-
HelM, CBY-m3nyuenuss »>¢p¢hexTHBHBI TpU
MHAKTUBAIUY MATOT€HHBIX MUKPOOPTaHU3MOB
B muieBbIX nponaykrax [10], MeaummHCKUX
orxomax [11-13], oTxomax *KHBOTHOBOJCTBA
[14], nouBe [15]. YuéHble oTMeuaroT 3aBu-
CUMOCTL JIeTaJibHOro Bo3xeiictBus CBY-
M3JIy4EHUs HA MUKPOOPTaHU3MbI OT BJIAXKHO-
CTHU, TEIUIONPOBOAHOCTH, JUAJIEKTPUUYECKON

IPOBOAMMOCTH CyOCTpara, B KOTOPOM OHH
HaxoxaTcs. MccnenoBaHue BIUSHUSL MHUKPO-
BOJIHOBBIX IIOJIEM HA CEMEHA COPHOU pacTH-
TEIbHOCTU BBISIBUJIM JBAa MEXaHHM3Ma BO3JEH-
CTBUSL: cTUMYynupytouee [3, 16] u nonasis-
fomee [3, 17, 18]. UzBectHO, uTO 3deKTrB-
Hasi KPUTHYECKas TEMIeparypa Uil >KU3HU
MIaTOTE€HHBIX OPraHU3MOB HAXOJAUTCS B JUana-
3oHe 40—-120 °C. B 3aBUCUMOCTH OT TaKCOHO-
MHUYECKOTO TMOJIOKEHUS U (PU3UOJIOTHYECKOTO
COCTOSTHUS JICTAJIbHBIMU TEMIIEpaTypaMu JJist
MUKpoopranu3mos sBiisiroTest 100—120 °C [19].
B nuanaszone temneparyp 40-70 °C norubarot
HeMaToAbl M il reabMuHTOB [14, 20-22],
CEMEHA COPHBIX PAaCTEHUI TEPSAIOT BCXOKECTh
npu Temneparypax omuskux k 100 °C [3].

[IpropuTETHBIM HaNpaBIEHUEM B HU3y4e-
Hun neictBus CBY-uznydeHus mpu oOe3sa-
paXMBAHUM KOPHE3AKPBIBAIOIINX CYOCTpaToB
ABJIICTCS ONPEICIICHHE ONTUMAIBHOM Bpe-
MEHHON SKCHO3MLMH, MOIIHOCTH H3Iy4YEHUS
Y 4aCTOTHI BOJIHBI.

Lesasb paboTel — onpeaenuTs IPPEeKTUB-
HBI pexuM 00e33apa’kuBaHusl KOPHE3aKphl-
BAIOIIEr0 CcyOcTpaTa B 3JIEKTPOMArHUTHOM
I10JIE€ CBEPXBBICOKOW YaCTOTBHI.

3apaum:

1) u3yuutp 3aBUCUMOCTb HM3MEHEHMS
TEeMIEpaTypbl HarpeBa Topda U €ro Macchl
OT MOUIHOCTM U BPEMEHHOM 3KCHO3HULIMHU
CBY-uzny4enus;

2) NpoaHaIU3UPOBATH BO3AEUCTBUE IEK-
tpoMarauTHoro nojisi CBY Ha >xu3HECTIOCO0-
HOCTb MUKPOOPI'aHU3MOB U BCXOXKECTb CEMSH
COPHOI pPacTUTEIbHOCTH B H3y4aeMOM CYO-
CTpare;

3) u3yuuTh BIMSHHE 00€33apaKEHHOTO
CBY-uznyyenuem cybcTpara Ha pocT M pas-
BUTHUE TECT-00BEKTOB.

Marepuasbl 1 METOAbI HCCJICI0BAHNS

PaGota npoxonuna B nBa 3tamna. [lepBorit
sTamn npoBoawicsa B naboparopusx [loBomk-
CKOIr'0 TOCYJIapCTBEHHOI'O0 TEXHOJIOTUYECKOIO
yauBepcureta (III'TY) «Okonorus, Ouorex-
HOJIOTMM W TIPOLECCHI MOIYYEHUsI 3KOJIOrHye-
CKU YHCTBIX 3HeproHocurenei» Llenrpa koi-
JeKTHBHOTO Toib3oBanus («Ob3D» 1IKII)
u «Mukpobuonorun». Bropoii stan mpoxo-



Becmuux HII'TY. Cep.: Jlec. Dxonoeus. Illpupodononvzosarnue. 2024. Ne 2 (62)

ISSN 2306-2827

I B MAJIOM TEIUIMYHOM KOMIUIEKCE Ha Tep-
putopuu  boTaHudeckoro cana-WHCTUTYTa
I[II'TY. B pabore wcronp30Baics HU3UHHBIN
Topd  «AJBIIEBCKOTO  TOPQOIIPEITPUITHUS
¢ MaccoBoM nosaei Boasl 18 %, KMCIOTHOCTEIO
(pHkc1) 5,3 u o6meit mmotHoCThIO 0,324 T/CM?.

Ha naGopatopHOoM 3Tare 3KCrepuMeHTa
B 00pa3imel Topdha Mmaccor 190 T BHOCHIH
CEMEHa COpPHON pacTUTEIBLHOCTH B KOJIMYE-
ctBe 100 mryk kaxmoro Bupa. JlaHHas
HaBeCKa [UIsl JajdbHEHIero oOJydeHus
MOMeIaJlach B IUIACTUKOBBIA KOHTEUHED,
TONMIIMHA cJos, oOpabarsiBaemoro CBU-
M3JIydyeHHeM, coctaBisia 3 cM. B wuccneno-
BaHWU HCIOJB30BAJM CEMEHA TPaBSIHUCTHIX
U IPEBECHBIX COPHBIX PACTCHUI:

Echinochloa crus-galli (L.) Beauv. (exxoB-
HUK OOBIKHOBEHHBIM) — OJHOJIETHEE TpaBs-
HUCTOE pacTeHue cemeictBa Poaceae, knacca
Liliopsida;

Chenopodium album L. (Mapp Oenas) —
OJTHOJIETHEE TPABSIHUCTOE DPACTEHHE CeMeil-
crBa Chenopodiaceae, kmacca Magnoliopsida;

Betula pendula Roth (6epé3a moBucnast) —
IpeBecHOe pacTeHue cemeiicTBa Betulaceae,
kiacca Magnoliopsida.

B kauecTBe MCTOYHMKA 3IEKTPOMArHUT-
Horo monsi CBY wucnomb3oBaincsi OBITOBOIA
MarHeTpoH C PEryJupyeMbIM YPOBHEM BbI-
XOIHOM MOIIHOCTH M YacCTOTOW H3IIy4EHHUs
2450 MI'm. B pabGote ObLIO MpoaHAIHU3HPO-
BaHO Bo3zelctBue CBY-uznyuenuss mpu
momuocTax 100; 200; 300; 450; 600; 700;
800 Br. Kaxxaplii pe>kM MOIIHOCTH HCIBITHI-
BaJiCd B CIIEAYIOUIMX BPEMEHHBIX 3KCIIO3U-
nusix: 0,5; 1; 2; 4; 6; 8; 10 mun. Kontponem
o611 TOpd 6e3 06paboTku CBY-uznyueHuem.

W3ydyeHne OUHAMUKA  TEMIIEPaTypbl
topda mpu OOTy4EHHWH NPOBOJIUIU C UC-
MOJIb30BaHMEM  MH(PPOBOTO  TEPMOMETpA
REXANT RX-512. I olleHKH M3MEHCHUS
Maccel Topda TPOU3BOJIWIM B3BEIIMBAHHE
obpasnoB 10 u mocie BoszaciicTBus CBY-
00Ty4YeHHS.

Bmusaane OMII CBY Ha 4nciIeHHOCTH
MUKPOOPTaHU3MOB B TOP(E OIEHUBAIH Me-
TOJIOM MOACUYETa KOJIOHHEOOpa3yoIuX eIu-
Huu (KOE) [23].

Heticteue CBY-u3nyueHus Ha ceMeHa
COPHOM PacTUTENBHOCTH B COCTAaBE BO3IYIIIHO-
Cyxoil HaBeckd Topda MPOBOIUIN C TIOMO-
b0 y4€Ta BCXOXKECTH CEMSIH COIJIACHO
I'OCT 13056.6-97 «MexrocynapCTBEHHBIN
crangapT. CeMeHa 1epeBbEB U KYCTapHHUKOB.
Meton ompenenenust Bexoxkectu» u 'OCT
12038-84 «CemeHa CcenbCKOXO03HCTBEHHBIX
KyJIbTYp. MeTOIbl OTIpeIeIeHUs] BCXOKECTH.

Ha BTOpOoM 3Tane uccinenoBaHuil OLeHU-
BaJIOCh BIUsHHE TOpda, mpoeamero odes-
3apaxuBanne CBY-uznydyeHuem, Ha pocT
U pa3BUTHE CESHIEB €I EBPONCHCKOMA
(Picea abies (L.) H.Karst.) u cocHbI 0OBIKHO-
BeHHOU (Pinus sylvestris L.). CemeHa COCHBI
OOBIKHOBCHHOM M €M €BPONEHCKOW Tepen
AKCIIEPUMEHTOM TMPOIUIH CTPATUPUKALIUIO
U TIPEIIOCEBHYI0 00pabOTKy (yHTHIIHIaMH
u Obutt mocesiubl 27.05.2022 roga B KOHTEH-
Hepel «Plantek 81F» ¢ oO0béMom sueiiku
85 cM’. B KOHIle BEreTalHoOHHOr0 HepHoa
(bUKCUpOBAIM OMOMETPUUYECKHE U BECOBBIC
MOKA3aTeJH CESTHIIEB, a TAKXKE PACCUUTHIBAIH
COXPAHHOCTh CESHILEB OTHOCUTEIBHO KOJH-
9YecTBa BCXOJOB. B yCIOBHSAX 3aKpBITOTO
TpyHTa B HCClIeayeMoM Topde u3ydancs
BUJOBOl COCTAaB COPHOM PaCTUTEIBLHOCTU
U JUHAMHKA BCXOXECTH CEMSH COPHBIX pac-
TeHui. B kadecTBe KOHTpOJIS Ha BTOPOM
JTarne WCCIEAOBAHUN HCIIONB30BA TOP(d
0e3 BozneiictBuss CBY-usnydenuss u topd
nocne o0e33apaKMBaHUS MapoOM TOJ] JaBle-
HUEM B aBTOKJIABE.

Marepuanbl uccieqoBaHuss 00padboTaHbl
METOJIaMU OINHUCATEJIbHON CTAaTUCTHKH, pe-
TPECCHOHHOTO W JUCHEPCHOHHOTO aHAIM3a
C HCIIOJIb30BaHUEM MPUKIIAJHON MPOrpamMmbl
Statistika 6 u Microsoft Excel na ypoBHe
HagéxHoCcTH 95 %.

Pe3yabTaThl M 00cy:KI1€HHE

Jlis u3yyeHus: 3aBUCUMOCTH M3MEHEHUS
TEeMIIepaTypbl HarpeBa Topda OT pexuma
CBY-uznydyenuss ObU1 MpOBENEH perpeccu-
OHHBIN aHaNMM3. AHAJINU3 TIOKa3al, YTO UHTCH-
CUBHOCTb HarpeBa Topda 3aBUCUT OT MOII-
HOCTH U3JIYy4YE€HUS U BPEMEHHOM HKCIIO3UIUH.
JluHaMuKa 3aBUCUMOCTH ONKChIBaeTcs (yHK-

umeit y=a-(I—exp(—c-(x)*)+m. Ddbexrus-
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Hble TemmepaTypsl pazorpeBa B 100-120 °C
oTMeyanuch mnpu MmomHocTax 600—-800 Bt
C JUTMTENBHOCTBIO O00pabOTKM B JMara-
3oHe 8-10 munyTr, a Taxke npu 450 Bt
C JEeCATUMUHYTHBIM 0OnydeHueM (puc. 1).
Temneparypel, Onuskue K 3PPEeKTUBHBIM
(90-100 °C), dbukcupoBaINCh BO BCEX PEKHU-
Max MOIIHOCTH, NMPU ATOM MHUHUMAIBHOMY

A

y = 100 (1 — exp(—0,22 - x"#%)) + 15, 8; R*=0,99

3HAYCHUIO  MOIIHOCTH  COOTBETCTBOBaja
JUTMTENIbHAST BPEMEHHAsI KCIO3HIUS. BBIsB-
JICHO, YTO MaKCHMajbHas CKOPOCTh pa3o-
rpeBa Topda MPOUCXOAUT B  MEPBHIC
30 cekyH OT Hayana OOJIyueHUs, HE3aBHCHU-
MO OT pexuma MomHocTH. CKOpoCcTh paszo-
rpeBa Topda crabuau3upyercs: nocie 6 Mu-
HYTHI HarpeBa.

b

y =100 (1 —exp (—0,35 -x°7)) + 15, 8; R*=0,98
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Puc. 1. 3asucumocms memnepamypwor nazpesa mopga om mowpocmu CBYU-usznyuenus u npoooaicumenbHOCmu
oonyuenus (A — mownocmo 100 Bm, b — mownocms 200 Bm, B — mownocmo 300 Bm, I — mownocmo 450 Bm,
I — mowrocms 600 Bm, E — mownocms 700 Bm, K — mowrocms 800 Bm)

Fig. 1. Dependence of the peat heating temperature on the power and duration of microwave irradiation
(A — power of 100 W, B — power of 200 W, C — power of 300 W, D — power of 450 W, E — power of 600 W,

F —power of 700 W, G — power of 8§00 W)
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Pazorpes Toppa B OMII CBY cBszan
C TIPUCYTCTBHEM B €r0 COCTaBE UTIOJBHBIX
Mosiekyn Bognbl. Ilox nelictBuem CBY-mosns
MPOUCXOJIUT  TMEPEOPUEHTAIMSI  TUMOIbHBIX
MOJIEKYJI BOJABI 3a Cu€T KoyeOaTelbHbIX
Y BpallaTeJIbHbIX IBMKEHUN. B mepemeHHOM
ANIEKTPUYECKOM TIOJI€ MOJICKYJIbI BOABI HAXO-
JISITCSL B TIOCTOSIHHOM JIBMDKCHUHW. DTH JIBIDKE-
HUSl IPUBOJAT K BO3HUKHOBEHHUIO MEXKNIY -
MOJIbHBIMU MOJIEKYJIAaMH CHJIBI TPEHUS, B pe-
3ylbTaTe 4ero Bbiaenserca Temio [5]. Uem
0oJbIlIe MOJIEKYJT BOZABI HAXOAWTCA B TOpde,
TEeM OOJIbIIE BBIJEISACTCS TEIJIOBOM YHEPrUu.
B mporiecce oOpa3zoBaHMs TEIUIOBOM SHEPTHH
MPOUCXOJUT HCHApEeHUEe BoAbl. BakHbIM
arpoU3NUECKUM IapaMeTpoOM KOPHE3aKpPhI-
BAIOIIUX CYOCTPaTOB SIBIISIETCS COJIEPKAHUE
JIOCTYITHOM i1 pacTeHWil Bonabl. B cBsi3u
¢ uyeM ObUT MpOBENEH PErpPECCUOHHBIN aHAIN3,
KOTOPBII TO3BOJIMJI BBISIBUTH 3aBUCHUMOCTD

A
121y =100+ (1 - exp(~0,0037 - x46)); R*=0,99

s

IloTepst Macchl,

o N & o ®

U3MEHEHUs] Macchl Topda OT MOIIHOCTH
CBY-uznyyeHuss U BpPEMEHM €ro BO3JEHCT-
BUSl. YCTAaHOBJICHO, YTO MHTEHCUBHOCTh CHU-
xKeHusi Maccel Topdpa B mporecce CBU-
00e33apakMBaHMsl OMKCHIBACTCS  (YHKIUCH
y=a-(1-exp(—c-x)"), /e X — pasHHLa MEKIY
NepBOHAYAIbHOM Maccoi  obOpasua Topda
u ero Maccod mocie oOpadorku CBU-
M3TydeHHeM. BBISBICHHbIE 3aKOHOMEPHOCTH
MOKAa3bIBAIOT, YTO MUHUMAJIbHBIE [TOTEPU Mac-
Cbl HaOMIONAIOTCA TMPH PEKHUMaX MOIIHOCTH
or 300450 Br npu skcno3uuuu 10 MuHyT,
MpH 3TOM COOJIOAAETCS HEOOXOMUMBIA IS
00e33apa)XMBaHUsl  TEMIICPATypHBIA  PEKUM
(puc. 2). IlpoBenéHHbli aHAIN3 MOTPEOICHHS
ANIEKTPOSHEPTUU B  H3YYaeMbIX PEKUMAX
CBY-o06e33apakuBaHusl TOKa3aJl MHUHUMAIIb-
HBIE 3aTpaThl SHEPTUU NpU 00e33apaKUBAHUHI
B TeueHne 10 munyt npu momHoctn CBY-
n3inydenus 300 Br.

b
y = 48,17 - (1 — exp(—0,001 - x2%)); R2=0,99

IoTeps Maccwl, T
s & 8

©wm

0 1 2 3 4 5 6 7 8 9 10
Bpesst, Mun.

B
y = 53,77 - (1 = exp(—0,005 - x?)); R*=0,99

IoTeps Macenl, r

01 2 3 4 5 6 7 8 9
Bpests, sun.
r
y = 49,11+ (1 - exp(—0,0052 - x*¢)); R*=0,99

0 1 22 3 4 5 6 7

pi
(1 - exp(=0,039 - x'%)); R*=0,99

$ 9 10
Bpess, Mun.

0 1 2 3 4 5 6 7_8 910
Bpems, Mun.

y =733 (1 = exp(~0,055 - x'%%)); R?=0,99

ToTeps Maccul,

01 2 3 4 5 6 7 8

Bpess, Mun.

9 10

IoTeps maccwl, 1

01 2 3 4 5 6 7 8 910

Bpesst, Mun.

K
y = 63,18 (1 — exp(—0,04 - x*%)); R*=0,99

6 7 8 9 10
Bpewms, Mun.

Puc. 2. 3asucumocmv nomepu maccol mopga om MOwHOCHU U3LYHUEHUS U NPOOOIACUMETLHOCHU 00pabOmKU

(4 — mowrocmo 100 Bm, b — mowrocmo 200 Bm,

B — mowgnocmo 300 Bm, I'— mownocms 450 Bm,

I — mowrocmo 600 Bm, E — mowrocms 700 Bm, JK — mowgnocmo 800 Bm)
Fig. 2. Dependence of the peat mass loss on the power and duration of the microwave radiation treatment
(A — power of 100 W, B — power of 200 W, C — power of 300 W, D — power of 450 W, E — power of 600 W,
F—power of 700 W, G — power of 800 W)
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Pesynbrarhl nccrnenoBaHusl 3aBUCUMOCTH
TeMmIepaTypbl pazorpeBa Topda OT MOTepU
Maccbl Tipy CBY-u3nydyeHun mnokaszajid, 4To
MaKCUMAJIbHOE KOJIMYECTBO MOJIEKYJ BObI
nojsepraercs BoszaelcTBuo CBY-sHepruu B
nepBble MUHYTHL. KoIn4ecTBO BOBIEUEHHBIX
B JIBIDKEHUE MOJIEKYJ 3aBUCUT OT MOUIHOCTH
u3nydenus. [locteneHHO CKOPOCTH MOBBIIIE-
HUSI Temreparypsl Topda majgaer, mpu 3TOM
MOTEPU BOJBI MOBBIAIOTCS, CIEIO0BATENIBHO,
CIaji CKOPOCTH HarpeBa CBS3aH CO CHIKCHU-
€M B TOp(e KOJIUYEeCTBa OCHOBHOT'O MOTJIOTH-
tenst CBYU-uznydeHus (Bojbl), B CBSI3U C YEM
11€J1IeCO00pa3HO MPOJOKUTE AKCIIEPUMEHTHI
no CBY-o6e33apaxxuBanuio Topda ¢ paszHbl-
MH JIOJISIMU BOJIBI B €70 COCTABE.

Wzyuenne BozaevictBus CBY-noneit Ha
OaKTepUu ¥ MUKPOCKOIMMYECKHE TPUOBI (pHC. 3)
BBISIBIJIO TIOAABISIIOIIEE U CTUMYJIHMpPYIOIIEe
nercTBre n3mydeHus. DddekTuBHOE MoaBIe-
HHE MUKPOOPTaHM3MOB OTMEYAJIOCh MPH MOIII-
HOCTH u3iMydeHuss B guanasoHe 300450 Br
U BpPEMEHHOM SKCHO3ULUHM [Uis TpHOOB
6—10 munyT, 1151 6aKTepuii — 8—10 MUHYT.

OTtcyTcTBUE KH3HECHOCOOHBIX MHKPO-
OpraHu3MoB B Topde OTMeyaloch IpH
pexxumax o0xydeHuss MmourHocThio 600 Bt
(8-10 munyt) u 700-800 BT (4—10 munyr).
Cpemu >(PeKkTUBHBIX PEKUMOB 00paOOTKH
HAaUMEHBIINE 3aTPaThl JJIEKTPOIHEPTUU OT-
MEYaJIUCh MPU JECATUMUHYTHOM OOIYy4eHHU
moturHocThio 300 Br. [yt aToro pexxuma Obl-
Ja XapakTepHa MHUHUMAaJIbHAs TOTEPS BOIBI
(18,6 %). Uznyuenue wmomnHocthio 300 Br

80

A

70

60

w
(=}

o
=)

%)
(=]

KOE/r, miu
(5=
S

—_
(=]

I35
100 200 300 450 600 700 800
Morrocts CBY-n3nyuenus , Br
=23 | munyTa 2253 2 MuHYTHE
6 MUHYT [T 8 MUHYT

30 cexyHz
E=—=4 MuHyTHI

CTUMYJIHMpPOBAJIO  pa3MHOXEHHE  IpuOOB,
OpU BPEMEHHON HJKCHO3UIHMH OOIydeHHUs
2—4 MuHYTBHI, a OaKTepuil MpH BO3ACHCTBUU
CBY-nons B TeueHue 2—6 MUHYT. AKTHBa-
oUsl  Tpolecca pa3MHOXKEHHS Yy TIpuOoOB
HaO01anach MPU OJHOMHUHYTHOM BO3JCH-
ctBun CBUY-uznydyenus momHocthio 600 Bt
U B TEUEHUE [IBYX MHMHYT NIPH MOIIHOCTH
700 Br. VYBenuuenue uucienHoctu KOE
MHUKPOOPIaHU3MOB B Topde, Mpu BO3ACH-
crBun CBY-u3nydenuii, MoxxeT ObITH CBsi3a-
HO C aKTHBalWEW MPOpacTaHus CIOp, HAXO-
JSIUXCS] B COCTOSSHUM MOKOS.

OneHka B3aMMOCBSA3M KOJMYECTBA KOJO-
HHEOOPa3yIOIUX €IUHUL] MHUKPOOPTaHW3MOB
OpU  pa3jMYHbIX PEKUMaAX CTEPUIM3ALUU
topdpa CBYU-u3nydeHuemM 1 noTepu MaccoBOM
JIOJIA BOJBI, CBsI3aHHOM ¢ Bo3AelictBueM CBY,
MOKa3aja HaJU4YME YMEPEHHBIX W CHIIBHBIX
KOppEeIAUMOHHBIX cBsi3ei (tabm. 1). [Ipu mo-
BblllleHHd MomHocTh CBY-usnyuenus yse-
JMYUBACTCSA TOTEeps BOABI B Topde U CHU-
)kaerca uucio KOE  MukpoopraHmzMoB.
HauOonpuiee BIusHUE HA CHU)KEHUE YHCIICH-
HOCTH MUKPOOPTaHU3MOB OKa3bIBaJIN MOIIHO-
ctu u3nydeHuss B auanazoHe 400...800 Br
(-0,70...-0,82).

AHanui3  pe3ylbTaToB  3KCIEPUMEHTA
no BAUAHUIO pexxumoB CBY-u3nydenust Ha
BCXOXKECTh CEMSIH COPHBIX pacTeHHi B j1a0o-
PaTOPHBIX YCJIOBHUAX IOKa3aJl HU3KHU Mpo-
IIEHT BCXOXKecTu ceMsH Betula pendula Roth
(1,4 %) u Echinochloa crus-galli (L.) Beauv
(8,5 %) (puc. 4).

80

60

S
S

KOE/r, mnu
)
S

450 600 700 800
Morsocts CBU-u3nyuenus, Bt

E=31 mun EESE5E8 2 MUH

6 MUH [ 8 MUH

30 cex
E—=34 mMun

Puc. 3. Konuuecmeennwlii anaius muxpockonuyeckux epubos (A) u 6axmepuii (B) 6 mopge nocie oopabomxu
CBY-uznyuenuem
Fig. 3. Quantitative analysis of microscopic fungi (4) and bacteria (B) in peat after microwave radiation treatment
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Taboauua 1. Koaddunmentsl koppeasinui Mpu oneHke B3anmocs3u koandecrBa KOE mukpoopranusmon
U MaccoBoii 10,11 moTepu Boabl B Topdhe npu CBU-001yueHun

Table 1. Correlation coefficients for estimating the relationship between the number of CFUs of microorganisms
and the mass fraction of water loss in peat during microwave irradiation

MUKpOOpraHH3MB! Momnocts CBY-uznyuenus
100 Bt 200 Bt 300 Bt 450 Bt 600 Bt 700 Bt 800 Bt
Bbakrepun 0,57 0,07 -0,31 -0,73 -0,73 -0,75 -0,72
I'puOHI 0,62 0,31 -0,58 -0,82 -0,72 -0,76 -0,70
20 BcexoxecTs cemsiH BcexoxecTs cemsiH
Betula pendula Roth 60 Chenopodium album L.

Bcexokeern, %

450 600 700 800

Momnocts CBY-u3nyuenus, Br

30 cexyHn
== 4 mun
......... KOHTPOJIb

1 Mun
T 6 MuH

=3 2 MUH
[EEEEFFEEA § MUH

BcexoxkecTn, %

] ==h &
300 450 600 700 800

Momnocts CBY-u3nyuenus, Bt
1 Mmun 2 MHH

= 6 MUH EZEFZ7EA § MUH

30 cex
4 MuH

......... KOHTPOITh

BcexokecTs ceMsaH

15

10

BexoskecTb, %

Echinochloa crus-galli (L.) Beauv

30 cex
=34 mun

ESESSRESY | MuH
[ 6 MuH

450 600 700 800

MorHocts CBU-uznyuenus, Bt
MUH

........ KOHTPOJITh

Puc. 4. Bexooswcecmy ceMsiH COPHBIX pACMEHUTL 6 3A8UCUMOCIU O PENCUMO8 0Oy UeHUs
Fig. 4. Germination capacity of weed seeds depending on irradiation modes

Bexoxects cemsin Chenopodium album L.
cocraBuna 54 %. Murubupyiomiee neiicrBue
uccnenyemsix pexumos OMU CBY otHOCH-
TEJILHO KOHTPOJBHOW TPYMIBI HAOIOJAIOCh
y Mapu Oemnoii. [TomHOE OTCYTCTBHE BCXOJ0B
OTMEYaJI0Ch NMPHU MOIIHOCTH U3ITy4EeHHUs B Ma-
nazone 200450 BT 1 npoaomKUTEbHOCTH
BozzaeicTBuss CBY or 4-8 MuHyT, a Takxke
npu 600 Bt (1-8 munuyt), 700 u 800 BrT.
Jns cemsn Oepé3bl MOBUCIION OBLIM OTMEUE-
Hbl PEXHUMBI, CTUMYJIHPYIOIIUE MPOpacTaHHUE
cemsiH: tipu MorHoctd 100 BT 1 BpeMeHHOM
skcro3uiun 30 cek., 2 MUH., 6 MHMH.; TpH
200 Br — 1 wmun.; mpu 700 Br — 30 cek.,
1 mun.; 800 Bt — 30 cek. Ilotepst Bcxoxkectu
ceMsiH Oepé3bl HaOMIOAaIaCh MPU MOITHOCTH

12

CBY-mznyuenuss 300; 600; 700; 800 Br,
HayuHas C JABYX MHUHYT BO3JeHCTBUs. Pexu-
MBI 00paboTku MormHocThio 100 BT (30 cek.,
4—6 muH.), 300 Bt (2 muH.), 450 Bt (30 cek.),
600 Bt (30—60 cex.) MOBBIIIAIA E€CTECTBECH-
HYIO BCXO0XKECTb CEMSH €KOBHUKA OOBIKHO-
BEHHOr0. B OCTalbHBIX pexuMax Mpopacta-
HHUE CeMsH He HaOmonanock. AHaIU3 CTUMY-
mupytonmx pexkumoB CBY-o6pabotku uist
CeMsIH COPHBIX PAacTeHHH BBISBHI 3(PdeKTus-
HbIE TEMIIEpaTypbl Ul NpOpacTaHUs CEMSH
0epé3bl U eXKOBHMKA, OHU HAXOJWJIKCh B JHa-
na3zone 28-80 °C. Takum oOpazoMm, MHUHH-
ManbHBIM 3¢ dexTuBHbIM pexxumom CBU-
oOiydeHusi Takxke MoxHO cunutath 300 Br
IIPU I€CITUMUHYTHOMN 3KCIO3HULIUU.
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Bropoit »Tan wuccnenoBaHUM  BIMSIHUS
CBY-u3iny4yeHus: Ha BCX0XKECTh CEMSIH COPHOM
PaCTUTENLHOCTH TPOXOIWI B TEIUIHIIE apod-
HOTO THUMA C MOJUKApOOHATHBIM MOKPBHITUEM
M aBTOMAaTHYECKOW cucTteMod mnonuBa. Ha
3TOM J3Talne H3y4ajiach 3aCOPEHHOCTH HCCIie-
JOBaHHOTO Topda CEMEHaMHU COPHOHM pacTH-
TENbHOCTU M JMHAMHKA BCXOXKECTH COPHBIX
ceMsiH. B akcrieprMenTe nCnoabp30Baiu Topd,
oOpabortanupli mpu  MomHoctn ~ CBY-
m3nydeHus 800 BT  mpoIomKHUTENbHOCTBIO
6 MuH.; TOopd, 00pabOTaHHBI B aBTOKJIABE
npu pexume +120 °C, naBnenue 1,1 armo-
chep, IIUTENLHOCThIO 60 MHUH., B KadecTBe
KOHTPOJISl UCTONB30BaI TOp(d, HE MOIBEpr-
muiics obe33apakuBaHuio. BuaoBoi cocras,
KOJIMYECTBO MPOPOCIINX CEMSIH COPHBIX pac-
TEHUH U TIOTHOCTh 3aCOPEHHOCTH Topda mpu
pasHbIX crocobax o00e33apakuBaHUs Ipe/l-
CTaBJIEH HA pUC. 5. AHAIU3 BUJOBOI0 COCTaBa
COPHBIX PACTEHUH BBIIBWI MSTh BHIOB: Kpe-
CTOBHUK OOBIKHOBEHHBIHN (Senecio vulgaris L.),
O0epé3a moBucnas (Betula pendula Roth),
©KOBHUK OOBIKHOBeHHBIN (Echinochloa crus-
galli (L.) Beauv), mapp Oenasi (Chenopodium
album L.), ropeny moueuyiHblii (Persicaria
maculosa S.F. Gray). [lepBbie BCX0OABI COPHOM
pacTUTENLHOCTH B KOHTEHHEpax ¢ MoceBaMu
COCHBI OOBIKHOBEHHOH W €M E€BPOIECUCKON
MOSIBIJTUCH Ha 15 NIeHb, HaOIIOIeH s 32 BCXO-
JaMd COPHOM pacTUTENLHOCTH MPOAOIIKa-
JIUCh B TeUeHUE 22 THEH.

[TnoTHOCTH 3acopéHHOCTH TOpda >KHU3HE-
CIOCOOHBIMU CEMEHAMH COPHBIX PACTCHHI
710 obe33apaxkuBaHus cocTapisia 0,68 mr/cm?,

Kontpons,
IUIOTHOCTB CEMSTH COPHOM
pacrurensroctH 0,68 wr/cm?

aC. album
P. maculosa

OS. vulgaris

E. crus-gal mS. vulgaris

CBUY,
IUIOTHOCTB CEMSTH COPHOI
pacrurensrocTy 0,46 wr/cm?

nocse Bozzaeicteuss CBY-n3nydeHus mnokasa-
TeJN 3aCOPEHHOCTU CHU3MIHCH 710 0,46 mt/cM’,
00paboTka Topda aBTOKIABOM CTUMYJIHPOBA-
Jla IPOpacTaHHEe COPHBIX CEMSH, KOJIMYECTBO
KHM3HECTIOCOOHBIX CEMSH CO BCXOJAMH YyBe-
MumIoch 10 1,14 mr/em’.

BuoBoil cocraB IpopacTaroluX CEMsH
COpPHOM pacTUTENIBHOCTM Toche obe3zapa-
xuBaHusi CBY-uszmydyenueM cokpatwics 10
S. vulgaris (85 %) u C. album (15 %). ABto-
KJIaBUPOBaHUE CTHMYJIMPOBAIO POCTOBBIE MPO-
ueccol cemsiH B. pendula (19 %), panee He
NPOPACTABIINX B KOHTPOJIBHBIX 0Opasiax. Ce-
meHa S. vulgaris (72 %) u C. album (9 %) Tax-
e JaBaJM KU3HECTIOCOOHbIE BCXOAbL Takum
obpazom, mpumeHenne CBY-uzmydenust 3¢-
(PEeKTUBHO CHMIKAET IUIOTHOCThH YKM3HECIOCOO-
HBIX CEMSIH COPHOM PacTUTEIBHOCTH B TOpde.

[Tuk rubenu cCesiHLIEB COCHBI U €U OT
MH(DEKITMOHHBIX OO0Je3HeW NPUXOIWICS Ha
35 nenp mocne mnoceBa. KonuuectBeHHas
OIICHKAa TMOTHUOMMX OT WH(EKIHUU CESHICB
COCHBI 1 enu (puc. 6) mokaszana, 4to o0e33a-
paxuBanue OMII CBY cHmxkaer npoueHt
rubenu oT MH(PEKUMOHHBIX 3a00JIeBaHuil ce-
SHLIEB COCHBI Mo4TH B 4 pasa. B topde, no-
CJiIe aBTOKJIaBUPOBAHUS, COKPATUIOCH KOJH-
4eCTBO WH(UIMPOBAHHBIX CESHIEB COCHBI
B 9 pa3. CyllleCTBEHHBIX pa3IU4YUN MOTEpU
CesIHIIEB €I OT MH(EKUMOHHBIX 3a00ieBa-
HUI HE YCTAHOBJIEHO.

Ha BTOpOM 3Tane uccieroBaHui MpOBO-
IuIach OlleHKa BiusHUA Topda, obe33apa-
xenHoro CBY-uznydyenuem, Ha OmoMeTpu-
YECKUE MapaMeTphl cestHIleB (Tabi. 2, 3).

ABTOKIIaB,
IUIOTHOCTh CEMSIH COPHOM
pacrurensHocTH 1,14 wr/cm?

NN

19%

i

|

acC. album 0S. vulgaris BAC. album B. pendula

Puc. 5. Buoosoii cocmag copnoii pacmumenvhocmu 8 mopge
Fig. 5. Species composition of the weed vegetation in peat

13



Becmuux HII'TY. Cep.: Jlec. Dxonoeus. Illpupodononvzosarnue. 2024. Ne 2 (62)

ISSN 2306-2827

2
&
¥
&

e

S,
£
b
2

2
E
S

e

AR

G
e

i
S

£

b

S

KonunuecTBo morudmmx cesHues, %

KOHTpOIIb
Cnoco6 o6e33apaxuBaHus

CBY

P
e
Fokr Bt A

KonnyecTBo morudmux cesHues, %

ABTOKIIaB

KOHTPOIIb
Cnoco6 o6e33apaxuBaHus

CBY

ABTOKIIaB

Puc. 6. Konuuecmeo cesinyes, nocubwux om unpexyuonnvlx 3aboneeanuii: A — P. sylvestri, b — P. abies
Fig. 6. Number of seedlings that died from infectious diseases: A — P. sylvestris, B — P. abies

Tadauna 2. IToceBHble KadyecTBa ceMsH, OMOMeTpPHYeCKHe M BeCOBble NMOKAa3aTeJH CesIHIEB COCHBI
00BIKHOBEHHOI, BHIPAIICHHOI Ha ToOp(e ¢ pa3HBIMH BAPHAHTAMH 00e33apakKUBaHUS
Table 2. The sowing qualities of seeds and the biometric and weight indicators of seedlings of Scots pine trees
that were grown on peat subjected to different disinfection options

z 5 © N Macca 100 pacrenwuit, r
Mm o <
25| £ | EE| G| sE | £
Bapuant 5 % & § s 5 g 3 é E < =
o0e33apakuBaHus 2 5 = o= 2 29 5 5 © =
m g e 5 © 3 o8 S g 8 &
=l £ | 28| ¢ S| g S5 g
= < Q Q. s} <
= = M = @) =
=
KouTpoas 5,1+0,11 |10,6+0,39( 1,0+£0,02 | 51,0 28,8 78,3 13,2+1,08 | 6,3+0,23
CBY 6,1+0,17 |10,5+0,34| 1,1+0,03 | 72,4 34,6 92,6 19,9+1,68 | 8,9+0,67
ABTOKJIaB 6,0+0,15 | 9,3+0,34 | 1,0£0,03 | 57,6 58,0 94,5 16,2+0,59 | 7,4+0,53
HCPys * * * * * * 3,1 1,8
Fpacq. 333 0,6 0,2 252 4’9 1’1 8’8 6’2
FTaGn. 5,1
Jlons BausHus 523 16,8 52 41,8 62,2 26,1 75,0 67,3
¢axropa, %

IIpumeuanne: * — paznuune Ha 5 % ypoBHE 3HAYMMOCTH He cymecTBeHHO (Fpacy <Fracn.).

Tadaununa 3. buomerpuyeckue noka3aTeju U MOCEBHbIE Ka4ecTBA CeMSH eJIM eBPOIelCKOii, BbIPallleHHOM
Ha Topde ¢ pa3HLIMU BAPHAHTAMH 00e33apaKHBaHHAS
Table 3. The biometric indicators and the sowing qualities of seeds of Norway spruce trees grown on peat
subjected to different disinfection options

JuameTtp Kon-Bo
BricoTa DHeprus
Bapwuant CTBOJIMKA O0okoBBIX | BcxokecTs, CoxpaHHOCTb,
CTBOJIVIKA, . MIPOpacTaHus,
obe33apakuBaHus oM Yy KOPHEBOH | MOOETroB, % o %
IIEHKU, MM IIT. ?
KonTpons 2,1+£0,09 0,7+0,03 1,2+0,03 42,8 18,1 87,7
CBY 3,2+0,87 1,1+£0,02 1,2+0,09 31,3 53 88,2
ABTOKIIaB 3,8+0,10 0,9+0,09 1,2+0,02 60,9 30,9 92,6
HCPys * 0,26 * * 16,61 21,7
Fpacu. 1,54 5,99 0,51 2,26 7,08 0,19
FTa6n4 5a 14
Hons BIAHIA 33,9 66,6 16,9 42,9 70,3 58,9
¢akropa, %

IIpumeuanue: * — pazauane Ha 5% ypoBHE 3HAYMMOCTH He CyImecTBEHHO (Fpacy <Fracn.).
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JluciepcMoHHBIN aHAIU3 HE IOoKa3al
JIOCTOBEPHBIX  Pa3IMuMil MEXIYy JIMHEH-
HBIMH TOKa3aTeNIMU CESHIEB U MOCEBHBIMU
KauecTBaMHU CEMsSH, BBIPAIICHHBIX Ha CYO-
cTpaTax C pa3HBIMH croco0amu o00e33a-
paxuBaHus. 3aTO CpeJHUE MOKa3aTelu mac-
Chl Ha/I3¢€MHOM YacTHU U MacChl KOPHEBOW CH-
CTEMbl  CESIHIIEB  COCHBI,  BBIPAIIEHHBIX
Ha Topde, obpaborannom DMII CBY, no-
CTOBEpHO OBUTH BHIIIE, Y€M B KOHTPOJIHLHOM
BapuaHTe W Tpu 00e33apaKUBAHUU TAPOM
B aBTOKJIaBeE.

JvuciepcuoHHBI  aHANIMU3 oromert-
pUYECKHX I[IOKa3zaTeseil CesHLEeB eIl eBpo-
neiickoit (tabm. 3), BeIpalIeHHBIX Ha TOopde
C pa3HBIMU BapHaHTaMH 00e€33apakKUBaHMSI,
BBISIBIJI JJOCTOBEPHO BBICOKHE MOKa3aTeNH
JMaMeTpa CTBOJIMKOB Yy KOPHEBOW IIEH-
KM B BapuaHte ob6e33zapaxuBanus CBUY-
U3Ty4ICHUEM (Fpaca=5,99 > Fru:=5,14). DHEPrus
npopactanus cemssH B Bapuante ¢ CBUY-
00paboTkoil Topda ObIIa JOCTOBEPHO HIDKE
10 CPaBHEHHUIO C KOHTPOJIEM M 00pabOTKOM
B aBTOKJIaBeE.

BriBoabl

1. DddexTnBHBIE PEKUMBI 00€33apayKIBa-
HUS TOpda B 3IEKTPOMArHUTHOM TIOJIE CBEPXBbI-
COKOM 4acTOTBI, ITPY KOTOPBIX TEMIIEpaTypa pazo-
rpesa Topa npudbmrkanack k 100 °C, nocrura-
mich npu moiHocTr m3mydenus 700-800 Br
1 TIPOJIOJDKUTEITLHOCTH 00ydeHust 10 MuH.

2. ONTUMaJIbHBIM PEKUMOM  CTEpUIIN3a-
mu Toppa CBU-usnydenuem siBisiiach MOII-
HoCTb 300 BT 1 BpeMeHHast SKCIIO3HIHs 00ITy-
yenust 10 MuH.

3. Ompenenensl  pexumbl  CBY-m3nmyue-
HUS, UHTUOUPYIOUIME U CTUMYJIMPYIOLIHE MpOo-
pacTaHHe 4acTO BCTPEYaeMbIX B Topde ceMsH
COpHBIX pacTeHui. [loydeHHbIe JaHHbIE MOTYT
OBbITH MCIIONIB30BaHBI MPU MOAOOpE CTPATErUU
0OpBOBI C COPHOM PACTUTETHHOCTHIO.

4. O6e33apaxuBanrie Topha CBU-m3myye-
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Abstract. Introduction. Production of ball-rooted planting stock compliant with relevant
standards suggests the use of a quality root covering substrate during growing. The substrate must
be characterized by the optimal physicochemical properties, absence of weed seeds and pathogenic
microflora. Electromagnetic fields of ultrahigh frequencies are proposed to be used as an alterna-
tive method of disinfection. The purpose of the work is to determine an effective mode of disinfec-
tion of root covering substrates in an ultrahigh frequency electromagnetic field (microwave EMF).
The object of the study was lowland peat modified with weed seeds. The experiment involved a
quantitative analysis of the colony-forming units (CFUs) of microorganisms in the peat, as well as
studying the germination capacity of weed seeds and the biometric parameters of Scots pine (Pinus
sylvestris) and Norway spruce (Picea abies) seedlings. The effects of microwave radiation on the
changes in the peat temperature and mass were investigated. Results. The analysis of the peat heat-
ing temperature variations depending on the microwave radiation mode showed that the intensity
of peat heating depends on the power and exposure time of irradiation. The effective heating tem-
peratures of 100-120° C were recorded at power levels of 600-800 W, with an exposure duration
of 8-10 minutes, as well as at 450 W, with a 10-minute exposure. The minimum loss of the peat
mass due to microwave irradiation was observed at power levels of 300-450 W, with an exposure
time of 10 minutes. The study of the impact of microwave fields on microorganisms revealed both
suppressive and stimulating effects of irradiation applied under different modes. The analysis of
the results of the experiment on the effects of microwave radiation modes on the germination ca-
pacity of weed seeds found a total absence of weed seedlings when applying irradiation at a power
0f 200-450 W for 4-8 minutes. Scots pine seedlings grown on peat pre-treated with microwave ir-
radiation exhibited an increase in the weight of seedlings as compared to the control. In Norway
spruce seedlings, the germination energy of seeds decreased, while the root collar diameter signifi-
cantly increased. Conclusion. The optimal mode of peat sterilization via microwave irradiation
was found to be at a power of 300 W, with the exposure time of 10 minutes. The microwave radia-
tion modes that inhibit seed germination were determined. Peat disinfection by microwave irradia-
tion has a positive effect on the weight of Scots pine seedlings and reduces the germination energy
of Norway spruce seeds.

Keywords: forest planting material; root-covering substrate; ultrahigh frequency electro-
magnetic field; effective heating temperature; microorganisms; weed seeds
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BiusiHue MaKpo03J1eMeHTHOIr o cocraBa cpeabl WPM u peryasitopos
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AnHotanusi. Bgeoenue. Bricokas BOCTpeOOBaHHOCTH B ITIHIIEBOM IPOHM3BOACTBE COPTOBBIX
¢dopM roixyOMKH OOYCIIOBIMBAaET HEOOXOAMMOCTH HCCIIEIOBAHHM, IMOCBSMEHHBIX OCOOEHHOCTSIM
KyJIBTYPBl TKAHH COPTOB, CIIOCOOHBIX KaK MOCIY>KHUTh OCHOBOH ITOJIy4E€HUsI HOBBIX COPTOB IIPH Ce-
JICKIMH, TaK U ONTUMHU3UPOBATH TEXHOJIOTHIO KIOHAIFHOTO MUKPOPAa3MHOKEHUS IICHHBIX COPTOBBIX
¢dopM roxyOuku. @yHAaAMEHTATBFHOE 3HAYCHHE WMEET BOMPOC MEePEKITIOUeHHs TeHePaTHBHBIX TKa-
HEll MEKpOCIIOp Ha CHOPO(MUTHBIN IMyTh pa3BUTHA. KirfoueBBIM (haKTOPOM, OMPENEISIOMNM aKTHB-
HOCTh MOP(OTeHe3a PACTUTEIBHBIX TKAHEH B KyJIbType in Vitro, ABISETCS COICpKaHWE MaKpodJie-
MEHTOB U PETYIATOPOB POCTa B COCTaBE NMUTATENBHOMN Cpelbl. [[ens WCCIENOBAHUS — ONpPEACTHTH
BIIMSTHAE HEKOTOPBIX MAaKPOA3JIEMEHTOB M PETYISTOPOB POCTAa Ha aKTHBHOCTH MOP(OTeHEe3a Berera-
TUBHBIX ¥ TEHEPAaTUBHBIX TKaHEH COPTOB rOMYOMKH y3KOJHCTHOU B KyJIBTYpE in vitro. Mamepuan u
Memoobl ucciedosanusi. CTaThst TIOCBSIIEHA PACCMOTPEHHUIO BOIIPOCOB KYJIBTYPHl TKaHHW BEr€TaTHB-
HBIX M T€HEPAaTHBHBIX CTPYKTYp COPTOB roiyomku y3komuctHod (copra “North Country”, “North
Land” u “North Blue”), BIUSHIIO Ka4ECTBEHHOTO U KOJHMYECTBEHHOTO COJICPIKAHUS MaKpO3JICMEH-
TOB M PETYIATOPOB POCTA PACTEHHUH B ITUTATEIBHOM cpelie Ha aKTHBHOCTh MOp(OreHe3a BereTaTHB-
HBIX ¥ FCHEPATUBHBIX TKaHEW JKCIUIAHTOB. [IpW 3TOM OBLIM MCIBITAHBI ITUTATEIBHBIC CPEABI C CO-
JIep>)KaHueM MakpodJeMeHTOB B KoHIeHTpamusx oT 50 go 150 % oT mpommcu cocTaBa Cpenbl
McCown Woody Plant (WPM). B kadecTBe KOHTPOJLHOUW Cpeabl MPUMEHSUIACh KOHIICHTPAIUS
100 % mpomucu cpenst WPM. HcnbITaHBI peryisiTopsl pocta 2-H30MeHTIUIAACHUH (2-1p) U 3eaTHHA
(Zea) 1-4 mr/n ¢ mobaBneHreM HHIOJMIYKCYCHOW KUCIOTHI (IAA) mpu paboTe ¢ BereTaTHBHBIMH
TKaHsIMH U 2,4-nmuxiopdenokcnykcycHas kucnora (2,4-D) 0,5-2,5 mr/n npu pabote ¢ TKaHIMH Te-
HEPaTHUBHBIX CTPYKTYp. Pesynomamul. BrlsBieHa criemuuIHOCTs MOp(doreHe3a BereTaTUBHBIX H
TCHEPATUBHBIX TKAHEH pPacCMaTPHBAEMBIX COPTOB Ha MCIBITHIBAEMBIX cpellaX. AKTHBHOCTH MOpP(do-
reHe3a BereraTuBHbIX TkaHei coproB “North Land” u “North Blue” Opia onTuMansHa Ha KOH-
TpOJIBHOI cpene ¢ nobasiaeHueM 3 mr/n Zea u 3 mr/n 2-ip coorBerctBeHHO. [loGeroodpasoBanue
copta “North Country” 0but0 HanbGosee akTUBHBEIM Ha 75 % WPM u 2 mr/n Zea. IIpogomkutesns-
HOCTB KHM3HECIIOCOOHOCTH TCHEPATUBHBIX TKaHEW MBUIBPHHKA ObLIA MaKCHMaJbHA MPH KOHIICHTpa-
mn 125 % npormmcn WPM minst Bcex Tpéx coproB. Umcno oOpa3oBaBIIMXCS dMOPHOHIOB OBIIO
HanOompImmM 1pu godasiernn 1,0 mr/m 2,4-D qia “North Land” u “North Country” u 1,5 mr/m 2,4-
D s “North Blue”. Buisod. JlanHOE HccliefoBaHNE BBISIBUIO 3aBUCHMBIE OT KOHIIEHTPAIIUHA MaKpO-
AJIEMEHTHOTO COCTaBa M KOHTPOIHPYEMBIC PETYISATOpPaMH POCTa OCOOEHHOCTH aKTHBAIlMH IIepe-
KITIOYEHUST Pa3BUTHS MHKPOCIIOpP ¢ TaMETOPUTHOHN Ha CIIOPOPUTHYIO IPOrPpaMMy y COPTOBBIX (opM
roJTyOUKH Y3KOJHCTHOM.

KuroueBble cioBa: Vaccinium angustifolium Aiton.; “North Country”; “North Land”; “North
Blue”; mopdorenes; reMMoreHes; SMOPHOUIOTCHE3; MAKPOIIEMEHTHI; PETYIIATOPBI POCTa

DuHaHCHPOBaHUE: WCCIICIOBaHUE BBIMMOJIHEHO 3a CUET rpaHTa Poccuiickoro HaydHoro Qonma
Ne 22-26-20086, https://rscf.ru/project/22-26-20086/

Jast mutuposanusi: 3oatrkoB /. H., Manaxosa K. B., bepesuna O. O. BiusHue MakpodJIeMEeHTHOTO COCTa-
Ba cpensl WPM u perymsatopoB pocta Ha Mop(doreHe3 BereTaTHBHBIX W T€HEPATUBHBIX TKaHEH COPTOBBIX (popMm
rosryoukn // BectHuk IToBOIKCKOTO rocyiapcTBEHHOTO TeXHOIornyeckoro ynusepcurera. Cep.: Jlec. Dkonorus.
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BBenenue

B nHacrosee BpeMsi B Halei cTpane, Kak
1 3a pyOexoMm, HaOIIOJACTCs 3HAYMTEIIbHBIN
HHTEpEC K COpTaM U BUjam poxa Vaccinium L.
B mupe Gomblmx ycrnexoB OCTHINIM B IUIaH-
TAIMOHHOM BBIPAIUBAHUN KITFOKBBI, MPEXKIIE
BCEro KIIIOKBBI KpyHHOIUIOAHON (Vaccinium
macrocarpos (Aiton) Pursh.), B pe3ynbTare ce-
JICKIIMOHHOW Pa0OTHI TOTYYEHBI BBICOKOMPO-
IOYKTUBHBIE copTa OpycHUKU Vaccinium vitis-
idaea L., 0MHAKO TTIaBHOW KYJIBTYPO, KOTOpast
Ha TOPSIIOK MPEBOCXOAUT MO0 00BEMaM MPOU3-
BOJICTBA BCE€ OCTaIbHBIE B COBOKYITHOCTH,
sBrsieTcst rosryouka [1]. [lpuums s sToro
HECKOJIbKO, HO B OCHOBHOM — OpraHoJIeNTHYe-
ckue xapakrepuctuku. [IpenmyriecTBeHHO
MIPU CEJIEKIIUK HOBBIX COPTOB UCIOJIB3YIOT BU]L
ronyouka Beicokopocnas (Vaccinium corym-
bosum L.). Copra, moiay4aeMble Ha OCHOBE
TOJIyOUKH BBICOKOPOCIIOW, HMEIOT BBICOKYIO
YPOXKallHOCTh M OTJIMYHBIE BKYCOBBIE Kaue-
CTBa, HO TEIUIOMIOOMBOCTh JAHHBIX COPTOB SIB-
JSIeTCsl CepbE3HBIM HEJOCTATKOM Uil PEruo-
HOB C yMEpEHHbIM KiumaroMm [2]. B cBs3u
C 9TUM KaHAJCKHMHU CEJEeKIIMOHEpaMH Ha OC-
HOBE TONyOMKH Yy3KkonmuctHoO (Vaccinium
angustifolium Aiton.) ObLIM TONY4YEeHBI copTa
JUIs1 PETHOHOB € XOJIOJHBIM KJIMMAaToM [3].

B nacrosimiee Bpemsi MeTOA KyJIbTYpbI
TKaHHU HIMPOKO MPUMEHSETCs KaK JUIsl celek-
uuu [4, 5], Tak U I KJIOHAJIBHOTO MHKPO-
Pa3MHOKEHHUS ISl TIOJIYYEHHSI MOCaI0OYHOIO
MaTepuaiga copToB ronyouku [6]. Hyxno
OTMETUTh, YTO PaldOT MO KyJIbType BereTa-
TUBHOW W TEHEPATHBHOM TKAaHU TOITYOUKH
Y3KOJIMCTHOM OY€Hb HEMHOI'O, B OCHOBHOM
MPOBOJAT HUCCJEJAOBAHUS B  OTHOILICHHUU
uMeroeit 0osblee HIKOHOMHUUECKOE 3Haue-
HUE TOTYyOMKHU BBICOKOpocToii [7]. Bmecte ¢
TeM 3Ta paboTa OUeHb aKTyallbHa, TOCKOJIbKY
JUIS TIOJIy4eHHUsl TOCaZ0oyHOro MaTepuaia
MPUMEHSIIOT TOJIBKO METOJ] BEreTaTUBHOTO
Pa3MHOKEHHUSI, a UCIIOJIb30BAHUE YJIBOCHHBIX
rarjiouJIoB B CEJEKIHUH JaET BO3MOXKHOCTD
OBICTPOrO MOJYYEHHUS TOMO3UTOTHBIX JTMHUM,
YTO 00JIer4aeT CeleKInu0 (GEHOTHUIIOB IO KO-
JMYECTBEHHBIM M KaU€CTBEHHBIM IPU3HAKaM,
OJTHOBPEMEHHOH TeHeTHYeCKOl (uKcalnuud B
KaXXJIOM JIOKYyCE B Mpejieyax OJHOrO MOKOoJe-
Hus [8]. OTo mo3BonseT M30exkaTh 3aHUMA-

IOLIUX MHOTO BpPEMEHHU paboT MO CaMOOIIbI-
JICHUI0, 0OpaTHOMY CKpEIIMBAHHIO, MPEXKIE
4yeM MOXXHO OyAeT TMOJydyuTh HHOpEIHBIC
auHuM [9].

IIpy KynbTUBUPOBAHUM KIIETOK U TKAHEU
TOJYOUMKH in Vitro 4auie BCEro HCIOJB3YIOT
nutarenbHyo cpeny McCown Woody Plant
(WPM) [10]. Bmecte ¢ Tem misi KaKaoro
copTa HeoOX0IMMO NOAOUpaTh CBOW COCTaB
IIUTATENIBHOM Cpelibl, IPEXAE BCEro, 110 MaK-
poanemMeHTaM M peryiuaropam pocrta [11].
Hcxons u3 3Toro, mesib Hamel paboThl —
ONPEETUTh BIUSHUE HEKOTOPBIX MaKpodJie-
MEHTOB U PETYJISITOPOB POCTA HA AKTUBHOCTH
MopdoreHe3a BEreTaTUBHBIX U T€HEPATUB-
HBIX TKaHEW COPTOB TOJNyOMKH Y3KOJIUCTHOM
B KYJIBTYpE in Vitro.

Marepuajbl 1 MeTOAbI

B kauectBe MOJENBHBIX OOBEKTOB HAMHU
obuto B3O Tpu copra: “North Country”,
“North Land” u “North Blue”. Otu copra
II0 OCHOBHBIM XO3SHCTBEHHO LI€HHBIM IIpU-
3HAKaM CXOXH, TIOJYyYEHbI CEJIEKIMOHEPAaMH B
CHIA, crnenMalibHO JUIsi KYJIbTUBUPOBAHUS B
YCIIOBUSIX CYypOBOro kimMata. OHM HEenpuxoT-
JUBBI (IIO CPAaBHEHUIO C COPTaMH, IOJIY4EH-
HBIMH OT TOJyOMKH BBICOKOPOCIION), OTIMYa-
I0TC HEIUIOXOW YPOXKaMHOCTBIO, KOPOTKHUM
BEr€TATUBHBIM  IEPUOJOM. Y CTOMYMBOCTH
K XOJIOAy B IIEPBYIO OuY€pellb OIPEAEIACTCS
HeO0IbII0M (10 1 M) BRICOTOM pacTeHUi.

Jiis maGopaTopHBIX HCCIEJOBAHUN H
IIOJIyYEHUS! JIOHOPHBIX 3KCIUIAHTOB BEreTa-
TUBHBIX U T€HEPATUBHBIX MOOEroB HUCHOJb-
30BaJIM METOJ BEITOHKH 100eroB [12].

B pabore no u3ydeHuro BIUSHUS MaKpo-
AJIEMEHTHOIO COCTaBa U PETYJIATOPOB POCTa
Ha BEreTaTUBHbIE TKaHW MCIIOJIb30BAIA BeEre-
TaTUBHBIE T00eru Bo3pactoM 21-26 cyToK; Ha
reHepaTUBHbIE TKAaHU — TeHepaTUBHbIE T0OETH
14-20 cytok. Crepwin3alyi0 BEreTaTUBHBIX
U TeHEepaTUBHBIX IOOETOB MPOBOJIWIA IO
cxeme: 1,5 munytel B 70 % BoagHOM pacTBOpe
3TaHoJa, Iocae 12 MUHYT CTEpUIM30BalId B
4 % BOJTHOM pacTBOpPE IMIIOXJIOPUTA HATPUS U
IIPOMBIBAIM B TPEX COCYAAX CO CTEPUIBHOU
BOJI0M, 00béMaMu 100 MIT KaXKIbIH.

Ha nurartenpHble cpeabl A OLICHKU
BIIMSIHUSI PA3JIMUHBIX KOHIIEHTPAIM Makpo-
JIEMEHTOB U PETYJIATOPOB POCTA MOMELIAIIN:
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YacTH BEreTaTUBHBIX MOOEroB, KOTOpbIE
MPEeICTaBIsUIM cO0OW MeTaMephl BereTaTHB-
Horo mobera gimuHOM 0,5-1,0 cm (puc. 1, a),
Y TCHEpATHUBHBIC OPTaHbl I[BETKA — MBUTBHUKHI
(puc. 1, 6). IIbUIbHUKH BBLACTSIIM U3 OYTO-
HOB JUTHHOW 4 MM JI0 MOMEHTa MX PacKpbI-
TUS, TOCJIE€ CTEpUIIM3AIMH MOMEIANd X Ha
MUTATENbHYIO CPENY.

Jlnst OLEHKHM BIUSIHUAS MAaKpO3JIEMEHTOB
MUTATENTLHOM CPeJbl Ha POCT U pa3BUTHE TI0OE-
TOB M SMOPHOUIOB U3 MBUILHUKOB HCIOJIB30-
BaJld CIIEAYIOIIUE MPOMOPLUUOHAIBHO YMEHb-
LICHHbIC W YBEJIMUYEHHbIE MO COCTaBY MaKpoO-
JJIEMEHTOB COCTaBbl ~IHTATEIbHOM  Cpenbl
WPM. bBbimM M3y4eHBl YMEHBIIECHHBIE KOH-
uentpauu: S50, 75 %, a Taxke yBEIWYECHHBIE:
125 u 150 %, B xauecTBE KOHTPOJISI UCIIOJIB30-
BaJI KOHLIEHTPAIIMIO B COOTBETCTBUU C MPOTO-
kosoM [13]. CocTaB ¥ KOHIIEHTpAIMs MHUKPO-
JJIEMEHTOB M BHUTAMHHOB B COOTBETCTBUHU C
nporokosiom [13], caxaposbr (20 1/m), arapa
(5,5 /1), pH o1 4,0 m0 4,5.

B kauectBe perymsaTopoB pocra HamMu
OLICHUBAJINCh  pa3jMyHble  KOHLEHTpAIUU
2-n3oneHTUIaieHuHa (2-ip) u 3eatnHa (Zea)
oT 1 o 4 Mr/m 1is BBISIBICHUS BIUSHUS Ha
AKTUBHOCTh MOp(OreHe3a BereTaTHBHBIX TKa-
Hell ¢ jo0aBiieHHMeM HHIOIMIYKCYCHOM KHC-
notel (IAA) B mponoprtuu 1 x 10. Db dexTus-
HOCTb JIaHHBIX PETYJSATOPOB pocTa ObuIa pa-
Hee 00O3Haue€Ha B OTHOILIEHUH POCTOBBIX

a)

MIPOIIECCOB psifia APYTHUX MPEICTABUTENCH po-
na Vaccinium [6, 7]. B pa3zagene paboThl, 1o-
CBSIIEHHOM TE€HEPATUBHBIM TKAHSM, HCIIOJb-
30BHU 2,4-MuXI0pHEHOKCUYKCYCHYIO KUCIIO-
Ty (2,4-D) B koH1IeHTpanuu ot 0,5 10 2,5 Mr/n
JUI BBUIBIICHMS BIHMSHHUSA Ha MopdoreHes
MBUTBHUKOB.

O} eKTUBHOCTh COCTaBa MHUTATEIHHOU
cpenbl Ha MOP(OreHe3 U POCTOBBIE TPOLIECCHI
1no0eroB U 3MOPUOUIIOB OLIEHUBAIM IO CJe-
JYIOIIMM MapaMeTpam: Hayallo pocTa modero
(CyTKHM) W KOJIMYECTBO WHHUIIMHPOBAHHBIX K
POCTY TOYEK Ha AKCIUIAHT (IIT.), KOJIUYECTBO
00pa30BaBIIMXCSI METaMEPOB Ha JKCIUTAHT
(mT.) g MOOGEroB U COXpaHEHHE KHU3HECTO-
COOHOCTH MBUIBHUKOB (CYTKH), Ha4ajlo MOsB-
JIeHus1 IMOPUOUIOB (CYTKH), KOJMYECTBO 00-
pa3oBaBIIMXCS JMOPHUOUAOB Ha OKCIUIAHT
(mwIT.) MU TeHEpaTUBHBIX TKaHe. OnuckiBae-
MBIE OIIBITHI OBUIM TPOBEJCHBI B TPEXKPATHOM
MIOBTOPHOCTH B KonmuecTBe 20 SKCIJIaHTOB Ha
KTyt BapUaIMIO OIIbITA.

DKcliepuMEHTAIbHBIE  JaHHBIC  Tpel-
CTaBJICHBI B BHJIE CPEIHUX apH(PMETHICCKUX
3HaueHuit (M) ¢ ykazaHuem OmMOKHU CpeaHe-
ro (+SEM) u kosdpdunuenta Bapuarmu (Cv).
Pacuér noBepuTeNbHOrO MHTEpBala Ha OC-
HoBaHUU t-pacnpenenenuss CThIOZCHTA NPU
ypoBHe 3HauumocTu 0,05 mpoBoawIM € HC-
MOJIb30BAaHUEM  CTATUCTHYECKOTO  MaKeTa
nporpammbl Microsoft Excel 2010.

Puc. 1. [lonopuosie sxcnianmol Ha RUMAMENbHBIX CPeoax in Vitro:
a) memamepul 6ecemamugrHoco nodeaa, 0) NbLIbHUKU
Fig. 1. Donor explants on nutrient media in vitro: a) metamers of vegetative shoots; b) anthers
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Pe3yabTathl 1 MX 00Cy:KIeHUE

B ombiTe 1Mo u3ydeHHUIO BIMSHUS dlie-
MEHTHOT'O COCTaBa IUTATEIbHON Ccpelbl Ha
aKTUBHOCTh MOp(OreHe3a TOIXyOUKH Y3KO-
JUCTHOM OBIJIO YCTAaHOBJICHO, YTO JJISi COPTOB
“North Land” u “North Blue” ontumansHoii
SBIIETCS MUTATENbHAS Cpela C MOJIHBIM CO-
CTaBOM MaKpOd3JIeMEeHTOB (KOHTpoJib). Copt
“North Land” naunnan oOpa3oBbIBaTh Bere-
TaTUBHbIE TOYKM Ha 32+1 cCyTku, copt
“North Blue” na 36+1 cytku, mpu 3TOM KO-
JIMYECTBO 00PA30BABIINUXCS TOYEK COCTABUIIO

2,9+40,1 u 2,5+£0,1 Ha SKCIJIIAHT COOTBET-
ctBenHo. /s copra “North Country” myud-
M BapuaHT cpenbl ObUl C YMEHbIIEHHBIM
COCTaBOM MakpodyieMeHToB 10 75 %. llpu
9ToM mo0ern ObUIM  XOpOLIO  Pa3BHUTHI
(puc. 2). B »TOM BapuaHTe pOCT TOYEK
HaOmonanM yxe B cpeaHem Ha 20+£3 cyTku
¢ obpazoBanuem 3,1+0,2 moYKkH Ha SKCIUTAHT.
g Bcex cOpTOB OTMEUYEHO, UTO MpHU IIO-
BBIIIEHUM  COJEP)KAaHUS  MAaKpPOIJIEMEHTOB

no 150 % wmopdoreHe3 MOTHOCTBIO OTCYT-
cTBoBai (Tabdm. 1).

Puc. 2. Ilobezoobpasosanue y 2onybuxu y3xonucmuou. copm “North Country” na numamenvnoi cpeoe WPM,
codepoicaweni 75 % MakpoInemMeHmos
Fig. 2. Shoot formation in Vaccinium angustifolium Ait.: the ‘North Country’ variety on WPM nutrient
medium containing 75 % of macroelements

Tabnuna 1. Bausinme KOHIEHTPALUU MAKPO3JeMeHTOB Ha MopdoreHe3 roJyonkn y3K0JIHCTHOH COPTOB
“North Land”, “North Blue”, “North Country” Ha 3Tane BBeleHUS] B KYJbTYPY in vitro (IUTaTeJbHas

cpena WPM, caxapo3sa 20 r/xn; pH 4,0-4,5)

Table 1. The influence of the concentration of macroelements on the morphogenesis in the ‘North Land’,
‘North Blue’, ‘North Country’ varieties of Vaccinium angustifolium Aiton at the stage of introduction into the
culture in vitro (WPM nutrient medium, sucrose 20 g/l; pH 4.0-4.5)

Konuentpanus H KomuectBo K
MAaKpOIJIEeMEHTOB C a1ano pocra MHHUIUHUPOBAHHBIX K POCTY OJUTICCTBO
o opT 0OEroB, CyTKH, HeMOP(OTEHHBIX

B ITUTATENNLHOM MSEM MOY€EK Ha AKCILIAHT, KCILIAHTOB. Y%
cpene WPM, % mt., ME£SEM ?

50 4542 0,6+0,2 32

75 « 37+1 1,1£0,3 21

100 Jorth 3221 2.950.1 10

125 4043 2,0+0,2 30

150 0 0 100

50 4342 1,0+0,2 30

75 « 2042 1,5+0,2 25

100 oo 3621 2.550.1 2

125 49+1 2,0+0,2 57

150 0 0 100

50 54+2 0,9+0,1 44

75 . 20+3 3,1+0,2 19

100 North 301 2,0£0,3 20

125 Country 5312 1.0£0.2 36

150 0 0 100
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JIns MHUAIMAMU TEeMMOTeHe3a OTOOpaH-
HBIX COPTOB TOJIYOMKH Y3KOJIHMCTHOM B Kaue-
CTBE pETYJIATOPOB pocTa ObLIM OTOOpaHBI
TaKue LUTOKWHHHBI, KaK 2-W30MEeHTUJIAICHIH,
3€aTHH, B KQUECTBE ayKCUHOB HCIIOJh30BAIACh
MHJIOJIMITYKCYCHAs! KUCIIOTA, BIMSIHUE KOTOPBIX
Ha AaKTUBHOCTh MOP(OTeHe3a BEreTaTuBHBIX
noOeroB mpenacrBurenei poma Vaccinium L.
ObLTO ompenenieHo paHee [6, 7]. B pe3ynbrate
ObUIO YCT@QHOBJIEHO, YTO Ui MHIYKIUU TeM-
Morenesa copta “North Land” ucnons3oBanue
KOHIICHTPAIIUK PEryisiTopa pocTa Zea 3 Mr/i u
0,3 mr/n mo3Bossier monmy4dars A0 4,4+0,5 mir.
no4yek Ha SKcruiaHT. KommuecTBo meramepos
npyu dToM jgocturaer 2,5+0,3 mT. Ha moOer.
g copra “North Blue” mydmmm BapranTom

ObLJIO HCIIONIb30BaHUE 2-ip B KOHIEHTpALUU
3 mr/n coBmectHo ¢ IAA 0,3 Mr/n, 4To MO3BO-
mwio nonydats 3,5+0,2 mT. movek Ha JKce-
mwianT u 3,2+0,2 mT. MeraMepoB Ha TMOOeT.
Copr “North Country” mposiBHI Jydiime po-
CTOBBIC XapaKTEPUCTHKH TPH HCIOIH30BAHUU
Zea B KOHIIGHTPALIUU 2 MT/JT U HHIOIAITYKCYC-
Hoi kucnothl 0,2 mr/in. B 3tom Bapuante Ha
AKCIUIAHTaX OOPa30BBIBATHUCH MOYKH B KOJIHU-
gectBe 2,7+0,3 mr. Ha skcmanT u 3,0+0,4 miT.
MeTaMepoB Ha mooer (Tadm. 2).

HyXHO OTMETHTB, 4TO IJI JIFOOBIX COp-
TOB TOJIyOMKHU Y3KOJIUCTHOW HCIOJb30BaHUE
3eaTHHa W 2-U30MEHTUIIaJICHIHA MPUBOJIUT K
MOJIOKUTETIFHBIM pe3yibTaTaM, HCIIOIh30Ba-
HU€ WHBIX IMTOKUHUHOB HEXXEJIaTeIHHO.

Tabnuna 2. BausgHue 2-H30MEHTHJIAJeHHHA U 3eaTHHA COBMECTHO € MHIOJUJIYKCYCHON KHCJIOTOI
HA aKTHBHOCTH MOpP(oOreHe3a COPTOB roJyOMKHM Y3KOJHMCTHOH (murareibHas cpexa WPM, caxaposa

20 r/n; pH 4,0-4,5)

Table 2. The effect of 2-isopentyladenine and zeatin in combination with indoleacetic acid on the activity
of morphogenesis of Vaccinium angustifolium Aiton varieties (WPM nutrient medium, sucrose 20 g/1; pH 4.0-4.5)

Perynsatopsl pocra, Yucno nmovyek Ha HKCIUIAHT, MIT. Yucino MeraMepos, HIT.
M/ M£SEM | Cv, % M+SEM | Cv, %
Copt “North Land”
2-ip 1 +1AA 0,1 1,240,2 3.5 1,140,2 4.6
2-ip2 +1AA 0,2 1,7+0,5 6,7 1,4+0,3 6,3
2-ip 3 +1AA 0,3 3,4+0,3 6,2 2,2+0,2 59
2-ip 4 +1AA 0,4 1,3+0,2 3,1 1,8+0,4 87
ZEAL +1AA 0,1 1,0+0,2 4,7 1,0+0,1 3,7
ZEA2 +1AA 0,2 1,2+0,2 6,5 1,4+0,1 5,6
ZEA3 +1AA 0,3 4,4+0,5 42 2,5+0,3 2,5
ZEA4 +IAA 0,4 3,4+0,2 2,5 1,4+0,3 42
Coprt “North Blue”
2-ip 1 +1AA 0,1 1,9+0,2 73 1,240,2 6,5
2-ip2 +1AA 0,2 2,4+0,2 4.4 1,4+0,3 7,6
2-ip 3 +1AA 0,3 3,5+0,2 5,1 3,2+0,2 10,0
2-ip 4 +1AA 0,4 1,4+0,2 7.8 2,8+0,3 1,2
Zeal +IAA 0,1 1,4+0,2 7.8 2,8+0,3 12
Zea2 + 1AA 0,2 1,0+0,2 57 1,3+0,2 32
Zea3 +1AA 0,3 1,7+0,3 3,6 1,5+0,6 9,3
Zead + 1AA 0,4 2,5+0,4 4,6 2,0+0,1 1,9
Coprt “North Country”
2-ip 1 +1AA 0,1 1,8+0,2 12,0 1,0+£0,3 5,0
2-ip2 +1AA 0,2 2,0+0,4 5,6 1,2+0,2 8,4
2-ip 3 +1AA 0,3 2,0+0,2 12,1 2,1+0,2 43
2-ip4 +1AA 0,4 2,140,3 43 2,0+0,1 4,7
Zeal +1AA 0,1 1,740,2 53 2,1£0,2 7,1
ZEA2 +1AA 0,2 2,7+0,3 2,0 3,0+0,4 2,0
Zea3 + 1AA 0,3 2,5+0,1 6,7 1,8+0,3 52
Zead + 1AA 0,4 2,1+0,5 3.4 1,740,4 4.4
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PaboTy ¢ reHepaTUBHBIMU TKAHSMHU MbI
pasznenunau Ha ABa dtana. Ha mepBom stame
MBI OLIEHUBAIM BIIMSHUE PA3IMYHBIX KOHIICH-
Tpaluii MakpodJIeMEHTOB Ha MPOAOKUTEIb-
HOCTh JKU3HECTIOCOOHOCTH TKaHEH MbUTbHUKA,
KOTOpast JIETKO OIPENEIAETCS KaK 10 OKpacKe
TKaHEH, TaK W IO pa3pacTaHUI0 TKaHEH ThI-
YUHKH (€CJIM OHA OCTaNach MOCIE U3BICUCHHUS
MbUTbHUKA). B pesynerare Hamu ObLIO ycTa-
HOBJICHO, YTO CBOIO >KM3HECIIOCOOHOCTH Yy
BCEX TPEX COPTOB MBUILHUKH JOJbILE COXpa-
HSIOT Ha MUTATENIbHOM Cpejie C NOBBILICHHBIM
1o 125 % ot nponucu coaepKaHueM Makpo-
aneMeHToB (Tadu. 3). Takum oOpazoMm, Ham
YAAJIOCh BBISIBUTH CTUMYJIUPYIOIIEE >KU3HE-
CIIOCOOHOCTh TKAHEW IBUILHUKA BO3ACHCTBUE
MIOBBIIIEHHOW J03bl MakKpO3JIEMEHTHOIO CO-
cTaBa nuTaTtenbHOM cpensl WPM, kotopoe B
JNAJIBHENUIIEM MOXHO HMCIOJbB30BaTh JUIS IO-
TydeHHUss SMOPUOUTIOB B KYyIBType TeHepa-
THUBHBIX TKaHEW JaHHBIX COPTOB.

Ha BTropoM 3Tane nurarenbHyro cpeny ¢
MOBBIILIEHHBIM COAEPKAHUEM MAaKpPO3JIEMEH-
TOB JOIOJIHSJIN PETYIATOPOM POCTA, KOTOPBIN
HanboJyiee 4YacTo HCIOJNIb3yeTcs Ui aKTHBa-
LIMU TNEPEKIIIOYEHUs] Pa3BUTUS MUKPOCIIOpP C
raMeTopUTHON Ha CIOPOPUTHYIO MPOrpaMMy
pasButus — 2,4-D. B nureparype onucan no-

JIOXKUTENbHBIIN OIBIT UCTIONB30BaHUS JAHHOTO
peryasTopa pocTa Juis aKTHBallUM dMOpUOU-
noreHesa  pspa  Kynbtyp  (Arabidopsis,
Serenoa repens), 4t0, BEpOSTHO, 00YCIOBIH-
BAaCTCA €ro IMOJIOKUTEILHBIM CTPECCOBBIM
BO3/eiicTBeM Ha TKanu [13]. OgHako B gaH-
HOM CJIy4ae HEOOXOJMMO I0J00paTh OMNTH-
MaJIbHYI0 KOHLIEHTpAIMIO PeryisTopa pocTa,
SIBISTIOIIYIOCS. TIOBBIIICHHON TSI TEHEPaTUB-
HOW TKaHW KYJIbTYpBI, HO HE BIUSIONIYIO Ha
CHIDKEHHE KU3HECTIOCOOHOCTH IKCIUIaHTOB. B
pe3yiabTare ObUIO YCTAHOBJIEHO, YTO ISl aK-
TUBAIMM TIEPEKITIOUEHUS] MPOrpaMMbl pa3BU-
TUS. MUKPOCIIOp C TaMeTO(QUTHOM Ha CHopo-
¢utnyto s coproB “North Land” u “North
Country” W3 NpeasioKEHHbIX KOHLIEHTpALHid
perynsTopa pocTa JIydilleé HCIOJIB30BaTh
1 mr/m, a ansa copra “North Blue” ontumas-
Hee WCIOoNb30BaTh 1,5 mMr/m (tabm. 4, puc. 3).
[TomyueHHble HaMU NaHHBIE CBUICTEIHCTBY-
IOT O HETaTMBHOM CTPECCOBOM BO3JICHCTBHUH
MOBBILIEHHBIX KOHIIEHTpaluil aykcuna 2,4-D
Ha SMOpHOreHe3 IreHEepaTUBHBIX TKaHEW cop-
TOBBIX (hopM poxa Vaccinium: mpu KOHIICH-
Tpanusix ot 1,5 mr/n y coptoB “North Land” u
“North Country” u ot 2,0 mr/n y copta “North
Blue” ne ObIIO 3ahMKCHUPOBAHO MOSABICHUE
AMOPHOUJIOB.

Tabnuma 3. BausiHue KOHIEHTPAIMH MAaKPO3JIEMEHTOB HA KM3HECIIOCOOHOCTD NMBLILHUKOB Y TPEX COPTOB
roJIyOUKH y3K0JUCTHOM (caxapo3sa 20 r/a; pH 4,0-4,5, peryJiiTopsl pocTa 0TCyTCTBYIOT)

Table 3. The influence of the concentration of macroelements on the viability of anthers in three varieties
of Vaccinium angustifolium Ait. (sucrose 20 g/l; pH 4.0-4.5, no growth regulators)

KonnernTtparms makposneMeHToB | JKu3HecmocoOHOCTh TKaHEH MBUIBHUKA, CYTKU
B mUTaTeNbHOM cpeae WPM, % M+SEM | Cv, %
Coprt “North Land”
150 38+3 2,4
125 4742 4.4
100 40+1 4,8
75 32+1 4,9
50 2543 9,0
Copt “North Blue”
150 4043 3,7
125 53+2 5,3
100 4442 9,2
75 36+2 11,2
50 20+1 6,3
Copt “North Country”
150 27+1 3,5
125 50+2 4,3
100 37+2 6,8
75 33+3 9,2
50 1942 8,3
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Tabnuma 4. BiausHue pa3iM4YHbIX KOHUeHTpauuii 2,4-D Ha crnoco0HOCTH MepeK/IYeHusi ¢ raMeTopuTHOM
NMPOrpaMMbl Pa3sBUTHA MHKPOCIIOPbI Ha CcHOpPo(HMTHYI0 (muTaTenbHas cpena WPM, caxapoza 20 r/m;
pH 4,0-4,5)

Table 4. The effect of various concentrations of 2,4-D on the ability to switch from the gametophytic program
of microspore development to the sporophytic one (WPM nutrient medium, sucrose 20 g/l; pH 4.0-4.5)

Konnenrpanus [TosiBnenre 3MOPHONIOB, CYTKH Uwciio smOpuonos Ha 60-e CyTKH, IIT.
2,4-D, mMr/n M:+SEM Cv, % M+SEM | Cv, %

Coprt “North Land”

0,5 69423 5,8 12+12 4,2

1,0 55+1,2 6,9 23+2.4 5,3

1,5 - - - -

2,0 - - - -
Copr “North Blue”

0,5 5343 5,2 7+3,1 4,3

1,0 50+1 10,2 1142 5,3

1,5 46+1,3 6,3 22+1,5 6,1

2,0 - - - -

Copr “North Country”

0,5 67+5 7,2 4+1,3 5,5

1,0 49+4 4,5 18425 7,9

1,5 - - - -

2,0 - - - -

Puc. 3. Dmbpuoudoeenes na nvinonuke conyouxu copma “North Country”
Fig. 3. Embryoidogenesis on the anther of the ‘North Country’ variety of Vaccinium angustifolium Aiton

3akjroueHue
B craree 0003HaueHBI OCOOEHHOCTH
Mop¢oreHe3a U pa3BUTHI TKaHEH BEreTaTHB-

paccMaTpuBaeMbIX COPTOB B 3aBUCHMOCTH OT
MakKpO3JIEMEHTHOTO COCTaBa IHTATEIHHOU
Cpenbl M COJIEpX aHWd KOHLEHTpauuid Zea u

HbIX M TEHEPATUBHBIX CTPYKTYP COPTOBBIX
dopm  romyOmkm  y3komumctHOUM  (“North
Country”, “North Land” u “North Blue”), BbI-
paxarommecs B aKTUBHOCTH TIPOLIECCOB T'eM-
MOT€HE3a M SMOPHOWIOTeHe3a SKCIIAaHTOB
MpU KYJbTUBUPOBAHUM HA MUTATENIBHBIX Cpe-
Jax C pa3jM4yHOM KpaTHOCTBbIO MakpodJe-
MEHTHOro cocrasa ot mnporucu WPM u co-
JIEp>KaHUEM PETYIISITOPOB POCTA.

BrigBnena mo3o3aBHCHMAas aKTHBHOCTH
MPOIIECCOB TEMMOT'€He3a U AIMOpPHOHIOTEHEe3a

26

2-ip B cimyyae moOerooOpa3oBaHUsI Berera-
TUBHBIX TKaHed u 2,4-D mpu oOpazoBaHuU
AMOPHOHIOB. Y CTaHOBJIEHO, YTO MOp(OreHes3
BereTaTuBHBIX TKaHe# copta “North Country”
HanOoJiee ONTHMAJICH Ha MUTATENbHON cpene
75 % WPM; akTuBHOCTH MOpQoreHesa Mak-
cumanibHa s “North Country” u “North
Land” npu noGaenenuun Zea 2 mMr/n u 3 mr/a
cootBercTBeHHO, g “North Blue” — 2-ip
3 Mr/n. BbisBieHBl paznuuus MopdoreHesa
TeHEPATHUBHBIX TKaHEH COPTOB TOTYOMKH Y3-
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KOJIUCTHOM B 3aBUCUMOCTH OT KOHIICHTpalUn
2,4-D, BbIpaxkaronyecss B aKTUBHOCTH 3SM-
Opuonmorene3a HKCIUIaHTOB. Hambosee BbI-
paKEHHOE TOSBICHNUE SMOPHUOUIOB B KYJbTY-
pe TBUIBHUKOB OTMEUEHO MPH KOHIICHTPAIIU-
ax 2,4-D ot 1,0 mr/n (copta “North Country”
u “North Land”) mo 1,5 mr/nm (copt “North
Blue”) nurarenpHOM Cpebl.

JlanHOoe wuccienoBaHME BHOCUT BKJIAJ
B M3Yy4Y€HHE OCOOEHHOCTEN aKTHUBAllUU Iepe-
KIIIOYEHHS TPOrPaMMBbl pa3BUTHSI MUKPOCTIOP
¢ ramMmeTo(puTHON Ha CHOPOMUTHYIO MPHU I0-
303aBUCUMOM BO3JEHCTBUM aykcuHa 2,4-D
U TIOBBIILIEHHOM COJCpPXaHUU MakKpojJie-
MeHTHOoro cocraa WPM (mo 125 %) na
IIpUMEepe COPTOB IFOJYOUKH Y3KOIHCTHOM.
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Abstract. Introducion. The high demand of the food manufacturing industry for varietal forms of
blueberries necessitates research on the characteristics of tissue culture of the varieties that can both
serve as the basis for obtaining new cultivars through breeding and optimize the clonal micropropaga-
tion technology for valuable varietal forms of blueberries. Of fundamental importance is the issue of
switching the generative tissues of microspores to the sporophytic pathway of development. The key
factors determining the activity of morphogenesis of plant tissues in in vitro culture are the content of
macroelements and growth regulators in the nutrient medium. The purpose of the study is to determine
the influence of some macroelements and growth regulators on the morphogenetic activity of vegetative
and generative tissues in varieties of Vaccinium angustifolium Aiton (lowbush blueberry) in in vitro
culture. Material and research methods. The article deals with the issues of the tissue culture of vegeta-
tive and generative structures of Vaccinium angustifolium Ait. varieties (‘North Country’, ‘North Land’
and ‘North Blue’), as well as the influence of the qualitative and quantitative content of macroelements
and plant growth regulators in the nutrient medium on the activity of morphogenesis of vegetative and
generative tissues in explants. At the same time, nutrient media containing macroelements at concentra-
tions ranging from 50 to 150 % of the McCown Woody Plant medium (WPM) composition were test-
ed. WPM medium in its original concentration (100 %) was used as a control medium. The growth reg-
ulators of 2-isopentyladenine (2-ip) and zeatin (Zea) at concentrations of 1-4 mg/l were tested with the
addition of indoleacetic acid (IAA) when working with the vegetative tissues, and 2,4-dichlo-
rophenoxyacetic acid (2,4-D) at a concentration of 0.5-2.5 mg/l when working with the tissues of gen-
erative structures. Results. The study revealed the specificity of morphogenesis of the vegetative and
generative tissues of the studied varieties on the tested media. The activity of morphogenesis of the veg-
etative tissues of the ‘North Land’ and ‘North Blue’ varieties was optimal on the control medium sup-
plemented with 3 mg/l Zea and 3 mg/1 2-ip, respectively. The shoot formation in the “North Country’
variety was the most intensive at 75 % WPM and 2 mg/L Zea. The viability of anther generative tissues
was maximum at a concentration of 125 % of the WPM composition for all three varieties. The number
of embryoids formed was the greatest with the addition of 1.0 mg/L of 2,4-D for ‘North Land’ and
‘North Country’ and 1.5 mg/L of 2,4-D for the ‘North Blue’ variety. Conclusion. The study revealed
specific features of activating the switch of the microspore development from the gametophytic to the
sporophytic program in Vaccinium angustifolium Aiton varieties. The features depend on the concen-
trations of macroelements in the medium composition and can be controlled by growth regulators.
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ITurMeHTHBIN COCTAB XBOU I€KOPATHBHBIX (DOPM M COPTOB TYH 3aIa{HOU
(Thuja occidentalis) B yciaoBusix Huskeropoackoi odiactu

M. I0. Komuinosa, A. H. Xanaeun, H. H. Beccuémnoesa, B. I1. Beccuémnog™
Hwuxeropockuit rocynapcTBEHHBIN arpoTeXHOJIOTMYECKUM YHUBEPCUTET,
Poccuiickas ®@enepanust, 603107, Huxuuit Hosropon, np. I'arapuna, 97

1esfak@bk.rug

AnHoTanmmsi. Beeoenue. IIpodnema hopMHUpPOBaHUST aCCOPTHUMEHTHOTO COCTaBa O3EJICHHUTEIb-
HBIX HAaCaKAECHHH COBPEMEHHBIX TOPOJOB TECHO MEPEKINKACTCS C OCTPOH MOTPEOHOCTBIO B CTa0OH-
JIM3aIH YKOJIOTUYECKHX MapaMeTpoB cpelbl ypOaHU3UPOBAaHHEIX TEPPUTOPHN. B cocTaB ropoackux
HacaXJICHUH BKIIFOYAIOT IPe/ICTaBUTEIeH MHOpaoHHOH (iopsl. K MX YHCy OTHOCAT Tyr0 3amaHyro
(Thuja occidentalis L.), copta 1 (hOpMBI KOTOPOH HUCIIONB3YIOT B 3aIUTHBIX, MEJIMOPATUBHBIX U 03€-
JICHUTENBHBIX HacaXKIEHUSAX. [[ens MCCIEIOBAaHWN — CpaBHUTENbHAS OIEHKA AEKOPATUBHBIX (OPM
W COPTOB TyM 3alaJHOW II0 TIOKA3aTeNIIM NHTMEHTHOTO COCTaBa XBOW MPH WX BBEICHHH
B TOPOJICKHE HacaXkICHUs Ha TeppuTopuu Hrmkeropoackoit obmactu. Obwvekmul u mMemoodvl UCCIie-
noBaHuil. OOBEKTaMU MCCIIETOBAHUN CIY)KWJIHM JIEBATH COPTOB W THNHYHAA (popma TyH 3amamgHoi,
pasMemEHHbple Ha OJHOM ONBITHOM YydacTke neHapapus Hwkeropomackoro I'ATY. Cobmomanu
NPUHIUIIBI €TUHCTBEHHOTO JIOTHYECKOTO Pa3nyusl, THIHYHOCTH, IIPUTOAHOCTH, LeJIecO00pa3sHOCTH
Y HaAE&KHOCTH OIbITa. VICIONB30BaIM OJJHOBO3PACTHBIE PACTCHUS! BETETATHBHOIO NPOUCXOXKICHUS
npu ux obmem yucie 30 mr. C HUX OAHOBPEMEHHO CPE3at 10 MSATh OJHOTHITHBIX OJJHOBO3PACTHBIX
1o0eroB B 0JJMHAKOBOM (PEHOIOTHUECKOM COCTOSIHUM, 0€3 IMPU3HAKOB MOBPEXICHNSI OMOTHUECKUMHU
1 a0MOTHYeCKUMHU (PaKTOPAMHU U OTKIOHCHHH OT HOPMAJIBHOTO Pa3BUTHsA. [IIacTUIHBIC MATMEHTHI
BeIIBIIIM criekTpodoromerpom CP-2000 ¢ mporpammubiM obecrnieuennem GRASS GIS 7.6.1 /
QGIS 3.4. Pesyromamet. Copta v GOpMBI TyH 3amagHONH HEOAHOPOIHBI B OICHKAX MUTMEHTHOTO
cocTaBa XBOW, YTO HAOIIOANOCH KaK B Hadaie, TaK M B KOHIIE BeTeTaIMOHHOTO mepuoxa. [lo co-
JIepXKaHUI0 XIopodriia-a B BECEHHHH NEepHOJ HaWOOJbINAs OIEHKAa COOTBETCTBOBAJA COPTY
‘Mr. Bowling Ball’ (2,51+0,06 mr/r), a Haumensmas — copty 'Sunkist' (0,39+0,05 mr/r). Ocenpio
ero Hambospmee xomudaectBo (3,16+0,02 mr/r) 3aduxcupoBano y copra 'Danica’, a HaMMEHbIIIEe
(1,8140,03 mr/r) — y copra 'Rheingold'. [IucnepcroHHBII aHaM3 MOATBEPANI HACIEJCTBEHHYIO
00YCIJIOBJICHHOCTh OTMEUEHHBIX P3N ISl KOKIO0T0 Cpoka y4uéra. Beieodsl. B ycnoBusx UHTpO-
nykuun B Hmkeroponckyro o0macTe NUIMEHTHBIH COCTaB  XBOM JICKOPATHBHBIX COPTOB
Y TUIIMYHOM (pOPMBI TyH 3amajHOH CEe30HHO HECTAOMIICH U MOABEPKEH 3HAYNTEIbHBIM U3MEHEHHSIM
COJIEpP’KaHUSI M COOTHOLIEHHs XJIOPO(HUIa U KAPOTHHOWIOB B HadaJie ¥ B KOHIIE BEr€TallMOHHOTO
HepHro/ia, PY TOM, YTO B OCEHHHUH MEPUOJ] NX KOHIEHTPAIMS TOBBIIASTCSI.

KiroueBble cjI0Ba: MHTPOAYKINS; TUTACTHIHBIE MATMEHTHI; XJIOPO(MIIT; KapOTHHOUIBL, M3~
MEHYHBOCTH; HACJEICTBCHHAs! 00YCIOBICHHOCTh

DuHAHCHPOBAHMe: aBTOPbI 3aSsBISIOT 00 OTCYTCTBHU BHEUIHEro (\MHAHCHPOBAHUS HPH MPO-
BE/ICHUH HCCIICAOBAHUSL.

Jas murupoBanusi: KorernoBa M. 10., Xaussun A. 1., beccuétrosa H. H., beccu€rnos B. I1. [Turment-
HBI COCTaB XBOW JICKOPATHBHBIX OpM U cOpTOB Ty 3amanHou (Thuja occidentalis) B ycnosusix Huxeropon-
ckoii obnactu // BectHuk TT0BOKCKOTO TOCYIapCTBEHHOTO TeXHOJOTHUeckoro yHusepcurera. Cep.: Jlec. Dxo-
norust. [Ipupogomons3oanue. 2024. Ne 2 (62). C. 31-45. https://doi.org/10.25686/2306-2827.2024.2.31; EDN:
GJDJNV
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BBenenue.

[IpoGnema dhopMupoBaHus ONTUMAIBHO-
0 aCCOPTUMEHTHOTO COCTaBa O3€JICHUTEIb-
HBIX HacaX/IE€HUI COBPEMEHHBIX T'OPOJIOB TeC-
HO TEPEKIMKAETCS C OCTPOH MOTPEOHOCTHIO
B CTaOMJIM3AlMU 3KOJOTMYECKUX MapaMeTpoOB
cpenpl  ypOaHM3UPOBAHHBIX  TEPPUTOPHUH.
Ha Ttexymmii MOMEHT OHM HE MOTYT OBIThH
MpU3HAHBl COOTBETCTBYIOIIMMHU JIEUCTBYIO-
UM CAHUTAPHBIM HOpPMaM, a TOPOJICKOU Meil-
3K 3a4acTyl0 HYXKIAeTcs B CEPbE3HOM yyd-
HICHUU. YHUBEPCAJIbHBIM  HMHCTPYMEHTOM
B PEUICHUM YyKa3aHHBIX 3a/lad MOBCEMECTHO
MpU3HaHbl HACAXIIEHHUSI U3 JIEPEBbEB M KY-
CTapHUKOB, KOTOpbIE (P(PEKTUBHO BBITOIHS-
10T CAaHUTApHO-TUTHEHUYECKHE, AEKOPAaTHBHO-
ACTETHUYECKHE M PEKpearliOHHO-0aIbHEOIO-
ruueckue GyHkiuu. [lpu 3ToM B cocTaB Takux
00BEKTOB TOPOACKONH HHPPACTPYKTYpHI He-
pEelKO BKIIIOYAIOT HauboJiee EHHbIX MPeacTa-
BUTENEH nHOpaoHHOM (utophl. OcoOyr0 poIb
3[IECh UIPAIOT XBOMHBIE BUIbI, COXPAHSIOLIME
CBOIO JIUCTOBYIO MAacCcy U B 3UMHHM MEPHUOJ.
K ux 4yucny ¢ MOJHBIM OCHOBaHHMEM MOXKHO
OpuauciIuTh Tyto 3amaanyio (Thuja occi-
dentalis L.), MHOrOYMCIIEHHbIE COpPTa U JIEKO-
paTtuBHBIE (POPMBI KOTOPOW HAXOAST MpPHMeE-
HEHUE B CO3JAHUU 3AUIUTHBIX, MEIMOpPATHB-
HBIX W O3€JICHUTENIbHBIX HacaxaeHui [1-5].
Hamuune pgocrarouHoro o0BEMa JaHHBIX
00 O0COOEHHOCTSAX OWOJOTMHM ITOCIEIHHX,
JOCTYITHOCTh MH(OPMAIMK O MOTEHINAJIE Ce-
MEHHOH PpENpOAYKIMH W PEreHeparmoOHHOU
CIIOCOOHOCTH B HOBBIX MECTOOOMTAHUSIX
MOXKET CIOCOOCTBOBATh IOJIHOMACIITAOHOMY
BOBJICUCHUIO HMX B XO3SWCTBEHHBI OOOpOT,
B CBSI3M C YeM BECbMa aKTyaJbHbI PaOOTHI
B yKa3aHHOM HaripaBiieHuu [6—8]. Pe3ucrent-
HOCTb, JKOJIOTMYecKas IJIACTUYHOCTh U JO-
CTUTHYTBIN YpOBEHb aJallTUPOBAHHOCTH IK30-
TOB B MECTAaX pAaccCeleHUuss BO MHOIOM O0Yy-
CJIOBJIMBAET YCHEX HUHTPOAYKIIMOHHBIX MEpO-
npusiTui. B 4acTHOCTH, 3TO mpeaonpencser
BO3MO>XHOCTH PaCIIMPEHUs] TPAHUL] TEPPUTO-
PHATIBHOTO PACIPOCTPAHEHUS IEPCIEKTUBHBIX
dbopM M COPTOB TyH 3amajHOW B KyJbType
U CO3AaéT MPENOChUIKM Ui JuBepcuduKa-
i (OpM HX MPAKTHYECKOTO TMPHUMEHEHHS

32

B Cpennem IloBomkbe u Hukeropoackoit
o0acTu.

Heab paboThl — CpaBHUTEIHHAS OIICHKA
JEKOPAaTUBHBIX (OPM U COPTOB TyW 3amaj-
HOH 10 OCHOBHBIM MOKA3aTeJsIM MUTMEHTHO-
ro COCTaBa XBOM INPHU MX BBEJIEHUU B TOPOJI-
CKHME€ HacaxJeHus Ha Tepputropun Huxero-
POJICKO# 001acTH.

O0BbeKTHI U METOAbI UCCJIEI0BAHUS

OOBeKTaMH  HUCCJCNOBAHUN  CITY>KUJIH
JIeBSITh JIEKOPATUBHBIX (DOPM U COPTOB TyH
3amajgHoOM, KpaTkas Mopdornoruueckas xa-
paKTEepUCTHKA JTMCTOBOTO armapara KOTOPbIX
MIpUBEICHA HUXKE:

— Thuja occidentalis f. 'Golden Smaragd'
XapaKTePU3YyEeTCs KEITOBATO-3€IEHON XBOEH
C MHTEHCHUBHO OKPAILIEHHBIMU SIPKUMH 30JI0-
TUCTBIMHU KOHYHKAMU;

— Thuja occidentalis f. 'Rheingold’ c sip-
KO-XENTON XBOeH, Ha (POHE KOTOPOM XOPOIIIO
3aMETHBI MOJIOAbIE MPUPOCTHI C OPAHKEBBIM
OTTEHKOM;

— Thuja occidentalis f. 'Danica’ nmeer
TYCTYI0 YEIIyeBUAHYIO XBOIO 3eJEHOU Oe-
CTALIEH OKPAacKH, KOTOpas 3UMOU IpaKTH4e-
CKM HE MEHSET LIBET WM CTAHOBUTCS KOPHY-
HEBATO-3CJIEHOM;

— Thuja occidentalis f. 'Golden Globe',
oOnamaromas 30JI0TUCTO-3€JIEHON OKpaCKOH
XBOM, KOTOpas C HAaCTyIUIEHUEM XOJIOJIOB
npuoOpeTraeT OyphIid OTTEHOK;

— Thuja occidentalis f. 'Sunkist', uenrye-
BUJIHAs XBOS KOTOPOM B MHEPUOJ aKTHBHOTO
pocTa mpruodpeTaeT 30JI0THCTO-3€IEHBIH 1IBET,
3aTe€M CTaHOBUTCS SPKO-KENTOM, a B KOHIIE
OCeHH — OPOH30BOM;

— Thuja occidentalis f. 'Yellow ribbon'
C 30JIOTUCTO-KENTON B TEUCHHUE JeTa XBOEH,
npuoOpeTaroleil  oOpaHKeBO-KOpUYHEBAThIE
OTTEHKH B KOHII€ BET€TallMOHHOIO MEPUO/Ia;

— Thuja occidentalis f. ‘Mr. Bowling Ball’
c TEMHO-3elEHON JIeTHeW XBoel, mpuoOpe-
Talolell B KOHIIE BEreTallMOHHOTO IMepHoja
Y 3UMOH JIETKUI OPOH30BBII OTTEHOK;

— Thuja occidentalis f. 'Mirjam' — xBos
YelryeBHIHAs, SIpKas  CBETIIO-30JIOTUCTO-
xEnras, Oyecrsdmas, 3WMONW NpPUOOpETaeT
OpOH30BBII OTTCHOK;
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— Thuja occidentalis f. 'Tiny Tim' ¢ ry-
CTOW YeIIyeBUIHOM, SPKO-3eIEHOU OyecTsi-
LIEl XBOEH, KOTOpasi B KOHLE OCEHU U 3UMOM
npuoOpeTaeT KOpUYHEBAThI OTTEHOK.

Konrtponem (6a30if cpaBHEHHsI) BBICTY-
naia TunuaHas Gopma tym 3anagHou (Thuja
occidentalis L. f.), ocoOu KOTOpOIi UMENHU COo-
MOCTaBUMBIA BO3pacT W TaKoe XKe, Kak
B BapUaHTaxX OIbITa, BEreTaTUBHOE MPOMC-
xoxnaeHue. EE demryeBuaHas XBOsI HMeEET
UHTEHCUBHYIO CPEIHE-3€JEHYI0 OKpacKy, W3-
MEHSIONIYIOCS Ha Oypo-3el€HYI0 B KOHIIE
ocenu. OT™MeueHHass 0OCOOEHHOCTh AMHAMUKHU
CE30HHOTO COCTOSIHHSI OOJIBIIIMHCTBA M3BECT-
HBIX (OpM M COpPTOB TyH 3amagHON Jierjia
B OCHOBY BBIIBM)KCHHUSI TMIIOT€3bl O HecTa-
OMJILHOM BO BPEMEHHOM AacCIeKTe XapakTepe
MUTMEHTHOTO cOCTaBa MX XBoW. B opranusa-
UOHHO-METOAUYECKON CXEME OITbITa KaXKIbII
U3 TEepevYHciIeHHbIX (OpM M COPTOB IMpen-
CTaBJICH B TPEXKPATHOM IOBTOPHOCTHU. Bce
BOILIE/IIME B CXEMY OINbITa pacTeHUs ObLIH
PacrojIOKeHbl B MPEEIaxX OJAHOIO OMBITHOTO
ydacTKa Ha TeppuTopuu aenapapus Huxero-
poackoro I'ATY. CornacHo cOBpeMEHHOMN
CUCTEME JIECOPACTUTENLHOTO palilOHUPOBAHUS
€ro TEepPPUTOPHUs BXOAUT B 30HY XBOWMHO-
IIMPOKOJIUCTBEHHBIX JIECOB W  OTHECEHa
K paiioHy XBOWHO-IUPOKOJIMCTBEHHBIX (CMe-
IIIAaHHBIX) JIECOB €BpoIeNcKkoil yactu Poccuii-
ckori @Denepauun. PermoH xapaxrepusyercs
BIQKHBIM KJIMMAaTOM C YMEPEHHO TEIIbIM
U BIQXHBIM JIETOM H YMEpPEHHO CYPOBOM
CHE)KHOM 3uMON. B HEM pacnpocTpaHeHbI
cepple  JIeECHble, a TaKXkKe JEepPHOBO-
MO/I30JIUCTBIE M TIOJ30JIUCThIE MOYBBI, B CUITY
Yero JIeCOpacTUTENbHbIE YCIOBHS MPU3HAIOT-
Csl BIIOJIHE OJIarOMpPHUSATHBIMHU JIJIsl YCTICIITHOTO
MPOU3pACTaHMsl OOLIMPHOTO TMEpEeuHs BUJOB
XBOMHBIX JI€PEBHEB U KYCTAapPHUKOB, BKJIIOYAs
MHTPOJYLIEHTOB, B YHCJIE€ KOTOPBIX Tys 3a-
nagHas [9]. B pabore coOmronamu 0a30BbIE
TpeOOBaHUS K OpraHW3ally OMbITa: TUIUY-
HOCTh, TIPUTOJHOCTh, IIEIECO0OPa3HOCTH,
HA/IEKHOCTh, MMPUHILIUI €IUHCTBEHHOTO JIOTH-
94eCcKOro pasnmuusi. BBUIy yka3aHHBIX 00CTO-
ATENbCTB B JIADOPATOPHBIX HCCIEIOBAHUAX
WCIOJIb30BAHbI  OJTHOBO3PACTHBIE PACTEHHUS

BEreTaTHMBHOTO MPOUCXOXKICHHUS TIPU UX 00-
meM guciie 30 mr. C KaXIoro U3 HUX OIHO-
BPEMEHHO Cpe3ald MO0 TSITh OJHOTHUITHBIX
OJTHOBO3PACTHBIX ~ MOOEroB, HAaXOJSAIIUXCS
B OJMHAKOBOM (DEHOIIOTHYECKOM COCTOSHHH
U HE HMEIOUIMX NPU3HAKOB TMOBPEKICHUS
OMOTHYECKUMH U a0MOTHUECKUMHU (PaKTOpaMH
WIA OTKIOHEHUH OT HOPMAJIbHOTO pPa3BUTHSL.
MecToM 3aroTOBKH SIBJSUICS CPEOHUN SIPYC
nepudepur XOpoIIo OCBEIIEHHOTO ydYacTKa
KpoHbl. OOBeMHEHHAS XBOS C KaXIOrO W3
HUX CIy)XWJa HMCXOJHBIM MaTepuajoM Jis
MPUTOTOBIICHHSI AKCTPAKIIMOHHON HABECKHU.
Hx oOmiee 4ynciao B OAHOKPATHOM Y4&€Te Co-
craBuio 150 mr. AHanu3 MOBTOPSIM B Haya-
ne (07.05.20191.) u B xonre (10.10.2019T.)
BEreTAllMOHHOTO TMEPHOJa, YTO TIO3BOJIMIIO
chopMHpOBAaTh MAcCUBBI, COZIEpIKalhe II0
150 enuHui; yu€ToB KaXIOro IPHU3HAKA,
u eauHyro 0a3y nmaHHeix w3 1 950 nara-
enuann. EE€ cratHcTHueckylo 00paboTKy,
BKJTIOYAsl JMCIEPCUOHHBIA aHAIN3, BBITOIHS-
JIM TIO OOIIETIPUHSITHIM aJITOPUTMAM.

B ocHOBy mnpoBeneHUs HCCIETOBaHMI
JeTTIM UMeroIuecss QyHIaMeHTalbHbIE pa3-
pabOTKH 1O MUTMEHTHOMY COCTaBY JIHCTOBO-
ro amnmapara pacrenuii [10—13]. CormacHo
UM BBISBIISUIA HAJTMYHE B XBOE XJIOpohuiia-a,
xjopoduiia-b, ©X CyMMapHOE KOJUYECTBO
Y KOHIIEHTPAIINIO KaPOTUHOHUIOB. B 3THX T1€-
JX OBUT peaqu30BaH CHEKTPOPOTOMETpUYE-
CKHMI METOJ] X KOJUYECTBEHHOTO OIpeerie-
Hus [14-16]. Ero Teopernueckoii miaatdop-
MOW BBICTYIAET OIEHKA COJEp)KaHUS IIUT-
MEHTOB I10 ONTHUYECKOW IUIOTHOCTU IKCTPAK-
[UOHHOU BBITSOKKHA. Mcroip30Bajad CIIEK-
tpodotomerp CD-2000 ¢ mnporpaMMHBIM
obecnieueanem GRASS GIS 7.6.1 / QGIS 3.4,
KOTOpO€ MO3BOJISJIO BU3YAJIU3UPOBATh CIIEK-
TPl TOTJIONICHUS  yKa3aHHBIX BEIICCTB
Ha MOHHUTOpPE KOMIIbIOTepa. 3HAYeHUS MaK-
CUMYMOB TOTJIONIEHUS XJIOpOopUIIa-a, XJo-
poduiia-b 1 KapOTUHOUAOB HA MOTYYEHHBIX
B YKa3aHHOM mopsnke rpadukax ¢ukcupo-
BAJIU MPU JJIMHAX BOJH: 665, 649, 452.5 Hm
COOTBETCTBEHHO. [IpmHUMasi BO BHHMAaHHE
BO3MOXXHOCTh HEKOTOPOTO CMEIIEHHUS MakK-
CUMYMOB B 3aBHCUMOCTH OT ONTHYECKHUX
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CBOWMCTB HUCIOJIB3YeMOro sKcTparenTa [17-19],
TOTOBHJIA €r0 ATaJOH. BBIYKMCIIEHHE KOHIICH-
TpalMK YKa3aHHBIX BEHIECTB B MI/T CBIPOM
MaccChl XBOU BEJIM MO ypaBHEHUsIM Betmrelina
u XonbMma s ontudecku yuctoro 100 %
aneroHa u s 96 % sranona [15, 17, 19].
HaBecky kamuOpoBamyi ¢ TOYHOCTBIO [0
0,001 r HAa NpPEeNM3UOHHBIX AHATUTHYECKUX
Becax VIC-300d3. ConepskaHue MUTMEHTOB
Ha €IMHMILY MacChl CyXOro BEIIECTBA BBI-
YHUCIISUTM C ONpPEACNICHUEM €ro JOJIU B Kax-
JIOM HaBECKE II0CJI€ BBICYIIMBAHUS XBOH
710 aOCOJIIOTHO CYXOT'0 COCTOSHUS B IKadax
HS 61 A [20-22]. Pacu€THbIM TTyTEM MOCIIE-
JOBATENIbHO HAXOJWIIM OTHOIIEHUE COMep-
JKaHUs pa3HbIX (GOpM XJopodusIa; OTHOIIIE-
HUE coJep)aHus XJIopoduiia-a u coaepxa-
HUs XJopoduiuia-b K COAepKaHUIO KapOTH-
HOHMJIOB, UX JIOJII0 B IIMTMEHTHOM COCTaBe
1 0011Ie€ KOJITMYECTBO MUTMEHTOB. [IpUHSATHIH
MOJIXOJ TPATUIMOHEH B HCCIIECIOBAaHUIX
MUTMEHTHOTO COCTaBa (POTOCHHTE3UPYIOIIIEe-
ro anmnapara [13, 18, 22].

Pe3yabTaThl M X 00Cy:KIeHUE

CpaBHHBaeMble MEXIy co00# aexopa-
TUBHBIE COpTa U ()OPMBI TyU 3aMaJHON HEOJI-
HOPOJHBI B OIICHKaX MUTMEHTHOTO COCTaBa
XBOHM, YTO OTYETIMBO HAOIIOAAIOCh Kak
B Hayajie, TAK U B KOHIIE BEreTallMOHHOTO
nepuona (tabn. 1-6). Tak, Mo coxep:kaHuUIO
xjopodmnia-a (cM. Tabi. 1) B KJIETKax XBOU
B BECEHHUH IEPHUOJ COpTa TyU 3anagHOU
J€MOHCTPUPOBAIM HEOAHOPOJHOCTh CBOUX
OLICHOK, HauOoyblias H3 KOTOPBIX COOT-
BeTcTBOBaJia copTy ‘Mr. Bowling Ball’
(2,51£0,06 mMr/r), a HauMeHbIIass — COPTY
'Sunkist' (0,39+0,05 mr/r). IlpeBbimienue mep-
BOW Haja BTOpoW cocraBuio 2,11 mr/r, wim
B 6,35 paza. Tunuunast ¢opma (KOHTPOIB),
MOKAa3aB HAJIMYUE ITOTO MUTMEHTa B KOJIHUYe-
cte 1,80+0,03 mr/r, npeBbicHiio 0000IEH-
HOe To BceMmy MaccuBy 3Hadenue (Total)
1,29+0,06 mr/r Ha 0,51 mr/r, wim B 1,40 paza.
[Ipu sTOM OTHOIICHHE AOCONIOTHBIX JTUMHU-
TOB B JIaHHBIA CPOK Yy4ETa MPUHIUITHAIBHO
6onbuie — B 24,06 pasa.

Tabnuna 1. Conepxanue XJopoduiiia-a B KJIeTKaX XBOM TYH 3aNaTHOM
Table 1. Chlorophyll-a content in the cells of Western thuja needles

Copr, popma Cpennee, Maxkcumym, MunumymM, Koapunment TounOoCTB
(BapuaHT OmbITA) MI/T MI/T Mr/t Bapuauuy, % ombITa, %
Becha (mepBblif cpok yuéra): 07.05.2019 r.
'Golden Smaragd' 0,77+0,10 1,30 0,19 49,07 12,67
'Rheingold’ 0,58+0,05 0,80 0,12 34,51 8,91
'Danica’ 1,64+0,13 2,60 0,87 31,83 8,22
'Golden Globe' 1,00+0,13 1,61 0,26 48,40 12,50
'Sunkist' 0,39+0,05 0,69 0,13 48,74 12,59
'"Yellow ribbon' 0,99+0,04 1,35 0,78 15,97 4,12
'Mr. Bowling Ball' 2,51+0,06 2,97 2,10 8,069 2,24
'Mirjam' 1,46+0,05 1,84 1,18 13,81 3,57
'Tiny Tim' 1,72+0,04 2,00 1,48 8,42 2,17
Kontpons 1,80+0,03 2,07 1,70 5,62 1,45
Total 1,29+0,06 2,97 0,12 53,11 4,34
Ocenb (BTOpO# cpok yuéta): 10.10.2019 1.
'Golden Smaragd' 2,10+0,02 2,22 1,90 4,25 1,10
'Rheingold' 1,81+0,03 1,94 1,55 6,14 1,59
'Danica’ 3,16+0,02 3,25 3,01 2,59 0,67
'Golden Globe' 2,89+0,13 3,34 2,07 17,46 4,51
'Sunkist' 1,91+0,02 2,03 1,69 4,89 1,26
'"Yellow ribbon' 2,04+0,02 2,19 1,92 3,87 1,00
'Mr. Bowling Ball' 2,85+0,05 3,09 2,56 6,68 1,72
'Mirjam' 1,84+0,05 2,09 1,46 9,46 2,44
'Tiny Tim' 2,28+0,05 2,59 1,94 8,85 2,28
Kontposns 1,94+0,07 2,50 1,61 13,58 3,51
Total 2,28+0,04 3,34 1,46 22,73 1,86
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Copra mnpOAEMOHCTPUPOBAIM HEOIUHA-
KOBBIE TEMIIbl HAKOIJICHUSI 3€JIEHBIX MUTMEH-
TOB B TEUCHHUE JIETa, U OCCHBIO COOTHOIICHUE
MEXJy HUMH IO COJIEpXaHUI0 XJIopoduiia-a
n3MeHmwock. Ero Hambonbliee KOJIMYECTBO
(3,16+0,02 mr/r) 3admukcupoBano y copra 'Da-
nica', a HaumensIree (1,8140,03 mr/r) —y cop-
ta 'Rheingold'. B stor mepuosa mpesbimenue
OoJbIIeH OILEHKH HaJ MEHBIIEH COCTaBHIIO
1,35 mr/r, umu B 1,75 paza. B nienom, Ha 3a-
BEpIIAIOIIEM JTale BEreTallMOHHOTO Meproja
MIPOM30IIUI0 HEKOTOPOE MOBBIILICHUE KOHIIEH-
Tpauuu XJopoduiia-a B TKaHSIX XBOU HCCIE-
IyEeMbIX DPAaCTeHUH, MPUTOM YTO pa3inyus B
MX XapaKTePUCTUKAX HECKOIBKO CTIIAHIIHCh.

[To conepkaHUIO B KJIETKaX XBOM XJIO-
podunna-b (cM. Tabm. 2) copra TyH 3amaiHOM
TaK)k€ HEOJHOPOJHBI, U B Hauajie Bereralu-
OHHOTO TIEpUOJa MPHUHIUIIHATILHO OoJbIlIee
ero xosmuectBo (1,37+0,04 mr/r) Habmrona-
nock y copta 'Mr. Bowling Boll', B To Bpems
kak muHUMYM (0,25+£0,04 Mr/T) — y copra

'Rheingold'. Pa3Huma 3Tux OIEHOK COCTaBH-
na 1,12 Mr/r, 49ro co3/1an0 TPEBBINICHUE
B 5,48 paza. Kak u no xmopoduiny-a, B XxBoe
TANMYHON (PopMbl Xstopodwa-b comepka-
Jock Oonble, 4eM B 000OIIEHHOM IO BCEMY
ombiTy Bapuanty: 0,75+0,01 u 0,62+0,03 mr/r
COOTBETCTBEHHO. B 3aBepmiaromieii ¢asze ce-
30HHOTO Pa3BUTHUS y MpPEICTaBUTENEH TpyIi-
bl COPTOB XJIOPOGHILI-b B GONBLIEM KOJIU-
YyecTBe OBLT HAaKoOIUIeH y copTa ‘Mr. Bowling
Ball’ (0,85+0,03 mr/r), oaHaKO, THUITHYHAS
dopMa TyH 3HAYMTENIBLHO OIepexana ero
B oToM oTHomenuu (1,88+0,05 mr/r). Munu-
manpHas orenka (0,21+0,01 mr/r), nmpunan-
nexamast copty 'Golden Smaragd', B 9,11 pa-
3a, WM Ha 1,67 MI/T MeHbIIIE TOKa3aTelIsd TH-
nuaHOi (hopMbl. Pacxokaenus B 0000MmIEH-
HBIX OIIEHKaX Ka)JIOr0 CpOKa CE€30HHOr0 y4é-
Ta TPAKTHYECKH TOITHOCTBIO OTCYTCTBYIOT:
0,62+0,03 mr/r (BecHoit) u 0,62+0,04 mr/r
(oceHpr0). DTO yKa3bIBaeT Ha CE30HHO CTa-
OWJIbHBIN XapaKTep JaHHOTO MOKa3aTels.

Tabnuna 2. Copepxanue XJopoduiiia-b B KIeTKax XBOH TYH 3aNaTHOM
Table 2. Chlorophyll-b content in the cells of Western thuja needles

Coprt, dpopma Cpennee, Maxkcumym, MuHumyM, Koadpunment TouHOoCTH
(BapHaHT OMbITA) Mr/T Mr/T Mr/T Bapuanuu, % onbITa, %
Becha (mepBblii cpok yuéra): 07.05.2019 r.
'Golden Smaragd' 0,27+0,03 0,45 0,06 49,41 12,76
'Rheingold' 0,25+0,04 0,66 0,05 65,51 16,91
'Danica’ 0,96+0,10 1,64 0,37 40,04 10,34
'Golden Globe' 0,43+0,05 0,79 0,11 45,65 11,79
'Sunkist' 0,27+0,04 0,56 0,06 62,29 16,08
"Yellow ribbon' 0,50+0,02 0,64 0,33 17,13 4,42
'Mr. Bowling Ball' 1,37+0,04 1,64 1,08 10,57 2,73
'Mirjam' 0,54+0,03 0,76 0,37 22,06 5,70
'Tiny Tim' 0,83+0,03 1,05 0,67 13,56 3,50
Konrpons 0,75+0,01 0,87 0,66 7,61 1,96
Total 0,62+0,03 1,64 0,05 62,32 5,09
Ocenb (BTOpO#t cpok yuéra): 10.10.2019 r.
'Golden Smaragd' 0,21+0,01 0,01 0,28 0,12 27,14
'Rheingold' 0,47+0,01 0,01 0,52 0,43 5,87
'Danica’ 0,54+0,02 0,02 0,76 0,40 14,77
'Golden Globe' 0,43+0,01 0,01 0,49 0,35 9,16
'Sunkist' 0,29+0,02 0,02 0,38 0,20 21,06
"Yellow ribbon' 0,49+0,02 0,02 0,61 0,39 14,55
'Mr. Bowling Ball' 0,85+0,03 0,03 1,00 0,69 11,88
'Mirjam' 0,46+0,02 0,02 0,57 0,36 14,18
'Tiny Tim' 0,56+0,02 0,02 0,75 0,43 15,56
Konrpons 1,88+0,05 0,05 2,13 1,57 9,56
Total 0,62+0,04 0,04 2,13 0,12 74,78
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CymMMapHOE KOJIMYECTBO 3€IEHBIX ITHT-
MEHTOB B XBO€ AHAIM3HPYEMbIX PACTCHUM
(cM. Tabn. 3) oTpakalo OCHOBHBIE TEHICH-
UM B WX COOTHOIIEHUU, CBSI3aHHBIE C IMPH-
CYyTCTBUEM B TKaHSX JIMCTOBOTO armapaTa
xjnopoduiuia-a (cm. Taba. 1) u xmopodusna-b
(cm. Tabum. 2).

B Becennmii nepuoj Gosblie BCEro OHH
HaKalUIMBAIMCh B XBoe copta ‘Mr. Bowling
Ball’ (3,88+0,09 Mr/r), a MeHbIlle — y copTa
'Sunkist' (0,67+0,08 mr/r). PazHuma B 3TOM
cimydae gocrurna 3,21 mr/r, wiu B 5,80 pasa.
Hanuuue yka3zaHHBIX NUTMEHTOB B XBOE
tamuaHON  opmbl  (2,55+0,04 Mr/T) TaKke
OpeBbIIANI0  HMX  OOOOUIEHHYIO  OLEHKY
(1,91+0,09 mr/r). IIpu ocenHeM y4€Te CyMMBI
XJIOPO(WIIOB B XBOE TPYIIIBI COPTOB JIUAUPO-
Baym 'Danica’ (3,70+0,04 mr/r) u ‘Mr. Bowling

Ball’ (3,70+0,07 mr/r), 3aMbIKaJl UX CIIMCOK
copt 'Sunkist' (2,20+0,04 mr/r). Tunuunas
dbopMa MPOAEMOHCTPUPOBATIA CAMYIO BBICO-
kyto oneHky (3,83+0,10), koropasi mpeBoc-
X0/lijla MUHUMAaJIbHOE cpenHee B 1,74 pasa,
win Ha 1,63 Mr/r, u Obu1a OOJIbIIE 000O0IIEH-
Horo 3HaueHus (2,90+0,06 mr/r) B 1,32 pasa,
nin Ha 0,93 mr/r. Panee ormedeHHass TeH-
JEHIMS K YBETMYEHUIO KOJIMYECTBa MUTMEH-
TOB B KOHIIE BETE€TAI[MOHHOTO TIEPUO/Ia TAKIKE
COXPaHMJIACh.

AHanm3 ydactusi KapoTHHOUIOB B (hop-
MHUpPOBaHMM [UTMEHTHOTO COCTaBa XBOH
BCKPBLI HEOTHOPOTHOCTh CPaBHUBAEMBIX COP-
TOB B 9TOM OTHOIICHHH, YTO, KaK U TO XJIO-
podwiy-a, B TOH WM WHOW Mepe TMpOSBU-
JIOCh B HayaJie ¥ B KOHIIE BETETAIIMOHHOTO
neproja (cM. Tadm. 4).

Tabnuna 3. CymmapHoe coaep:kaHue XJiopoduiia-a u xaopopuina-b B XBoe TyH 3anaHoi
Table 3. Total chlorophyll-a and chlorophyll-b content in Western thuja needles

Copr, popma Cpennee, Maxkcumym, MunaumymM, Koadpunment TounoCTH
(BapuaHT OIBITA) MI/T MI/T Mr/T Bapuanuy, % ombITa, %
Becna (mepBbiii cpok yuéra): 07.05.2019 r.
'Golden Smaragd' 1,04+0,13 1,75 0,26 48,84 12,61
'Rheingold’ 0,83+0,09 1,38 0,18 40,15 10,37
'Danica’ 2,60+0,22 4,01 1,24 33,18 8,57
'Golden Globe' 1,43+0,17 2,41 0,37 46,96 12,13
'Sunkist' 0,67+0,08 1,23 0,23 48,57 12,54
"Yellow ribbon' 1,50+0,06 1,98 1,11 15,50 4,00
'Mr. Bowling Ball' 3,88+0,09 4,61 3,18 9,28 2,39
'Mirjam' 2,01+0,08 2,60 1,57 15,78 4,07
'Tiny Tim' 2,55+0,07 3,04 2,15 9,92 2,56
KonTposs 2,55+0,04 2,94 2,36 5,95 1,54
Total 1,91+0,09 4,61 0,18 55,11 4,50
Ocenb (BTOpOIt cpok yuéra): 10.10.2019 r.
'Golden Smaragd' 2,31+0,03 2,47 2,04 5,59
'Rheingold’ 2,28+0,03 0,03 2,42 1,98 5,60
'Danica’ 3,70+0,04 0,04 3,99 3,44 3,82
'Golden Globe' 3,32+40,14 0,14 3,79 2,42 16,02
'Sunkist' 2,20+0,04 0,04 2,38 1,89 6,29
"Yellow ribbon' 2,52+0,03 0,03 2,80 2,34 5,23
'Mr. Bowling Ball' 3,70+0,07 0,07 3,91 3,27 7,01
'Mirjam' 2,30+0,06 0,06 2,59 1,88 9,46
'Tiny Tim' 2,83+0,07 0,07 3,25 2,46 9,24
Kontpons 3,83+0,10 0,10 448 3,33 9,76
Total 2,90+0,06 0,06 4,48 1,88 23,70
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Tabnuua 4. Coaepkanue KAPOTHHOMIOB B KJIETKAX XBOU TYH 3aNaJHOM
Table 4. Carotenoid content in the cells of Western thuja needles

Coprt, hopma Cpennee, MakcumyMm, MuHUMYM, Koadhpumment TodHOCTH
(BapuaHT ombITa) MI/T MI/T M/t Bapuanuu, % ombITa, %
Becha (mepBslii cpok yuéra): 07.05.2019 r.
'Golden Smaragd' 0,19+0,02 0,32 0,05 49,02 12,66
'Rheingold' 0,25+0,02 0,35 0,04 36,37 9,39
'Danica’ 0,23+0,02 0,39 0,12 33,24 8,58
'Golden Globe' 0,2440,02 0,33 0,07 37,40 9,66
'Sunkist' 0,17+0,01 0,27 0,07 29,13 7,52
"Yellow ribbon' 0,20+0,01 0,26 0,16 14,73 3,80
'Mr. Bowling Ball' 0,33+0,01 0,38 0,30 6,75 1,74
'Mirjam' 0,35+0,01 0,43 0,32 9,87 2,55
'Tiny Tim' 0,27+0,01 0,33 0,25 7,33 1,89
KouTpons 0,29+0,01 0,34 0,26 7,23 1,87
Total 0,25+0,01 0,43 0,04 32,24 2,63
Ocenb (BTOpO# cpok yuéra): 10.10.2019 .
'Golden Smaragd' 0,64+0,01 0,67 0,61 3,49 0,90
'Rheingold' 0,51+0,01 0,58 0,37 9,80 2,53
'Danica’ 0,88+0,01 0,99 0,80 4,77 1,23
'Golden Globe' 0,83+0,04 1,00 0,57 19,41 5,01
'Sunkist' 0,60+0,01 0,66 0,54 6,80 1,76
"Yellow ribbon' 0,54+0,01 0,61 0,50 5,98 1,54
'Mr. Bowling Ball' 0,81+0,04 1,04 0,64 16,99 4,39
"Mirjam' 0,46+0,01 0,52 0,37 9,64 2,49
'Tiny Tim' 0,53+0,02 0,65 0,33 15,84 4,09
KonTtposs 0,82+0,05 1,12 0,38 22,10 5,71
Total 0,66+0,01 1,12 0,33 26,77 2,19
B Becemnem yuére mpeumymectBo 0,42 mr/T. Hakoruienne  KapOTHHOMIOB

B paccMaTpvBaeMoOil MUTMEHTAllUW MpHHA[-
nexano copry 'Mirjam' (0,35+0,01 mr/r),
a HaWMEHbIEE KOJIWYECTBO KApOTUHOHUJIOB
umen copt 'Sunkist' (0,17+0,01 mr/r). Hx
conocTasieHue nano pasHocte B 0,18 mr/r
U co3nano npessiieHue B 2,05 paza. Tununu-
Hast (hopma B 3TOM (HEHOJIOTUYECKOM COCTOSI-
HUW TIPEBOCXOAMJIa OOOOIIEHHOE IO BCEMY
MaccuBy naHHbIX 3HaueHwe: 0,29+0,01 mr/r
(xoutponb) u 0,25+0,01 mr/r (Total). Ocen-
HUM  yu€r OOHapyXuj 3aMeTHBIH pOCT
KOHIICHTpPAllUd KAapOTUHOWIOB B  IIEJIOM.
[Ipy »TOM, MAaKCUMAJIBHBIA IOKa3aTellb
(0,88+£0,01 Mr/r), OTMEYEHHBII Yy copTa
'Danica’, mpeBBICUI COOTBETCTBYIOIIUNA MH-
HumyM (0,46+0,01 Mr/r), 3adukcupoBaHHBIN
y copra 'Mirjam' B 1,73 paza, wim Ha

B XBOC THUIMYHOW (POPMBI JOCTHIJIO YPOBHS
0,82+0,05 mr/r, uyro mHa 0,16 Mr/r, Wi
B 1,24 paza, Oombire, yemM B 00OOIIEHHOIA
orenke — 0,66+0,01 mr/r.

BeicTymaBiiee HMHTErpajbHBIM IOKa3a-
TEJIEM HACBHIIIEHHOCTH XBOU IHUTMEHTaMH
uxX olmiee CymMMapHOE COJep)KaHHWe B HEH
aJICKBaTHO OTpakaJjOo OTMEYCHHBIC paHee
O0COOCHHOCTH  YKa3aHHBIX XapaKTEPUCTHK
y TpeAcTaBUTeNeH pa3sHbIX (OpPM M COPTOB
Tyu (cM. Tabu. 5).

B oTHOIIEHWH Ba)XXHOTO (U3HUOJIOTHYC-
CKOTO IMOKa3aTelis OOIIEr0 COCTOSHHS pacTe-
HUH — OTHONICHHS COJCpPYKAHHUS XJIOPODHII-
Ja-a K COAEpKaHuio Xxjopoduiia-b — copra
U TUnuuHas opMa Tyd 3amaJHON TaKKe He-
OHOPOAHBI (cM. TabII. 6).
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Tabnuua 5. O0lee cyMMapHoe coepKaHue MJIACTHIHBIX MHTMEHTOB B KJIETKAaX XBOU TYH 3aNa/IHOI
Table 5. Total plastid pigments content in the cells of Western thuja needles

Copr, hopma Cpennee, Maxkcumywm, MuaIMYM, Koadhpumment TodHOCTH
(BapuaHT OmbITA) Mr/t Mr/t MI/T Bapuanuu, % ombITa, %
Becna (nmepBbiii cpok yuéta): 07.05.2019 1.
'Golden Smaragd' 1,23+0,15 2,07 0,30 48,57 12,54
'Rheingold’ 1,08+0,10 1,63 0,22 36,27 9,36
'Danica’ 2,83+0,24 4,34 1,38 32,78 8,46
'Golden Globe' 1,67+0,19 2,66 0,44 44,35 11,45
'Sunkist' 0,84+0,09 1,41 0,30 40,52 10,46
'"Yellow ribbon' 1,70+0,07 2,24 1,28 15,22 3,93
'Mr. Bowling Ball' 4,20+0,10 4,98 3,48 9,00 2,32
'Mirjam' 2,36+0,08 2,96 1,88 13,49 3,48
'Tiny Tim' 2,83+0,07 3,34 2,40 9,25 2,39
KonTpoan 2,85+0,04 3,25 2,64 5,85 1,51
Total 2,16+0,09 4,98 0,22 51,13 4,17
Ocenb (BTOpO# cpok yuéra): 10.10.2019 .
'Golden Smaragd' 2,94+0,03 3,13 2,65 4,46 1,15
'Rheingold’ 2,78+0,04 2,94 2,44 5,22 1,35
'Danica’ 4,57+0,04 4,92 4,32 3,24 0,84
'Golden Globe' 4,15+0,18 4,79 2,98 16,65 4,30
'Sunkist' 2,80+0,04 2,94 2,46 5,07 1,31
'Yellow ribbon' 3,06+0,03 3,31 2,87 4,03 1,04
'Mr. Bowling Ball' 4,50+0,09 4,90 3,92 8,05 2,08
'Mirjam' 2,76+0,07 3,10 2,26 9,17 2,37
'Tiny Tim' 3,36+0,08 3,88 2,99 9,37 2,42
Konrpois 4,65+0,10 5,48 4,14 8,15 2,10
Total 3,56+0,07 5,48 2,26 23,39 1,91

Tabnuma 6. OTHoOLIEHNE COeP:KAHMS XJI0PO(PUIIIA-a K COeP:KaHMI0 XJIopoduiia-b B XBoe TYH 3anaHOMH
Table 6. Ratio of chlorophyll-a content to chlorophyll-b content in the needles of Western thuja

Copr, dpopma Kosdpunment TouHOCTH
(BapI/II)aHl(“b OEI)ITa) Cpennee Maxcumym Mumuvym Bap?/)lg)unn, % ombITa, %
Becna (mepBbiii cpok yuéra): 07.05.2019 .
'Golden Smaragd' 2,93+0,10 3,44 1,88 13,73 3,54
'Rheingold’ 2,62+0,17 3,22 1,08 25,20 6,51
'Danica’ 1,814+0,11 2,39 1,16 22,88 5,91
'Golden Globe' 2,33+0,12 3,22 1,53 19,40 5,01
'Sunkist' 1,85+0,30 3,79 0,61 61,60 15,90
'Yellow ribbon' 1,99+0,06 2,36 1,70 11,23 2,90
'Mr. Bowling Ball' 1,84+0,02 1,96 1,75 3,31 0,85
'Mirjam' 2,754+0,08 3,26 2,40 11,03 2,85
'Tiny Tim' 2,09+0,03 2,32 1,86 6,12 1,58
Konrpoib 2,40+0,03 2,57 2,27 4,42 1,14
Total 2,26+0,05 3,79 0,61 27,24 2,22
Ocenb (BTOpO# cpok yuéra): 10.10.2019 1.
'Golden Smaragd' 10,93+0,81 17,55 7,68 28,65 7,40
'Rheingold’ 3,87+0,06 4,30 3,52 5,91 1,53
'Danica’ 5,99+0,19 7,60 4,23 12,15 3,14
'Golden Globe' 6,72+0,24 7,92 5,20 13,85 3,58
'Sunkist' 6,82+0,33 8,65 4,95 18,51 4,78
'Yellow ribbon' 4,25+0,14 5,09 3,40 12,57 3,25
'Mr. Bowling Ball' 3,39+0,08 3,81 2,87 9,69 2,50
'Mirjam' 4,06+0,13 5,09 3,39 12,52 3,23
'Tiny Tim' 4,15+0,13 5,30 3,17 12,27 3,17
Kontposan 1,04+0,03 1,30 0,85 13,04 3,37
Total 5,12+0,23 17,55 0,85 54,33 4,44
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Hamnpumep, B HayanbHOHU (asze Bereranuu
ynaéress 3aMeTUTh 0oJiee BBICOKOE 3HAUYCHUE
y copra 'Golden Smaragd' (2,93+0,10), a B
KoHIIe — y copta Danica’ (1,81+0,11). Pazauma
cocraBmia 1,11 equHUIBI, a IpeBbIIICHUE ObI-
J0 B 1,62 pa3za. 3a cu€T npeBOCXO/ICTBA B CO-
NepKaHuu  Xjopodwiuia-a TUNUYHAs QGopma
Tyl uMena Oosiee BBICOKUH YpOBEHb €r0 OT-
HOIIEHWSI K COJEPKaHUIO  XJopoduia-b
(2,40+0,03) o cpaBHEHHUIO C OOOOIIEHHBIM JIISI
BCEro accoptuMmeHTa cpeanuMm (2,26+0,05).
OceHblo cHTyaIisi HECKOJIBKO W3MEHUIIACH,
Y TIPY COXPAHEHUU B TPYIIIE COPTOBBIX pacTe-
HUW HauWBBICIIEH OLIEHKM Y TOrO XK€ copTa
'Golden Smaragd' (10,93+0,81) MmuauMyM Tie-
pemectwiics kK copty ‘Mr. Bowling Ball’
(3,39+0,08). PazHuita B mokasarensx BO3pociia

u pocturaa 7,02 enuHUIbL, a MPEBBIICHUE CO-
craBwio 1,21 pasza. Ilpu 3tom, cooTHolIEHUE
B OIICHKAX THUIMUYHOU (HOPMBI U 00OOIIEHHOTO
MaccHUBa MPAKTUYECKU HE M3MEHUJIOCh U CO-
craswio: 1,06 (BecHoii) u 1,10 (oceHbt0).

[Tockonpky Bce paHee 0003HAUCHHBIC
(EeHOTUITUYECKUE Pa3IudHs MEXIy MpecTa-
BUTEIIIMH CPaBHUBAEMBIX MEXAY COOOM
GbopM M COPTOB MPOSBUIUCH HAa BBIPOBHEH-
HOM (OHE MOYBEHHO-KIMMATHUYECKUX YCIIO-
BUI MECT MpOU3pacTaHusi, BO3HUKIHU OCHO-
BaHUS ISl IPU3HAHUS HACJIEICTBEHHOTO Xa-
pakTepa BbI3BIBAIONIUX UX NpuuuH. [ucnep-
CHOHHBIM aHAJIN3, NPOBEAEHHBIA [0 OJHO-
(bakTOpHO# cxeMme, MOATBEPUI ITO MPEAIO-
JIO)KEHHE ISl KKJIOTO U3 MPUHATHIX B OIIbI-
T€ CpoKoB yuéra (Tabdm. 7, 8).

Tabnuna 7. CymecTBeHHOCTb pa3inuuii GopM U cOPTOB TYH 3aNa/THOH 10 MUTMEHTHOMY COCTABY XBOH BeCHOI
Table 7. Significance of differences among Western thuja forms and varieties with regard to needle pigment

composition in spring

ToKasaTenu conepsKanis Kq[))I/ITepI/Iﬁ Jlons Bnusuus dakropa (h*+ms?) KpI/ITepI/IEI

 COOTHOMEHHS THIMEHTOB uiepa o ITnoXuHCKOMY o CHeZleKopy pasnuaui
Fon +my’ h? +mn? | HCPos | Dos
Xnopodbwi-a (a) 73,19 0,8247 | 0,0113 | 0,8280 | 0,0111 0,21 0,35
Xnopobumi-b (b) 61,52 0,7982 | 0,0130 | 0,8014 | 0,0128 0,13 0,21
Cymma xsopoduiuios (a+b) 73,92 0,8261 0,0112 0,8294 0,0110 0,33 0,54
Kaporunounsi (k) 14,31 0,4792 | 0,0335 | 0,4702 | 0,0341 0,04 0,07
OtHomreHue xJopoduios (a/b) 10,06 0,3927 | 0,0390 | 0,3765 | 0,0401 0,36 0,59
Otnomienue (a/k) 100,69 0,8662 | 0,0086 | 0,8692 | 0,0084 0,51 0,85
Otrorenue (b/k) 36,30 0,7000 | 0,0193 | 0,7018 | 0,0192 0,52 0,85
Hons xnopodmmia-a 8,89 0,3637 0,0409 0,3447 0,0421 0,04 0,07
Jons xnopodumia-b 8,89 0,3637 | 0,0409 | 0,3447 | 0,0421 0,04 0,07
Joisg KapoTHHONIOB 43,81 0,7380 | 0,0168 0,7405 0,0167 0,02 0,04
Otromienue (k/(a+b)) 37,78 0,7084 | 0,0187 | 0,7103 | 0,0186 0,04 0,06
Ob6mas cymma nurMeHToB (a+b+k) 66,94 08114 | 0,0121 0,8147 | 0,0119 0,36 0,59
Cyxoe BelecTBo 45,06 0,7434 | 0,0165 | 0,7460 | 0,0163 0,99 1,63

Ta6nuna 8. CymecTBeHHOCTb pa3inyuii popM H COPTOB TYH 3aNAAHOI 0 MUTMEHTHOMY COCTABY XBOH OCEHBIO
Table 8. Significance of differences among Western thuja forms and varieties with regard to needle pigment

composition in autumn

ToKasaTenu conepsKanis Kq[))I/ITepI/Iﬁ Jlons Bnusuus dakropa (h*+tms?) KpI/ITepI/IEI

1 COOTHOLICHHS THIMEHTOR umepa | 1o [lnoxuHcKkoMy o CHenekopy pasmaui
Fon :I:mh2 h? :I:mh2 HCPos Dos
Xnopoduii-a (a) 78,39 0,8344 | 0,0106 | 0,8376 | 0,0104 | 0,16 0,26
Xnopopmr-b (b) 454,99 0,9669 | 0,0021 | 0,9680 | 0,0021 0,06 0,10
CymmMa xstopo¢pmuios (a+b) 96,77 0,8615 | 0,0089 | 0,8646 | 0,0087 | 0,19 0,31
Kapotunounst (k) 39,43 0,7171 | 0,0182 | 0,7193 | 0,0180 | 0,07 0,12
OrtHomenue xjaopodmmios (a/b) 77,44 0,8327 0,0108 0,8360 0,0105 0,85 1,39
Otroutenue (a/k) 14,17 0,4767 | 0,0336 | 0,4675 | 0,0342 | 0,37 0,60
Otromenue (b/k) 48,60 0,7575 | 0,0156 | 0,7604 | 0,0154 | 0,24 0,40
Jons xaopoduiia-a 467,26 0,9678 | 0,0021 | 0,9688 | 0,0020 | 0,01 0,02
Jons xnopodumna-b 467,26 0,9678 | 0,0021 | 0,9688 | 0,0020 | 0,01 0,02
Jlons KapOTHHOHNJIOB 17,81 0,5338 | 0,0300 | 0,5285 | 0,0303 | 0,01 0,02
Otnomenue (k/(a+b)) 19,19 0,5523 | 0,0288 | 0,5480 | 0,0291 0,02 0,03
O0mrast cymMmMa nmurMeHToB (a+b+k) 97,77 0,8627 | 0,0088 | 0,8658 | 0,0086 | 0,23 0,38
Cyxoe BeuecTBo 47,15 0,7519 | 0,0159 | 0,7547 | 0,0158 | 0,96 1,57
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[Io Bcem  aHanW3UpPyeMbIM  MPU3-
HaKaM BEJIMYMHBI  OIBITHBIX KPUTEPHEB
Oumepa (For = 8,89...100,69 BecHoit u
Fon=14,17...467,26  0CEeHBIO) TIPEBBICU-
JM  MUHHMAIBHO JOMYCTUMBIH  YpPOBCHB
(Fospo1=1,94/2,53) xak Ha S5-TIpOIIEHTHOM,
Tak ¥ Ha |-TIPOIICHTHOM YpOBHE 3HAYUMOCTH
(cm. Tabn. 7, 8). Takoil pe3yabTaT MEPBOTO
dTama JUCTIEPCHOHHOTO aHAJIM3a IO3BOJISET
NPOJOJDKUTE €r0 B YaCTH BBIYUCICHHUS
OIICHOK JOJH BIHSHHUS OpPraHM30BAaHHOTO
dakTopa, B HaIIeM Clly4ae pa3Iddui
MEX]y paccMaTpuBaeMbIMU (popMaMu U COp-
TamMd, Ha (QopmupoBanue obmero QoHa
nucriepcud. B kommiiekce, TOCTPOCHHOM O
pe3ysibTaraM BeceHHero ydéra (cm. Taoi. 7),
BIUSHUE yKa3aHHOTO (akTopa MPUHH-
Majgo 3HadeHuss oT 36,37+4,09 % (mons
xjopodpuiia-a, noas xiaopoduiia-b) 1o
86,62+0,86 %  (oTHOLIEHHE COJEpPKAHUS
xjopoduiia-a K COACPNKAHUIO KapOTHHOU-
noB). JlaHHBIN MMOKa3aTeNh MPUHATO CUUTATH
K03(pPHULIMEHTOM HaCIeayeMOCTH B ILIUPO-
KOM CMBICIIE.

B ocennem yuére (cM. Tabn. 8) mpu co-
IIOCTaBUMOM Macuitabe pasdpoca 3HAYECHUI
MaKCHUMaJIbHbIE W MHUHHMAJIbHBIE OIICHKH
W3MEHHUIIM CBOIO MPUHAICKHOCTh HA MPOTH-
BONOJIOXKHYO: MHUHUMYM — 47,67£3,36 %
(oTHOIIEHUE CcoNEpKaHUs XJIopopuiia-a K
COZICP’KAHHIO KApPOTUHOHUIOB) U MaKCUMYM —
96,78+0,21 % (monst xmopoduinna-a, A0S
xjnopoduna-b). OLEHKH OCTaIbHBIX COp-
TOB CpPaBHUTEIHLHO pPaBHOMEPHO pacrmpe-
JETITICh MEXAY 3TUMH Tipeaenamu. [Ipuam-
HOM 3a(MKCHPOBAHHOTO HECXOJACTBA pac-
CMaTpUBAEMBIX BEITMYUH B BECCHHHI U OCCH-
HUIl TIepUOJ MOTIIM BBICTYNAaTh crenuduka
JWCTIEPCHH  3HAYCHUH 10 KaKAOMY U3
NPU3HAKOB M OCOOEHHOCTh HMX CE30HHOM
nuHaMHUKH. OCTaToYHask TUCTIEPCHUsi, TPOSIB-
JICHHE KOTOPOW, KaK TPABWIO, CBSI3BIBAIOT
C HCHaNpaBJICHHBIM BJIHMSHUEM KOMILIEKCA
BHEIIHHUX (pakTopoB, HA GoHE F3PPEKTOB, BbI-
3BaHHBIX COPTOBBIMH PA3IMUYMSIMH, Yallle He
SBTISUIACH JIOMHUHHPYIOIIEH, IOCTHras Bellu-
ynH 13,38-63,63 % (BecHoii) u 3,22-52,33 %
(oceHslo).
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B mopsake oO0CyXIeHHs MaTepuanioB
MO>KHO OTMETHUTh, YTO IPUMEHSEMBbIil B pabo-
T€ METOAWYECKMH MHCTpyMeHTapuil [17-19]
YHUBEpPCAJIEH, J0CTaTOUYHO () (PEKTHUBEH U HC-
noJsib3yercs noscemectHo [11-13]. On no3Bo-
JIUJT YCTAaHOBUTH, YTO OCOOEHHOCTH MUTMEHT-
HOTO COCTaBa XBOM JIEKOPATHBHBIX (HOpM U
COPTOB TYH 3amaIHOM Npu €€ UHTPOAYKIIUH B
Hwxeropoackyto 001acTe B 1IEJIOM COOTBET-
CTBYIOT CBEJICHHUSIM O COJIEP)KaHUHM U COOTHO-
LICHUH TJIACTUJIHBIX MUTMEHTOB B JINCTOBOM
anmnapare Apyrux xBouHsix [11, 20, 21]. Ot-
MEUEHHBI CE30HHO HECTAOWIIbHBIN XapakTep
UX HaKOIUIEHHS B (OTOCHHTE3UPYIOILIEH ma-
pPEHXHMME B ONPEICIEHHON Mepe COIacyercs
C M3BECTHBIMHU JAHHBIMHM IO WHBIM JpeBeC-
HbIM Bugam [13, 20, 21]. Ilorenuuan uHTpO-
IOYKLIWUU JEKOPATUBHBIX ()OPM U COPTOB TyH
3armagHou Ha teppuropuro Poccuiickonr ®De-
nepanuu [1-3] u Hwmwxkeropoackoit obiactu
B €€ cocTane [6] 10CTaTOYHO BBICOK.

BriBoab1

1. lexopaTuBHbIe (OPMBI U COpTa TYH
3amajgHoOM HEOAHOPOJHBI B CBOEM COCTaBe
[0 COJIEPKaHUI0 U COOTHOUICHUIO TIACTUI-
HbIX TMHIMEHTOB XBOU, YTO MPOSBISAETCA
KaK B Hayajie, TaK U B KOHIIE BEreTalMOHHO-
ro nepuoja.

2. Pa3nmuuus B MUTMEHTHOM COCTABE XBOU
B 3HAYUTENILHON Mepe OOYCIOBJIEHBI T'CHOTH-
MUYECKH, YTO CIIEAYeT U3 UX MPOsBICHUA Ha
BBIPOBHEHHOM DKOJIOTMYECKOM (DOHE M HAIILIO
MOATBEP)KACHUE B pe3yibTaTax JUCIEPCHOH-
HOTO aHaiM3a: Ko3((UIMEHT HACIeTyeMOCTH
B UIMPOKOM CMBICJIE 10 OTAEIbHBIM IpHU3HA-
KaMm pocrturan 86,62+0,86 % B Hadaje Berera-
LIMOHHOrO mepuona u aaxe 96,78+0,21 % —
B KOHIIE.

3. B ycnoBusx uHTpoaykiuu B Huxke-
TOPOJICKYI0 00JacTh MHUTMEHTHBIM COCTaB
XBOM JI€KOPATUBHBIX COPTOB U THUIMHYHOM
(GOpMBI TyH 3amaJIHON UMEET Ce30HHO HecTa-
OWJIBHBIM XapakTep U MOABEpPXKEH 3HaAYH-
TENbHBIM U3MEHEHHSIM COJEP>KaHHUS U COOT-
HOILIEHUs XJIopodwiyla U  KapOTHHOUIOB
B Hayajle U B KOHIIE BEr€Tal[MOHHOTO MEepPUO-
7a, IPUTOM YTO B OCEHHUM MEpUOJ] UX KOH-
LEHTpaLHs MMOBBIIIACTCS.
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Abstract. Introduction. The problem of forming the assortment composition of landscape plant-
ings in modern cities is closely related with the urgent need to stabilize the environmental parameters of
urbanized territories. The composition of urban plantings includes representatives of foreign flora.
These include Western thuja (Thuja occidentalis L.), varieties and forms of which are used in protec-
tive, reclamation and greenery plantings. The purpose of the research is a comparative assessment of
several decorative forms and varieties of Western thuja in terms of their needle pigment composition
during their introduction to the urban plantations in the Nizhny Novgorod region. Objects and methods
of research. The objects of the research were nine varieties and one typical form of Western thuja,
grown on the same experimental site in the arboretum of Nizhny Novgorod State Agrotechnological
University. The principles of the only logical difference, typicality, suitability, expediency, and reliabil-
ity of an experiment were observed in conducting the research. A total of 30 same-aged plants of vege-
tative origin were used in the study. Five shoots of the same type, age, and phenological state, without
signs of damage by biotic and abiotic factors or deviations from normal development were cut off each
of the thirty plants simultaneously. Plastid pigments were detected using an SF-2000 spectrophotometer
equipped with the GRASS GIS 7.6.1 / QGIS 3.4 software. Results. Varieties and form of Western thuja
are heterogeneous in terms of pigment composition of their needle foliage, which was observed both at
the beginning and at the end of the growing season. In terms of the chlorophyll-a content during the
spring period, the highest concentration was found in the variety 'Mr. Bowling Ball' (2.51+0.06 mg/g)
and the lowest was observed in the 'Sunkist' variety (0.39+0.05 mg/g). In autumn, the largest amount of
chlorophyll-a (3.16 = 0.02 mg/g) was recorded in the variety 'Danica’, and the smallest (1.81 + 0.03
mg/g) in the variety 'Rheingold'. The analysis of variance confirmed the hereditary conditionality of the
noted differences for each observation period. Conclusions. Under the conditions of introduction to the
Nizhny Novgorod region, the pigment composition of the needles of the ornamental varieties and typi-
cal form of Western thuja is seasonally unstable and subject to significant changes in terms of the con-
tent and ratio of chlorophyll and carotenoids at the beginning and at the end of the growing season,
though their concentrations increase in autumn.

Keywords: introduction; plastid pigments; chlorophyll; carotenoids; variability; hereditary
conditionality
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Du3uK0-MeXaHUYeCKNe CBOMCTBA IPeBECHO-IIEMEHTHBIX KOMIIO3UTOB
HAa OCHOBE O0TX0/I0B OLMJIMHAPOBKH OpPEéBEeH

B. @. Kpacnoea, B. I. Kpacnoe ™, E. C. Illapanoe, H. B. Ilemyxos, II. H. Anucumos

TloBomxckuii rocy1TapCTBEHHBIA TEXHOJIOTHUECKUN YHUBEPCUTET,
Poccuiickas ®@enepanust, 424000, Momxkap-Omna, . Jlenuna, 3

KrasnovVG(t_@volgatech.netg

AHHOTAIUA. Beedenue. IlonydeHne Ka4eCTBEHHOTO W 9KOJOTHIECKH YHCTOTO CTPOUTEIBHO-
ro Marepualja Mo HU3KOHW Ce0ECTOMMOCTH SIBIISIETCS OCHOBHOW 3a/adeil YIEHBIX U CTPOUTEIHbHBIX
opranm3anuid. Kiro4eBsIM 3B€HOM CHIDKEHHS 3aTpaT SBIIETCS HWCIOJIB30BAaHHE Oojee IeméEBOro
ceIpbst. [Ipu IPOM3BOACTBE APEBECHO-IIEMEHTHBIX KOMIIO3UTOB OCHOBHBIM CHIPBEM IS TTOTyYSHHS
HAaIlOJIHUTENS] MOXKET OBITh CYXOCTOMHasl JpeBecHHa. B cyxocToWHOHN napeBecnHe 3a CU€T ecre-
CTBCHHOTO BBICHIXaHHS O] BO3ICHCTBHEM BHEIIHUX (PAKTOPOB MPOUCXOMUT Pacrlaj BPETHBIX
COEIMHEHUI, HO B TO K€ BpeMsl peBECHHA TEPSIET CBOM CBOMCTBA M MOJBEPraeTcsl MOPaKEHUIO
THHJIBIO W BPEIUTCISIMH. [Jenv WCCIEIOBAaHUS COCTOMUT B HU3YyYCHHH (HU3UKO-MEXaHUYCCKHUX
CBOMCTB JAPEBECHBIX KOMIIO3ULIMOHHBIX MAaTEpPUANIOB C MCIIOJb30BAHUEM OTXOJOB OLMIMHAPOBKU
OpéBeH, a TakKe CpPaBHCHHUE 3TUX CBOMCTB C TPEOOBAHHWSIMH CTAaHIAPTOB JJIs MPUMEHCHHS 3TUX
MaTEepHaJiOB B CTPOUTEIBCTBE MAaJIOITAXHBIX MOCTPOeK. Pezyibmamei. OmpeneneHsl (pu3nko-
MeXaHMYeCKHe CBOWCTBa apOojHTa C MPUMEHEHHEM B KayeCTBE HAIMIOJHHUTENS OTXOIOB OLMIMH-
JIPOBKH OpEBEH, MOTYICHHBIX M3 CYXOCTOMHOW W 30OPOBOW NPEBECHHBI. Pe3ybTaThl HCIIBITAHUN
MOKa3aJjH, 4TO apOOJUT, M3TOTOBIEHHBIA U3 OTXOI0B OIMIUHAPOBKH OpEBEH CYXOCTOMHOM ApeBe-
CHHBI B Ka4eCTBE HATIOJHUTENS, COOTBETCTBYeT TpeboBanusM ['OCT 19222-2019 «ApOonuTt u u3-
nenust u3 Hero. OOIIMe TEXHUYECKHE YCIOBHSA», UYTO JOKA3bIBAET BO3MOXKHOCTH HCIIOB30BAaHUS
CYXOCTOWHOHN IPEBECUHBI IS M3TOTOBJIEHHS IPEBECHO-LIEMEHTHBIX KOMIIO3UTOB. Bbi600b1. Apbo-
JIUT, U3TOTOBJICHHBIA U3 OTXOJOB OLMIMHAPOBKH OpEBEH CYXOCTOWHOI NPEBECUHBI B KAa4CCTBE
HATIOJIHUTEI U KHUJIKOTO HATPHEBOTO CTEKJA, MO (PU3UKO-MEXaHHUYCCKUM CBOWCTBAM COOTBET-
ctByeT TpeboBanmsM ['OCT 19222-2019 «ApOonutr u m3nenus u3 Hero. OOIIUE TEXHHYCCKHE
ycnoBust». [ MOBBIICHHSI TPOYHOCTH apOOIUTa HEOOXOIUMO T00aBISITh MUHEPATU3aTOP B BHIC
JKUJIKOTO HATPHEBOTO CTCKJIAa WM JOOABIAATH B CMECh HAINOJNHHUTEIh CYXOCTOMHON WM 3OPOBOI
JIpeBECHUHBI B cOOTHOIIEHUH 1:1.

KiroueBble ciioBa: apOosuT; CyXOCTOWHas JPEBECHHA; OTXOABI OLMIMHIPOBKH OpEBEH;
IUIOTHOCTB; IPOYHOCTH HA CXKATHE; BIAXKHOCTb

(I)I/[HaHCI/IPOBaHl/IeZ ABTOPBLI 3asBJIAIOT 00 OTCYTCTBHUU BHCIIHETO (l)I/IHaHCI/IpOBaHI/IH npu
MPOBCACHUUN HUCCIICAOBAHUA.

Jns uurupoBanusi: Kpacrosa B. ®@., Kpacnos B. I'., Illapanos E. C., TTeryxos U. B., Aanucimos I1. H. ®usnko-
MeXaHMYECKHE CBOHCTBA JAPEBECHO-IIEMEHTHBIX KOMIIO3UTOB HAa OCHOBE OTXO0/I0B OLMJIMHAPOBKHU OpéreH // Bect-
HUK [TOBOIDKCKOro rocymapcTBeHHOro TexHojormdeckoro yHuBepcutera. Cep: Jlec. Oxomorwmst. Ilpupomonomns3oBanme.
2024. Ne 2 (62). C. 46-55. https:/doi.org/10.25686/2306-2827.2024.2.46; EDN: KDHXPB

BBenenue

JlpeBecuHa  SIBISIETCS  HE3aMEHHUMBIM
CTPOUTENIbHBIM MaTepuajoM U obiagaer
YHHUKAJIbHBIMU CBOWCTBAMH, TaKHUMH, Kak
HU3Kasl TEIJIONPOBOJHOCTh, BBICOKAs MpPOY-
HOCTb Ha CXaTue, U3rud, pacTsLDKEHUE U MO-
po3ocToiikocTh. K €€ HemocTtaTkam MOXXHO

OTHECTH BBICOKOE BOJIOIOIIIONIEHUE, HU3KYIO
OMOJIOTUYECKYI0 CTOMKOCTh U TOpIOYECTb
MaTtepuaiga, a K JIOCTOMHCTBAM — CIOCO0-
HOCTb TOJJIaBaThCs PA3IUYHBIM BHUJAM 00-
pabotku [1] U BOCIIPOM3BOAMMOCTBIO U TIpe-
YMHOXKEHHUIO JaHHOTO pecypca Ipu Ipa-
BUJIBHOM B€JACHUU JICCHOT'O XO3SUCTBA.

© Kpacnosa B. @., Kpacuos B. I'., Illapanos E. C., [leryxos U. B., Aaucmmos I1. H., 2024
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CnenyoumM He3aMEHHMBIM MaTepua-
JIOM B CTPOUTEIBHCTBE SIBISIETCS LIEMEHT.
JlaHHBIA MCKYCCTBEHHBIM MaTepHall yHHUKa-
JI€H C TOYKHM 3pEHUs TEXHOJOTMYECKOW M0-
CTYHHOCTH, 3()(pEeKTUBHOCTH, IKOJIIOTUIECKOM
6e30macHOCTH, OMOCOBMECTMMOCTH W TIpH-
pOIHOM cOamaHCUPOBAHHOCTH [2].

CoenuHEeHNE TMOJIOKUTENIBHBIX CBOWCTB
IIPUPOJHOTO M HCKYCCTBEHHOIO MaTepHaia
B OZJHOM KOMITO3ULIMOHHOM Marepuale Mo3Bo-
JUT CHU3UTh HEAOCTATKH UX COCTaBJISIIOIIMX
KOMIIOHEHTOB U  YAYYIIUTh HX (HU3HKO-
MEXaHUYECKHe CBOMCTBA. B Hacrosiiee BpeMs
MIPOMBIIUIEHHOCTh ~ BBITYCKA€T J0CTATOYHO
OOJBIION ACCOPTUMEHT JIPEBECHO-IIEMEHTHBIX
kommozunmit (JIIIK). K Hum otHOCSTCS ap6o-
uT, (GUOPOIHT, LEMEHTHO-CTPYKECUHbIE TLIH-
161 (LICIT), KCHIOMMT, OMUIKOOETOH U MHOTHE
Jpyrue KOMITO3UIIMOHHBIE Marepuaibl. Takoe
MHOrooOpasue CBS3aHO C MHTEHCUBHBIM TIPH-
MEHEHHEM B KaueCTBE 3alOJHUTENSI CaMbIX
pa3HbIX OTXOJOB JIECOIMJIEHUS U JIECO3aroTO-
BOK U JIPYrOro PacTUTEIHLHOTO ChIPbs PUPO/I-
HOTO TPOUCXOKACHUS, CTABUT 3a/1ady 10 pas-
paboTKe APEBECHO-IIEMEHTHBIX CTPOUTENbHBIX
MaTepuaios [3].

IIyréM u3MeHEHUs IPEBECHO-LEMEHTHOIO
OTHOIIECHUS B KOMIIO3MLIUSX, CTENEHU YII-
JIOTHEHUS, BUAA U (OPMBI 3aMOJIHEHUS MOXK-
HO TMOJIYYUTh CTPOMTENbHBIE MaTepuaibl C
Pa3IMYHBIMU (PU3UKO-MEXaHUYECKHUMH CBOM-
crBamu [4]. Tak, Hanpumep, GUOPOIUT SABIS-
€TCsl TEeIJIO3BYKOU3OJIALIMOHHBIM MaTepua-
JIoM co cpenHert mioTHocThi0 300—-500 Kr/M°,
apOOJIUT — KOHCTPYKIIMOHHO-TEIIOU30sI-
IMOHHBIN MaTepuall CO CPEeIHEN TIIOTHOCTHIO
400-850 kr/m>, LICII — KOHCTPYKIHOHHBI
IUIMTHBIM Martepuaj, KOTOPbIA XapaKTepU3y-
erca! cpennei mmotHOCTHIO 11001400 Kr/M>.

OpauM u3  (HaKTOpOB, ONPENENIONUX
MIPOYHOCTh apOoNUTa, SBISETCS MPOYHOCTD
CLEIJICHHUs PA3JIMYHOTO pOoJia YacTHIl B IO-
BEPXHOCTHOM CJIOE, T. €. aJre3MOHHasl Mpoy-
HOCTb.  (DU3UKO-MEXaHUYECKHE  CBOMCTBA
apOosuTa 3aBUCAT OT psiaa (aKTOpPOB TEXHO-
JIorHYecKoro xapaxktepa. OCHOBHBIMU M3 KO-
TOPBIX SIBJISIFOTCS: 1) ONTUMATIBHBIA MO MPOY-

! Inutel neMeHTHO-CTpysKeunbie. TeXHHUeCKHe YCIo-
Bus: ['OCT 26816-86. M.: 3n-Bo crangaptos, 1986. 11 c.

HOCTH cocTaB apOoynTa, NpU KOTOPOM
JOCTUraeTcss HauOoJjbllas MPOYHOCTh Mare-
puana; 2)ONTUMAJIbHBIE TEXHOJIOIMYECKHE
napaMeTpsl 00pabOTKH H3nenui, obecreyu-
BAIOILIME TOJHOTY MPOTEKAHUS XUMHUYECKUX
peakiuii KoMnoHeHToB apoonuTa. [lnoTHOCTH
ap0oJHTa 3aBUCUT OT IJIOTHOCTH BSKYIIETO
U 3aT0JHUTENS, TOPUCTOCTU M BOAOTBEPIOTO
cootHouteHus [5]. CpenHsst IIOTHOCTH apOo-
JUTa TPU UCTIOJH30BAaHUM B KavyeCTBE 3aroJ-
HUTENS PUCOBOM JIY3rH, IPEBECHOM TpoOiEH-
KM, CEUYKH KaMblllla ¥ JAPOOJIEHONH pHCOBOMU
COJIOMBI M3MeHsieTcst B ripeAenax 600900 KT/,
pyU 3TOM apOOJUTOBBIE H3IETHUS [0 CBOUM
(U3MUKO-MEXaHUYECKHM CBOMCTBAM HE YCTY-
NaloT €ro aHajoraM B JIPYTUX CTpaHax
Ha MpUMepe AI0PHCOIIa, BEIOKCa U MUIMHOOe-
ToHa [6]. PaccmarpuBaroTcs BapuaHThI TPO-
M3BOJICTBA KOMIIO3MIIMOHHBIX ~ MaTepHajoB
C HCHOJb30BAaHUEM TAKUX HAIOJHUTENCH,
KaK OIMJIKH, OTCEB, KOpa U ckonl. B kauectse
CBSI3YIOILIETO HCIOJb30BAJICS LIEMEHT, a XH-
MHUYECKUMHU J00aBKaMH CIYKWJIM CEPHOKHUC-
JIBIA QJTFIOMHHUM U KUIOKOE cTekio. OTMmeya-
€TCs, YTO HaWBBICIIUKA MpeAen MPOYHOCTH
Ha cxarue (2,72 Mmna) nposBiisieTcs: y KOMITO-
3UTa C HAIOJIHUTEIEM B BHUJAE JPEBECHBIX
ommiok [6]. Ilpm mpomsBoacTBe apbonuTa
IpeJUlaraeTcsl MCIOJIb30BaTh: INEMy, IOJY-
YEHHYI0 M3 CYXUX KYCKOBBIX OTXOJOB —
28,5 %, noprtnanauement — 31,8 %, Bony —
39,7% [7]. Ilo nOpo4YHOCTH Ha CKaTUE
no FOCT 19222-2019? nomyueHHsIi apoOIUT
COOTBETCTBYET Mapke M5, T.e. OTHOCUTCS
K TETIOU30JISILIMOHHBIM MaTepraliaMm.

B pesynbrare uccnenoBanus nepepadoTKu
CYXOCTOMHOM M YCBIXQIOUIEW JPEBECUHBI EIU
OuCynb(UTHBIM CIIOCOOOM ycTaHOBIIEHO |[8§],
YTO MPH YCHIXaHWU 3HAUUTEIILHO U3MEHSETCA
TOJILKO COJIEpKAHUE SKCTPAKTUBHBIX BELIECTB.
ABTOpBI OTMEYAIOT, YTO B YCBHIXAIOIIEH U CYy-
XOCTOMHOW JAPEBECUHE COJEPKaHUE JIETKOTU/I-
POJM3YEMBIX TMOJUCAXAPUIOB M IKCTPAKTHBIX
BEILIECTB HIKE, YEM B 3JI0POBOM JPEBECHHE,
YTO TIOJIOKUTENIbHO CKa3bIBaeTCS Ha MOJyde-
HUM 0oJiee MPOYHBIX MaTEPUANIOB U CHUYKEHUH
pacxojia XUMUYECKHX J00aBOK, a repepaboTka

2 TOCT 19222-2019. Apbosur u usnenus u3 nero. O6-
mye Texauueckue yenosus. M.: Crangaptuagopm, 2019. 34 c.
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CYXOCTOSI TOJIOKUTEIBHO OTPA3UTCS Ha IKOJIO-
THYECKOM 00CTaHOBKE B IICIIOM [8].

JInst CHIKEHUs HEraTUBHOTO BIIMSIHUSA Ca-
XapoB, COACPIKAIINXCS B IPEBECHOM HATIOJHU-
Tene, Ha Ha0Op MPOYHOCTU H3ICIHA TpUME-
HSIOT TOOaBKH-MUHEPAIH3aTOPbL, B OCHOBHOM,
JKuakoe HarpueBoe ctekino. CyTh ero Jaeu-
CTBUS 3aKJIIOYAETCs] B 0Opa3oBaHUM IUIEHKH
BOKPYT JIPEBECHOTO HATIOJHUTENS JIJIsl CHIDKE-
HUS BIIUSTHUSI CaXapoB Ha LIEMEHTHOE TecTo [9].

CHuXeHue coJiepKaHusl caxapoB B JIpeBe-
CHMHE MOXeT OBbITh BBIIOJHEHO B Tpoliecce
MPeBapUTEIbHON TepMOMOAUDUKAIIUKN Jpe-
BECHOTO HamojgHuTeNsl nmyréMm HarpeBa BU-
wiaszmoit [10]. B xome umccnemoBaHusi ObLIO
BBISIBIICHO, YTO TepMoOMoAupUKalus IpeBec-
HOT'O HAIOJHUTENSI HE TOJIBKO CHIDKAET KOJH-
YEeCTBO CaxapoB B JAPEBECUHE, HO U MOBBIIIAET
€€ aJre3MOHHbBIE CBOMCTBA 3a CUET pacIIupe-
HUS U YIOPSIOYMBAHMS TIOP B JPEBECHHE.

[Tpu mpom3BoOACTBE TEpMOIPEBOETOHA pe-
KOMEH/IYIOT HCIIOJTb30BaTh U3MENBUEHHOE JIpe-
BECHOE ChIPbE pazMepoM 5—40 MM, €ro CyImKy
U TEPMUYECKYI0O MOJU(UKAIMIO B TapoOBO3-
IYIIHOW cpeae mnpu Temmeparype oT 140
70 240 °C ¢ nocnenyroei MpoMbIBKON MOITy-
YEHHOTO MaTepuasa BoJoi 1 00paboTKoi B Te-
yeHue He meHee 30 MuHyT B 5 % BOAHOM pac-
TBOPE MOJIMBUHWIIALIETATHON dMyJbeud [11].

BrnaxxHOCTh  CYyXOCTOMHOM JIpEBECUHBI
PUMEPHO OJMHAKOBA IO BCEll UIMHE CTBOJIA
u cocrapisier 23-25 %, a y 310pOBOH JpeBe-
CUHBI BJIAYXHOCTh HAMHOTO BHIIIE, U OHA YBE-
JUYUBAETCA OT KOMJISI K BEpUIMHE. JTO MO-
JKET TOJIOKUTENIFHO CKa3aThCsl Ha COKpallle-
HUU BPEMEHH BBIIEPXKKH JPEBECHOTO CHIPhS
JUTSL TIPOM3BOACTBA apOOIUTA MPU UCIOIB30-
BaHUU CyXOCTOMHOM ApeBecuHsl [12].

B mnpornecce o0paOoTKM JpeBeCHMHBI Ha
TEXHOJOTUYECKUX JIMHUAX MO TPOU3BOJCTBY
OIIWJIMHJIPOBAHHBIX OpEBEH 00pa3yloTCsl 3Ha-
guTenbHble, 10 40 — 45 % 00béMa, OTXOMBI B
BUJIC U3MENBYEHHON JAPEBECUHBI. DTOT 00BEM
SIBTISIETCS. SHEPTETUYECKUM PECYPCOM U MOXKET
ObITb BOBJEYEH JUIS MPOU3BOJICTBA TOILIMBA
[13] unu B KayecTBE HAIIOIHHUTENS B U3TOTOB-
JICHUU JJPEBECHO-LIEMEHTHBIX KOMIIO3UTOB.

Takum 00Opa3om, CyIIECTBYET IOCTaTOY-
HO OOJIBIIIOE pa3HOOOpa3ue NPEBECHBIX KOM-
MO3UIMOHHBIX MAaTepHUaIoB, HO HE CyIIe-
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CTBYET €IMHBIX CTaHJAPTOB M PELENTyp
10 U3TOTOBJICHUIO apOOJIHUTA.

Hean paboTel — uccnenoBanue (Gpu3nko-
MEXAHUYECKHUX CBOMCTB JPEBECHO-IIEMEHTHBIX
KOMITIO3UTOB, U3TOTOBJIEHHBIX C MCIIOJIb30Ba-
HUEM CYXOCTOMHOM JIPEBECHUHBI.

3apaum wuccienoBanus: 1) ompenenuThb
BJIUSHUE BHJIA HAIOJHUTENS Ha (QU3UKO-
MEXaHMYeCKHUe CBOWCTBa apOonuta; 2) I0-
Ka3aTb WJIH OIPOBEPTHYTH BO3MOYKHOCTb
UCIOJIb30BaHUSl  OTXOJOB  OLIWJIMHIPOBKU
OpéBEeH M3 CYXOCTOMHOM JPEBECHHBI JUIS U3-
TOTOBJICHUS apOOJIUTA.

Metoanka 1 MaTepuabl HCCJICAOBAHUS

[Ipu npoBeneHuu wucciaeOBaHUS OBLIH
HCIIOJIb30BaHbl METO/bl IOCTPOEHMSI THIIO-
T€3, AHAJIW3 U CHUHTE3, HaTypHbIE SKCIEpH-
MEHTBI, @ TaK)K€ CTaTUCTHUYECKUN MeTon 00-
paboTku matepuana. TexHHUUecKHe Xapakre-
pUCTUKU apOosuTa ornpesesneHsl TpeOoBaHU-
amu [OCT 19222-2019 «ApOonut u uszae-
st u3 Hero. O0Iue TEXHUYECKHE YCTIOBUS».

JUis mpoBeneHusl MCCNENOBaHUs H3rOTaB-
JIMBAJICS TEIUION3OJSILIMOHHBIN apOoIUT C Kitac-
coM apOoyMTa 1o MPOYHOCTH Ha cxatre BO,5.
Jlns onpeneneHys MPOYHOCTU Ha CKaTUE U3ro-
TOBWJIM 4YEThIpe MapTUM pPa3HbIX BapUaHTOB
10 TSITh 00pa3loB B Kax0i. B 1 Bapuante u3-
TOTOBWJIM apOOJIUT C UCIIOJIb30BAaHUEM OTXOZ0B
OLWJIMHAPOBKU OpEBEH U3 3/10pOBOM JIpeBECH-
HbI B KQUECTBE HAIIOJIHUTES, B KAYECTBE XUMHU-
YecKoi 700aBKU MCHOJIb30BAJIM CTEKIJIO HATPH-
esBoe xkuakoe. Bo I Bapuante usrorosunu ap-
OOJIUT C UCIOJBb30BAHUEM OTXOJOB OILMJIMH-
JPOBKH OpEBEH W3 CYXOCTOMHOM JPEBECHHBI
B KAa4eCTBE HAIIOJHUTENS, B KQUECTBE XUMHUYE-
CKOM J100aBKH UCIIOJB30BANIM XJIOPU KaJIbLIHSL.
B III Bapuante — apOOIUT C MCHOIB30BAHHEM
OTXOJI0B OLIMJIMHJPOBKH OpEBEH M3 CYXOCTOM-
HOM JIpeBEeCHHbl B KaueCTBE HAIOJHUTEINS, B
KauyecTBE XMMHUYECKOW JT0OABKU HCIIOIb30BAIIN
CTEKJIO HarpueBoe xkuikoe. B IV Bapuanre —
apOOJIUT C UCIIOIB30BAaHUEM OTXOIOB OLMJIMH-
JPOBKU OpEBEH W3 3/I0POBOM M CyXOCTOWHOM
JIPEBECHHBI B KAueCTBE HAIOJHUTENSA C COOT-
HomreHueM 1:1, B kKauecTBe XMMHUYCSCKOM JT00aB-
KU HUCTOJIB30BAJIU CTEKJIO HATPUEBOE KUIKOE.

Bo Bcex BapuaHTax B KaueCTBE JPEBECHOTO
HAIlOJIHUTEIS UCIIOJIb30BAIaCh OTCOPTUPOBAH-
Hasl 1iena 0e3 KOpbI CIEeIYIONIero (pakiMoH-
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Horo cocrapa: 20 MM — He 6omee 5 %, 10 Mmm —
He 6onee 35 %, 5 MM — He 6onee 60 %.

Jnst kaxgoro oopasia apOouTa OOIIHiA
BEC JPEBECHOTO 3arOJHUTENS COCTABHII
612 r. B cmech Taxke moOaBISIIINCh XUMAYE-
CKhe J00aBKM B BHUAE XJIOpPHAA KallbIUs
1 SKHJIKOTO HATPUEBOTO CTEKJa, OOIINM Be-
coM 27 r ans Kaxzaoro oopasua. B xauectse
BSDKYIIUX MAaTEPHANIOB JUISl W3TOTOBJICHHS
apOoNMTa MPUMEHSITN MOPTIAHALIEMEHT Map-
k1 M400, oomumM BecoM 950 T IS KaXKa0ro
oOpasma. Taxke OBUIO OINpEETICHO OITH-
MaJIbHOE KOJMYECTBO HEOOXOIMMOHN BOJIBI,
YTO COCTAaBWJIO | J1 JUIsl BCEX BapUAHTOB OIIbI-
Ta. J7s mpuroToBieHUs: apOOIUTOBON cMecH
CMEIIIMBAI KOMIIOHEHTHl B CIIEAYIOIIEH
MOCIIEI0BATEIHLHOCTH: M3MENbUEHHAs JIpeBe-
CHMHA, XHMHYECKas J100aBKa, CMeIIaHHas
¢ Boxo# (0,5 11), MOPTJIAHILIEMEHT C BOAOHU
(0,5 11) 1 BCE XOPOILIO NEPEMEIIUBAIIH.

Jlanee monydeHHYIO CMECh YKJIaIbIBAJINA
B MeETaJTMYecKue (POPMBI-KyObl € JTHHOM
rpaan 150 mm. s Gosiee  OAHOPOIHOTO
pacripe/ieiecHuss CMECH TOJyYeHHBIH COCTaB
YKJIAJbIBAIM TIOCJIOWHO, BBICOTON HE Ooiee
5 ¢M, ¢ TIOCIEYIOMUM YIUIOTHEHHEM MyTEM
TpamboBaHus. 3amojHEHHbIE (OPMBI BBI-
JCpKUBATH B TEUCHHUE CYTOK, IOCIE Yero
MIPOU3BOJINIIH PacalyoKy.

3areM 00paslbl BBIICPKUBAIN B Teue-
HHUE 28 CYTOK B KOMHATHBIX YCJIOBUSIX IpPHU
temnepatype 20+2°C W OTHOCHUTEIBHOU
BIaXHOCTH Bo3ayxa 50 = 10 % (puc. 1).

Puc.1. Obpasywr apboruma
Fig.1. Samples of arbolite

Omnpenenenue ycunusi Ckatus, NpU Ko-
TOPOM paspymaercs oOpasel, MPOBOANUIIOCH
Ha paspbiBHOM MmammuHe P-10, a mpodHOCTh
Ha cxkarue — o TOCT 10180-20122,

JUnst ompeneneHusl BIAXXHOCTH apOOoIUTa
oT oOpasma otOupaetrcss apoOiéHas mpooda,
Macca KOTOpOW JoikHa ObITb He Ooinee
200 r. Bzsareie mpoOsl B3BemmBaroT. Jlanee
npoObl MOJBEPraloT CYIIKE 10 MOCTOSHHOM
Macchl, pu Temneparype 105 + 2 °C. Bnax-
HOCTb ONpeesiach o popmyie:

w="""0.100,%
my
rJie m U mp — Macca MpoObl 10 U MOCJE BbI-
CYIIMBAHUS.

OLeHKY TOCTOBEPHOCTH Pa3iuduil MEXKIY
TPYIIOBBIMU CPETHUMH TUIOTHOCTH, Tpeaesa
MIPOYHOCTH MPHU CKATHU U BIAKHOCTH 00pa3-
II0B apOOJIMTa MPOBOIMWIN Ha OCHOBaHUU pe-
3yJIbTaTOB TUCIIEPCUOHHOTO aHAJIM3a U TecTa
Trroku (Tukey HSD) ¢ noBeputenbHO# Bepo-
SITHOCTBIO 95 % B NpPOrpaMMHOM KOMILIEKCE
SigmaPlot 14 (Systat Software Inc.).

Pe3yabTaThl Hcciae10BaHU A

[Tony4yeHHble JaHHBIE HCCIIEIOBAHHS
(U3UKO-MEXaHUYECKUX CBOMCTB apbousnTa,
U3rOTOBJIEHHOTO TI0 pPa3HbIM BapHaHTaM,
IpUBEJCHHI B Ta0M. 1.

ApOONHT M3 CMECH 3I0POBOM U CyXOCTOM-
HOH JIpeBECHHBI C 100aBJICHUEM >KUAKOTO Hart-
preBoro crekia (BapuaHt 4) obnamaer Ooiee
BBICOKUMH (PU3UKO-MEXaHMUECKUMH CBOWCTBa-
MU, B CPaBHEHHMH C OCTAIbHBIMU OOpa3laMu
(cM. Tabm. 1). OOpasibl TOMBEKO U3 CyXOCTOMHOM

- JpCEBCCHHBbI C MPUMCHCHUEM KUIKOI'O HATpPUC-

BOTO CTeKJIa (BapuaHT 3), Mokazaiu Oonee BbI-
COKHE 3HAueHHs, KpOME IUIOTHOCTH, 1O CpaB-
HEHUIO ¢ 00pasiaMu U3 30pOBOM JIPEBECHUHBI
C MPUMEHEHHEM JXHIKOTO HATPHEBOTO CTEKJIa
(BapmanT 1) 1 oOpasiiamu U3 CyXOCTOHHOM Jpe-
BECHHBI ¢ JT0OABIICHHEM XJIOpHUIa Kajblus (Ba-

. puanT 2). Camble HU3KHE TIOKA3aTENN BBIABIIC-

HBI Y 00pa3lioB apOOMTa, U3TOTOBJICHHOTO W3
CYXOCTOMHOM JAPEBECUHBI C IPUMEHEHUEM XJIO-
puaa Kauplys (BapuaHT 2), KOTOPBI MO MOKa-
3aTesiM IUIOTHOCTH He coorBercTByeT ['OCT
19222-2019, T. K. IWIOTHOCTH MeHble 500 KI/v.

3TOCT 10180 — 2012. Betonsl. MeTozs! ompe-
JIENICHISI IPOYHOCTH TI0 KOHTPOJIBHBIM oOpasmaM. M.:
Crammaptuadopm, 2013. 30 c.
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Ta6nuna 1. Iloka3aTenn GpU3NKO-MeXaHUYECKHUX CBOICTB 00pa3LoB ap0oIHTa MO Pa3HBIM BapHAHTAM
Table 1. Indicators of the physical and mechanical properties of arbolite samples in relation to different exper-
imental variants

Ne 06p. | Macca, T 5 PaTMeF]);I’ M‘M q p, Kr/m> P,H F, mm? 155_[)1;’ W, %
Bapuant 1 — Ap6oiuT U3 310pOBOI APEBECHHBI C TPUMECHEHHEM YKHKOTO HATPUCBOT'O CTEKIIA
1 1865 142 148 150 591,61 24500 21016 1,05 3,5
2 1845 146 140 150 601,76 24400 20440 1,01 3,5
3 1900 143 150 153 578,94 27146 21450 1,14 4,9
4 1750 150 150 152 511,70 20778 22500 0,82 4,3
5 1740 147 151 155 505,74 15900 22197 0,65 4,5
Cpenn. 1820 145,6 147,8 | 152,0 557,9 22544 21520,6 0,93 4,1
+31,9 +1,4 +2,0 +0,9 +20,4 +1945,0 +377,1 +0,1 +0,3
BapwuaHT 2 — ApOGOIUT U3 CYXOCTOMHOM IPEBECUHBI C IPUMEHEHUEM XJIOPUIa KaJIbITUS
1 1455 150 149 150 434,00 15400 22350 0,68 7,33
2 1505 150 149 152 443,01 17600 22350 0,76 73
3 1510 152 147 152 444,60 17600 22344 0,76 7,41
4 1665 152 152 155 464,94 22600 23104 0,92 7,57
5 1480 146 154 150 438,83 15200 22484 0,67 7,4
Cpenn. 1523 150 150,3 | 151.8 445,0 17680 22526,4 0,76+ 7.4
+36,8 +1,1 +1,24 | +0,92 +5,3 +1333,6 +146,8 0,04 +0,05
Bapuant 3 — ApOoTHT U3 CyXOCTOHHOM IPEBECHHBI C MPUMEHCHHEM JKHUIKOTO HATPHEBOTO CTEKIIA
1 1720 142 150 150 538,34 20700 21300 0,97 9,6
2 1800 145 153 150 540,91 24300 22185 1,09 12,21
3 1780 150 150 150 527,41 23700 22500 1,05 10,12
4 1795 148 153 151 524,97 23100 22644 1,02 8,67
5 1830 152 147 150 546,01 22600 22344 1,01 10,92
Cpenn. 1785 1474 150,6 | 150,2 535,5 22880 22194,6 1,03 10,30
+18,1 +1,78 | +1,12 | £0,20 +4,03 +615,14 +236,4 +0,02 +0,60

BapuanT 4 — ApOouT U3 CYXOCTOWHOM M 3I0POBOH JIPEBECHHBI
HATPHUEBOTO CTEKJIA

B COOTHOIIICHHH 1:1 ¢ TMPUMCHCHHUEM KUIKOT'O

1 1810 147 145 | 150 566,11 28880 21315 1,35 10,8
2 1800 147 150 | 150 54422 23600 22050 1,07 10,78

3 2150 152 149 | 153 620,46 48400 22648 2,13 10,49

4 1870 149 147 | 152 561,69 29600 21903 1,35 10,44

5 1750 147 148 | 150 536,25 24000 21756 1,07 9,87
Coomr, | 1876 | 1484 | 1478 | 1510 565,7 30896 21934 1,39 10,48
+71,1 +1,0 | 20,9 | 206 +14,7 +45438 | +216,7 +0,2 +0,2

Ipumeuanune: p — IWIOTHOCTB, Kr/M>; P — ycrie cxatus ipu paspymenun, H; F — mwiomaas nonepedHoro ceueHus, Mm;
Rex — mpounocTs Ha cxartue, MIla; W — BraxHOCTB, %.
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Pe3ynbTaThl OIIEHKH JOCTOBEPHOCTH pas-
JUYUN MEXIy TIpYyNIOBBIMU CPEIHUMH IIO
TUTOTHOCTH, TIPOYHOCTH Ha CKaTHE M BIIAXKHO-
cT 00pa3IoB apOOIHUTa MPUBEACHBI B TA0M. 2.

Tabnuma 2. OuneHKa OTHOPOTHOCTH CPETHHX
3HAYeHHI (PU3HKO-MeXaHH4YeCKHX CBOICTB apOoJMTa
Table 2. Assessment of the uniformity of the average
values of arbolite physical and mechanical properties

BapuanTer p, kr/M® | Rex, MIla W, %
apbonmra
Ne 1 X X X
No 2 X X X
No 3 X XX XX
No 4 X X X

TIpuMeuanue: p — IWIOTHOCTE, KI/M; P — ycuue cxarus
npu paspyuennn, H; F — miomans onepeaHoro ceyenus, Mm%
Rex — npounocts Ha cxatue, MIla; W — BiaxHOCTB, %.

Pacnonoxxenre cuMBOJIOB «X» B Ta0I. 2
B OZJHOM CTOJIOIE AJIsl pa3IMYHbIX BapUAHTOB
WCTIOJTHEHUSI KOMITO3UIMI apOoNuTa yKa3bl-
BAa€T Ha OAHOPOAHOCTH cpenHux. Ha ocHoBa-
HUU PEe3yJIbTAaTOB JUCIIEPCHOHHOTO aHaIu3a
n Tecta ThIOKM YCTAaHOBJIEHO 3HAYMMOE
BIUSHUE COCTaBa KOMIIO3UIIMU apOOIUTa
Ha ero (PU3NKO-MEeXaHUYECKUE CBOWCTBA.

[lo mnoTHOCTM MO CpeIHUMM IOKa3are-
JSIM  HMMEET MAaKCHUMaJbHOE PACXO0XKJICHHE
BapHaHT 2, TJ€ HCIOJb30Bajgach CyXOCTOM-
Hasg JIPpEBECMHA C MPUMEHEHHEM XJIOpHIA
kanblus. [lo mokaszarento TPOYHOCTH HaA
C)KaThe BBISBICEHO HAMOOJbIIEEe OTKIOHCHHE
cpeanux B Bapuante 4. [Ipu »ToM B BapuaH-
Tax 3 u 4 cpeanue mokaszarenu Rcex Oosee
OJIHOPOJIHBI, TI0O CPAaBHEHUIO C APYTMMH Ba-
puanTtamu. Ilo BIaXXHOCTH 3HA4YMMO BBIIIE

MIOKa3aTeNM BBISBICHBI B BapuaHTax 3 # 4.
ITo noka3zarenro W mMakcUMajbHOE OTKJIOHE-
HUE UMEET BapUaHT 4.

Jlisi mpoBepKH TUIOTE3bl O PABEHCTBE
HECKOJIbKUX CpPEJHUX 3HAYEHHM, COOTBET-
CTBYIOIIMX PA3IUYHBIM TPYIIaM, KOTOpBIC
OTJIMYAIOTCSI COCTaBOM JIPEBECHBIX HAIOIHU-
Tenei, ObUT MCIOIb30BaH Crocod oaHodak-
TOPHOTO JucniepcuoHHOro ananmsa (ANOVA).
[Tpu 5TOM [71s1 TOATBEPKIACHUS HAILIUX CYXK-
JIeHuid OblTM 00paboTaHbl TOJBKO BapHaH-
Tol 1, 3 u 4, KOTOpbIE OTIMYAIOTCS TOJIBKO
OIHUM (haKTOPOM — COCTABOM HAIIOJHUTEJS.
Bo Bcex aTux Tpéx BapHaHTax MCIOJIb30Ba-
Jach OJHA XUMHYECKas J100aBKa — KUAKOE
HaTpUEBOE CTEKJIO. Pe3ynbTaThl uccienoBa-
HUS IPUBEJICHBI B Ta0J. 3 u 4.

OTCyTCTBHE BIMSHUSA THUIA HAMOJIHU-
TeAss HAa  IUIOTHOCTH  apbomuta  (CM.
Taby. 3) IEMOHCTPUPYIOT PE3yIbTaThl OJIHO-
(GakTOpHOTO  TUCHEPCHOHHOIO  aHalu3a
(Fpaca. (1,13) < Fra6.=3,89), 4T0 moka3bIBacT
BO3MOXXHOCTh ~ HCIIOJIb30BAHUS  CYXOCTOIi-
HOI JIpeBecUHBI JIsl ero u3rotosinenus. Ka-
YEeCTBO HAIOJIHUTENS Ha IJIOTHOCTH apOoiu-
Ta BiuseT Iumb Ha 15,9 %, a ocTanbHbBIC
84,1 % OODBACHAIOTCA BIMUSHUEM JPYTUX
(daxTopoB.

OnHOaKTOPHBIA TUCTIEPCUOHHBIA aHa-
JIU3 TAKXKE MOKa3al OTCYTCTBUE BIMSHUS TH-
1a HAMOJHUTENS Ha MPOYHOCTh apOoynuTa Ha
cxatue (Fpaca. (3,86) < Fra6.=3,89).

[Tokazarenn BIaXXHOCTH apOoONIMTa B 3a-
BHCHUMOCTH OT TUIIA HATIOJHUTENS U XUMUYe-
CKOH 100aBKHU TIPUBENICHBI HA puUC. 2.

Ta6numa 3. PesyabTraTsel ANOVA BJIAMSHHS TUNA HAMOJHUTEIS HA IJIOTHOCTH ap0ouTa
Table 3. Results of ANOVA of the effect of the filler type on the density of arbolite

Ucrounuk Cymma Uucno creneneit | CpenHuii Kputepun ®Oumiepa Hons
BapHaluu KBaJ[PAaTOB CcBOOOTBI KBaJ[paT F-pacu. F-Tal. BIHSHUSA, %
Bun apesectoro | 564 g 2 1230,54 1,13 3,89 15,9
HATIOJTHUTEIIS
IIpoune pakTopbl 13025,55 12 1085,46 84,1
HWroro 15486,63 14 100

Ta6numna 4. PesynabTraTsl ANOVA BJIMSHHS THNA HATIOJHUTES HA MPOYHOCTh HA C:KaTHe ap0oJInTa
Table 4. Results of ANOVA of the effect of the filler type on the compressive strength of arbolite

Hcrounuk CymmMma Uwucro crerme- Cpennawmii Kputepun ®Oumiepa Jouns
Bapualiuu KBa/IpaToB HEH cBOOOIBI KBaJpaT Fpacu. Fras. BIHAHUSA, %
By nanonnuTenst 0,590653 2 0,295327 3,86 3,89 39,1
[Ipoune pakTops 0,91892 12 0,076577 - - 60,9
Htoro 1,509573 14 - - 100
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Puc. 2. JJuacpamma nokazameneii cpednetl 81ax)CHOCmU 00pasyos apooiuma no 8apuanmam,

20e I — apbonum u3 300p0o601i OpesecuHbl ¢ RPUMEHEHUeM HCUOK020 Hampuego2o cmekia, I — apborum
U3 CYXOCMOUHOU Opesecutbl ¢ npUMeHeHuem xaopuoa kaivyus;, Il — apbonum uz cyxocmoiinot OpesecuHtbvl
€ npuUMeHeHueMm HCUuoKo2o Hampueozo cmexia; 1V — apborum u3z cyxocmoiinoil u 300posoii opesecuvl
6 coomuouwenuu 1:1 ¢ npumeneruem HCUOK020 HAMPUEBO2O CIMeEKA
Fig. 2. Diagram of the average moisture content of the arbolite samples with regard to different
experimental variants: I — arbolite made from sound wood using liquid sodium glass;
11 — arbolite made from deadwood using calcium chloride;
111 — arbolite made from deadwood using liquid sodium glass;
1V — arbolite made from deadwood and sound wood in a 1:1 ratio, using liquid sodium glass

J171s1 BBISIBIIEHUS 3aBUCHIMOCTH TIJIOTHOCTH
apOoyiita OT JIpyrux (paxTopoB, B TOM YHCIIC
U OT BJIAXXHOCTH, HAMU OBbLIT IPUMEHEH METOJ
KOPPEISAIUOHHOTO aHAIM3a TI0 YeTHIPEM TIO-
KazarelsiM oO0beqMHEHHOW BBHIOOPKH. Mccne-
JIOBaHMS TIOKA3aJld, YTO TUIOTHOCTHh apOojHTa
He 3aBUCHUT OT BiaxHocTH (1=0,07), HO uMeer
CIJIbHYIO  KOPPEJSIIIMOHHYIO  3aBUCHMOCTh
C TIOKa3aTeseM YCHIIUS CXKATHUs MPH paspylie-
aun (1=0,75) w® TmoOKa3zaTrens MPOYHOCTH
Ha cxarue (r=0,75) (Tabm. 5).

TabOnuma 5.
aHaJn3a
Table 5. Results of the correlation analysis

Pe3y.]'l]>TaT]>l KOpPPEJAINHOHHOT 0

Bapuantsr (cm. mabn. 1)

IlokazaTenmn
1 2 3 4

1. ITnotHOCTH 1 - - -
2. Ycunne coxaTus 075 | 1,00 i )
TIPH pa3pyIICHUN
3. [IpouHocTthb 075 | 0,99 | 1,00 )
Ha CoKaTue
4. Bra)xHocTb 0,07 | 0,33 | 0,43 | 1,00
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MuHuMasbHasT BIaXHOCTh OOpA3IOB BbI-
sIBJIeHa Y apOOoJINTa, U3TOTOBICHHOTO U3 3710pO-
BOM JIPEBECHHBI C MPUMEHEHUEM KHUJKOTO
HarpueBoro crekia (4,1 %) — Bapuanr I, a mak-
cumaibHas BraxkHocTs B 111, rae apOomut Obut
W3TOTOBJIEH W3  CYXOCTOMHOM  JIPEBECHHBI
C IPUMEHEHUEM >KUJIKOTO HATPUEBOI'O CTEKJIa,
u IV Bapuanre, rie ncnonb30BaHbl HAOJIHUTE-
JI1 CyXOCTOMHOM U 370pOBOM JPEBECHHBI B CO-
oTHOWIEHUH 1:1 C TpUMEHEHHEM >KUIKOrO
HATPUEBOrO CTEKJIA.

BriBoabl

ApOONHT, W3rOTOBICHHBI W3 OTXOIOB
OLIMJIMHIPOBKNA OpPEBEH CYXOCTOWHOW JpeBe-
CHUHBl B KAaueCTBE HAMOJHUTENS U KUIKOTO
HaTPUEBOIO CTEKNIa, 1O (U3UKO-MEXaHU-
YEeCKUM CBOMCTBaM COOTBETCTBYET TpeOOBaHU-
sv ['OCT 19222-2019 «ApOomuT u u3aeIus
u3 Hero. O0IHe TEXHUYECKUE YCIIOBUSY.

Jlis moBbIIEHUST MPOYHOCTH apOoJIUTa
HEeo0XoIuMO J00aBIATh MHUHEpPAIN3aTOp B
BHJI€ JKUJKOTO HAaTPUEBOIO CTEKJA WU J0-
0aBIIATH B CMECh HAMIOJHUTENb CyXOCTOMHOU
Y 37I0pOBOM JIPEBECUHBI B COOTHOIIEHUU 1:1.
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Physical and Mechanical Properties of Wood-Cement Composites Based on Log Rounding Waste
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Abstract. Introduction. Obtaining high-quality, eco-friendly and cost-effective building ma-
terials is the main task of researchers and construction organizations. The key element of cost re-
duction is the use of cheaper raw materials. In the manufacture of wood-cement composites,
deadwood can be the basic raw material for producing the filler. The natural drying of deadwood
under the influence of external factors leads to the degradation of harmful compounds, but,
at the same time, the wood loses its properties and becomes susceptible to rot and pest attacks.
The purpose of the research is to study the physical and mechanical properties of wood composite
materials incorporating log rounding residues, as well as to compare these properties with the re-
quirements specified in the standards for using these materials for constructing low-rise buildings.
Results. The study revealed the physical and mechanical properties of arbolite filled with the log
rounding waste obtained from deadwood and sound wood. The test results showed that arbolite
containing deadwood log roundup waste as a filler meets the requirements of the GOST 19222-
2019 standard "Arbolite and its products. Specifications". This proves deadwood applicability
for manufacturing wood-cement composites. Conclusions. In terms of its physical and mechanical
properties, arbolite filled with deadwood log rounding waste and liquid sodium glass meets the re-
quirements of GOST 19222-2019 "Arbolite and its products. Specifications". To increase
the strength of the arbolite, a mineralizer in the form of liquid sodium glass or a filler made up
of deadwood and sound wood in a 1:1 ratio should be added to the mixture.

Keywords: arbolite; deadwood; log rounding waste; density; compressive strength; moisture
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OueHka HANIPAKEHHO-1ePOPMHUPOBAHHOIO COCTOSTHUSA TOPOKHOM OCKIbI

JICCHBIX J10POT, YCHJ]eHHOi/'I reOCMHTeTHYeCKHUMH 000/10YKaAMHU

0. H. Bypmucmposa', . H. Kpyuunun?, B. H. Knegexo’*
! VXTUHCKHI TOCYIapCTBEHHBIN TEXHUYECKUH YHUBEPCHTET,
Poccuiickas ®@enepanus, 169300, Yxrta, yn IlepBomaiickas, 13
2 Ypainbckuii rocy1apCTBEHHBIH JIECOTEXHUYECKUH YHUBEPCHTET,
Poccwmiickas @enepanns, 620100, Exkatepunoypr, Cubupckuii Tpaxr, 37
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AnHoOTanus. Bgedenue. JlecHble TOPOTH UTPAOT BOKHYIO POJIb B Pa3BUTHU JIECHOTO XO3SHCTBA.
OHH TIPEeAOCTABILIIOT JOCTYI K JIECHBIM MacCHBaM, YTO ITTO3BOJISIET MPOBOJHTH JIECO3arOTOBHTEIILHBIC
PaboTHI, BEIBO3UTH APEBECHHY, OCYIIECTBIISTH KOHTPOJIb HAJ COCTOSTHUEM JIECOB M IIPOBOIUTE MCCIIENO-
BaHms. IlodToMy akTyanbHOW TMPOOIEMON JIECHOTO KOMIUIEKCA SIBISIETCS YMEHBIIEHHWE 3aTpar
Ha BBIBO3KY JpeBecHHBI. OIHUM W3 MyTel CHIKEHUS] CTOMMOCTH CTPOUTEIIBCTBA SBJIAETCS TIPIMEHEHNE
KOJICWHOTO Tuma MOKphITHA. OJHAM H3 BAapUAHTOB YCTPOMCTBA TAKOTO THIA TOKPBITHS SIBICTCS
HCIIOBE30BaHIE 000JIOUEK U3 TEOCHHTETHYECKOTro Martepuaia. OqHaKo paboTa TaKiX KOHCTPYKIUH U3Y-
YeHa HEIOCTATOYHO XOpoIo. //ens MCCIeIOBAHUS — H3YUCHUE HAIPSHKEHHO-IEGOPMHUPOBAHHOTO COCTO-
SIHUSI TEOCHHTETHYCCKHX O0OJI0UEK B COCTaBE JOPOKHOM OJEKIBI ¢ TOMOIIBIO YHCICHHOTO METO[IA.
Obvexmol u memoovl. OOBEKTaMH HCCIICIOBAHUSI SBIISIOTCS TCOCHHTETHYCCKHE 000JI0UKH, MpEaHA3HA-
YeHHBIC U YCWICHUST OCHOBAHUS JOPOXKHOW onexxabl. [y ucciaenoBanus ux paboThl ObUT MPHUMCHEH
METO]] KOHEUHBIX AJIEMEHTOB. Pe3ynomamel. B cTaThe IpHBEAEHBI Pe3yIbTaThl YHCICHHOTO MOAEIHPO-
BaHMS KOHCTPYKIIH IOPOKHOH OASKIBI MEPEXOAHOTO THIA C YCHIMBAIOMIAMH T€OCHHTETHIECCKUMHU
000109KaMU. BBITIOTHEHHBIE WCCIEA0BAaHMS TIOKA3aId, YTO MPUMEHEHHE TEOCHHTETHIECKHX 000I04YeK
TIO3BOJISIET YMEHBIIIUThH BEpTHUKAIbHBIE nedopmarwn. [Ipy Tommunae obomodek 0,2 M BepTHKAIBLHBIC Tie-
pemereHns ymeHbimaiorcs Ha 20-48 % B 3aBECHMOCTH OT IMIMPUHBI 000JIOYKH, a TIPH TOJIIIIHE 00010~
gek 0,4 M. — 110 59 %. Buisoodwl. I1pemioxeHHbIe KOHCTPYKITHH JOPOKHBIX O] C TEOCHHTETHIECKIMHU
000JI0YKaMH TO3BOJISIOT CYIIECTBEHHO CHHM3HTHh BEPTHKAIBHEIC Ae(hOpMAaIK JOPOKHON OFCHKIBI Jiec-
HBIX JTOPOT. D(PQEKTHBHOCTH MPUMEHECHUSI TEOCHHTETHYCCKUX O0O0JIOUEK B KOHCTPYKIUSX JTOPOMKHBIX

OCK MEPEXOAHOTO TUIIA JICCHBIX JOPOT 3aBUCUT OT TCOMCTPUYCCKUX IMapaMETPOB 000JI0UEK.

KiroueBbie ciioBa: JICCO3aroTOBKH, JICCHOC XO3$[I>1CTBO; JAOPOIKHas OACKAa; BECpTHUKAJIbHAA

Zleq)OpMaIII/IH; METOA KOHCUYHBIX 3JICMCHTOB

DUHAHCUPOBAHME: ABTOPBI 3asIBISIFOT 00 OTCYTCTBHM BHEIIHETO (MHAHCHUPOBAHHS TIPH TPO-

BCIOCHUHN UCCIICIOBaHUA.
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BBenenune

.HGCHaSI HpOMLIH_UICHHOCTI: SABIISICTCA
OJIHOW M3 BaYKHBIX OTPACIIEl SKOHOMUKH MHO-
TOJIECHBIX PETHOHOB, TIOCKOJBKY JIECOXO03SH-
CTBEHHBII KOMILJIEKC HMMEET i1 Hero OoJib-
moe 3HadeHwe. JlecHble pecypehl  371€ech
I/ICHO.HI:3YIOTCSI I HpOI/I3BOIlCTBa I[peBeCI/I-
HBI, IICJUTIONIO3BI, Oymaru, MUJIOMaTepUalioB,
a TaKkKe JUIsl TOOBIYM JPEBECHONW OMOMACCHI.
OTH TIPOIYKTHI MCIOJB3YIOTCS KaK Ha MECT-

HOM YpOBHE, Tak W Al dKcroprta. JlecHas
HPOMBIIIIEHHOCTh CIOCOOCTBYET Pa3BUTHIO
HSKOHOMHUKHM DPErHOHOB, CO3JIaHHUI0 PAOOUMX
MECT U OOECHEYEHUI0 MECTHOIO HACEJIEHMs
JPEBECHBIMU MaTEpPHANIaMH, TOTIMBOM H JIPY-
TMMH TIPOAYKTaMH JiecoriepepadoTku. Kpome
TOTO, JIeCa UTPAIOT BAKHYIO POJIb B MOAJIEP-
KaHUHM DSKOJIOTHUECKOro OanaHca, COXpaHe-
HUM OMOpa3HOOOpa3us W OKa3aHWU Ojaro-
NPUSATHOTO BO3/ICHCTBUS Ha KJIMMAT.

© Bypmuctposa O. H., Kpyuunun W. H., Knesexo B. 1., 2024
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Taxxke BaxxHO YUYUTBIBATh, 4YTO JICCHAA
MIPOMBIIIIEHHOCTh HE TOJIKO CcO3aéT pabdo-
qynuc MCCTa, HO U Y4YaCTBYCT B O6€CHC‘-I€HI/II/I
MECTHOTO HAaceJeHHs IPEBECHbIMU MaTepHa-
JIaMH, TOILUIMBOM U APYTMMH IIPOAYKTaMHU Jie-
corepepadOTKH, YTO MMEET OOJIbIIOE 3HaYe-
HUE Il COLUATbHO-?)KOHOMHUYECKOTO pa3BU-
THsi, Hanpumep, llepmckoro kpas. [TosTomy
JIECHBIE JOPOTH UTParOT BaXXHYIO POJIb B pas-
BUTHUH JIECHOTO XO3sliicTBa, obecreunBas J10-
CTYI K JIECHBIM pecypcaM, oOJierdasi mpoBe-
JICHUE JIECO3arOTOBUTENLHBIX padoOT U obec-
neyurBas 3auTy JICCOB OT pa3/IMIHLIX YIpo3.

JlecHble TOpOTH UMEIOT PsJ] CYIIECTBEH-
HBIX OTJIWYHUI OT aBTOMO6I/IJ'ILHI>IX aopor
obmei cetn. Tak mJIg JIECHBIX JIOPOT, OCO-
OCHHO JUISl JIECOBO3HBIX, XapaKTEPHBI OTHO-
CUTENIbHO HeOOJblllass WUHTEHCUBHOCTH JIBH-
JKCHHA W TOBBIINICHHAS HArpy3ka OT KOJICCa
aBToMoOuna. B cocraBe TpaHCHOPTHOrO
MOTOKA JIECOBO3HBIX JOPOT TpeodIagaroT
CHelMalM3UpOBaHHbIE aBTOINOE3/7a, MpeaHa-
3HA4YEHHbIE JJISI IEPEBO3KHU JIECOMATEPHATIOB.
Harpysku ot konéc coBpeMeHHBIX aBTOIOE3-
AOB MOTYT HIPCBbIIIATH 3HAYCHUA HOPMATUB-
HeIXx Harpyzok mno CII 288. 1325800.2016
«loporu necHele. [IpaBuna npoeKTUpOBaHUS
U CTPOUTEIHCTBAY.

s yMmeHbIlIeHHsl 3aTpaT Ha BBIBO3KY
APCBCCHUHBI HGOGXOZ[I/IMO CHUXATh CTOHU-
MOCTb CTPOUTENbCTBA U IKCIUTyaTallMH JIeC-
HBIX OOPOr, HO IpHU 3TOM HCJIb3sd AOIMYCKATbh
YXYALIEHUS HMX TPaHCHOPTHO-IKCILTyaTa-
LIMOHHBIX XapakTepucTHK. OIHUM U3 NyTeu
CHIDKEHUS CTOMMOCTU CTPOUTENbCTBA SIBIISI-
CTCA NPUMCHCHUC KOJICHHOI'O THIIA MOKPbI-
tus [1]. [IpumeHeHne Takoro TUNa MOKPbITUSA
0COOEHHO aKTyaJIbHO JJISi BPEMEHHBIX JIECO-

BO3HBIX 10pOr (YCbI, IOABE3MbI), CPOK CILYXK-
OBl KOTOPBIX COCTABIISAET OT OAHOTO JI0 ISATH
aer. OgHUM M3 CHOCOOOB YCTpOMCTBa KO-
JEMHOTO THIIA IOKPBITUS SIBISETCS UCIIOJNb-
30BaHME O000JI0UYEK M3 TE€OCHHTETUYECKOTO
Mmartepuaga. OTO TMO3BOJSET YMEHBIIUTh
00BEMBI 3eMIIIHBIX paboT 10 40 % U CHU3HUTH
UCIIOJIb30BAaHUE KOHAMUIUOHHBIX JIOPOXKHO-
CTPOUTEIBLHBIX MaTepuaos [2].

W3ydyeHne BO3MOXHOCTH IPUMEHEHUs
U 0CcOOEHHOCTEW pabOThl TEOCHMHTETUYECKHX
000JI0YEK B CTPOUTENILCTBE PACCMOTPEHO B 1ie-
JIOM psiie MCCIENIOBAaHMM, KaK B 3apyOe:KHBIX
cTpaHax [2—6], Tak u B Hamen ctpane [7—11].
OnHako 0COOEHHOCTH — HaNpPsLKEHHO-IEdOop-
MHPOBAHHOTO COCTOSIHHSI TAaKMX KOHCTPYKLIMH
M3y4EHBI elIE€ HEOCTaTOYHO XOPOLLIO.

Lesab paboTsl — N3ydYeHUE HANPKEHHO-
1e(OPMHUPOBAHHOTO COCTOSIHUSI TEOCHUHTE-
TUYECKUX O0O0JIOYEK € MOMOILIBIO YHCIEHHO-
o METOJa, PEaTM30BAHHOTO B TMPOTrpaMMme
Praxis 2D.

B 3agmaum BXOOuio uUcCCIEIOBAHUE
BJIMSIHUS TOJIIUHBI MU HIIMPUHBI T€OCUHTETHU-
YecKHX 000JI0UeK Ha BEPTUKAIBHYIO OCAIIKy
HOKPBITUSL TIOJT KOJIECOM PacyéTHOTO aBTO-
MOOWISI U Ha MaKCHUMaJbHbIC pacTITUBao-
M€ HANpsHKEHHUS B TEOCHHTETUYECKUX
000JI0UuKax.

PesyabTaTsl

OObexkTaMH HCCIEOBAHUS  SBISIOTCA
TE€OCHHTETHYECKHE OO0OJIOUKH, MpeaHa3Ha-
YEeHHbIE JI YCUIIEHHUsI OCHOBAHMsI IOPOKHOMN
onexnasl. Jlng wmccrnemoBaHus HUX pabOTHI
ObUT IPUMEHEH METOJ] KOHEYHBIX 3JIEMEHTOB.

Ha puc. 1 nmpeacraBieHa KOHCTPYKIMS
JOPOXKHOM OJEXKIbl C TI'€OCHHTETHYECKUMHU
000JI0YKaMH.

P | |

600

MNokpbimue

Jun

pyHm

Bo ’

[ eocuHmemuyeckud

Bo
ot Mamepuan

Puc. 1. Koncmpyxyus 0oposcHotl 00edxcobl ¢ 2e0CUNMemuiecKuUmMu 000104Kamu
Fig. 1. Construction of pavement reinforced with geosynthetic shells
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B kauecTBe HCXOOHBIX JaHHBIX ObLIa
MpUHATA Ccleaylouias KOHCTPYKIUS JOPOXK-
HOU ONESHKIbI:

e T[IOKPBITHE JIOPOKHOM ONEKABI —
mebeHb  (PaKIMOHUPOBAHHBIN, TOJIIMHON
h:=0,15m ¢ wmomymem paedopmaruu,
E1=450 MlIla;

e 3achIlKa 00OJOYKU — MECOK C MOJY-
nem ynpyrocty, £,=130 Mlla;

e TPYHT 3€MJISIHOTO MOJIOTHA — CYIJIU-
HOK C yJAenbHbIM cuemieHueM c =5 klla,
yIJIOM BHYTpEHHEro TpeHus ¢=>5 rpaa, u Mo-
nyneMm ynpyroctd, E3=29 Mlla;

e JuHEWHasA KECTKOCTh Ha PaCTsKEHUE
reoCHHTETHYECKOMH 000mouku, 500 kH.

Harpy3ka ot koneca pacyéTHOro aBTO-
MoOmtst Obuta mpuHaTa 65 kH.

bbutn BbIMONTHEHBI J1BE CepUM PacuéroB
it ooosouek toymuHoi 0,2 u 0,4 m. 1)1 BbI-
SIBTICHUSL 3aBUCHMOCTH HampsHKEHHO-TEPOp-
MHUPOBAHHOTO COCTOSIHUSI 000JI0UEK OT MX IIH-

Pe3yabTaThl pacuéra 10poKHON 0exKIbI
Results of road pavement calculations

PHUHBI B K&XKI0I cepur pacu€ToB ObLIM Ha3Ha-
YeHbl TPU BapHaHTa IIUPUHBI OOONOYKH —
MUHMMAaJIbHAs, MaKCHUMajbHasi U IPOMEXY-
TOYHas. MUHUMaNbHas I[UPUHA OOOJIOYKH
ObLIa MPUHSATA UCXOJSI U3 PACUETHOM MIMPUHBI
KOJIeca aBTOMOOWIIA C YYETOM paclperessiio-
e CIIOCOOHOCTH TOKPBITHS. MakcuMaibHast
IIMPHHA 000JI0UKY Ha3HAaYeHa 10 TeoMeTpuye-
CKUM I1apaMeTpaM BO3MOXKHOCTHU €€ pa3Melie-
HUSI TI0 KOJIee PacYE€THOTO aBTOMOOMIISL.

Pe3ynbrathl pacuéra KOHCTPYKIIUHU [10-
POKHOM O/EXKIbl MPEJCTABICHBI B TaOIUIIE.
Hns onenkn 3¢p(HEKTUBHOCTH MPUMEHEHHUS
TE€OCHHTETHUECKUX 000J0YEeK B KOHCTPYKIIH-
SIX TOPOKHBIX OJIEXK]T ObLTH BBITTOJHEHBI pac-
4ETHl AaHAJOTMYHON JOPOXKHOW OJESKIBI O3
apMHUPOBAHMUS.

B kauectBe nmpumepa Ha puc. 2—5 npen-
CTaBJICHbl pE3yJbTaThl pacuéra JIOPOKHOU
OJIeKJbl C T'€OCUHTETUYECKUMH MPOCIIONKA-
Mu TonmuHou 0,2 M u mmpunou 1,2 m.

[Mupuna BricoTa Pacrarusaromice BeprtukansHoe

000JI0YKH, M 000JIOUKH, M ycunue B obosouke, KH | nmepemenenne, Mm
Be3 obomouxu 0,2 - 6,92

0,8 0,2 1,25 9,76

1,2 0,2 1,27 5,51

1,6 0,2 1,30 3,59
Be3s 060104k 0,4 - 3,82

1,0 0,4 1,0 7,62

1,2 0,4 0,59 4,63

1,6 0.4 0,55 1,57

Puc. 2. Pacuémnas cxema ona obonrouxu moawunou 0,2 m u wupunoi 1,2 m
Fig. 2. Design diagram for a shell with a thickness of 0.2 m and a width of 1.2 m
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Puc. 3. Jlepopmuposannas cxema oas obonouxu monwunoti 0,2 m u wupunoui 1,2 m
Fig. 3. Deformed diagram for a shell with a thickness of 0.2 m and a width of 1.2 m

Puc. 4. DOniopa pacnpedenenus pacmacugaiowux HANPAXCEHU 6 2e0CUHMEMU4ecKoli 0060104Ke
monwunou 0,2 m u wupunoui 1,2 m
Fig. 4. Diagram of the distribution of tensile stresses in a geosynthetic shell with a thickness of 0.2 m
and a width of 1.2 m
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Puc. 5. Pacnpedenenue 6epmuKkaibHblx nepemewieHul 0isi KOHCMPYKYUU 00OPOACHOU 00edHCObl
¢ eeocunmemuyeckoti 060104kot moawunou 0,2 m u wupunou 1,2 m
Fig. 5. Vertical displacement distribution for a pavement structure reinforced with a geosynthetic shell
with a thickness of 0.2 m and a width of 1.2 m

BriBoabI

AHanu3 pe3ynbTaTOB  BBIMOJHEHHOTO
YHUCIIEHHOTO MOJIENUPOBaHUs paboThl J10-
POXKHOHN OAEKABI C YCHIINBAIOLIMMHU 3JIEMEH-
TaMd B BHUJE T€OCHHTETHYECKUX 000JI0UeK
MO3BOJIIET CHAENATh CIEAYIOIINE BHIBOJBI U
PEKOMEH/IallUU.

1. HampspkéaHo-nedhopMupoBaHHOE CO-
CTOSIHHE T€OCHMHTETUYECKUX 00O0JI0YEK B CO-
CTaBe JOPOKHOM OECXKIABl JIECHBIX JOPOT
CYLIECTBEHHO 3aBUCUT OT Te€OMeTpUyec-
KUX COOTHONICHWH TOJNIIUHBI W UIHPUHBI
000JI0YKH.

2. Jlna otHomenuit bo/h, Mmenee 4 mpume-
HEHHE TEOCHHTETHUYECKUX 000JI04eK He dPdek-
THUBHO. 3HAYEHHS BEPTUKAJILHBIX MIEPEMEIICHUI
Bepxa JOPOKHOM OAEXKIIbI MO KOJIECOM pac-
YETHOTO aBTOMOOWIISL JJIsl HEapMUPOBAHHOIO
OCHOBaHMsI MEHBIIIE, YeM JJIsl apMUPOBAHHOTO.

3. Haubonee panuvoHanbHO MCHOIB30-
BaHHE TEOCHHTETUYECKUX 000JIOUEK C COOT-
HorreureM bo/ho ot 6 1o 8.

4. IlpoBel€HHBIE  HCCIEAOBAaHUS  XO-
pOILO COTNAacylOTCA C pe3yibTaTaMu dKC-
MEePUMEHTAIbHBIX MOJEIbHBIX HCCIIEIOBA-
HUM, MpUBEAEHHBIX B padote [7].
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Abstract. Introducion. Forest roads play an important role in the development of forestry.
They provide access to forest expanses, which enables logging operations, timber removal, forest
monitoring and research. Reduction of wood removal costs is a pressing issue for the forest sector,
which can be tacked, inter alia, by cutting expenditures on the construction and operation of forest
roads through the use of tread pavement. One of the options for constructing this type of road
pavement is to utilize shells made of geosynthetic materials. However, the functioning of such
structures has not been sufficiently investigated. The purpose of the research is to study the stress-
strain state of the geosynthetic shells as a component of road pavement by applying the numerical
method. Objects and methods. The objects of the research are geosynthetic shells designed to rein-
force the road pavement base. To study their functioning, the finite element method was employed.
Results. The article presents the results of the numerical modeling of the design of a transition-type
road pavement reinforced with geosynthetic shells. The studies undertaken have shown that
the use of geosynthetic shells makes it possible to reduce the vertical deformation. With a shell
thickness of 0.2 m, vertical movements decrease by 20—48% depending on the width of the shell,
and with a shell thickness of 0.4 m - up to 59%. Conclusion. The proposed designs of road pave-
ments reinforced with geosynthetic shells allow for a significant reduction in the vertical defor-
mation of the forest road pavement. The efficiency of using geosynthetic shells in transition-type
pavement structures of forest roads depends on the geometric parameters of the shells.
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Abstract. Introduction. This study provides an in-depth analysis of the forest Remote Sensing
Ecological Index (RSEI) time series data in the Hexi Corridor area from 2000 to 2023, employing non-
linear curve fitting to uncover the changing trends and characteristics of the region's forest ecosystems.
Research Aim. Harnessing the characteristics of nonlinear curves, specific transformative periods and
points within the series are identified, facilitating refined predictions for forest ecological trends. By
combining the generalized additive model (GAM) to extract the different impact relationships between
altitude and RSEI in different forest ecological regions, and the IncMSE analysis of the random forest
model, the differences between altitude and forest type on forest ecosystems in different forest ecologi-
cal regions were found Influence. Result. Forests at higher altitudes exhibit greater ecological stability
and elevated RSEI values, suggesting improved environmental quality. Natural forests, characterized by
their rich biodiversity and complex structures, consistently display the highest RSEI values across vari-
ous ecological zones, highlighting their pivotal role in maintaining ecological balance and delivering
ecosystem services. In contrast, artificial forests, primarily situated at lower altitudes and often near
human activities, show linear and stable temporal patterns with lower RSEI values. Conclusion. Signifi-
cant temporal fluctuations of RSEI were identified, particularly in the years 2002, 2010, and 2017, with
a noticeable trend of decreasing fluctuation periods over time, likely reflecting the impact
of recent forest conservation and restoration efforts. This study uniquely combines curve analysis with
ecological indices to provide a comprehensive framework for understanding and predicting changes in
forest ecosystems, offering crucial insights for future conservation and management strategies, especial-
ly in the Hexi Corridor.
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Introduction

Forest ecosystems, as one of the most
important biological communities on Earth,
play an irreplaceable role in maintaining bio-
diversity, regulating the climate, and the car-
bon cycle [1]. With the intensification
of global changes, forest ecosystems are fac-
ing unprecedented threats, such as forest deg-
radation [2], forest fire disturbances [3],
and loss of biodiversity [4], all of which ur-
gently require in-depth research and effective
monitoring by the scientific community.
The Hexi Corridor is located in northwest
China and is a typical ecologically fragile arid
and semi-arid region [5]. Due to its special
geographical and climatic conditions, it is cru-
cial to the forest ecosystem of the Hexi Corri-
dor. Remote sensing technology, especially
the acquisition and analysis of multi-temporal
remote sensing data, offers a unique and ef-
fective means to monitor forest cover changes
on a global and regional scale. By analysing
the time series of remote sensing data, track-
ing, and assessing the long-term trends in for-
est ecosystems [6], it is crucial for understand-
ing the characteristics of changes in forest
ecosystems and formulating forest manage-
ment strategies.

The advancement of remote sensing
technology has facilitated the development
and application of various remote sensing
ecological indices, such as the Normalized
Difference Vegetation Index (NDVI) [7],
the Enhanced Vegetation Index (EVI) [8],
and the Remote Sensing Ecological Index
(RSEI) used in this study [9]. These indices
provide powerful tools for assessing
the health status and ecological functions
of forests and vegetation. They offer a quan-
titative means to evaluate and understand
the dynamic changes in forest ecosystems
by integrating the photosynthetic capacity
and biomass level of vegetation.

As time series analysis methods become
widely applied in ecological research, time
series fitting techniques have become crucial
for understanding forest and vegetation dy-
namics. Linear regression methods used

for time series trend analysis can reveal inter-
annual changes in forest cover [10], while in-
corporating seasonal changes through meth-
ods like LandTrendr [11] and BFAST [12]
can identify short-term disturbances within
these trends. Nonlinear fitting methods using
polynomial fits [13] offer a more accurate de-
scription and analysis of nonlinear changes
in vegetation time series data, revealing deep-
er mechanisms of vegetation changes and
the impact of environmental factors [14].

Despite the extensive application of linear
and polynomial regression methods in remote
sensing time series analysis of forests, these
approaches often show limitations when deal-
ing with the complexity of ecological data.
Linear models may not adequately capture
the complex nonlinear relationships between
environmental factors and forest ecosystems
[15], and although polynomial models provide
some capacity for nonlinear processing, they
can be overly simplistic when dealing with
high-dimensional interactions [16]. In con-
trast, Generalized Additive Models (GAM)
[17] not only allow each predictor to maintain
different nonlinear relationships [18] but also
adapt flexibly to data structures through
smoothing functions, making them particular-
ly suitable for analyzing complex dynamics
in environmental and ecological variables
within time series [19]. Furthermore, GAMs
can effectively test the impact of each smooth-
ing term to ensure the model is both flexible
and avoids overfitting [18]. Meanwhile,
the Random Forest model, by constructing
multiple decision trees and outputting variable
importance scores through Incremental Mean
Square Error (IncMSE) analysis [20], pro-
vides a powerful tool for identifying and veri-
fying which environmental factors significant-
ly impact forest health [21]. Compared to
a single decision tree model, Random Forests
enhance prediction accuracy and generaliza-
tion capabilities due to their ensemble learn-
ing nature [22].

The aim of this research was to explore
the temporal changes in the forest ecosys-
tems of the Hexi Corridor from 2000 to 2023,
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using remote sensing data time series analy-
sis with RSEI as a key indicator of forest
ecological health. Curve fitting divides
the RSEI time series transformation curve
into three linear models and six curve mod-
els, and identifies the time points of abrupt
changes in the forest ecosystem based
on the curve models. Combining elevation
and forest type, Generalized Additive Models
are used to study the relationship between
elevation and different forest ecological re-
gions, while Random Forest models employ
Incremental Mean Square Error (IncMSE)
analysis to assess the impact of elevation
and forest type on forest RSEI across differ-
ent ecological regions.

Research area

The Hexi Corridor is located in the north-
west part of Gansu Province, China, with geo-
graphic coordinates ranging from 101°08'E
to 103°50'E and 36°45'N to 39°27'N. This re-
gion covers an area of approximately
78,000 km? and serves as an important passage
connecting the Chinese mainland with its
northwest frontier, as well as being one
of the core sections of the ancient Silk Road

[23]. Situated at the southern edge of the Qi-
lian Mountain range, the terrain of the Hexi
Corridor gradually descends from south
to north, creating a unique topography
and ecosystem (Fig. 1). Climatically, the Hexi
Corridor features a typical temperate continen-
tal arid climate, characterized by dryness,
scarce precipitation, and abundant sunshine
[24]. The annual average temperature is about
7,7 °C, while the annual precipitation varies
depending on the location, generally showing
a decreasing trend from east to west and from
south to north, with annual average precipita-
tion ranging from 50 to 400 millimeters.
A significant seasonal precipitation pattern
1s observed, with about 90 % of the rainfall
concentrated between May and October.
In terms of forest resources, the forest cover-
age rate in the Hexi Corridor is relatively low,
mainly concentrated in the mountainous areas
and oasis regions near rivers. The Qilian
Mountains are the main forest distribution area
in this region, where the forests are primarily
composed of Qinghai spruce (Picea crassifo-
lia), Sea-buckthorn (Hippophae rhamnoides),
forming a unique alpine forest ecosystem [25].
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Fig. 1. Location of forest areas in Hexi Corridor
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Data and methods

In this study, we examine the changes
in forest ecosystems within the Hexi Corridor
area by utilizing the RSEI [26] time series
from 2000 to 2023. The remote sensing image-
ry employed in our analysis is sourced from
the Google Earth Engine (GEE) platform,
which offers Landsat imagery provided by
the United States Geological Survey (USGS).
The imagery covers Landsat 5 from 2000
to 2011, Landsat 7 for 2012, and Landsat 8
from 2013 to 2023. The choice of the June
to October period for image acquisition
is based on the alignment with the peak
growth of forest vegetation, ensuring the best
possible representation of vegetation health.
Over 24 years, a total of 5064 images were
acquired, averaging 211 images per year.

Prior to analysis, extensive preprocessing
of the imagery was performed on the GEE
platform [27]. This involved the removal
of cloud cover and the masking of water bod-
ies, snow, glaciers, and barren lands to ensure
the dataset's continuity and reliability.
The RSEI for forested areas was computed
annually using the Landsat images, and linear
interpolation was applied to fill in any missing
values within the RSEI time series on a per-
pixel basis. The RSEI calculation [28] incor-
porates the following components:
RSEI=f(Greenneess, Wetness, Dryness, Heat). (1)

Greenness: Represented by the Normalised
Difference Vegetation Index (NDVI); Wet-
ness: Derived from the moisture component
in the tasseled cap transformation; Dryness:
Gauged by the Normalised Difference Im-

/

pervious Surface Index (NDISI), which in-
corporates both the Index-based Built-up In-
dex (IBI) and the soil index (SI); Heat: Indi-
cated by the land surface temperature (LST).

The analysis posits that external events
impacting forests during the study period can
trigger rapid ecological shifts, manifested
as either improvements or deteriorations,
which then stabilize after initial fluctuations, as
argued by Falk et al. [29]. This research en-
hances traditional linear trend analysis by in-
corporating three additional time-series curve
fitting models based on the S-curve archetype:
exponential, logarithmic, and logistic. These
models characterize states of initial stability
followed by change (exponential), change fol-
lowed by stability (logarithmic), and a return to
stability after change (logistic), thereby captur-
ing key ecological transition points with nu-
ance. Fig. 2 presents the comprehensive steps
of the research flowchart.

Furthermore, the analysis categorizes
the overall direction of RSEI changes — in-
creasing or decreasing — based on the slope
of the time series, with a threshold of 0,05 set
to define a linearly stable state. This methodol-
ogy delineates nine distinct time-series fitting
models: linear decreasing, linear increasing,
linear stable, exponential increasing, exponen-
tial decreasing, logarithmic decreasing, loga-
rithmic increasing, logistic decreasing, and lo-
gistic increasing (Fig. 3). Through this sophisti-
cated modeling approach, the study meticulous-
ly simulates the temporal dynamics of forest
ecosystems, providing a refined understanding
of ecological trends over the observed period.

l GEE Platform Remote Sensing Image Preprocessing l

Forest Extraction

Forest Area Extraction

I Annual RSEI Calculation I l Forest Type Classification |

~
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I Temporal Feature Extraction

|

| Classification of 5 Forest Ecological Zones I

/

l TR 4
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Fig. 2. Experimental flow chart
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In this study, we utilized two sophisticated
approaches, the Generalized Additive Models
(GAM) [30] and Random Forest (RF) [31],
to investigate the dynamics of the RSEI
and its interaction with environmental factors.
The application of these two models aims
to analyze and predict changes in RSEI
from different perspectives and identify key
environmental factors driving these changes.

Generalized Additive Models (GAM)
are flexible statistical models with considera-
ble degrees of freedom, suitable for studying
the nonlinear regression effects of data.
They represent a form of non-parametric
smoothing regression within the framework

68

of multivariate regression models. In GAM,
it is assumed that the dependent variable Y
follows a normal distribution, and the relation-
ship between the independent variables X
and the dependent variable Y's conditional mean
can be succinctly expressed as follows [32]:

E(Y | X) =a+ fi(X1) + £H(X2) + 2)

+... 1+ (X)) + &,

here, E(Y | X) denotes the expected value of Y
given the set of independent variables X,
a is the intercept, and fi, 2, ..., f, are smooth
functions of the independent variables
X1, X2, ..., Xp, respectively, and € is an error term.

Firstly, the introduction of GAM lever-
ages its flexibility as a regression model
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to explore the nonlinear relationships be-
tween the RSEI and altitude. GAM models
the relationship between response variables
and explanatory variables through nonlinear
smoothing functions, effectively capturing
and revealing the complex nonlinear dynam-
ics between variables. Within the framework
of this study, to explore and elucidate
the complex nonlinear relationships between
the Forest RSEI and environmental factors,
GAM was chosen as a key analytical tool.
Evolving from GLM, GAM introduces non-
linear smoothing functions [33], enabling
the model to flexibly capture and reveal
the dynamic nonlinear relationships between
response and explanatory variables.

In order to further analyze and predict
changes in the Forest RSEI and its response
to environmental factors, we employed
the RF model, particularly utilizing Incre-
mental Mean Squared Error (IncMSE) [34]
analysis to evaluate the importance of key
environmental factors influencing RSEI
changes. IncMSE analysis is a method to as-
sess the importance of feature wvariables
in Random Forest models, based on the core
assumption that if a feature significantly con-
tributes to the model's predictive ability, ran-
domly altering the values of that feature
in the dataset will significantly increase
the model's prediction error [35]. Therefore,
IncMSE analysis evaluates the impact
of randomly shuffling each environmental
factor's values on the model's predictive per-
formance, thereby determining the most in-
fluential environmental factors on RSEI.

IncMSE analysis begins by calculating
the model's prediction error (Mean Squared
Error) on the original data, then performs
the following steps for each feature: selects
a feature and randomly shuffles its values
across all samples in the dataset, keeping
the values of other features constant.
The model's prediction error is recalculated
on this new dataset with the shuffled feature
values [36]. The prediction error after shuffling
the feature values is compared to the original
prediction error, and the error increment,
IncMSE, is calculated. A higher IncMSE
[20] for a feature indicates a greater contribu-

tion to the model's predictive ability,
thus considered more important.

Through the combined use of GAM
and RF models, this study comprehensively
explores the relationship between RSEI
and environmental factors, deepening the un-
derstanding of changes in forest ecosystems.
We classified linearly stable time series
as the RSEI stable zone, logarithmic increas-
ing and logistic increasing as the high RSEI
stable zone, logarithmic decreasing and lo-
gistic decreasing as the low RSEI stable zone,
linearly decreasing as the RSEI decreasing
zone, and exponential increasing and linearly
increasing as the RSEI increasing zone.
We employed the GAM to explore the impact
of altitude on annual mean RSEI, aiming
to reveal the complex relationship between
altitude and RSEI within different ecological
zones. By introducing altitude as a key ex-
planatory variable and the annual mean RSEI
as the response variable, we constructed mod-
els for five ecological zones. The model uses
a Gaussian link function to accommodate
the continuous nature of RSEI and fully cap-
ture its nonlinear relationship with altitude.
GAM reveals the nonlinear relationships
and key turning points between environmental
factors and RSEI, while the RF model
and IncMSE analysis pinpoint which envi-
ronmental factors are most crucial to RSEI
changes, providing a scientific basis for forest
ecology protection and management. This in-
tegrated methodology not only enhances in-
sights into the forest ecosystem's response
to environmental changes but also offers prac-
tical tools for devising effective conservation
strategies and management measures.

Results

In this study, we first extracted forest
areas in the Hexi Corridor region and classi-
fied them as natural forests, shrublands,
mixed forests, and plantations according
to their forest types. To assess the ecological
health and dynamics of these forests over time,
we computed the annual RSEI for each forest
area from the year 2000 through to 2023.
Each year's PCI value was greater than 80,
ensuring the reliability of the annual RSEI
values. Our findings, as depicted in Figure 3,
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indicate that the average annual RSEI values
were initially high, exhibiting relatively sta-
ble fluctuations with a discernible upward
trend. Notably, the RSEI reached its peak
in the year 2019, suggesting a period of en-
hanced ecological conditions within the for-
est ecosystems of the Hexi Corridor.

Based on the pre-established time-series
assessment model employed in the experi-
ment, the RSEI time series for each pixel was
analyzed, resulting in eight distinct temporal
patterns: exponential growth, linear decline,
linear growth, linear stability, logarithmic
decline, logarithmic growth, logistic decline,
and logistic growth (see Fig. 4). Contrary
to anticipated outcomes, no instances of ex-
ponential decrease were identified, suggest-
ing that there are no areas within the study
region where the forest RSEI has transitioned
from a stable state to a continuous downward
trajectory. The observed patterns of growth,
in particular, exhibited a more nuanced clas-
sification than a simple linear trend, with ar-
eas of both growth, and decline showing
a variety of complex temporal dynamics.

For different time-series curves under
forest types: exponential increasing, linear
decreasing, linear increasing, linear stable,
logarithmic decreasing, logarithmic increas-
ing, logistic decreasing, and logistic increas-

Average RSEI

= Average RSEI

ing. These further classified into 4 forest
types — natural forest, shrubland, mixed forest,
and plantation forest. For each category,
we compute the area, average RSEI, and mean
elevation in Table. Except for planted forests,
the majority of forests were in a linearly stable
state, with areas of RSEI growth exceeding
those of RSEI decline. Combined with Fig. 5
we can see the average annual RSEI values
for different curves showed significant differ-
ences in altitude, and there were also distinct
differences between the average annual RSEI
and altitude among different forest types un-
der the same curve.

Average annual RSEI
° ° °
@ 3 a
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3
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Fig. 4. Average annual RSEI statistics
Sfrom 2000 to 2023
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Fig. 5. Average RSEI and average altitude under different curve areas
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Timing curves according to the forest types
KpuBbie B COOTBETCTBHH C THUIIOM Jieca

Timing Curve Forest type Area, km? RSEI Elevation (meter)
Natural Forest 269 0,6399 3039
Exponential Increasing Shrubland 571 0,6195 3160
Mixed Forest 350 0,5898 2940
Plantation Forest 13 0,4052 1809
Natural Forest 0,21 0,3695 1567
Linear Decreasing Shrubland 0,62 0,3653 2709
Mixed Forest 10 0,4103 1487
Plantation Forest 0,62 0,4203 1537
Natural Forest 13 0,6221 3093
Linear Increasing Shrubland 50 0,5141 2498
Mixed Forest 44 0,5759 2894
Plantation Forest 1,24 0,3784 1540
Natural Forest 1556 0,6187 3005
Linear Stable Shrubland 3257 0,5523 2983
Mixed Forest 1570 0,5198 2631
Plantation Forest 100 0,3882 1721
Natural Forest 6 0,6297 3060
Logarithmic Decreasing Shrubland 9 0.6211 3228
Mixed Forest 16 0,5935 3051
Natural Forest 37 0,6221 2963
Logarithmic Increasing Shrubland 31 0,5921 3159
Mixed Forest 40 0,5551 2788
Plantation Forest 0,41 0,5393 3040
Natural Forest 23 0,5863 3036
Logistic Decreasing Shrubland 30 0,4969 2998
Mixed Forest 12 0,4448 2253
Plantation Forest 1 04114 1581
Natural Forest 124 0,6267 3115
Logistic Increasing Shrubland 146 0,5467 3141
Mixed Forest 68 0,445 2238
Plantation Forest 4 0,3865 1468

The relationship between tree species
and altitude demonstrated the adaptability
of different forest types to geographical loca-
tions and environmental conditions. Natural
forests and shrublands tend to grow in higher
altitude areas, which are usually more pris-
tine and less affected by human activities,
while mixed forests have a broader altitude
distribution, showing adaptability under dif-

ferent environmental conditions from low
to high altitudes. Planted forests are primarily
concentrated in lower altitude areas, pos-
sibly related to their planting purposes
and the need for management convenience.
These relationships between tree species
and altitude reflect the complex interactions
of forest ecosystems under different envi-
ronmental pressures and the impact of human
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activities on forest distribution and forest
type selection. Natural forests and shrublands
typically display higher environmental quali-
ty indicators, while planted forests have low-
er indicators, maintaining these patterns
across different temporal changes. In some
cases, mixed forests also show higher RSEI
values, especially in linear increasing.

According to Fig. 4, the Exponential in-
creasing category demonstrated the highest
average RSEI values at 0,613, with an aver-
age forest altitude of 3,054 meters. Other
time-series curve types also showed similar
trends, indicating a strong correlation be-
tween high RSEI values and high altitudes.
Forests in high-altitude areas are generally
less disturbed by human activities, likely
harbouring more pristine and intact ecosys-
tems, which contributes to maintaining high
environmental quality.

Forests in the linear decreasing trend area
had the lowest average RSEI value of 0,408,
with an average altitude of 1,559 meters,
which is relatively low. Lower altitude areas
are more susceptible to human activities such
as agriculture, urban expansion, and industrial
activities, which may lead to biodiversity loss

Density

0.1

2000 2005 2010

Turning Year

and ecosystem service degradation, thus low-
ering the quality of the forest ecological
environment. Based on the characteristics
of the curves, we first extracted the significant
change points in forest RSEI time series with-
in the study period for three types of temporal
curves: exponential increasing, logarithmic
increasing, and logarithmic decreasing (Fig. 6).
Density indicates the frequency of RSEI time
series change points in that year. We found
that the time of significant change points
is concentrated between 2015 and 2020, espe-
cially the exponential increase is particularly
significant. The time points for exponential
increasing indicate the years when forest
RSEI transitions from stable to rapidly in-
creasing. Logarithmic increasing shows forest
RSETI transitioning from rapid increase to sta-
bility. Logarithmic decreasing represents for-
est RSEI shifting from rapid decline to stabil-
ity. As illustrated in Fig. 6, the frequency
of these time points shows three peaks
in the years 2002, 2010, and in 2017, with
the highest frequency occurring in 2017, es-
pecially for exponential increasing, where
the quantity of this curve type significantly
surpasses the other two.

exponential_Increasing
logarithmic_Decreasing
logarithmic_Increasing

Fig. 6. Density statistics chart of exponential increasing, logarithmic increasing, and logarithmic decreasing
change points occurrence years
Puc. 6. I'paghux cmamucmuku nIOMHOCMU MOYEK USMEHEHUS NPU IKCHOHEHYUATIbHOM POCHie,
J02aPUPMUUECKOM POCIE U J02APUPMULECKOM YObIBAHUU HO 200AM BOSHUKHOGEHUS
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Similarly, the change points for logistic
curves, which depict periods of fluctuation
from stability back to stability, were extracted.
As shown in Fig. 7, fluctuating periods
are present throughout the entire study period,
but the specific times of fluctuations and their
durations vary. The start times are primarily
clustered around 2001 and 2014, while
the end times concentrate around 2004
and 2018. In 2013, the most common duration
of fluctuation was 4 years, with fluctuation
periods mainly ranging from 1 to 5 years.

Although all experienced a process
from stability to fluctuation and back to stabil-
ity, the time of fluctuation varies. Based

0.15

010

Density

0.05

on the concentration of start and end times
at the extremes of the study period and
the fact that most changes occurred within
five years, we can hypothesise that the fluctu-
ation intervals in the entire study period
are mainly concentrated in two phases:
2000-2005 and 2013-2023. The analysis
of all change periods (Fig. 8) indicates that
the early phase of the study experienced long-
er durations of fluctuation, while the later
phase had shorter durations, with a peak
in 2013. This suggests a trend of shortening
fluctuation periods over time, indicating
that the forest RSEI in these areas can recover
to stability more quickly in later periods.

Duration
(years)

0.00

2000

2005

2010

Year

2015 2020

Fig 7. Fluctuation periods of RSEI Logistic curve
Puc. 7. I[lepuoovl kxonebanuii nocucmuyeckou kpusou unoexca RSEI

Start Time H

End Time

2000 2005

Density

2010

s ]

(M

2015 2020
Time

(2)

o 5

10 15 20
Duration

Fig. 8. (1) Logic curve fluctuation start time and end time statistics; (2) Logic curve fluctuation duration statistics
Puc. 8. (1) Cmamucmuka épemeru Ha4ana u OKOHYAHUSL NEPUOO08 KONeOAHUL IOSUCIUYECKOU KPUBOLL
(2) cmamucmuka OnumenbHOCIU KOIeOaHull 102UCMUYeCcKoll KpUusou
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Using the GAM analysis, response curves
for RSEI with altitude across different eco-
logical zones were calculated (Fig. 9).
The analysis revealed a significant nonlinear
relationship between altitude and annual mean
RSEL This indicates that, in the majority of
ecological zones, as altitude increases, forest
RSEI correspondingly rises, reflecting better
ecological quality and environmental stability.
Notably, aside from the unique pattern exhib-
ited by the ecological decreasing zone, the
other four ecological zones show a tendency
for RSEI changes to stabilize when altitude
exceeds 3,000 meters, demonstrating adapta-
bility to high-altitude environments.

Further analysis identified a clear turning
point at around 2,000 meters in altitude across
these four ecological zones, indicating this
altitude as a key threshold affecting forest
ecological stability. Meanwhile, at altitudes
around 4,000 meters, the trend of RSEI im-

(1)

0
o 04
0.2
1000 2000 3000 4000
altitude
(2)
0.6
0
o 04
0.2
1000 2000 3000 4000
altitude
(4)
0.6
0
2oa
0.2
1000 2000 3000 4000
altitude

provement slows down or even slightly de-
clines in the high RSEI stable zone and low
RSEI stable zone compared to the stable
zone, suggesting that ecosystem stability
might be challenged under extreme high-
altitude conditions.

In-depth analysis using the RF model
across different ecological zones identified
altitude as a universally important predictor,
particularly in the RSEI stable and RSEI in-
creasing zones, as evidenced by the Incre-
mental Mean Square Error (IncMSE) values
of altitude changes (Fig. 10). Especially in the
RSEI stable and RSEI increasing zones, high-
er IncMSE values underscore the significant
role of altitude variations on forest RSEI in-
dicating that forest ecological quality in these
areas may improve with increasing altitude.
Concurrently, there was a notable decrease in
the IncMSE value of altitude within the RSEI
decreasing zone.

)

w
Do
0.2
1000 2000 3000 4000
altitude
(5)
0.475
0.450
W 0.425
2 0.400
0.375
0.350
1500 2000 2500 3000
altitude

Fig. 9. Altitude’s influence curve in different zone: (1) RSEI Stable Zone; (2) High RSEI Stable Zone;
(3) Low RSEI Stable Zone, (4) RSEI Decreasing Zone; (5) RSEI Increasing Zone
Puc. 9. Kpusas eruanus évicomul Had yposHem Mopsi 8 pasuuix 30nax: (1) 3ona cmabunvnozo unoexca RSEI;
(2) 30na cmaburbho evicokoeo unoexca RSEI; (3) 3ona cmabunvho nuskoeo unoexca RSEI
(4) 30na crudicenus undexca RSEIL; (5) 3ona pocma unoexca RSEI
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Fig. 10. A comparison of how altitude affects RSEI
Puc. 10. Cpasnenue snusanus gicomul Ha0 yposHem mopsa Ha unoexc RSEI

In the RSEI stable zone, the IncMSE
value for altitude is the highest, suggesting
a close connection between the terrain fea-
tures and climatic conditions of these areas
and altitude changes. The environmental gra-
dient caused by altitude changes may be
a significant factor affecting forest ecosys-
tems. In both the high RSEI stable zone
and the low RSEI stable zone, the impact
of forest types is similar, but altitude has
a more substantial influence on the high
RSEI stability zone. The characteristic
of the RSEI decreasing zone is that IncMSE
values of all the factors are relatively low,
indicating that ecological degradation might
not be solely caused by altitude or forest
types but could result from the combined ef-
fects of multiple complex factors such
as human activities, climate, and fires.
In the RSEI increasing zone, both altitude
and forest types have relatively high IncMSE
values, suggesting that these natural factors
play a positive role in improving or restoring
forest ecology, potentially related to ecologi-
cal restoration measures or natural regenera-
tion processes.

Discussion

Compared to traditional linear trend stud-
ies of time series, research employing curve
trends allows for a more detailed and com-
prehensive analysis of temporal change pat-
terns [37]. These studies not only identify
the trends of change but also extract specific
points and periods of transformation within
the time series through the characteristics
of the curves, thereby facilitating more con-
venient predictions for the forest ecosystem.
By utilizing various curve types, the temporal
changes of RSEI can be more accurately
modeled, allowing for the identification
of specific change points and periods.
In the Hexi Corridor region, some studies
have already utilized time-series RSEI analy-
sis for small-scale areas [13, 14]. Building
on this foundation, our study further supple-
ments the analysis of RSEI changes under dif-
ferent forest types. By employing the GAM
and the Increment of IncMSE methods,
we not only validate existing research conclu-
sions but also explore the complex nonlinear
relationships and variable importance between
RSE]I, forest types, and altitude in this region.
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Natural forests typically have high bio-
diversity and complex ecosystem structures,
contributing to ecological balance and offer-
ing a wealth of ecosystem services [38].
These factors may lead to higher RSEI values
in natural forest areas, primarily located
at higher altitudes with minimal human im-
pact, reflecting better environmental quality
and ecological stability. The self-recovery
ability and adaptability of natural forests
to environmental changes also help maintain
their RSEI values. Shrublands usually play
a supportive and transitional role within eco-
systems, providing habitats and protecting
the ground surface, thereby reducing erosion
[39]. The RSEI values of shrublands vary
by location, showing significant differences
at different altitudes, generally ranking just
below natural forests. This depends on their
role in specific ecosystems and surrounding
environmental conditions. Mixed forests
are distributed at altitudes lower than natural
forests and shrublands but higher than artifi-
cial forests. The complex structure of mixed
forests offers a variety of ecological niches,
encompassing all types of temporal changes.
Their RSEI values are lower than those
of natural forests and shrublands but higher
than those of artificial forests. Artificial for-
ests typically exhibit a linearly stable tem-
poral pattern, often lacking the diversity
and complexity of natural forests [40], with
relatively lower RSEI values. Located
at lower altitudes, often near human activity
areas, artificial forests maintain a low stable
RSEI under human intervention.

The differences in the distribution
of various forest types may reflect the differ-
ent species' response capabilities to environ-
mental changes and their distribution charac-
teristics under various geographical and eco-
logical conditions [41]. The widespread dis-
tribution of natural forests and shrublands
demonstrates their strong adaptability to en-
vironmental changes, while the characteris-
tics of artificial forests conform to their limi-
tations under artificially intervening envi-
ronmental conditions. Mixed forests combine
the features of both natural forests, shrub-
lands, and artificial forests.
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There is a certain correlation between
high RSEI values and high altitudes, aligning
with the analysis conclusions of the General-
ized Additive Model for five regions.
This indicates that as altitude increases,
its impact on RSEI also grows. High-altitude
forests, being less disturbed by human activi-
ties, may have higher environmental quality.
Conversely, lower RSEI values often occur
in lower-altitude areas, likely due to more
frequent human activities such as agriculture,
urban expansion, and industrial activities
[42]. Therefore, altitude may be an important
factor affecting forest environmental quality,
with high-altitude forests possibly having
higher RSEI values due to their relative isola-
tion and ecosystem integrity. These findings
highlight the characteristics of forests
in the Hexi Corridor region, emphasizing
the importance of protecting high-altitude
forests for maintaining biodiversity and eco-
system services, while also pointing out
the challenges of forest protection and man-
agement in low-altitude areas.

The study identified fluctuations
in the region's forests in 2002, 2010, and par-
ticularly in 2017. Periods of rapid ecological
fluctuation occurred between 2000-2005
and 2013-2023. Furthermore, a trend
of shortened fluctuation periods over time
was observed, likely related to forest protec-
tion and restoration projects implemented
in recent years. These measures have pro-
moted the stability and recovery of the forest
ecosystem. Future research could further ana-
lyze the causes of ecological changes in for-
ests based on these specific time points.

The extraction results from the logistic
function's band intervals indicate a trend
of gradually shorter durations of fluctuation
over the years, indicating that the forest eco-
system in the region might be developing
in a better direction, able to return to a stable
state more quickly. This could be attributed
to forest engineering projects implemented
since 2000 in the high-altitude areas
of the Qilian Mountains, such as the "Three-
North Shelterbelt Project (Phases IV and V)"
and the "Natural Forest Protection Project,"
among others. The focused periods of fluctua-
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tion in 2000-2005 and 2013-2023 suggest
further investigation into the causes of fluctu-
ation during these periods, aiming at more
targeted protection of the forest ecosystem
in the region.

Conclusions

This study analyzes the RSEI time-series
data of forest areas in the Hexi Corridor
region from 2000 to 2023, employing various
curve-fitting techniques to more accurately
analyze the changing trends of the forest eco-
system. Compared to traditional linear trend
studies, the application of curve trends allows
for a more detailed and comprehensive ex-
amination of the changes within the time se-
ries. Not only do they reveal the trends
of change, but they also extract specific
points and periods of transformation through
the characteristics of the curves, facilitating
more convenient predictions for the forest
ecosystem.

The study reveals that different temporal
fitting curves delineate five characteristic re-
gions and analyze the impact of altitude
and forest type on forest RSEI within these
regions. A significant correlation between
forest RSEI values, altitude, and forest type
has been found, with RSEI values of differ-
ent forest types exhibiting unique temporal
characteristics and changing trends. The for-

est ecosystem in the Hexi Corridor region
remains stable overall, with altitude being
an important environmental factor signifi-
cantly affecting forest RSEI values. Forests
in high-altitude areas typically exhibit higher
RSEI values and better ecological stability
due to less human disturbance. Natural for-
ests possess higher RSEI values and stability
compared to other forest types.

These findings are significant for guid-
ing forest conservation and management
strategies in the Hexi Corridor and broader
regions, especially in terms of protecting
high-altitude forests and restoring forests
in low-altitude areas. By utilizing the unique
mathematical properties of curves, changes
and periods undetectable by traditional linear
trends are identified, thus providing a more
complete analysis of the changes in the forest
ecosystem.

Future research could further analyze the
causes of ecological changes at these specific
time points to better guide practical protec-
tion and management measures. Continued
exploration of the effectiveness of forest con-
servation and restoration projects, and as-
sessment of the response and adaptation
strategies of different forest types to envi-
ronmental changes, will better inform practi-
cal conservation and management actions.
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O1ueHKa 3K0J0THYeCKOr0 COCTOSTHUS JeCHBIX IKOCHCcTeM Kopuaopa X3cH
¢ UCMOJIb30BAaHHEM BpeMeHHBIX psinoB nHaekca RSEI

H. Ban', 3. A. Kypéanoe'™, /. Illa ?, O. H. Bopoovés ', I. Ban >, /1. M. Jlepzynoe’
'IlenTp yCTOWYMBOTO yIpPABIEHNS U JUCTAHIIMOHHOTO MOHMTOPHHIA JIECOB,
TloBomxckuii rocy1TapCTBEHHBIM TEXHOJOTHUECKUN YHUBEPCUTET,
Poccuiickas ®@enepanust, 424000, ﬂomKap-Ona, 1. Jlenuna, 3
2 Kosnnensx reorpaduu, OyuzsHCKyil Ie1arornueckuiil yHUBEPCUTET,
Kuraiickas Hapognas Pecyonuka, 350007, @yuxoy, [llancan Poyn, 8
3 dakynbTet reorpaduu, OHbHAHLCKUI TIENATOTMYECKUH YHUBEPCUTET,
Kuraiickast Haponnas Pecniy6mnuka, 650500, Kynsmus, 121 ABento, 298
kurbanovea@volgatech.net™

AnHOTammA. Beeoenue. B uccnenoBaHun mpoBEeAEH TIYOOKHIA aHAIM3 JaHHBIX BPEMCHHBIX
PAIIOB PKOJOTUYECKOTO MHJCKCA IUCTaHIIMOHHOTO 30HAnpoBanus (aHr1. Remote Sensing Ecological
Index, RSEI) mecoB na teppuropun kopumopa Xocu (Iambcyckuit xopumop, KHP)
¢ 2000 mo 2023 rr. ¢ KCHOJIb30BAaHHEM HEIMHEWHON aNNpOKCHUMAIMK KPUBBIX ISl BBISIBICHUS
TCHICHIUI W3MCHCHHS M XapaKTePHCTHK JIECHBIX JKOCHUCTEM peruoHa. [lens uccredogauus —
OCYIICCTBUTh OICHKY M IPOTHO3WPOBAHUE SKOJOTMYCCKUX TCHICHIIMHA COCTOSHHUS JICCOB TP
WCTIONIb30BAaHNH BPEMEHHBIX pSAAOB CIYTHHKOBBIX JAHHBIX W HEIWHEWHBIX 3aBUCHMOCTEH.
Heob6xoammMo mpoaHanm3upoBaTh B3aUMOCBSA3b MEXKIY BBICOTOW HAJ YPOBHEM MOpS M THIIOM JIECOB
HCCIIEIYEMOTO PernoHa, a TakkKe BIMSHHE 3THX MApaMeTPOB HA HKOJOTWYECKOE COCTOSHHE JECOB
Ha OCHOBE OOBemUHEHHs 0000meEHHON ammutuBHOW Momenm (amri. Generalized Additive Model,
GAM) ¢ anamm3oM IncMSE mopmenm ciydaitroro jeca (anri. Random Forest, RF). Pesyromamut
YKa3bIBAIOT Ha 3HAYUTEIHHYIO KOppETAInio Mex 1y 3HadeHnssMu RSEI sreca n BbICOTO# Hajl ypoBHEM
Mopst. Jleca Ha GOJIBIIMX BBICOTaX NEMOHCTPUPYIOT JIYUYIIYEO SKOJIOTUIECKYIO CTaOMIBHOCTh U O0Jice
Beicokue 3HaueHUsT RSEI, 4To cBUmETEIbCTBYET O OOJiee BRICOKOM Ka4eCTBE OKPY)KAIOIICH CPEIIbl.
EctecTBeHHBIC Jieca, XapaKTepU3YIOMIAECs OOTaThIM OHOpa3HOOOpa3UeM M CIIOKHOW CTPYKTYpOH,
HEM3MCHHO TIOKA3bIBAIOT caMble BhICOKUE 3HaucHUs RSEI B pa3miuuHBIX 9KOJIOTHYECKUAX 30HAX, YTO
MOAYEPKUBACT WX KITIOYCBYIO POJIb B TOAICPIKAHMH SKOJOTHYSCKOTO OallaHCca M TPEIOCTABICHUM
9KOCHUCTEMHBIX YCIyT. B TO ke BpeMs HMCKYCCTBEHHEIC JieCa, PACIIOJIOKCHHBIC MPECUMYIIECCTBEHHO
Ha 0oJiee HU3KUX BBICOTaX M 9acTO BOJM3H JEATEIFHOCTH YEJIOBEKa, XapaKTePU3YIOTCS TMHEHHBIMH
M CTaOWIBHBIMH BPEMEHHBIMH 3aKOHOMEPHOCTSAMH C Ooyiee HM3KMMH 3HadeHHsMH uHaekca RSEIL
3axnouenue. BrIsBICHBI 3HaUUTENbHBIE BpeMeHHbIe kKonebanus uaaekca RSEI, ocobernno B 2002,
2010 u 2017 1r., C 3aMeTHOW TEHICHIMEH K YMEHBIICHHIO IMEPHOIOB KOJeOAHUN C TeUCHHEM
BPEMEHH, YTO, BEPOSTHO, OTpakKaeT BIMSHHWE NPEANPHUHATHIX B IIOCICAHES BPEMS YCHIMI
MO COXpPaHEHHWI0O W BoccTaHoBiIeHHMI0 JecoB B KHP. Hacrosmiee wuccrienoBaHue OpUTHHAIBHO
COYETACT aHANWM3 HEIMHEHHBIX MOJEJCH C HCIOJIb30BAHUEM JKOJOTHYCCKUX HHICKCOB C IICJBIO
00eCIIeUnTh KOMIUICKCHYEO OCHOBY JUISi TOHUMAHUS W TPOTHO3HPOBAHUS M3MCHEHUH B JICCHBIX
JKOCHUCTEMaX W TMPEIOCTABUTh BAXKHCUIIYIO AHAJIWTHUYCCKYI0 HHGMOPMAIMIO I BBIPAOOTKU
OyayIIUX CTpaTernii COXPAaHCHUS U YIIPABJICHHS, IPEXKIIC BCETO B paiioHe Kopuaopa X3cH.

KuroueBble cioBa: yecHas skocuctema; RSEI; 0600ménnas amguruBHas moneib (GAM);
CiIyJaiHbIi Jtec; aHamm3 IncMSE; BpeMeHHON aHam3; KOpUA0p X3CH
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N3meHeHUs1 TOBTOPSAEMOCTH CyXHX I'PO3 NPH COBPEMEHHOM NOTENJICHUH
KJIMMATA Ha IpuMepe HeKOTOPbIX pailoHoB SkyTun n KpacHosipckoro kpast

A. B. Xononuees
Cubupckas noxxapHo-criacatenbHas akagemus [ TIC MUC Poccun,

Poccutickas @eneparnust, 662972, XKenesnoropcek, yiu. CeepHas, 1
knd@sibpsa.ru

AHHoOTanus. Bgedenue. OTIHUNTEIILHON OCOOEHHOCTBIO CYXUX TPO3 SBISETCS OTCYTCTBHE
TIPH TUX SBICHUSIX aTMOC(HEPHBIX OCAKOB, YTO CIIOCOOCTBYET PA3BUTHIO JECHBIX MOXKAPOB, BO3-
HHUKAIOMKX B Pe3yJbTaTe yIapoB MOJHHN, MOKUTAIOIINX TOpIoYnid Matepuasn. Ha jecomokpsl-
TBIX, HO HCHACEIEHHBIX TEPPUTOPHUAX TAKUEC TPO3BI SBISIOTCS OCHOBHOU MPUYMHOW 00pa3oBaHUS
noapoB. [IpHHATO cUMTaTh, YTO MPH YCHICHUH 3aCYIIJIMBOCTH MECTHOTO KJIMMaTa MX MOBTOpsie-
MOCTH IIOBBIIIAETCs. TeM He MeHee, 0COOCHHOCTH €€ M3MEHEHUI B MepHO/l COBPEMEHHOTO ITOTEI-
JIeHWs KJIMMaTa Haj TeMH WIH WHBIMH pernoHaMu Poccum, o0amgaroniiMu 3HaYUTENbHBIMHA JIEC-
HBIMH PECYpCaMH, U3YYCHBI HEJJOCTATOYHO. [103TOMY MX BBISBICHHUE IJIsI PETHOHOB, PACIIOIOKCH-
HBIX B CHOMpH, SBISETCS aKTYaIbHON MPOOIEMON SKOJIOTHH M O€301TaCHOCTH TPH YPE3BBIYaiHBIX
cutyanusx. [/eavro pabOTHI SBISUIOCH BRISBICHHE TCHACHIIMH MEXKTOJIOBBIX H3MCHEHUI TOBTOpSIC-
MOCTH CYXHX T'PO3 B Pa3JIMIHBIC JISTHUE MECAIIBI U B TIEJIOM 32 TPO300TacHble ce30HbI 1961-2023 1.
st SIkytun n KpacHosipckoro kpasi. O6vexm u memoowl ucciedoganus. OObEKTOM HCCIIET0BAHUS
SBISUTMCH W3MEHECHHS TOBTOPSIEMOCTH CYXHX TPO3 H CPEIHEMECSYHBIX TEeMIIEpaTyp BO3AyXa B
NPU3EMHOM cJIoe aTMoc(ephl, OLEHEHHBIX Ul MECSIEB I'PO30OIACHBIX CE30HOB, KOTOPHIEC IIPO-
n3onuty 3a mepuon ¢ 1961 nmo 2023 rr. MccnenoBanue OCyIIECTBICHO C MPUMEHEHHEM METOJa
KOPPEISAIMOHHOTO aHanu3a u kpurepust CTeiofeHTa. Pezyibmamet. Y CTAHOBICHO, YTO TCHACHIMH
MEXT'OJIOBBIX HM3MEHEHHUH MOBTOPSIEMOCTH CYXHX TPO3 ONPEACISAIOTCS HE TOJBKO BapHAIlSIMH
MECTHOTO KITUMAaTa, HO M T€OTPAQUUCCKIM MOJIOKCHUEM H3y4aeMbIX TeppUTOpHid. J[JIsi MyHKTOB,
pacrnonokeHHBIX Ha [IpuneHckom mato, B Oaccefinax pek JleHa u SlHa, st FOOBIX JISTHUX MECS-
[IeB KIIMMaTHYECKIE HOPMBI TIOBTOPSIEMOCTH CYXHX T'PO3 32 pacCMaTPHUBAEMBIN IEPHOA YBEITUUHU-
JIMCh 3HAYHUTEILHO OBICTpEe, YeM MOBTOPSIEMOCTH BceX rpo3. [t myHkToB OWMSKOHCKOTO HAro-
pbst 1 CpenHeCHOMPCKOTO TUIOCKOTOPHS 3TOH 0COOCHHOCTH HE BBISBICHO. Buigodsi. [TokazaHo, 94To
CUHXPOHHAS KOPPEIALHUS BapHALUI MOBTOPSIEMOCTH CYXHX I'PO3 U TEPMUYECKOTO PEIKUMA TePPH-
TOPUH 3HAYMMOH SIBJISETCS HE MOBCEMECTHO, YTO YKa3bIBACT HA HAJMYNE CYIIECTBEHHOTO BIMSHU

Ha Heé HHBIX, TPEATOJIOKUTCIIBHO J'IaHI[IHa(I)THBIX q)aKTOpOB.

KiroueBble ci1oBa: cyxas rpo3a; JECHOU MOXKap; OBTOPSEMOCTD; YPE3BbIYAHAS CUTYAIHS,
Pecry6mmnka Caxa (SAxytust); KpacHosipckwii kpaii; TEHACHIINS; CHHXPOHHAS CBSI3b

DuUHAHCHMPOBAHME: aBTOP 3asBIsieT 00 OTCYTCTBUH BHEIIHEr0 (DMHAHCHPOBAHUS HPH IPO-

BCICHUU UCCIICIOBaHU.

Jas nurupoBanusi: Xononues A. B. M3mMeHeHus NOBTOPSEMOCTH CyXHX TP0O3 IMPH COBPEMEHHOM MOTEI-
JICHUM KJIMMaTa Ha MpUMepe HEKOTOphIX paioHoB Skytuu u Kpacnosipckoro kpas / BectHux IloBomkckoro
roCyapCTBEHHOTO TexHoyorudeckoro ynusepcureta. Cep.: Jlec. Oxonorusa. Ilpupomomnons3oBanue. 2024.
Ne 2 (62). C. 82-97. https://doi.org/10.25686/2306-2827.2024.2.82; EDN: CXOYBY

Beenenune

BaxxHOM pa3HOBHUIHOCTBIO TIPO3, Xapak-
TEPHOM U1l MHOTUX PErnoHOB CEBEPHOIo yme-
PEHHOIO KJIMMATHUUYECKOTO TM0sICa, SIBIISIFOTCS
CyXHe, IIPU KOTOPBIX aTMOC(EPHBIX OCAKOB Ha
COOTBETCTBYIOIIMX TEPPUTOPUAX NPAKTUYECKH
He HaOmomaercs [1, 2]. Ilpu Takux rpozax Ty-
IIEHUE aTMOC(EPHBIMU OCAIKaMH BO3TOPaHUI
TOPIOYEr0 MaTEepHalla, KOTOPBIC BO3HHUKAIOT
IpY NONAJaHUKM B HETO MOJIHMM, HE IPOUCXO-

© Xomomues A. B., 2024
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it [3]. B Takux ciydasx MHUIMUPOBAHHBIC
rpoO3aMU JIECHBIE TMOXKaphl MOTYT pa3BUBATHCS
70 MacmTaboB, MPECTABISIONIMX 3HAYUTEIb-
HYIO OMACHOCTb JUTS HACENICHUS] U SKOHOMHUKH
[4], mo3TOMY BBISIBICHHE COBPEMEHHBIX TEH-
JCHIIMA W3MEHEHW TOBTOPSIEMOCTH CyXHUX
rpo3 (manee I1I'C) Hax TeMu WM WHBIMHA JIECO-
MOKPBITHIMU TEPPUTOPUSIMH — aKTyallbHas! TIPO-
OnemMa MeTEOpOJIOTHH, KJIMMAaTOJIOTUU U 0e3-
OTACHOCTH TPU YPE3BBIYANHBIX CUTYAITHSIX.
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HaubGonpmmii wHTEpeC perieHue pac-
CMaTpUBaeMOM MpoOIEeMbl IPEACTABISIET [T
PErMOHOB, OOJIAZIAIOIIUX  3HAYUTEILHBIMU
JECHBIMU PECYpPCAMM, CYILIECTBEHHAs YacTb
KOTOPBIX PACIIOJIOKEHA Ha TEPPUTOPUSX, OT-
HOCSIITUXCS K 30HaM KoHTpouis [ 8] (puc. 1).

B Poccum BaxkHEHMmMMHU cpeld TaKHUX
peruonoB sBisitorcst  Pecnybnuka  Caxa
(Axyrus) (manee Sxyrtust) u KpacHosipckuit
Kpal, Te CyMMapHbl€ IUIOIIAJU YIOMSHY-
TBIX TeppuTOpuil MakcuMaibHbl [5—7]. Pac-
IIOJIO)KEHUE TaKUX TEPPUTOPUM, a TaKxKe
palloHOB ¢ OPYTMMM peXUMaMHU IPOTUBOINO-
JKapHBIX MEPONPUITHH, coryiacHo [8], moka-
3aHbI Ha pucC. 1.

Kax cnenyer u3 puc. 1, B SAkyruu u Kpac-
HOSIPCKOM Kpae K 30HaM KOHTPOJISI OTHOCSTCS
peo0iaiatoiiye YacTH UX TePPUTOPHUIL.

Ha tepputopun Skytum 30Ha KOHT-
poJisl pa3felieHa Ha JBE€ 4acTU — CEBEPHYIO
u 10kHyl0. EE cesepHas uacte oOpa3oBa-
Ha lleHTpanbHO-SIKYyTCKON HHU3MEHHOCTBIO.
IOxxHass d4acTh paccMaTpuBaeMOl  30HBI
npejacTaBieHa AJJaHCKUM HaropbeMm. B
KpacHosipckoMm kpae 30Ha KOHTPOJIS 3aHUMa-
€T BCIO CEBEPO-BOCTOUYHYIO YacTh €ro TeppH-
TOpPUH, TPUHAJJIEKAIIYI0O B OCHOBHOM DBEH-
KUHCKOMY paillOHy, Ha KOTOPOMl HaxOAUTCA

Pecnybanka Caxa (SIkyrus)

Ycnosusie 06o3navuenun
B recowman xva

Cpennecubupckoe 1iockoropse. Iloatomy
00BEKTOM HCCIEOBaHUSI B JTAHHOM paboTe
BbIOpaHa rpo30Basi aKTUBHOCTh Ha TEPPUTO-
pun KpacHosipckoro kpas u PecmyOmuku
Caxa Sxytus.

YnomsHyTass TEppUTOpPHUS OrpaHHYEHa
pekoii Exnuceii Ha 3anaze, mobepexbsiMu MO-
peir Kapckoro, JlanteBbix m BocTounocu-
OMpPCKOTO Ha CeBepe, TOPHBIMU XpeOTamw,
pa3fensAomMUMU  BOJOCOOpHBIE  OacceiHbl
Tuxoro u CesepHoro JlenoBuTroro oxeaHa
Ha BOCTOKe, a Takke BoctounsiM CasiHOM,
[TaTomckuM, ANTaHCKUM HaropbsMu Ha 1ore.
E€ gactp, pacnosioXEHHYI0 MEXAY PEKaMu
Enuceii u Jlena, 3anumaer ¢usuko-reorpa-
(uueckas crpana Cpenusst Cubupb, 06paszo-
BaHHas CpeaHeCHOMPCKUM TUIOCKOTOPhEM,
Ceepo-Cubupckoii u LlenTpanpHO-SAKyTCKOM
HU3MEHHOCTbIO, ropamMu beippanra, miaaTo
[Tyropan, AnaGapckum u Ilpunenckum, a Tak-
ke AJJaHCKMM HaropbeM. YacTb TeppuTO-
pun  SIKyTHH, pPACIONIOKEHHas K BOCTOKY
oT peku Jlena, sABigeTCI B OCHOBHOM
TOPUCTOM. 3/1€Ch  PaCIOJIOKEHBl TOpPHBIE
xpeoTel Bepxostackuii, Yepckoro m Mowm-
CKHUH, a Takke OIJIbIMHCKOE IUIOCKOTOphe,
K KOTOpBIM C ceBepa mpuieraror SHo-
WNunurupckas u KosbiMckass HI3MEHHOCTH.

Kpacnosipckun kpan

Puc. 1. Pacnonooicenue yuacmxos meppumopuu Axymuu u Kpacnoapcroeo Kpas ¢ mem uau UHbIM percumMom
NPOMUBONONCAPHBIX MePOnpUasmuU, co2nacto [8]
Fig. 1. Location of the areas with particular fire prevention regimes on the territory of Yakutia and Krasnoyarsk Krai
according to [8]
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W3yyaemass  TeppuTopuss  OTHOCHUTCS
K JaHamadTHOW 30He OopeanbHON Tairh [9]
U XapaKTepU3yeTCsl JECUCTOCTbI0 HE MEHee
50 %. I'po3bl 3/1€ch BO3HUKAIOT B TMEPHOJ
¢ Mmast o ceHtsiops [10-12].

ITo ouenkawm [13], mumb okono 2 % nec-
HBIX MOXapoB, KOTOPbIE BO3HUKAJIU Ha Tep-
putopusx fAxyrun u KpacHosipckoro kpas
B 2005-2022 rr., ObUIN BBI3BaHbI IPO3AMHU.

CnemyeT OTMETHUTH, UYTO HAOIIOJICHMUS,
Ha KOTOPBIX OCHOBAHBI TaKHWE OIICHKHU, OCY-
HIECTBIISUINCH JIMIIb Ha HACEIEHHBIX TeppH-
TOpUSX, T/I€ TJIABHOW MPUYMHOM JIECHBIX IO-
KapoB SBIISETCA UeJOBEuYecKas JieATelb-
HOCTh. K TOMY k€ y4UTBIBAINCh BCE TPO3BI,
BO3HUKABIIIME HAJ PacCMATPUBAEMBIMH TEp-
PUTOPHUSMH, a HE TOJBKO CYXHE T'PO3BI, IO-
9TOMY YHOMSHYTbIE OIICHKHM 3HAYMMOCTH
BiusiHug n3menenuit [1I'C Ha ropumocTs Jie-
coB SAkyrun u KpacHosipckoro kpasi 1eiaeco-
00pa3HO paccMaTpUBaTh KaK OIEHKU CHU3Y.

BrusiBneHnio  3aKkOHOMEPHOCTEH  00pa3o-
BaHUS HaJl U3y4aeMOl TEPPUTOpPUEN T'po3 MO-
CBSIILIEHBl PAa0OThl MHOTHX OTEUYECTBEHHBIX
aBTOpOB [2, 11, 12, 14-22]. UMu ycTaHOBIIEHO,
4TO HajJ e€ TeppUTOpHEil Ipo3bl 00pa3yroTCs
NPy KOHBEKTHBHBIX TMpOIEcCaX B KYy4eBO-
noxaeBbix obnakax Cb. Takue mporeccsl mpu
MOTEIJICHUH KJIMMaTa U MPOYUX PaBHBIX YCIO-
BUSX aKTUBU3HpYIOTCH [ 14, 23-25].

Menee u3y4yeHbl yCIOBUS, PU KOTOPBIX
oOpa3yrommuecss TPO3bl SBISIOTCS CYXHMH.
Takue rpo3bl BO3HUKAIOT, €CJIM BO3AYX O]
COOTBeTCTBYIOIMMHU obsiakamu Cb siBisieTcs
HACTOJBKO CYXMM M TEIJIBIM, YTO BbINA/aI0-
M€ U3 HUX KaIlu JI0K[s YCIIEBaIOT MOJIHO-
CTBIO HCIAPUTHCA, HE JOJIETEB 10 3€MHOMU
noBepxHoctu [1, 2, 17, 26, 27].

OdeBHIIHO, YTO TMPHU TPOYHX PABHBIX
YCIOBUSIX TMOTEIUIEHWE U YCUJIEHHME 3acyll-
JUBOCTH MECTHOTO KJIMMara MPUBOJUT K
yBenuuenuto [II'C nHaxg paccmarpuBaemoit
MECTHOCTBIO0. BMmecTe ¢ TeM, yCTaHOBIJEHO,
YTO 3a MEPUOJI COBPEMEHHOI0 MOTEIUICHHUS
[J100aNbHOTO KJIUMaTa CpPEeIHsst WHTEHCHUB-
HOCTb aTMOC(EpPHBIX OCAIKOB Ha M3ydaeMon
TeppuTOpuM yBenuuuiach [28-30].

OtHOocuTenbHAST BIAKHOCTH  BO3AyXa
MOJT TPO30BBIMU OOJIAKAMH 3aBUCHUT HE TOJb-
KO OT €ro TEeMIEepaTypbl, HO U OT UHTCHCHB-
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HOCTHU TpaHCIUpaluu B (UTOLIEHO3aX, pas-
BHUBAIOIIMXCSI HA COOTBETCTBYIOIIEH MECTHO-
ctu. IlocnenHsii CyIIECTBEHHO 3aBUCHT
OT COCTOSIHUS 3THX (PUTOLIEHO30B U MPOIIOP-
LMOHAJbHA CYMMAapHOW IUIOMIAANA 3€JIEHOrO
JIUCTa, KOTOpas 3a MEpHoJi BEreTaluu u3Me-
HSETCS. 3aBUCUT OHA TAKXKE OT YBJIAXKHEHHO-
CTU IIOYBEHHBIX CJIOEB, MHUTAKOUIUX BJIarou
KOpPHEBbIE CHCTEMbI PACTEHHM, KOTOpas
B OopeanbHOIl Taiire pa3BuBaeTCs Ha BEYHOM
MEp3JI0Te U MOTOMY 32 JIETHUN CE30H MOKET
U3MEHAThCS, mo3ToMy u3MeHenusa [II'C nan
TEPPUTOPUSAMH PACCMAaTPUBAEMBIX PETrMOHOB
Poccun moryt 3HaunMo 3aBHCETh OT (haKTo-
POB HE TOJIbKO KJIMMATHUYECKHX, HO U JIAH[-
madTHBIX.

CnenoBaTenbHO, HAMHU BBIIBUHYTA THU-
[I0Te3a O TOM, YTO HAaJ HEKOTOPBIMHM Y4acT-
KaMU TEpPPUTOPUN M3y4aeMbIX PErHOHOB
Poccun 3a nmepuos COBpEMEHHOIO IOTEILIE-
Husl rnobaneHoro Kinumara [II'C moBbicu-
J1aCh, MEKTOJIOBbIE M3MEHEHUs 3TOro IOKa-
3aTelisd HaJl MECTHOCTSMM C Pa3HBIMU THUITAMHU
naHAmwadToOB pa3IUYaINCh, a UX KOPPEIALHUI
C CHHXPOHHBIMH BapHalUsIMU CPEIHUX TEM-
neparyp Bo3ayxa ObLTia 3HAUUMOU HE MOBCE-
MECTHO.

B HEKOTOpBIX HAaCEIEHHBIX ITYHKTaX
SAxyrun u KpacHosipckoro kpasi B IEpUO.
COBPEMEHHOT0 TOTEIUICHHUs] TJ100aIbHOrO
KiIruMara [28] MOHUTOPHUHT TPO30BOM AKTHB-
HOCTH TPOM3BOAMIICA cucTeMatuuecku [31],
YTO TIO3BOJISIET OLEHUTh CIPABEAJIUBOCTD
JUISI HHUX BBIIBUHYTOTO MPEANOJIOKEHHUS.
TeM He MeHee, paHee TeHJCHIIMN U3MEHEHU N
I[II'C wnapg TakuMU TyHKTaMU HW3Y4YEHBI
He ObutM. He BBISBIEHBI TaKkke YCIOBHS,
MpU  KOTOPBIX MEXIOJOBbIE HM3MEHEHHUS
CpEeIHEMECSIUHbIX TeMIIepaTyp BO3ayxa (la-
nee CMT), cooTBETCTBYIOIIHUE MeCsAaM II0-
KapOOIaCHOTO CE30HA, B YNOMSHYTHIM Iie-
puoJ ObUIM 3HAYMMO CBSI3aHBI C BapUALUSIMU
II'C Hax KaKUMU-TMOO0 TyHKTaMH.

Bc€ 310 HE 1O3BOJIIET yUeCTh Pe3yJIbTa-
Tbl MOHUTOPHHIAa TPO30BOM aAKTHUBHOCTH
HaJl yKa3aHHbIMM perunoHamu Poccum npu
MIPOTHO3UPOBAHUH PHUCKOB BO3HUKHOBEHUS
Ha WX TEPPUTOPUSAX JIECHBIX IOXKAPOB,
a TaK)Ke TUIAHUPOBAHUM OCHOBHBIX MEPOMPHU-
SITUM COOTBETCTBYIOLIMX MPOTHUBOIOKAPHBIX
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noapasnenennii. CregoBaTeabHO, MPOBEPKA
BBIJIBUHYTOM THUIIOTE3bl U BBISBICHUE Yy4acT-
KOB Tepputopun Skyruum u KpacHosipckoro
Kpasi, I KOTOPbIX OHA CIpaBEJIUBa, MPe-
CTaBJSIET HE TOJBKO TEOPETUUYECKUU, HO
Y HEMaJIbI IPAKTUYECKU HHTEPEC, IOITOMY
MpeIMETOM HCCIIEIOBaHUS B JaHHON paboTe
SIBJISIFOTCS U3MEHEHUS IOBTOPSIEMOCTH CYXHMX
rpo3 IpU COBPEMEHHOM MOTEIUIEHUH TJIO-
OanmpHOTO KJIMMarta Ha Tepputopuu KpacHo-
SAPCKOro Kpas ¥ SIKyTuu.

Heabro nanHOM pabOTHI SBISETCS BBISB-
neHune paiioHoB SAxyrun u KpacHosipckoro
Kpas, Ul KOTOPBIX BBIIBUHYTas TUIIOTE3a
cIpaBe/JiuBa.

Jns e€ MOoCTHKEHHUs pPElIEHBbl CIENYIO-
e 3a1a49u:

1) BBIsSIBIIEHHE OCOOCHHOCTEH MEXTO0-
BbIX u3MeHeHui [1I'C Hajg myHKTaMu Teppu-
topuii SAxkyrun u KpacHosipckoro kpas, Ko-
TOpBIE€ PACIOJOKEHBI HA MECTHOCTSIX C pas-
JUYHBIMU THUMAMH JaHAMA(TOB, Kak s
IPO300NACHOTO CE30HA B IIEJIOM, TaK U s
Pa3INYHBIX €0 MECSIIEB;

2) onpezeneHue JUIsl 3TUX IYHKTOB M3-
MEHEHHM KIMMaTUYECKUX HOPM paccMaTpHu-

BaEMbIX TIOKa3aTelell s COBPEMEHHOIO
knuMmarndeckoro mepuona (1991-2020 rr.)
1o oTHoIIeHUIO K 6a3oBomy (1961-1990 rr.);

3) olleHKa 3HAYMMOCTU CHUHXPOHHOM
KOppessaiuu MexroaoBeix uamenenuit [1I'C
JUISL TOTO WJIM MHOTO MECAlla U MYyHKTa, C CO-
OTBeTCTBYIOIMMH BapuanusiMu CMT.

MarepuaJjbl 1 METOIbI

[Ipu pemienun paccMaTpuBaembIx 3ajad
KaK MCTOYHHK (DaKTHYECKOTO Marepuaia
o III'C u CMT wucnons3oBana uH(GopmMarus
[31], xOoTOpass OCHOBaHa HEMOCPEIACTBEHHO
Ha pe3yibTaTax HaOJIOIEHUM, POBOJAUMBIX
COOTBETCTBYIOILIUMU THUIPOMETEOPOJIOTHYE-
cKkuMU cTaHimsiMu Pocruapomera.

[Tpu BBIOOpE pEMPE3CHTATHUBHBIX ITyHK-
TOB  yYUTHIBAIMCh KapThl  JIaHAMA(TOB
Poccun [32], a Takxke pacroysioxkeHus TUipo-
METEOPOJIOTUYECKUX CTaHLIUNA, HAa KOTOPBIX
B nepuox 1961-2023 rr. mpoBoawics cuc-
TEMATUYECKUH MOHHUTOPUHI W3MEHEHUW TEM-
neparyp BO3JyXa M TPO30BOM aKTUBHOCTU
[32]. CBenenust o ¢usnko-reorpadguIecKux
parionax fAxyrun u KpacHosipckoro kpasi, s
KOTOPBIX BBIOpAaHHBIC MYHKTHI SBJSUIUCH pe-
MIPE3CHTATUBHBIMH, TIPECTABICHEI B Ta0M. 1.

Tabnuma 1. Hynkrsel Axyrun m KpacHosipckoro kpasi, a Takke (usnko-reorpapuyeckue paiioHbI,
JJISl KOTOPBIX OHM SIBJISIIOTCA penpe3eHTaTUBHBIMH
Table 1. Locations in Yakutia and Krasnoyarsk Krai and the physiographic regions they are representative of

[TyskT Mupota (°) | Homrora (°) | Abc. BeicoTa (M) | PafioH, I KOTOPOTO MyHKT PETPE3eHTaTHBEH
Annman 58,61 125,36 650 AnmaHcKoe Haropbe, OacceiH pexu AnjgaH
Banasapa 60.33 102.26 259 Cpennecubupckoe TUIOCKOTOpBE, OacceiiHn
pexu ITonxamenHnoi TyHrycku
BepxosHcK 67.55 133,38 127 SHo-MHaurnpckas HUI3MEHHOCTh, OaCCeH
peku SAHbI
Bumofick 63,76 121,61 110 IOxHas gacth L[eHTpvanLHo-}IKyTCK(U)I/I
HU3MEHHOCTH, OacceiH pekn Bumoii
Jlenck 60,71 114,88 242 [Ipunenckoe muato
ONMAKOH 63,25 143,15 741 ONWMSAKOHCKOE Harophe
Canrap 63,96 127,46 80 Jlonuna pexu JIeHBI B cpelHEM TCUSHUU
Jonuna peku Enuceit B HIDKHEM TE€UEHUH,
TypyxaHnck 65,78 87,95 35 3amaHeie mpearopbs CpenHecnoupcKoro
IUIOCKOTPBS
Skytex 62.01 129,75 95 Jonuna peku JIeHsI B CPC/IHEM TeUCHHH
(B Tom uncne nonmHa Tyiimaana)
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Kax BumHO u3 Tabn. 1, mynktel BanaBapa
u TypyxaHck oTHocsatcsi kK KpacHosipckomy
Kpal0 U OKPYXKEHBI €ro TEePPUTOPHUIMH, KO-
TOpbIE MPEUMYILECTBEHHO OTHOCATCSA K 30HE
KoHTpoJsis (cM. puc. 1). Ilpoune mMyHKTHI,
YIIOMSIHYTBIE B 3TOW TaOJUIle, OTHOCATCS K
SxyTtuu, a usuko-reorpaduyecKue paiioHBbI,
K KOTOPBIM OHHM OTHOCSITCS, 3aHUMAIOT CyIIe-
CTBEHHYIO M Hamboyiee HacelEHHYIO YacTb
TeppuTopuu 3Toro peruona Poccun. Creny-
€T OTMETUTh, YTO BBHIOpAHHBIC MYHKTHI pe-
MPE3EHTATUBHBl JIUIIb JUISI COOTBETCTBYIO-
X pailOHOB, YKa3aHHBIX B Tabiu. 1. Pempe-
3€HTATUBHBI JJIS TaKUX PAllOHOB U IMYHKTHI
TypyxaHck u AljgaH, HECMOTpsL Ha TO, YTO
OHU PACIIOJIOKEHBI BOJIM3M I'PAaHUL] COOTBET-
CTBYIOIIMX (PU3UKO-TEOrpapUUECKUX CTPaH.

[Ipu BbIOOpE MyHKTOB, PEMPE3CHTATUBHBIX
JUISL TOTO WJIM MHOTO paiioHa, OTAAHO MpPEAro-
YTeHHE TeM, TJe BPEMEHHOH psi HaOmoaeHni
3a rpo3aMu oxBarsiBail nepuoa 1961-2023 rr.

W3 tabn. 1 ciexyet, yTo paiioHBI, KOTO-
pPBIM COOTBETCTBYIOT BbIOpaHHBIE ITYHKTHI,
B COBOKYIHOCTH MEPEKPHIBAIOT 3HAYUTENb-
HYI0 4acTh Tepputopun Pecnybmukum Caxa
(Axyrus) u KpacHosipckoro kpasi, Mmo3ToMy
pe3yJbTaThl UCCIEI0BAHUM, KOTOPBIE MOTYT
OBITh TOJIYYCHBI JJIsi TaKUX IYHKTOB, BO3-
MOKHO paccMaTpuUBaTh KakK IMPEACTaBUTENb-
HBIE ISl BCEW M3y4aeMOW TEPPUTOPHUH.

[Ipu pa3paboTke METOOUKU HCCIIEeI0Ba-
HUSl YYUTHIBAJIOCh, YTO 3HAUYEHHUE MOBTOpsiE-
MOCTH COOBITHSI TIPUHATO OIpPENeNsiTh, Kak
OTHOIIEHHE KOJHMYECTBAa CYTOK, MpHHAJJIe-
KaIUX K M3y4aeMOMY OTpPE3Ky BpEMEHH,
B TEUEHHE KOTOPHIX OHO MUMEJIO MECTO, K €ro
o01iell MPOJOIHKUTENBHOCTH 3TOTO OTpe3ka
[33]. [loaTOMY 1UI BCEX IMYHKTOB, YIIOMSHY-
THIX B Tab. 1, KaXkI0ro rpo300macHoro ce-
30Ha U BCEX €ro MECSIEB, MO0 YKa3aHHOMY
dakTHueckoMy MaTepuaily onpesesieHbl 3Ha-
yenust [II'C, a Takke MOBTOPSAEMOCTH BCEU
coBokynHocTH Tpo3 (nanee I1I'). Taxxke nns
HUX BbIuKcieHbl 3HaueHus: CMT.

N3 stux mokazateneit chopMUpOBaHBI
BpemeHHbIe psasl [II'C, I[1T" u CMT.

[Ipn pemeHnn mepBoil 3agavu COMOCTAB-
JSUTUCh TIOCTPOEHHBIE IO 3TUM psiiaM 3aBHUCH-
moctu [II'C u III" oT BpemeHH, KOTOpBIE COOT-
BETCTBYIOT Pa3IMYHbIM U3y4aeMbIM ITyHKTaM.
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[Ipu pemieHnn BTOpPOM 3afauu ISl Kax-
JIOTO TTYHKTa TPO300IACHOTO CE30Ha B IIEJIOM
M KaXJIOro €ro Mecsia OICHUBAINCH TEH-
nennun u3Menenuit I1II'C u III' 3a cospe-
MeHHbI nepuon 2012-2023 rr., a Takxke
KIIMMaTU4YE€CKUX HOPM O3THUX I[OKa3aTeseu
3a TMEPHOJI COBPEMEHHOTO TOTETUICHUS KITH-
mara (1961-2020 rr.).

Tennenmms wsMmenennd [II'C wm TII
MpU3HABATIACh 3HAYUMOM, €CJIU JOCTOBEPHOCTD
TaKoro BEIBOJA cocTaBiisuia He meHee 0,95.

[IpuHsATO MOMyIIEHWEe O TOM, YTO OTKJIO-
HEHHUsI YJICHOB psAJia OT COOTBETCTBYIOIIETO
TpeHJa MOTYUHSIIOTCS HOPMATBHOMY 3aKOHY,
MOATOMY PEIICHHE O 3HAYMMOCTU BBISIBICH-
HOH TEHIEHIIMH BBIHOCHJIOCH, €CJIM BBIIOJI-
HSJIOCh YCIIOBUE:!

39A >1,65CKO,

rae A — yriioBod K03((UIMEHT JIMHEHHOTO
TPEH/Ia PACCMATPUBAEMOTO BPEMEHHOTO Psifa;
CKO - cpenHekBagpaTUYECKOE OTKJIOHEHUE
YJIEHOB ATOT0 psga OT COOTBETCTBYIOLIETO
TpeHa.

[Ipy BBISIBIICHMU TEHACHUWNA U3MEHEHHUS
kiMatrdeckux HopM [II'C wnm IIIN 3Hauve-
HUS JTHUX T[IOKa3aTenedl BBIYUCISUINCH JUIS
COBPEMEHHOTO U 0a30BOr0 KIMMATHYECKOTO
Mepuo/ia, a TaKXKe OINPEesUIOCh 3HAUYCHUE
HX Pa3HOCTEM.

[Ipu pemieHun TpeThel 3adauM, Kak Xa-
pakTepUCTUKAa CUJIBI CBSI3U MEXIYy BpEMeEH-
ueivu psgamu [1IC, IITN, a Takxxke CMT, pac-
CMATpUBAJIOCh 3HAauUeHUE KOdPuUIeHTa
UX KOppENSLUU, TOATOMY MpHU PEIICHUU
NepBod 3aJauv MPUMEHEH METOJ KOoppes-
LIMOHHOTO aHAJIN3A.

N3yuanuce cBSI3M MEXAY BPEMEHHBIMU
psanamu [II'C, I1T', a Taxxe psaamu CMT st
Ka)KJIOTO HACEIEHHOTO MyHKTA, YIIOMSHYTOTO
B Tadm. 1.

[Ipeanonaranock, 4YTO H3y4aeMble Bpe-
MEHHBIE PsIJIbI COOTBETCTBYIOT MEPUONY UIU-
HOM 62 ropa. Ilpu oleHKe 3HAYMMOCTH CHH-
XPOHHBIX CBSI3€H MEX]y COOTBETCTBYIOLIMMHU
psnamu npuMeHsiics Kputepuii CThIOIeHTA.

[Ipu ompeneneHnu MOPOrOBOTO YPOBHS
kod(uimeHTa KOPpEeIAIUN  YIUTHIBAIOCH
HAaUMEHBIIIee KOJUIECTBO CTETICHEH CBOOO/IBI
COMOCTAaBIIIEMBIX BPEMEHHBIX pAIOB. YTO-
MSHYTO€ KOJUYECTBO ONPENESUIOCh s
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Ka)KJIOTO pslia 10 €ro aBTOKOPPEISILIMOHHOM
¢bynkuun. Ero 3HaueHue 11 Bcel COBOKYII-
HOCTH M3Y4aEeMBbIX PSIZIOB COCTaBUIIO 62.

[lepen BBIUMCIIEHWEM 3HAYEHUS KOI(D-
buueHTa KOpPPENSIUA  PacCMATPUBAEMBIX
BPEMEHHBIX PAJIOB B KAXKJOM M3 HUX CKOM-
MEHCUPOBAH JIMHEHHBIA TpeHa, Kodhdwuiu-
€HTbl KOTOpPOTO OIpeAeieHbl MO0 METOAY
HAUMEHBIIINX KBaJIPaToB.

Pemienne o 3HAYMMOCTH KOpPpESALUU
COMOCTAaBIIIEMbBIX PSAOB MPUHUMAIOCh, €CITU
JIOCTOBEPHOCTh 3TOT0 CTATUCTHYECKOI'O BHI-
Boja mpeBocxoauia 0,95 (3HaueHue Momayss
COOTBETCTBYIOILIETO MOPOra KOPPEeJsuu Co-
crapisieT 0,25).

Kak cnenyer u3 paccMOTpeHHOU MeTo-
JTUKH, KOJJMYECTBO PENPE3CHTATUBHBIX ITYHK-
TOB Ha Tepputopusax Axyrum m Kpacnosip-
CKOTO Kpasi HeBeluko. K ToMmy ke mpoBepKy
JOMYIIEHUSI O TOM, YTO OTKJIOHEHHS YJICHOB
KaXXJIOT0 U3y4aeMoro psiia OT COOTBETCTBY-
IOILIETO TPEeH/JAa MOJAYUHAIOTCS HOPMAIbHOMY
3aKOHY, HE TIIO3BOJISIET OCYIIECTBUTh He-
0oJbIlas ero JJIMHA, MOATOMY BBIBOABI, KO-
TOpbIe MOTYT OBbITh MOJyYEHBI C €€ MpHUMeHe-
HUEM, CJIeIYyeT pacCMaTpHUBaTh KaK HOCSIIHE
JUIIb KaYE€CTBEHHBIN XapaKTep.

Pe3ynbTaThl HCC/IEI0BAHNS U MX AHAJIH3

B cooTBeTCTBUM € W3JI0KEHHOU METO-
JMKON MCCIENOBaHUS, TIPU PEIICHUU MTEPBOU
3a/aund Ui KaXJOTO paccMaTpuBaeMOro
nyHkra Tteppuropuil Sxyrum u KpacHo-
SIPCKOTO Kpasi, KaXKJO0r0 TpO300IMACHOrO ce-
30Ha 1961-2023 rr., a Takke KaXXKa0ro OT-
HOCSILIETOoCd K HEMY Mecslla BBIYHCIICHBI
sHauenus I[II'C wu III. W3 mnomydeHHBIX
pe3ynbTaToB  COPMUPOBAHBI  BPEMEHHBIE
pAIBI, OTpaXKarolllhe 3aBHUCUMOCTH KOJUYe-
CTBa JIIOOBIX TPO3 M CYXHX TpO3, a TaKKe
[1I'C u III" ot BpemMeHH.

Wx aHanu3 mokaszai, 4TO CyXHE IpO3bl
HaJ W3y4aeMbIMH MYHKTaMH HaOIIOIaIHCh
TOJIBKO B MECSIBI C MIOHS IO aBTYCT, XOTS
MpOYKEe TPO3bl PErUCTPUPOBATUCH TAKKE
B Mae U CeHTs0pe. 3aBUCUMOCTH MX KOJIHUYe-
CTBA OT BpPEMEHH MNPEICTABIAIOT COOOMH
cioxHble KojeOanus. [lpu sTom Hambomee
MOIIIHAs KBAa3UABYXJIETHSSI MOJIa UX CIEKTpa,
XapaKkTepHasi Takke HJsi COOCTBEHHOW W3-
MEHYMBOCTH MHOTHX XapaKTEPUCTUK aTMO-

cdepbl, MPaKTUYECKH MACKUpPYET BCE Ipo-
yue. JIns BBIABIEHHS 3aBUCUMOCTEN OT Bpe-
MEHH CYMMBI MPOYHX MOJl M3y4aeMBIX MPO-
[[ECCOB, YIOMSIHYTYIO MOAY HEOOXOAUMO TI0-
JIaBUTh. JlJis 3TOr0 OCYIIECTBIIEHO CTia)H-
BaHME Bcex c@opmupoBaHHbIX psgoB [1I'C
U III" B cKOJIB3S1IEM OKHE JUIMHOU IIATE JIET.

Kax mpumepsb! Ha puc. 2 TpUBeIECHbI 3aBU-
CHMOCTH OT BPEMEHH KOJIMYIECTBA JIFOOBIX TPO3
U CyXMX TIpO3, COOTBETCTBYIOIIMX HIOHIO
U UIOJIIO, a TAKXKE BCEMY IPO300MACHOMY CE€30-
Hy, a Takke [1I'C u I1I" nns Bcero sToro ce3o-
Ha, KOTOPBHIE CIVIaXKEHBI B CKOJB3SIIEM OKHE
JUTMHOM TISITh JIeT, 11 11. JIeHck (SIkyTus).

W3 puc.2 BUAHO, YTO MEXIAY OAHO-
MMEHHBIMU 3aBUCHUMOCTSMH OT BPEMEHU KO-
muyectBa Bcex rpo3 (KI) u cyxux rpos
(KI'C) nnsa mynkrta JIeHCK MMeEET MeCTO Cy-
niecTBeHHoe noaobue. Bce paccmarpuBae-
MbI€ 3aBUCUMOCTH SIBJISIIOTCSI BO3PACTAIOIIU-
MU, a IPUCYTCTBYIOIINE B HUX TPEH/bI BECh-
Ma OJIN3KH K JIMHCHHBIM.

Crounpb e nmogo0HbI aHATIOTHYHbIE 3aBU-
CUMOCTH, COOTBETCTBYIOLIME IPOYUM pac-
CMaTpUBAEMbIM IyHKTaM, XOTS MpPHUCYT-
CTBYIOIIME B HHUX TPEHIbl JIMHEHHBIMU
HE SIBJISIOTCS.

[Tomobre OTHOMMEHHBIX 3aBUCHMOCTEH
ot BpeMenu [II'C u IIT" qyist mecsitieB uroHb—
aBryCT, a TaK)K€ B IIEJIOM 3a TPO300MACHBIN
CE30H MOATBEp)KIaeT Tall. 2, e MpeacTaB-
JIeHbI 3HA4YeHUS Kod(pPULMEeHTa KOppeIsIuun
COOTBETCTBYIOIINX BPEMEHHBIX PSIIOB.

N3 Ttabn. 2 cimemayer, 4TO 3HAYCHHUS KO-
s durmenTa KOppeIsud BPEMEHHBIX PSI0B
[IT"C u III" 1 Bcero rpo300MacHoOro ce30Ha
U U1 KKJIOTO €ro Mecsla, COOTBETCTBYIO-
M€ BCEM pAacCMaTPUBAEMbIM ITYHKTaM,
KpoMme myHKTa Bumoiick, nmpessimator 0,25

(BBIOpaHHBIN  MOPOT WX  3HAYUMOCTH).
Jns mynkra Buntoiick 3HaYeHUE 3TOro Ko-
spdummenta nans  wroHa paBHO 0,242,

JUIS TIPOYMX JIETHUX MECSLEB M CEe30HA B IIe-
JoM Takxke npesbimaet 0,25.

CrienoBaTennbHO, CBS3M MEXIY COOTBET-
CTBYIOIIIMMH BpPEMEHHBIMH pSIaMH  MOTYT
OBITh NPU3HAHBI 3HAYMMBIMH JJISI BCEX MeECs-
IIEB ¥ TPO300IIACHOTO CE30HA B IIENIOM, @ TAKKe
JUISL BCEX pacCMaTpUBAEMbBIX ITYHKTOB, KpPOME
IIyHKTa BUITIOVCK JUIs UIOHS.
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Puc. 2. Mexceooosvie usmenenus KI' u KI'C nao copooom Jlenck
@) Koauuecmso 2po3 3a uoHb, 6) KOIUUeCmB0 2po3 3a Uiolb, 8) KOIUYECMBO 2po3 3d 200 (2PO300NACHbII Ce30H);
2) CIIT" u I1I" 3a mom dice ce30H, OyeHEHHble 8 CKOb3AUEeM OKHe OUHOU 5 Jem
Fig. 2. Interannual variations in the number of thunderstorms (TN) and dry thunderstorms (DTN) over the city of Lensk
a) TN in June; b) TN in July; c) TN during a year (thunderstorm season); d) recurrence of dry thunderstorms (DTR)
and recurrence of thunderstorms (TR) during the same season, estimated using a sliding window with a length of 5 years

Tabnmuna 2. 3navyennsi kodddunmenta koppeiassuun Bpemennsix psgoB III'C m III' nas Beex
penpe3eHTaTHBHBIX NYHKTOB SIkyTHn 1 KpacHosipckoro kpas
Table 2. Values of the correlation coefficient of the DTR and TR time series for all representative locations

in Yakutia and Krasnoyarsk Krai

ITynkr Hronp Wrons Asryct Jleto
Annan 0,291 0,613 0,559 0,621
BepxosHck 0,517 0,899 0,883 0,710
Bumotick 0,242 0,542 0,589 0,725
Jlenck 0,711 0,765 0,514 0,845
OiMsIKOH 0,544 0,762 0,695 0,711
Canrap 0,525 0,453 0,489 0,720
SxyTck 0,572 0,554 0,454 0,595
Banasapa 0,499 0,733 0,549 0,738
TypyxaHck 0,581 0,455 0,300 0,652

3aBucumoctu ot Bpemenu III" u TII'C
JUISL BCETO TPO300TIaCHOTO CE€30HAa HaJl perpe-
3CHTAaTUBHBIMU ITYHKTaMU SIKyTuH, KOTOpBIE
CTJIAKCHBI B CKOJIB3AIIIEM OKHE IUIPIHOfI
II4ATh JICT, HpHBCI[GHBI Ha pI/IC. 3

N3 puc.3 BHUAHO, YTO 3aBUCHUMOCTH
OT BPEMEHH CIJIQKCHHBIX B CKOJB3SIIECM
OKHE JUIMHOW IATh JjaeT wu3MeHenud IIIN
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u I[II'C nng Bcero rpo300MacHOro Ce30Ha,
KOTOpBIE COOTBETCTBYIOT BCEM paccMart-
pUBaEMbIM ITYHKTaM, HOCST KoJyieOaTelb-
HbelM xapakrtep. IIpu stom puc. 3, a mnoka-
3bIBAET, YTO TPEHMABI, MPUCYTCTBYIOIIHE
B OTUX 3aBUCHMOCTAX, IJIsi TyHKTa AJaH,
Kak W Juisi myHkTta JIeHCK, OnuM3KM K JIH-
HEHHBIM.
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Puc. 3. 3asucumocmu om epemeHu cenaxceHHvIX 8 CKOAb3AUeM OKHe ONUHOU nAmb aem usmenenu 1117
u I1I'C 0nst 6ce20 2p0300nACHO20 CE30HA HAO PENPe3eHMAmuUeHbIMU NyHKmamu Axymuu
a) Anoan,; 6) Otimsaron; 8) Bepxosnck, e) Bumotick, 0) Caneap; e) Axymck
Fig. 3. Time dependences of TR and DTR changes smoothed in a 5-year sliding window
for the entire thunderstorm season over representative locations in Yakutia
a) Aldan; b) Oymyakon, c) Verkhoyansk; d) Vilyuysk; e) Sangar; f) Yakutsk

Puc. 3, 6 cBUIETENBCTBYET O TOM, UTO IS
nyHkTa OWMSIKOH TPEH[IbI, MPUCYTCTBYIOIINE
B TEX K€ 3aBUCHMOCTSIX, SBJISIOTCS OMIIMHEH-
HbIMH. J[711 6230BOr0 KJIMMaTUYECKOTO TEpHO-
na 1961-1990 rr. oHH SIBISIOTCST YOBIBAIOIIIH-
MH, @ JUIi COBPEMEHHOI0 KIMMaTHUYEeCKOro
nepuoaa 1991-2020 rr. — Bo3pacTaroluMH.

Kak cnenmyer u3 puc. 3,6, Wil IMyHKTa
BepxosiHCK paccMaTpuBaeMble TPEHIbI TaKXKe
SIBIISIIOTCST OWIMHENHBIMU, HO BO3pPACTAIOIIH-
MU OHHU fABIstOTCS B nepuon 1961-1993 rr.,
a B MOCTIEIYIOIINI TIepHO/] YObIBAIOIINMHU.

Puc. 3, 2 no3BosseT 3aKI0UNUTh, YTO IS
MyHKTa BHIIIONCK M3y4aeMble TPEHIbI TaKKe
oununelinel. B mepuon 1961-1990 rr. onm

BO3pacraromue, a nocie 1991 r. 3HaunmbiMu
HE SsBIAOTCSA  (KOoneOaHUS  TPOUCXOJAT
Ha MPAKTUYECKA HEU3MEHHOM YPOBHE).

Kak Bumao wu3 pwuc. 3,0, u3ydaemble
TPEH[IbI, COOTBETCTBYIONME MyHKTY CaHrap,
OJIN3KH K JIMHCHHBIM.

W3 puc. 3, e cnenyer, 4To A1l IMyHKTa
SKyTCK paccMaTpuBaeMble TPEHbI TaKXKe SB-
nsroTCs OvmnmHeiHbpMA. /11 6a30BOro Kimma-
tryeckoro nepuoaa 1961-1990 rr. oun sBis-
IOTCSl BO3PACTAIONIMMH, a JIJIsi COBPEMEHHOTO
KJIIMMathdeckoro nepuona 1991-2020 rr. —
yOBIBAIOIIIUMH.

Takum 00Opazom, U3 puc. 3 clemyer, 4To
JUIl pacCMaTpUBAaEMBbIX 4YacTEW TEPPUTOPUU
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Sxytun tenpenuuu usMenenui [1I'C u 11T,
XapaKTepHBIE JUII COBPEMEHHOTO KJIMMaTHYe-
ckoro niepuoaa (1991-2020 rr.), pa3ryHBbI.

s mynkroB AnpaH, Oimsikon u Cas-
rap STU TEHACHIIMHU SIBJISIOTCS BO3pPACTaro-
MMM, a JUI1 TYHKTOB BepxosHck u SKyTck
yOBIBAIOIITUMU.

Kak Buaum, TeHAEHIIMU U3MEHEHH pac-
CMaTpUBaeMbIX IIOKa3aTelied B MEpPHOJ
2012-2023 1T. CyIIECTBEHHO Pa3In4yaroTCsl.

Ouenku 3a 2012-2023 rr. 3HaYeHUN yr-
J0BOTO KO3(pdummenTa JHUHEHHOTO TpeHIa
crimaxxenHbIXx n3MeHenui I11'C u I nyig Bcero
rpO300MAacHOTO  CE30HA, COOTBETCTBYIOIIHE
paccMaTpyuBaEeMbIM MYHKTaM M SBISIOLIHECS
3HAYMMBIMH, TIPUBE/ICHBI B Ta0. 3.

Taonuma 3. Ouenku 3a 2012-2023 rr. 3HaAYEHHI
Yr10Boro ko3gdunuenta JHHEHHOro TpeHJa
criaaxkeHHslx wu3MeHenmit III'C w O aas
BCEr0 TIPO300MACHOTO C€30HA, COOTBETCTBYIOIIHE
paccMaTpuBaeMbIM NYHKTaM M SIBJAIOLIHECS
3HAYMMBIMHA

Table 3. The 2012-2023 estimates of the values
of the angular coefficient of the linear trend
in the smoothed DTR and TR changes for the entire

Tabn. 3 mokaspiBaeT, 4To IS TEpHOjIa
2012-2023 rr. 3HaYUMbIe TEHIEHIIMU K YyBe-
muyenuto [1I°, KoTopsie OlIeHEHBI 3a BECh TPO-
300MaCHBIN CE30H, COOTBETCTBYIOT y4aCTKaM
TeppuTopun Bcero Oacceitna peku JleHa,
a taxxe ONMsKoHCKoro Haropws. [Ipu sTom
3HaYMMble TeHACHIMU K yBenumyeHuto [1I'C
3a T€ K€ TOJbl BBISBJICHBI IS JUIIb AJaH-
CKOro Haropss, [Ipuienckoro miaro, a Takxe
OacceitHoB pek SlHa u Bumroil. CnenoBarenb-
HO, Ha TEPPUTOPHUSIX COOTBETCTBYIOIIMUX paii-
OHOB SIKyTHM BKJIaJIbl B TOPUMOCTb UX JIECOB,
00yCJIOBJIEHHbIE BO3HUKHOBEHHUEM HaJ HUMU
CyXUX I'pO3, B COBPEMEHHOM IEPUOJIEC YBEIH-
YUBAIOTCSI.

AHaJOrMYHbIE OCOOCHHOCTH XapakTep-
HBI JUIsl CTJIQKEHHBIX 3aBUCUMOCTEH OT Bpe-
menu CIII" u III" 3a Bech rpo3oonacHbIi ce-
30H, COOTBETCTBYIOIIMX PENPE3CHTATUBHBIM
nyHktam KpacHosipckoro kpas. YnoMsiHyTbIe
3aBUCHUMOCTH IIPE/ICTABIICHBI Ha pUC. 4.

Kax BunHo u3 puc. 4, s penpeseHra-
TUBHBIX MYHKTOB KpacHospckoro kpas 3aBu-
CUMOCTH OT BPEMEHHU CTJIAXKEHHBIX B CKOJIb-

thunderstorm season; the estimates correspond 3SIIEM OKHE JJIMHOW MSATH JIET M3MEHEHUM
to the studied locations and are significant II" u [II'C st Bcero Tpo300IMacHOro Ce30Ha
TlyHKT Tpera [T Tpenn CIIT TaK)Ke SIBIISIIOTCA CIIOKHBIMH KOJIEOAHMSIMH.
Anan 0,00562 0,00185 IIpu stoM mia nynkra BanaBapa mpucyr-
BerOHHCK _0’00042 0,00028 CT]iYIOH_H/Ie B HI/D:5 TPCHABI SABJIAIOTCA 6I/IJ'II/I'
Tlenck 0,00621 0’00354 HCUHBIMHA (I[J'Iﬂ A30BOT0 KINMMATHUYCCKOT O
neproza yOBIBAIOIIUMHE, a JJIS COBPEMEHHO-
SkyTck 0,00036 -0,00025
— ro KIIMMaTUYCCKOTO MNepruoaa BO3pacTarolIn-
Oituskon 0,00349 -0,00148 mu). s nmynkra TypyxaHCK TpeHABI, TpH-
Buutoick 0,00650 0,00201 CYTCTBYIOIIAE B 0OEMX 3aBHCUMOCTSAX, OIIN3-
CaHrap 0,00031 0,00013 KU K HHHeﬁHBIM.
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Puc. 4. 3asucumocmu om 8pemeHu CeAANCEHHBIX 8 CKOb3AUEM OKHe ONUHOU namo aem uzmenenudl I u I1T'C
0751 8Ce20 2PO30ONACHO20 Ce30HA, COOMEEMCMEYIowUe penpesenmamughbim nynkmam Kpacrnospckozo kpas:
a) Banasapa, 6) Typyxanck

Fig. 4. Time dependences of TR and DTR changes smoothed in a 5-year sliding window for the entire thunderstorm
season, in correspondence with the representative locations of the Krasnoyarsk Krai: a) Vanavara, b) Turukhansk
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Tab6numa 4. Ouenkn kiaumarudeckux HopMm IIT' m MII'C s JeTHUX MecsieB B M3YyYaeMbIX NMYHKTAaX
Axyrun u KpacHosipckoro kpas 171 60a30BOro ¥ COBPEMEHHOI0 KJIMMATHYeCKOI0 Ieproaa

Table 4. Estimates of TR and DTR climatic norms for summer months in the studied locations of Yakutia
and Krasnoyarsk Krai for the baseline and current climatological periods

1961-1990 rr. 1991-2020 rr.
IMynkT Bcero rpo3 Cyxux rpo3 Bcero rpo3 Cyxux rpo3
UIOHb HUIOJIb aBTyCT HIOHb HIOJIb (aBI'yCT | UIOHb HI0JIb |aBr'yYCT | U1OHb HIOJIb | aBTYCT
Anpan 83 106 57 18 21 6 114 150 82 32 42 22
Bepxosnck 28 27 14 5 6 4 32 44 16 11 17 2
Bumotick 44 45 33 10 15 7 81 87 44 27 26 13
Jlenck 62 67 51 19 18 15 135 | 140 | 74 49 55 22
Olimsakon 45 61 22 13 28 4 73 76 34 20 24 11
Canrap 45 52 28 8 6 74 89 50 26 31 15
Axyrex 56 58 25 14 13 7 80 112 | 60 27 28 14
Banasapa 66 80 53 26 27 19 95 98 52 36 38 20
Typyxanck 35 86 49 3 15 61 94 48 13 28 8

Hns nepuoma 2012-2023 rr. 3HAUMMBIE
TeHJACHUMU K YyBenuueHuto kak III°, Tak
u [II'C 3a Bechb rpo300MacHbId CE30H BBISIB-
nenbl Jgumb s n. Typyxanck. CnenoBa-
TEJIbHO, BKJIaJ B TOPUMOCTD JIECOB 3aI1aIHBIX
npearopuit  CpenHecMOMPCKOTro  IIOCKOTO-
pbsi, 00YCIIOBIEHHBI BO3HUKHOBEHHEM HaJ|
HUMH CYXHX I'DPO3, B COBPEMEHHOM IIEPUOAE
3HAYMMO YBEIMYHMBACTCSI.

B Tabn. 4 mis Bcex paccMaTprBaeMBIX
ITyHKTOB MPHUBEACHBI OLEHKH KINMaTUYECKUX
HopM III" u III'C it neTHUX MecsLeB, COOT-
BeTcTBytomue ©6azoBoMy (1961-1990 1r.)
u coBpemeHHomy (1991-2020 rr.) xknmumatu-
YECKOMY NIEPUOY.

W3 T1abn. 4 crnemyer, 4TO 3a TNEPHOA
1961-2020 rr. knumarudeckue Hopmbl [1T7
JUTsl BCEX paccMaTpUBAEMBbIX MTYHKTOB U BCEX
JIETHUX MECSLEB YBEIUYWINCH.

Kinmarnueckue nopmsl I1I'C, coorBer-
CTBYIOLIME BCEM IYHKTaM, IOBBICUIUCH
JUIsL MECALIEB WIOHb W uioib. Jjig aBrycra
OHM BO3pOCIM JUIsl BCEX IYHKTOB, KpOMe
IIyHKTa BepxosHCK.

Crenyer OTMETUTh, YTO KIMMAaTHYECKUE
HopMbl III'C 11 MIOHS, COOTBETCTBYIOILNE
BCEM pENpPE3CHTATUBHBIM ITyHKTaM, KpOMeE
nyHkTa OWMSIKOH, MO CPaBHEHUIO C KJIMMa-
Tnyeckumu HopMamu III' B coBpemeHHOM
KJIMMAaTU4eCKOM TEpPHOJEC, YBEIUYMIUCH 00-
Jiee CyIECTBEHHO.

Jlia nrons knumatudeckue Hopmsl 11I'C
I MyHKTOB AuinaH, BepxositHck, JIeHck,
Canrap u Axyrck 3a nepuon 1961-2020 rr.
BO3poCiu 0o0Jjee OIyTUMO, YeM KJIMMaTHue-
ckue HopMbl [II'. MakcumanbHOE UX yBEIHU-
YEHHE U I UIOHS, U AJIS UI0JISl UMEJIO MECTO
nost 1. Canrap.

Jlist aBrycra aHajgOTMYHOE SIBJICHUE BBI-
sBiIeHo miIst n. AngaH, Bumroiick, Jlenck
u Oiimsikon. HaubGonbiiee yBennyeHue Kiu-
Marnueckux Hopm [II'C, mo cpaBHEHHIO
¢ kauMartnyeckumu Hopmamu III, st aToro
MecsLa UMEeI0 MECTO JUIs 1. AJIIaH.

Tak kak cyxue rpo3bl, IpoXoAs Haj Jiec-
HBIMM MAacCHBAaMH, CIIOCOOHBI Yallle BbI3bI-
BaTb B HUX JIECHBIE MOKAPBI, U3 MOTYUYECHHBIX
pEe3ynbTaTOB CIEAYET, YTO BKJIAAbl 3THX aT-
Moc(epHBIX IPOIECCOB B CYMMAapHYIO TOpU-
MOCTb JiecOB pailoHOB Axyrtum u KpacHosip-
CKOTO Kpas, A KOTOPbIX M3y4aeMbI€ ITyHK-
ThI SIBJISJIUCH PENPE3CHTATUBHBIMH, B COBpE-
MEHHOM KJIMMaTHUYECKOM IIEPUOAE CyIlle-
CTBEHHO YBEJIHMYUJIIUCH.

N3 cpaBHeHust Tabn. 4 u 3 MOHSATHO,
YTO I PENpPE3CHTATUBHBIX IYHKTOB AJ-
JTAHCKOTO Haropbsi, OacceiiHOB pek SHa
u Bumoit u IlpuieHckoro miato 3Ha4YMMBbIe
TeHAeHIMH K yBenudeHuto [II'C BbIsABIEHBI
st Tpéx mepuoaoB Bpemenu (1961-2020 rr.,
1991-2020 rr. u 2012-2023 1T.), 9YTO MO3BO-
JA€T TpeArnoyiaratb UX ycTOM4YMBOCTh. [lo-
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CJIETHEE CBUJETEIBCTBYET O TOM, UTO CIIEHA-
puil Oynyiero, mpu KOTOPOM YBEIWYECHHE
CIIT" B Tex ke palloHax MPOJOJIKUTCS, SIBIISI-
€TCs1 BIIOJTHE BEPOATHBIM.

AHaJIOTMYHBIN BBIBOJ| CTIPABEIUB U IS
3amagHbIX npearopuit  CpemHecuOupcKoro
IJIOCKOTOPbSI.

[Ipu pemieHnn TpeTheW 3amauud  oOCy-
LIECTBJIEH KOPPEJALMOHHBIA AHAJIN3 CBI3EH
Mexay BpeMeHHbIMU pamamu [II" u TII'C
3a 1961-2023 rr., a Takke CUHXPOHHBIMH,
M0 OTHOIIEHWIO K HuM, psaamu CMT,
JUIsl BCETO TPO300NACHOI0 CE€30HA U KaXA0MY
€ro Mecsiy, KOTOpbIE COOTBETCTBYIOT BCEM
paccMaTpUBaEMbIM IYHKTaM TEPPUTOPUIA
Skyrun u KpacHosipckoro kpas. Ilomyden-
HBbIE PEe3yNbTaThl M1 MyHKTOB JIeHCk u Ty-
PYXaHCK MpPEeCTaBICHbI B Ta0II. 5.

Kak BupHO w3 Tabm. 5, A7 IMyHKTOB
Jlenck n TypyXaHCK CBSI3U MEXIy CHHXPOH-
HbIMU BpeMeHHbIMU psiiamu I1I' u CMT, co-
OTBETCTBYIOIIMMHU HIOHIO, @ TakKkXe€ BCEMY
I'PO300IIaCHOMY C€30HY, MOT'YT OBbITh IpU3HA-
HbI 3HAUMMBIMH C JOCTOBEPHOCTBIO HE MEHEE
0,95. Takoil ke BBIBOJ CIpaBEIIMB U B OT-
HOILIEHUH CBA3EW MEXAY CUHXPOHHBIMU Bpe-
MeHHbIMU psiaamu [II'C u CMT pna nmyHkra
TypyxaHCK, COOTBETCTBYIOIIMMH HIOHIO, a
TaK)K€ BCEMY IPO300IIACHOMY CE30HY.

Cpsi3u Mexay paccMaTpUBAEMbBIMHU psi-
JaM{ I TOPOYUX MECALIEB 3HAYMMBIMU
HE SIBJISIFOTCSI.

AHaNOTUYHbIE 3aKOHOMEPHOCTH BBISIB-
JeHbl W I MPOYUX paccMaTpPUBAEMBIX
penpe3eHTaTUBHBIX  IYHKTOB.  Mecsuem,
Uit Kotoporo koppemsiuus psagos  III'C
1 CMT sBistercs 3Ha4UMOM U1 HanOOJIbIIIe-

ro KOJUYECTBA IYHKTOB, SIBJSIETCS HIOHbD.
JInst mpounx MecALEB CBS3M MEXKIY STUMHU
psaoaMu it BCEX IYHKTOB 3HAYMMBIMU
He sBistorcs. CBasu mexnay psaamu [1I'C
nu CMT pns Bcero rpo3o0nacHOro Ce30Ha
3HAYMMBI JIMIIb JUIs IYHKTOB AJjaH, Bepxo-
SHCK U TypyXaHCK.

W3 3TOro cnemyer, 4ro CYHIECTBEHHOE
BiausiHUe Ha Bapuauuu I1I'C, npoucxonsuue
HaJl HW3y4YaeMbIMU pailoHaMu SkyTum u
KpacHosipckoro kpasi, 0ka3blBatOT MEXI0J10-
BbIE€ U3MEHEHHUsSI HE TOJIBKO TEMIIepaTyp IpH-
36MHOI'0 BO3/yXa, HO U €r0 OTHOCHUTEJIBHOU
BJIQXKHOCTH U Ipyrue (HaKkTophl.

Kak yxe oTmeuanoce BbIlIE, OIHOMN
W3 TNpPUYMH U3MEHEHUW OTHOCUTEIbHOU
BJIQYKHOCTH BO3/lyXa HaJl JIECHBIMU MacCHBa-
MH paccMaTpUBAaEMbIX PallOHOB MOIYT SB-
JSTBCS BapHAIlMM XapaKTEPUCTUK UX (PHUTO-
LIEHO30B, BIIMAIOIIMX HAa WHTEHCHUBHOCTH
TPaHCIIMpALlMY UMHU BIIaru.

OrnpenenéHHoOe BIMSHUE HA W3MEHEHUs
I[II'C Hajg TakuMu pailoHaMu, BEpOATHO,
MOT'YT OKa3bIBaTh TAKXE BApUALlUU CyMMap-
HBIX MPOJOJKUTENLHOCTEH, MPOXOIALIUX
HaJl HAMH BTOPXEHUU B HHU3KHE IIMPOTHI
OTHOCHUTEIIBHO CYXOr0 apKTHYECKOrO BO3AY-
Xa, a TaKKe IPYrux MPOLECCOB, MOPOXKAA0-
X arMocdepusie 60kuHrY [34].

Takum 00pa3oMm, yCTaHOBJIEHO, YTO BbI-
JBUHYTasl TUIIOTE3a SIBISETCA CHPABEIJIMBOU
g padioHoB Sxyrun u  KpacHosipckoro
Kpas, 10 OTHOLICHHIO K KOTOpPBIM paccmart-
pUBaeMble MYHKTHI SIBJISIIOTCS pPENpe3eHTa-
TUBHBIMM, TIO3TOMY 3aJlay, IOCTaBJICHHBIE
B JIaHHOW paboTe, pemieHbl, a e€ Leib J0-
CTUTHYTA.

Tabnuna 5. 3navenns kodddunuenta koppeasinun BpemeHHbIX psgos III' m IIT'C 3a 1961-2023 rr.
aiast myHkToB Jlenck m TypyxaHck, ¢ cuHXpoHHBIMH psitamu CMT pans 3THX NYHKTOB, KOTOpbIe
COOTBETCTBYIOT BCEMY I'PO300NACHOMY CEe30HY, a TAKsKe KaKA0OMY ero Mecsiy

Table 5. Correlation coefficient values of TR and DTR time series for 1961-2023 with regard to the Lensk
and Turukhansk locations, with synchronous series of mean monthly air temperatures (MMT) for these locations,
which correspond to the entire thunderstorm season and each individual month of the season

nr nrc
[IynkT
UIOHb UIOJIb aBTyCT CE30H WIOHb HIOITh aBTyCT CE30H
Jlenck 0,412 0,147 0,208 0,415 0,208 -0,098 -0,238 0,226
Typyxanck 0,308 0,198 -0,092 0,284 0,289 0,146 0,016 0,256
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[ToryueHHble pe3ysbTaThl KaueCTBEHHO
COOTBETCTBYIOT CYIIECTBYIOUIUM IpEICTaB-
JEHUSM O BJVSIHUM BapHalMid TeMIiepaTyp
BO3/lyXa B MPU3EMHOM CJIO€ 3€MHOW aTMO-
chepsl Ha TPO30BYIO aKTHBHOCTH [2, 11, 12,
14-22], mexanu3zme oOpa30BaHUs CyXUX I'PO3
[1, 2, 4, 26], a Takke 00 OCOOCHHOCTSIX
nepemeH knumata SAkyruu u KpacHospckoro
Kpas, KOTOpbIE MPOU3O0ILIM 3a [EepUoj
1961-2020 rr. [28, 30].

[Ipu 3TOM HOBBIMH (paKTaMH, yCTaHOB-
JICHHBIMU B paloTe, SABISAIOTCA:

I. Jlma xaxmoro Mecsia, B KOTOPOM
BO3MOXXHO 00pa30BaHHE CYXHX I'p0O3, HA Tep-
putopusix Sxyrun u KpacHosipckoro kpas
CYUIECTBYIOT ~ MHOTOYHCIIEHHBIE  PalOHBI,
I7ie 32 BECh MEPUO]l COBPEMEHHOIO MOTeILIe-
Hus rio0anpHOTO KiuMmarta (1961-2020 rr.)
[25], 3a COBpeMEHHBIN KIMMaTHYECKUI Nepu-
on (1991-2020 rr.), a takxke 2012-2023 rr.
[1I"C 3HaunMO BO3pacTaJIH.

2. CTaTUCTHYECKHE CBSI3U MEKTOJOBBIX
mmeHeHnit [1I'C ¢ cuHXpOHHBIMU Bapuarus-
Mu CMT sBAsIOTCS 3HAYMMBIMU HE TOBCE-
MECTHO U JIMIIb, IPU YCJIOBUH, YTO paccmar-
pUBaeMble MOKa3aTeIu OLICHEHBI 3a BECh I'PO-
300I1aCHBIN CE30H, a TAKXKe 3a UIOHb. [l mmpo-
YUX MECSAEB OHM 3HAYUMBIMHU I7Ie-T00
He sBistorcs. [locnmenHee 0oKa3bIBaeT, 4YTO
HapsTy ¢ TEPMUYECKUMH (pakTopamMy Ha MEK-
rofioBble U ce3oHHble u3MeHeHus [1I'C 3Haum-
MO BIIMSIIOT TakXke ApYyrue (MpearnoaoKuTelNb-
HO, JJaHAmapTHBIE) (PaKTOPHI.

3. Usmenenwus TICT" npencrapistoT coOoi
CIIOKHBIE KOJe0aHWsl, TNPHUYMHBI KOTOPBIX
HYXKIAIOTCS B JIONOJIHUTEIBHOM U3Y4YEHUU.

OnHoli M3 BO3MOXHBIX MX TNPUYHUH
MOTYyT OBITh U3MEHEHHS BYJIKAaHHYECKOM
AKTUBHOCTH B PAa3JIMYHBIX pailoHaX 3e€MHOT0
1iapa, BIHMSIOLUIME Ha MPO3PAYHOCTh aTMO-
chepbl, B TOM 4YHCIE€ M HAJA pPErHOHAMU
CeBepHOr0  YMEPEHHOTO  KJIMMaTHYECKOIo
nosica.

Hpyroit mnpuumHoi konebanmit [1I'C
MOTYT CIYKUTh BapHallil COJHEYHOW aK-
TUBHOCTH, KOTOpBIE BBI3bIBAIOT H3MEHEHUS
MMOTOKOB KOCMHYECKHX JIydyel, BXOISAIINX
B atMoc(hepy U YCWIHMBAIOIMIMX HOHHU3AIUIO
BO3/yXa B TPONOC(EpHBIX 0OIaKax.

B XXI Beke BcE Gosiee MOIIHBIM (HaKTO-
poM, BiusitomM Ha usmenenus 1IN u I1T°C,
cTaHoBUTCA mepeMmenieHne CeBepHOro reo-
MarHuTHOTO IOJIF0CA, KOTOPOE, B COYETAHUU
¢ o0muM ocriabieHHeM IeOMarHuTHOTO TO-
JI51, IPUBOJUT K YBEJIIMYEHHIO ITOTOKA KOCMU-
YEeCKUX JIyueH, MPOHUKAIOUUX B Tpomocde-
pY, IO MEpe COKpALIEHUS pPacCTOSHUS, OT/e-
JSAIOUIETO €r0 OT TEeppuTOopuu SKyTMH U
KpacHnosipckoro kpasi.

BcenenctBue HecTalMOHapHOCTU IEpe-
YHUCIIEHHBIX  ()aKTOpOB, IMEPUOJUYHOCTH,
npucyrctByronme B Bapuanusx I[N u 1II'C
HaJ paccMaTpUBAaEMbIMU IYHKTAMU YCTOMl-
YUBBIMM HE SBISIOTCA, YTO TMOATBEPANI
U CHEKTPAJbHBIA aHAIN3 COOTBETCTBYIOLIMX
BPEMEHHBIX PSAOB. Pe3ynbraTel 3TOro aHa-
Ju3a JUIA BCEX PENpPEe3eHTATUBHBIX MYHKTOB
OTJIaTh NPEINOYTEHHE KaKoW-Tubo U3 yka-
3aHHBIX IPUYHH HE TO3BOJISIOT.

BriBOaBI

BrisiBIEeHHBIE 3aKOHOMEPHOCTH MEXKIO-
JIOBBIX HW3MEHEHUIN MOBTOPSIEMOCTH CYXHUX
rpo3 JJis BCEro TpPO300MACHOIO CEe30Ha
U paccMaTpUBAE€MbIX IMYHKTOB Ha TEPPUTO-
pusix Pecniyonuku Caxa (Skytust) u KpacHo-
SAPCKOT0 Kpasi B IIOJIHOM MEPE COOTBETCTBYIOT
CYLIECTBYIOIIIMM NPEACTABICHUAM O IpPUYH-
HaX 3TUX MPOLIECCOB.

1. Cpenu y4acTKOB TEPPUTOPUM YIIOMSI-
HYTBIX PErHOHOB, UISI KOTOPBIX HCCIeaye-
Mbl€ IYHKTBl MOTYT paccMaTpUBaThCsl Kak
pENpe3eHTaTUBHBIE, CYIIECTBYIOT T€, IAE 3a
NEpPUOJ] COBPEMEHHOIO IMOTEIJIEHUS TJIo-
0albHOTO KJIMMaTa, 3a BECh COBPEMEHHBIH
KJIMMaTHYEeCKUI Tepuos, a TakkKe 3a UHTEep-
Bai BpemeHu 2012-2023 rr. noBTOpPsAEMOCTH
CYXHX I'PO3 3HAUMMO IOBBIILIAIACH.

2. B nepuon cOBpeMEHHOIO MOTETIIEHUS
[J100abHOTO KJIMMAaTa MEKI0JJ0BbIE H3MEHE-
HUSl TIOBTOPAEMOCTH CYXHUX TIpO3, a TaKxKe
CUHXPOHHBIE BapHallMi CpPEeTHEMECSIUYHbIX
TEMIEPATyp BO3AyXa 3HAYMMO CBSI3aHbI
MEXTy co00il He BCIOAY M JUIIb MPH yCJIO-
BUHM, YTO YyKa3aHHbIE MOKa3aTeld COOTBET-
CTBYIOT JTMOO BCEMY IpO300IaCHOMY CE30HY,
a0 vioHI0. B mpounx ciaydasx cBA3M MEX-
Jly TUMH NIPOLIECCAMU HE 3HAUUMBI.

AxTyanbHOU npoOsiemMoil B obacTu mpo-
THO3MPOBAHUS TIOBTOPSIEMOCTH CYXUX IPO3
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U BBI3BaHHBIX UMM JIECHBIX TIO)KapoB Ha Tep-
putopusix Pecnyommku  Caxa  (SIkyrtus),
a tarke KpacHosipckoro kpas, SIBISIETCS CO-

BEpIICHCTBOBAHUE TEXHOJIOTHI MOHUTOPUHTA
OTHOCHTEJIBHOW BIIQ)KHOCTH BO3IyXa B IOJ-
00J1a9HOM CcJ10€ TPOIToCcQephl HaJT HUMHU.
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HNudopmanus 06 aBTope

XOJIOHIEB Anexcandp Baoumosuy — noxrop reorpaduyueckux Hayk, mpodeccop Kadempbl
KOHTPOJILHO-HAI30pHON AesTenbHOCTH, CrOupckas TokapHo-criacatenbHas akagemus [TIC MUC
Poccun. O61acTh HayqHBIX MHTEPECOB — JIECHOE XO3SHCTBO, KOJIOTHS, KIIMMATOJIOTHS, O€3011acHOCTb
TIpH Ype3BbIYAiHBIX cHTyalusix. ABrop 6onee 207 HayuHbIx myOmukarmii. SPIN-koxa: 2419-5410

KoH(}IMKT HHTEPECOB: aBTOP 3asBISIET 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.
ABTOp IIpoYMTaI U OJOOPUIT OKOHYATEIEHBIA BAPUAHT PYKOIIHCH.
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Changes in the Recurrence of Dry Thunderstorms under Modern Climate Warming on the Example

of Some Regions of Yakutia and Krasnoyarsk Krai

A. V. Kholoptsev
Siberian Fire and Rescue Academy of EMERCOM of Russia,
1, Severnaya St., Zheleznogorsk, 662972, Russian Federation
knd@sibpsa.ru

Abstract. Introduction. The distinguishing characteristic of dry thunderstorms is the absence
of precipitation accompanying these weather events, which contributes to the intensity and spread
of wildfires induced by lightning strikes igniting combustible materials. In forested but unpopulated areas,
dry thunderstorms are the main cause of fires. It is generally accepted that their recurrence increases
with increasing aridity of the local climate. However, the features of changes in dry thunderstorm
frequency in certain forest-rich regions of Russia under modern climate warming have not been
sufficiently studied yet. Therefore, identification of these changes for regions located in Siberia is a topical
issue of ecology and safety in emergency situations. The aim of the work was to identify the trend
in interannual variations in the recurrence of dry thunderstorm events during summer months and overall
thunderstorm seasons for the period of 1961-2023 with regard to Yakutia and Krasnoyarsk Krai.
Objects and methods of research. The objects of the study were changes in dry thunderstorm frequency
and mean monthly air temperatures in the surface layer of the atmosphere assessed during the months
of the 1961-2023 thunderstorm seasons. The study was carried out using the correlation analysis method
and Student's test. Results. It was found that the trends of interannual changes in the recurrence of dry
thunderstorms are determined not only by the local climate variations, but also by the geographical
location of the studied areas. For the sites located on the Prilensky Plateau and in the basins of the Lena
and Yana Rivers, during any of the summer months within the period under study, the climatic norms
of dry thunderstorm recurrence increased much faster than those of recurrence of all thunderstorm events.
This peculiarity was not observed in the areas located on the Oymyakonsky Plateau and the Middle
Siberian Plateau. Conclusion. The study showed that the synchronous correlation of variations
in the recurrence of dry thunderstorms and the thermic regime of the territory is not significant for all
locations, which indicates the presence of substantial influence of other factors, presumably landscape ones.
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K 95-n1eTuio Bb11aomerocs y4€Horo JIeCHOM HayKH M meaarora
Bukropa Uiabuya Iyenuna
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29 wmroua 2024 rona
ucnoiHuiock 95 ner [ye-
muHy Buxropy Wnbnuy —
JIOKTOPY  CENbCKOXO035M-
CTBEHHBIX HayK, 3aciy-
J)keHHOMY JiecoBony Poc-
cun, IlouétHOMy paboT-
HUKY BBICIIErO Tpodeccu-
OHAJILHOTO  00pa30BaHMs
Poccuiickoit  Denepanum,
3acIy’)KEHHOMY  JESITEII0
Hayku PecryOnmkum Ma-
puii On, Berepany Tpyna,
[Mou€rHomy mpodeccopy
[rry.

[Ipodeccuonan coe-
ro Jiella, TaJaHTIWBGIM,
YBJICUEHHBIM HMCCIIEA0BATENb TPUPOIBI, MYI-
pBIi PYKOBOJAUTENIb M IIE€NAror, 4yTKUH He-
PaBHOJYILIHBIN YEJIOBEK — MpUMeEp i yue-
HUKOB U Kosuier! JKu3HEeHHbIN MyTh 3TOrO Be-
JIMKOTO YYEHOIO MO-NPEXKHEMY BIOXHOBIISIET
Ha HOBBIE HCCJENOBAaHUS U OTKPBITHS BCEX,
KTO CTPEMHUTCSl K 3HAHUSAM, MYAPOCTU U TIY-
OOKOMY TMOHHMAHUIO TPUPOABL. Ero Tpymsl
Y HACTaBJIEHUS J0 CHX MOp KHUBYT B ymax
U cepAlax MoCIeA0BaTeae U MPUBEPIKEHLIEB
€ro ueH, sBJIAIOTCS ONMOPOW AJid AaJIbHEUIIIe-
IO Hay4YHOT'O MOUCKA.

Buxrop Wnbsuu ponuncs B cene l1lounnku
[TounHkoBcKOrO paiiona I'oppkoBcKoi 00a-
CTH B ceMbe pabouero Tumnorpaduud U JTOMO-
xo3stiiku. C 1948 rona ero Ku3Hb HEpa3pbIB-
HO cBsA3aHa ¢ [IOBOMKCKHMM JiecOTEXHUYE-
ckuMm uHctuTyToM (IIJITHU) m necuoit otpac-

© CepebpsixoBa H. E., Tumypranuesa JI. A., 2024
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Jp10. YKe BO Bpems yuéObl Ha
JECOXO3UCTBEHHOM  (paKyIb-
TETE CMOCOOHOCTH TaJaHTIIU-
BOI'O CTYJEHTa HAIIM CBOE
BbIpaXCHHE B OTIMYHOMN yuEoe
U PE3yJIbTAaTUBHOM HAy4YHOU
pabote ¢ 1953 roma B acrnu-
paHType IMO0J PYKOBOJCTBOM
npodeccopa Muxawmna JlaHu-
noBuya Jlanuiaosa.

C aTHX Mop uccae0BaHus
JPEBECHBIX BUJOB U JIECHBIX
HAaCAKJICHUN — HEU3MEHHAas
4acTh JKU3HU U JIESITEIbHOCTU
Buxrtopa HMnpuya. OcHOBHas
HaINpaBJICHHOCTh HAYYHOM pa-
OOTBHI 3aKiOYeHa B OILEHKE
OMOJIOTHYECKOTO Pa3HOOOpa3usl JIECHBIX KO-
CUCTEM C IIeJIbl0 00OCHOBaHUS TMOBBIIICHUS
YCTOWYMBOCTH, MPOAYKTHUBHOCTH M IIPHUPO-
nooxpanHoil posu JiecoB Cpennero Ilosoii-
*Kbs [1-3].

Kannunarckas nucceprauuroHHas pado-
Ta Bukropa Wnpnua Iluenuna, ycnemHo 3a-
umniéHHas B 1961 roay, mocsiiieHa jeco-
BOJICTBEHHBIM OCOOCHHOCTSIM U (pU3MKO-
MEXaHMYECKUM CBOICTBaM JIpeBECHHbI Kpac-
HOIIMIIIEYHOH W 3eNEHOIIUIICYHON (PopM
enu B ycnoBusix Mapuiickoit ACCP. [lanee
B 00nacTh Hay4HbIX HWHTEPECOB BOIILIA
U «HSHBKAa €Iu» — OCHHA. 3ajavya peabumu-
TUPOBATh 3TOT HEOJHO3HAYHBIM BUJ B IJ1a3ax
JIECOBOJIOB OKazajach Moja cuily Buxrtopy
Wnpudy: Ha OCHOBE MHOTOJIETHUX Habro/e-
HUW JOKa3aHa BO3MOXKHOCTbH BbIPAIIMBAHUS
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OCHUHBI 0€3 CepALeBUHHON THWJIH OT OCHHO-
BOI'0 TPYTOBHKA.

[Ipoomxkanocs U3ydeHHEe OCHOBHBIX JIe-
cooOpa3oBareneil, ©X BHYTPHUBHIOBOTO pa3-
HOOOpa3usi: SKCIEAMLUH, 3aKIaJKa CETH
npoOHBIX TIom@anei mno Bcemy Bomro-
Kamckomy paiioHy, Hay4HbIE ONBITHI, aHAIU3
NaHHbIX. [[maHTanmMoOHHBIE KyNbTYpBI €M, 3a-
JI0’)keHHbIE N0 pykoBoacTBoM B. U. [Tuenuna
coBmecTHO ¢ Cankr-IlerepOyprckum HUNJIX
Ha [lekTyOaeBCKOM JIECHOM Y4YacTKE B 3TH
roJibl, SIBJISIMCHh YHUKAJIBbHBIM U1si EBporneii-
ckoil yactu Poccum cTalmOHapHBIM OMbBIT-
HBIM 00BEKTOM [4].

B suBape 1990 rona, mo pesyinbraTtam
35-netHeit paboThl, QpyHIAMEHTATIBHBIN TPYA
«buoniornueckue  OCHOBBI  BbIpalllUBaHUS
BBICOKOKAUYECTBEHHOW JIPEBECHHBI 1IEJIEBOTO
Ha3Ha4YeHMs (Ha MpUMepe €IbHUKOB U OCHH-
HukoB Cpennero [loBoinkbs)» [S] momyuni
IIpU3HAaHWE Ha Y4€HOM coBere JIeHMHrpan-
CKOM JecorexHuueckou akamemun (JITA)
u Buktop Wnpmu Ilyenun Obl1 yaocToeH
YYEHON CTENEHH «IOKTOP CEJIbCKOXO035ii-
CTBEHHBIX Hayk», a B 1992 romy emy mpu-
CBOEHO yu€HOe 3BaHHe Mpogeccopa.

Bukrop Wnbnu IlduenuH kak Hay4dHbIN
PYKOBOJMTEINb, TaK M B COCTaBE KOMAaHJbI
Y4acTBOBaJ B BBINOJHEHUH KPYMHBIX IPO-
OJIEMHBIX HCCIICIOBAaHUHN TI0 3aJaHusIM ['ocy-
JAPCTBEHHOTO KOMUTETA 110 HAYKE U TEXHUKE
n [T'ockomneca, MuHucrepcrsa BBICIIETO
U CpeIHEero CHelMajJbHOro o00pa3oBaHus,
MunuctepctBa jecHoro xossiictea PCOCP,
3atrem Pocnecxosa, IIpaBurensctBa Pecry0-
nuku Mapuit On [6, 7]. B pamkax pa0GoThI
«JIecoBOACTBEHHO-CEIEKIIMOHHBIE ~ OCHOBBI
BOCCTAHOBJICHUSI U TOBBIIICHUS! MPOJYKTUB-
HOCTH €IbHUKOB Bomro-Bsarckoro painonay,
BBITIOJIHEHHOW 1oJ pykoBoacTBOM B. U. ITye-
JIMHA, JAaHbI [IEHHbIE TPAKTUYECKUE PEKOMEH-
Jalliy 110 PEIIEHUI0 aKTyalbHOM MpoOIeMbl
HEXeJIaTeJIbHOM CMeHBI TTopo [8].

C yuactuem B. 1. ITuenuna pa3pabatbi-
BaJICh PETHOHAJIbHBIE OMO3KOJOTHYECKHE
OCHOBBI YCKOPEHHOI'O BBIPAIMBAHUS IPO-
MBIIUICHHBIX HAaCaXICHUN I1EJIEeBOr0 Ha3Ha-
yeHust [9], HampaBleHHBIE Ha pELICHHE
npobnemsl nepunuTa obecrieyeHus peBe-
CUHOMW JIECHOIO KOoMmIuleKkca B EBpormencko-

VYpanbsckoit 30He. B 1989-2005 rogax y4act-
BoBasl B OOIIeco03Ho mporpamMme ¢yHaa-
MEHTaJIbHBIX HccienoBanuii  «lIpoGmemsr
JIECOBEACHUS», BO3MIABISUT TPYNNy MO HU3Y-
YEHUIO JJIMTENIBHOTO IIPOM3BOJCTBEHHOIO
W HAay4HOrO OIbITa BBIPAUIMBAHUS IUIAHTA-
IUOHHBIX KYJIbTYp pPa3HbIX BHJIOB U THOpH-
noB Tonoysi B ycioBusix Cpennero Iloos-
xba [10, 11].

OrpoMHBII CHEKTp BaXXHBIX JIECOBO/I-
CTBEHHBIX BOIIPOCOB OBUI PELIEH B MpoOLEcce
Hay4YHbIX HccienoBaHuii Bukropa Mnbuua:
JaHbl PEKOMEHJAIMK B OTHOLIEHUH BbIOOpA
JECHBIX MOPOA, (OPMUPOBAHUS ONTUMAIIb-
HOU BUIOBOU M ()OPMOBOU CTPYKTYPHI €CTE-
CTBEHHBIX M HWCKYCCTBEHHBIX HACAXKICHUUN
B C€JIbHUKAX M OCHHHHMKAX, OMPEIEICHBI
HauboJsee palMoOHAIbHBIE PEKUMBI BbIpAIIH-
BAaHUSI JIPEBOCTOEB B CBA3U C MOKA3aTEIsIMU
KauecTBa ApeBecunsl [12—-17]. Buxkrtop Winb-
U4 SIBJSUICS pyKoBoauTeleM TeMbl «HaydHo-
METOIMYECKUE OCHOBBI BOCCTAHOBJIEHUS MapKa
u 3uMHero canga 3amka [llepemereBbix
B 1. OpuHO», KOTOpas XapakTepusyeT 3Tall
YBIICUEHHOCTU TpoOIeMaMH SKOJIOTHH, O3€j1e-
HeHus ¥ TaHamadTHON apxutekTypsl [ 18-20].

JIpyrum Ba)KHbIM acleKTOM JesTEIbHO-
ctu Buxropa Wnpuya [luenuna sBisnace
negaroruvyeckas pabora, 3a 50-metHuid me-
pUOI UM IIPOWJIEH IIyTh OT aCCHCTEHTa
(1956-1963 rr.) no mpodeccopa (1991-2008 1)
[1oBOMIKCKOr0 roCyJapcTBEHHOIO TEXHOJIO-
rudeckoro yHupepcuteta (III'TY) (panee
ITOBOJIKCKUN  JIECOTEXHUYECKUM HWHCTHUTYT
(INITK), 3arem MapuiiCKuii TMOJUTEXHUYC-
CKMU HMHCTUTYT, MapuiiCKuii rocynapcTBeH-
HBI TEXHUYECKUH yHMBepcuteT). Benymumii
MpernoiaBarelib IUCUUILIMH «JlecoBenenue»,
«dennponorus», «lennpodaopa u neca mu-
pa», «JlpeBOBOJCTBO», PyYKOBOAUTENIb ACIH-
paHTyphl, wieH auccepranuoHHoro Cosera
[0 3aIlIUTE JOKTOPCKMX M KAaHIHMJIATCKUX
nuccepTauuii 1 YuuTelnb ¢ 00JbIIoi OyKBbI!

3HATOK Jieca, €ro >KMBBIMU paccKa3zaMu
3aCIIyIIMBAIOTCS  KOJUIETH W CTYIEHTHI.
OH OXOTHO JI€UTCS CBOMMM BIIE€YATICHUSMHU
OT MOe3J10K 1o pernoHam Poccum B nepuon
U3ydeHUsS (QIIOpHl PA3TUYHBIX JIECOPACTH-
TEJIBHBIX 30H, O BHJIOBOM pPa3HOOOpazuu
U OT/ACJIbHBIX BUJIAX JEPEBBHEB U KYCTAPHU-
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KOB, O TOM, KaK U B KaKHX yCJIOBHIX coOupa
KOJUIEKLIMM  IIMIIEK, CEeMSH, JPEBECUHBI
B pasHbIX yrosikax crtpaHsl. Hukorma ero
JeKIMU He OBLIM CYXUM H3JIOXKEeHHEM (hak-
TOB, B HUX BCErja NpUCYTCTBOBAJIa SMOIUO-
HaJbHAsI OKpacka, JII000Bb K MpHUpoje, Oora-
ThI€ 3HAHUS W JMYHBIA HMCCIIEIOBATEIbCKUM
onbIT. OH OTHOCHUTCS K TOMY YAUBHUTEIBHO-
My MOKOJICHHUIO TEAaroroB U y4€HBIX C BbI-
coyaieil spyaunuen B pa3iMyHBIX 00Jia-
CTSIX, CIOCOOHBIX OpPraHUYHO BIUIETATh
B CBOE MMOBECTBOBaHUE CTUXHU U LIUTATHI, JIET-
KO OIEpUpPOBaTh Pa3IUYHBIMU JIaHHBIMH.
Henb3ss He OTMETUThP U €ro YHHKAIbHYIO
MaHEepy H3JIOKEHUSI U MOCTPOCHUS JMAJIOra,
B OCHOBE KOTOPOH — YyTKOCTh K coOeceHu-
KY, FOMOp ¥ KPaCO4YHOCTb.

CBoell cTpacThl0 K IMO3HAHHUIO U yBIIE-
YEHHOCTBhIO MUPOM Tpupoasl Buktop Mibnu
[Tuenun yBnék MHorux. Ilemslii 1uIacT
BBIJIAIOUTUXCS BBITYCKHUKOB — CIIELIMAJIUCTOB
necHoro mpoduis, y4EHBIX U PYKOBOJIHUTE-
Jeil pa3HOro YpOBHSI BOCXMIIEHHO BCIIOMU-
HAIOT OOIIEHUE C YYUTEJIeM W OJlaromapsr
3a OecuieHHBIA OnbIT. Buktop Wnbpuu HHKO-
I71a HE JOIYyCKaJl MOBEPXHOCTHOI'O OTHOIIIE-
HUS K Hayke W oOpazoBaHuio. TuiarenbHen-
mrasi mpopaboTKa JaHHBIX U OTPOMHOE BHH-
MaHHE KO BCEM JIeTalsiM — TpeOOBaHUE K ce-
06e u mocel1 ydyeHukam. Jlap menarora, aud-
Has Xapu3Ma, yMEHUE 3auHTEepecoBaTh TBOP-
YECKUM TOUCKOM, JIEIUKATHO U JOXOJYHUBO
HANPAaBUTh K PEIICHUIO MPOOJIEMBbI — BKJIAJ
Bukropa Mnbuda B cTtaHoBiieHne npodeccu-
OHAJIOB.

PykoBosmias aaMuHucTpaTuBHas pabo-
Ta TaKke B apceHane B. . [Tuenuna: Gonee
12 et — nekaH 3a0YHOTO U JIECOXO035UCTBEH-
HOrO (haKyJIbTETOB, ¢ Mas 10 HOsIOpb 1968 ro-
Jla — MPOPEKTOp MO Hay4yHOil paboTe, B nepu-
ox 1980-1985 rr. — 3aBenyronuii kadeapoun
JIECOBOACTBA U JEHAPOJIOTUU, B MEPHO
1991-1999 rr. — 3aBenyroumii kadenpoii 60-
TaHUKH, JECHJPOJIOTMM U CaJOBO-IIAPKOBOIO
ctpoutenbeTBa (¢ 1997 roma xadenpa odpena
COBPEMEHHOE Ha3BaHUE — CaJI0BO-MApKOBOIO
CTPOUTENIbCTBA, OOTAHUKHU U ICHPOJIOTHH).

Buxrop Wnpuy IIyenun crosur y UCTOKOB
UJIed MOJTrOTOBKM Ha 0a3e By3a MH)KEHEPOB-
o3eneHurenei. Ilocie OTKpbITHS cnenuaib-
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Hoctu 260500 «CamoBo-MapKoOBOE CTPOU-
TEIBCTBOY», B UHCJIE NIEPBBIX B CTPAHE BO3IJIa-
BWJI JAHHOE HallpaBjieHue. BhICOKHI ypOBEHb
o0pa3zoBaTeNbHON AEATEIbHOCTH Kadeapsl,
dbopMHUpOBaHHE CIJIOYEHHOTO KOJICKTHBA,
CBsI3€M C IPOM3BOJCTBOM, YBIEYEHHOCTH CO-
TPYAHUKOB OOILMM JI€]I0M, Hay4yHas U IpPo-
exTHasi pabora kadeapsl — 3acinyra Bukropa
Nnpuya kak myaporo pykosogureis. Mimenno
MOJT €ro HavajoM Kadeapa MOMOJHUIACH ac-
MUPaHTAMU U MOJIOJBIMU TPENOIABATEISIMH,
craja (opMUpOBaTHCSI HAy4yHAasl IIKOJIA U BbI-
JEJIINCh AKTyaJIbHbIE HAIIPaBICHUS pPa3BU-
Tus. Pe3ynbTaTMBHOCTH PYKOBOJAIICH pado-
Thl U YBaXXEHHUE KOJUJICKTMBA — IIOKa3aTelu,
koTopeie jgocturan B. W. [Tuenun Omaromaps
CBOEHM SKCIEPTHOCTH, ABTOPUTETY M BHHMA-
TEIbHOMY OTHOILIEHUIO K JIFOJISIM.

Oco0as Bexa ¢ 1976 no 1983 rr. B %Ku3-
Hu B. W. [Tyenuna — HaydyHOE PYKOBOACTBO
nenaponorudeckum cagom MaplIU (B Hac-
Tosilee BpeMs boTaHMYecKui caa-UuHCTUTYT
I[II'TY). 3a 3TOT Mepuoa KOJIJIEKTUBOM Ka-
deapbl U AEHIPOJIOTUYECKOro cajia MoJ py-
KoBOJIcTBOM BukTopa Mnpuya pazpaboTaHbl:
reHepaibHas cxema (QYHKIIMOHATBHOTO 30-
HUPOBAHUS €r0 TEPPUTOPHUH, MPOEKTHI KOJ-
JIEKIIMOHHOTO JIEHAPOJIOTHYECKOTO OTJIeNa,
nomyneryma, (Qpyruneryma, CHUpHUHrapus
U JIpyrux skcnosunui. Kpome toro, cosep-
IIEHCTBOBAJaCh ~ METOAMKA  HaOIIOJeHUM
Y HAYYHBIX OTYETOB, UHTEHCUBHO IOIOJIHS-
JIUCh KOJUIEKI[MU, MHOTHE PACTEHUs HaIUIH
IPUMEHEHHE B O3eJIeHeHHH roposa Momikap-
OBl 1 ApYrUX HACENEHHBIX ITYHKTOB.

BzaumogeiictBue ¢ borannmueckuMm ca-
noMm Bukrop Wnbny [Iuenun He mpekpamal
HUKOTJ]a, MOHUMAasi €ro Ba)KHEWIIYIO pOJib
B (OpPMHUPOBAHHH CIIEIUAIKUCTOB JIECHOTO
npoduias M, OCOOEHHO, CaJ0BO-TIAPKOBOTO
CTPOUTENBCTBA. MoJioable  CHEUATUCTHI,
OKOHYMBIIME JIECOTEXHUYECKUM HWHCTUTYT,
MOTJIM OBITh HAMpaBJICHBI MO pachpeaene-
HUIO B JIIOOYIO TOYKY Hamled HeoOBATHON
PonuHpl, W KaXaplii M3 HHUX OBUI 00sA3aH
3HaTh JiecooOpa3yllue MOpPOJbl CTPaHBI,
HEeB3Mpas Ha KJIMMAaT WU Pa3HULY BO ¢uiope
Pa3IUYHBIX TeorpaUuecKux peruoHOB.

Oco3HaBasi 3Ty OTBETCTBEHHOCTb MpHU
MOJITOTOBKE  KBATU(DUIIMPOBAHHBIX  KaJIPOB
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JUISl pa3BUTHSI JIECHOM OTpAciy Halled cTpa-
HbI, y4€HbIM mo4yTH S50 JIeT y4yacTBOBal B CO-
3MAHUM KHUBBIX KOJUIEKIUH, CIOCOOCTBOBAI
OpraHM3aliy MPaKTUYECKUX 3aHSATUN U HAay4-
HOH paboTel Ha 6a3e boranuueckoro caza.

Takke 3HaYUTEIbHOEC BHUMaHUe BUKTOD
WNnpny yaenssi MHTPOAYLIEHTaM HE TOJIBKO
C TOYKH 3peHHsi 00pa30BaTeNLHOIO MpoLecca,
HO U C LEJIbIO TIOUCKA XO03MCTBEHHO 1IEHHBIX
TaKCOHOB JJI1 HYXKJ JIECHOIO XO3sCTBa
U s O3CJICHEHUS HACENEHHBIX ITYHKTOB.
3a BpeMs Hay4YHOT'O PYKOBOJICTBA JE€HIPOJIO-
TMYECKUM CaZloM ynaiaoch chopMHUpPOBAThH
3HAYUTENbHYIO KOJUIEKLIIUIO YK30TOB, MHOTHE
13 KOTOPBIX MPOXOAWIM IIUTEIbHYIO ajaar-
TallMI0 W aKKIMMAaTH3alUI0 K MOTOJHBIM
¢dakropam Cpennero IToBOMXKbS, HPOILIH
OCHOBHBIE JTalbl HMHTPOAYKLHMH M TENEphb
YCHENIHO BBIPAIMBAKOTCA M B YCIOBHSIX
Pecniy6nuku Mapuii D11, 1 B COCETHUX peru-
oHax. B cocraBe uroneHoTHYECKOTO OTIE-
nma BCU NI'TY Bukrop Wnbuu BeIgeanI
1eHHble (OpPMBI A0OPUTEHHBIX BHJIOB TIO
01oMOpP(HOTOTHIECKUM CBOWCTBAM.

Jnist MHOTMX PaOOTHHUKOB COBPEMEHHOTO
borannueckoro cana-uncruryra Bukrop Minbny
TaK)Ke ABJIAETCS yunuTeneMm. Ero HacraBineHus
JI0 CUX MOp MOMHSAT €ro YYEeHUKU U OTMEeva-
I0T Ty JII000Bb, C KOTOPOI OH BCErja paccka-
3BIBAJI O KaXKJIOM JIEpEBE U KyCTapHHUKE, pac-
tymeM B [ennpapuu. Kazanocs, 4T0 UMEHHO
9TOT TAKCOH, PO KOTOPBIA OH TOBOPUT CEHl-
yac, SBISETCA €ro JIOUMBIM OOBEKTOM
B »Kkcno3unuu. Ho HaunmHamace HOBas Jiek-
LIUsI, HOBBIA YPOK, U CIEAYIOIIUNA TPEACTABH-
Tedb Mupa (JIopbl BHOBb MPEMNOJHOCHIICS
BCE C TEM )K€ BJIOXHOBEHHUEM U BOCXMILEHU-
eM, ¢ KOoTopbIM Bukrop Mnbuu rosopui
0 JIpyrux JepeBbsx eue€ Buepa. biaromaps
TakOMy MOJXOAy U JIIOOBU K CBOEMY ey,
€ro ImnocieAoBaTels M ynaaiaoch chopmupo-
BaTh Takoe ke OepelkHOe OTHOILEHUE U JI0-
O0Bb K Ka)XXJIOMY 3JIEMEHTY KMBOI MPUPO/IHI,
COXPAHUTh U IIPOHECTH ITOT OI'OHb NpEAaH-
HOCTH CBOE€#H mpodeccun.

Buktop Wnbnu BXOIui B COCTaB KOOP-
nuHanmoHHoro CoBeTa 1O COBPEMEHHBIM
npobiemMaM JpeBECHHOBEICHUs Npu Mex-
JYHapOJHOMW aKaJeMHUU JpEBECHUHOBEICHMS
B MI'VJI, DKCnepTHOTO 3KOJOTMYECKOrO CO-

Beta Munskonoruu Pecryonmku Mapwuii D,
SIBnsncs 4neHoM mNpe3uanyMa M npeacesa-
TeJleM Hay4yHo-TexHudyeckoro Cosera Ma-
pHIICKOro  pecryONMKaHCKoro — oOriecTBa
OXpaHbl MPUPOJIBI U MPEACENATEIEM CEKIUU
necHoro xo3siictea HTO.

OrpoMHBIH  HCCIENOBATENBCKUM  OIIBIT,
BBICOYANIIINN MPOQPECCHOHATN3M U HECKOJIb-
KO JIeT CKpYMyJIE3HOW pabOThl TMO3BOJIMIH
B. U. [Tyenuny B 2007 roxy u3naTh yHUKab-
HBII yueOHMK «Jlenaponorus» [21], mpeana-
3HAQYEHHBIN JIJIs1 CTYACHTOB BBICHIMX Y4E€OHBIX
3aBeZIeHUH, O0y4aromMXcsl MO HaMpaBIeHUIO
«JlecHoe x03s¥cTBO W NaHAMA()THOE CTPOH-
TEIbCTBO» U JIPYTUM POJICTBEHHBIM CIIEIU-
aIbHOCTSAM. Y4eOHuK «[leHmpomnorusy» maomy-
nieH YMO 1o oOpa3zoBaHHIO B 00JacTH Jiec-
HOIO JieNa W SBJISETCS OOHUM H3 JIy4dIIUX
U BOCTpEOOBaHHBIX MO JAHHOM AMCLUIUIMHE.
Matepunan no 500 napeBECHBIM TaKCOHaM
TUIATEJIbHO BBIBEPEH aBTOPOM, TAJAHTIUBO
CKOMIIOHOBAaH M MPOWLIIOCTPUPOBAH. ITO
U3JIaHUE, KaK U UHTEpECHbIe pacckas3bl Buk-
topa WMnbpu4a, morpyxaer B MUp APEBECHBIX
pacTeHMA, HAMOJIHEHHBIN 1udpamu U (axra-
MU, H, Olaromapsi MacTepCTBY H3IIOKEHUS,
00bEMHBIN y4eOHBIM MaTepraia BOCIPUHHMA-
€TCs JIETKO M 3aMHTEPECOBBIBACT O0ydarole-
rocs. Yueonuk «/lenaponorus» B. U. [Tuenu-
Ha — BBIJAIOLIUICS TPYA, KOTOPBIM TOPAUTCA
YHUBEPCHUTET.

Bukrop Winbnu — aBrop Oomee 150
HAYYHBIX U METOJAMYECKUX PadoT.

[TonTBepkeHneM OOJBIIMX JTOCTHKE-
Huii  B. U. [luenuua sBIAIOTCS Harpajisbl:
Menanb «3a n1obmectHeId Tpyd. B o3HameHo-
Banue 100-netust co aus poxnaenus Bnanu-
mupa Wnpnua Jlenuna», mepanu «50 et
[Tobensr B Benukoit OTeduecTBEHHON BOIHE
(1941-1945 1r.)» 1 «60 ner IloGens B Benu-
ko OredyectBeHHON BoWHE (1941-1945 rr.)»,
[Touétnas rpamota Ilpesnauyma BepxoBHO-
ro Comera Mapumiickoit ACCP (1979 r.),
Menans «Berepan tpyna», 1louérHas rpamo-
ta IlpaBurenrctBa MACCP 3a 06opbsOy
¢ necHpIMH moxapamu (1972 r.), mou€rHbIe
rpaMOTBhl OT OOIECTBEHHBIX OpraHU3aLUil
3a HaydHylo paboTy W TeAaroru4ecKuit
TPy, 3HA4YOK «3a cOepexeHHe W MPUYyMHO-
skenre JsecHeix OoratctB PCDCP», 3Hak
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«3a oxpany mnpupoasl Poccum» (1975 1.),
[TouétHast rpamora MUHHCTEPCTBA KYJbTY-
pBl, MEYaTH U MO JejiaM HallMOHAJIbHOCTEH
Pecny6iiukn Mapu On «3a MHOTOJIETHIOIO
paboty B akTHBe MapHiicKoro pecrnyOnuKan-
CcKoro otneneHus Bcepoccuiickoro o0rie-
CTBa OXpaHbl MaMSATHUKOB HCTOPUU U KYIb-
TYpHI U B CBs3U ¢ 40-J1€THEM OOIIIECTBAY.
Hckpenne nosapasisieM Bukropa Mib-
u4a ¢ JOCTOWHBIM robuineem! XKemaem emy
KPENKOI'0 310pOBbsi M JOJIOJETHSI, IyCTh
KaXKIbIH JeHb Oy/eT MPEUCIOIHEH PaoCThIO

U YIOBJICTBOPEHUEM OT MPOJAEIAaHHOW pa-
00T, @ BHYTPEHHHUH OrOHb ONTHMH3Ma
U JKUBOM DHEPrUU HE HCCAKACT HHUKOT[IA.
Jns Hac Bukrop Mibuu — osMueTBOpeHHE
MYApPOCTH UM DHTy3Ma3Ma, €ro Ipumep
SBJISICTCS. HAIYTCTBUEM M HACTaBJICHUEM
Ul BCEX TEX, KTO IPOJOJDKAET HAYaToe
uM gaeno. Ero 3HaHMA, Maew M B3IUIAIBI
MHTETPUPOBAINCh B JalbHEHIIyI0 padoTy
IIOCJIEI0BATENIEN, U CETOAHS MBI C TOPAOCTBIO
MOXEM CKa3aTh, 4yTo aeio ITuennna Bukropa
Wnbuua xuser!
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HNudopmanust 00 aBTopax

CEPEBPAKOBA Hamanvs Escenvesna — KaHIUAAT CENbCKOXO3SHUCTBEHHBIX HAyK, TOICHT
Kadeapsl CaJioBO-IAPKOBOTO CTPOUTENBCTBA, OOTAHUKU M JeHApoJiorrH, [ToBoKCKU TOCymap-
CTBEHHBIN TEXHOJOTHYECKH yHUBepcHUTeT. O0IacTh HAyYHBIX WHTEPECOB — WHTPOAYKIHS Jpe-

BECHBIX pACTEHUN, O3€JICHEHHE HACEJIEHHBIX ITYHKTOB.

METOIUYECKUX pabdoT.

ABtop 100 HaydyHBIX W y4eOHO-

TUMYPI'AJIMEBA Jlapuca Anexceeéna — HadaldbHUK OTAENa y4eOHOM M HaydHOH padot
borannueckoro cama-uHCTUTYTa, [10BOJKCKUI TOCYIapCTBEHHBIN TEXHOJOTMUYECKUN YHUBEpPCHU-
ter. OOJacTh Hay4YHBIX HMHTEPECOB — OJKOJOTHUECKOe OOpa3oBaHME W IPOCBEIICHHE. ABTOD

15 HayYHBIX ¥ y9eOHO-METOAMIECKUX PadoT.
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NHOOPMALIUA 1 ABTOPOB

JloBoauM 110 CBEJICHWS aBTOPOB M YUTATENICH HAIIETO JKYpHAJIA, YTO B COOTBETCTBHH ¢ [Ipmkazom MuHn-
obpHayku Poccun ot 24.02.2021 Ne 118 «O0 yTBepkA€HHH HOMEHKIIATYPhl HAyYHBIX CIICIMAIBHOCTEH, IO KO-
TOPBIM TIPUCYKNAIOTCS YUEHBIE CTEIICHH, U BHECEHUH N3MeHeHHs B [loyloxkeHue 0 coBeTe 1o 3aluTe JuccepTa-
U Ha COMCKaHWC YYEHOW CTENCHHM KaHAWIATa HayK, HA COMCKAHWE YUEHOU CTENCHH JOKTOpa HAayK, yTBEp-
XKIEHHOE TNpHKa3oM MuHHCTEepcTBa oOpasoBaHus M Hayku Poccuiickoit @eneparuu ot 10 HOstOpss 2017 T.
Ne 1093» (3apeructpupoBano B Muntocte Poccnn 06.04.2021 Ne 62998) u3MeHWITNUCH HAyYHBIE CIEIIMATLHOCTH
M UX TacTIopTa.

C nexabps 2022 roga xypHai «BecTHuk [T0BOIDKCKOTO TOCYAapCTBEHHOTO TEXHOJIOTHIECKOTO YHUBEPCH-
teta. Cepust: Jlec. Oxonorus. IIpupogononp3oBaHuey medaTaeT CTaThbH MO0 OOHOBIEHHBIM HAYYHBIM CIICIHAIIh-
HOCTSIM M COOTBETCTBYIOIINM UM OTPACIIIM HayKH B CICAYIOIINX PYyOpHKax:

JlecHOe X0311iiCTBO:

4.1. ArpoHOoMUS, JIECHOE U BOAHOE XO3SUCTBO:

4.1.2. Cenekiysi, CCMEHOBOJICTBO U OMOTEXHOJIOTHSI PACTCHHI (CEIIbCKOX03HCTBCHHBIC H OMOJIOTMYECKUE).
4.1.6. JlecoBenenue, 1eCOBOACTBO, JE€CHBIE KYIbTYPhI, arpoJIeCOMEINOPALUs, 03€ICHEHHE, JIECHAsS THPO-
JIOTHS ¥ TaKcalus (CeIbCKOXO03HCTBEHHBIC, OMOJOTHYCCKIE U TEXHHYCCKIE).
TexHOJIOTHH M MAIIMHBI JIECHOTO Jea:
4.3. ArpoumrxeHeprs 1 THUIIEBhIE TEXHOJIOTHH:
4.3.4. TexHomorny, MaIuHBI U 00OPYIOBaHKE YIS JIECHOTO XO3HCTBA U MEePepabOTKH JPEBECHHBI (TeX-
HUYECKHE, OMOJIOTHIECKIE, XUMHUIECKHE).
IIpo6aemMbl 3K0J10THHM M PALMOHAJIBHOTO NPHPOAONOTb30BAHUS:
1.6. Hayku o 3emiie u okpy»xaroliei cpene:
1.6.19. Aspokocmuueckue ucciieioBanus 3emitu, GoTorpaMMmeTpus (reorpaduuecKue).
1.6.21. I'eo3konorus (reorpadpuyucckue).

Jartpl, codbITHSI, KOMMeHTapuu. [lo-npexxHeMy OyIyT pa3MemaThCsi MaTepUaNbl O 3HAMCHATEIBHBIX J1a-
TaX, KOHPepeHIUAX 1 GpopyMax ¢ UX PE3OIIOLUIMH, O APYTUX COOBITUSIXK, a TAK)KE PCIICH3UU HAa CTAThH M MOHO-
rpadum.

Cratbst IOJDKHA CO/EPkKATh TOJBKO OPUTHMHAJBHBIN MaTepHal, OTPAKAMOUIMNA pe3yJIbTaThl 3aBEPHIEHHBIX
HCCIIeTOBAaHUH aBTOPOB, 00bEMOM 8—15 CTpaHMII, BKIIIOYAs PUCYHKH.

K neyary npuHUMAIOTCSl MaTepUalibl, KOTOPbIE He OMYOJIMKOBAHbI U HE HIepeAaHbl B Ipyrue peaakiyu. Pyko-
MHCH MPOXOJST 00s3aTeNbHOe pelieH3npoBanie. B «BecTHHKE. ..» MeYaTaloTcs TOJIbKO CTaThH, MOJYYHBLINE I10-
JIO)KUTEITHHBIC PEIICH3UH.

TpeOoBaHus K OPUTHHAJIAM MPeI0CTABIAAEMBIX padoT

Cmpyxkmypa HayuHot cmamovu

1. AuHoTtanus (3—4 npeayoxeHus ).

2. Kimrouessie cioBa niu ciioBocodetanus (He 6onee 10) oTAENSIOTCS APYT OT ApyTa TOUKOH C 3aISTOM.

3. BBenenue (OIeHKa COCTOSHUS BOIPOCA, OCHOBaHHAS Ha 0030pe JINTEpaTyphl C MOTHBAIHECH aKTyalbHO-
CTH; BBISIBJICHHOE IIPOTHUBOPEUHE, O3BOJISIONIEE CHOPMYITHPOBATH NPOOJIEMHYIO CUTYAIHIO).

4. Llenp paboThl, HAaIIpaBJIEHHAs HA IPEOAOJICHNE NTPOOIeMHON cutyaunu (1-2 npeaioxeHus).

5. Pemmaemble 3a1aun, HanpaBJICHHbIE HA TOCTHKCHUE LEITH.

6. Maremarnueckoe, aHaJIMTHUECKOE WIIM HHOE MOJICIINPOBAHUE.

7. TexHHKa IKCIIEPIMEHTA ¥ METOMKA 00paOOTKH MM M3JI0KEHHUE MHBIX TOJIyYE€HHBIX PE3YIIbTAaTOB.

8. UHTtepriperanust pe3ysnbTaToB WM UX aHAJIN3.

9. BBIBOZIBI, OTparKaroIiie HOBU3HY IOJMyYCHHBIX PE3yJbTAaTOB, MMOKA3BIBAIOIINX, YTO I€Jb, IOCTABICHHAS B
pabote, TOCTUTHYTA.

Tloopobnee — na caiime III'TY: http://journals.volgatech.net/?journal=forest

IToanucka Ha KypHan OCyIIecTBIseTCS Mo MHTepHeT-KaTanory «IIpecca Poccum» (moamucHolt MHOEKC
42920, Tematuueckuil ykasatens HayuHno-rexunueckue uznanus. Mssectus PAH. M3BecTus By30B»).
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