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TUMOJIOT U JECHBIX OXOTHUUYbUX YTOJAUM

A. I. Paccoaos, A. C. llInmukun
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PaccMmotpeHns! pa3paboTaHHbIE KNACCU()UKAITMOHHBIE CXEMBI JIECHBIX OXOTHUYBHX YTOANii, B YaCTHOCTH OCHOBaHHAs
paHee Ha JIECHON TUIONIOTHH C YETBIPEXYPOBHEBBIM JIENICHUEM (KaTeropus — KJIace — IPyIIia TUIIOB — THII), COITTAcHO
KOTOPOI MPUBOIATCS Cpe1o00pa3yonIie apryMEeHThI U KpUTEPUH AJIs UX BblAeneHus. Ha ocHOBe aHanmm3a iuTepary-
PBI, TOCBSIIIICHHON KJIACCU(UKAIUHU JICCHBIX OXOTHUYBUX YTOAUH, TOKa3aHa BOIOIHS KIAaCCU(PHUKAIIUY MPUPOTHBIX
pPECypCcoB OT HCHOJIB30BAHUS MMeIoIeiics nHpopMarmy (MaTepHuaibl JIECOyCTPOUCTBA) 10 BHIOBOM OIIEHKH IPO-
JTYKTHBHOCTH, OTOOpa)kaeMOil Ha CITyTHUKOBBIX CHUMKAaX. Y TBEPXKJIAETCs, UTO JII00ask TeMaTHUeCKas HHTEPIPETAIUS
HPUPOHOI OCHOBBI HE COOTBETCTBYET 3a/1a4aM OXOTYCTPOMCTBA: >KUBOTHBIC ITOJBHKHBI, a ICCHAS Cpe/ia ANHAMUYHA,
MO3TOMY KJIacCHU(HUKALUSI OXOTHUYBUX YTOJUI T0JDKHA YUUTHIBAT IPOCTPAHCTBEHHBIN M CYKIIECCHOHHBIN (DAaKTOPHI
(opmupoBaHus yciaoBus oouranus. [IpeacraBieHHas cxeMa yUUTHIBACT Ha YPOBHE apeaja AeHCTBUS KIMMaTHdec-
KOTO (30HAJNBHOTO, BEICOTHO-TIOSICHOTO), TOMYJISIIIUU — SKOJIOTHYECKOTO (KOPMOBOTO, 3aIIUTHOTO U THE3IOTPUTOTHO-
T0) ¥ INHAMUKHU YUCICHHOCTH — CYKIIECCHOHHOTO (MHAMMKa HacakaeHui) (aktopos. IIpu oxoTycTpoiicTBe mpH-
HUMAIOTCSI BO BHUMAHHE YK€ HMEIONIHECs MaTepHaibl JIECOyCTPOMCTBA M MPEKHETO OXOTYyCTPOICTBA, HO TaKXKe
YUUTBIBACTCS U TeMaTHUCCKasi MHTEpIpeTanus ucxoqHoi undopmanuu. Ipemnaraercs npsamoe aemupprupoBaHne
9KOJIOTHUECKUX CBOMCTB M300paKEHHS OXOTHUYIBHX YTOAMH 10 KOCMHUECKUM CHUMKaM, a pa3paboTaHHasi KIacCH-
(buKanMoHHAas cXeMa JTUHAMHUECKOTO COCTOSHHS ITO3BOJISET MMPOrHO3UPOBATH NX CYKIIECCHOHHYIO MPOIYKTUBHOCTh
U yPOBEHb YHCICHHOCTH >KHBOTHBIX, ITO3TOMY CJIEAYyeT OPUEHTHPOBATHCS HA TONyUCHUE MPSIMON HH(OpMAIH 00
OXOTHHYBHX YTOABIX C HCIIOIb30BAHUEM KOCMUYECKOH CheMKH BBICOKOTO Pa3peIICHHS.

KuarwoueBsble ciioBa: iecrnas munoJniocus, cpynna Kidaccos, Kiacc, cpynna munoe, mun, CnynHuKoedasl Cbe€mka.

DOI: 10.15372/SJFS20230401

BBEJIEHUWE

Brinenenne oXOTHUYBUX YTOAWNA, OTHOPOIHBIX
II0 DKOJIOTHYECKHM CBOHCTBAM MECTOOOMTAHUMN
OXOTHUYBUX J>KMUBOTHBIX, TPEJCTABISCTCS BEChMa
CIIO’KHOM 3aJjaucii, 3HAYNUTENIFHO CIIOKHEE, YEM BbI-
JIeJICHUE TOYBEHHBIX WJIM T'€OOOTaHMYECKUX pas-
HOCTEH, MOCKOJIBKY 3TH KOMITOHEHTHI (TT0YBa, pac-
TUTEIBLHOCTh) DKOCUCTEMBI 0OJee CTaTUYHBI IO
CpaBHEHUIO C )KUBOTHBIM Hacenenuem. Kpome Toro,
Ka) b1l BUJ TpeOyeT crienupuIecKuX IKOJIOTHIeC-
kux ycioBuit oouranust (FOprencon, 1968; Coxo-
noB, 1970; Koznosckwuii, 1971). Hanpumep, murpa-

© Pacconos A. I'., [lIumukun A. C., 2023

nuoHHas cuoupckas kocyns (Capreolus pygargus
(Pallas)) B 50-x romax mpoIuIoro Beka MpHILIa U3
Bocrounoro CasHa m Havanma OcBaWBaTh IpUaH-
rapcKue COCHOBO-JTTUCTBEHHBIE MOJIOTHSKH TOCIIE
pyOku crenbix cocHsikoB 50—60-X rogoB, KOTOPbIE
k 2010 . B pe3ynbrare CyKIIeCCHOHHBIX MPOIECCOB
MIPEBPATIIINCH B COCHOBBIE JKEPIHSIKA M CTaJH He-
MPUTONIHBI JUIsl 0OWTaHus JaHHOTO BHjaa. B 90-x
KOCYJIsl TTepelllyia Ha JIETHUE CTallud TEMHOXBOMHBIX
BBIPYOOK (OCHHOBBIE MonoaHsAkH) EHuceiickoro
KpsDKa, HO 3UMHHMH CTallUsMHU ocTaBanack Kan-
cKasl JecocTenb. Benyue Murpannonssle Gpaxkro-
PBI U151 KOCYJIU — KOPM U ITyOMHA CHera.



A. I Pacconos, A. C. [Huwukxun

[Toka peiicTBOBaN «4EpHBIA PBIHOK», COOOJS
(Martes zibellina Linnaeus) 1oObIBajiu B MECTAX €T0
Pa3MHOXKEHHS, a 3aTE€M 3TO CTAJIO BO3MOYKHBIM TOJIb-
KO B HAaMMEHEE MPHUTOIHBIX JJIs1 OOMTAaHUS UBHSIKAX
p. EHucei, xorja 3BepbkH MOKUJAIN YUACTKH pa3-
MHoOxeHus. [lepepacnpeaenenuem yroauit uist 10-
ObI4M cOOOJIS TOCITY>KHIIT 3AIPOC PhIHKA. Peakkimma-
TU3aIUs COOOJIS PUBENA K N3BMEHEHUIO CTPYKTYPBI
OXOTHUYBEH MPOAYKIIUU: CHIKEHUIO YUCICHHOCTH
00bIKHOBEeHHOM Oenku (Sciurus vulgaris (Linnaeus))
Oosee yeM B 5 pa3, pe3KOMY COKPALICHUIO YHUC-
neraHoctu TerepeBuHBIX (Tetraonidae), ropHOCTas
(Mustela erminea (Linnaeus)) u 3aifia-Oensika
(Lepus timidus (Linnaeus)), a xonoHok (Mustela
sibirica Pallas) BooOre ucues3 u3 apeanga coOOJIs.
Ha uncieHHOCTh 3THX 3BEped W NTHIL] NOBIMIIA
XUIIHUYECKasT JIEATEIbHOCTh Pa3MHOKHBIIETOCS
co0oJ1s, YTO YCYryOMJIOCh HU3KUMHU PHIHOYHBIMH
[IEeHaMu Ha ero mKypky. [lmotHocTs nocst (Alces
alces (Linnaeus)) Ha menkonpsaaukax 50-X To10B
B 3ananHoit CuOupu U 1MociieoBaBIIuX Tapsx J10-
cruria 5—8 ocobeit Ha 1000 ra, a ceifuac oHa COOT-
BETCTBYET €CTECTBEHHOW KOPMHOCTH yroaui (2-3
Ha 1000 ra). JloObIBaTh 3Bepeii Ha MSICO CTaJO BBI-
rojiHo B paauyce He 6oiee 200 kM OoT MecTa cObITa,
Tak Kak amoptuzauusi cHeroxogos u I'CM ormpene-
JIWJIK TUTIOIIAb OCBOEHUS yroauil. Takum oOpasom,
B CTPYKTYpy OXOTHHYbEW MPOMYKIMH BMEIIAJICS
PBIHOK U «3arOTOBHUTEIIHHBIC) IIEHBI.

Tun OXOTHHYBMX Yromui Kak OOBEKT XO3sii-
CTBOBAaHHUS COYETAeT B ceOe eCTeCTBEHHBIE CBOM-
CTBa JaHAmAa(Ta, CyKIECCHOHHBIE TPOLECCHI, NHU-
UUPYEMbI€ TTPUPOION (ILIETKOTIPSTHUKH, TTOKAPHI)
W YEeJIOBEKOM (BBIPYOKH) M COIMATBHO-3KOHOMHU-
YEeCKHUE YCIOBUS JOOBIYHU U COBITa OXOTHUYBEH IPO-
TYKIIWH.

N3mennnnch GopMbl COOCTBEHHOCTH, OJIHAKO
0 MPOIIECTBUU BPEMEHHU OCTAJIACh IIENIb BEICHHUS
OXOTHMYBETO XO34HCTBA — MOJYYECHHUE MPOTYKIIUH
OXOTBI, a 3HAYUT KAYECTBO 3aKPEIUIIEMBIX OXOTHH-
ypuxX yroauid. OT UX MPOXYKTUBHOCTH HAIPIMYIO
3aBUCHUT SKOHOMHYECKas 3((PEKTUBHOCTh BEJCHUS
OXOTHMYBETO Xo3siiicTBa. Panee (B coBeTcKoe Bpe-
Ms1) OXOTHUYbE XO3SHCTBO OBLIO MIAHOBO-YOBITOU-
HBIM, a Ceifyac OXOTHHYBH YTOJIbSI MOTYT COAEPIKATh
JMIIb COCTOSTENBHBIE JFOMU 332 CUET WHOU Cepbl
nesitenbHoCTH. OCHOBHAsE Macca OXOTIOJb30BaTe-
Jeil 3aHUMAaeTCsl AeATEIbHOCThIO Al U3BICUCHUS
npuObLIM (ITPOMBICIIOBOE HAINPABJICHUE), a 3HAYUT
TJTAHUPOBATH JESATEILHOCTh 0€3 3HaHWN MPOU3BO-
JTUTEILHOCTH B3ATHIX B aPEHy OXOTHUYBHMX YTOIUN
HEBO3MOXHO.

Lenp Hacrosmeit paboTel — AaTh 0030p Cylie-
CTBYIOIIUX MOAXOMOB K KJIACCH(PHUKALUHU JIECHBIX
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OXOTHUYBUX YTOJUW U TPEUIOKHUTH BAPUAHT, OT-
BEYAIOIINH COBPEMEHHBIM TPEeOOBAaHUSM METOJIOB
OLIEHKH MPOJYKTUBHOCTH YTOJUH.

B 3amaum umccnemoBaHUl BXOAWIM HCTOpUYE-
CKHMI aHanM3 U pa3paboTka BapUAHTOB THIIOJIOTHH
JIECHBIX OXOTHUYBHMX YTOJAMH C y4€TOM COBPEMEH-
HBIX JIAHHBIX CITyTHUKOBOW ChEMKH U 3HAHUM O CYK-
[IECCHOHHBIX MpOIleccax B Jecax.

MATEPHAJIbI U METO/IbI
HUCCJEJIOBAHUM

B nponecce wuccienoBaHuii aHaIM3MPOBAII-
CSl ONBIT MPOBEICHUS OXOTYCTPOUTEIBHBIX pPabOT
B Cubupu (6onee 60 X035UCTB Ha TUIOMIAAH OKO-
7o 10 mMiH ra), B TOM 4duciie oXoTyctpoictBo Ce-
Bepo-Enunceiickoro u TypyXaHCKOro pailoHOB, a
TaK)Ke ONPEeAsIach MPOAYKTUBHOCTb OXOTYTOJUI
18 llentpanbHbix paiioHOB KpacHOspCKOro kpas
(Ivmukun, Janwnun, 1998). Ilpu aToM Xo3siicTBa
UMENHM pa3Hyl HalpaBI€HHOCTh: CIOPTHUBHEIE,
TIOOUTENBCKUE, TPOMBICIOBBIE, HAIIMOHAIBHO-IT-
Hudeckue. [IpopabGoTaHbl OCHOBHBIE JIUTEPATYp-
HbIE€ UICTOYHHMKHU MO OXOTYyCTpoucTBy. IIpuBieueHsl
COOCTBEHHBIE JJAHHBIE 110 OCOOEHHOCTSIM DKOJIOTHH
NPOMBICTIOBBIX BUAOB CHOHMPH, CyKIIECCHOHHBIM
M3MEHEHUSIM YCIIOBUH OOWTaHUWsA, TPSIMOMY Jie-
MU(PPUPOBAHUIO CBOWCTB OXOTHUYBUX YTOAMM MO
KOCMHUYECKHM CHUMKaM.

PE3YJIBTATHI UCCJIEJJOBAHUM
N UX OBCYXIEHHUE

[Ipu Bcem pa3HOUTEHHH IIeNeH W 3a/1a4 OXOT-
YCTPOHCTBA OOJNBIIMHCTBO HCCIEI0BaTENeH OJHO-
3HaYHO MPHU3HAIOT HEOOXOAMMOCTh OTHCAHHUS |
WHBEHTapu3aluu OXOTHUUbMX yroauil. Copaep-
KaHue paboThl MO WHBEHTAPU3AIMH OXOTHUYBUX
yroAauii BHEPBbIE U JIOCTATOYHO MOJHO H3JI0KEHO
C. B. Jlo6auyeBsiM u B. I CraxpoBckuM B KHHUTE
«Bepxune-Brrueronckas  skcneaunud...»  (1932).
g 30050roB 60siee €CTECTBEHHBIM Ka3ajcs IMOJ-
XOJl K YTOIIbSIM KaK K Cpefie OOMTaHUsI OXOTHUYBUX
’KMBOTHBIX, TeM Oosee yTo OoJbIIas yacTh Hayd-
HBIX MCCIJIEJIOBAaHUH MPOBOIMIIACH B 3aIIOBEIHUKAX,
Ha HAayYHBIX CTallMOHapax. Takue TepMHHBI H I0-
HATHSA, KaKk OHMOIIOTMYEcKass ChbeMKa, THUIl MECTO-
oOuTaHus1, OMOTOM, CTAINS — XapaKTePU30BaIH OHO-
JIOTHYECKOE HAIIPABJICHUE B U3YYCHUN OXOTHUYBUX
YIOIHM.

TepMuH  «THUI ~ MECTOOOMTAaHUS»  BBEICH
I I. Jonmensmaupom eme B 1916 . B xome ero
IByXJIeTHEH coOonmuHOM skcreqummu Ha CeBepo-
Bocrok baiikana. [Ipuy 3TOM 1OJI THUIIOM MeECTO-
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oOuTaHUS OH UMENl B BUIY YYacCTKH MECTHOCTH C
OJIMHAKOBBIMM YCJIOBUSMU OOUTAaHUS OXOTHHUYBUX
JKUBOTHBIX, OJIMHAKOBBIM COCTAaBOM OXOTHHYBbEH
(hayHBI ¥ TUIOTHOCTBIO €T0 HACEJIECHHUS, TO €CTh TO,
YTO ceifuac 0003HAYAETCSI TEPMUHOM «THUI OXOTHHU-
ybero yroabs» (CoOonuHbl mpombiced..., 1926).
A. A. Illuo (1969) mox TUIIOM MEeCTOOOUTAaHHUS TI0-
HUMaJI HabOp CE30HHBIX CTAIUH KPYTIIOTOJUIHOTO
OoOWTaHUS MHUKPOMOIMYJSIUN KOHKPETHOTO BHUAA
YKUBOTHOTO, TOJIarasi, YT0 CaMOBO300HOBIISIOIIUECS
IPYNITUPOBKYU KUBOTHBIX KOHKPETHOIO BHJIA HE MO-
IYT JJIMTEIBHOE BPEMs CYLIECTBOBATH B IPENENIax
OJTHOTO OJIHOPOJIHOTO THMa pacTuTenbHOCTH. [Ipu
3TOM CIIE/IyeT YUUTHIBATh, UTO YTOIbS — X031 CTBEH-
Has e€AMHHLA, a MecTooOuTaHue — Ouosornyec-
KO€, II03TOMY B OIPENEICHUE OXOTHUYBHMX YTOJUi,
KakK ¥ THIIA Jieca, CIeAyeT N00aBIsATh «IPOBEICHHIE
OJIMHAKOBBIX OXOTXO3SIICTBEHHBIX MEPOIIPUSTULY.

MoXHO BO3pa3uTh, YTO OJHOPOJHBINA THI pac-
TUTEJIBHOCTH, )K€ HE SABIASACH CHHOHMMOM THUIIA
OXOTHHYBETO YTOAbSl, MOKET BOCIHPUHUMATHCS H
TPaKTOBAThCSI JOCTATOYHO LUIMPOKO B 3aBUCUMOCTH
OT CTENEeHM JeTaIu3alli OJHOPOIHOCTH (CyKIec-
CHUOHHOM, (OpMaIMOHHOH, JTaHMIMAaQTHONH U TIp.).
XuznecnocoOHbIE TPYNIHPOBKH OXOTHUYBHX BU-
JIOB, B YaCTHOCTH TPBI3YyHBI, BIIOJHE MOTYT CyIIle-
CTBOBATh B «OJHOPOJHOM THIIE€ PACTUTEIBHOCTH
Y, HalpoTUB, I'PYNIHUPOBKU IIMPOKO MUTPHUPYIO-
IIMX BUJIOB — CEBEPHBIN oNieHb (Rangifer tarandus
(Linnaeus)), xocyns, antaiickuii mapan (Cervus
elaphus sibiricus Severtzov), J10Ch — HE BMEIIAIOT-
csl B IUIOIIA/IM, 3aHUMAaeMbIe «TUTIOM MECTOOOuTa-
HUs», B MOHUMaHuU 3T1oro TepmuHa A. A. [lumno
(1969). B 50-60-x romax mpomuioro Beka Obliaa
MIOTBITKA BBECTH B KJIACCH(PHUKAIMIO OXOTHHYBUX
YroAuil BUAOBOM HKOJOTO-MOMYIALHOHHBIA MO~
XO0JI, KOTOPBIM paccMaTpuBaeT THII MECTOOOUTAHUS
KaK )KH3HEHHOE MMPOCTPAHCTBO MOIMYJIISIHH (MHKPO-
MOMYJSUN, TPYNIUPOBKH) KOHKPETHOTO BH/A.
[Ipennaranock yHpoUIEHHOE OXOTYCTPOMCTBO U
«XO3SIMCTBEHHBIN» (Ccefidac ATO Ha3BIBACTCS «IIe-
HEKHBII») TOAXO0A K KiIacCHu(PUKAIMA OXOTHHYBUX
YTOJIUi, KOTOPbIE JEIUINCH IO OCHOBHOMY OOBEKTY
oxotsl (Ckanon B. H., Ckanon H. H., 1958; Kpac-
HeIi, 1965; Copokuna, 1969), a Ha3pIBaTh Yrojbs
PEKOMEHIOBAJIOCH TI0 IOMHHUPYIOIIEMY BHIY: TE€-
TEPEBUHBIE, JIOCUHBIC, 3asTYbU U TP. Takol MOaXoT
3HAYUTEIHHO YCKOPSET U YACLIEBISET NPOBEICHUE
OXOTYCTPOUTEIBHBIX PA0OT, MOCKOIBKY CITHCOK JI0-
OBIBa€MBIX BUJIOB PE3KO COKpaIIaeTcs. ITo mpeyio-
JKEHHE B YUCTOM BHJIE MPHU3HAHO HENPUEMIIEMBIM,
OJTHAKO 2JIEMEHTHI MpesiaraeMoi KiacCupUKaIuu
HUMEIOT MECTO B COBPEMEHHOM TEOpUU U MPaKTHKE
BEICHHS OXOTHUYBET0 X0O35CTBA.
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Monnas B 70—80-X rogax mpoIuIoro Bexka JaH/I-
madTHas KIacCU(UKAIHs MPUPOTHBIX 00pa3oBa-
HUH, BKJIIOYAIOIIAs BCE KOMIIOHEHTHI, B TOM YHCIIE
1 300JIOTUYECKUI, HE UMEET TEOPETHYECKHUX BO3pa-
’KEHUI, HO Ha MPAKTUKE pealbHbIe TPAHUIIBI JTaH-
maTHBIX Pa3HOCTEW BBIICTSIOTCS CYOBEKTHBHO
(MecTHOCTB, ypouuie, Ganus). ITa Kiaccuduka-
sl IO CHX TIOp HE Halllla IPUMEHEHHsI, HECMOTPS
Ha ee oueBugHOCTH (Kyzsikun, 1979; umukus,
2016). T'eorpaduueckuii manamapT MOXKET OIMOC-
pPEOBaHHO YYMTHIBaTh OoJjiee LIUPOKUN CIIEKTP
MPUPOIHBIX (HAKTOPOB H, CIENOBAaTEIbHO, Oolee
MOJTHO — 3aBHCHUMOCTh COCTaBa W TUIOTHOCTH Ha-
CeJICHUS OXOTHHYBUX JKUBOTHBIX OT Cpebl oOuTa-
Hust. OIHAKO Ui MCIOJB30BAaHUS B OXOTHHYBEM
XO03sHCTBE cucTeMa JaHmadTHON KiaccuuKaum
CJIMILIKOM CJIOKHA U CyOBEKTHBHA JJISl IPAKTHUKOB,
KpOME TOT0, B COBPEMEHHBIX YCIOBHIX OHA 0a3zupy-
eTcs Ha MaTepHallaX CITyTHUKOBBIX ChEMOK.

JlanqmagTHBIT METO MBITAIUCH O€3yCIEeIIHO
HCIOJIb30BaTh B JIECHOM M CEJIbCKOM XO3sIHCTBax,
MOSTOMY MarepHajbl JIeCO- U 3eMJIEyCTPONCTBA
HEJb3s HalIPSIMYIO TIPUMEHSITh JIsl OXOTYCTPOIHCTBA
(IIymukun, 2016). Hecomuenno, nanamadTHBIM
METOIOM (HOBBIM) MOXKHO peIIaTh MpPEeXJe BCETo
HKOJIOTHYECKHE MPOOIeMbI, HO BHaYaje HEOOXOIu-
MO 0TpaboTaTh METOAUKY OOBEKTUBHOCTH BbIEIIC-
HUs JaHAmapTHEIX 00pa30BaHUM, UX COOTBETCTBHS
YK€ UCIOIb3YEMBIM KJIACCH(UKALTUSAM.

B mpaktrke OXOTHHYBErO XO3SIMCTBA B CBSI3U
C YHUBEPCAJIBbHOCTBIO U OLIEHKOM MOTEHIUAIbHOMN
NPOAYKTUBHOCTH yroAui HamOoIbllee MpU3HAHHE
nonydniia tunonornyeckas cxema /. H. Jlanwmmno-
Ba (1960, 1966), pazBuBaromias MOAXOIbI K OXOT-
ycrpoiictey C. B. JloGauea, B. I. CraxpoBckoro
(Bepxue-Borueroackas sxkcnieaunms. .., 1932). IIpo-
M30IIUIO TO TPEXKIE BCETO MOTOMY, YTO OHA 06a3upo-
BaJIach Ha JIECHOW THUIIOJIOTUH U MpeJronaraia nps-
MO€ HUCIIOJIb30BAHNE MaTepHaIOB JIECOYCTPONCTBA,
00bEM M Ka4eCTBO KOTOPHIX paHee MPEBOCXOIMUIN
OXOTyCTpouTeNbHble padoTel. K coxanenuto, Tu-
nosoruueckast cxema JI. H. Jlanunosa (1960) cra-
TUYHA U HE TO3BOJISET BECTU HEMPEPHIBHOE OXOT-
YCTPOMCTBO, yUUTHIBas CYKLECCHOHHOE Pa3BUTHE
JIECOB, a TaKXKe JeMN(POBOYHbIE MPU3HAKH H30-
Opa’keHHs OXOTYTO/IMH Ha CITyTHUKOBBIX CHUMKaX.
[TockomnbKy t000€ TEMATHIECKOE OTPAXKECHHUE TIPH-
POIHOM cpenbl HE MPUMEHMMO JUIS OLIEHKH YCJIO-
BUIl OOMTAaHUSI OXOTHUYBUX JKUBOTHBIX M, MPEKIEC
BCEr0, 3TO KACaeTCsl CTPYKTYPHBIX OCOOEHHOCTEH
(MO3anYHOCTH) PACTUTENHHOCTH. BakHOCTH 3TO-
ro ¢akropa ormevan A. U. XneOuukos (1977) npu
M3yYeHUH 3KOJIOTHH co0os B 3anagnom CasHe.

He BbinepxuBaeT KpUTHUKU U OPUITHATIEHO TTPH-
HATas TUIIOJIOTUSL OXOTYTOAMM, T/€ BBIIEISIOTCS



A. I Pacconos, A. C. [Huwukxun

KaTeropuu, KIJACChl, TPYIIBI THUIOB M THUI OXOT-
HUYbMX yroaui. Ha ypoBHe Kareropuii BbIIENS-
IOTCS JIECHBIE, CTEMHBIE U BBICOKOTOPHBIE YTO/bS,
HO BBICOKOTOPHBIE MOTYT OBITH JIECHBIMH U CTEIl-
HbIMH, a OOJIOTHBIE MJIM BOJHBIE BXOAUTH B JIEC-
HBIE, T. €. HE ompezeneH MacTad BeiieneHus. He
MOHATHO, YTO B35ATO 3a OCHOBY TaKOTO JICJICHHS?
Ecnu 310 mpupoaHO-KIMMaTHYeCKHe 30HBI, TOTIa
3TO omnpaBaaHo. B kiacce OXOTHUYBMX YrOAMN OT-
JIeTbHO BBIACIISAIOTCS TapH, BBIPYOKH U CyXOCTOM,
HO HMX DJKOJIOTHYECKHE CBOMCTBA MEHSIOTCS JIaxe
obicTpee, yeM nepuonnyHocth (10 ner) kiaccu-
YECKOTO OXOTYCTpOMCTBA. IpyIma JECHBIX THIOB
OCHOBaHa Ha (OPMAIMOHHOM JAEJICHUH, T. €. He
YUUTBIBAET BO3PACT U COMKHYTOCTh HACAKICHUIA, a
TaK)K€ HAIlOYBEHHBIH NMOKpOB. Tun nexmapupyercs
KaK OIHOPOJHBINA KOMIUIEKC MPU3HAKOB MECTOOOM-
TaHUs )KUBOTHOTO U OXOThI Ha Hero. YUrto sBusieTcs
KpUTEPUEM TaKOTO BBIJCJIEHUS, OIISATh K€, HE OIpe-
neneHo. OueBUIHO, YTO MPH TaKOW Kiaccupuka-
UM OXOTHUYBHMX YTOAWH YIYIICHO JBa OCHOBHBIX
MPUHLINIIA: BPEMEHHOMN U MPOCTPAHCTBEHHBIH.

31ech YMECTHO NMPHUBECTH MHEHUS HEKOTOPBIX
KJIACCHUKOB OXOTYCTpPOMCTBa: « THITONOTHS OXOTHHU-
YbUX YTOAMNA MMEET IIeJIbI0 PACWICHUTh TEPPUTO-
PHUIO HA YYacTKH, CXOJIHbIE KaK B IMPHUPOJHOM, TaK
U B X03IWCTBEHHOM OTHOIICHHMY (Jlanuios, 1960).
«OCHOBHBIMH KPHUTEPHUSIMH BbIICTICHHUSI KOHKPET-
HBIX TUIIOB YTOJMH JOJKHBI ObITh UX Y3HABAEMOCTh
B TIPUPOJE M XO3SMCTBEHHAs I1€JIeCO00Pa3HOCTD
storo BeineneHus» (Jluneines, 1973). «Tumsr nec-
HBIX (1 JIOOBIX JPYTUX) OXOTHUYBUX YTOJUH HMe-
0T PABO HA HE3aBUCUMOE CYILIIECTBOBAHNUE JIUIIb B
TeX CIIy4asx, KOIZa UX BBIIEICHHUE BBIPAXKAeT 4eT-
KyI0 TPaKTUYECKYIO IeJICHANPaBIeHHOCTh, Ipe-
Cleqysl TUM MPHUKIAIHbIE 33]Jaul OXOTHUYBETO XO-
3stiicTBay. «HaydHO-TTpHKIIaTHYIO KIIACCH(PUKAITIIO
JIECHBIX OXOTHHYBHMX YTOAWA HU B KOEM CITydae
HeJb3sl CMEIINBATh C TeM HAOOPOM HEPEIKO YKPYII-
HEHHBIX THUIIOJIOTUYECKUX KaTeropuil, K KOTOPHIM
npuberaroT Ha mpakTuke». « TUM OXOTHHYBEro yro-
JIbsi, KaK BCAKHM THUM, pPe3yJlbTaT THIHU3AIMU TPHU-
POIHBIX SIBIEHUH — BCErJa U3BECTHOE 0000IeHNE
(renepanu3zanus), cieaoBaTeIbHO, OTBICUYEHHOCTH
OT KOHKPETHOW JIEWCTBUTEIIbHOCTU OTAEJIbHO B3f-
ThIX JeCcHbIX ypouniny (FOprencon, 1973).

C 3TuMU yTBEPKICHUSMU HENb35 HE COMIACUTh-
Csl, OJTHAKO, KOTJIa aBTOPHI YTBEPKAAIOT, YTO «THII
YTOJIbsl HE UMEET KOHKPETHOM NMPOTSXKEHHOCTH B Ha-
Type», MO)KHO BO3pa3UTh, UTO BCE 3aBUCHUT OT YPOB-
HS TeHepanu3anuu (Macmrada, BpeMEHH OCBOCHHS
BUZIOM). OTH ycloBHs (OLIEHKA MPOAYKTUBHOCTH,
OpraHu3alys OXOThl, IPOBEIECHNE OMOTEXHUYECKUX
MEpPOIPUATHI) OCTAIOTCS 00s3aTENbHBIMU B HAILE
BpeMsl M Ha OJMDKANIIYIO TIEPCTICKTUBY.

[IpuHrMas TUNOJIOTHYECKYIO cXeMmy (YpOBHH
renepanuzanuu) J{. H. lanunosa (1960): xarero-
pus — Kjacc — rpynia TUIIOB — THUII, Mbl II0JaraeM
Takoe JelleHue ONTHMalbHBIM. [Ipn 3TOM KaTero-
pHUsl OXOTHUYBHMX YTOIUN HMMeeT reorpaduieckoe
(30HaNBHOE) OmNpeseseHHe, a OCTalbHbIE — JIECO-
BOJICTBEHHOE ((popMarys, Tpymnmna TUIOB Jieca Mo
HAINIOYBEHHOMY ITOKPOBY, IO TIOJHOTE, BO3PacCTy)
(IIvmwmkun, 2005). YpoBHU TeHepamu3aluu 1mo He-
00XOJIMMOCTH MOTYT JIpOOHUTHCS, HApUMep TpyIl-
1a KJIACCOB — BBICOTHBIE T0SICA B TOPAX, YEPE3 «+»
YKa3bIBae€TCsl CMELIEHWE NPU3HAKOB M T. I. KOH-
KpPETHO JUIsl Kaxkjioro xo3siiictia. [Ipemioxennas u
noJpoOHO aHanM3upyemas jgajee Kiaccupukaiu-
OHHAsl CXeMa YHHUBEpCalbHAa 1O Teorpaduu OXOT-
HUYBUX PECYpPCOB M MOXET TPaHC(HOPMHPOBATHCS
MOJ] PETHOHAIILHOE OXOTXO3SHCTBO, a TaKkKe IO
BUJIaM HEJIPEeBECHOIO MOJIb30BaHus B jecy. Llenb
COBPEMEHHOW KJIacCU(PUKAINU JIIOOUTEIbCKUX H
IIPOMBICIIOBBIX OXOTHHYBMX YIOIUH — BBIIEIUTH
OJTHOPOHBIE YCIIOBUSI OOUTAHHUIA U OXOTBI, JJISl TOTO
YTOOBI OMPESIUTH HOPMY A0OBIYH. B ciopTUBHBIX
X034HCTBaX 11eJb KJIacCU(UKALUU OXOTHUUBUX yTO-
T — OMOTEXHUYECKUE MEPOTIPUATHS, @ HOpMa J0-
OBIYH — BTOpUYHA.

Knacc yroauii, BeiieIsieMbIi 10 OCHOBHOM JIECO-
obpasyroieid mopoje (KeIpOBHUKU, COCHSIKU, JIUCT-
BEHHMYHHMKH, NHUXTa4d, OCPE3HSKH, €JIOBO-IUXTO-
BBIC JIeca, OCHHOBO-0OEpe30BbIe Jieca U T. 1. — JICCHBIE
dbopmarum), o HalIeMy MHEHHIO, HapsIy ¢ KaTero-
puel yroguii JOJKEH CTaTh OCHOBHBIM 3JIEMEHTOM
rOCYJapCTBEHHOI'O KaJJaCTPOBOIO Y4€Ta OXOTHHUYBUX
yroguii. Ilpm 3TOM cleayeTr COmTacuThCSA C MPE.-
noxxenueMm J[. H. Jlanunora (1960) neconacaxme-
HUE OTHOCHUTH K KJIAcCy YTOAMH, Ha3BaHHOMY IIO
KOHKPETHOW MOpOJEe, €C/IM €€ y4acThe B COCTaBe
JecoHacaxaeHus coctapnsiet 6/10 u Boime.

Crnenyer oOparuTh BHUMAaHHE HAa OTIMYUE KO-
JIOTUYECKUX CBOWCTB HACAXKACHUN (OXOTHHUYBUX
yroJuil) OT CIIOKUBLIEHCS MPAKTUKH JIECOBOICTBA,
Py KOTOPOH JPEBOCTOM Pa3AEisioT 1Mo Haubosee
[IEHHOW W MIEPCIIEKTUBHOM, C TOYKU 3pEHUS 3ar0TO-
BOK, JpeBecHoi mopoae. [loatomy mpu onpenene-
HUU IPOCTPAHCTBEHHOTO MOJIOKEHUS YTOAUI OYeHb
Ba)KHO B KaU€CTBE MIEPBUYHOIO MaTepuaia UCIOJb-
30BaTh HE TOJIKO JIECOTAKCAIIMOHHBIC OMUCAHUS
BBIJIEJIOB W IUJIAHILIETHI, HO B OOJbBIIEH CTENEHH —
CIyTHUKOBBIE CHUMKH.

Jl1g pacueToB WM MPaKTHYECKOro X031 CTBEH-
Horo Bo3nercTus /1. H. lanmnos (1966) o6benuHsn
THUIIBI JIECA B COOTBETCTBYIOIINE TUIIBI OXOTHUYBUX
yroauii, UCKIItoYasi CMELIaHHbIE XBOWHO-THCTBEH-
HbIE HACAXJEHHS, YTOOBI MMETh KOHKPETHBIE TLIO-
AU Ul ONIPENEIeHHs] UX MPOLYKTUBHOCTU HIIU
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Tunonoaus 1ecHvlX OXOMHUYbUX yeoduﬁ

€MKOCTH, a TaK)Ke HaNpaBJIeHHUs OMOTEXHUYECKUX
pa6oT. OH BBLAECTWII YEThIpE MPUHIIUIIA TUIIOJIOTUU
JIECHBIX OXOTHUYBUX YTOANN: HAIIPABJICHHOCTH OHO-
TEXHUYECKUX MEPOIIPHATHIA; Me30openbed, BO3PacT,
MOJTHOTA U COMKHYTOCTB JPEBOCTOS; CTOUMOCTh U
CKOPOCTb BBINIOJTHEHHUSI OXOTOYCTPOUTEIbHBIX pa-
00T; OpHeHTAalMs Ha IJIaBHBIC BUJIbI OXOTHHYBUX
KUBOTHBIX. [Ipr 3TOM BO3MOXKHEI JTt0OBIE 00BEN-
HEHHSI TUIIOB Jieca, yIOOHbIE WM HEOOXOAUMBIE
B INPaKTHUYECKON paboTe OXOTHUYBEro XO35AHCTBa,
HO OHHM JIOJDKHBI BIHMCBHIBATHCSI B 33JJaHHYIO THIIO-
JOTHYECKYI0 CcXeMy (MHAMBHUIYAIbHYIO) OIHOIO
X0341CTBA, UMETh OJIMH MOKA3aTeNlb MPOTyKTHBHO-
CTH yroauii (OOHUTET), OJJMHAKOBYIO OPTaHU3ALIHIO
OXOTBI, U 3aTpaT Ha MPOBENEHHE OMOTEXHHYECKUX
pabot (danumnos, 1966).

[Toaxoa k TUMONOrM3alUud Yroauil «OT BUIA»
WIH «OT TEPPUTOPUN» HEPEIKO CTaBUT HCCIIEI0Ba-
TEJICH TI0 pa3Hble CTOPOHBI pyOeka HETIOHMMaHHUS
JpyT Apyra, XOTs OTpakaeT JUIIb Pa3HbIe YPOB-
HU JeTaju3anuy (WM TeHepanu3anun) (akTopoB
cpenst oouranud. I1. b. FOprencon (1973) cuuradn,
YTO «TUIl OXOTHUYBETO YIOJlbsl — MOHATHE MPEXKE
BCETO BUIOBOE» U, 0o0jee TOro, Ha3bIBal THIIOM
OXOTHHYBETO YTOIbSl «y4acTOK TEPPUTOPHH, KOT-
Jla OH UMEET CYIICCTBEHHBIC Pa3IMyus JUIIb JJIs
OJTHOTO BHUJA U JIULIb 10 OAHOMY CE€30HHOMY (pak-
Topy». Takum oOpa3om, aBTOp MPUPABHUBAET THII
YTOIbsl K CE30HHOW CTaIlMH, YTO BEPHO LI Opra-
HU3AIUU OXOTHI, U SKOJIOTHUYECKUM YCIOBHSIM O0U-
TaHus. B mpombicioBeiX yromesx TypyxaHCKOro
paiiona KpacHosIpcKoro kpasi 1mo 3ToMy HpUHIIHITY
B OT/ICJIbHBIN THIT YTOANN BBIACIISIOTCS MEJIKHE, 3a-
pociue BoJOPOCIISIMU TTPOMEP3aroIINe 03epa C 11e-
JBIO TIepBOOYEpeTHOrO 000Ba oHNATphl (Ondatra
zibethicus (Linnaeus)), HO, B TO ke BpeMsi, 3TO U
HanOoJsiee KOPMHBIE YTO/Ibs M JUIsl APYTHX BOJIOILIA-
BAIOIINX OXOTHHYBUX BHJIOB.

TpyaHO mnpeAcTaBUTh €CTECTBEHHBIM BapHaHT
«BHUI0BOTO THNA yroauit». [lonxon «ot Buga», 310
YaCTHBIN CITy4aid, 0OyCIIOBICHHBIA MPaKTUICCKON
BOCTPEOOBAHHOCTBIO TPOMYKIIMM OXOTHL. B CBs-
3u ¢ atuM C. H. Jluneiines (1973) ormeuan, 4yto
TUIOJIOTHYECKOE JI€JICHUE YTOAUM MPOMBICIOBBIX
XO3SUCTB TAeKHOW 30HBI JIOJDKHO YYHUTHIBATH BU-
TOBY1O ((prHAHCOBYIO COCTABISIONIYIO) HAIIPABIICH-
HOCTH OXOTHHUbEro xo3siiicTa. [Ipu noaxose K BbI-
JICJIEHUIO TUIIOB YTOJUI MPOMBICIOBOIO XO35HCTBa
«OT TEPPUTOPUN» KaK CPEbl OOUTAHHS Mbl HEBOJIb-
HO OyneM (¥ JOJDKHBI) OPHEHTHPOBATHCS B CBOMX
JNEHCTBHUSIX HA OCHOBHBIE B DKOHOMUYECKOM TIJIaHE
BUJIbl OXOTHUYBUX >KUBOTHBIX, YTO CIIPABEIJIUBO
TOJBKO JUIA TEKYIIETO MOMEHTa M CIIPOCa PHIHKA
(JImuetiieB, Paccomnog, 2001).
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A. W. Xnebnuxos (1977) B kenpoBHUKaAX 3amaj-
Horo CasiHa onucasn CleIyroIne THITbl OXOTHUYBUX
YTOJUii: HU3KOTOPHBIE YEPHEBOTO MOsICa CEBEPHOTO
MaKpOCKJIOHA, CPEIHETOPHbIE YEPHEBOT'0 Tosica ce-
BEPHOI'0 MAKPOCKJIOHA, BEPXHETO TA€KHOI'0 MUXTO-
BOT'O I105ICa CEBEPHOI'0 MAKpPOCKJIOHA, BBICOKOIOp-
HOTO TI05ICa, FO)KHOTO MaKpOCKIoHA. O4EeBHIHO, UTO
MaKpOCKJIOH U €ro BBICOTHBIN Mosc — reorpadu-
YyecKkasi KaTeropusi, KeApPOBHUKU — (pOpMallmOHHBII
KJIacC, HO HET I'PYyMNIIbl M TUIIA OXOTHUYBUX YTOJIUH,
OHHM TOJIBKO MOJIPAa3yMEBAIOTCSI B TTIOPOJTHOM COCTa-
BE JPEBOCTOS, BUJOBOM COCTaBE HAINlOYBEHHOTO
MOKPOBA, BO3pacTe, COMKHYTOCTH KPOH U IIIyOuHe
CHera.

C. H. JIuneiites (1973) B OXOTHUYBHUX YTOIBSIX
[lopckoro u UlyiieHcKoro 0XoTIpoMX030B Bblje-
TS KeApad TPaBSHUCTBIA (TUIT YrOAMH, pacmoio-
JKEH BO BCEX BBICOTHBIX I0sCAX, MpeodiagaeT Ha
CKJIOHAX IOKHOW AKCTIO3MIINN); KeApad MITUCTHII
(pactpocTpaHeH BO BCEX BBICOTHBIX MOsicax, Ipe-
o0aaeT 1o CKJIOHAaM CeBEPHOM AKCIIO3UIINN); KEI-
pad KpPyTHIX CKJIOHOB (BKJIOYaeT OalaHOBbIE Kell-
POBHHKH, IO CKJIOHAM Trop KpyTu3HOU Ooiee 20°
BCTpEYaeTCsi BO BCEX BBICOTHBIX TOSICAX); KEIpo-
BO-TIUXTOBAs Taiira (BKJOYAaeT B ceOs MIIUCTHIE,
KpPYIHONAOpOTHUKOBBIE, OalaHOBbIE KEAPOBHUKH,
pacnpoCTpaHEH Ha BHIPOBHEHHBIX y4acTKaxX B HU3-
KOTOPHOM M CPETHETOPHOM I105ICax).

Ja crienbIx Haca)XJeHUH Takou MOAXOA Ipa-
BOMOYEH U MBI yXe HaOloJaeM KpoMe KJIaccoB
(kempaun) TPyMIbI THTIOB OXOTHUYBUX YToJui (10-
MUHAHTHl HAIOYBEHHOTO TIOKpoBa). Ho He scHO,
K KaKOM TpyTIe CIEAYET OTHOCUTh rapy U BHIPYOKH
KEJPOBHHUKOB, T. €. BO3PACTHOE COCTOSTHHE HaCaxk-
JeHHH, KoTopbix B CasiHaxX B HacTosIee BpeMs 0o-
Jiee TOJIOBUHBI.

Pa6oTsl u3 cepun yueOnbix nocobmii (Pycanos,
1986; Xapuenko u nip., 1993; Knromes, 2003; Jleon-
TbeB, 2013; Koznos, 2015; MaptsiHoB u jip., 2022),
K COKaJICHHIO, HE BHECIIM ONPEEIEHHOCTH B KJlac-
CU(UKALNIO OXOTHUUBUX yroanuii. COOTBETCTBEHHO
MBI TIOJTy4aeM CJIEIYIOIIee MOKOJIEHUE OXOTOBEIOB
U MH)KEHEPOB JIECHOTO XO3sCTBa, AalEKUX OT CO-
BPEMEHHBIX BO3MOXXHOCTEH M CITOCOOOB KJIacCU(u-
Kallii OXOTHUYBUX yTOIHA.

B cBs3u ¢ 3TMM cunTaeM HEOOXOOUMBIM Kilac-
CU(HKALNIO OXOTHUYBUX YTOIUI MTPOBOAUTE C yUe-
TOM COBPEMEHHBIX NPHUEMOB OLIEHKH MPHPOTHBIX
pecypcoB. [1pu 3TOM [Tt KOTIBITHBIX U TTYIITHBIX BH-
JIOB CJIETyeT YYUTHIBaTh CHEKHOCTb U CE30HHOCTh
WCITOJIB30BaHUS MecTooOuTanui (puc. 1).

Kputnueckas rmyOMHa CHEXHOTO IOKPOBa
OTIPENEISIETCS PACCTOSHUEM OT TPYAU J0 KOIBIT
nepeaHux KoHeuHocted. [Ipu stom juist mocst oHa
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OIHOPOIHOCTH YCIIOBHI OOUTaHHS
(KOpM, YKPBITHSI, THE3IOTIPUTOTHOCTB )

Cykueccuu, B TOM 4HcCIe:
wromans (S), Bpems (7T),
o0beM (1), korueHtpanus (V/S)

\

Ce30HHOCTB, B TOM YHCIIE!
CYKIIECCHOHHAsI TMHAMUKA T€HePATHBHOTO KOpMa,
JIOCTYITHOCTH (TTyOMHA cHera)

/

’ Tun yroauii — ce3oHHas cranus ‘

Puc. 1. Cxema BBIICIICHUS JICCHBIX OXOTHUYBUX YTOIHH.

cocranmseT 90 cM; mapana, ceepHoro oneHs — 70
u xocymu — 50 cm (FOprencon, 1968). EcrectBen-
HO, YTO ATHU 3HAYECHUS KOPPEKTHPYIOTCS KOHIICH-
Tpauueil KopMa U MpH €ro YBEJIWYCHUH U JOCTYII-
HOCTHU I‘JIy6I/IHa MOXKET YBCIIMYMBATHCA, HO HC 3HA-
YHUTENBHO.

KompoprHoe oOuTanue 3Bepeil BOSMOXKHO TPH
mryoune cHera Ha 50 % HW)XKe KPUTHYECKOH, 4TO
MO3BOJISIET UM HCIIONIB30BaTh 10 80 % mocTynHOro
kopma (Brageimesckuii, 1980). B cBs3u ¢ nunamu-
KOH BBINAJICHUS CHETa KOIIBITHBIE BEIHYKICHBI (POP-
MHUPOBATh MUTPALIMOHHBIE TPYNIUPOBKU, KOTOPHIE
B 3UMHHUI IEpUO BbIXOIAAT B MAaJIOCHECIKHBIC MECTa
(0OBIYHO 30HY OTCTpEIIa), a JICTOM W BO BpeMs TOHA
OOUTAIOT B TPYIHOJOCTYIIHBIX YTOJBSIX YTO U OIpe-
JenseT WX MOMYISIUOHHYIO TPUHAICKHOCTD.
ITosTOMYy, cienyeT BBIOCNATh KaTeTOPHUU YIOIHU,
KOTOpBIE COOTBETCTBYIOT apeasiaM oouTanus (Iory-
JSIIMOHHBIE TPYNITUPOBKY) BHJIA M HA TOM YPOBHE
YUUTBIBAaTh OOMTAHUE KOTIBITHBIX.

B Tabn. 1 mpuBeneHa npesiaraemMasi ¥ MHOTO-
KpaTHO anpoOupoBaHHas KiacCcu(UKaIMOHHAs CXe-
Ma JIECHBIX OXOTHHYBMX YTOOUH C KPUTCPUSIMH

BBIJICJICHUS] B OXOTHHYBUX XO3SICTBAaX M 3arOBE-
HUKaX C MCIIOJIb30BAHUEM CITyTHUKOBBIX CHHUMKOB
(Enbekuit, [Humukwun, 1985; XneOHukoB u ap.,
1988; ummukun, 2005, 2006).

Ota cxema Ha ypOBHE TPYIIBI M THIIA OXOTHH-
YbUX YTOIWH MOXKET MPOTHO3UPOBATH MPOMAYKTHB-
HOCTh YTOJUH M €€ €MKOCTh B 3aBHCHUMOCTH OT
U3MEHEHUS SKOJOTMYECKUX YCJIOBUH, T. €. BECTH
HETPEPBIBHOE OXOTYCTPOMCTBO. Takoe MpoOrHo3u-
pOBaHHE IO3BOJISIET YYUTHIBATH KOHCOPTUBHBIMA M
CYKIIECCHOHHBIA (PakTOpbl (hOPMUPOBAHUS 3aILUT-
HBIX YCIIOBUH M KOPMOBOM 0a3bl, peryampoBaTh
HOPMY OTCTpeEJa, HalpuMep, €Clid B MEPCICKTHBE
CHU3HUTCS KOPMOBAsi EMKOCTh (JIPeBECHO-BETOYHOTO
KOpMa) yroiui, TO CIeAyeT YBEIUYUTh OXOTHUYHH
npecc Ha norpeduTeneil (KOmbITHbIE, 3as1l-0emsK).
OHnu Bce paBHO YHIIyT, €CJIH €CTh Ky/a, 8 BO3MOXKHO,
COKpATAT CBOE BOCTIPOM3BOJICTBO MJIH MTOTUOHYT.

B pesynbrare Takoro momaxona, OCHOBHOW THII
OXOTHMYBUX YTOUN KaK MECTOOOUTaHUE MOCIe10-
BaTeJIbHO TIOJIyYaeT KIMMATHYECKYI0, KOHCOPTHB-
Hy10 (QyHKIMOHAbHAS CBA3b C JOMHHHUPYIOMICH
PaCTUTENBHOCTHIO) M CYKIIECCHOHHYIO XapakTe-

Tadmuua 1. Cxema (KpuTepuu, OMOIIOTHUECKUE TPU3HAKHI) BBIJCICHUS OXOTHUYBUX YTrOANH

YpoBeHb Daxropsl
FeHEpaIn3alliu NIPUPOJHO-KIIMMATHYECKUE KOHCOpPTHBHBIE CYKIIECCHOHHBIE
Tun pacTurenbHOCTH,
Kareropus, npupoassie 30151, BIIK,
rpyImma KJIaccoB apeai, CTaTU4YHA BO BPEMEHH,
ITOKa HE U3MEHUTCSI KITUMAT

Kiacce

Dopmarun, IOy,
IUHAMUYEH B TEUEHHE BEKA

I'pynna tunos

HanouseHHBII TOKPOB,
ceMeifHas (KJ1aHOBas) TPyTIa,
JMHAMHYHA B TEUCHUE
HECKOJIbKHX JICCSTKOB JICTa

Tun

Ipumeuanue. BIIK — BBICOTHO-TIOSICHON KOMILJIEKC.

Bo3spacrt, cezonHnas cranus,
ceMeliHas rpymmna,
WHAWBHIyaIbHOE OOUTaHHE,
nuHamMu4deH B Teuenue 10 ger
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Tunonoaus 1eCHbIX OXOMHUYBUX yZOOMIJ

Tadsmuua 2. KiaccupukannonHas cxema JIECHBIX OXOTHUYBUX YTOJUH ceBepHOro Makpockiona CasH

I'pynna knaccos Kiacc ['pynmna Tunos Tun
BoicokoropHas Kenpau JInmaitauxoBas OTKpBITHIH
T'opHo-TaexHas CocHsix Sronnas Kopmogoit
IlonTaexnas JIncTBEeHHBIN TpaBsiHucTas 3alUTHRII
Jlecocrennast [Muxrau Kycrapuukosas KommnexcHplii
JlonuHa Iloxocer
C.-X. yromps Brmaca
Anpruiickue Jyra Ions
Bbonoro CrouHbIe
Oszepa bescrounnie

puctuku. bronornueckas oleHKa BKJIIOYAET apeall,
MONYJISIUUI0, AUMHAMUKY UYHCIEHHOCTH BUAA U €ro
WHAUBUIYaAJIbHBIN (CEMEMHbIN, KIAHOBBIN) ydac-
TOK oOWTaHus. Bpems cyliecTBOBaHUS YCIIOBUI
obuTaHus Konediercss OT JecsATKa JIET 10 CyIIecT-
BEHHBIX H3MEHEHUH Kiaumara. Takum oOpazowm,
YPOBHH T€Hepalu3aluu KiIacCUPUKALUNA OXOTHHU-
YbUX YIOAUN NOTY4YaroT KPUTEPUH BBIIEIEHNUS, T. €.
CUCTEMHOCTb.

Puc. 2. Tumebl 1IeCHBIX OXOTHHUYBUX YTOIUH.

B tabn. 2 nmoka3an mpumep pa3pabOTKH Kjac-
CU(UKAIIMOHHON CXEMbl OXOTHMYbMUX YTOIWH ce-
BEPHOTO MAaKpOCKJIOHA OXKHBIX rop Cubupu, Ha
npumepe Kyparunckoro paiiona (Ilummkun, Jla-
HunuH, 1988).

BricoTHO-TIOSICHBIE KOMILIEKCHI (KJIMMaTH4e-
CKMI TpaJeHT) BBIIESAIOTCS Ha YPOBHE T'PYIIIIbI
KJIaccoB. TUN yroaui oTpakaeT CyKLIECCHOHHOE
(BO3pacTHOE) COCTOSTHHUE HACAKICHHUH, KOTOPBIX

a — COCHOBBIIT JKEPJHSK C JOMUHUPOBAHUEM 3aIUTHBIX (YHKIMH; 6 — KOMIUICKCHBIN THII C KPYITHOMEPHOI! 3aXJIaMJIEHHOCTBIO —
BBIBOJIKOBAs CTalMsi cOOOJIs; 8 — ECTECTBEHHAS KOPMOBasi CTAallUs JIOCS (BEreTaTUBHBIC YacTH CMOPOAUHEI (Ribes L.)) B xomri-
JIEKCHOM Oepe3HsIKe IOciie MIeNKonpsitHuKa 50-X TO0B; ¢ — MPOCMaTprUBaeMbli KOMIUIEKCHBIH Oepe3HsIK, He IOAXOSIIHN JUTs

OXOTHHYBHUX BUIOB )KNBOTHBIX.
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HE MOXET OBITh 00Jiee YeThIpeX, U TAKKe OTpaka-
eT JOMUHUPOBAHUE DKOJIOTHYECKUX YCIOBUM 00U-
TaHMUSL.

Pasnuiia B HKOIOTHYECKUX YCIOBUSX JOJKHA
BU3YaJIbHO Pa3IMyaTbCcsi OXOTOYCTPOUTENIEeM (HO-
cuteneM HWHPOpMamuA 00 IKOJIOTHYECKUX Tpe-
OOBaHMSIX 3HAYMMBIX OXOTHUYBUX BHUJOB), WHaue
TepsIeTCS XO35MCTBEHHAS 11€7IeCO00Pa3HOCTh THIIO-
JIOTUYECKOTO PAa3/eCHHs] dTUX YTOAHA, TOITOMY
TUIIOB YTOAUN JOJDKHO ObITH HEe O6onee 15-20 B on-
HOM XO3SICTBE.

Hexoropsie THUIBI JECHBIX OXOTHUYBUX YTOAUI
MoKa3aHbl Ha puC. 2.

3AK/IIOYEHUE

AHanu3 OCHOBHOM JHMTEparypbl, MOCBSILIEH-
HOMW KJIaCCH(HKALUM JIECHBIX OXOTHUYbUX YTONUH,
HPOJEMOHCTPUPOBAI 3BOJIIOLUIO KJIacCU(UKAIIMU
IPUPOIHBIX PECYPCOB OT MCIOJIb30BAaHUSI MMEIO-
uieiicst napopMauu (MaTepualbl J€COyCTPOCTBA)
JI0 BUJIOBOM OLIEHKH MPOJYKTHBHOCTH, OTOOpaka-
€MOil Ha CITyTHUKOBBIX CHUMKax. JIrobas Temaru-
YecKasi MHTEpIIpeTalus MPUPOIHOI OCHOBBI HE CO-
OTBETCTBYET 3aJa4aM OXOTyCTpoMcTBa. JKuBOTHbIE
NOJBMKHBI, a JIECHAs cpela JUHAMHYHA, TI03TOMY
KJIAaCCU(UKAINS OXOTHUYBUX YTOIWH JTOJDKHA yUU-
TBIBATH IIPOCTPAHCTBEHHBIH M CYKLIECCHOHHBIN
(akTopsl HopMUPOBAHUS YCIOBHS OOUTAHUS.

[Ipennaraercst npssmMoe aemu(ppUpOBaHUE KO-
JOTMYECKUX CBOWCTB H300PaKEHUS OXOTHHUYBUX
yroauii mo nu@poBbBIM KOCMUYECKUM CHHUMKAM, a
pa3paboranHas kiaccuuKaloHHasi cxema JuHa-
MHUYECKOTO COCTOSTHUS MO3BOJIIET MPOTHO3UPOBATh
X CYKLECCHOHHYIO IPOAYKTUBHOCTb M YpPOBEHb
YUCIIEHHOCTH KUBOTHBIX.
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TYPOLOGY OF FOREST HUNTING GROUNDS
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The analysis of the developed classification schemes of forest hunting grounds is given. Previously, forest typology
was taken as a basis with a 4-level division (category-class-group of types-type). The authors adhere to this scheme,
but give environment-forming arguments and criteria for their selection. An analysis of the main literature on the
classification of forest hunting grounds shows the evolution of the classification of natural resources from the use
of available information (forest planning materials) to the specific assessment of productivity displayed on satellite
images. Any thematic interpretation of the natural basis does not correspond to the tasks of hunting management.
Animals are mobile, and the forest environment is dynamic, so the classification of hunting grounds should take
into account the spatial and successional factors in the formation of habitat conditions. The proposed scheme takes
into account at the level of the range the action of climatic (zonal, altitudinal-zone), population-ecological (forage,
protective and nesting) and population dynamics-succession (dynamics of stands) factors. When hunting planning,
the already available materials of forest planning and former hunting planning are taken into account, but the
thematic interpretation of the original information must be also considered. A direct interpretation of the ecological
properties of the image of hunting grounds from satellite images is proposed, and the developed classification
scheme of the dynamic state makes it possible to predict their successional productivity and the level of animal
abundance. Therefore, one should focus on obtaining direct information about hunting grounds using high-resolution
satellite imagery.

Keywords: forest typology, group classes, class, group types, type, satellite photography.
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BJIVMSIHUE WHHOBAIIMOHHBIX BUOYJIOBPEHUM
HA BUOJIOI'MYECKYIO AKTUBHOCTD ITIOYBbI
U IIOAPOCT COCHBI OBBIKHOBEHHOM
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Iocmynuna 6 peoakyuro 28.02.2023 e.

CoxpaHeHHe IEeTOCTHOCTH JICCOB MOCIe PyOOK M TOXKapOB MPEINONaraeT pa3padoTKy pa3iIudIHBIX METOIOB COICH-
CTBHS €CTCCTBEHHOMY JIECOBOCCTAHOBICHHUIO, K KOTOPBIM OTHOCHTCSI CO3IaHUE SKOIOTHIECKU YHCTHIX M OC30MaCHBIX
OMOy100peHUI Ha OCHOBE OTXOJIOB JICCOTIPOMBIIIIICHHOTO KOMITIEKca. Vcrmonp30BaHne HHHOBAITMOHHOTO OHOYN00-
penns B [loropensckom 6opy KpacHoSpckol JECOCTENH MONIOKHUTEIFHBIM 00pa3oM MOBIHSIO Ha OMOMIOTEHIIHAI
MTOYBBI ¥ KOJIMYECTBO MOJIPOCTA COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.) mocie BBIOOpOUHBIX pyOOK. B miepBbie
2 Toma BO BCEX OMBITHBIX BAPHAHTAX OTMEUCHO YBEIMYCHHUE AKTHBHOCTH THIPOIUTHYCCKUX U OKHCIUTCIHFHO-BOC-
CTaHOBUTEIILHBIX (DEepMEHTOB MOYBHI B 1.5—2 pasa mo cpaBHeHHIO ¢ KOHTpoJieM. Cpa3y mocie BHeCeHus: 0noymnoo-
peHUsI B MIOYBEHHOM MHKPOOHOM KOMIUIEKCE BO3POCIO KOJIMYECTBO IEIUTIONIO30JUTHKOB 10 62 Thic. KOE/T mou-
BHI Ha ydacTkax Ilacekn. K KOHITy BeretalMoHHOTO MEpHOAA Kak B TEPBBIH, TaK M BO BTOPOW IO NMPUMEHEHUS
OMoy100peHHs B ONBITHOM BapuaHTe [laceku BCXOMIOB COCHBI OOBIKHOBEHHOW OBLIO 3aperHCTPUPOBAHO B 2—3 pasa
Oosblie, 4eM B KOHTposibHOM. [Toxkap B mae 2022 T. puBeN K YBEITHUYCHHIO O0IICH YHCICHHOCTH MUKPOOPTaHU3MOB
10 38 miaa KOE/r mOYBBI M TTOBBIIICHUIO aKTHBHOCTH psifia THAPOIUTHUCCKUX (PEPMEHTOB B TEUCHHE BETCTAIHOH-
HOTO TIepHoJia Ha OMBITHBIX yYacTKaxX ¢ MPUMEHEHUeM OuoymoOpeHus. B koHile BereranmonHoro mepuona 2022 T.
HaOIIOIAIOCh OTCYTCTBHE OTKJIMKA MHKPOOPTaHM3MOB Ha BHECCHHE OHOYIOOpPEHHS, a B IOYBEHHOM MHKPOOHOM
KOMIIICKCE MPeolIiagaan akTHHOMHAIICTEL. Takke K CEHTSOPIO TOTO Toa CHU3WINCH IIEIUTION030pa3Iaraloniiii mo-
TEHIHAI, TYMU(DHUKAIS U aKTUBHOCTH THAPOIUTHUECKUX M OKHCIUTEIFHO-BOCCTAHOBUTEIBFHBIX (PepMEHTOB (Ooee
4yeM B 2 pasa). buoynoOpenue CyIecTBeHHO CTUMYINPOBAJIO 00pa30BaHMe BCXOO0B M MOAPOCTA COCHBI Ha MOCIETIO-
YKapHBIX TEPPUTOPHSIX TEXHOJIOTHIECCKUX ydacTKoB pyOku ([lacexe m Bosoke) B 2 paza.

KuroueBblie cinoBa: Pinus sylvestris L., 1eco60300n061eHUe, ONULOUHO-NOYEEHHBI CYOCmMpam, MUKONpooyKm, gep-
MEHMAMUBHASL AKMUBHOCTb, 0ePesopaspyularuyue 6asuouoMuyenbi.

DOI: 10.15372/SJFS20230402

BBEJIEHUE 6oe Buumanue. CornacHo Ilocranosnenuto Ilpa-
ButenbeTBa KpacHosipckoro kpas or 30.09.2013

[Ipo6aembl mepepabOTKH OTXOMOB JIECHOrO X0-  Ne 513-m (2013), miomaam IecoBOCCTAHOBICHHS
34HCTBA M JIECOBOCCTAHOBJIEHUS IOCJIE BBIPYOOK  IyTeM MHpOBEIeHUS pabOT 110 CO3JAHUIO JIECHBIX
pasHoro Thna B KpacHOSApCKOM Kpae CTOAT I0BOJIb-  KyJILTYp COKparuiuch Ha 50 %, a myTeM IpoBee-
HO 0CTpO. B paMKax rocyaapCTBEHHOU MPOTPaMMbl  HHsI MEp COJACHCTBHS €CTECTBEHHOMY BO300HOB-
«Pa3BuTHE IECHOTO XO3AMCTBA» UM YAEIAETCA 0CO-  JIEHUIO Jeca — yBeIMYMauch Ha 13 %. CMmenienue
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B CTOPOHY €CT€CTBEHHOTO BO30OHOBIICHUS BHI3BAHO
IpOBeICHHEM PYOOK JIECHBIX HacaKICHHUH Ha Tep-
PUTOPHUSX C MPeoOIaNaOMIUM THUIIOM JIECOB, IS
KOTOPBIX XapaKTePHO €CTECTBEHHOE BOCCTAHOB-
nenue. B Hacrosiee BpeMsi COXpaHHOCTh JIECHBIX
KyJBbTYp B 11e510M 1o KpacHosipckoMy Kparo coCTaB-
aset 91.1 %, npuKuBaeMOCTb KyJlbTyp B HEpPBBII
roz yuera — 87.3 %, B Tpetuit — 81.6 %, B msATHII —
78.6 %. Ilpu »TOM IUIOIIAL CITUCAHUS 32 TOCIIEI-
Hue 5 ner yBenuumiach B 2 paza (¢ 0.7 TeIC. 110
1.4 Teic. ra). OCHOBHAS MPUYMHA CITUCAHUS JIECHBIX
KyJBTYp — JIecHbIE ntoxapsl (6onee 37.7 %).

B TeyeHne HECKONBKHX JIE€T COTPYIHHKAMH
1a00paTopu MUKPOOUOJIOTUU M SKOJOTHYECKOM
ouorexnonornn Wucrtutyra neca mm. B. H. Cy-
kaueBa CO PAH (MJI CO PAH) Bemytcst paboTh
o co31aHui0 S(PQPEKTUBHBIX OHOyI00peHui Ha
OCHOBE OTXOJIOB JIECOIPOMBIIIIEHHOTO KOMILIEK-
ca, MOACP KaHUIO TUIOOPO/NS UCTOIICHHBIX TTOYB
JECHBIX MUTOMHHKOB, TIOBBIIICHUIO MMMYHHTETa
xBoiHbIX opox ([Tomskosa, 2012; AHTOHOB U 1Op.,
2019). IToka3ano, yTo BHeceHHEe OMOyIOOpeHMId B
MOYBY MUTOMHHUKA IOJ| Ca’KE€HIbl XBOWHBIX yBEIIU-
YHJIO CKOPOCTh UX POCTa M Pa3BUTHS, a TAKXKE MO/~
JIEPKUBAIO OMOTEHHOCTh IMOYBBI HAa TPOTSHKEHUH
3—4 net. B Hacrosiee BpeMs IpOBOASATCS UCCIIEI0-
BaHMsI BO3MOXXHOCTH HCIIONB30BaHUSI OMOymI00pe-
HUIl HAa OCHOBE ONMJIOYHO-TIOYBEHHBIX CyOCTparoB
¢ mukonponykrom u moueBmHoit (NH,(SO,),) —
OIICM+M, anst CTUMYJISILMU €CTECTBEHHOT'O JIECO-
BO300HOBIICHUSI B COCHOBBIX BhIpyOKax KpacHosip-
CKOH necocteny. MUKOIPOAYKT OBLI CO3/1aH ITyTeM
pa3oKeHUsl ONMWIOK KyJIbTypol OazuauoMuiieTa
Tpamereca pasHouseTHoro (7rametes versicolor
(L.) Lloyd) u moxka3an cBoro 3(h(HEeKTUBHOCTh IS
CTUMYJIAIIAN UCKYCCTBEHHOTO JIECOBO30OHOBIICHHS
B ONBITHOM NUTOMHHKE [loropenbckoro skcmepu-
MeHTanbHOTO X03s11icTBa MJI CO PAH (Ilamenosa
u ap., 2009; AatoHoB u 11p., 2021).

B xone uccienoBatenbCKux paboOT MO MOYBEH-
HOW OWoMHIWKauu B cocHsAkax [loropenbckoro
6opa B 2011 1. BBIsIBJICH pa3IM4YHbIA YPOBEHb OHO-
JIOTMYECKOM aKTHMBHOCTH TIOYBBI TIOCJIE OMBITHBIX
HECIUTONIHBIX PyOOK (AHTOHOB U 1ip., 2014). OTM™me-
YEeHO M3MEHEHHUE XapakTepa MOYBEHHBIX OMOJIOTH-
YECKUX MPOLECCOB MOCIIE pyOOK pa3HON HHTEHCHUB-
HOCTH M Pa3IMYHBIX CIIOCOOOB OYMCTKH JIECOCEK
OT TMOpPYOOYHBIX OCTAaTKOB M MPOYHX JIECOXO3SH-
CTBEHHBIX 0TX010B. IlepepaboTka mNOPYOOUHBIX
OCTAaTKOB B Ieny armaparom PM-4 non cocHsikamu
Pa3HOTPABHO-3€JIECHOMOIIIHBIMH  CIIOCOOCTBOBAJIA
YCKOPEHHIO Pa3IOKEHHs H3METbIEeHHON APEeBECHO-
OIWJIOYHON MacCChl, CKOpEHIIEel MUHEpAIU3alunl 1
MOSBIICHUIO MOJAPOCTa Ha BhIpyOkax. Pexomenmo-
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BaHO JIaJIbHEHIIIeE UCIIOIB30BAHUE YIOOPUTEIBHBIX
KOMIIO3UIIUII HA OCHOBE M3MEJBUEHHBIX MOPYy00U-
HBIX OCTATKOB M ONWJIOK, a TAK)XXE MYJIBYHPOBAHHE
MOYBBI HA TEXHOJIOTHYECKHUX Y4acTKaX pyOoK.

Ha KpacHospcKyto JiecocTenb MPUXOIUTCS 3Ha-
yuTeIbHas 4acTh nokapoB Cubupu. JlecHot Gouyg
JTAHHOW TEPPUTOPUH XaPAKTEPU3YETCS HACAKICHU-
SIMU TUPOTEHHOTO TpoucxoxaeHus (VBanosa u ap.,
2014). Cucremarnueckoe MUPOTEHHOE BO3/ICHCTBUE
BEJICT K U3PESIKUBAHUIO IPEBECHOM PACTUTEIBHOCTH
U, KaK CJEJICTBHE, K (POPMUPOBAHHIO MPEUMYIIIE-
CTBEHHO pPAa3HOTPABHBIX, OPYCHHYHO-PAa3HOTPAB-
HBIX WJIM Pa3HOTPAaBHO-OPYCHUYHBIX HACAXKICHHUH
C CYIICCTBEHHO MOHWXEHHOW MPOIYKTUBHOCTBIO
(Kypbarckuii, iBanosa, 1987). Ctpykrypa u coc-
TaB HAMOYBEHHOTO TOKPOBA BO MHOTOM 3aBHUCST
OT M3PEXXUBAHUSI APEBOCTOEB M (HOPMHUPOBAHUS UX
cocraBa npu pyOkax yxona. BeposSsTHOCTh BO3HHK-
HOBEHUS TOPEHHSI HATOYBEHHOTO MMOKPOBA 3aBUCHUT
U OT ero 3amaca. AKTyaJbHOW 3a/aueidl B JaHHBIX
paiioHax SIBIISETCS ONpEACICHUE MyTed CHIKECHHS
TOPUMOCTH JIECOB, B TOM YHCJIC 33 CUET repepador-
KH OTXOJIOB JIECHOTO XO3SMCTBA U JIECOBOCCTAHOB-
JICHUs TIOCJIEe BBIPYOOK PAa3HOTO THIIA.

Lenb HACTOSIIErO HCCIENOBAHUS — OIICHUTH
3pdEKTUBHOCTh TMPUMEHEHUS WHHOBAIMOHHOTO
6uoynobpenus (OIICM + M) Ha ydacTkax BbIOO-
POYHBIX PyOOK JI0 M TOCJE TMOXKApOB MO PsiAy Xa-
PaKTEPHCTUK MHUKPOOHOIOTHUECKONH aKTHBHOCTH
MOYBBI U KOJIMYECTBY BCXOJIOB M TOIPOCTA COCHBI
oObikHOBeHHOU (Pinus sylvestris L.). B pamkax
MOCTaBJICHHOW LIEJIM PEIIAINCh CIEAYIONINE 3a/a-
YM: UCCIeNOBaHUE (PEPMEHTATUBHOW aKTHBHOCTH
MOYBBI U YHCJIEHHBIX XapPAKTEPUCTHK ITOYBEHHOTO
MHUKPOOHOTO COOOIIECTBA, a TAKKE YUET caMOCeBa
Ha MPOOHBIX TUIOIIAAX.

MATEPHAJIbI U METO/IbI
HUCCJEJIOBAHUN

B cnenom cocHsike pazHOTPaBHO-3€IE€HOMOILII-
HoM B 2011 m 2017 rr. ObUIA BBINOJHEHBI JBA
npreMa BBIOOPOYHBIX pyOok. CymMMapHas MHTEH-
CHMBHOCTH pyOKkm 10 3amacy cocraswmia 29 %. Ha
TEXHOJIOTUYECKUX YYaCTKax COCHSKA, MOCTYIMB-
mero B pyoky (Bomok u Ilaceka) B 2020 1. Obin
3aJI0KEHBI 10 6 SKCTIEPUMEHTATBHBIX TUIOMAT0K —
3 xouTponbHbIX (K) 1 3 onbrtHbix (O). Ha onbiTHBEIE
TUTOMIAJIKA OBUTO BHECEHO 1Mo 50 Kr OMOymoOpeHust
(OIICM + M). Takxke ObUTH 3aI0XKCHBI TTOIOOHBIC
6 SKCIIEPUMEHTAJBbHBIX IJIOIAJ0K — 3 KOHTPOJIb-
HbIX (K) 1 3 onbitHbIX (O) — B HETPOHYTOM PYOKOit
COCHSIKE, KOTOpbIi najnee ciayxwn (poHoM (DoH)
(puc. 1, a).
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—

Ilacexka

Puc. 1. BHemHuit BUI SKCIIEPUMEHTANBHBIX yUacTKOB B [Toropensckom Gopy.

a — npu npuMeHeHun Ouoynodpenus (OIICM + M); 6 — mocne noxkapa 7 mas 2022 r.; 6 — mocne BHecenuss OIICM + M,
14 mas 2022 1.
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Kaxyro npoOHy0 MIoma Ky ¢ HOMOLIbIO PEEK
Jenuian Ha KBazpatel pasmepom 0.5 x 0.5 m. Ha
Ka)/I0OM KBaJpaTe MOACYUTHIBAIM YUCIIO BCXOJOB
COCHBI TEKYIIETro rojia U caMoceBa MpPEeAbLIyIINX
Jet (cyMMapHOe KoJm4ecTBoO 1—3-1eTHero camoce-
Ba). Uncno KBaJparoB B KaXJOM BapUaHTE OIbITA
(oOBeM BBIOOPKH) BapbHpoBaIIo OT 16 110 48. YueTht
KOJINYECTBA BCXOJIOB M CAMOCEBA MPOBOAMIN B Ha-
yane onbiTa (20 mast 2020 1) 1 B pa3HbIe MEPHOIBI
ce3oHoB Bererauuu 2020-2022 rr. B mae 2022 . B
cocusike [loropenbckoro 6opa mporen mnoxap Bbl-
COKOHM MHTCHCUBHOCTH. Bce sKkcnepuMeHTalbHbIE
YYacTKH IOCTpajalu B pa3sHOM creneHu. Benen-
CTBHE TOKapa ObLIN MOBPEKICHBI IEPEBbS U MOY-
BEHHBII TOKPOB.

Ha skcnepyMeHTanbHBIX ydacTKax BbITOpena
BCSI MIOZICTMJIKA C BHECEHHBIM paHee 0Moy100peHH-
em (OIICM + M), Takke norud Bech MopocT coc-
HBbI, CTBOJIbI COCEH MPOTopeNy Ha BbICOTY 6—15 M
(puc. 1, 0).

Ha yuactkax ¢ 6moynoopernem (OIICM + M)
IyOMHA mporapa MOACTUIKH, KaK MPaBUIIo, BHIIIE,
YTO, MO-BUAMMOMY, CBSI3aHO C MPHUCYTCTBHEM He-
Pa3OKUBIINXCS OMIIIOK B cOCTaBe OMoynoOpeHusl.
B 5TOM CBA3M Ha CrOpEeBIIME OIBITHBIE YYaCTKU
cHoBa BHocwiu Ouoynoopenue (OIICM + M) B
MPEKHEM KOJIMYECTBE. BbUIN 3alI0KEHBI CIEAyIo-
e BapuanThel: @on (K u O), ITacexka (K u O) u
Bonok (K u O). B xaxxaom Bapuante ObLIO 1O TpU
noropHoCTH (puc. 1, 6). B Tedenue sxciepumenTa
(2020-2022 rr.) mpu NMpUMEHEHUU OHOYIOOpEHUS
(OIICM + M) oOpa3iel TIOYBBI Ha IKCICPUMEH-
TAJBbHBIX YYacTKaX OBLIM MCCIIEI0BAHBI HAa OOIIYyIO
OMOJIOTHUECKYI0 AaKTUBHOCTH: (DEpPMEHTATUBHYIO
AKTUBHOCTb, OOIIYI0 YUCIEHHOCTh MUKPOOPTaHH3-
MoB (OUYM) M COOTHOILIEHHE TAKCOHOMUYECKUX
Ipynn MUKpPOOPraHu3MoB. JlJig OLIEHKHM 3arnacoB
HAIOYBEHHBIX JIECHBIX TOPIOYHMX MaTepuajioB Ha
SKCIEPUMEHTANIbHBIX YYaCTKaX MPUMEHSIIN 00Ie-
NPUHATYI0 METOAMKY ydeTa FOpHYUX MaTepuasoB
(Kumna, 2013), cornmacHo KOTOPOW Ha KaKJIOM JKC-
HNEpUMEHTAIbHOM YYacTKe 3aKJIaJbIBald IO JIBE
wiowagku 25 x 20 cM, a Takke OJHY IUIOIAIKY
Ha KOHTpoJe, Bcero ux osuto 7. Ha momankax co-
Oupasy )KUBOW HAITOYBEHHBIN TIOKPOB (TPaBHI U KY-
CTapHHUYKH), OTaJl, KOTOPBIH BKIIIOYAN Takue (pak-
UM, KaK XBOsI, KOpa, IIUIIKH, BETOYKH, JTUCThS H
BETOIIb, COXPAHUBILHUE CBOIO CTPYKTYpy. Ha yrimax
3QJI0)KEHHON TUIOIIAAKU U3MEPSUIM TOJIILUHY CIOS
JIECHBIX TOPIOYMX MAaTepHaJIOB, a TAKXKE OT/IEIBHO
YUUTBHIBAJIM TOMIUHY MXa. OOpa3iibl HATOYBEHHBIX
TOPIOYUX MAaTepHalioB CYIIWIA B JaOOPaTOPHBIX
YCIIOBHSIX C UCTIOJIb30BaHUEM CYIIMIIBHBIX MIKa(dOB,
MIOCIIE YEeTO OMPEAEISUTH Maccy B aDCOIIOTHO CYXOM
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coctostaud. [Iporopesinyto nouy (2022 1.) Ha MH-
KpoOuosornyeckue u (epMEHTATHBHBIC AHAIU3bI
oTOupany uepe3 7 IHEH mocie moxkapa, 3aTeM BHO-
cumn ouoynoopenne OIICM + M. Ilocaemyromnuii
0TOOP TOYBEHHBIX 00PA3LIOB MPOBOAWIH B HIOJIE U
ceHTs0pe. Kpome Toro, B 00Opasiax mouBbl HCCIEIy-
€MBIX yYaCTKOB CTaHJApTHBIMUA METOJaMH OIpe/ie-
JISTU BITQXKHOCTD MOYBBI BecoBbIM MeToioM ('OCT
28268-89, 1989) u pH (mopraTMBHBIM MOTEHIIMO-
MeTpoM AKBWIOH 410), BO Bpemst 0TOOpa 00pasIos
U3MEpSUTH TeMIIepaTypy MPU3EMHOTO CJIOSl BO3IyXa
(Ha TIOBEPXHOCTH IMOYBEHHOTO MOKPOBA) M MOYBBI
(cmoii 0—10 cm), ¢ MOMOLIBIO TOPTATUBHOTO TEPMO-
metpa Hanna Checktemp.

DepMeHTATUBHYIO AKTHBHOCTH MOYBBI OITpe-
nensimi meronamu A. 1. Iancrsina u T. A. [lepOa-
koBo# (Xaszues, 2005), akTUBHOCTb TMAPOJIUTHYE-
ckux (epMeHTOB (TIpoTeassl, ypeasbl, Gocdarassbl,
WHBEPTa3bl) — C HCIOJIB30BaHHEM (HOTOIIIEKTPO-
konopumerpa K®PK-3 npu KOMIOCTHpPOBaHUU B
tepmocTare ¢ temrneparypoit 30-38 °C u skcno3u-
1H 710 24 4, aKTUBHOCTH (DEPMEHTOB OKUCIUTEIb-
HO-BOCCTAQHOBUTENIHOW TpymIbl (TMEpOKCHaaza H
nonmupenonokcunaza — [10 u [1PO) — xonopume-
TPUYECKUMH METOAAMU C IPEIBAPUTEIBHBIM TO-
JTy4acoOBBIM KOMIIOCTHPOBaHHEM. EnuHMIBI U3-
MepeHHust (EepMEHTATMBHOM aKTHBHOCTH:  JUIA
MpoTeasbl — MI' IJIMIIMHA/T TIOYBBI; ypea3bl — MT
N-NH,/r nouBsl; MHBEPTa3bl — MI' INIIOKO3bI/T 110OY-
BbI; (ocaraszel — Mr P,O /T mouBbI; NEPOKCHIA3bI
u QeHonmokcuaassl — Mr 1,4-0eH30XUHOHA/T TTOYBBI
(mamee Mr/r ouskl). I1o COOTHOIICHHIO TTOKAa3are-
Jel aKTUBHOCTU TOJIM(PEHOTOKCHAA3bl K MEPOKCH-
Jla3e pacCUMThIBAIU KO3(PPUIMEHT rymudukanuu,
XapaKTepU3YIONKA MUHEPAIN3aUIo TyMmyca JT1u00
ero HoBooOpazoBanue (CyneiimanoB, [llopuHa,
2012). Lemmrono3opasnaramuy  aKTUBHOCTD
MOYB U3MEPSIIU C MCIIOJIb30BAaHUEM aIIUIMKAIIMOH-
HbIx MeTon10B (I"aBpunosa, ['epacumona, 2019).

Ouenky o0u1eii (CyMMapHOii) YHCJIEHHOCTH U
COOTHOIIEHUSI TAKCOHOMUYECKHUX IPYIIN NOYBEeH-
HbIX MHKPOOPIraHHM3MOB IPOBOAMIN KJaccuye-
ckumu Metonamu (Metoapt..., 1991; [IpakTtukym.. .,
2005). Jlns BBISIBIICHUST OOIIEH YHCICHHOCTH KYJIb-
TUBUPYEMBIX MUKPOOPTaHN3MOB T'OTOBHJIN TIOYBEH-
HyIO cycrieH3uto passenenus 1 : 10°, 3arem mpo-
BOJIMJTH TIOCEB HA arapu3MpOBaHHBIC NMUTATEIbHbIC
cpensl o 0.05 mu B wamky [lerpu. Mcnons3oBanu
kpaxmano-ammuaunbeii  (KAA), MsicomentoHHbII
(MITA) u nousennsiii (ITA) arapel, a 11 BbISB-
JeHuss TpUOOB — arapu3OBaHHOE HEOXMEJICHHOE
nuBHOE cycio (CA). MUKpoOpranusmbl KyJabTHBH-
poanu nipu temneparype 25 °C. Kononuun 6akre-
puil yUUTBHIBaIU Ha 3—5-€ CyTKH, aKTHHOMUIIETOB U
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rpuboB — Ha 7-10-e. IIpoBeneH KoIWYECTBEHHBIN
y4eT KOJIOHMI HECHIOPOBBIX M CHOPOBBIX OakTepuit
(B TOM 4HuClIe aKTUHOMMIIETOB), MHUILIEIUAIBHBIX U
npoxokeBeIx rpuooB. Meromom T. Gregersen (1978)
YCTaHABIUBAIM TPaMIIPUHAICKHOCTh OaKTepu-
anbHbIX GopM. UHCIEHHOCTD LEUTIONOIUTUYECKUX
MUKpoopranu3zmMoB onpezaensiiin coracHo ['OCT
P 54653-2011 (2011) na cpene I'etunncona (I') ¢
UCTIOJIB30BAHUEM CTEPHIIbHBIX 00€330JIEHHBIX OY-
MaXHbIX (PUIIBTPOB B KaUECTBE €AMHCTBEHHOTO HC-
TOYHMKA LIEIUIIOIO03bI.

I['puber  wAEHTUGUIMPOBATIM C  TTOMOIIBIO
crnipaBo4yHOM Jureparyps! (Barnet, Hunter, 1998;
Watanabe, 2002) 1 MUKpPOCKOIUPOBAHUS KIETOK U
kojoHui. [Ipu onpeneneHny y4uTbIBaIM TUI CIIO-
POHOIIEHHUS, CTPOEHHUE III0OA0BBIX TEJ, pa3Mep CIOp
U XapakTep MX pacroyiokeHusi. MUKpOCKOMUpPOBa-
HUE KJIETOK U KOJOHWI BBITIOJIHSUIA NP YBEIUYE-
HuH * 1350 (Olympus BX43 (SInonus)).

Cocrosinue camMoceBa (KOJIHYEeCTBO BCXOJ0B
U caMoceBa) YYUTHIBaJM B JaTy Hadaja OIbITa
(20 mas 2020 ) 1 B pa3HbIE IEPHOBI CE30HOB Be-
rerarun B 2020 1 2021 rr, a Taxke B 2022 T. mocne
noxkapa. Ha kaxoM ydacTke OTIENIbHO yYUThIBaA-
JIM 9UCJIO PACTEHUH B YETBIPEX BO3PACTHBIX TPYII-
nax: 1) Bcxoasl (COCHAa MEPBOTO Toja BEreTalun),
2) cesHIIbI OIHOJIETHUE (COCHA BTOPOIO rojia Bere-

Tanuu), 3) CesHIBI JBYXJETHHE (COCHA TPETHEro
roma BereTaiuu), 4) CesHIbl TPeXJEeTHUE (COCHA
YETBEPTOTO I0/ia BETETAIINN ).

Crarucruueckuii anaiam3. OOpaboOTKy pe-
3y/lBTaToOB MO ()ePMEHTATUBHOM aKTMBHOCTH ITIOYB
(KOpPEISIIIMOHHO-PETPECCUOHHBINA aHAIN3) U YKC-
JICHHBIX XapaKTEPUCTUK MUKPOOHOTO COOOIECTBa
NPOBOAMIM C HCIIOIB30BAHUEM MAKETa MPOrpamMM
Microsoft Excel 2007. [TorpemHocTi onpenessiin
Mo OIMMOKE CPETHETO.

PE3YJIBTATHI UCCJEJTOBAHUM
N UX OBCYXJIEHHUE

[Tocne pyOOK HENpPEeMEHHO W3MEHSIOTCS CBe-
TOBOM M TEIJIOBOM PEKUMBI, THIPOTEPMUUYECKUE
YCIJIOBUSI, KUCIOTHOCTb, MOJ KOHTPOJEM KOTOPBIX
HAXOJSTCSl OMOJIOTHYECKHE CBOMCTBA MTOYBEI, B TOM
YHUCJIC U DH3UMOJIOTHYECKast aKTUBHOCTH (Tabi. 1).

[locne BHeceHus ynoOpHUTETBHOW OIMUIOYHO-
nouBeHHo cmecu (OIICM + M) Ha mOBEpXHOCTH
MIOYBBI COXPAHIETCS TEIII0, ONTUMHU3UPYSI TEMIIEpa-
TYpHBIN PEKUM TOJACTUIIOK HA Maceke M mopyoou-
HBIX OCTAaTKOB Ha BOJIOKe. Kak Ha KOHTPOJBbHBIX,
TaK U Ha OIBITHBIX yYacTKaX TeMIIeparypa MOBbICH-
Jach K ceHTsA0pro B cpenHem Ha 3—5 °C. Ko Bropomy
rofly ucclieoBaHui 3HaueHust pH mouBbl y4acTKoB

Tabsmua 1. ['uaporepmuyeckue XapakTepUCTUKU U KUCIIOTHOCTB 1104BbI B ci1oe 0—10 cm
Ha HKCIEPHMEHTAIBHBIX YUacTKax B cocHske [loropemsckoro 6opa

don ITaceka Bomox
Bpewms cezona [loka3zarens

K 0] K o K o

Jlo BHECEeHUS 7,°C 4.0 7.8 6.0 8.7 6.6 8.3
OIICM + M, pH 6.55 6.55 6.56 6.56 6.47 6.57
Mait 2020 . BraxHOCTh, % 21.2 26.4 25.1 23.8 19.2 27.9
CenTs10ps 2020 1. T, °C 9.2 9.5 8.7 9.1 9.4 9.2
pH 6.69 6.88 6.60 6.72 6.28 6.24

Brnaxnocts, % 27.7 24.0 26.9 27.2 28.8 42.1

Wronp 2021 1. T, °C 10.2 10.4 8.9 9.6 9.4 9.4
pH 6.53 6.50 6.61 6.80 6.49 6.18

Biaxxnocts, % 22.4 24.0 44.8 27.2 59.1 62.7

Centsi0pp 2021 1. T, °C 8.5 8.6 8.5 8.6 8.8 9.1
pH 6.59 6.53 6.67 6.79 6.49 6.53

Brnaxnocts, % 31.5 21.8 33.3 32.6 62.7 26.5

Maii 2022 1. T, °C 8.5 9.2 8.2 8.2 8.3 9.2
pH 6.47 6.55 6.43 6.45 6.65 6.46
Biaxxnocts, % 12.8 21.3 23.3 21.4 13.8 21.2
Wrons 2022 1. T, °C 14.8 15.7 15.9 15.7 15.1 14.9
pH 6.94 6.92 7.04 6.81 6.91 6.74

Bnaxxnocts, % 16.3 16.2 12.9 26.1 15.6 20.5

CenTsi0ps 2022 1. T,°C 9.5 9.6 9.5 9.4 10.1 9.9
pH 6.30 6.49 6.53 6.35 6.49 6.56
Biaxxnocts, % 343 27.4 24.9 32.7 16.3 44.6
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BO3pociu. HesHaunTtenbHoE mosiienaynBaHue mnoy-
Bbl TaKXX€ COMPOBOXKIAJIOCH YBEIMYEHHEM BIIAaXK-
HOCTH TTOYBHI Ha BoJioke (Tadm. 1). [Tocnme mokapa
TeMIepaTypa B TEUEHUE CE€30Ha OCTaBaJaCh JOCTa-
TOYHO BBICOKOM C ITMKOM B Htone, 10 15.7-15.9 °C.
Ha yuactkax ¢ BHecenuem OIICM + M temnepary-
pa 6bima Ha 0.1-0.2° HUXKe, YeM B KOHTPOJIE.

@epMeHTATUBHAST AKTHBHOCTb MOYBBI JKC-
NepuMEHTAJTbHBIX Yy4yacTkoB. [locie BHeceHHs
ounoynoopenwus (OIICM + M) npoBoauIuch HaOIrO-
JeHdss 32 OMOXMMUYECKOM aKTUBHOCTBIO ITOYBEI
(Tabm. 2).

HccnenoBanach aKTUBHOCTh  OKHCIIHTEIBHO-
BOCCTAHOBHTEIILHBIX M THIPOIUTHYECKUX (hepMeH-
TOB B BEpXHEM, HauOoiee aKTUBHOM CJIO€ TOYBBI
SKCIIEpUMEHTaIBHBIX ydacTkoB (0—10 cm). Paspe-
JKMBAHUE T0JI0Ta, OCBETICHUE U JIOTIOJHUTEIBHOEC
MOCTYIJICHUE YIIIepo/ia B MOYBY B BUJIE MOPYOOUHBIX
OCTaTKOB M3MEHSIM aKTUBHOCTh OKCHA3 U THIPO-
na3. BHeceHne 0MoynoOpeHus 3aMETHO YBEITHUUIIO
aKTHUBHOCTH ypea3bl 1 MHBEPTa3bl K CEHTIOPIO Kak
Ha q)OHC, TaK U Ha TEXHOJOIMYCCKHUX YYaCTKax:
ypeasbl —c¢ 0.70—-1.36 10 1.19—1.86 mr/r mO4BHI, HH-
BepTassl — ¢ 3444 no 45—48 mr/r mouBsI (Tad. 2).

Tabsmua 2. @epmeHTaTUBHAsI AKTUBHOCTD IIOUBBI Ha YKCIIEPUMEHTAJIbHBIX yuacTkax B 2020-2021 rr,

MTI/T TIOYBHI (IIPUBE/ICHA CTAHJAPTHAS OIINOKA CPEIIHETO)

doH ITaceka Bonok don Ilaceka Bonok
ITokazarens
Kontpons Buecenne OIICM + M
2020 1.
Jlo enecenus OIICM + M
IIpoteasa 0.95+0.02 0.91 £0.07 0.96 +0.05 - - -
VYpeasza 1.92 £0.07 1.76 £0.11 1.69£0.12 - - -
WuBepraza 42.1 £3.55 43.3+£5.60 44.0 £3.20 - - -
®deHookcHaza 0.14+0.03 0.32+0.09 0.14+0.02 — - —
[Tepokcunaza 0.19+0.05 0.16 £0.03 0.22 +£0.09 — — —
Koa¢ppunment 0.93+£0.45 1.96 £ 0.34 0.89 +0.37 - - -
TYMUpUKAIAN
Tlocne enecenuss OIICM + M
[Iporeasa 1.06 £0.26 1.29 +£0.41 1.20+£0.27 0.87+0.10 0.84 £0.05 0.97+0.10
VYpeaza 0.70+0.13 1.26 £0.20 1.36 £ 0.16 1.19+£0.29 1.36 £0.23 1.86 £0.31
WHuBepraza 439+2.18 344 +4.61 35.6 £2.50 46.6 +2.41 48.1+1.74 448 +1.92
®deHonoKcHUIa3a 0.43£0.04 0.31 £0.02 0.33+£0.05 0.29+£0.01 0.32+0.01 0.32+0.04
ITepoxcunasa 0.31+£0.02 0.26 £0.02 0.26 £0.02 0.30 £0.03 0.31+£0.03 0.28 £0.02
Koaddurment 1.40+0.17 1.23+£0.12 1.22£0.13 1.01 £0.07 1.07 £0.08 1.16 £0.21
TYMUpHUKAIAA
2021 .
Hionn
IIporeasa 0.44 +£0.13 0.60 = 0.09 0.56 +0.05 0.56+0.16 0.29 +0.05 0.56+0.16
Vpeasa 1.77 £0.37 1.74 £ 0.13 1.77 £0.20 2.15+0.26 1.44 £0.16 2.65+0.05
docaraza 1.30+0.10 1.55+0.07 1.65+0.18 1.07 £0.03 1.16 £0.22 2.15+0.50
WuBepraza 443 +0.18 41.6 +£0.94 39.3+2.48 55.6 £6.14 47.5+8.43 48.0 £ 7.80
denonokcumasa 0.21 £0.01 0.55+0.10 0.32 £0.08 041 +£0.01 0.56 £0.10 0.70 £0.09
ITepoxcunaza 0.13£0.01 0.34£0.08 0.19+£0.05 0.22£0.03 0.32+0.04 0.43£0.11
Koaddumment 1.60 £ 0.19 1.55+0.13 2.29+0.34 1.99 +£0.22 1.73 £0.11 1.89 +£0.40
ryMuuKau
CeHT0ph
ITpoteasa 1.40£0.14 0.99 +£0.03 0.87 +£0.04 0.63£0.03 1.17 £0.05 1.05+£0.08
VYpeasa 1.38+0.33 1.66 £0.08 1.54 +0.33 1.31+£0.25 1.49+0.15 1.21 +£0.20
docdarasza 2.29+0.23 1.59+0.27 1.70 £ 0,04 227+0.27 2.37+0.45 3.93+0.60
WuBepraza 33.2+5.59 26.2 +4.68 46.6 + 10.33 65.5+2.60 25.6 £5.81 41.2+11.07
®deHonokcumaza 0.56 +£0.03 0.48 £0.08 0.39+0.12 0.31+0.04 0.42 £0.04 0.55+0.04
ITepokcunaza 0.62 +0.07 0.62+0.15 0.53+£0.20 0.41+0.04 0.67+0.16 0.90+0.18
Koadpunment 0.91 £0.07 0.81+0.06 0.81£0.15 0.75 £ 0.06 0.81 £0.28 0.72£0.21
TyMUpUKAIHA
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Puc. 2. CiocoOHOCTh MOYBCHHO MUKPO]IOPHI K IEILTH0I030pa3iioxkeHuto B cioe 0—10 cM (n = 3) Ha skcrepu-
MEHTaIIFHBIX yuacTkax [loropensckoro 6opa (2020-2022 rr.).

B nenom mo umerouumcs mikanam (3BSruH-
ueB, 1978; 'anontok, Manaxos, 1985) sH3umoro-
THYECKYIO0 aKTUBHOCTH B BEPXHEM CJIOE€ TTOYBHI HC-
CIIElyeMbIX YYacTKOB MO)KHO CUHMTATh HHU3KOH, a
AKTUBHOCTb THJIPOJIMTUYECKUX (HEPMEHTOB Oblia
KaK Ha BOCCTAHABJIMBAIOIINXCS BBIPYOKaxX ¢ HU3KOM
UHTEHCUBHOCTBIO (PaxpyTauHoB, Smmonbekas,
2015). B 2021 r. Ha yyacTKax BHECEHUs1 Onoynoope-
HUS B MIOHE HAa0JI0AaI0Ch HEOOIBIIIOE MOBBIILICHUE
aKTUBHOCTH WHBepTasbl (¢ 39-44 mo 47-55 mr/r
MIOYBBI), OTHAKO B CEHTSO0pe HanOOoIIbIIIee MOBhIIIe-
HUE (EepPMEHTATUBHOW aKTHBHOCTH Ha TEXHOJOTH-
YEeCKUX ydacTKax HaOmonanu Ha npumepe docda-
tasbl (¢ 1.6—1.7 10 2.4-3.9 mr/r noussl) (TadI. 2).

CrocoOHOCTh TTOYBEHHOW MHUKPOOHMOTHI K IIEJ-
JTFOJI030PA3JI0KEHHUIO /IO BHECEHUsI OMOyJ00peHus Ha
Bosnoxke B cpennem Obuia 51%, na @oHOBOM yyacT-
K€ — HeMHoro Huke — 47 % u camoii Hu3Koi — Ha [la-
ceke — 28 % (puc. 2). Ilocre BHecenus: buoymoodpe-
HUI K KOHITY BET€TAI[HOHHOTO TIEPHO/Ia JOCTOBEPHOE
yBEIIMUEHHE 1IEIUTI0I030Pa3/Iaraolero noTeHuana
MHUKpOOHOTHI 0T™MeueHO Ha [laceke u Bonoke Ha 8 u
16 % COOTBETCTBEHHO OTHOCHUTEIILHO KOHTPOJISL.

Bo3MoxHO, 3TO CBSI3aHO C COBOKYITHBIM BITHS-
HUEM Kak OMoynoOpeHHs, TaK U TOTMOJIHUTEIbHBIM
OCBETJIICHHEM I0CIIE PYOOK.

B urone 2021 r. moTeHuManpHas LEIUIIOI030-
paznararomasi akTUBHOCTb ITOYBBI JocTHUrana 42 %,

18

HO TIOJIOXKHUTEIIbHOE JICHCTBUE YNOOpEeHUH HaOIIo-
Janock ToNbko Ha Bonoke, rae uemmrono3opasna-
rafoIi NoTeHIan coctaBmi 65 %, aro Ha 29 %
BBIIIIE, YeM B KOHTpoJie. K ceHTsopro 6uoynoodpenune
MOJIOKUTEIBHOE JICHCTBUE OKAa3bIBAJI0O Ha IEJLIIO-
JI030pa3araluil NOTEHIMAl MOYBEHHONH MHUKPO-
o6uotsl Ha Bonoke (53 %), uro Beiie Ha 14 % Ha
aHAJIOTMYHBIX ydacTkax Oe3 BHeceHus. Ha macexe
CHOCOOHOCTB K IEIUTIOII030Pa3I0KEHHIO TTPOIOIIKH-
Jla TPEH/] K CHIDKEHUIO U cocTansuia 32 % (puc. 2).

AKTHUBHOCTh (PEHOJIOKCHAA3 OblIa MPUMEPHO
OJIMHAKOBOM B Hayasle U B KOHIIE CE30HA, HO KO-
¢unreHT ryMu(UKaKu — BbIIIE B MIOHE Ha BCEX
y4acTKax, TaK Kak B CEHTSAOpe MOBBIIIAETCS aKTUB-
HOCTh mepokcuasbl (10 0.4—0.9 Mr/r mouBbI), CKO-
peii Bcero 1o NpuurHe MOCTYIUICHHUS JONOTHUTEIb-
HOTO KOJIMYECTBA OT1ajia B TeueHue ce30Ha (Tadi. 2).

[Tocne npumenenus 61M0y100pEeHMs MOBBIIIACT-
Csl 3aBUCHMOCTB OT TEMIIEPaTyphl y MOIUPEHOIO-
Kcuaa3 (Bo3pactaHue Kod(pQUIMEHTa IeTepMUHA-
muu R? ¢ 0.35 mo 0.68) u ypeassl (¢ 0.29 mo 0.63),
IpUYEM B IMOCIIEIHEM CITydae 3aBUCUMOCTh OIHCHI-
Baetcs jorapupmom. IIpounee craHOBHUTCS 3aBU-
CHUMOCTb OT BJIQKHOCTH, OTIMChIBa€Masi B OCHOBHOM
NOJMHOMUAIBHBIMU YPaBHEHUSMHU, 32 UCKITIOUCHU-
eM nonndeHonokcuaassl (R? = 0.56 mocie BHece-
Hust OIICM + M). V ypeassl oHa Tak)ke MOBBIIIACT-
cs1 mocIie npuMeHenus onoynoopenus (R*>c 0.01 xo
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Tadsmua 3. [Tuponoruyeckue XapakTepUCTUKU SKCIEPUMEHTAIBHBIX YYaCTKOB uepes 2 HeJl [ocle rnoxapa

B Mae 2022 1.
Mommocts InyGuna 3armnac JecHbIX
VaacTox Bapuanr, Temmneparypa, °C cios IIpOropaHus BricoTa TOPIOYHX
OIICM + M HOACTWIKH | HMOACTHIIKH Harapa, M MaTepHuaoB,
BO3/yXa TTOYBBI cM T/ra
Do be3 BHeceHus 27.0 8.4 0.6 1.5 min 8. max 15 2.79
Buecenue 27.2 9.1 0.3 1.6 ’ 2.75
IMacexa be3 BHeceHus 26.9 10.8 0.7 2.0 min 6. max 8 3.04
Buecenue 26.7 8.0 0.6 2.3 ’ 4.93
Borok be3 BHeceHus 26.6 15.7 0.5 0.5 min 2. max 10 2.53
Buecenue 26.3 8.3 0.3 1.6 ’ 1.76
KonTpons 27.5 12.0 0.5 He ropemno 6.01

0.67). He3nauntenbHO TOBBIMIAETCS 3aBUCHMOCTH
AKTUBHOCTH MPOTEA3bl U LEJUTI0I030pa3iaraoueit
crocobHoCTH OT BIaxkHocTH (R* = 0.27 u R* = 0.40
COOTBETCTBEHHO). Ha sKcrieprMeHTalbHBIX ydacT-
Kax I0CJe MHUPOTEHHOTO BO3JEHCTBUS BBISIBICHO
CHIDKEHHUE 3amaca JISCHBIX TOPIOYHMX MaTepuajoB
10 50 % ot momokapHbIX 3HaueHui. Tak, mocie-
MOXKapHBIN 3amac coctaBui Ha Bonoke ot 1.76 10
2.53 1/ra, npu 3TOM IITyOMHA IPOrOPaHUs JOXOANIA
1o 1.6 cMm. Ha Ilaceke naHHbIl 1oKazareinb BapbH-
posaxn ot 3.04 no 4.93 1/ra, nryOuHa MpOropaHUs
cocraBmia 6osee 2 cM (Tadm. 3).

[Tocne noxapa B mMae 2022 1. 3aMETHO BBHIIIIE
OblJIa aKTUBHOCTH JIUIIBL (ocdaraspl MOCIe BHE-
ceHust Onoyno0peHus: Ha Bcex yyacTkax (mo 1.33—
1.43 wmr/r moussl) (Tabm. 4), HECKOJBKO BBIIIE —
MpoTea3Hass akTUBHOCTH Ha Bomoke m Ha DoOHO-
BOM yuacTke (yBenumuuinack ¢ 0.23-0.28 no 0.32—
0.43 MI/r moYBHI).

AKTHUBHOCTbH HHBEPTAa3bl MOBBICUIIACH TOJIBKO HA
yaactke ®oH (¢ 55.5 10 87.2 Mr/r IOYBHI).

Hecmotps Ha HU3KYI0 (DEHOJIOKCHAA3HYIO akK-
TUBHOCTb, KOA((HUIIUEHT T'yMU(PUKAIIUN CTaJ BBILLIE
nocje BHECEHHsI OMOyJOOpeHHsI Ha TEXHOJOrHYe-
CKUX Y4aCTKaX IMOYTH B 2 pa3a, U HECKOJIBKO HUXKE —
Ha @one. CrioCOOHOCTh MOYBEHHOW MHKPOOHOTHI
K IIeJUTI0JIO30PA3I0KEHUIO TTOCTIe TokKapa Ha BCEX
UCCIIelyeMBIX Y4acTKaX 3aMETHO CHU3WIIACH, MPH-
MEpHO B 4—5 pa3 OTHOCUTENBHO MPEIBIAYIIEro ce-
30Ha U cocraBuina 3—12 %. /locroBepHbIe pa3nuyuus
10 aKTUBHOCTH LIEJUTIONIO30IUTUYECKUX (DEPMEHTOB
Ha TUIOIIA/IKaX C BHECEHHBIM OMOYyTOOpeHHeM OT-
MedeHbl Ha BoJioke — ombITHBIN TIOKa3aTenb B 8 pa3
MPEBBIIIAJT KOHTPOJILHOE 3HAa4YeHHEe. B KoHIE Be-
TeTallMOHHOTO Tepuoja BHECEHHE OMOoymnoOpeHus
YBEJIMYUBAJIO aKTUBHOCTb TUIPOIUTUUYECKUX (ep-
MEHTOB Ha BCEX Y4YacTKax, 3a HCKIoueHneM Bo-
JIOKa, T/Ie BO3PACTAET JIMIIb aKTUBHOCTH MPOTEA3hI
(moutu B 3 paza) (tabm. 4). [lpuyem npoucxoaut
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3TO Ha ()OHE IBYKPATHOTO IOBBIIICHUS aKTHBHO-
CTH (DeHOIOKCHIa3bl U YBENINYeHUs Koddduimenrta
rymupukanum 10 0.96, 4To MOXKET CBUIETEIBCTBO-
BaTh O Pa3jOKEHWU U MUHEPATU3aluu JOCTYIHO-
ro mMarepuana B OHOYTOOPEHHUSX U peakIusIx Io-
JUKOHACHCALNN TYMYCOBBIX BELIECTB B BEPXHHUX
OpraHMYeCcKUX ropu3oHTax. OTMedeHa TEHICHITHS
pocTa IeJUTI0NI030pa3araloero noTeHuana K
ceHTsa0pio (puc. 2). [locne noxkapa 3aMeTHO CHU3H-
JMCh 3aBHCUMOCTH OMOXMMHYECKHX TOKazaTesen
B TEUCHHE CE30HA OT TEMIIEPATyphl, OJHAKO IIO-
BBICHJIUCH OT BJIQXKHOCTH B CJIy4ae KaK MHBEPTa3bl
(R? ¢ 0.24 1o 0.85), Tak u ocdarasbl, nporeassl U
noiudenonaokcuaassl (R? ¢ 0.10 o 0.87).

Mukpo6uosiornyeckasi aKTUBHOCTb IOYBBI
IKCHEPUMEHTAJIBHBIX YYacTKOB. MuKpoOHoIo-
THYECKHE aHAJIM3bl TOYBBI JKCIIEPUMEHTAIBHBIX
Y4acTKOB MOKa3ajM, YTO W3HAYajbHO (0 BHECe-
Hust OIICM+M) 4uCIEHHOCTh MUKPOOPTaHU3MOB
HE pa3nyanach MeX/y y9acTKaMH U Kosiebaiach B
npenenax 3.08-3.48 mnn KOE/r noussl. B Mukpo6-
HOE COOOIIECTBO BXOAMIN HECTIOPOBBIE U CIIOPOBHIE
OaxkTepuu (B TOM YMCIIE€ aKTUHOMMIIETHI) U TPUOBI.
B centsa6pe 2020 r. B KOHTPOJIBHBIX BApUAHTAX IKC-
MEPUMEHTa OTMEYECHO JIOCTOBEPHOE YBEIHMUCHUE
OYM 110 cpaBHEHHIO ¢ HavajaoM rojaa (puc. 3).

Buecenne OIICM + M He okasanio g0CTOBEp-
HOIO BO3JEHCTBUS Ha CYMMAapHYIO YHUCIIEHHOCTb
MOYBEHHBIX MHUKPOOPTAaHW3MOB, HO BBI3BAJO YBe-
nudeHue jjonu rpubos Ha 4-8 %.

K koHIly BTOpOTrO rosia uccieioBaHusi B OMbIT-
HBIX BapuaHTax ydacTkoB Bomox u Ilaceka orme-
YEHO JIOCTOBEPHOE YBEIMUYEHUE YHMCIECHHOCTU I10
CpPaBHEHHUIO C KOHTPOJIbHBIMU 3HaYeHUsiMU B 1.5
u 2.9 pa3za coorBercTBeHHO (puc. 3). Ha ydacTkax
®on K u O He BBISIBIEHO JOCTOBEPHBIX Pa3IUYUil
o OYM, no Bapuant ¢ Buecennem OIICM + M xa-
pakTepusyeTcs MeHbllei noneit rpu6os (B 1.7 pa3)
Y CHIDKEHUEM JIOJTU aKTHHOMHIIETOB.
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Taoauna 4. DepMeHTaTHBHAS AKTUBHOCTD Ha Y4acTKaX PyOOK ¢ BHECEHHEM OMOyI00peHus mocie moxapa B 2022 r.,
MT/T TTOYBHI (ITPUBE/ICHA CTAHIAPTHAS OIMOKA CPEITHETO)

B mae 2022 r. Ha 3KCIIEPUMEHTAIIBHBIX y4acT-
kax cocHsikoB [loropenbckoro 60pa nporen noxap,
MOCTIEICTBHS KOTOPOTO CKAa3aJIUCh HA MOYBEHHOM
MuKpoborieno3e. CyMMapHasi YUCIEHHOCTh MUKPO-
OpPraHM3MOB B IOYBE JKCIIEPHUMEHTAJIbHBIX y4acT-
KOB Haxoauiack B npenaenax §8.5-39.06 mun KOE/r
NOYBBI, TPU OTOM MaKCHUMaJbHbIC 3HAYCHHUS
OYM ormeuensl B Bapuanrtax Ilaceka O u ®on K
(puc. 3).

[Toxkap 00ycliOBMII MOCTYIUIEHHE MTUPOTEHHOTO
yIJiepozia B OYBY, YTO CIIOCOOCTBOBAJIO POCTY YHC-
JICHHOCTH MHUKPOOPTaHMU3MOB-KapOOTpO(dOB, OTHO-
CSINUXCS K Pa3IMYHBIM TaKCOHOMHUYECKHM TPYII-
nam. Cpeau MoYBEHHOTO MUKPOOHOTO COOOIIECTBA
JOMUHHUPOBAIA HECTIOPOBbIE OAaKTEpPHU, YHCIICH-
HOCTh KoTOphIX jocTuraia 37.2 miad KOE/T moussl,
a JToJIst OT OOIIETo YMClia MUKPOOPTaHU3MOB — 96 %
(Tabm. 5). ITo cpaBaenuto ¢ cenrsiopem 2021 1. BO

20

g KonTponb Buecenune OIICM + M
54 TTokasarens
S Do ITaceka Bomnox Do ITacexa Bouok
T'unponasel
IIpoteasa 0.24+0.03 0.31+£0.01 0.28 +£0.09 0.32+0.04 0.20 £ 0.04 0.43 +£0.07
VYpeaza 1.84 +£0.30 2.94+0.77 3.22+091 1.95+0.13 2.60+0.17 2.11+0.33
docdaraza 1.13£0.19 0.92 +£0.07 1.03£0,17 1.43£0.01 1.33£0.15 1.35+0.32
=) WuBepraza 55.52+6.23 | 64.63£11.53 | 80.14+10.52 | 87.24 £12.65 | 63.86 +21.14 | 69.00 £6.17
= Oxcunasbl
@enonokenmaza | 0.09+0.01 0.24 +£0.01 0.13+£0.05 0.31£0.04 0.22 £0.02 0,22 £0.02
Ilepokcunaza 0.17+0.03 0.22+£0.04 0.12+0.04 0.22+0.03 0.18 £0.02 0.29+0.07
Koaddurment 0.52 £0.06 1.14+£0.23 1.11+0.19 1.44+£0.15 1.28 £0.30 0.97 £0.34
rymMupuKanum
T'unponassel
IIporeasa 0.40 +0.04 0.38 £0.01 0.56 £0.12 0.49+0.03 0.39+£0.03 0.61 £0.04
VYpeasa 1.49+£0.27 2.57+0.41 2.31+0.47 2.84+0.39 2.10+0.63 1.66 +0.35
Docdaraza 1.69£0.23 1.00 £ 0.06 1.26 £0.09 1.87+£0.14 1.58 £0.14 1.65+0.24
é WuBepraza 65.28+9.63 | 68.87+£8.62 | 77.13+3.97 | 90.36+4.42 | 81.71+5.04 | 76.96 +4.07
=~ Oxcugassl
®enonokengaza | 0.17 +0.02 0.22+0.02 0.21+£0.05 0.29+£0.04 0.30+£0.02 0.27+0.04
ITepoxcunasza 0.28 £0.05 0.79+£0.17 0.90 £0.14 0.66 £0.15 0.35+0.07 0.63£0.17
Koaddumment 0.65+0.11 0.50+0.16 0.23+£0.04 0,50+0.14 0.90 £0.23 0.50+0.17
TYMUPHUKAIAN
I'upponazsl
[Iporeasa 0.27 £0,04 0.58 £0.04 0.34+£0.02 0.64 +0.06 0.53+£0.19 0.96 +0.06
Vpeasa 2.13+0.33 2.65+0.01 4.21+0.31 3.39+0.61 2.66 +£0.57 3.24+0.64
A docdaraza 1.38£0.12 1.08 £0.09 1.40+0.19 1.65+0.17 1.28 £0.24 1.08 £0.20
E WuBepraza 2773+ 144 | 30.22+£9.65 | 26.53+2.28 | 46.16+1.57 | 40.00+0,93 | 27.26 +2.70
5 Oxcuaassl
© | ®enonoxcumaza | 0.37 +0.06 0,32 +0.01 0.26 £0.13 0.36 £0.06 0.38 £0.02 0.54+0.13
[lepokcunaza 0.56 £0.07 1.28 £0.17 0.60 £0.06 0.94 £0.20 0.82 +£0.10 0.69 £0.13
Koaddurment 0.71£0.17 0.35+0.15 0.43 £0.04 0.40 +0.04 0.48 +£0.07 0.97+0.19
TYMU(PUKAIIAN

BCEX BapUaHTaX OTMEYCH POCT YMCIICHHOCTH CIIO-
poobpasyromux Oaktepuii (6€3 yuera aKTHHOMH-
IIETOB), X YUCIECHHOCTh HAXOAMJIACh B Ipeesiax
0.58-4.09 muin KOE/r mouBkl. Bee mouBeHHbIE 00-
pasIibl XapaKTepHU30BaIUCh OTHOCUTEIHHO HEBHICO-
KOW YHMCJIEHHOCTBIO IpUOOB, KOTOpas Kojebaach
ot 0.23 1o 1.29 mutn OE/r nouBsr (Tabm. 5).

I'pubHBIE OpraHuM3Mbl OBUIH TPEICTABIICHBI
TPOXOKEBBIMH 1 TH(aTbHBIMU opmamu. [Ipencra-
BuTenu pona neneuwsut (Penicillium Link) nomu-
HupoBaiu B Bapuantax Bomok K (10.78 %), ®on K
(23.46 %) u O (18.56 %). Ha yuactke Boaok O
npeolliafaay MUKPOMHIIETBI poOja TPUXOAEpMa
(Trichoderma Pers.) (49.26 %). Ha ygactke [Taceka
JOMUHHUPOBAJIH MTPEJCTABUTEIN OT/ACa 3UTOMUKOTA
(Zygomycota Moreau): B koHtpone — Umbelopsis
Amos & H. L. Barnett (14.87 %), B onbITe — MyKop
(Mucor Fresen.) (18.24 %).
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OO1mast YUCICHHOCTh MHKPOOPTaHH3MOB
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Puc. 3. OOmas 4nciIeHHOCTh MUKPOOPTaHU3MOB U IEIUTIOIO30JIMTHYECKUX MHUKPOOPraHW3MOB Ha DKCIIEPUMEH-
TaJmbHBIX yyacTkax [loropemsckoro 6opa (2020-2022 rr.).

Tadumua 5. CoorHomienue (%) TAKCOHOMUYECKUX TPYII MOYBEHHBIX MUKPOOPTaHU3MOB Ha IKCIIEPUMEHTAIbHBIX
yuacTkax cocHsika [Toropensckoro 6opa (2020-2022 rr.) 10 1 iocjie BHeCEHUs1 Onoyn00peHust

2020
= 2021,
MHKPOOPTraHU3MOB
Bonok ITaceka don Bonok ITaceka don
Bonok | ITaceka | Don
K (0] K (0] K (0] K (0] K (0] K (0]
CniopoBble OakTepuu 9.2 145 (1271 66 | 5.6 | 6.1 | 3.4 | 64 |45 (22.0(252|422]20 (24|25
AKTUHOMUIICTEI 16.8 16.5 [19.6|11.9|18.7|27.4(15.8|18.4(12.3|25.7| 52 |21.1| 48 | 9.1 |11.4
Hecmoposeie 6akrepun | 61.4 | 55.8 [57.7]73.0(59.1|54.6]60.6|35.4]|65.1[40.2|61.1|25.2|84.0[80.8|81.6
I'pubsr 12.7 13.2 [10.0| 85 |16.5|11.9(20.2|39.8(18.1|12.1| 85 |11.5] 92 | 7.7 | 4.5
2022 r.
Mait (mocrne moxapa,
1o BHecenus: OIICM + M) Cenrs6pe
Bonok ITaceka don Boiok
Bounok | ITaceka | Don ITaceka K
K (0] K O K O K O
CriopoBrie OakTepun 243 144 (257 1.5 1.5 206 | 13.2 | 203 | 13.5 | 12.1 | 15.0 11.6
AKTHHOMMUIIETHI 1.4 126 |48 | 1.1 03 5.2 534 | 415 | 374 | 314 | 425 37.5
Hecmoposeie 6akrepun | 72.9 | 70.7 [60.7| 96.0 | 949 | 67.1 | 18.2 | 22.0 | 22.5 | 24.7 | 149 37.1
I'pubsr 1.4 2.3 8.8 1.4 33 7.2 152 | 16.3 | 26.5 | 31.8 | 27.7 13.8
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B centsibpe 2022 1. oTMEYEHO CHHKEHHUE 00-
el YMCICHHOCTU MOYBEHHBIX MUKPOOPTraHU3MOB
B 4-10 pa3 (puc. 3), mpu 3TOM B OOJIBITUHCTBE CITY-
YaeB npeolsiajjaid aKTHHOMUIIETBI, UX JIOJIS J0C-
turana 53 % (Bomoxk K) (Tabu. 5).

Bo Bcex BapuaHTax OTMEYEHO YBEJIUYCHHE
nonu TpuboB (B 3—14 pa3) oTHOCHTENHLHO Havala
C€30Ha, TIPU 3TOM TAKKE OTMEUEHO CHIDKEHUE WX
BHJIOBOTO pPa3HOOOpa3usl.

[TocTossHHBIMU OOWTATENIMU MOYBEHHOIO MHU-
KOIIEHO3a OBbUTM MHKpPOMUIETHI Irichoderma sp.,
Penicillium sp. u He UISHTUPUITMPOBAHHBIEC TTPEII-
CTaBUTENIM OTJeNia 3UrOMHUKoTa. Takke H3yueHa
YUCIEHHOCTh MUKPOOPTaHU3MOB, OO0JaAarOIIUX
[EJUTIONIONIUTUYECKON aKTUBHOCTHIO (puC. 3).

Pesynbrarel MUKPOOHOIOTHYECKHX TIOCEBOB T10-
Ka3aJii, YTO U3HAYAIbHO JIaHHBIN TTOKa3aTelh HaXxo0-
quics B npeaenax 32.8-37.51 teic. KOE/r noussl,
npu 3TOM Ha y4acTke [laceka KOIM4ecTBO HEIUTIo-
JI030JTUTUKOB (AKTHHOMHIIETOB U TPHOOB) OBLIIO J0-
CTOBEPHO BbIIIe, yeM Ha yuacTke Don. K ceHTsaopro
2020 r. Ha yyactkax Bosnok O u ®on O orMeueHo
CHIDKEHUE YHMCIEHHOCTU LIEJUIIOJI030JIMTUKOB Ha 9
u 15 teic. KOE/T mo4BBI COOTBETCTBEHHO OTHOCH-
TEJHHO HaJalia BEereTaluu.

[Ipu stom B Bapuante Ilacexka O nmaHHBIN MO-
kazarenb npesbicua Ha 25.8 Teic. KOE/r mouBsl u
coctaBmi 62.36 Teic. KOE/r mouBkl. Ciemyer oTme-
TUTh, 4TO Ha ydacTkax [laceka O u @on O B ceH-
TI0pe MOMUMO TPUOOB U AKTMHOMHMIIETOB BBIEIISI-
JUCh TPaMOTpULIATENIbHbIE OaKTepuu, 00Ia1at01ue
EJUTIOJI030JIUTHYECKOI aKTUBHOCTBIO.

K cenra6pro 2021 . Ha Bcex ydacTkax C BHe-
cenneM OIICM + M oTMeueHO MOBBILIEHHE KO-
JUYECTBA LEJUTIONIO30JUTHKOB MO CPaBHEHHUIO C
KOHTPOJIbHBIMM BapuaHTamu (puc. 3). Makcu-
MaJbHOE 3HAa4Y€HHUEe MPHUIUIOCh Ha ydacTok PoH O
u cocraBuio 23.06 teic. KOE/r noussl. [locne mo-
’Kapa B Mae YHCICHHOCTb LEJUIIOJIOIUTUYECKUX
MHUKPOOPTaHU3MOB yIiaJia 10 MUHUMAaJIbHBIX 3Haye-
HUI 32 BeCh MEPHOJ UCCIETOBAHUSI M HAXOMIACH
B mpenenax 2.18-12.16 teic. KOE/r moussl. Ot-
MEUEHO, YTO Ha Pa3HbIX Y4acTKaX TOMUHHUPOBAJIH
pa3nuyuHble TaKCOHOMUYecCKue rpynmbl. Tak, Ha
yuactkax Bomokx K u O u Ilaceka K npeobnamganu
6akrepuanbHbie (HOpMBI (KpOME aKTMHOMUIIETOB),
ux j1ois cocraBuia 79; 39 u 57 % cooTBETCTBEHHO.
B Bapuanre Ilaceka O npeobnanany akTHHOMHULIE-
oI (51 %), Ha yyactkax @on K u ®on O — rpuds
(56 1 50 % COOTBETCTBEHHO).

B cents10pe 2022 r. 4MCIEHHOCTh LEILTIONI030-
JUTHUKOB MOBBICKIIACH B 2—5 pa3 OTHOCUTEINILHO MO-
CJIENIOKAPHBIX 3HAYEHWH, HO HE JOCTHUIVIA MCXO-
HbeIX maHHbIX 2020 1. (puc. 3). [Ipu aTom GakTepun

22

JOMUHHPOBAIHA BO BCEX KOHTPOJBHBIX BapUaHTAX,
ux nponst nocruria 53 % (Bomok K). Ha yuactke
Bomox O mpeobnamanu aktuHOMHULETHI (42 %),
a Ilaceka O — rpu6s (51 %). B Bapuante ®on O
AKTHHOMHUIIETHI ¥ TPHOBI 3aHUMAJIM PAaBHBIC MO3H-
MM, UX JOJIH COCTABISIN 10 36 %.

CocTosinne camMoceBa Ha JIKCINEPUMEHTAb-
HBIX Yy4YacTKax. Yuer camoceBa (l-3-nmeTHux)
COCHbl OOBIKHOBEHHOM I10Ka3ajd HEOAHO3HauHbIE
pesynbratel. B 20202021 1T. Ha SKCTIepUMEHTAb-
HBIX YYaCTKaX COCHSKAa OTMEUEHO IMOJIOKHUTEIEHOE
BIMsIHME OWOYIOOpEeHHsT Ha JIECOBO30OHOBIICHHE
[0 T'YCTOTE BCXOAOB M MOAPOCTa COCHBL. B Teue-
Hue 2 neT HaOmoIeHuil oTMedanu 0ojiee HU3KYIO
TYCTOTY BCXOJIOB Ha TTacE€Ke MO CPABHEHUIO C BO-
nokoM (Tabia. 6). Bo3MOXHO, 3TO CBSI3aHO C HEIO-
CTaTOYHOM OCBELIEHHOCTHIO MO/ TOJIOIOM COCHBI
Ha [Taceke. Ha Bomoke, rie gepeBbst ObLIH YOpaHbI
MIPU TIPOBEJICHUN BBIOOPOYHOU PYOKH, CBETOBEIC
ycnoBus ObUTH Ooiee OIaronmpusTHHI AT BCXOJIOB
U CaMOCeBa COCHBI, YTO CKa3aJIOCh HA YBEIMUYECHUH
UX KOJIMYECTBA.

Otmeueno, yro Ha [laceke KommM4ecTBO BCXO-
JIOB M CaMOCEBa B OIBITHOM BapuaHTE C BHECEHU-
em OIICM + M 06b110 AOCTOBEPHO OOJIbBILE, YEM B
koHTpoJse (p < 0.05), OuoynodpeHue 31ech CTUMY-
JMPOBAJIO €CTECTBEHHOE JiecoBO30OHOBNEHHE. Ha
Bonoke x xoniy cezona 2020 r. (ceHTsIOpb) cTH-
MyJIHpyromero 3gdexra He 00HAPYKUIOCH, KO-
YECTBO BCXOJOB B KOHTPOJBHOM BapHaHTE ObLIO
BBIIIIE, YEM B OITBITHOM.

Onnako Ha BTOpOii roa HabmoneHuii Ha Bomoke
KOJIMYECTBO BCXOJOB B Hayajle CE30HA BETeTaIlluH
(uronb 2021 r.) B ONBITHOM BapuaHTe ObLIO CyIle-
CTBEHHO BBIIIIE, YeM B KOHTpoje. Takas e TeH-
JeHnus coxpanuiack U B ceHTsi0pe 2021 1. K tomy
e TOJPOCTa COCHBI 10 BOJOKaM ObUIO 3aMETHO
0oJbllle, 4YeM BCXOJIOB, M 3TO CBHJIETEIBCTBYET O
TOM, YTO BCXOJBI COCHBI YCIIEIIHO NEpenuid B Ka-
TETOPHIO MOAPOCTA HA BTOPOH TOJI ITOCIIE IPUMEHE-
Hus OIICM + M. Onnako npu noxkape 2022 1. Bech
CaMOCEB Cropell, ¥ Ha y4acTKaX HUKAKHX BCXOJOB
HE 0cTajaoch (Tadi. 6).

[Tocne 3aKkmagky HOBBIX yYacTKOB C IpPHMEHE-
Huem OIICM + M B urone u centsope 2022 1. b1
3aperucTPUPOBaHbl TOSBUBIIUECS BCXOABI COCHBI
KaK Ha OIBITHBIX, TAK U HA KOHTPOJIbHBIX YYaCTKAaX.
Kaxk noka3zanm Hammm pe3ynbTrarhl, €CTECTBEHHOE Jie-
COBO300HOBJICHHE Ha WCCIIEIYyEMbIX Y4acTKax I0-
cie moxapa ObUIO MEHBIIIE, YeM B JIOMOXKAPHBIH Te-
pHuoa (Ha BOJOKE B 6 pa3 OTHOCUTEIbHO MIOIBCKUX
Habmonenuit 2021 r.). I[Ipu 5TOM BBISIBIEHO J10CTO-
BepHOe cTumyaupytouiee aeiicrsue OIICM + M na
BCXOXKECTh CEMSIH COCHBI Kak Ha [laceke, Tak u Ha
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Taﬁ.lmua 6. Yuer BCX0OH0OB U IOoAPOCTa COCHBI Ha DKCIICPUMECHTAJIbHBIX YYaCTKaX B COCHSKE HOFOpeJ’ILCKOFO 6opa

nociie pyook u noxkapa (2020-2022 rr.), wr./m? (n =9)

M Kareropus Kontpomnn OmnbiT
ecsIIl
camocesa Do | ITacexa | Bosnok Do ITacexa Bonok
2020
- Bcexonpl 10.1 £ 1.3¢ 23+0.5¢ 22.9+3.3¢ 11.5+£1.3¢ 6.2+0.9° 29.7 3.5
ITonmpoct 0.7+0.3 1.7 £0.6° 19.3 +£3.9* | He u3mepsuin 1.3+£0.5¢ 12.9 + 3.4¢
CentaGpn Bcexopbr 14.7 £ 1.5¢ 44+0.7 30.2£2.5¢ 10.7 £ 1.7% 10.2 +1.4% 22.6+1.7°
[Moxpoct 04+02 1.8£0.57 18.0+ 1.9 | He mamepsuin | 1.4 +0.5¢ 16.2 +£2.0¢
2021 .
. Bcexopnbr 0 0.1 +0.08 0.5+0.2¢ 0.2 +0.09 0 2.1+0.5¢
[Monpoct 9.0+1.2¢ 3.5+0.6¢ 432+2.9¢ 7.9+ 1.5¢ 9.8+ 1.4 33.4+2.8
Cenrs6ps Bexonsr | He mamepstnu | 3.2 +£0.7¢ 26.7+2.9* | He mamepstin | 6.9+ 1.1° 31.5+£2.4¢
[onpoct » » 3.1+0.6° 324 +£2.5¢ » » 75+£1.2° 347 £2.3¢
2022 r. (mocne moxapa u mosropHoro BHeceHus OIICM + M)
o Bexomst | 4.75+0.27¢ | 1.7740.13¢ | 3.25+0.25¢ | 3.4240.18" | 3.14£0.15" | 4.87+0.20°
IMoxpoct He o6napyxeno He o6napyxeno
Commsops | BOOM | S14£028 | 200£0.16' | 2.56£025¢ | 3.52£0.17 | 4.14+021% | 5.48+0.20%
[Moxpoct He oOHapyxeHO He oOHapyxeHO

IIpumeuanue. ONMHAKOBBIMI MHJEGKCAMU @ M b OTMEUYEHbI BAPUAHTbI IKCIIEPUMEHTA (OIIBIT, KOHTPOJIb) JIOCTOBEPHO HE Pa3INyaio-
mmecs Mexy co6oit (p < 0.05 mo -xputepuro) B @oHoBOM Jiecy, Ha [laceke n Ha Bonoxke.

Bonoke. OGpamaeT Ha ce0si BHUMaHHE, 94TO TIOCIIE
nokapa BcxoxecTb Ha Bonoke u [Taceke nepecrana
pe3ko paznudarbes. Tak, B utosne 2020 r. 10 moxkapa
KOJIMYECTBO BCXOA0B Ha Bonoke Obuto B 5—10 pa3
oonbine, uem Ha Ilaceke, a B nrone 2022 1. mociie
noxapa — B 1.5-2 paza (tabm. 6).

B onwiTHbIX BapuanTax Bomoxa u Ilaceku 3a-
perucTpupoBaHO OOJbIIEEe KOJIMUYECTBO BCXOOB
10 CPaBHEHUIO C KOHTPOJBHHBIMHU, a Ha (POHOBBIX
ydacTkax B Jiecy — OoJblliee KOJUYECTBO BCXOIIOB
OTMEUEHO B KOHTPOJIC IO CPaBHEHHUIO C OITBITOM
(Tabm. 6).

3AK/IIOYEHHUE

CornacHo MOJY4YEHHBIM pe3yibTaraM, BHECe-
Hue B 2020 1. MHHOBallMOHHOTO OHMOYIOOpEHHS
(OIICM + M) Ha SKCHEpHUMEHTANIbHBIE YYacTKH
(ITacexa, Bomok, ®on) cocusakoB [loropenbckoro
6opa KpacHosipckoli 1ecocTenu BbI3BaJIO yBEIHYE-
HHE OMOJIOrMYeCKOI aKTUBHOCTH ITOYBBI 110 CpPaBHE-
HUIo ¢ BapuaHnTtamu 6e3 BHecenust OIICM + M. Tax,
B II€pBBIE 2 rojia oKa3aTeiIu akTUBHOCTH THPOIIH-
TUYECKUX U OKHCIUTEIbHO-BOCCTAaHOBUTEIbHBIX
(hepmenTOoB MOuUBHI B 1.5-2 paza yBenMuuBaIuCh
[0 CPAaBHEHUIO C KOHTPOJIHHBIMH BapHaHTAMH.
buoynoOpenne okazano aKTHBH3UPYIOIIEE BO3/ICH-
CTBUE HA MOYBEHHYIO MUKPOOMOTY BCEX OMBITHBIX
YUYaCTKOB: K KOHIy BTOPOTO TOJa HCCIEIOBaHHS
B OTJEJIBHBIX BapHaHTaX OTMEYEHO JIOCTOBEPHOE
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YBEJIMYCHHUE YHUCIICHHOCTH 0 3 pa3 10 CPaBHEHUIO
C KOHTPOJILHBIMHU 3HaYeHUAMHU. [Ipr 3TOM BHECEHUE
OIICM + M B noaCTUIIKY CTUMYIIMPOBAIIO 00pa3o-
BaHHE BCXOJIOB COCHBI, MOBBIIANIO0 UX COXPAHHOCTh
Ha yyacTkax [Tacexu u Bonoka.

[Moxxap B mae 2022 T. MOTHOCTBHIO YHUUYTOXKHUII
CaMOCEB/TIOJPOCT COCHBI HAa BCEX IKCIIEPUMEHTAITb-
HBIX y4acTkax. BropuuHoe BHeceHnue OGuoymobdpe-
HUS B THPOTECHHO TPaHCHOPMHUPOBAHHYIO TTOYBY
CIOCOOCTBOBAJIO TIOSIBJICHHIO JTOCTOBEPHO OOJIb-
IIETO KOJIMYECTBA BCXO/IOB B ONBITHBIX BapHaHTaX
Bosoka u Ilacexku 1o cpaBHEHUIO C COOTBETCTBY-
IOIUMH KOHTPOJIbHBIMH ydacTkamMu. Hauboree mo-
Ka3aTeJbHBIC PE3yIbTaThl TIOTYYCHBI P BHECEHUH
OIICM + M Ha ydacTku 6e3 mopyOOYHBIX OCTaT-
koB. OTMEUEHO, 4TO 70 MoXKapa KOJIMYECTBO BCXO-
noB Ha Bosoke Ob110 B 6 pa3 Beimie, ueM Ha [laceke,
a mocJe noxapa Ha Bonoke u Ilaceke cymecTBeH-
HOMU pa3HUIIBI HE 0OHAPYKEHO.

Takum 00pa3om, MPOBENEHHBIE HCCIIETOBAHUS
MOKa3bIBAIOT 11€71IeCO00PA3HOCTh HCIIONB30BAHUS
OIICM + M 1 aKkTHBALlMU €CTECTBEHHOI'O BO3-
OOHOBJIEHHUSI COCHBI OOBIKHOBEHHOM ITOCJIE TIPOBE-
JIeHUs1 BBIOOPOYHBIX pyOOK U MOKapa.

Paboma evinonnena 6 pamkax zocyoapcmeen-
Hoeo 3adanus FWES 2021-0011 «Cuuoicenue pu-
CKO8 6o3pacmaiouje2o Bo3oelicmeus 0Oonesneu u
epeoumenell HA JleCHble IKOCUCEMbL 6 VCIOBUSX
2N100ANbHBIX USMEHEHUT OKPYHCaloujeli cpeobly.
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INFLUENCE OF INNOVATIVE BIOFERTILIZERS
ON SOIL BIOLOGICAL ACTIVITY AND UNDERGROWTH
OF SCOTCH PINE AFTER FELLING AND FIRE

G. L. Antonov, V. A. Senashova, G. G. Polyakova, N. V. Pashenova,
S. V. Zhila, 1. D. Grodnitskaya

V. N. Sukachev Institute of Forest, Russian Academy of Sciences, Siberian Branch,
Federal Research Center Krasnoyarsk Scientific Center, Russian Academy of Sciences, Siberian Branch
Akademgorodok, 50/28, Krasnoyarsk, 660036 Russian Federation

E-mail: egoan@yandex.ru, vera0612@mail.ru, ggpolyakova@mail.ru, pasnat@ksc.krasn.ru,
getgain@mail.ru, igrod@ksc.krasn.ru

Preserving the integrity of forests after logging and fires involves the development of various methods to promote
natural reforestation. One of these methods is the creation of environmentally friendly and safe biofertilizers based
on waste from the timber industry. The use of innovative biofertilizer in the Pogorelsky Bor (pine forest) of the
Krasnoyarsk forest-steppe had a positive effect on the biopotential of soils and the amount of Scotch pine (Pinus
sylvestris L.) undergrowth after selective felling. In the first two years, in all experimental variants, an increase in the
activity of hydrolytic and redox enzymes of the soil by 1.5-2 times was noted; they increased compared to the control.
Immediately after the introduction of biofertilizer in the soil microbial complex, the amount of cellulolytics increases
to 62 thousand CFU/g of soil in the logging areas. By the end of the growing season, both in the first and in the second
year of application of biofertilizer in the experimental variant of the logging, sprouts of Scots pine were recorded
2-3 times more than in the control variant of this site. The fire that took place in May 2022 led to an increase in
the total number of microorganisms up to 38 million CFU/g of soil and an increase in the activity of a number of
hydrolytic enzymes during the growing season in experimental plots using biofertilizer. At the end of the growing
season in 2022, there was no response of microorganisms to the application of biofertilizer, and actinomycetes
dominated in the soil microbial complex. Also, by September of this year, the cellulose-decomposing potential,
humification, and the activity of hydrolytic and redox enzymes decreased by more than 2 times. Biofertilizer
significantly stimulated the formation of shoots and undergrowth of pine in the post-fire areas of the technological
areas of felling (logging sites and portage) by 2 times.

Keywords: Pinus sylvestris L., forest regeneration, sawdust-soil substrate, mycoproduct, enzymatic activity, wood-
destroying basidiomycetes.

How to cite: Antonov G. I, Senashova V. A., Polyakova G. G., Pashenova N. V., Zhila S. V., Grodnitskaya I. D.
Influence of innovative biofertilizers on soil biological activity and undergrowth of Scotch pine after felling and fire //
Sibirskij Lesnoj Zurnal (Sib. J. For. Sci.). 2023. N. 4. P. 12-25 (in Russian with English abstract and references).
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ALTITUDINAL-BELT VARIABILITY OF EVAPOTRANSPIRATION
OF FOREST ECOSYSTEMS IN THE MOUNTAINS OF SOUTHERN SIBERIA
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This work is devoted to the study of evapotranspiration in the landscape complexes of the northern macroslope of
the Western Sayan. Article summarizes literature and authors’ data on evapotranspiration obtained at experimental
watersheds in the basin of the river Kebezh, on one of which in the 70s, as an experiment, 50 % of the forest area in
the watershed has been cut down. Calculations of the total evaporation of phytocenoses at the basin level has been
made, taking into account the altitudinal zonality. To calculate evapotranspiration at the study sites, field data obtained
as a result of silvicultural and geobotanical studies and hydrological observations were used. Based on interpretation
of remote sensing images and the use of digital elevation model, classification of landscape-hydrological complexes
for the basins of the Kebezh and Taigish rivers was carried out, for which the components of evapotranspiration
were calculated. The results showed that evapotranspiration in the dark coniferous taiga of the Western Sayan is an
important component of the water balance and a significant proportion is the unproductive consumption of moisture
for the evaporation of precipitation intercepted by tree crowns. It has also been established that the structure of
evapotranspiration changes along the altitudinal zones in accordance with the vertical differentiation of climatic
parameters and vegetation productivity. Estimated evapotranspiration data for various landscape-hydrological
complexes made it possible to an indirect estimates of their contribution to the formation of runoff in river basins.
This study can serve as a theoretical guide for landscape hydrological studies in the temperate cool zone.

Keywords: precipitation, evapotranspiration, river basins, watersheds, altitudinal zonality of landscape, Western
Sayan.

DOI: 10.15372/SJFS20230403

INTRODUCTION

Evaporation is one of the most important com-
ponents of a moisture cycle. In the water balance of
forest ecosystems the evapotranspiration includes
evaporation of intercepted precipitation, transpira-
tion and physical evaporation from soil and snow.
A. R. Konstantinov (1968) made generalization of
data on evaporation in the Russian regions with dif-
ferent climatic and soil conditions.

In summer, transpiration of vegetation is one of
the main elements of the water regime in forest eco-
systems. It accounts for a significant part (until 50—
70 %) of the total moisture spending for evapora-

© Burenina T. A., Fedotova E. V., Zang C. F., 2023
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tion (Rakhmanov, 1962; Antipova, 1990, et al.). The
values of physical evaporation and transpiration in
the water balance of forest ecosystems for different
regions of Russia were calculated by Yu. L. Rauner
(1974), V. N. Pautova (1975), A. N. Antipov and
N. D. Antipova (1975), A. V. Lebedev (1977, 1982),
L. N. Kas’yanova and N. N. Pogodaeva (1979),
I. N. Beideman (1983), and other authors.

Along with transpiration, an important ele-
ment in the evapotranspiration of forest ecosys-
tems is the evaporation of intercepted precipitation
by tree crowns. Studies conducted under various
geographical conditions indicate that precipitation
interception depends on the tree density, composi-



Altitudinal-belt variability of evapotranspiration of forest ecosystems in the mountains of Southern Siberia

tion and age of stands, precipitation time on crowns,
wind regime, temperature and amount of precipita-
tion (Pomeroy et al., 1998; Onuchin, 2001; Chang,
2003; Onuchin, Burenina, 2008).

Evaporation of moisture from snow under forest
canopy is significantly different from physical eva-
poration in open areas. It is known that transporting
snow by wind is an important factor in the process
of snow accumulation. Blizzards contribute to in-
creased evaporation from the snow surface and the
spatial redistribution of solid precipitation (Dyunin,
1961; Grudinin, 1981). Forest ecosystems signifi-
cantly transform the type of the wind speed profile
and create a special microclimate that helps reduce
physical evaporation from snow. In the works of
V. I. Rutkovsky (1956), E. D. Sabo (1956), S. F. Fe-
dorov (1977), G. V. Grudinin (1981), A. A. Onuchin
(2001, 2008) the role of forest vegetation in reduc-
ing moisture consumption for evaporation from
snow cover is shown.

Physical evaporation from soil in forest ecosys-
tems makes an insignificant contribution to evapo-
transpiration. It mainly depends on soil moisture.
Maxima evaporation from soil is associated with
precipitation; minimal — occur in dry periods of
the year (Antipov, 1979). According to the results
of hydrological studies in the dark coniferous for-
ests of Southern Siberia (Lebedev, Uskova, 1975;
Protopopov, 1975; Lebedev, 1982), in the summer
months, the moisture evaporates in a forest 8 times
less than from the soil in open sites.

Evaluation of total evaporation in the forest is a
complex and not always solvable with the required
accuracy problem. There are three approaches to
evapotranspiration estimating: direct field measure-
ment methods, computational methods, and empiri-
cal relationships. A number of calculation methods
for determining the total evaporation are based on
empirical dependencies (Budyko, 1956, 1971; Bu-
dagovsky, 1989; Bondarik, Karpechko 1999). In
foreign countries, mainly computational methods
were developed (Morton, 1984; Klaassen, 2001;
Zhang et al., 2001). Within the framework of the
model proposed by M. I. Budyko (1971), various
variations of computational methods of evapotrans-
piration in a river basin are developed taking into
account orography and vegetation cover (Donohue
etal.,2012; Hou et al., 2022). One of the most com-
mon models for studying total evapotranspiration
is the Penman-Monteith formula (Monteith, 1965)
due to the convenience of calculation and the ease
of obtaining the necessary meteorological data. It is
modified by many researchers taking into account
the factors affecting the evapotranspiration process

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

(Yang et al., 2007; Zhang et al., 2016). The energy
balance method is used to estimate the actual evapo-
transpiration. Estimation of evaporation from the
land surface according to Earth remote sensing data
SEBS (Surface Energy Balance Systems), SEBAL
and METRIC (Gibson et al., 2013; Leng, 2017) has
been repeatedly tested in sub-satellite experiments
of various scales and directions, including Russian
researchers’ studies (Muzylev et al., 2019).

NASA uses the Penman-Monteith method to es-
timate evapotranspiration from remote sensing data,
the source of which is the MODIS medium spatial
resolution spectrometer. The climatic characteris-
tics of the studied territory, the types of the underly-
ing surface, as well as the diversity of vegetation
cover are taken into account (Mu et al., 2007, 2011;
Rasulova, 2021).

Based on the concept of the connection between
evapotranspiration and biometric indicators of forest
stands, we tried to answer the question: what are the
differences between evapotranspiration for dark co-
niferous stands and secondary forests of the Western
Sayan? The aim of the study is to show the role of
evapotranspiration in the structure of the water bal-
ance of dark coniferous taiga and evaluate its effect
on runoff formation in various altitudinal zones.

This work is of scientific and practical interest,
because for a specific territory, an analysis of all
components of the water balance obtained both as
a result of field measurements and as by calcula-
tion methods has been performed. Combining the
approaches and the results of previous studies we
considered the contribution of the components of
evapotranspiration: vegetation transpiration (woody
plants, grass-shrub layer), interception of precipita-
tion by tree crowns, evaporation of moisture from
the soil and snow. The values of these components
will differ significantly in the dark coniferous and
deciduous forests of the study area, for each altitu-
dinal zone.

To implement such a methodological approach
a considerable volume of data is needed. These
data were accumulated for the forest ecosystems of
the Western Sayan by the researchers of V. N. Su-
kachev Institute of Forest Siberian Branch of the
Russian Academy of Sciences in the course of many
years of field studies. The results of field studies on
vegetation transpiration in experimental catchments
obtained by the authors were supplemented with lit-
erature data on the components of total evaporation
(Antipov, Antipova, 1975, 1979; Antipov, 1979;
Kozlova, 1979; Burenina, 1981, 1982; Lebedeyv,
1982; Antipova, 1990). In addition, in the moun-
tain forests of the Western Sayan, on permanent test
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areas, observations were made on the dynamics of
reforestation in logging areas of the 60s of the last
century. All these conditions determined the choice
of the study area — the northern macroslope of the
Western Sayan.

In a changing climate, the assessment of the
contribution of evapotranspiration to the water ba-
lance of river basins makes it possible to consider
the effects of both natural and anthropogenic factors
on the water content of rivers in the region, which
is important not only theoretically, but also practi-
cally.

STADY AREA, INITIAL DATA
AND METHODS

The investigations were conducted in the moun-
tain coniferous taiga of the northern macro slope in
the Western Sayan (Fig. 1).

Western Sayan Mountain Ridge, a wide strip of
mountains with elevations above sea level (a. s. 1.)
of up to 2500 m at South Siberia, stretches from
west to east for a distance of 650 km. Western
Sayan borders on vast hilly Minusinsk Hollow co-
vered by forest-steppe vegetation. Central Tuvan
Hollow occupied by dry steppe is adjacent to this
mountain ridge in the south. This region is in mo-
derately continental climate characterized by mild

90 °B 110 °B

80 °B

100 °B

60 °C
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winter and warm summer seasons. Average annu-
al air temperature is minus 1 °C and precipitation
ranges 600 mm to 1200 mm depending on elevation
a. s. L. In foothills, snow pack is 60—-80 cm deep,
whereas snow depth increases to 100—180 cm, de-
pending on slope aspect, at high (Srednesibirskoe
upravlenie..., 2023).

All the altitudinal vegetation zones, from forest-
steppe to mountain tundra, common in the moun-
tains of southern Siberia can be found on the north-
ern macro slope of Western Sayan. In the lower part
of macro slope the light coniferous and coniferous-
deciduous forests, dominated by pine (Pinus L.),
birch (Betula L.) and aspen (Populus tremula L.) are
presented. The zone of dark coniferous taiga (chern
taiga) is located between 300 m and 700 m a. s. 1.
Higher it is replaced by the mountain taiga zone.
At 1200-1300 m a. s. 1. mountain taiga is replaced
by subalpine zone — Siberian pine (Pinus sibirica
Du Tour) / Siberian fir (4bies sibirica Ledeb.) open
woodlands and alpine meadows. Between 1400 m
and 1500 m a. s. L., these open woodlands are re-
placed by tundra vegetation (Smagin et. al, 1980).

Evapotranspiration was estimated at objects
belonging to territorial units of various ranks rang-
ing from elementary catchment (by which we mean
the smallest catchment area with a distinct channel,
having an unbranched hydrological network and

Fig. 1. The location of study area.

1 — the contour of the Landsat ETM +
image; 2 — the position of the catchment
areas of the Bezymyanny and Yuzhny
streams; the red line is the contour of the
Kebezh and Taigish river basins.
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Table 1. Forestry and inventory characteristics of the sample plots

Growing Needles Sdhrub
Test site o Tree Age, stock hvtomass and grass
number Type of forest stand Composition species | years volume, phy phytomass
m?/ha t/ha
1 Siberian pine stand with fern 9Ps1F + B Ps 220 364 11.9 4.24
and green moss F 110
2 Fir stand with fern and green moss | 7F3Ps + B Ps 150 170 13.5 2.30
F 130
3 Siberian pine stand with tall grass 9Ps1F Ps 190 300 12.8 2.92
and fern F 130
4 Siberian pine stand with tall grass 9Ps1F Ps 230 494 13.4 3.30
and fern F 130
5 Siberian pine stand with cowberry | 7Ps3F +B Ps 200 320 19.3 3.70
(Vaccinium vitis-idaea L.) F 110
and green moss
6 Siberian pine stand with cowberry, 10Ps Ps 40 16.8 7.7 4.11
sedge (Carex L.) and green moss
Footnote. B — Birch; Ps — Siberian pine; F — Siberian fir.
characterized by uniform surface structure, soil, T=NZXZIP +Z,im/10% (1)

vegetation) to river basins with dissected hydro-
graphic network and complex terrain. The authors
analyzed the results in separate blocks. The first
block presents the results obtained in the field at test
sites located on the catchments basins of the Sou-
thern and Nameless streams. In the second block,
the results of calculation of evapotranspiration for
the Kebezh and Taigish river basins are presented.
The catchments of the Kebezh and Taigish rivers
belong to the Yenisei River basin in Southern Si-
beria and are located at the northern slope of the
Western Sayan ridge. The basin areas of these rivers
are somewhat equal: Kebezh — 1000 km?, Taigish —
750 km?.

The observations were carried out at six test
sites, which are located within these catchments
(Table 1).

In the basin of the Southern Stream Siberian
pine forests of II class bonitet are dominated,
growing stock volume 320-400 m*/ha, in the up-
per part of the catchment they are replaced by fir
stands, growing stock volume 170-200 m*/ha. At
the catchment of the Nameless Stream, Siberian
pine forests of II class bonitet, with growing stock
volume 300 m*/ha are prevalent.

Hydrological monitoring was accomplished at
V. N. Sukachev Institute of Forest Sib. Br. USSR
Acad. Sci. field experimental station from 1966
to 1980. All components of the evapotranspiration
were calculated using the field data. The moisture
consumption for transpiration was calculated by the
formula (1) (Lebedev, 1982):
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where T — transpiration for a season, mm; N — num-
ber of transpiration hours for the season; 7, i, —
average transpiration intensity of the trees and of
the grass-shrub layer for season, mg/g x hour;
P, — phytomass of needles and leaves of trees, t/ha;
m, — phytomass of the grass-shrub layer, t/ha; k —
index of phytocenosis.

In the field, to determine the transpiration rate of
vegetation we used the modification of L. A. Ivanov
(1951) method. This is a quick way to weigh a cut
of a leaf or shoot detached from a plant. The first
weighting is carried out immediately after cutting,
and the second after 3—5 minutes, which makes it
possible to measure transpiration in the state of sat-
uration of the leaf with water in which it was on the
plant.

Data on the phytomass of needles and foliage
of tree species were obtained by calculation meth-
ods (Zamolodchikov et al., 2005; Usoltsev, 2007),
using inventory parameters of the forest stands of
test sites. The phytomass of the grass-shrub layer
was determined according to the methods used in
geobotanical studies (Programma..., 1974). The
number of transpiration hours was calculated using
the dependence of the frequency of precipitation on
their total amount (Lebedev, 1982).

The interception of liquid atmospheric precipi-
tation by the canopy was carried out according to
the methods (Molchanov, 1970; Protopopov, 1975),
with standard precipitation gauges used in the hy-
dro meteorological service of Russia. Two methods
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were used to assess the interception of winter pre-
cipitation by the canopy: comparing precipitation in
precipitation buckets in the forest and in the open
area and comparing snow storage in the open site
and under the forest canopy.

To estimate accumulation of snow in the forest,
we used relative values, so-called snow storage coef-
ficient or snow accumulation coefficient, which is the
ratio of snow storage in the forest to that on relatively
small open sites in the forest or in deciduous forest
(Rutkovsky, 1956; Kolomyts, 1975; Protopopov,
1975; Fedorov, 1977; Golding, Swanson, 1978). This
coefficient characterizes capability of forest stand to
snow accumulation and enables estimate the amount
of solid precipitation intercepted by tree crowns. This
coefficient can be expressed in units from zero to one
or in percent. Snow measurement was carried out
by conventional methods in hydrology (Sabo, 1962)
using some amendments to ensure the accuracy of
the measurement of snow storage.

Physical evaporation from the soil was deter-
mined by the weight method using soil evaporators
(Rekomendatsii..., 1976). To assess the physical
evaporation from the snow cover, the calculated and
experimental methods were used (Kuzmin, 1974).
To account for the evaporation of snow moisture
by experimental method, snow evaporators with an
area of 500 cm? were used. The monoliths of snow
in the evaporators were renewing when they began
to thaw. The reiteration of determination of mois-
ture evaporation from soil and snow was 5—10 days
per month.

For Kebezh and Taigish river basins, quantita-
tive characteristics of evapotranspiration were ob-
tained using calculations taking into account the
landscape differentiation of catchments (Burenina
et al., 2012a, b). In order to take into account the
altitude zonality and landscape differentiation of the
Kebezh and Taigish river basins, a satellite image
of the Landsat 7 Enhanced Thematic Mapper Plus
(ETM+) radiometer and a digital elevation model
of the Shuttle Radar Topography Mission (SRTM)
were used. A Landsat 7 ETM+ image acquisition
date was 6 July, 1999. Spatial resolution is 30 m,
spectral channels in the visible, near and mid-IR
region of the electromagnetic spectrum. Detection
of training samples for the classes of forest vegeta-
tion was carried out with the involvement of long-
term field observation data and inventory data of
the Ermakovskiy forestry district. Classification
was made using maximum likelihood classifica-
tion method, as a result, the following types of land
cover were identified: dark coniferous (mature pri-
mary stands) forests, coniferous-deciduous (secon-
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dary stands) forests, clear cuts and burned areas,
grass-marsh complexes, dark coniferous open
woodlands, shrubs, mountain meadows, yernicks,
rocks, water surfaces, roads, built areas.

The digital elevation model SRTM, widely used
in scientific research, was obtained as a result of
processing radar topographic survey data for most
of the globe between 60° N. and 54° S in 2000. In-
terferometric data processing made it possible to
obtain a digital elevation model with a resolution
of 1 arc second for the entire covered area. With
the help of this DEM, the territories of the Kebezh
and Taigish river basins were identified and their
altitude differentiation was carried out according to
zoning (Smagin et al., 1980). For each high-altitude
zone from the classification results of the Landsat 7
ETM+ image, plant classes of dark coniferous,
coniferous-deciduous forests, cuttings and burnes,
grass-marsh complexes were identified and their
area was estimated.

Based on the concept of the interdependence of
landscape and hydrologic spatial structure (Glush-
kov, 1961) we consider that every landscape com-
plex has a certain hydrological content. We thought
it possible to use the term «landscape hydrological
complexes» (LHC) for our selected classes of the
earth’s surface.

The components of the evapotranspiration were
calculated for each selected type of LHC, and then
the average value of these components was deter-
mined for the high-altitude zone. Moisture con-
sumption for transpiration along altitudinal belts
for each LHC was determined by the formula (Le-
bedev, 1982), using the long-term average indica-
tors of the intensity of plant transpiration in Siberia
and the actual phytomass values of LHC and the
number of transpiration hours for year.

For calculation of moisture transpiration, data
were used on the transpiration intensity of woody
and grass-shrub vegetation obtained for the virgin,
secondary stands and logged sites in the forests
of Western Sayan. To calculate the moisture con-
sumption for transpiration in the chern taiga, we
used the results of our own observations (Burenina,
1981, 1982). For other altitudinal zones — forest-
steppe, subtaiga, mountain taiga and tundra — were
involved from literature data on the transpira-
tion intensity (Sudachkova, 1963; Pautova, 1975;
Antipov, Antipova, 1979, 1980; Kozlova, 1979;
Beideman, 1983; Antipova, 1990). The number of
transpiration hours was determined by the depen-
dence of the precipitation frequency on total quan-
tity of rains (Lebedev, 1982) during the season
for the year 1999.
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The stock of phytomass was determined by a
calculation based on the forest survey characteris-
tics of sample plots, which were used in determi-
ning the training samples of the appropriate vegeta-
tion classes. Calculations were made according to
forming the stand species through the determination
of conversion coefficients by the three-parameter
equation:

Kf=ax D’ x I, )

where D and H are the average diameter and height
of the stand or element of the forest, and a, b,
and ¢ are parameters for the main forest-forming
species (Zamolodchikov, 2005). The phytomass
was determined through the stem volume per 1 ha
and Kf of the strata. In the calculations of moisture
transpiration with grass-shrub cover, data were used
on phytomass of the grass-shrub layer and under-
growth in logged sites and in secondary and virgin
forests (Babintseva, 1965; Burenina, 1981, 1982).
In assessing the interception of precipitation by
the forest canopy, we used computational methods
based on the dependences of precipitation reten-
tion on the taxation and biometric characteristics of
forest stands (Onuchin, 1985, 2001; Onuchin, Bu-
renina, 2008). To determine the amount of evapo-
ration from the soil and snow we used the results
of experimental studies on the natural evaporation
on forest and treeless watersheds (Burenina, 1981,
1982; Lebedev, 1982) and data from scientific re-
ports on field research in mountain taiga of Siberia.

RESULTS AND DISCUSSION

Field studies at the test sites. The interception
of liquid atmospheric precipitation by the canopy
and grass cover is important for the formation of
surface runoff in the summer. Table 2 presents data

from field observations of the interception of rainfall
by forest vegetation over nine years (1975-1983).

Interception of liquid atmospheric precipitation
by a canopy of fir stands at experimental catch-
ments amounts to 20-38 % of the total precipitation
during the season.

The formation of spring runoff is determined,
first, by the accumulation of snow during the win-
ter, which in turn depends on the interception of
solid precipitation by tree crowns. The interception
of solid precipitation by the forest canopy and their
subsequent evaporation (sublimation) are a more
complex process than the evaporation of liquid pre-
cipitation.

Not all precipitation evaporates into the atmo-
sphere; part is blown off the crowns and repleni-
shes snow storage under the forest canopy. The
evaporation from tree crowns depends on many
factors: by how long snow remains in crowns
(i. e. its residence time) and by how much snow
drops to the ground. Interception of snow by tree
crowns increases with increasing air temperature,
because the warm and moist snow becomes more
adhesive to the crowns (Miller, 1964; Onuchin,
2001). At the same time, metamorphism of the
intercepted snow may increase and the snow may
become less solid (Kobayashi, 1987; Gubler, Ry-
chetnik, 1991). Some researchers (Bunnell, 1985;
Wheeler, 1987; Schmidt, Gluns, 1991) note that
low air temperature-induced wind speed and low
snow density contribute to snow interception by
the forest canopy, and a warm spell following a
snowfall enhances the amount of intercepted snow
falling to the ground.

According to the results of study in the dark
coniferous forests of the Western Sayan, precipita-
tion interception by the canopy of the forest stands
for cold period ranged from 14 to 39 %. Our data

Table 2. Interception of liquid atmospheric precipitation by the forest canopy (ground truth data for1975-1983 years)

Precipitation Test plot

of the warm 1 2 3 4 5 6

period, mm mm % mm % mm % mm % mm % mm %
754 205 27.2 240 31.8 243 322 252 334 202 26.8 228 30.3
803 189 23.5 201 25.0 217 27.0 291 36.2 219 27.3 223 27.8
662 162 24.5 137 20.7 116 26.6 175 26.4 187 28.2 167 25.3
1081 277 25.6 270 25.0 313 29.0 299 27.7 291 26.9 290 26.8
714 213 29.8 208 29.1 192 26.9 193 27.0 211 29.6 203 28.5
617 165 26.7 214 34.7 179 29.0 239 38.7 216 35.0 202 32.8
559 181 324 170 30.4 193 34.5 195 34.9 247 442 197 353
776 253 32.6 194 25.0 243 31.3 274 353 243 31.3 241 31.1
769 239 31.1 252 32.8 263 34.2 291 37.8 238 30.9 257 334
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Fig. 2. Precipitation interception dependence on biometric
characteristics of forest stands.

are consistent with the results obtained previously
A. V. Lebedev (1974) on precipitation gauges in-
stalled in the forest and in the open site. Based on
our observations and literature data (Protopopov,
1975; Lebedev, 1982), the relationship between the
total precipitation interception by the canopy and
inventory and biometric characteristics of stands
was analyzed. With an increase in the density of the
canopy from 0.4 to 0.6, the average value of inter-
cepted precipitation increases by 3—5 %. Precipita-
tion interception by forest canopy is highly depen-
dent on foliage biomass, leaf area index and other
easily measurable biometric characteristics of forest
stands (Fig. 2).

During the summer transpiration of vegetation
is one of the important expendable elements of the
water balance in forest ecosystems.

The study results showed that the intensity of
transpiration of the main tree species (Siberian pine

and Siberian fir) is changeable, and depends on the
daily temperature and air humidity. The average
values of the transpiration rate of fir and Siberian
pine differ both in years and in locality of study ob-
jects (Table 3).

A comparative analysis of our own research and
literature data (Sudachkova, 1963; Antipov, Antipo-
va, 1979, 1980; Kozlova, 1979) showed that even
for one region the transpiration rate of tree species
depends on their age, the absolute height of the ter-
rain and the temperature regime of a concreate sea-
son.

The moisture consumption for transpiration by
vegetation in the summer is determined not only
by the transpiration intensity. Largely, it depends
on the productivity of the forest stands. Using the
phytomass data for test plots and field data on tran-
spiration intensity in stands, calculations of mois-
ture consumption for transpiration by dark-needle
forest stands for five vegetation seasons were made
(Fig. 3).

Figure 3 shows that the moisture consumption
for transpiration varies significantly for stands of
different ages and species composition. In fir for-
ests, moisture consumption for transpiration is high-
er than in Siberian pine forests. Values of moisture
consumption for transpiration vary by year, which
is associated with the length of the growing season
and weather conditions, on which transpiration in-
tensity depends.

Physical evaporation from soil and snow is a
small part of the evapotranspiration in forest phy-
tocenoses. This is especially true for coniferous
forests. Experiments of A. V. Lebedev (1982) on
the study of physical evaporation from soil under
a canopy of dark coniferous forest and from soil
monoliths without grass in a glade (open area)
showed that under the tree crowns soil evapora-

Table 3. The intensity of transpiration of tree species (average for the growing season) in various stands

of the Western Sayan, mg/g hour

Test plot | Composition of stand Species 1977 1978 1979 1980 Mean
1 9PsIF + B PFS ;3 ééi };‘Z ;Z ;ié
2 7F3Ps + B I;S g? ;3? éig ;2 égi
; opsir Pl ooa |y | | | o
4 9PsIF PFS ég; gg } éf; ié; éég
5 7Ps3F + B I;s 19:3 ;(1)3 15471 Bé i;
6 10Ps Ps 112 152 187 162 153
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Fig. 3. The change in moisture consumption for
transpiration by years.

tion is 8—10 times less than in an open place. Our
own data on the evaporation from the soil for each
month are based on a series of daily observations
(8-10 times for month). The averaged data for all
the test plots for the warm period of the year are
shown in Table 4.

Observations of evaporation from the snow un-
der the canopy at the test plots showed that from the
date of the beginning of the stable snow cover to
the end of February, the average daily evaporation
was 0.06-0.08 mm per day. Over the years of ob-
servations during this period, the evaporation from
the snow ranged from 4 to 9 mm, while during the
first two months of spring, from 7 to 20 mm evapo-
rated in the test areas. The obtained field data on
the components of the evapotranspiration at the test
sites were used for water-balance calculations at the
experimental catchments (Table 5).

According to table 5, up to 48 % of the evapo-
transpiration in dark-needle stands is spent on tran-
spiration and almost the same on evaporation of in-
tercepted precipitations by crowns. Less than 10 %
of the total consumption of evaporated moisture by
the forest phytocenoses is evaporation from the soil
and the surface of the snow cover.

At the same time, the transpiration and evapo-
ration of intercepted precipitation vary signifi-
cantly from year to year (Fig. 4a, b) depending on
the amount of annual precipitation. In years with
abundant rainfall, transpiration is 22-30 %, and the
evaporation of intercepted precipitation is 65-70 %
of the evapotranspiration. In years with a small
amount of precipitation, the moisture consumption
for transpiration increases to 60—65 %, the evapora-
tion of intercepted precipitation 30-35 %.

A close correlation was established between the
amount of rainfall intercepted by the forest canopy
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Table 4. Average evaporation from soil in the forest

Physical evaporation from soil, mm
Years May | June | July | August | September | Total
1977 2 12 13 4 2 33
1978 3 6 8 6 1 24
1979 2 4 4 3 2 15
1980 1 2 4 3 2 12
Average | 2 6 7 4 2 21

Table 5. Elements of the water balance at the catchment
of Nameless stream and Southern stream, mm

=
5| 5 |sslssls:| 2
Years § '§ '§ E % § : § % %
g, = &5 | m n = g
5]

Nameless stream
1966* | 1147 | 243 298 10 24 575
1967 1094 | 175 339 11 25 550
1968 758 290 | 258 20 22 590
1969 998 281 284 14 20 598
1970 1089 | 248 311 12 24 595
1971 779 258 276 20 23 577
1972 1254 | 226 369 12 18 625
1973 998 253 299 18 24 594
1974 823 370 208 21 19 618
1975%* | 740 356 199 17 23 595
1976 982 235 304 16 20 575
1977 978 310 277 14 19 620
1978 823 263 290 12 20 585
1979 1009 | 383 371 10 21 784
1980 1052 | 294 336 12 21 663

Southern stream
1966* | 1147 | 232 243 10 35 520
1967 1091 | 175 339 10 11 535
1968 757 290 | 220 20 20 550
1969 1004 | 271 226 10 30 537
1970 1096 | 248 236 10 36 530
1971 803 248 243 10 15 516
1972 1224 | 126 398 10 19 553
1973 1026 | 253 231 10 35 529
1974 837 370 158 10 22 560
1975** | 761 335 137 13 20 505
1976 984 262 239 10 25 536
1977 967 288 206 10 20 524
1978 1173 | 235 275 10 30 550
1979 990 255 242 11 24 532

Footnote. * Literature data (Lebedev, 1974, 1982). ** Authors’
data.
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Fig. 4. Correlation of transpiration and evaporation of intercepted precipitation with annual precipitation.

and the annual amount of rainfall. For the basin
of the Nameless stream the correlation coefficient
is 0.77, for the basin of the Southern stream — 0.72.
To compare the evapotranspiration at the experi-
mental catchments, an evaporation coefficient was
used that reflects the ratio of evapotranspiration to
precipitation.

At the forest watersheds in the mountain taiga
from 44 to 80 % of the precipitation is spent for
evapotranspiration. The relatively small differences
between evapotranspiration in the experimental ba-
sins can be explained by the fact that the catchments
are in the same climatic conditions with a similar
stand in terms of productivity. It should be noted
that under the canopy of a dark coniferous forest, a
similar microclimate is formed, on which the tran-
spiration of the under crown vegetation largely de-
pends.

Calculations of evapotranspiration for the
Kebezh and Taigish river basins. For Kebezh and
Taigish river catchments following LHC were al-
located: 1 — rock outcrops; 2 — dwarf birch (Betula
nana L.) sites (yerniks); 3 — bog-grass communi-
ties; 4 — grass/small shrub communities; 5 — open
dark-needled conifer woodlands; 6 — alpine mead-
ows; 7 — tall and small shrubs sites; 8 — virgin dark-
needled conifer forest; 9 — secondary mixed conifer/
deciduous stands; 10 — logged sites and fire scars.

Calculations of the evapotranspiration were
made taking into account the altitudinal zonality of
the vegetation cover in these catchments. Changes
in evapotranspiration according to high altitude
zones is due to radiation balance of the territories,
but within every zone, the evaporation rate depends
on the ratio of forest and treeless territories and the
productivity of plant communities (Table 6).
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The altitudinal zonality of LHC affects the
structure of evapotranspiration (Fig. 5). In areas not
covered with vegetation, i. e., rock outcrops, mois-
ture evaporation includes only physical evaporation
from the snow cover and soil. In the mountain tun-
dra, physical evaporation from snow and soil ex-
ceeds the transpiration rate of tundra vegetation.

According to the published data and previous
studies (Lebedev, 1982; Burenina, 1982; Burenina
et al., 2012a, b), from the snow and soil surface,
from 40 to 60 mm evaporate, which is 30 to 60 % of
the evapotranspiration in these LHC.

In the forest areas of studied watersheds in the
mountain-taiga and chern taiga zones, the moisture
expenditure on evaporation from the soil and snow
in the stands does not exceed 30—45 mm, which is
a small fraction in the overall balance of moisture
(612 %). In logged sites, burned areas, and other
treeless lands, this value reaches 30 % of the evapo-
transpiration.

In the mountains, especially in the high-altitude
part, the loss of snow moisture to unproductive
evaporation occurs owing to wind activity. The mag-
nitude of evaporation in the rock outcrops deposits
on the northern slope of the Western Sayan was cal-
culated as the difference between the background
of solid precipitation (Olen’ya River weather sta-
tion) and snow pack in open areas. The long-term
average rate of moisture for evaporation obtained
from the data of LHC is equal to 110 mm, which is
consistent with published data for the mountains of
the southeastern Baikal region (Onuchin, Burenina,
2008).

In the subalpine zone, the share of transpiration
of plant communities and evaporation of intercep-
ted precipitation in evapotranspiration increases.
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Table 6. Differentiation of evaporation according to zonality

Evapotranspiration, mm
Transpiration Evaporation .
Landscape-hydrological complex of precipitation Evaporation
Forest Grass and intercepted from soil Total
stands shrubs by tree crowns and snow
Mountain tundra
Rock outcrops - - - 110 110
Dwarf birch sites (yerniks) - 63 - 60 123
Grass-bog sites - 65 - 60 125
Subalpine zone
Tall and small shrubs 0 79 60 60 199
Dark-needled conifer open woodlands 36 98 102 40 276
Alpine meadows - 142 - 60 202
Mountain taiga
Dark-needled conifer open woodlands - 76 74 60 210
Virgin dark conifer forest 98 85 250 30 463
Secondary mixed conifer / deciduous stands 84 110 148 45 387
Logged land and fire scars - 143 - 60 203
Grass-bog sites - 98 - 60 158
Chern taiga®
Open woodlands and shrubs - 86 84 60 230
Virgin dark-needled conifer stands 97 120 230 30 477
Secondary mixed conifer / deciduous forest 87 138 130 45 400
Logged land and fire scars - 148 - 60 208
Grass-bog sites - 103 - 60 163

* Chern taiga is a dark coniferous taiga with aspen in the low mountain zone, which is characterized by a softer and more humid
climate than mountain taiga of Siberia and a large variety of herbaceous vegetation.
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Fig. 5. Structure of evapotranspiration according to vertical differentiation of landscape-hydrological complexes.
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The main components of the evapotranspiration in
the mountain and chern taiga, as shown by calcu-
lations, are the transpiration of phytocenoses and
the evaporation of intercepted precipitation by tree
crowns. In mountain and chern taiga, plant transpi-
ration and evaporation of intercepted precipitation
are the major processes accounting for 80-95 % of
the total moisture evaporation. The ratio of mois-
ture transpiration and evaporation of intercepted
precipitation varies considerably for dark conifer-
ous stands and secondary coniferous-deciduous for-
ests. The highest values of intercepted precipitation
are characteristic for plantations of the mountain
taiga zone, where dark coniferous forests predomi-
nate. In the chern taiga, significant areas are occu-
pied by secondary deciduous forests, which affects
the evaporation of precipitation intercepted by the
crowns of trees.

The study showed the possibility to obtain
quantitative characteristics of evapotranspiration
using of landscape-hydrological analysis in con-
junction with satellite images and a digital elevation
model. The calculated data on the evapotranspira-
tion for different landscape-hydrological complexes
allowed us to indirectly estimate their contribution
to the formation of runoff in river basins, since the
formation of river flow is the integration of various
water-balance ratios characteristic of the landscape
complexes of the catchment.

This work is of some scientific interest, because
it is based on factual data (ground truth data), but
has territorial limitations. The use of GIS technolo-
gy and remote sensing data of the Earth’s surface in
the last three decades allows us to move to the study
of evapotranspiration at a new level. It is known
that the evapotranspiration indicators obtained from
the remote sensing data of the Earth MODIS Global
Evapotranspiration Project (MOD16 ET) take into
account the climatic characteristics of the studied
area, the types of the underlying surface, as well as
the diversity of vegetation cover (Mu, 2007, 2011;
Rasulova, 2021). The use of evapotranspiration
time series obtained on the basis of data from the
Terra MODIS satellite (MOD16A2) for the territory
of the river basin makes it possible to consider the
spatial-temporal dynamics of evapotranspiration,
taking into account the disturbance of forest cover
by logging and fires.

CONCLUSION

Forest hydrological studies at test sites in the
experimental catchments have shown that mois-
ture consumption for transpiration of vegetation
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and evaporation of intercepted precipitation by tree
crowns depends on the species composition and age
of the stand, as well as on the phytomass of tree
crowns. Fir forest evaporates more moisture than
Siberian pine stands.

Evaporation from snow and soil surface makes
up a small fraction of the evapotranspiration in
both fir and Siberian pine stands. The variability of
evapotranspiration by the years is determined by
weather conditions: the more rainy days during the
growing season, the lower the moisture consump-
tion for transpiration. In years with a rainy summers,
transpiration is 22-30 % of the evapotranspiration,
and in dry seasons it reaches 65 %. The evaporation
of intercepted precipitation depends on the amount
of snow and winter air temperatures.

Comparison of evapotranspiration for different
landscape-hydrological complexes showed that it
varies in accordance with altitudinal differentiation.
In high mountainous landscapes, plant communities
spend less moisture on transpiration than similar
phytocenoses in mountain and chern taiga. Physi-
cal evaporation in treeless areas of highlands and
mountain tundra exceeds evaporation from soil and
snow in forest phytocenoses of mountain and chern
taiga due to wind activity.

Thus, evapotranspiration in the dark coniferous
taiga of the Western Sayan is an important compo-
nent of the water balance. At the same time, a sig-
nificant share in the moisture circulation of forest
ecosystems is the unproductive consumption of
moisture for the evaporation of rainfall intercepted
by tree crowns. The spatial variability of moisture
consumption for transpiration is determined pri-
marily by differences in the productivity of phy-
tocenoses, while the variability of moisture con-
sumption for transpiration in the temporal aspect
is the effect of weather and climate conditions of
each years.

REFERENCES

Antipov A. N. Fizicheskoe isparenie (Physical evaporation) //
Geosistemy predgoriy Zapadnogo Sayana (Geosys-
tems of the foothills of the Western Sayan) / V. V. Bufal,
I. A. Khlebovich (Eds.). Novosibirsk: Nauka. Sib. otd-nie
(Science. Sib. Br.), 1979. P. 109-116 (in Russian).

Antipov A. N., Antipova N. D. Transpiratsiya rastitel’nosti
taezhnykh biogeotsenozov predgoriy Zapadnogo Sayana
(Transpiration of vegetation of taiga biogeocenoses of the
foothills of the Western Sayan) // Dokl. In-ta geogr. Sibiri
i DV (Rep. Inst. Geogr. Sib. and the Far East). Novosi-
birsk: Nauka. Sib. otd-nie (Science. Sib. Br.), 1975. N. 46.
P. 55-62 (in Russian).

Antipov A. N., Antipova N. D. Transpiratsiya lesnoy rastitel’-
nosti (Transpiration of forest vegetation) // Geosistemy

CUBUPCKU JIECHOU XXYPHAJL Ne 4. 2023



Altitudinal-belt variability of evapotranspiration of forest ecosystems in the mountains of Southern Siberia

predgoriy Zapadnogo Sayana (Geosystems of the foot-
hills of the Western Sayan) / Bufal V. V., Khlebovich I. A.
(Eds.). Novosibirsk: Nauka. Sib. otd-nie (Science. Sib.
Br.), 1979. P. 103—109 (in Russian).

Antipov A. N., Antipova N. D. Otsenka transpiratsii rastitel’-
nosti taezhnykh geosystem (Assessment of transpiration
of vegetation of taiga geosystems) // Geogr. i prirod. res.
(Geogr. Nat. Res.). 1980. N. 4. P. 115-124 (in Russian
with English abstract).

Antipova N. D. Transpiratsiya v rastitel’nykh soobshchestvakh
yuga Sredney Sibiri (Transpiration in plant communi-
ties at the south of Central Siberia): avtoref. dis. ... kand.
biol. nauk: 03.00.16 (Cand. Biol. Sci. (PhD) thesis: Ecol.).
Krasnoyarsk: In-t lesa i drevesiny im. V. N. Sukacheva
SO AN SSSR (V. N. Sukachev Inst. For. & Timber, Sib.
br. USSR Acad. Sci.), 1990. 19 p. (in Russian).

Babintseva R. M. Dinamika zhivogo napochvennogo pokrova
na vyrubkakh kedrovykh drevostoev v severnoy chasti
Zapadnogo Sayana (Dynamics of the living ground cov-
er in the clearings of Siberian stone pine stands in the
northern part of the Western Sayan) // Vozobnovlenie
v lesakh Sibiri: Sb. st. (Regeneration in the forests of
Siberia: Coll. articles). Krasnoyarsk, 1965. P. 148-162
(in Russian).

Beideman I. N. Spravochnik po raskhodu vody rasteniyami
v prirodnykh zonakh SSSR (geobotanicheskaya i eko-
logicheskaya kharakteristiki) (Reference book on wa-
ter consumption by plants in natural zones of the USSR
(geobotanical and ecological characteristics)). Novosi-
birsk: Nauka. Sib. otd-nie (Science. Sib. Br.), 1983. 257 p.
(in Russian).

Bondarik N. L., Karpechko Yu. V. Sravnenie metodov opre-
deleniya srednemnogoletney velichiny ispareniya s lesa
(Comparison of methods for determining the average an-
nual value of evaporation from the forest) // Meteorol.
i gidrol. (Meteorol. & Hydrol.). 1999. N. 9. P. 98-105
(in Russian with English abstract).

Budagovsky A. I. Poluempiricheskaya teoriya transpiratsii i
vodnogo rezhima rastitel’nogo pokrova (Semi-empirical
theory of transpiration and water regime of vegetation
cover) // Vodn. Res. (Water Res.). 1989. N. 6. P. 5-17 (in
Russian with English abstract).

Budyko M. I. Teplovoy balans zemnoy poverkhnosti (Thermal
balance of the Earth’s surface). Leningrad: Gidrometeoiz-
dat, 1956. 255 p. (in Russian).

Budyko M. I. Klimat i zhizn’ (Climate and life). Leningrad:
Gidrometeoizdat, 1971. 472 p. (in Russian).

Bunnell F. L., McNay R. S., Shank C. C. Trees and snow: the
deposition of snow on the ground — a review and quanti-
tative synthesis. Integrated wildlife intensive forestry re-
search. Ministries of Environment and Forests. IWIFR-17.
Victoria, B. C., 1985. 440 p.

Burenina T'A. Dinamika struktury vodnogo balansa na vyrub-
ke srednegornogo poyasa Zapadnogo Sayana (Dynamics
of the structure of the water balance in the felling of the
mid-mountain belt of the Western Sayan) // Aktual’nye
voprosy issledovaniya lesov Sibiri: tez. dokl. Vsesoyuz.
konf., Krasnoyarsk, 28-30 sent. 1981 g. (Topical issues
in the study of Siberian forests: Abstr. All-Union Conf.,
Krasnoyarsk, 28-30 Sept., 1981). Krasnoyarsk: In-t lesa
i drevesiny im. V. N. Sukacheva SO AN SSSR (V. N. Su-
kachev Inst. For. & Timber, Sib. br. USSR Acad. Sci.),
1981. P. 19-20 (in Russian).

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

Burenina T. A. Dinamika vosstanovleniya lesogidrologiches-
kikh usloviy na eksperimental’noy vyrubke srednegor-
nogo poyasa Zapadnogo Sayana (Dynamics of restora-
tion of forest-hydrological conditions in the experimental
clearing of the mid-mountain belt of the Western Sayan) //
Sredoobrazuyushchaya rol” lesnykh ekosistem Sibiri. Sb
st. (Environment-forming role of Siberian forest ecosys-
tems. Coll. articles). Krasnoyarsk: In-t lesa i drevesiny
im. V. N. Sukacheva SO AN SSSR (V. N. Sukachev
Inst. For. & Timber, Sib. br. USSR Acad. Sci.), 1982.
P. 106-114 (in Russian).

Burenina T. A., Fedotova E. V., Ovchinnikova N. F. Izme-
nenie struktury vlagooborota v svyazi s vozrastnoy i
vosstanovitel’'noy dinamikoy lesnykh ekosistem (Change
in the structure of the hydrological cycle in connection
with the age and recovery dynamics of forest ecosys-
tems) // Sib. Ekol. Zhurn. (Sib. Ecol. J.). 2012a. V. 19.
N. 3. P. 435445 (in Russian with English abstract).

Burenina T. A., Fedotova E. V., Ovchinnikova N. F. Change in
the structure of the hydrological cycle in connection with
the age and recovery dynamics of forest ecosystems //
Contemp. Probl. Ecol. 2012h. V. 5. Iss. 3. P. 323-331
(Original Rus. Text © T. A. Burenina, E. V. Fedo-
tova, N. F. Ovchinnikova, 2012, publ. in Sibirskii Eko-
logicheskii Zhurnal. 2012. N. 3. P. 435-445).

Chang M. Forest hydrology: an introduction to water and fo-
rests. 3" Ed. Boca Raton: CRC Press, 2003. 595 p.

Donohue R. J., Roderick M. L., McVicar T. R. Roots, storms
and soil pores: Incorporating key ecohydrological pro-
cesses into Budyko’s hydrological model // J. Hydrol.
2012. V. 436-437. P. 35-50.

Dyunin A. K. Isparenie snega (Evaporation of snow). Novo-
sibirsk: Izd-vo SO AN SSSR (Sib. Br. USSR Acad. Sci.
Publ.), 1961. 117 p. (in Russian).

Fedorov S. F. Issledovanie elementov vodnogo balansa v les-
noy zone evropeyskoy territorii SSSR (Study of the ele-
ments of the water balance in the forest zone of the Euro-
pean territory of the USSR). Leningrad: Gidrometeoizdat,
1977. 264 p. (in Russian).

Gibson L. A., Jarmain C., Su Z., Eckardt F. E. Estimating
evapotranspiration using remote sensing and the Surface
Energy Balance System — A South African perspective //
Water SA. 2013. V. 39. N. 4. P. 477-484.

Glushkov V. G. Voprosy teorii i metody gidrologicheskikh
issledovaniy (Questions of theory and methods of hydro-
logical studies). M.: Izd-vo AN SSSR (USSR Acad. Sci.
Publ.), 1961. 416 p. (in Russian).

Golding D. L., Swanson R. H. Snow accumulation and melt in
small forest openings in Alberta // Can. J. For. Res. 1978.
V. 8. N. 4. P. 380-388.

Grudinin G. V. Snezhny pokrov yuga Minusinskoy kotloviny
(Snow cover of the south of Minusinsk hollow). Novosi-
birsk: Nauka. Sib. otd-nie (Science. Sib. Br.), 1981. 160 p.
(in Russian).

Gubler H., Rychetnik J. Effects of forests near the timberline
on avalanche formation // Snow, hydrology and forests in
high alpine areas. Wallingford, UK: TAHS Publ., 1991.
Iss. 205. P. 19-38.

Hou Y., Wei X., Vore M., Deri S. J., Pypker T, Giles-Hansen
K. Cumulative forest disturbances decrease runoff in
two boreal forested watersheds of the northern interior
of British Columbia, Canada // J. Hydrol. 2022. V. 605.
Iss. 7. Article number: 127362.

37



T. A. Burenina, E. V. Fedotova, C. F. Zang

Ivanov L. A., Silina A. A., Zhmur D. T, Tselnicker Yu. L. Ob
opredelenii transpiratsionnogo raskhoda drevostoem lesa
(On the determination of transpiration consumption by a
tree stand of forest) / Bot. zhurn. (Bot. J.). 1951. N. 1.
P. 5-20 (in Russian with English abstract).

Kasyanova L. N., Pogodaeva N. N. Transpiratsiya i produk-
tivnost’ rasteniy Zabaykal’ya (Transpiration and produc-
tivity of plants in Zabaykal’e). Novosibirsk: Nauka. Sib.
otd-nie (Science. Sib. Br.), 1979. 197 p.

Klaassen W. Evaporation from rain-wetted forest in relation to
canopy wetness, canopy cover, and net radiation // Water
Resources Res. 2001. V. 37. Iss. 12. P. 3227-3236.

Kobayashi D. Snow accumulation on a narrow board // Cold
Reg. Sci. & Technol. 1987. V. 13. Iss. 3. P. 239-245.

Kolomyts E. G. Formirovanie i raspredelenie snezhnogo pok-
rova Sos’vinskogo Priob’ya (Formation and distribu-
tion of snow cover in the Sos’va Priob’e) // Sos’vinskoe
Priob’e: ocherki prirody i khoz-va (The Sos’va Priob’e:
essays on nature and economy). Irkutsk: Irkut. gos. un-t,
1975. P. 158-214.

Konstantinov A. R. Isparenie v prirode. Izd. 2-e pererab. i dop.
(Evaporation in nature. 2™ ed., revised and updated). Le-
ningrad: Gidrometeoizdat, 1968. 532 p.

Kozlova L. N. Vodny rezhim rasteniy srednegornykh poyasov
Khamar-Dabana i Zapadnogo Sayana (Water regime of
plants in the mid-mountain belts of Khamar-Daban and
the Western Sayan) // Gidroklimaticheskoe vliyanie lesa
(Hydroclimatic influence of the forest). Novosibirsk:
Nauka. Sib. otd-nie (Science. Sib. Br.), 1979. P. 95-115
(in Russian).

Kuzmin P. P. O raschetnom i eksperimental’nom sposobakh
opredeleniya ispareniya s poverkhnosti snezhnogo pok-
rova (On computational and experimental methods for
determining evaporation from the surface of the snow
cover) // Materialy V zakavkazskoy nauch. konf. po izuch.
snezhn. pokrova snezhnykh lavin i lednikov Kavkaza. Tr.
NIGMI (Proc. V Transcaucasian Sci. Conf. on the study
snowy cover of snow avalanches and glaciers of the Cau-
casus. Proc. NIGMI (Sci. Res. Inst. Hydrometeorol.).
1974. Iss. 58 (64). Leningrad: Gidrometeoizdat, 1974.
P. 25-43 (in Russian).

Lebedev A. V. Gidrologicheskiy rezhim kedrovnikov severnogo
sklona khrebta Kulumys (Zapadny Sayan) (Hydrological
regime of the Siberian stone pine forests on the northern
slope of the Kulumys ridge (Western Sayan)) // Sredo-
obrazuyushchaya rol’ lesa. Sb. st. (Environment-forming
role of the forest). Krasnoyarsk: In-t lesa i drevesiny im.
V. N. Sukacheva SO AN SSSR (V. N. Sukachev Inst.
For. & Timber, Sib. br. USSR Acad. Sci.), 1974. P. 30-43
(in Russian).

Lebedev A. V. Vodny 1 teplovoy balansy prirodnykh kom-
pleksov rechnykh basseynov (Water and heat balances
of natural complexes of river basins) // Ekologicheskoe
vliyanie lesa na okruzhayushchuyu sredu. Sb. st. (Eco-
logical impact of the forest on the environment. Coll.
articles). Krasnoyarsk: In-t lesa i drevesiny im. V. N. Su-
kacheva SO AN SSSR (V. N. Sukachev Inst. For. &
Timber, Sib. br. USSR Acad. Sci.), 1977. P. 15-48
(in Russian).

Lebedev A. V. Gidrologicheskaya rol’ gornykh lesov Sibiri
(Hydrological role of the mountain forests of Siberia). No-
vosibirsk: Nauka. Sib. otd-nie (Science. Sib. Br.), 1982.
282 p. (in Russian).

38

Lebedev A. V., Uskova P. G. Vysotno-poyasnye zakonomer-
nosti formirovaniya stoka i vodnoy erozii v gornykh le-
sakh basseyna Baykala (Altitudinal-belt patterns of runoff
formation and water erosion in the mountain forests of
the Baikal basin) // Statsionarnye gidrologicheskie issle-
dovaniya v lesakh Sibiri. Sb. st. (Stationary hydrologi-
cal studies in the forests of Siberia. Coll. articles). Kras-
noyarsk: In-t lesa i drevesiny im. V. N. Sukacheva SO AN
SSSR (V. N. Sukachev Inst. For. & Timber, Sib. br. USSR
Acad. Sci.), 1975. P. 69-99 (in Russian).

Leng P, Li Z.-L., Duan S.-B., Tang R., Gao M.-F. A method
for deriving all-sky evapotranspiration from the syner-
gistic use of remotely sensed images and meteorological
data // JGR Atmospheres. 2017. V. 122. Iss. 24. P. 13263—
13277.

Miller D. H. Interception processes during snowstorms. U. S.
For. Serv. Res. Paper PSW-18. Berkeley, CA: Pacific SW.
For. & Range Expt. Sta., 1964. 24 p.

Molchanov A. A. Gidrologicheskaya rol’ lesa v razlichnykh
prirodnykh zonakh SSSR (Hydrological role of the forest
in various natural zones of the USSR) // Gidrologicheskie
issledovaniya v lesu. Sb. st. (Hydrological studies in the
forest. Coll. articles). M.: Nauka (Science), 1970. P. 5-78
(in Russian).

Monteith J. L. Evaporation and environment // The state and
movement of water in living organisms. Proc. XIX™"
Symp. Soc. Exp. Biol. Swansea: Cambridge Univ. Press,
1965. P. 205-234.

Morton F. I. What are the limits of forest evaporation? //
J. Hydrol. 1984. V. 74. Iss. 3—4. P. 373-398.

Mu Q., Heinsch F. A., Zhao M., Running S. W. Development
of a global evapotranspiration algorithm based on MODIS
and global meteorology data // Rem. Sens. Environ. 2007.
V. 111. Iss. 4. P. 519-536.

Mu Q., Zhao M., Running S. W. Improvements to a MODIS
global terrestrial evapotranspiration algorithm // Rem.
Sens. Environ. 2011. V. 115. Iss. 8. P. 1781-1800.

Muzylev E. L., Startseva Z. P, Zeyliger A. M., Ermolaeva O. S.,
Volkova E. V., Vasilenko E. V., Osipov A. I. Ispol’zovanie
sputnikovykh dannykh o kharakteristikakh podstilayush-
chey poverkhnosti i meteorologicheskikh kharakteris-
tikakh pri modelirovanii vodnogo i teplovogo rezhimov
bol’shogo sel’skokhozyaystvennogo regiona (The use of
satellite data on land surface and meteorological charac-
teristics in modeling the water and heat regimes of large
agricultural region) // Sovrem. Probl. Distantsion. zondi-
rovaniya Zemli iz kosmosa (Current problems in remote
sensing of the Earth from space). 2019. V. 16. N. 3.
P. 44-60 (in Russian with English abstract and references).

Onuchin A. A. Vysotno-poyasnye osobennosti transformatsii
tverdykh atmosfernykh osadkov gornymi lesami Khamar-
Dabana (Altitudinal-zonal features of the transformation
of solid atmospheric precipitation by the mountain forests
of Khamar-Daban) // Gidrologicheskie issledovaniya v
lesakh SSSR (Hydrological studies in the forests of the
USSR). Frunze: Ilim, 1985. P. 109—119 (in Russian).

Onuchin A. A. General appropriateness of snow storage in bo-
real forests // Izv. RAN. Ser. Geogr. (Proc. Rus. Acad. Sci.
Ser. Geogr.). 2001. N. 2. P. 80-86.

Onuchin A. A., Burenina T. A. Hydrological role of forest
in Siberia In: Trends in water resources research /
A. B. Prescott, T. U. Barkely (Eds.). N.Y.: Nova Sci. Publ.,
2008. P. 67-92.

CUBUPCKUM JIECHOU YKYPHAJL Ne 4. 2023



Altitudinal-belt variability of evapotranspiration of forest ecosystems in the mountains of Southern Siberia

Pautova V. N. Transpiratsiya rasteniy v osnovnykh soobsh-
chestvakh nekotorykh rayonov Vostochnoy Sibiri (Plant
transpiration in the main communities of some regions
of Eastern Siberia) // Vodny obmen v osnovnykh tipakh
rastitel’nosti SSSR (Water exchange in the main types of
vegetation in the USSR). Novosibirsk: Nauka. Sib. otd-nie
(Science. Sib. Br.), 1975. P. 62—75 (in Russian).

Pomeroy J. W., Gray D. M., Shook K. R., Toth B., Essery R. L.,
Pietroniro A., Hedstrom N. An evaluation of snow accu-
mulation and ablation processes for land surface model-
ling // Hydrol. Proces. 1998. V. 12. Iss. 15. Spec. Iss.: East.
Snow Conf. P. 2339-2367.

Programma 1 metodika biogeotsenologicheskikh issledovaniy
(Program and methodology of biogeocenological stud-
ies) / N. V. Dylis (Ed.) M.: Nauka (Science), 1974. 404 p.
(in Russian).

Protopopov V. V. Sredoobrazuyushchaya rol” temnokhvoynogo
lesa (Environment-forming role of dark coniferous for-
est). Novosibirsk: Nauka. Sib. otd-nie (Science. Sib. Br.),
1975. 328 p. (in Russian).

Rakhmanov V. V. Vodookhrannaya rol’ lesov (Water protection
role of forests). M.: Goslesbumizdat, 1962. 235 p. (in Rus-
sian).

Rasulova A. M. Raschet evapotranspiratsii na territorii bas-
seyna Ladozhskogo ozera (Calculating evapotranspi-
ration for the lake Ladoga catchment area) // Tr. Karel.
nauch. tsentra RAN (Proc. Karel. Sci. Center Rus. Acad.
Sci.). 2021. N. 9. P. 146-156 (in Russian with English
abstract).

Rauner Yu. L. Teplovoy balans i summarnoe isparenie oblesen-
nykh territoriy ravninnoy chasti SSSR (Heat balance and
total evaporation of forested areas of the flat part of the
USSR) // Issledovanie genezisa klimata. Sb. nauch. tr.
(Studies of the climate genesis. Coll. sci. works). M.: Izd-
vo AN SSSR (USSR Acad. Sci. Publ.), 1974. P. 155-193
(in Russian).

Rekomendatsii po raschetu ispareniya s poverkhnosti sushi
(Guidelines for calculating evaporation from the land sur-
face). Leningrad: Gidrometeoizdat, 1976. 96 p. (in Rus-
sian).

Rutkovsky V. I. Vliyanie lesov na nakoplenie i tayanie snega
(Influence of forests on snow accumulation and melting) //
Sneg i talye vody, ikh izuchenie i ispol’zovanie (Snow
and melted waters, their study and the use). M.: Izd-vo
AN SSSR (USSR Acad. Sci. Publ.), 1956. P. 184-205.

Sabo E. D. Isparenie so snezhnogo pokrova v rayone Ergeney
(Evaporation from the snow cover in the Yergeni region) //
Sneg i talye vody, ikh izuchenie i ispol’zovanie (Snow and
melted waters, their study and the use). M.: Izd-vo AN
SSSR (USSR Acad. Sci. Publ.), 1956. P. 44-51 (in Rus-
sian).

Sabo E. D. Nekotorye rezul’taty issledovaniya formirovaniya
snezhnogo pokrova v lesu (Some results of the study of
the formation of snow cover in the forest) / Snezhny
pokrov, ego raspredelenie i rol” v narodnom khozyaystve

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

(Snow cover, its distribution and its role in the national
economy). M.: Izd-vo AN SSSR (USSR Acad. Sci. Publ.),
1962. P. 98—103 (in Russian).

Schmidt R. A., Gluns D. R. Snowfall interception on branches
of three conifer species // Can. J. For. Res., 1991. V. 21.
N. 8. P. 1262-1269.

Smagin V.N., Il'inskaya S. A., Nazimova D. I., Novosel tseval. F,
Cherednikova Yu. S. Tipy lesov gor Yuzhnoy Sibiri (Types
of forests of the mountains of southern Siberia). Novo-
sibirsk: Nauka. Sib. otd-nie (Sci. Sib. Br.), 1980. 336 p.
(in Russian).

Srednesibirskoe upravlenie po gidrometeorologii i monitorin-
gu okruzhayushchey sredy (Central Siberian department
for hydrometeorology and environmental monitoring),
2023 (in Russian). http://meteo.krasnoyarsk.ru

Sudachkova N. E. Transpiratsiya podrosta kedra i pikhty v se-
vernykh otrogakh Zapadnogo Sayana (Transpiration of
the Siberian stone pine and fir undergrowth in the north-
ern spurs of the Western Sayan) // Tr. In-ta lesa i drevesi-
ny SO AN SSSR. T. 60: Fiziologiya drevesnykh rasteniy
Sibiri (Proc. Inst. For. & Timber Sib. Br. USSR Acad. Sci.
V. 60. Physiology of woody plants of Siberia). M.: Izd-
vo AN SSSR (USSR Acad. Sci. Publ.), 1963. P. 36-45
(in Russian).

Usoltsev V. A. Biologicheskaya produktivnost’ lesov Severnoy
Evrazii. Metody, baza dannykh i ee prilozheniya (Biologi-
cal productivity of Northern Eurasia’s forests: methods,
database and its applications). Yekaterinburg: UrO RAN
(Ural Br. Rus. Acad. Sci.), 2007. 636 p. (in Russian with
English title, summary and contents).

Wheeler K. Interception and redistribution of snow in a subal-
pine forest on a storm-by-storm basis // Proc. West. Snow
Conf., 55" Annual Meeting, 14-16 Apr., 1987, Vancouver,
British Columbia, 1987. P. 78-87.

Yang D., Sun F,, Liu Z., Cong Z., Ni G., Lei Z. Analyzing spa-
tial and temporal variability of annual water-energy ba-
lance in nonhumid regions of China using the Budyko
hypothesis // Water Resources Res. 2007. V. 43. Iss. 4.
W04426. P. 1-12.

Zamolodchikov D. G., Utkin A. I., Korovin G. N. Konver-
sionnye koeffitsienty fitomassa/zapas v svyazi s den-
drometricheskimi pokazatelyami i sostavom drevostoev
(Conversion coefficients phytomass/reserves related to
dendrometric parameters and stand composition) // Leso-
vedenie (For. Sci.). 2005. N. 6. P. 73-81 (in Russian with
English abstract).

Zhang L., Dawes W. R., Walker G. R. Response of mean an-
nual evapotranspiration to vegetation changes at catch-
ment scale // Water Resources Res. 2001. V. 37. Iss. 3.
P. 701-708.

Zhang Y., Penia-Arancibia J. L., McVicar T. R., Chiew F. H. S.,
Vaze J., Liu Ch., Lu H., Zheng H., Wang Y., Liu Y. Y., Mi-
ralles D. G., Pan M. Multi-decadal trends in global ter-
restrial evapotranspiration and its components // Sci. Rep.
2016. V. 6. Article number: 19124.

39



T. A. Burenina, E. V. Fedotova, C. F. Zang

VIIK 581.151 (571.1/5)

BBICOTHO-ITIOACHASA UBMEHYUBOCTD OBAITIOTPAHCIIMPAIIM U
JECHBIX DKOCHUCTEM B I'OPAX I0)KHOU CUBUPH

T. A. Bypennna', E. B. ®enoroBal, . ®. 3aunr’

' Unemumym neca um. B. H. Cykauesa CO PAH — obocobnennoe noopazoenenue @UL] KHI] CO PAH
660036, Kpacnosapck, Akademeopoook, 50/28

2 FOorcno-kumatickuii 00ugeo6pazo8amenbHulil YHUGEPCUnem
oynweap 3anaonviil Konewan, 49P2+J6R, p-n Tuanxs, Iyanuscoy, nposunyus 1 vanoyu, 510631
Kumaiickas Hapoonas Pecny6nuka

E-mail: burenina@ksc.krasn.ru, elfed@ksc.krasn.ru, chuanfuzang@163.com
Hocmynuna 6 pedaxyuio 01.02.2023 2.

Crarhs TOCBSIICHA H3YUYSHHIO YBAIIOTPAHCIIMPALINY B JTAaHAIMIA(THBIX KOMIUIEKCAX CEBEPHOTO MaKPOCKIIOHA 3amai-
Horo CastHa. O600IIeHB! TUTEpaTypHBIC H aBTOPCKUE JAHHBIC 10 ABAMIOTPAHCIIAPAIIH, TOTYICHHBIC Ha YKCTICPUMCH-
TaNBHBIX BomocOopax B Oacceitne p. Mambiii KeGexx, Ha oMHOM H3 KOTOPBIX B 70-€ TOABI B KAUECTBE IKCIICPUMEHTA
50 % ruromaau BogocOopa ObUIO0 MPOHICHO PyOKOii. BBITIOIHEHBI pacueThl CyMMAapHOTO UCTIAPEHUS (PUTOLIEHO30B Ha
OaccelfHOBOM YPOBHE C YUETOM BBICOTHOM MOSICHOCTH. Pacuer aBanoTpancnupanui Ha 00beKTax UCCIeI0BaHUs IPO-
BEJICH IO HATyPHBIM JAaHHBIM, ITOJYYCHHBIM B PE3YIIbTaTe JICCOBOACTBCHHBIX U T€000TAHNYECKHUX MCCICAOBAHUI U
THIpoNorHYeckux HaOmonernii. Ha ocHoBe nemudprpoBaHus KOCMHYECKHX CHIMKOB U HCTIOJIb30BaHUS I (DPOBBIX
MoJeTiell penbeda mpoBeeHa KilacCHPUKaUs JaHAMAPTHO-THAPOIOTHISCKUX KOMIDIEKCOB Il OacceitHoB pek Ke-
0ex u Taifrui, Ui KOTOPBIX pacCUUTaHbl COCTABIIAIOLINE dBanoTpaHcnupannu. [lokasano, 4to 3BanorpaHcnupanus
B TEMHOXBOWHHOM Taiire 3amagnoro CasiHa sBIISETCS BaXKHOM COCTaBIIIONIEH BOJHOIO OajgaHca, 3HaUnTeNIbHAS A0JIs
obecrieunBaeT HEMIPOM3BOAUTEIBHBIA PACXO BIard HA HCIAPCHHUE O0CAIKOB, IIEPEXBATHIBACMBIX KPOHAMU JICPEBHEB.
YCTaHOBIIEHO, YTO CTPYKTYpa 3BAllOTPAHCIUPALUN U3MEHSETCS MO BBICOTHBIM IOSiCAaM B COOTBETCTBUU C BEPTH-
KaJbHOHU nuddepeHnuanyend KIIMMaTHYeCcKuX apaMeTpoB U MPOAYKTUBHOCTH PACTUTEIbHOCTH. PacueTHble JaHHbIE
9BAMOTPAHCIIHPALUH JUISl PA3IAYHBIX JAHIIAPTHO-THAPOIOTUICCKAX KOMIUICKCOB ITO3BOJIMIA KOCBCHHO OLICHHTH
WX BKJIQJ B (JOPMHUPOBAHUE CTOKA PEUHBIX OacceiiHoB. [IpeacTaBieHHbIC MAaTEPUABI MOTYT CITY>KUTh TEOPETUICCKAM
OPHEHTHPOM JUIS JIAHAMIA() THO-THIPOJIOTHYESCKIX HCCIICIOBAHUA B YMEPEHHO-XOIOMHOHN 30HE.

KiroueBble c0Ba: ocadku, cmoxk, peunvie 6accetiivl, 6000COOPHble OACCElHbL, 8bICOMHAS 30HATLHOCTb TAHOUAPD-
ma, 3anaonwin Casn.

bypenuna T. A., @edomosa E. B., 3ane Y. @. BBICOTHO-NIOACHAS M3MEHUYMBOCTH 3BANOTPAHCHHPALNU JIECHBIX
sKocucteM B ropax FOxunoit Cubupu (Burenina T. A., Fedotova E. V., Zang C. F. Altitudinal-belt variability of
evapotranspiration of forest ecosystems in the mountains of Southern Siberia) // Cubupckuii necHoi xypnain. 2023.
Ne 4. C. 2640 (na aHmHCKOM s13bIKE, pedepar Ha PyCCKOM).
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Bcenencreue HabII0MaeMBIX KITMMAaTHISCKHUX CIIBUTOB aKTYalTU3UPYETCs PpoOiieMa aJleKBaTHOM OIICHKHU YIJIePOIICTIO-
HUPYIOLIECH CIIOCOOHOCTH JIECOB M €€ BO3BMOKHBIX KIIMMATHUCCKU 00YCIOBICHHBIX H3MEHEHUH. [IJIs1 TOCTHKEHHUS OT1-
TUMAJIbHOM MPOJAYKTHBHOCTU PACTECHHS JOJDKHA OBITh 0OSCIIeUeHa ONPEISNICHHAS MPOIOPHUOHAIBHOCTS MEXKIY €ro
OpraHaMu, KOTOpasi 3aBUCHT B TOM YHKCIIC OT OTHOCHUTEIIFHOTO KoJn4decTBa pUTOMacchl B HUX. B oTmuuune ot Teopuit
MeTabOIMIeCKOro MacIITa0MPOBAHKS M alalITUBHOTO PACIPEICIICHHS MacC, BHIIIOIHECHHOE UCCIICIOBAHUE CBSI3aHO
C KOHIICTIIIUCH, OCHOBAHHOW HA HETrayCCOBCKHX pacmpeneneHusx. C HCIONb30BaHUEM OIyOIMKOBAHHBIX JTAHHBIX O
¢dburomacce 4515 nepeBbeB J1eco00pa3yIOIIUNX XBOHHBIX poioB EBpa3uu n3noxeHa HOBast KOHICTIIUS PAH)KUPOBAHUS
(bpakuuit putomaccs! Ha ocHoBe MoaubunpoBanHoi Moxenu Lumnda — [Tapero. B ¢Bsi3u ¢ Tem, 4T0 CTBOMI U BETBU
B APXUTEKTOHHUKE JICPEBa BBIIOJIHSIOT OJJHY U TY K€ (DYHKIIHIO, 8 IMCHHO OCYIIECTBICHUE KCHIEMHOTO U (DIIO3MHOTO
TPaHCIOpTa U MOIACPKaHHE ACCUMUIIIIMOHHOTO amiapara JepeBa B MPOCTPAHCTBE T0JIOra, Ha3BaHHbIC Be (pak-
LUK MBI O0BEIUHSIEM [IPU PAHKUPOBAHUH (PUTOMACC B OMUH 001U 610K [I0CKOIBKY Y OMHONETHHUX CESIHIIEB BETBU
OTCYTCTBYIOT, U XBOsI KPEIIUTCSI HEMOCPEACTBEHHO K UX CTBOJNUKY (ocH modera), o0bequHeHne (puTomMacc CTBojia u
BETBEU B CIUHBIN OJIOK MMO3BOJIMIO PACCMOTPETh TUHAMUKY pacrpeescHns: (PUToMacc B paCTCHUU B MOJHOM BO3-
pacTHOM JMama3oHe, OT CEsSHIICB J0 CHEIbIX JepeBbeB. [IpUHsIB pamKkupoBaHue HUTOMACC B MOCICIOBATEILHOCTH
CTBOII TUTIOC BETBH, KOPHU M XBOS, Mbl YCTAaHOBHIIM Ha HAYaJIbHOM JTalle POCTa PACTCHHI MOJOKHUTEIBHYIO CBSI3b
¢ panrom ¢urtomacc. [To Mepe pocra pacTeHus] Ha3BaHHAs IOJIOKHUTENIbHAS CBSI3b MCHSET 3HAK U CTAHOBUTCS OT-
punarensHoii. [IpeacraBneHHas 3aKOHOMEPHOCTb MMOITBEPKACHA CTATUCTHUECKH Ha ypoBHE p < 0.999. Cmena 3Ha-
ka ko3 duIreHTa KOHKYPESHIIUH 32 PECYPC MPOUCXOIUT Y BCEX POIOB B JOBOJBHO y3KOM BO3PACTHOM THAIA30HE
(ot 2 o 7 ner).

Kuarouesbie caoBa: Pinus L., P. sibirica Du Tour, P. koraiensis Siebold & Zucc., Abies Mill., Picea A. Dietr., Larix
Mill., Cryptomeria D. Don., meopuu pacnpedeneHus accumuinmos 8 oepese, mooens Lunga — [apemo, kos¢ghdpuyu-
€HM KOHKYPEHYUU 3d pecypc, 603PACMHAS CMEHA 3HAKA KOIPDUYUEHMA KOHKYPEHYUU 3d pecypc.

DOI: 10.15372/SJFS20230404

BBEJEHUE mIyOke aHaNu3UpyeTcsl peajibHas CIOKHAS KO-

CUCTEMa, TEM HCOIIPCACIICHHEC Hall€ IMOHHMMAaHUEC

B cBsa3u ¢ HaOmromaeMbIMH KJIMMATHYE€CKUMU
CIBUTAMH, aKTyaJduzupyercst mnpobriema aJieKBar-
HOM OIICHKH YTIIEPOICTIOHUPYIOTIEH CTIOCOOHOCTH
JIECOB M €€ BO3MOXKHBIX KJIMMAaTHYECKH OOYCIIOB-
JIeHHbIX u3MeHeHur. C BBIXOAOM Ha ITTOOAIbLHBIN
YpOBEHb MOJICITMPOBAHHS OMOJIOTHYSCKON TTPOIYK-
THUBHOCTH JIECOB BCE B OOJNBIIEH CTEIIEHN HAYMHA-
CcT HpOSIBJISITBCSI HpI/IHHI/IH HCCOBMCCTUMOCTH:. UYCM

© VYcomsres B. A., llenopneit U. C., 2023

ee moBenenus (3ame, 1974; Pozenbepr, 1980; Ko-
MmapoB, 2007). borarcTBo pacTUTEIBHOIO MHUpa Ha
¢doHe HeMpephIBHO M3MEHSIONIEHCS BHEIIHEH cpe-
JIbI 3aTPYHSCT MOIydeHHEe 0000IIAIIINX 3aKOHO-
MepHocTell. OCHOBOIONATAIOMINNA OTINYUTEIIbHBIN
MPHU3HAK CTOXACTUYECKUX 3aKOHOMEPHOCTEH: 4eM
Ooubllle WX 00O0OIAIOT, TEM B OOJBIIEH CTENEHH
pe3yabTar 0000IICHHS OTAATSETCS OT TIOHITHS «3a-
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koH» (Assman, 1961; IlImutxiozen, 1966; Anra-
HauTHC U 1p., 1986; Moeller, Jennions, 2002; Dhar,
Giuliani, 2010; Ycomsies, 2016).

B momo6HO# cuTyarmm ocoboe MecTo 3aHu-
MaroT aJNIOMETPUUCCKUE COOTHOIICHHUS MEXTy
KOJIMYECTBCHHBIMM XapaKTEPUCTUKAMHU OPraHu3-
MoB (Snell, 1892; Dubois, 1897; Thompson, 1917;
Mumna, Knesesains, 1976; Kodman, 1986; Bopobeii-
yuk, 2001), nMeromue B JIBOWHBIX Jiorapu(muye-
CKHMX KOOPJHMHATaX OOITUH BU/T

InY=Ina+blnkX, (1)

rae Y — macca Toro wiM MHOTrO opraHa ocoou; X —
Macca Bceil 0coOM M ee pa3mep; b — SKCIIOHEHTa
MacIITaOupoOBaHUS.

JUId nOCTHXKEHNs ONTUMAJIBHON NMPOAYKTUBHO-
CTH pacTeHHus JOJKHA ObITh obecrieueHa orpese-
JICHHAs! TIPOTIOPIMOHAIBHOCTh MEXK]y €ro COCTaB-
HBIMU OpraHaMH, KOTOpasi 3aBUCHT B TOM YHCIIE OT
OTHOCHUTEIILHOTO KOJMYecTBa (PUTOMACCHI B ITHUX
opranax (Poorter et al., 2012). M3BecTHO HECKOJIb-
KO TEOpUH pacrpe/iesieHus] ACCHMUIISITOB B OpraHax
pacternnii (Davidson, 1969; Pauko, 1979; Waring,
1980; Oliver, Larson, 1990; Palumets, 1991;
Nilsson, Albrektson, 1993; Liu et al., 2020; Delerue
et al., 2022; Deng et al., 2023). B ocHOBYy onHOi1
U3 HUX, U3BECTHOM KaK «T€OPHUS META0OIHMUYECKOTO
MacmrabupoBanus» (MST), momoxken ¢pakrano-
NOJO0HBIA H3aifH CHCTEMbI BOJHOTO TPAaHCIOPTa
B cocyaax. OHa MOCTYIUpPYET, YTO B COOTHOILIEHU-
SIX JINCTBA : CTBOJ ¥ JINCTBA : KOPHH ONTHMAJIbHOM
SBIISIETCST OKCTIOHeHTa b, paBHas 3/4 (West et al.,
1997; Enquist, Niklas, 2002). [Tockonbky ko3¢ du-
LUEHT ACTEPMHUHALIMN B HA3BAHHBIX COOTHOIICHUSAX
BappupoBal B auanazone ot 0.97-0.99, BbickazaHo
NPEATOIOKEHUE, YTO TIPU YCIOBUH TOYHOTO OTIpe-
JIeNIeHUs] PerpecCUOHHbBIX KOA(P(UIIMEHTOB MOAEIH
(1) MO)XHO OOBSICHUTH U3MEHUYUBOCTH pacrpesesne-
HUSI (PUTOMACCHI BO BCEM PACTUTEIHHOM I1aPCTBE HA
97-99 % (McCarthy et al., 2007).

3arem Oblia mpezioxkeHa anbrepHarnBa MST-
MOJIEJISIM, KOTOPYIO Ha3BaJM TeOpUel aJanTHBHOTO
pacnpenenenus macc (APT) (Poorter et al., 2012).
B xozne onTorenesa u3MeHsieTcs GU3NOIOTUIECKAS
aKTUBHOCTH OPTaHOB, W pacIpeeseHne mace Oma-
rojiapsi COOTBETCTBYIOIIUM aJaNTalusIM KOPPEKTU-
pyeTcsl COITaCHO M3MEHEHUSIM B pa3Mepax pacrte-
HUiA. B pe3ynbrate BMecTO CTaOMIBHOTO 3HAUCHHUS,
paBHoro 3/4 mo MST-mozmenu, >KCriOHEHTa Mac-
mradupoBanus b cormacno APT-monenu mo mepe
YBEJIMYEHHSI MACChl PACTEHHSI CHUYKAETCSl B COOTHO-
meHuu auctia : ctBoi ¢ 0.90 10 0.58 u B cooTHOTIIE-
HuM JicTBa : Kopau — ¢ 1.01 mo 0.67 (Poorter et al.,
2015). 3akoHOMEpPHOCTH W3MEHEHHS SKCIIOHEHTHI
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b cornacao APT-momenun He OTHOCSTCS K BCEOO-
IIMM: HalpuMep Yy COCHBI OOBIKHOBEHHOU (Pinus
sylvestris L.) (YconbueB, 2016) B COOTHOIICHUU
XBOsI : CTBOJI C YBEJIMUEHHUEM pasMepa JiepeBa oHa
BHavane cHuxkaetcst ¢ 1.37 go 0.73, a 3arem yBe-
mrunBaeTcs ¢ 0.73 mo 0.85. B cooTHOIIEHNT XBOS :
KOPHHM SKCIIOHEHTa b BHavyase cHuxkaercs ¢ 1.21 o
0.77, a 3arem Bo3pactaet ¢ 0.77 mo 1.28.

Hame ucciienoBanue CBsi3aHO C WHBIM TOJXO-
JIOM, OCHOBaHHBIM Ha «HETAyCCOBCKUX pacrpejie-
nenmsix» (Ivancheva, 2001; ConoBbeB u ap., 2012).
OHU UCTIONIBL3YIOTCS B 3a/1a9aX paclpe/ieicHUs pe-
CypCOB MpH MaKCUMHU3aIUU OOMICH TOJEe3HOCTH,
MpUYeM HE TOJHKO B OMOJOTHYECKHX M JKOJOTH-
YECKHX, HO TAKXKE B TOJUTHYCCKHX U DKOHOMHUYEC-
ckux cucremax (CyxoBoiabckuii, 2004; Benguigui,
Blumenfeld-Lieberthal, 2007; Delong, 2011). Ogno
U3 TaKUX PaCIHpeIeIICHUH OMMCHIBACTCS ypaBHCHU-
em Lunda — [Napero, wim cBOOOAHON KOHKYPEHITHH
(Mandelbrot, 1961; CyxoBombsckuii, 1996, 1997;
Benguigui, Blumenfeld-Lieberthal, 2007; Ilomgna-
308, 2009; Delong, 2011; ConoBbeB u ap., 2012;
CyxoBonbckuii u ap., 2013, 2022; Komapos u ap.,
2017; Komarov et al., 2017). [IpumeHuTenpbHO K
JIPEBECHBIM PACTCHHSIM YPAaBHCHHUE UMEET BH/T

InP,=a->blni, (2)

rae P, — ¢uromacca j-it ppakuun (CTBOJI, KOPHH,
BETBU, JIMCTBA UJIU XBO# ), KT; i — paHr (ppakuuu, T. €.
ee MOPSAAKOBBI HOMEP B YOBIBAIOIIEM PsILy: CTBOJ,
KOPHH, BETBH, JIMCTBA WIN XBOS; b — KO PHUIneHT
KOHKYPEHIIUH 32 pecypc.

YcraHoBIeHO, 4TO KO3(P(PUIIMEHT KOHKYpPEHIU
3a pecypc (110 MOJYIIO) C BO3PACTOM yBEINYHBACT-
cs1 (CyxoBonbckui, MBanosa, 2015; CyxoBonbCKui
u 1p., 2022). TTokazaHO Kak €ro yBeJIUYeHHe C BO3-
pacTtoM jepeBa Ul COCHbI, Oepesbl (Betula L.) n
ocunbl (Populus tremula L.), Tak 1 CHY>KEHUE IS
emn (Picea A. Dietr.) (ConoBbeB u np., 2012). Pe-
TPECCUOHHBIN aHaM3 KodpuimeHTa b ¢ BO3pacTom
y 6 JpeBecHBIX BUIOB MOKa3aj OTCYTCTBUE CBSI3U
win cinabyro cBsisb (R = 0.1-0.4) (Komapos u 1p.,
2017; Komarov et al., 2017). Bunumo, criemyer co-
rmmacutbes ¢ MEeHueM O. I Ueprora ¢ coant. (2007):
«IIpaBuno mepepacnpenesieH!si MOTHOTO MPUPOCTa
OroMacchl JiepeBa B MMPUPOCTHI PA3INYHBIX OPraHOB
3aBHUCHUT OT BO3PACTHOTO CTaTyca Jiepena. ...3amada
nepepacnpeielieHus] IpUpocTa SIBISETCS XOPOIIIO
U3BECTHOM B MOJETMPOBAHUM JIECHBIX COOOILECTB,
OJTHAKO OHA OKOHYATEIILHO He pernieHay (c. 156).

Bo Bcex ymoMSHYTBIX Cilydasix HanOOJbIIas
nonsi pUTOMACChl TPUXOIUTCS HAa CTBOJI, a HaW-
MEHbIIIasi — Ha aCCUMUJISIIITUOHHBIN anmapatr. OHa-
KO Y CESHIIEB MOPSA0K OOpaTHBIN, a IMEHHO, Hau-

CUBUPCKU JIECHOU XXYPHAJL Ne 4. 2023



Panzosoe pacnpedenenue ppaxyuii pumomaccyl depesbes 6 HOBOM 0CEeueHUl

Oosbiast 707151 GUTOMACChl MPUXOAUTCS HA XBOIO H
HauMeHbIasg — Ha crBon (Ppeitbepr u np., 1998;
SxumoB u np., 2004; Hanwios u ap., 2009; Bo-
poObeB, Xamuros, 2015; Octpomenko u ap, 2015;
Mawmaes, KemkoBa, 2019; MyxopToB, AHTpPOIIOBA,
2019; OnuneraeB u ap., 2021). D10 03HayaeT, 4YTo
Ha KAaKOM-TO BO3PAaCTHOM 3Talle MPOUCXOJUT CMe-
Ha TOpsAJKa paHKUPOBaHUA (pakuuil puromaccsl.
A. C. KomapoB c coast. (2017; Komarov et al.,
2017) monararot, 4YTO yCTAaHOBJIEHHUE BO3pacTa, Mpu
KOTOPOM IIPOUCXOIUT CMEHA Ha3BaHHBIX PAHKHUPO-
BaHUH, SIBIETCA INPHOPUTETHBIM HAIPABICHUEM
JaJbHEHIINX UCCIIeIOBAaHUN B IJIAHE PA3BUTHS Te-
OpHUU paclpe/IesIeHUs] aCCUMUIISITOB B PACTEHUSX.
Llenp HACTOSIIIETO MCCIIEIOBAHUS — BBHITIOTHUTH
aHaJIM3 PaHTOBOTO pacmpeneneHus Gppakuuii Gpuro-
Macchbl y OCHOBHBIX JPEBECHBIX BHIIOB EBpazum u
YCTaHOBHUTh, MEHSETCS JIM 3HAK KO3 PHUIIMEHTa KOH-
KypEHIIMM C BO3pacTOM B MOJEIM PAHIOBOIO pac-
npezeseHusl MacC, U €CJIM Ha3BaHHbBIN 3HAK MEHSET-
Csl, TO B KAKOM BO3PacCTe JCPEBHEB 3TO MPOUCXO/IUT.

MATEPHUAJIBI U METO/JbI
HCCIEJOBAHUA

OcHOBY /17151 pellieHHs TOCTaBIEHHOH 3a/1a4U CO-
CTaBWJIa aBTOpCKas 0aza JaHHBIX O (huTOMacce Je-
peBbeB JiecooOpasyromux BuaoB EBpazun (Usoltsev,
2020), a Taxxke OBUIH MTPHUBIICUYCHBI JAaHHBIE O PUTO-
Macce CesiHIIEB, OIMyOIMKOBaHHbIE B Tieyatu (Dpeit-
Oepr u ap., 1998; Axumos u np., 2004; Janwios
u qp., 2009; BopobOnes, Xamurton, 2015; Octpo-
meHko u jap, 2015; Mamaes, XKemxkosa, 2019; My-
xopToB, AHTpomoBa, 2019; Omeraes u np., 2021).
Hackosibko HaM M3BECTHO, JAHHBIX 10 (PPAKIUOH-
HOMY COCTaBy (DUTOMACCBI CESHIICB JIMCTBEHHBIX
BUJIOB B JINTEPAType MPAKTUUECKU HET, U MBI OTpa-
HUYHMBAEMCS 37€Ch IECTHIO XBOMHBIMU POJIAMH KaK
COBOKYITHOCTSIMH BHKApHUPYIOIIUX BUJIOB. Xapak-
TEPUCTUKA COBOKYITHBIX UCXO/IHBIX JAHHBIX B KOJIH-
gecTBe 4515 MOIETBHBIX IEpPEeBbEB 1aHa B TaOM. 1.

He BnaBasich B KOHIIENITYyaJbHYIO TOAOIUIEKY
Mojienu (2), AeTanbHO U3JIOKEHHYIO TPEIBITYIIH-

Tabmmua 1. XapakTepucTUKa UCXOIHBIX JaHHBIX 0 4515 MOIEIbHBIX AEPEBbIX

’E s k= E = duromacca, Kr
m o o T "
£ s 28 £ | ¢
& & Buet 2 gl 2 g JIucteb . .
3 2 = E| & S (xBoH) BeTBell | cTBONMA | KOpHEH
] gl 9
= E E| & &
JIByXBOMHBIE COCHBI
1 |C. obpikHOBEHHas, ¢. Maccona (P. massoniana
Lamb.), c. rycrousersosas (P densiffora Sie-| 2180 | 1-430 [0.05-37 | 00921~ 0907 1= | 0-00806- 1 0080 13-
bold et Zucc.), c. Tynbepra (P. thunbergii Parl.)
Enb
2 |E. obwixknoBennas (P. abies (L.) H. Karst.),
e. cubupckas (P. obovata Ledeb.), e. lllpenka 890 [3-250 |0 04-44 0.0002- | 0.001- | 0.00016- | 0.00019-
(P. schrenkiana Fisch. & C. A. Mey.), e. asH- ' 222 360 454 350
ckas (P, jezoensis (Siebold & Zucc.) Carricre)
[MTuxra (Abies Mill.)
3 |II. cubupckast (4. sibirica Ledeb.), n. Oemas
(4. alba Mill.), . 6en01<9paa (A. nephrolepis 0.0004- 10.00001-1 0.0002- | 0.0006-
(Trautv. ex Maxim.) Maxim.), 1. caxanuuckas | 540 |4-227(0.15-33 117 465 2133 315
(A. sachalinensis (F. Schmidt) Mast.), n. Buua
(A. veitchii Lindl.)
JluctBennuna (Larix Mill.)
4 |JI. cubupckas (L. sibirica Ledeb.), 1. eBporieii-
ckas (L. decidua Mill.), n. Cykauesa (L. suka-
czewii Dylis), n. Kasanepa (L. cajanderi Mayr.), 535 |1-42010.04-34 0.00001- | 0.004- |0.000001-|0.000002-
n. I'menmuna (L.gmelinii (Rupr.)) Kuzen.), ' 76.6 448 3386 768
1. Kemndepa (L. kaempferi (Lamb.) Carriere),
1. omeruHcKas (L. olgensis A. Henry)
[IatuxBoitabie cocubl Haploxylon (Koehne) Pilg.
5 |Kenp cubupckuii (Pinus sibirica Du Tour.), 150 |4-20510.15-27 0.0012- | 0.0001- | 0.0007- | 0.0008-
K. Kopetickuii (P. koraiensis Siebold & Zucc.) ' 47.7 135 724 45
Kpunromepust (Cryptomeria D. Don)
6 g' I’;’éfl”)c"a” (C. japonica (Thunb. ex L. £)1 254 15 515 0.9-42 [0.04-87.7|0.03-174]0.11-2232 | 0.13-146

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

43



B. A. Vconvyes, U. C. [{enopoeti

100+
q
30
—
4
A )
10
°
3 T T 1
1 2 3 4
CrtBON Kopuu BerBu XBos

Puc. 1. Pacnpenenenue dpakiuii huromMaccsl aepesa aua-
MeTpoM 16 cm B 170-11eTHEM HACaK/IEHUH COCHBI OOBIKHO-
BEHHOM B yOBIBAIOILIEM Psily: CTBOJ, KOPHH, BETBU U XBOS
(MBanumkos, 1971).

INoka3zana pacuernast muHus perpeccuu (In P=4.2164-2.11811n;
R?>=0.984) Ha (oHe dKCIIePUMEHTATBHBIX TaHHbIX.

mu uccnenoparensimu (CyxoBonbckuid, 1996, 1997,
2004; CyxoBonbckuii, MBanora, 2015; Komapos
u 1p., 2017; Komarov et al., 2017; CyXoBoJbCKHiA
u 71p., 2022), mokakem pacrpesiesieHiue (PuTomMaccel
170-netHero nepesa ¢ quameTpoM cTBosia 16 cM B
yObIBaromiel Nmociea0BaTeIbHOCTH: CTBOJI, KOPHHU,
BETBH, XBOs (puc. 1).

B nmamHOM ciywae kodddummeHTt merepmuHa-
1 coctaBmi 98 %, xors marepuainbl 0as3bl JaH-
HbIX (Usoltsev, 2020) cBUAETENBCTBYIOT O HATUYUHT
TaK)K€ MEHBIIMX €ro 3HAueHUH, Korja, Halpumep,
XBOS M BETBHU B 45-JIETHEM COCHSKE y HEKOTOPBIX
JIEPEBbEB MEHSIOTCSI MECTAMH B PAaHKHUPOBAHHOM
psany (Kazumupos u ap., 1977).

AHanoruusele rpauku C COXpPaHEHUEM paH-
KUPOBaHUS, [MOKAa3aHHOTO Ha pHUC. |, BBIIOIHEHBI
JUTS pactpeneneHus: Gpaxkiuii GuToMacchl CesTHICB
keapa cubupckoro (Bopobber, Xamuron, 2015) u
muctBeHHUbl CykadeBa (OmertaeB u ap., 2021)
(puc. 2).

Koncrarupyem fBa OCHOBHBIX OTIIHYMS 3aKOHO-
MEpHOCTEH, TOKa3aHHbIX Ha puc. 1 u 2. Bo-nepBbIx,
B OTJIMYME OT YOBIBAIOLIEH MOCIEI0BATEIbHOCTH
¢pakuuii putomaccel cocHsl B Bo3pacte 170 et B
PAMY: CTBOJ, KOPHHU, BETBH, XBOS, Ta K€ MOCIEI0-
BaTENLHOCTH B BO3PACTE CESHIIEB SIBIISETCS BO3pac-
Tarolei. Bo-BTopeIX, Macca BETBEH, COOTBETCTBY-
IOLIasi HA PUCYHKaX paHry 3, Ha puc. 2 OTCyTCTBYET,
TaK KaK XBOsI IPUMBIKAET HEIOCPEACTBEHHO K CTBO-
JMKY CesHIIa.

Ecnu no puc. 1 BO3MOXKHO BOCCTAaHOBUTH (PUTO-
Maccy 11000 (pakuuu B ciydae ee OTCYTCTBHS B
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Puc. 2. Pactipenencuue paximii (PUTOMACCHI CESHIIEB KelI-
pa cubupckoro (a) (Bopodses, Xamutos, 2015) u ucTBeH-
Hutel Cykadesa (0) (OmnetaeB u nap., 2021) B Bo3pacraro-
IIEM PAHXUPOBAHHOM PSILy: CTBOJI, KOPHU U XBOSI.

I{udpamu nokasana BICOTAa PACTEHUS, CM.

UCXOJHBIX JIaHHBIX, TO PUC. 2 B OTHOLIEHUH MACChI
BETBEH MOXKET BBECTH B 3a0Iy)KII€HUE: MacCy BeT-
B€ 10 puc. 2 B IaHHOM CJly4yae BOCCTAHOBUTh He-
BO3MOYKHO IO MPUYUHE €€ OTCYTCTBHSI B peasbHO-
ctu. Ho cniyctst 3—4 rona, mo mepe pocTa pacTeHusl,
XBOSI HAUMHACTCSI KPEMUTHCS HE K CTBOJIMKY, a K Ha-
POXKIAIOIIUMCS BETBAM, U PAHKUPOBaHHUE (HpaKIuil
¢duTomaccsl npuodpeTaeT nHOM BUJ (puc. 3).
AHaJOrMYHOE «IIPOCEJAHHE» MacChl BETBEU
B PAmKMPOBAaHHOM ps/Iy TIOKa3aHO Ha TIpUMe-
pe S-neraux cesnue B. J[. Crakanosbim (1990).
JInb cryctst 10—15 ner macca BeTBeil BecTpanBaeT-
Csl B paHXXKMPOBAHHBIHN psifl, Kak MOKa3aHo Ha puc. 1.
Eciu cTBON M BETBM B apXUTEKTOHUKE JIepEeBa BbI-

-1.5 T T 1
1 2 3 4
CrBon Kopuu BerBu XBos

Puc. 3. Pacnpenenenue ¢pakuuii puromacchl 4-IeTHHUX
CeSHIIEB IIMXTHI LEJIBHOMMCTHOH (Abies holophylla Maxim.)
(Octporienko u ap., 2015) B Bo3pacTaromieM paHXKUpOBaH-
HOM psILy: CTBOJI, KOPHH, BETBH U XBOSI.
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Puc. 4. Pacnpenencrane ¢paxuuii puToMacchl COCHBI OOBIKHOBCHHOH IO PaHTaM.

a —y omHoneTHUX cesiHIeB (MyxoprtoB, AHTporosa, 2019; Mawmaes, XKemkosa, 2019),
6 — y nepeBbeB B Bozpacte 170 ner (MBanuukos, 1971). udpamu nmokazaHa BbicoTa

pacTeHui, M.

HOJHSAIOT OJHU U T€ Xe (PyHKIMH, a UMEHHO OCY-
IIECTBJICHNE KCHIIEMHOTO U (DJIOAMHOTO TpaHCIIOp-
Ta W TOAJEP)KaHUE ACCUMUJISIIMOHHOTO ammapara
JiepeBa B MPOCTPAHCTBE MOJIOTa, TO UMEET CMBICI
9TH (paKIUN PacCMaTPUBATh B TUIAHE PAHKHUPOBA-
HUSI COBOKYITHO. Torja MOKHO IIOKa3aTh CMEHY BO3-
pacraroIieii mocie0BaTeIbHOCTU: CTBOJI, KOPHU U
XBOSI B BO3pACTE CEsSHIIEB, yObIBaIOIIEH MOCIe]0Ba-
TEJIbHOCTBIO: CTBOJI IUIFOC BETBH, KOPHU M XBOS —
B criesioMm Bospacte (puc. 4, a, 0).

CkazaHHOE HAXOJUTCS HE TOJBKO B paMKax
APT-monenu, mnpeamonararomeid, 4ro Quromac-
ca pacrpenensercsd B MPUOPUTETHOM MOPSAIKE Ha
CTPOUTENILCTBO OPTAHOB PACTEHHS, OTBETCTBEHHBIX
3a morpebieHne Hanbosee OrpaHUISCHHOTO pecypca
(Poorter et al., 2012, 2015) u He TONBKO B paMKax
MO/JIeJIM CBOOOAHOM KOHKYPEHIIMU MPU pacrpeaene-
Hun pecypcoB (CyxoBonbCckud u jp., 2022), HO u
COOTBETCTBYET KOHIICTIIIUH UMHTALMOHHON MOJIEIH
pacnipeneneHust Gppakuuii (GUTOMACCHI y JI€PEBBEB.
[Ipu pazpaboTke MOAOOHONH MUMUTAIIMOHHON MOje-
mu S. K. [Tanymerc (1990) Beaenun Tpu 0iioka mo
MIPUOPUTETaM B TOJTYYECHHUH ACCUMHIISATOB: XBOS,
KOpHU U cTBOJ. COINIacHO ero KOHIeNIuH, GHUTOo-
Macca cTBoJa (M BETBEH) sIBIAETCS MEpOr N30BbITKA
ACCHMUJIATOB, KOTOPBIE OCTAIOTCS MOCIIE YIOBIIET-
BOpPEHUS IOTPEOHOCTEH XBOHU U KOPHEH.

Kak Obu10 ynomsiHyTO BbIIIE, KOI(GUIMEHT b
B MOJIENU 2 U3MEHsAETCs ¢ Bo3pacToM. Eciu B BO3-
pPacTHOM JMana3oHe SKCIUTyaTallMOHHBIX JIECOB
ko3 dunmeHT b M3MEHSET JUIIb CBOE 3HAYCHHE
(CyxoBonbckuii, MiBanoBa, 2015; CyxoBOJIbCKUH H
np., 2022), To B BO3paCTHOM JHaria3oHe OT CEesH-
LIEB JIO0 CHEJIbIX JIEPEBHEB OH MEHSET TaKkKe M 3HaK
(puc. 4). IloaToMy HPUMEHUTENHHO K COBOKYTI-

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

HOCTH JIEPEBbEB TOTO WJIM MHOTO BHJA MOJENb 2
JIOJDKHA OBITh JIOTOJIHEHA HE TOJIBKO HE3aBHCHU-
MOU TepeMeHHOU Bo3pacTa pacteHus (4, 1eT), HO
U KOMOWHHPOBAHHOW TEPEMEHHOH, YYHTHIBAIO-
el COBMECTHOE JIeiiCTBHE BO3pacra M paHra je-
peBa U mpeacTaBieHHOW mpousBeaeHueM (In A) x
(In 7). B 3D-unTepnperanuu mogo0Hast CTPYKTypa
MOZETH TIPECTABIseT B KOOpAMHATAX (HUTOMAC-
ca — BO3pacT — PaHr JepeBa MporeuiepooOpa3Hyo
MOBEPXHOCTh, TOJOOHYIO TEM, YTO paHee ObLIN
HaMHM TIOKa3aHbl ISl pacnpeneieHnid (huTomMacchl
JIEPEBBEB U JIPEBOCTOEB B KOOPAHMHATAaX (pUTOMAC-
ca — temneparypa — ocanku (Llemopne#t, Ycomnbiies,
2022).

W3 puc. 2 u 4 cnenyer, uto putomacca (paxiuii
CBs3aHa ¢ pasmepoM Jnepesa. IToatomy moznens 2
MPUMEHUTEIBHO K COBOKYITHOCTH JIE€PEBBEB TOTO
WJIM UHOTO BHU1a HE0OXOMMO KpOME BO3pacTa pac-
TEHUS JONOJHUTH €lle OJHON HEe3aBUCUMOMU mepe-
MEHHOI, a MMEHHO BBICOTOM pacTteHus. BricoTa
pacTeHus B JaHHOM CiTydae 0oJiee TpeAmouTHTEb-
Ha B KQUe€CTBE HE3aBUCHUMOU TIEPEMEHHON 10 CPaB-
HEHUIO C JMAMETPOM CTBOJIA, MOCKOJBKY IMOCIE/-
HUU 3aMepseTcs y CESHLEB Y OCHOBAHUS CTBOJIMKA,
a'y OCHOBHOM MaccChl IEPEBBLEB, MPEACTABICHHBIX B
0a3e TaHHBIX, — HAa BBICOTE TPY/IH.

[TockonbKy ofHa W3 LIeJeH UCCIIeJOBaHUS COC-
TOWUT B HAXOKIEHUH BO3PACTa, IPH KOTOPOM IPOUC-
XOJIUT CMEHA 3HAKOB Kod(duimerTa b B Moiemnu 2,
ObUTO OBl HEKOPPEKTHO MPU HAXOXKICHUH YIIOMSIHY-
TOW CMEHBI 3HaKa BKIIOYATh B MOZENb HEKOTOPOE
CpeHEee 3HAUEHUE BBICOTHI PACTEHUS, MOCKOIBKY
OHa, KaKk M (UTOMAaCCa, U3MEHSETCS C BO3PACTOM.
WmeroTcst 3aBUCHUMOCTH JIByX MCKOMBIX TIepeMeH-
HBIX OT OJTHOU U TOM K€ HE3aBUCUMOU NMePEeMEHHOM.
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Ux pasgenbHOe onucaHue MPUBOAUT K TOMY, YTO
MOJyYCHHBIC OIICHKH He OyayT cOallaHCHpOBaHHbI-
Mu. PerpeccnonHbie 3aBUCUMOCTH, 00bEANHEHHbIE
B OIHY JIOTUYECKH HEMPOTHBOPEUMBYIO KOHIICTI-
110, 00pa3yloT CHCTEMY CBS3aHHBIX YPaBHEHHI,
OCHOBHBIM JIOCTOMHCTBOM KOTOPOM SIBIISIETCS BHY-
TPEHHSIS COITIaCOBAaHHOCTH o1leHoK (Warren, 1971).
YacTHBIM CITydaeM CBSI3aHHBIX YPABHEHUU SIBIISCT-
Csl IX PEKypCHBHAs CUCTEMA, B KOTOPOM 3aBUCHMAs
NepeMeHHasl MepBOTO0 ypaBHEHUS SIBIIETCS OAHOMN
U3 HE3aBUCHMBIX IEPEMEHHBIX BTOPOTO YpaBHEHMS
(Dépcrep, Penm, 1983). IlpumeHeHHEe peKypCHB-
HOM CHCTEMBl YPAaBHEHHU II0KAa3aHO Ha IpPUMeEpe
COCTaBJIEHUS TAONULl OMOIIOTUYECKON MPOTYyKTHB-
HocTH JipeBoctoeB (Yconbues, 1988). B Hamewm
Clly4ae MepBO€ M3 YNOMSHYTBIX YpaBHEHUH Ipen-
CTaBJICHO 3aBHCHMOCTBIO BBICOTHI JIepEBa OT €ro
Bo3pacra (Yconbies, 1985):

InH=a+b,InAd-b,(In Ay, (3)

a B KaueCTBE BTOPOTO MOTUPHIIUPYEM 3aBHCUMOCTh
(2) x BUAY:
InP=a+b (ni)+b,(InH)+
+ b, (In 4) — b, (In4) x (In §). 4)

PE3VYJIBTATBI UCCJIIEJOBAHUA
N UX OBCYXIEHUE

[Tyrem perpecCMOHHOTO aHain3a MOJTYy4EHBI
4yucJeHHbIe 3HaueHuss moxened (3) u (4), moka-
3aHHBIE B Ta0J. 2 TOCJEe BBEIEHHUS TOIMPABOK Ha
norapupmuyeckoe mnpeodpaszoBanue (Baskerville,
1972).

Bce perpeccuonnbie kodhdummeHTs Moje-
neit 3 u 4 3Haunmbl Ha ypoBHe p < 0.999. Koapdu-
IIUCHTHI ICTEPMUHALUU MOJIeNel 3 U3MEHSIOTCS 1O
ponam B auanazone ot 0.65 no 0.95 u moneneit 4 —
ot 0.90 0 0.97.

Jl1s HamIAIHOCTH MOJYYEHHBIX 3aKOHOMEPHO-
CTel I3MEeHEeHUsI IToKa3arelneit puromacch oT 00bsic-
HSIOIINX €€ BapbHPOBAHUE NIEPEMEHHBIX, TPE/ICTa-
BUM Mojieniu 4 B rpadudeckoi 3D-unTEpripeTanum.
g storo monenu 3 mpoTaOynvpoBaHbI MO 3a/a-
BAacMbIM 3HAUCHHMSM BO3pacTa B AHWana3oHe ot |
o 250 meTt, a 3ateM mpoTaOyTMpOBaHBI Mojenu 4
Mo 3a7aBaeMbIM 3HadeHusM Bospacta (1-250),
panra ¢paxiuu (1-3) U pacueTHbIX 3HAYCHUH BBI-
COTBhI JiepeBa, IOJYYEHHBIX IOCPEIACTBOM Taldy-
nupoBanusi mojeneil 3. I[lo 3HaueHHsIM HUTOTOBOM
JIBYXBXOJIOBOW TaOIHIIBI TSI KQXKIOTO PEBECHOTO
poja (moapo/ia) MOCTPOEHBI MPOTEIIEPOOOpa3HbIe
3D-noBepXHOCTH, HAIJIIHO MPENCTABISIONINE 3a-
BUCHMOCTH (PUTOMACCHI IepeBa OT €€ paHra B psIy
pacmpeienieHus 1 OT Bo3pacTa jepesa (puc. 5).

[TomydeHnHble 3aKOHOMEPHOCTH M MX rpaduue-
CKasi MHTEpIpeTalys Ha pHuc. 5 MoKa3ajiu, 4To Ha
CTaTUCTUYECKU 3HAYUMOM ypoBHE (p < 0.999) mo-
JIOXKHUTETBHAS CBSA3b (PUTOMACCHI JIEPEBHEB C PAHTOM
duTOoMacc B MOCIEIOBATEILHOCTH: CTBOJN (TUTIOC
BETBU), KOPHU U XBOs, HaOMI0aeMas B BO3pacTe ce-
SIHIIEB, K BO3PACTy CIEJIOCTH MEHSET 3HaK, U CTAaHO-
BUTCSI OYEBHIHON OTpHUIIATeNbHAsI CBsA3b (puTOMace
C UX PaHTOM B TOH K€ MOCJIEOBATEIBHOCTH. Tem
caMbIM Oblja pelieHa nepsas u3 MOCTaBICHHBIX 3a-
J1a4 UCCIIEI0OBAHMUS

[l BBITONIHEHMST BTOPOM 3aJadd HCCIENOBa-
HUSl U3 JIByXBXOJIOBOW TaOJMIIBI, IMOJyYEHHOW Ta-

Taoaumna 2. Perpeccronnble KOAQQHUIIMEHTHI U MTOKA3aTeNN aJIEKBATHOCTH 10 POJiaM

Koopuumeno: JByXBoOliHBIE IIsaTuxBoiinble
U TIOKa3aTenu Enp [IuxTa JIucTBeHHHIIAa Kpunromepus
AIeKBATHOCTH COCHBI COCHBI
Mopnens 3
a -3.0046 —6.8611 —6.2890 —2.1334 -5.7100 —0.1189
b, 2.3749 4.0010 3.9572 2.1016 3.2788 0.9238
b, —0.2267 —0.3939 -0.4769 —0.2280 —-0.3036 —0.0442
R 0.820 0.649 0.849 0.878 0.953 0.657
SE 0.41 0.56 0.48 0.55 0.37 0.42
Mogens 4
a -3.2256 -3.8637 -3.2520 —4.4464 -3.4195 —2.6745
b, 1.0727 1.9086 1.5395 0.4709 1.7059 0.7458
b, 2.3324 2.0374 2.3347 2.5272 2.1958 2.0738
b, 0.3391 0.7128 0.3989 0.5671 0.5128 0.4788
b, —0.9598 —-0.9607 —0.8533 —0.8334 -0.9163 —0.7273
R 0.900 0.916 0.958 0.965 0.970 0.914
SE 0.84 0.67 0.63 0.83 0.67 0.58
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Puc. 5. Jluarpammel, I0Ka3bIBAIOLINE CMEHY ITOJIOKUTEIBHON CBSI3H (PUTOMACCHI
C €€ PaHIOM y OHOJIETHHX CESIHILIEB OTPHLIATEIBHON CBA3BIO B BO3PACTE JIEPEBHEB

250 ner.
1— 6 — ponst (cMm. Tabm. 1).

OyIMpOBaHHEM PEKYPCHUBHOM CHUCTEMBI MOJETEH
3 u 4, ObUIM B3ATHI 3HAUCHHs (PUTOMACCHI B Y3KOM
JIara3oHe BO3pacTa, B KOTOPOM IPOUCXOAUT CMe-
Ha 3HaKa pPerpecCHoHHOro KordduuueHta b, mo-
nend 4, v JUIsi Ha3BaHHOTO JMara3oHa MOCTPOEHBI
nporneiepoodpasHbie 3D-MOBEPXHOCTH, HAIVISIAHO
MOKAa3bIBAIOIINE, B KAKOM MMEHHO BO3pacTe pacre-
HUS TIPOUCXOJUT CMEHA 3HAKa PEerpeCcCHOHHOTO KO-
sbduuuenta b, monenu 4 (puc. 6).

W3 puc. 6 cnenyer, 4To cMeHa 3HaKa KodQuiu-
eHra b, Mozenu 4 IPOUCXOIUT y BCEX POJIOB B J0-
BOJILHO Y3KOM BO3PAcTHOM JMAIia30HE B HHTEpPBAJe
oT 2 10 7 ner.

3AK/IIOYEHHUE

Taxkum 06pazom, Ha OCHOBE OITyOJIMKOBaHHBIX
JTaHHBIX O (huTOMacce AEpPeBHEB XBOMHBIX JIECO-
oOpasyromux poxoB EBpasum mnznokeHa HoBas

CUBUPCKUU JIECHOU XYPHAJL Ne 4. 2023

KOHIICTIIINS paHXKUpOBaHUA (pakuuii GuTOMacCChl
Ha ocHOBe MoaupuimpoBanHoi Moxenu umnda —
[Tapero.

Ha craructudeckn 3HaumMoM ypoBHE (p <
< 0.999) ycraHOBIIEHO, YTO MOJOKUTEIbHAS CBA3b
¢duTOMacchl JepeBbEB C paHroMm ¢uTOoMacc B IO-
CJIEZIOBATEILHOCTH: CTBOJ (ILUTIOC BETBHU), KOPHH H
XBOSsI, — HaOJIFo1aemMast B BO3pacTe CestHIIEB, K BO3pa-
CTY CIIEJIOCTU MEHSET 3HAK, 1 CTAHOBUTCS OYEBU/I-
HOU OTpHILATEIbHASI CBSI3b (PUTOMACC C UX PAHTOM
B TOH K€ MOCIIEIOBATEILHOCTH.

YroMmsiHyTas cMeHa 3Haka K03 QHIreHTa KoH-
KypEHIIMU 33 pecypc MPOUCXOIUT Y BCEX POJIOB B
JIOBOJIbHO y3KOM BO3PACTHOM JHUAra3oHE B UHTEP-
BaJie OT 2 10 7 JIET.

Bmecre ¢ Tem criemyeTr OTMETUTh HeEIOCTa-
TOK HUCHOJB3YyEeMbIX HCXOIHBIX JaHHBIX. CesHIIbI
MIpe/ICTABIIEHbl Y BCEX POJOB B Bo3pacTe 1-2 rona
(y xempa cMOMPCKOTO M MUXThI LEIbHOJIUCTHOU —
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In P, k1

In P, xr

In P, kr

Puc. 6. /luarpammsl, Moka3bIBalONIe B KAKOM BO3pAcTe JepeBa MPOUCXOTUT
CMEHa 3HaKa PerpeccHoHHOro ko3 dunnenrta b, monenu 4.

a — MHASA, apaiensHas ocH (In i), moka3sIBaeT, B KAaKOM BO3pacTe (MyHKTHPHAS CTPEITKa)
3HA4YEHHs BceX (paxumii GUToMacchl paBHbI MKy COOOH.

4 roya), ¥ MEXy STHMH JJaHHBIMU M MaTepHaaMu
ucxogHoi 6a3el (Usoltsev, 2020) umeercs npumep-
HO 10-20-neTHui* IpoOen, BEI3BAHHBIA OTCYTCTBHU-
eM (akTHueckux aaHHbIX. [lo Mepe 3amonHeHHs
Ha3BaHHOIO IMpobena (HaKTUUECKUMHU JIAaHHBIMU
BO3pacT CMEHBbI 3HaKa KOd(hQHIHEHTa KOHKYpPEH-
UM 32 pecypc B pa3pabOTaHHON MOJEINH, a TaKKe
k023 puIHMeHT, 0COOEHHO ISl CEeSHIEB, IOKHBI
KOPPEKTUPOBATHCS.

Paboma evinonnena 6 pamxax eocyoapcmeen-
Hoeo 3a0anusi bBomanuueckozo caoa YpO PAH.
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RANK DISTRIBUTION OF A TREE PHYTOMASS FRACTIONS
IN NEW INTERPRETATION

V. A. Usoltsev"?2, 1. S. Tsepordey'
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Due to the observed climatic shifts, the problem of an adequate assessment of the carbon depositing capacity of
forests and its possible climate-related changes is being actualized. To achieve optimal plant productivity, a certain
proportionality between its constituent organs must be ensured, which depends, among other things, on the relative
amount of biomass in these organs. In contrast to the theories of metabolic scaling and adaptive mass distribution, the
study performed is associated with a concept based on non-Gaussian distributions. Using published data on biomass
of 4515 trees of forest-forming coniferous genera of Eurasia, a new concept of ranking biomass fractions based on
a modified Zipf-Pareto model is presented. Since the stem and branches of the tree perform the same function in its
architectonics, namely, the implementation of xylem and phloem transport and the maintenance of the assimilation
apparatus of the tree in the canopy space, we combine these two components into one common block when ranking
biomasses. Since the 1-year-old seedling has no branches, and the needles are attached directly to its stem (the axis of
the initial sprout), combining the biomasses of the stem and branches into a single block allowed us to consider the
dynamics of the distribution of biomasses in the plant in the total age range, from seedlings to mature trees. Having
accepted the ranking of biomasses in the sequence: stem plus branches, roots and needles, we established a positive
relationship of the biomass with its rank at the initial stage of plant growth. As the plant grows, the named positive
relationship changes its sign and becomes negative one. The presented regularity is confirmed statistically at the level
of p <0.999. The change of the sign of the coefficient of competition for a resource occurs in all the genera in a fairly
narrow age range between 2 and 7 years.

Keywords: Pinus L., P. sibirica Du Tour, P. koraiensis Siebold & Zucc., Abies Mill., Picea A. Dietr., Larix Mill.,
Cryptomeria D. Don., theories of assimilate distribution in a tree, the Zipf-Pareto model, the coefficient of competition
for a resource, the age change of the sign of the coefficient of competition for a resource.

How to cite: Usoltsev V. A., Tsepordey 1. S. Rank distribution of a tree phytomass fractions in new interpretation //
Sibirskij Lesnoj Zurnal (Sib. J. For. Sci.). 2023. N. 4. P. 41-51 (in Russian with English abstract and references).
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HNPOAYKTUBHOCTDb U KAYUECTBO CEMSAH KEAPA CUBUPCKOTI'O
HA JIECOCEMEHHBIX OFBEKTAX B PECIIYBJIUKE AJITAU

JI. . boponunuena', B. B. Tapakanos"?, T. B. lonuapoBa*?

' 3anaono-Cubupcroe omoenenue Unemumyma neca um. B. H. Cykauesa CO PAH —
Gunuan @UL] KHI] CO PAH
630082, Hosocubupck, yn. Kykoeckozo, 100/1

2 Hogocubupckuii 20Cy0apcmeentvill acpaphbiil YHUSepcumen
630039, Hosocubupck, ya. [{Jobponiodosa, 160

3 Lenmp 3awumet neca Hosocubupckou oonacmu — punuan Poccuiickoeo yenmpa sauumoi jieca
630015, Hosocubupck, yn. [ocons, 221

E-mail: altay-lss@yandex.ru, tarhO12@mail.ru, tato4ka0909@mail.ru
Hocmynuna 6 pedaxyuio 05.04.2023 2.

HpI/IBeJIeHBI PE3YNbTATBI UCCIICAOBAHUA CEMEHHOM MMPOAYKTUBHOCTH M IMOCEBHBIX KA4YE€CTB CEMsH Ha JICCOCEMCH-
HBIX 00BeKTax Kenpa cuoupckoro (Pinus sibirica Du Tour) B [IbDKHHCKOM y4acTKOBOM JiecHHUYECTBE TypodakcKoro
necHuuecTBa PecriyOnmku Anrail. OObeKTaMu MCCIeOBaHUN OBUIM JIECOCEMEHHBIC IIIAHTAIlUHU TIEPBOTO TOPSIIKa
(JICII) m mocTosTHHBIE JIECOCEMEHHBIC YYaCTKH YIIYYIIICHHOTO MTPOUCXOKIEHsI, co3nanHbie B 19801988 rT. caxeH-
[IaM{ TUTIOCOBBIX JiepeBbeB Ha Tuiomann 22.8 ra. CemeHHasi MPOAYKTUBHOCTh M KAau€CTBa CEMSIH OIICHHBAINCH B
CPEJHHI TI0 YPOXKaWHOCTH Tojl OOIICTIPUHITEIME MeToiaMu. CpeiHsist yposkalHOCTh ceMsTH cocTaBmia 31 Kr/ra, nmpu
BapbUPOBAHUU 110 00BEKTaM OT 8 70 73Kr/ra, pa3meps! muiiek — 7.0 X 5.4 cm, npu BapbupoBanuu ot 4.5 x 4.0 no
9.0 x 6.0 cM. YcTaHOBIIEHO, YTO OCHOBHOHM BKJIaJ B M3MEHYHBOCTHh YPOXKAMHOCTH BHOCHUT BO3PacT, KOTOPBINA COC-
TaBJIsL1 HA MOMEHT uccienoBannii 27-34 roxa. Beixon ceMsiH U3 IIMIIEK U KU3HECIIOCOOHOCTH CEMSIH HECKOIBKO
CHIDKEHBI B CPAaBHEHUH C €CTECTBECHHBIMY HacaxIeHus M. Hanbomnee BrICOKOH yporkaitHOCTBIO (73 Kr/Ta) U )KU3HEe-
CTIIOCOOHOCTHIO ceMsH (87 %) oTamyacTtest camasi OOIbIIas IT0 BO3PAcTy JIeCOCEMEHHAs TUTaHTarus 3akaanku 1980 .
Ha ocnoge atoro caenan nporuo3 o noctmwxennn JICI ceMeHHOM MPOIyKTUBHOCTH, CBOMCTBEHHOM CIIEIIBIM KEIPOB-
Hukam Auras (150 kr/ra), k 50 rogam. HanMeHee M3MEHUMBBIMU MTPU3HAKAMH SIBIISTFOTCS] pa3MephI IIUIICK U CEMSIH
1 MHACKCH uX (opMbl (KodddurmenTs! Bapuammn okoiao 9—10 %). I[IpoMexyTOYHBIMU B JOBOJIBHO HECTAOMIBHO
BOCTIPOM3BOSIIITAMUCS HA PA3IHYHBIX 00BEKTaX SBISIOTCS KOI()(UIIMEHTHI BapHAIlMH XKH3HECIIOCOOHOCTH CeMSH
(5-58 %). OgueBnaHO, 3TO OOYCIOBICHO PA3THUYMSIMHU B d(PPEKTUBHOCTH OIBIJICHHUS BCICACTBHE PA3HOTO BO3pACTa
npesoctoeB. Hanbompmiet m3mernunBocThio (0T 30 10 200 % n Gojee) OTIINYAIOTCs BECOBBIC U CIETHBIC TTOKA3aTEIH.

KuaroueBblie cnoBa: Pinus sibirica Du Tour, necocemennvie nianmayuu nep8oco nopaokda, NOCMOosHHble 1eCOCEeMeH-
Hble YUACIKU YIVUUEHHO20 NPOUCXOHCOCHIUSL, YPOICAUHOCHIb, HCUSHECTIOCOOHOCTND CEMSH.

DOI: 10.15372/SJFS20230405

BBEJEHUE ckuii (Upomaukos, 1982; lNopomkesuy, 2000; Ky3-
Herona, 2007; Matseesa u ap., 2017).

B Poccuu ¢ cepenunbr 70-x rogos XX B. 10 3ampomreamniee Bpems B PecryOmnuke Antaii oTo-

HACTOSIIee BPEeMs OCYIIECTBISIETCS] CO3/IaHHE 00b-
€KTOB MTOCTOSTHHOM JIecOCeMeHHO! 0a3bl Ha TEeHETH-
KO-CEJIEKIIMIOHHOM OCHOBE C LIEJIbI0 IIPOU3BOJICTBA
CEJIEKIIMOHHO YJIYUYIIEHHbIX CEMSH JIecooOpasyro-
omx nopox. BaxneimuMm necooOpasoBareneM B
Cubupu, B 94acTHOCTH Ha AJTae, BOBJICYCHHBIM B
POrpaMMBbl TIO CEJNEKINH, SBISETCS Keap cUuoup-

Opano 456 IIOC-1epEBHEB ATOW IIEHHOW TOPOIBI.
[InrocoBble AepeBbst OTOMPAIH 11O TPEM MPHU3HAKAM
(manmpaBnenusiM): 1) ceMeHHas MPOIYKTUBHOCTD,
2) CKOpPOCTh POCTa, 3) CMOJIIONPOAYKTUBHOCTH. Be-
TeTaTUBHBIM MTOTOMCTBOM IUTIOC-TIEPEBHEB CO3MAHO
6onee 50 ra necocemennbix riantanuii (JICIT) u
apXUBOB KJIOHOB, a TaKkke 6.2 ra MOCTOSIHHBIX Jie-
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cocemeHHbIX yyacTkoB (IIJICY) Ha ymyuiieHHo#
renerndyeckoil ocHoBe (Kampuenko u ap., 2011;
Unbnues, 2012; Unbuues, Tapakanos, 2013; Mibu-
yeB, Tromenues, 2014; Unbuues, lllysaes, 2016;
Kanpuenxo, Kapacesa, 2020). B cBsi3u ¢ HeoOxoau-
MOCTbBIO JIECOBOCCTAHOBJIEHUS, a TaKXKe 3alpPETOM
Ha pyOKy M TOJCOYKY KEIPOBBIX HACAKICHUN Ha
COBPEMEHHOM 3Tarie, 0COOCHHO aKTyaJieH BOIIPOC O
CEMEHHOU MPOIYKTUBHOCTH CO3/IaHHBIX OOBEKTOB.
910 otHOcuTCs U K JICII, Ha KOTOPBIX CKOHIIEHTPH-
POBaHbI MMOTOMCTBA ILIIOC-IAEPEBbEB, OTOOPAHHBIX
Ha Jpyrue IeJieBble NPU3HAKU (MHTEHCHBHOCTD
pocTa U CMOJIONPOYKTUBHOCTB). Borpoc o cemeHn-
HOW MPOAYKTUBHOCTH MPOU3BOICTBEHHBIX JiecOCe-
MEHHBIX 00BEKTOB KeJpa Ha AJITae MPaKTUUECKH He
OCBEIIEH B JIUTEPATYPE.

Ileas wmccnemoBaHuWii 3aKirodajgach B OILICHKE
CEMEHHOU MPOAYKTUBHOCTH M KaueCTBa CEMSH Ha
kioHoBBIX JICII nepsoro nopsinka u IJICY kenpa
CcUOMpPCKOTO, CO3MaHHBIX B PecryOnuke AnTaii.

MATEPHAJIBI U METOJbI

JlecocemeHHBIE 0OBEKTHI KeJlpa CHOMPCKOTO CO-
CpefoTOueHb! Ha KpymnHeimeMm B CuOHpH JIeCHOM
CEJICKIIMOHHOM MHUTOMHHKE 07u3 c. Ycrb-Ilbika B
Typouakckom paiione PecryOnmuku Anaii. Oxpy-
JKarolnue HacaxJeHus Keapa pactyT no Il kmaccy
O6oHHTETA.

[ToneBbie ncciaenoBaHus MPOBEICHBI B aBIyCTe
2011 r. OObexTamMu U3ydeHus: ObUIN KIOHOBBIE Jie-
COCEMEHHbIE TUIAHTALMU TEPBOT0 MOPSAKA U I0-
CTOSIHHBIE JIECOCEMEHHBIE YYAaCTKH YIy4IIEHHO-
ro TPOUCXOXKJEHHUsA, co3naHHbie B 1980-1988 rr.
CaXKCHLAMHU IUIIOCOBBIX JIEPEBbEB Ha IUIOMIAIH
22.8 ra: JICII-1980 (5.0 ra); JICII-1981 (2.5 ra);
JICII-1984 (7 ra); JICII-1986 (9.93 ra); JICII-
1988 (3.2 ra); IIVICY-1984 (0.7 ra) u IIJICY-1987
(0.8 ra). IINICY mnpexacraBisitor co0oii ObIBLINE
JICII, nnst KOTOPBIX yTEPSIHBI CXEMBbl pa3MeIeHHst/
CMEIIICHHS KIIOHOB, B CBSI3H C UY€M UX TICPEBEIH B Ka-
teropuro [TJICY. JlepeBbs npu mocaake pa3meniaim
o cxeme 6 x 8 M (208 mit./ra). IlpuBrBKa, BeIpaiiu-
BaHUE M IOCAJKa MPHUBUTHIX CAXKEHIIEB OCYIIECT-
BJISUTACH OOMICTIPUHATHIMU CTIOCO0aMHU U TIOAPOOHO
onucansl B ureparype (Mnpuues, 2012).

VY4yer 0kumpaeMoro yposkass Ha JI€COCEMEHHbIX
0o0beKTax Keapa CMOMPCKOTo MPOBOAUIM 10 METO-
nuke T. I1. HexpacoBoit (1961) Ha cTangapTHBIX
npoOHbIX mromanax mo 0.25 ra. [pusnaku cemen-
HOW MPOAYKTUBHOCTH M KAa4eCTBO CEMSH C JIeCOo-
CEMEHHBIX OOBEKTOB HCCIIEJOBAIM B aBIyCTE IO
CMEINIaHHBIM 00pa3aM u3 10 3penbixX muImIeK ciry-
YaifHO! BBIOOPKH.

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

B maGopaTropHBIX YCIOBHAX OOMIETPUHSATHIMH
METOAAMHU ISl KaXKI0M IIMIITKK OIICHUBAJIU €€ pa3-
MepbI U pa3Mepbl ceMsH (ATUHY, IUPHUHY); UX KO-
JMYECTBO M MACCY; YUCIIO MOTHO3EPHBIX H MTyCTHIX,
a TakXKe )KU3HECIIOCOOHBIX M HEKU3HECTIOCOOHBIX.
N3mepenust ceMsH TpOBOAMIIM U3 pacuera 25 IIT.
cemsiH Ha 1 mmmky. XKuznecnocoGHOCTH ompese-
nsm o 'OCT 13056.7-93 (1995) ¢ npuMenenuem
uHaurokapmuaa 0.05%-i KOHLEHTpaLUU Ha CBETY
IIpY KOMHATHOW TeMmrieparype B TedeHue 2 4. [lo-
ceBHble kKaduecTBa onpenesin no 'OCT 14161-86
(1986). MaremaTtnueckyo 00pabOTKy MaTepuana
MPOBOJIMJIM C UCTIOJIb30BAaHUEM CTAaH/IAPTHBIX METO-
JIOB MaTEMaTUYECKON CTAaTUCTHKH.

PE3VYJIBTATBI U UX OBCYXJIEHUE

B 2011 1. Ha necoceMeHHBIX O0OBEKTaX Kelpa
cubupckoro crapmie 20 neT HaOMOAaICs CPEeTHUN
ypokail mumeK. buomornaeckuii BO3pacT NpHUBH-
THIX JICPEBBEB HAa MOMEHT HCCIIEJIOBAaHUH COCTa-
Buil o 27 no 34 ner. CpenHsisi NMOBPEXIEHHOCTD
HIMILIEK, MPEUMYIIECTBEHHO IIMIIKOBON OTrHEBKOM
(Dioryctria abietella (Denis & Schiffermiiller)),
nocturana 10 %. Otnuuue B ypoxkainoctu [JICY
u JICII cooTBeTCTBYIOIIMX BO3pAacTOB ObUIO He-
3HAYUTEIbHBIM. B cpeqHem Ha mpoOHOM 1uIoImagu
HACUUTHIBANIOCH 20 MIOAOHOCSIINX JI€PEBBEB, WU
71 % ot obmrero yucna (tadi. 1).

CpenHee 4YHCIIO WIMIIEK COCTAaBUJIO OKOJIO
21 wr./nep., wnu 1770 mr./ra, ypoxalHOCTh ce-
MsiH — 31 Kr/ra, Ioka ycTynaeT ypoxXaHOCTH CIie-
JBIX KEAPOBHUKOB AJITasi, KOTOpasi COCTABISET 00-
nee 150 xr/ra (Turos, 2020), HO yke conocTaBuUMa
CO CpelHEN YpOKallHOCThIO KEAPOBHUKOB bypsTuu,
KoTopasi cocTamisger okojo 32 kr/ra (Tpagummon-
HOE TIPUPOIONIoIb30Banue. .., 2007). Beixoa cemsH
TaK)Ke CHM)KEH B CPAaBHEHHH C €CTECTBEHHBIMU KeJI-
poBHuKaMu — 25 % nipotus 47 % ([Januenko u ap.,
2016). XKuznecrnocoOHOCTh CEMSH BapbUPYET IO
JICII B nmpenenax 51-87 % (ot 3-ro no 1-ro kmac-
ca kauyectBa coracHo 'OCT 13056.7-93 (1995),
cocraBisigi B cpeaHem okoio 70 %). OueBuaHo,
CHIDKEHHBIE TIOKA3aTeIl ypOKalHOCTH U KayecTBa
ceMsiH OOYCIIOBIIEHBI OTHOCHUTEIHHO HEOOIBIINM
BO3pAacTOM JIePEBHEB, MOBPEKICHUEM YaCTH IIH-
[IEK SHTOMOBPEIUTENSIMU U HETOCTATOUHBIM OIIbI-
nenueM. bonee Hu3Kas )KU3HECTIOCOOHOCTH CEMSIH
xapaktepna ans [IJICY. [Ipu stom macca 1000 .
MIOJTHO3EPHBIX CEMSH Ha BCEX O00BEKTax JOBOJILHO
BbICOKa — 254 T (Tadim. 1-3).

Henp3ss He OTMETUTH CYLIECTBEHHYIO CBS3b
MHOTUX IOKa3aresied — yucia IIoJOHOCAIUX Jie-
pPEBBEB, MAaCCHl CEMSH W IMUIICK HA JIepeBe W Ha
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Taoaumna 1. OOmiast xapakTepUCTHKA yporKasi Ha JJECOCEMEHHBIX 00beKTax Kenpa cuoupckoro PecryOnmmkn Anrai

JICTI- | JICII-
IMokasarens Illgé_(l)- J-llg;- Illgg‘- Illg;_é- 1988 | 1988 Hggz- Hg(ég- JIuMATHI
(1.0ra)|(2.2ra)

KonuuecTBo miiogoHoCAImux
JICPEBBEB, IIT./Ta 120 128 88 56 56 36 92 52 36128
Jlomst TUTOMOHOCSIIIUX IEPEBBEB, Yo 95 84 70 100 82 43 40 57 40-100
Cpeanee ymcio muniex Ha 1 mio-
JIOHOCSIIIIEM JIepeBe, IIT. 30 28 20 22 17 15 18 16 15-30
KonuyecTBo muimex:

LIT./Ta 3600 | 3584 | 1760 | 1232 952 540 1656 832 540-3600

IIT./KT CBIPbS 11 13 12 13 13 15 18 15 11-18
Macca mmiiek, Kr/ra:

BCEX 327 276 147 95 73 36 92 55 36-327

30POBBIX 294 248 132 86 66 32 83 50 32-294
YporkalfHOCTB CeMsH, KI/Ta 74 62 33 21 16 8 21 12 874
Macca 1000 cemsiH, r 292 248 278 264 284 243 214 209 209-292
BrIXox MoTHO3EpHBIX CEMSTH
W3 ek, % 27 23 25 24 31 20 15 15 15-31
OOmmnit ypoxaii cemsiH Ha oOciie-
JIOBaHHBIX 00BEKTAX, KI 368 155 23 213 16 18 15 10 818*

* Cymma.

Taoauna 2. MI3MeHUUBOCTD MPU3HAKOB IIUIIEK U CEMSIH Ha JIECOCEMEHHBIX TUIAHTAIMSIX Keapa cuoupckoro (X =+ m)

JICII-1988 Cpennee
IpusHak JICII-1980 [ JICII-1981 | JICII-1984 | JICII-1986
1.0ra 2.2ra X+m CV, %

Pasmep mmmex, cm:

qumna (JI11) 77+0.1|70+02 | 76=+01|72+£02 | 77+£02 | 63+04 |72+0.1 | 122

mpuna (II11T) 56+0.1 | 53+02 | 56+0.1 | 59+0.1 | 56+0.1 | 51+0.1 | 5.5+0.1 7.0
LI/ 0.7+£0.0 | 0.8+£0.0 | 0.7+0.0 | 0.8+0.0 | 0.7+0.0 | 0.8+0.0 | 0.8 +0.0 9.9
Pasmep cemsn, cMm:

mna (J1C) 1.2+00 | 1.1+£0.0 | 1.3+£00 | 1.2+00 | 1.2+00 | 1.2£0.0 | 1.2+0.0 8.3

mmpuna (I1IC) 0.8+0.0 | 0.8+0.0 | 0.9+0.0 | 0.9+0.0 | 0.8+0.0 | 0.8£0.0 | 0.9+0.0 | 94
Ic/ac 0.7£0.0 | 0.7£0.0 | 0.7£0.0 | 0.7£0.0 | 0.7£0.0 | 0.7£0.0 | 0.7£0.0 | 10.2
Macca cemsH, T/IIHIIIKY:

BCEX 287+13|224+£23|250+£1.7(249+2.1(272+22|188+3.2(244+1.0| 31.2

Ty CThIX 1.4+02 | 33+£05|21+04 |51+08 | 1.9+0.2 | 45+0.7 | 3.1+03 | 694
Uwmcno ceMsH, MIT./IUIIKY:

BCEX 98.3+3.8]90.2+7.5 | 89.6+3.6 [94.5+5.0|955+5.7|77.5+55]90.8+2.2| 19.2

MyCTBIX 87.9+331624+69|73.6+5.6(583+8.7|81.0+59|42.6+9.8|67.2+3.5| 40.1

TOJIHO3EPHBIX 104+1.627.6+3.5|160+2.8|36.1+63|145+2.1|349+64|23.8+22| 724

C )KMBBIM 3apOJIBIIIIEM 85.7+3.4(58.6+6.8[709+5.6[57.0+8.5[799+59|42.6+9.8|654+3.4| 40.6

¢ noru6mmm 3apozeiuem | 1.4+0.2 | 20+£0.2 | 1.3+0.5 | 0.5+03 | 0.7+£0.5 0.0 09+02 | 1264

0e3 3apofpIia 08+03|16+04|14+05|08+03|04+02 0.0 0.8+0.1 [1378.0
’KnznecnocoOHOCTH
ceMsiH, % 872+1.6[64.1+3.6(783+3.8(593+7.0(833+2.6|51.1£9.0|70.2+2.8| 30.9

1 ra — ¢ Bo3pactom HacaxaeHuil. COOTBETCTBYIO-
e Ko GUITUEHTHI KOppemsiuy npeBbimaroT 0.95
(p < 0.05). Ecnu cnporHo3upoBaTh ypoxKaiHOCTb
CeMsH Ha HECKOIBKO JECATHICTHH BIIEpen, HC-
MOJIB3YS JOrapu(PMUIECKYIO alpPOKCUMAIHIO, TO
YPOBHS YPOXKaiHOCTH CIIENIBIX KEAPOBHUKOB OKOJIO
150 xr/ra mmaHTanmuu TOCTUTHYT yxke K 50 romam

54

(cM. pHUCYHOK). DTO CBUAETEIBCTBYET O BBICOKOM
CEMEHOBOMYECKOM MoTeHuuanse KIoHOBbIX JICII
Kezipa cubupckoro Ha Asrae.

MopdomMeTpruecKkie NMPU3HAKK IIHMIIEK W Ce-
MSH B WM3y4YECHHOM JHWala30HE BO3pacTa JCPEBHEB
JIOBOJIBHO CTAOMIIbHBI. Pa3Mepsl MHUIIEK COCTABIIS-
I0T B CpeAHeM OKkojo 5.5 X 7.3 cM, cemsH — 0.8—

CUBUPCKUM JIECHOM KYPHAIJL Ne 4. 2023
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Ta6.1mua 3. VI3MeHYHBOCTH MPU3HAKOB IIHIICK U CEMAH Ha IMMOCTOAHHBIX JIECCOCEMCHHBIX Yy4YaCTKax K€Apa CI/I6I/IpCKOFO

IJICY-1984 IJICY-1987 Cpennee
IIpu3nax
X+m CV, % X+m CV, % X+m CV, %
Pasmep mmiexk, cm:
mmHa (J11) 57+0.3 16.1 6.8+0.3 12.2 63+0.2 16.4
mmpuna (11T 5.0+0.2 10.0 54+0.1 3.6 52+0.1 8.1
LI/ At 0.9+0.0 14.6 0.8+£0.0 9.1 0.8+0.0 13.3
Pa3mep cemsn, cm :
mrHa (J1C) 1.2+0.0 4.8 1.2+£0.0 5.4 1.2+0.0 6.3
mmpuna (1C) 0.8+£0.0 7.8 09+0.0 8.3 0.9+0.0 9.8
c/ac 0.7+0.0 8.6 0.7+0.0 9.7 0.7+0.0 10.8
Macca cemsiH, T/IIHIIKY:
BCEX 10.7+2.0 58.9 15.8+1.4 29.7 134+13 44.6
Ty CTBIX 2.5+0.6 72.6 6.1+0.6 30.0 4.4+0.6 58.9
Ywucio ceMsiH, MIT./IUIIKY:
BCEX 50.2+9.0 56.9 75.5+5.6 24.4 63.5+£5.8 41.9
TTOJTHO3EPHBIX 295+6.4 68.1 30.5+3.9 42.7 30.0+£3.6 54.4
Ty CTBIX 20.7+4.6 69.5 45.1+4.0 29.3 33.5+4.0 54.8
C "KUBBIM 3apOJIbIILIEM 29.1+6.3 68.8 30.0+£3.8 42.4 29.6+£3.5 54.7
C TIOTHOIINM 3apOJBIIIEM 02+0.1 210.8 0.1+0.1 331.7 0.1+0.1 251.0
0e3 3apojpliiia 0.2+£0.1 210.8 04+0.2 138.7 0.3+0.1 162.0
JKuznecnocodHoCTh, %0 58.7+4.5 24.4 385+4.2 35.7 48.1 +£3.7 35.6

1.2 cm. Ungexc ¢hopmbr 060MX OpraHOB BapbUPYET
B y3kux npenenax (0.7-0.8).

W3 npusHakoB, oneHUBaeMbIX ko3 duirenTa-
MU Bapualuy, HanOosiee cTaOuIbHBI pa3MepHbIC U
ux otHoueHwus, koropsie Ha JICII penko BbIXOAST
3a npeznensl 9-10 %. PazmepHble MpU3HAKK MIWLIEK
Ha [UICY otnnuarorcs HECKOJIBKO OObIlIeH H3MEH-
YUBOCTBIO.

[TpoMeXyTOYHBIMU M JOBOJILHO HECTAOMIHLHO
BOCIPOU3BOISAIIMMUCS Ha Pa3IMYHBIX OO0BEKTax
cuMTaTCs KOo3(h(PUIIMEHTHl BapUalMM >KU3HECTIO-
cobnoctu cemsH (5-58 %). BepositHO, 3TO 00-
YCIIOBJICHO pa3nu4usiMid B 3()(HEKTUBHOCTH OIIBI-
JIeHUs BCJIEAICTBUE PA3HOIO BO3pacTa JIEPeBbEB HA
oObekTax. HanbompIield M3MEHYMBOCTBIO OTIIMYA-
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VpoxaliHOCTh ceMsiH, Kr/Ta
.

3aBHCHMOCTh YPOXKAWHOCTH CEMsH Kepa CHOUPCKOTO
ot Bo3pacTa nepeBbeB Ha JICIL.

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

FOTCS BECOBBIC U CUETHBIC MOKazaTenan — ot 30 1o
200 % u 6onee. Ecnu cpaBHUBATh pa3IUyHbIC TUIAH-
Taruu, To camas jgyuiias u3 Hux — JICTI-1980 mio-
maaero 5.0 ra.

[To-BuIMOMY, 3TO B 3HAYUTEILHON Mepe 00y-
CJIOBJICHO €€ OTHOCHTEJIBHO OOJBIIMM BO3PACTOM.
B 0o1ee mioxom cocTosHUU, OCOOCHHO 110 JKHU3HE-
criocoonoctu cemsn, Haxogures ITJICY-1987. Be-
POSITHO, 3TO B 3HAYUTEIILHON MEpe CBS3aHO C €ro
HEOOJIBIITUM BO3PACTOM.

3AKJTIOYEHHUE

OueHka U3MEHYMBOCTU 15 NMpPU3HAKOB CEMEH-
HOU mpoaykTuBHOCTH B 27-34-neramx JICII u
[TJICY kenpa cHOMPCKOTO CBUACTEILCTBYET 00 UX
BBICOKOM CEMEHOBOIUYECKOM moTreHnuane. Ha mo-
MEHT HCCIIENOBAaHUM OHU TPOIYIIMPOBAIU OKOJIO
31 xr cemstH Ha 1 ra. [Iporao3zupoBanue ypoxxaitHo-
CTH C YYETOM €€ 3aBUCHUMOCTH OT BO3pacTa Hacax-
JIEHUH MOKa3bIBaeT, 4YTo K 50 rojaM OHM TOCTUTHYT
YPOKaHOCTH B3POCIBIX €CTECTBEHHBIX Keapadeit
Ha ypoBHe okousio 150 kr/ra.

IToka uto BbIXOA cemsiH Ha JICII u TIJICY He-
CKOJIbKO CHMKEH B CPaBHEHUU C €CTECTBEHHBIMHU
KEJ[POBHUKAMHU W COCTaBJISET B CPEIHEM OKOJIO
22 %. XKuzHecnocoOHOCTh CEMSH COCTAaBIsIET B
cpenrem okomo 70 %. O4eBUHO, CHUKCHHBIC TIO-
Ka3zarejn YpOKaliHOCTH W KadecTBa CeMsiH o0yc-
JIOBJIEHBl OTHOCHUTEIHHO HEOOJIBIINM BO3PACTOM
JIEPEBHEB, MOBPEKICHUEM YACTH LIUIIEK YHTOMO-
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BpPEAUTEIISIMA 1 HEJIOCTAaTOYHBIM OTblIcHUuEM. [Ipu
sToM Macca 1000 mT. MoTHO3EPHBIX CEMSH Ha BCEX
00BEKTaxX JOBOJIHLHO BBICOKA U COCTABIISIET 254 T.

OTHOCHTEIBHO CTAOMIBLHBI U MAJIO OTJIMYAIOTCS
OT €CTECTBEHHBIX HACAXKJICHUN pa3Mephl IIMIIEK U
cemsaH. Hamnbomnee M3MeHUYMBEI BECOBBIE U CUETHBIE
MoKa3zarelu CeMEHHOU mpoaykTuBHOCTH. M3 Bcex
00BEKTOB JTydIIIeH TI0 MTOKa3aTelsiM CEMEHHON TIPo-
JIYKTUBHOCTH OKa3ayiach camasi OoJibIliasi 1Mo BO3-
pacty necocemenHas manTanus 1980 1. 3aknaaku.
B cBsa3u ¢ Beryrmuienuem Muorux JICII B Bo3pact
AKTHUBHOIO CEMEHOIIECHUS CO34aETCSI BO3MOKHOCTD
JUI JAJdpHEUIIEH CENEKIWM II0 3TOMY IIPHU3HAKY,
B TOM YHCJIE ¢ YIETOM KauyecTBa CEMSIH OT/IEIbHBIX
KJIOHOB. B 9TOl CBsA3M HEOOXOIMMEI CITEHAILHEIE
HCCIIETIOBAHHS.

[TomydeHHbIC NaHHBIE MOTYT OBITH HCITOJB30-
BaHBI JIECOXO3SIICTBEHHBIMH TPEANPUATUSIMHA IS
MJIAHUPOBAHMSI MEPOTIPUATUN TI0 cOOPY M TTOCEBaM
YAYYIICHHBIX CEMSIH ¢ 0OBbEKTOB ITOCTOSIHHOM JI€CO-
CEMEHHOM 0a3bl.

B 3axmroueHue momdepkHEM, YTO 00CIEmIOBa-
Hue JICII keapa cubupckoro OBIIO TPOBEACHO J0
pPa3BUTHS HA HHUX SMH(PHUTOTHH OMACHOTO BO30Y-
uTenst O0JNEe3HN KPACHOM MATHUCTOCTH XBOH, WITH
JIOTUCTPOMO3a, BBI3BIBAEMOT0 KpaiiHEe OIMAaCHBIM
MaTOreHHBIM TpuOoM Dothistroma septosporum
(Dorogin) M. Morelet (Unbuues, Lllysaes, 2016).
B nocnemytomiem 3To MOIJIO OTPUIIATENILHO TTOBJIH-
SITh Ha BCE MapaMeTPbl CEMEHHOM MPOTYKTUBHOCTH,
B CBSI3M C Y€M TaK)K€ HEOOXOAUMEI CHElHaIbHEBIE
HCCIIETOBAHHS.

Aemopul svipadicatom 61a200apHOCIb COMpPYO-
HUKam omaoena Anmaiickoul 1ecocemernol CmaHyuu
B. A. Mupownuuenxo u O. B. [ycesoti 3a nomoww
6 KamepaibHoU 0bpabomke mamepuand.
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PRODUCTIVITY AND QUALITY OF SEEDS OF THE SIBERIAN STONE
PINE ON FOREST SEED ORCHARDS IN THE REPUBLIC OF ALTAI
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The results of a study of seed productivity and sowing qualities of seeds on forest seed objects of the Siberian stone
pine (Pinus sibirica Du Tour) in the Pyzhinsky Forestry Compartment of the Turochaksky Forestry District of the
Republic of Altai are discussed in the article. The objects of the studies were forest seed orchards of the first order
and permanent forest seed plots of improved origin, created in 1980—1988 by seedlings of a plus trees on the area
of 22.8 hectares. Evaluation of seed productivity and seed quality was carried out in the average-yield’s year by
standard methods. The average seed yield was 31 kg/ha, varying by objects from 8 to 73, the size of the cones was
7.0 x 5.4 cm, varying from 4.5 x 4.0 to 9.0 x 6.0 cm. The main contribution to the variability of yield indicators is
determined by the age, which at the time of the studies was 27-34 years. So far, the yield of seeds from cones and the
viability of seeds are reduced somewhat in comparison with natural stands. The highest yield (73 kg/ha) and viability
of seeds (87 %) is in the most mature forest seed orchard. Based on the dependence of the yield on age, a forecast
was made that the forest seed orchard will achieve the natural Siberian stone pine forests of Altai’s seed productivity
(150 kg/ha) to the age of 50. The least variable traits are the sizes of cones and seeds and their shape indices (variation
coefficients are about 9—10 %). Intermediate and rather unstable reproduced on various objects are the coefficients
of variation of seed viability (5-58 %). Obviously, this is due to differences in the efficiency of pollination due to
different ages of stands. The greatest variability is typical for weight and counting traits — from 30 to 200 % or more.

Keywords: Pinus sibirica Du Tour, forest seed orchards of the first order, permanent forest seed compartments
of improved origin, yield, viability of seeds.

How to cite: Borodintseva L. 1., Tarakanov V. V., Goncharova T. V. Productivity and quality of seeds of the Siberian
stone pine on forest seed orchards in the Republic of Altai // Sibirskij Lesnoj Zurnal (Sib. J. For. Sci.). 2023. N. 4.
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B3AUMOCBSI3b TAKCAIIMOHHBIX ITOKA3ATEJIEM IPEBOCTOEB
C UX COCTOAHUEM B COCHOBBIX HACAXKIAEHUAX
SAIUTHOI'O HASHAYEHMU A

A. B. lanueBa!, C. B. 3anecos?, B. C. KopoBuna!
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625003, Tromens, yn. Pecnyonuxu, 7
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Iocmynuna 6 peoakyuro 10.02.2023 e.

HpI/IBelIeHBI pe3ynLTaT1>1 HUCCJICAOBAHUS B3aUMOCBA3U TAKCAIIMOHHBIX HOKa3aTeJ'[eI7[ O)lHOBOSpaCTHBIX BBICOKOIIOJIHOT-
HBIX, YUCTBIX IO COCTABY COCHOBBIX JPEBOCTOEB 3KOJIOTHIECKOTO NapKa «3aTtoMeHCKUI» T. TIoMeHH ¢ KPYITHOCTBIO
JIEPEBbEB 110 TMAMETPY ¥ UX OTHOCHUTEIIbHOM BBICOTOM C BO3MOKHBIM HCIIOIB30BaHUEM TIOCIIETHEH B OLIEHKE COCTOSI-
HUS. YCTaHOBIICHO, YTO HA JIOJIIO MEIIKHX IO JHAMETPY JIepeBbeB MpuXoauTcs 6—13 % oO1iero KommdecTsa JIepeBbeB
Ha MPOOHBIX IJIOMIAJIAX, 3armac KOTOPBIX He MmpeBbimaet 4 % o1 o01ero 3amaca qpeBoctos. KpymHeie o quamerpy
JiepeBbs cocTaBisIFOT 18-36 % ot obmiero konmmyecta aepeBbeB u 30—50 % oT o0Iiero 3amaca Ha MPOOHBIX TIIO-
mansix. [To caHuTapHOMY W OTHOCHTEIBHOMY KHU3HEHHOMY COCTOSIHHIO, OTHOCHTEIBHON BhIcOTEe M K03 duimen-
Ty HalpsHKCHHOCTH POCTa MEJIKHE TI0 JTUAMETPY JCPEBbsl B OOJBIIMHCTBE CIyYacB XapaKTEPH3YIOTCS KaK CHILHO
OCIIabJICHHBIe, OTMHUPAIOIIHE U OMOJIOTHYECKH HEYCTOWYHBBIE, & KPYITHBIC U CPETHUE TI0 JUAMETPY JePEBbs — KaK
3JI0OPOBBIE MJIM OCIIa0JICHHBIC, HO OMOJIOTMYECKH yCTolunBhIe. Ha cpemnHne mokasarenu o0IIero COCTOSHUS PEBO-
CTOSI 3HAUMTEIILHOE OTPUIIATEIILHOE BIMSHUE OKA3bIBACT HAJMUUE MEIIKHX TI0 JIUAMETPY JIEPEBbEB, B OOJBITHHCTBE
CJIy4aeB CHJIBHO OCIIA0JICHHBIX U OTMUPAONIUX. BEIsBIICHA 0011ast 3aKOHOMEPHOCTD YXYAIICHHS COCTOSHUS JIPEBO-
CTOSI C YBEIIMYCHUEM PEKPEAIIMOHHOTO BO3/ICHCTBHUS. YCTAaHOBJICHO, YTO OCIa0JICHHBIC JICPEBhs CO 3HAYCHUEM OTHO-
cutenbHOU BbicoThl H/D > 100 XapakTepu3yrTcsi HAUMEHBIIIAM JHaMeTpaM, & UX KOJMYeCTBO M 3arac BO3pacTaroT
C YBEIIMYCHUEM PEKPEaIlMOHHOTO BO3zekcTBUS. [1o pesysbpraTraM MpOBECHHBIX HCCIICOBAHUIN TIPETIOKEH PsiJl Jie-
COXO3SUCTBEHHBIX MEPONPUATHI IS MTOBBIICHUS OUOJOTHUECKOW YCTOHYNBOCTH, PEKPEAIIMOHHON MPUBJICKATEb-
HOCTH U 3aIUTHBIX (DYHKITHI UCCIIETYEMbBIX COCHSIKOB.

KiroueBble ciioBa: cocrogvie dpeeocmou, Jleconapk, pekpeayuoHnoe 603()6116‘1’}’!61/{6, maxKkcayuorHble nokasameiu,
cocmosiHue Oepeebee.

DOI: 10.15372/SJFS20230406

BBEJIEHUWE

KoMriekcHbI# TIOAX0A K OCBOEHHIO JIECHBIX
pECypCoB, C YYETOM BO3MOXKHOCTEH HMX MHOTOLIe-
JIEBOTO HCIOJIb30BaHMsI, BbI3bIBAET HEOOXOAUMOCTh
COBEpPIICHCTBOBAHMSI JIECOX03HCTBEHHON AESITEIb-
HOCTU. BenieHne 1ecHOro X03gHCTBa TOMIKHO OBITH
HANpaBJIeHO Ha TIOBBIIICHUE MPOJYKTUBHOCTH Jie-
coB ([lanuesa u ap., 2015; Koncrantunos, Cepru-
eHko, 2016; Bopouun u ap., 2021; 3amoi10a4uKOB
u ap., 2021; 3anecos u np., 2022). Ha coBpemen-
HOM JTare pa3BUTHS YEJIOBEYECTBA HE BBI3BHIBACT
COMHEHUSI MHOTO(YHKIIMOHATIbHAS POJIb JIECOB IS

© [lanuena A. B., 3anecos C. B., Koposuna B. C., 2023
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HACEJNICHHs TUIAHETHI, a TaKKe HEOOXOOUMOCTh UX
coxpaHeHus: W 3amuThl. OIHAKO MOCIIETHEE MOXK-
HO 00€CIeYUTh TOJIBKO MPHU YCIOBUU TIPOILYMAHHOMN
3P PEKTUBHOM CHCTEMBI MEPOTIPUSATHI IO OCYIIECT-
BJICHHMIO JKOJOTMYECKOro MOHMTOpUHra (Xaiiper-
TuHOB U j1p., 2010; Cobones u ap., 2011; I'psa3pkun
u z1p., 2020; Konamosa u np., 2020; Hryen u np.,
2021; Konsima u nip., 2022; Mopo3os u ap., 2022).
VIMeHHO MOHUTOPHHI MO3BOJISET 3a(PUKCHPOBATH
U3MEHEHHUS] B KOJIIMYECTBEHHBIX M KauyeCTBEHHBIX
MOKA3aTesIX KOMIIOHEHTOB JIECHBIX HaCaKICHUI
HA PaHHUX CTAIUSAX U MPHUHATH aJICKBATHBIE MEPbI
M0 HEAOMYILEHUIO AETPaJalliu JIECOB.



Bzaumocesizo maxkcayuoOHHbIX nokazamerneil ()peeocmoee C UX COCMOSIHUEM 8 COCHOBBIX HACANCOCHUSIX. .

B kauecTBe 00bEKTa MOHUTOPHHIA MOXHO HC-
M0JIb30BaTh BCE KOMIIOHEHTHI HacaKaeHust. O1HaKo
Hanbosee 0ObEKTUBHBIC JAHHBIE O €r0 COCTOSHHU
MO3BOJISIIOT TIOJYYUTh MOHHUTOPHHT 3a TJIABHBIM
KOMITOHEHTOM — japeBocToeM. [lociennee oOmbsic-
HSIETCSl TeM, YTO MMEHHO €ro TaKCal[MOHHBIE IO-
Ka3aTesy ONpeAeIsoT COCTOSIHUE, YCTOMUNBOCTh U
MIPOU3BOIUTENFHOCTh HACAKACHUS B TIesToM. Jlaxe
HE3HAUYUTEJIbHBIE M3MEHEHUS JPEBOCTOSI TPEOYIOT
NPOBEACHUS JIECOBOJACTBEHHBIX MEPONPUATUH U
BHECEHUS1 KOHKPETHBIX KOPPEKTUPOBOK B IIpOrpam-
My BBIpAIMBaHUS JIEca.

HccnenoBanus 1o COBEPIIEHCTBOBAHUIO PEKU-
Ma BbIpalllMBaHuA Jieca, HOpMUPOBaHUIO Hanbosee
IPONYKTUBHBIX JUIsI KOHKPETHBIX JIECOPACTUTEIb-
HBIX YCJIOBHUH JpPEBOCTOEB, XapaKTEPU3YIOIIUXCS
MOBBIIIICHHON YCTOWYMBOCTHIO K HEOJIATONPUATHBIM
OPUPOIHBIM M aHTPOIOTEHHBIM (haKTOpam, MpPOBO-
JITCSL HA IPOTSKEHUU MHOTUX fecatuneruit (lan-
4yeBa u 1p., 2014; bynskoa, 2018; ['mbamymmH 1
ap., 2018; langesa, [lankparos, 2021). Ocobernno
aKTyajbHa MpoOieMa COXpaHEHUs yCTOMYMBOCTH
JUISL TOPOJICKUX JIECOB U JIECHBIX MMAPKOB, KOTOPBIE,
BBITNOJIHSS BaXKHBIE JUIS HACEJIEHUS SKOJIOTMYECKHE
U COITMaNbHBIE (PYHKIIMHU, UCIIBITHIBAIOT MTOBBINICH-
HBIE PEKpealMOHHbIE HArpy3KU M CHCTEMaTH4ecC-
KO€ BO3/I€CTBUE MHOTOOOPA3HBIX MPOMBIIIICHHBIX
3arpsI3HUTENECH.

B sTOoM 11aHE HE SBISIFOTCS] HCKITIOYCHUEM JIeC-
HbIE [apKU U ropojickue jeca I. Tiomenu. B To xe
BpeMsl U 3/1€Ch BOIIPOCHI CAHUTAPHOTO COCTOSHHUS,
IIPOU3BOIUTENBHOCTH U YCTOMUMBOCTH JPEBOCTOEB
W3y4YEHBbl HEJOCTATOYHO. BBINOIIHEHHBIE UCCIIEN0-
BaHUS JAIOT MPEICTaBICHHWE O YACTHBIX CIydasx
YCTOMYMBOCTH HACaXJICHUN TMPHU CYIIECTBYIOIIUX
pPEKpealioHHbIX Harpy3kax U HE MO3BOJISIOT KOM-
IUIEKCHO OLIEHUTh COCTOSIHUE JIPEBOCTOEB JIaXe B
pa3pes3e OIHOr0 KOHKPETHOTO JIECHOTO TapKa WU
ypouuIIa.

Lenb HacTosmel paboThl — NPOAHATU3UPOBATh
B3aMMOCBS3b TAKCAL[MOHHBIX ITOKa3aTesed IpeBo-
CTOEB C MX COCTOSIHHEM B COCHOBBIX HACaXKICHUSIX
9KOJIOTUYECKOTO Mapka «3aTIOMEHCKU» T. TroMeHu
U Ha OCHOBE PE3YJIbTaTOB HCCIEI0BaHUM MpecTa-
BUTH NPEUIOKEHUS 110 UX COXPAHEHUIO M MOBBIIIE-
HUIO YCTOMYHUBOCTH JPEBOCTOEB.

MATEPHAJIBI U METO/IbI
HUCCJEJOBAHUN

B xauectBe 00BEKTOB MCCIEIOBAHUI OBUIH BEI-
OpaHbBl YUCTHIC OJTHOBO3PACTHBIE COCHOBBIC HACAK-
JIeHUs HanOoJlee U3BECTHOrO B I. TIOMEHH DKOJIOTU-
YECKOTO TapKa «3aTFOMEHCKHIN.
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B ocHOBy pa0oT moyio’keH METOJl BPEMEHHBIX
NpOOHBIX IUIOMIAJEH (BII), KOTOpPBIE 3aKJaJblBa-
JUCh C YYETOM METOAMYECKHX PEKOMEHIAli, 13-
JIOKEHHBIX B IIUPOKO U3BECTHBIX alpOOUPOBAHHBIX
Meronukax (Jlanuesa u np., 2017; Jlanuesa, 2018;
BbynbkoBa u ap., 2020). B nporecce uccnenoBanuii
OBLIM 3aJI0KEHBI 3 BIIM, Ka)KJ1asi U3 KOTOPBIX B pas-
JUYHOM CTETeHH TOBEPraeTcs peKpearioHHOMY
BO3JIEHCTBHUIO.

CreneHb peKpealMOHHOTO BO3/IEWUCTBUS yCTa-
HaBJIMBAJIACh I10 MOKA3aTEN0 yAAJIEHHOCTH BII OT
myTei Tpancnopra. B vactnoctu, Bin-1C pacnoso-
KeHa B 5 M 0T aBTOMOOWJIbHON goporu, Brmn-2C —
B 20 M 1 Bnm-3C — B 50 M (CM. pUCYHOK, a — 8).

B coorBeTcTBUM C METOAMYECKUMHU PEKOMEH-
nmarusivu (byrbskoBa, 2018; bBynskosa u np., 2020),
yKa3aHHBIC PACCTOSHUS BII OT JIOPOTU IO3BOJIS-
10T otHecTH BOn-1C k 30HEe akTUBHOrO, BIm-2C —
K 30He yMepeHHOoro 1 Bim-3C — K 30He ¢1aboro 1mo-
CELICHHUS.

Ha Bcex BN ycTaHaBIMBAIUCH CPETHUE TaKca-
IIMOHHBIE TOKA3aTeNd JPEBOCTOEB MO M3BECTHBIM
JIECOBO/ICTBEHHO-TAKCAllMOHHBIM MeToauKaMm (Jlan-
yeBa u Ap., 2017; bynbkoa u ap., 2020). Kpome
toro, o metoauke I. E. Komuna (/landeBa, 2018)
BBITIOJTHEHO DPAacIpe/iesieHHe JIEPeBhEB MO PaHram
Ha OCHOBE IOKa3aTejeil IuaMeTpoB Ha BBICOTE
1.3 m. IIpu stom Ha Brmn-1C u Bnn-3C B panr (ka-
TErOPHI0) KPYIHBIX, CPETHUX U MEJIKUX JIEPEBHEB
OTHECEHBI JIEpEBbs C JUAMETPOM Ha Bbicote 1.3 M
35-46; 19-34.9 u 12-18.9 cm coorBeTcTBeHHO. Ha
BII-2C K KpyITHBIM OTHOCHJIUCH JAEPEBbS C IHAMET-
pom 39-52 cm, k cpeaaum — 21-38.9 U Menkum —
18-20.9 cm.

Onpenenenbl Takue TOKAa3aTeld COCTOSHUS
JPEBOCTOEB B LIEJIOM M KaXKIOIO JIepeBa B OTIEIIb-
HOCTH, KaK CAHUTAPHOE COCTOSIHUE, OTHOCUTEIIBHOE
sku3HeHHoe coctossHus  (OXKC), oTHOcHTenbHas
BbicoTa (H/D), 1 KOMIJIEKCHBIN OIIEHOYHBIN MOKa-
3arensb (KOID) ([anuesa, 2018; IIpaBuna..., 2020).

B 0oCHOBY ycTaHOBIIEHUSI CaHUTApHOIO COCTO-
SIHUASL JIPEBOCTOEB TIOJIOKEHBI CpPEIHHUE 3HAYCHUS
kareropuii cocrosiaus (Kc). I[Tpu Ke 1.0-1.5 apeso-
CTOM cumTacs 3710poBbIM, 1.6-2.5 — ocnabiaeHHBIM,
2.6-3.5 — cunbHO ocnabIeHHbBIM, 3.6—4.6 — oTMHpa-
oM, a ipu 4.6 u 6oJee — OTMEPIITUM.

XapakTepucTHKa COCTOSIHHUS JI€PEBHEB MO IIO-
kazaremo OXC: 0—19 % — nepeBbsi OTMHpAIOIINE,
20-50 — cunbHO ociabnennsle, 51-79 — ociabien-
ueie, 80—100 — 3m0poBbIe.

IIpu H/D > 100 nepeBbs XapaKTepU3yHOTCS
Kak ociaOieHHble U OMOJOTHMYECKH HEyCTOMYH-
Bbie, H/D < 100 — nepeBbs U IPEBOCTOM SBISIFOTCS
YCTONYUBBIMH.
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K OMOJI0ruYecKu yCTOWYHMBBIM JIPEBOCTOSIM OT-
HocsiTca TakoBble co 3HaueHuem KOII B Bo3pacre
40-70 net 5.8 cm/cm?, B 80-90 ner — 4, B 100 et u
6omee, 23 cM/cM’.

PE3YJBbTATBI UCCJIEJOBAHUM
N UX OBCYXIEHUE

J1J1s1 OLIEHKU B3aUMOCBSI3H COCTOSIHUSI JICPEBHEB
C WX KPYIHOCTBIO IO JHAMETPy B HCCIEIYSMbBIX
COCHOBBIX JIPEBOCTOSX IMPOBENIEHO pacrpeiesicHIe
aHAJIM3UPYEMBIX MTOKA3aTeNIeH 10 KaTeropusiM KpyTi-
HOCTH Ha Ka)<7[0i mpoOHOo# tutomniaau (Tadm. 1).

[lo nanHBIM, TpencTaBieHHBIM B Tabm. 1, Ha
BCEX TMPOOHBIX IUIOMAASX HA OO KPYIHBIX I10
quameTpy AepeBbeB npuxoautrcs 17-36 %, uto B
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OOmWit BUI HCCIEAYEMBIX COCHSKOB JKOJIOTHYCCKOTO
napka «3aTIOMEHCKHIT.

a — Brn-1C B 30HE aKTUBHOTO nocelenus, 6 — Brm-2C B 30He
YMEPEHHOTO MocenieHus; 6 — BI-3C B 30HE KOHTPOJIS.

2.5-3 pa3a Oombllle B CpPaBHEHHH C KOJUYECTBOM
MENKUX JepeBbeB. Ha 1010 KpymHBIX JepeBHEB
npuxoautcs 30-60 % oOuiero 3anaca AepeBbEB HA
BIII, HA JIOJIIO MEJIKUX 10 quamerpy — 6—13 %, npu
9TOM 3aIlac TakKUX JIepeBbeB He IpeBblaeT 4 %
oT o01ero.

Cnenyer orMeTuTh, 4to Ha BOn-1C u Bhm-3C
Mo 3amacy MpeodsafaoT CpeAHHE MO KPYMHOCTH
nepeBbst — 61-66 %. Mckinrouenue coctaBisieT ape-
BOCTOH Ha BII-2C, B KOTOPOM HaMOOJBIIYIO OO
o0miero 3amaca JpeBOCTOSI COCTAaBISIOT KPYITHbBIE
JiepeBbs — 10 59 %.

Ha Bcex mpoOHBIX MJIOMIAAAX OTMEYaeTcs yBe-
nudeHue 0ajuta CAaHUTapHOTO COCTOSTHHSI U YMEHb-
[IEHHe TIOKa3aTessl KU3HEHHOTO COCTOSHUS C
yYMEHbILIEHUEM JuaMeTpa jaepeBbeB. KpymHbie 1o
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Ta6.1mua 1. CpeI[HI/Ie 3HA4YCHU TAKCAIIMOHHBIX ITapaMETPOB U IoKasareyei CoOCTOSHUS 10 KaTeropusim
KPYITHOCTH ACPEBHEB B COCHAKAX B 30HC aKTUBHOTO IMOCCIICHU A

Bun-1C | Bun-2C Bun-3C
Ilokazarens Aepenbs

Mell- | cped- | Kpym- | Mell- | cped- | Kpym- | Mel- | cpei- | Kpyri-

Kre HUE | HBIE KHe HHE | HBIE KHe HUE | HBIE
KonmuecTBo nepeBnes, % 12.9 | 66.1 | 21.0 6.1 57.6 | 363 | 11.9 | 71.2 | 16.9
3amac cTBOJIOBOM IpeBECHHBI, Yo 34 61.1 35.5 1.7 39.8 | 58.5 4.1 66.1 | 29.8
CaHuTapHOE COCTOSIHUE, OasT 4.1 2.7 2.3 2.5 2.3 2.1 3.7 2.3 2.0
OTHOCHTENBHOE KU3HEHHOE COCTOSHHUS, %o 369 | 60.5 | 66.2 | 80.0 | 70.3 | 73.7 | 50.3 | 71.7 | 75.0
OTHOCHTENbHAS BBICOTA 116.0 | 87.6 | 61.4 | 104.1 | 83.4 | 57.7 | 111.6 | 89.0 | 67.1
KoMIuteKkcHBII OLCHOYHBIN II0Ka3aTelb, cM/cM? | 9.2 4.2 2.0 6.6 34 1.6 7.3 4.0 2.2

TMaMeTpy NIepeBbsi 10 0ajury CaHUTApHOTO COCTO-
SIHUSL XapaKTepu3yloTcs Kak ociabnennsie. CocTo-
SIHUE CPEHUX IO JUAMETPY JICpPEBBEB (KaTeropHs
cpennue) Ha Bmn-2C u Bom-3C oneHUBaeTCs Kak
ociiabinennsle, a Ha BIII-1C — cHIIbHO OCi1a0IeHHBIE.
Mernkue o AuaMeTpy AepeBbs (KaTeropusi MeIKue)
no Oajuly CaHUTAPHOTO COCTOSHUSI HA OOJIBIIMH-
CTBE BIII XapaKTePU3YIOTCS KaK OTMHUPAIOIIIHE.

[Tokazarenu OXC Ha BON MO3BOJSIIOT Kare-
TOpUM KPYIHBIX U CPETHUX JIEPEBHEB OTHECTU K
OCJIa0JIeHHBIM, @ MEJIKUE 0 JAUAMETPY JIEPEBbs —
K CHJIBHO OCIIa0JIeHHBIM.

AHajornyHasi 3aKOHOMEPHOCTh YCTaHOBIICHA U
IIpU aHAJIM3€ MOKA3aTeNsi OTHOCUTEIHLHON BBICOTHI.
Kpynnsble u cpeanue no guaMeTpy AepeBbs Ha BCEX
BII XapakTtepusytorcs H/D < 100, 9yTo mo3BomseT
OTHECTH MX K OMOJOTMYECKH YCTOWYUBBIM. Boib-
IIMHCTBO MEJIKHX IO JUaMETpPy JEPEBbEB Ha BCEX
BIIIl UMEIOT OTHOCUTENbHYIO BbicoTy H/D > 100,
YTO CBHJETENLCTBYeT 00 0OmmieM ociabieHuu ux
COCTOSIHUSL.

Ilo 3nHauenuto koddduimeHTa HaNpsHKEHHO-
CTH pOCTa Ha BCEX MPOOHBIX IUIOMIA/IAX KPYIHbIE

U CpeJIHUE 10 TUaMETpPY JEpPEBbs YCTOMUMBBI, METI-
KHE XapaKTepu3yloTCcsl KaK HEyCTOWYHBHIE.

bbuto mpoBeneHO pacrpelielleHHe OCHOBHBIX
nokaszaresyieil TAKCAallMOHHBIX U COCTOSHUS JI€PEBb-
€B Ha MPOOHBIX TUIOUIA/AX 10 3HAYCHUIO OTHOCH-
TEJIbHON BBICOTHI Ul aHAN3a UX B3aUMOCBS3H
(tabm. 2).

[lo maHHBIM MPOBEACHHBIX MCCIIEAOBAHHUN OT-
MeyaeTcs: 00mIast 3aKOHOMEPHOCTh YBEITHUEHHS KO-
arYecTBa OcnabieHHbIX (OMOIOTHYECKH HEYCTOM-
YHUBBIX) JIEPEBBEB CO 3HAYCHHEM OTHOCHUTEIBLHOM
BbIcoThl (H/D > 100) ¢ yBenuueHueM pekpearyoH-
Horo BoszzeiicTBus. Ha Bnm-1C, rae pexpearuon-
HbIe Harpy3ku MaKCHMajbHbIE, KOJIHMYECTBO e-
pesbes ¢ H/D > 100 B 1.5—4 pa3za Oombiiie TakOBOIO
Ha Bnn-2C u Bon-3C.

Hecmotpst Ha TOT (pakT, 4To Ha BCEX BI B
JPEBOCTOSX IMPeolIagaroT AepeBbs C MOKa3aTess-
mu H/D < 100, T. e. OMOIOTUYECKN yCTONYNBEIE
C YBEJIMYEHHEM HHTEHCHBHOCTU PEKPEAllMOHHOIO
BO3/IEHCTBUSI HAOIIOMACTCs CHU)KEHHE JIOMU OHO-
JOTUYECKH YCTOWYMBHIX nepeBbeB ¢ H/D < 100
B 1.2-1.3 paza.

Tabauua 2. PactipeneneHne TakCallmOHHBIX MTOKa3aTele U MmoKazaTenei COCTOSHUS IEPEBHEB
Ha MPOOHBIX IJIOMIAJISX 110 3HAYCHUIO OTHOCHTEIHHON BBICOTBI

Ornocutenhas [Toka3zarens Bnon-1C Bnon-2C Bron-3C
BbicoTa (H/D)
KonmnuectBo aepesneB, % 25.8 6.1 16.9
Hduametp, cm 19.3 21.7 20.8
> 100 3amac CTBOJIOBOM JpEeBECHHBI, %o 10.3 2.0 7.4
OXC, % 43.2 77.5 54.5
KOII, cm/cMm? 8.0 6.6 6.9
KonmnuectBo aepesneB, % 74.2 93.9 83.1
Hduametp, cMm 32.0 36.8 31.6
<100 3armac cTBOJIOBOM JApEeBECHUHBI, %o 89.7 98.0 92.6
OXC, % 63.6 71.8 73.4
KOII, cm/cm? 33 2.8 3.5
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JnameTp nepeBbeB, XapaKTepU3YIOIIMXCS OT-
HOCHUTEILHOM BbicoTON H/D > 100, MeHbIe B 1.5~
1.7 pa3a B cpaBHEHUU C aHAJIOTMYHBIM IIOKA3aTeIeEM
y IepeBbEB C OTHOCHUTENbHOHN BBIcoTOM H/D < 100
Ha BCEX MPOOHBIX TUIOMIA/ISX.

3anac ocnabneHHslx aepeBbeB ¢ H/D > 100
YBEJIMYUBAETCSI C POCTOM PEKPEAMOHHOIO BO3-
nerictBus. Tak, Ha Bm-1C B 30HE aKTUBHOI'O IO-
CEIICHUs 3amac TaKUX JIEPEBBEB COCTABISET B
cpenem 10 % ot obmiero 3amaca APeBOCTOS, YTO
B 1.4-5 pa3 Oonbmie, uem Ha Brim-2C u Bom-3C B
30He yMepeHHOro u ciaboro nocemenus. Creny-
€T OTMETUTh, UYTO C YBEITMUYEHHUEM PEKpPEaIMOHHOM
Harpy3ku cHmkaercs nokazarens OXKC nepeBbeB
kak ocyabmenusix (H/D > 100), Tak u Ononoruye-
ckn yctoiumBbix ¢ H/D < 100. ITpu aToM cpenHmii
JMaMEeTp aHATTU3UPYEMBIX 0 JAHHOMY TIOKa3aTero
COCTOSIHMSI JIEPEBbEB TAKKE CHIDKaeTcs. Tak, Ha
Bi-1C nepeBbst ¢ H/D > 100 umeroT cpenuuii nua-
metp 19.3 cm npu nokaszarelne >KM3HEHHOTO COCTO-
aHus 43.2. JlepeBbs yKa3aHHOH I'pyMIIBI IO IIPUBE-
JCHHOMY TIOKa3aTeIi0 COCTOSHUS MOXKHO OTHECTH
K CUJIbHO ocnalieHHbIM. B cocHsikax Ha Bmm-2C
1 BII-3 OMOJIOTHMYECKH HEYCTOHUYMBBIC JIEPEBbS C
H/D > 100 xapaktepu3yroTcs CpeHUM AUaMEeTPOM
21-22 ¢cM ¢ OLEHKOM HX JKU3HEHHOI'O COCTOSHUS
kak ocnabnennoe (OXC = 55-78 %).

[To 3nauenuto KOII nepeBwsi, OTHOCUTEIbHAS
BbIcoTa koTopsix H/D > 100, Ha Bcex BmI xapax-
TEpU3YIOTCS Kak ociabieHHbie. B 1o xe Bpems ne-
peBbs ¢ H/D < 100 mo moxkazarento KOII Ha Bcex
NpOOHBIX TUIOLIA/IAX XapaKTePU3YIOTCS Kak OHoIIo-
TUYECKU YCTOWNYHBEIE.

3AK/IIOYEHHUE

B cocHsikax skoyoruueckoro napka «3aTroMeH-
CKHI1» Ha JIOJI0 OTCTABIIMX B POCTE MEIKHX IO
IuaMeTpy jaepeBbeB mpuxoautcs 6—13 % obmiero
KoimuecTBa U 4 % 3armaca BCeX JepEBbEB.

Bce ananusupyemble mnokazaTeid COCTOSHUS
TO3BOJISIIOT OTHECTH MEJKUE JEPEBbS K CUIIBHO OC-
NabIeHHBIM, OTMHUPAIOIIUM U OMOJIOTUYECKH HEYC-
TOMYMBBIM, B OTIIMYME OT KPYMHBIX M CPEIHUX JIe-
PEBBEB, KOTOPbIE XapaKTEPU3YIOTCs KakK 3/10POBbIE
WJTU OCJIA0JICHHBIE, HO OMOJIOTHUECKHU YCTOMYHBBIC.

OtMmeuaercsi 00mIass 3aKOHOMEPHOCTh YBEJIH-
YeHHsI KOJMYECTBA OCIIA0JICHHBIX (OMOJIOTHICCKH
HEYCTONUYUBBIX) I€PEBHEB C OTHOCUTEIHHOMN BBHICO-
toit H/D > 100 ¢ yBennueHneM peKpearmoHHOrO
BO3/eiicTBHs. B COCHOBOM JpeBOCTOE, PacIoiio-
JKCHHOM Ha PAaCcCTOSIHUU 5 M OT 00BbeKTa JTMHEHHON
pexpeanuu (6:1aroyCcTpOCHHOW JOPOTH IS TIETIIe-
XOJTHOTO M BEJIOCHIICTHOTO MEPEABUKCHUS ), TAKUX
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nepeBbeB B 1.5-4 pasza Oosblne, 4eM B COCHSKAX,
pacniosiokeHHbIX Ha pacctossann 20 1 50 M 0T 00b-
€KTa JIMHEHHOM peKpealnH.

Ha Bcex mpoOHBIX muiomansx auamerp ociad-
JEHHBIX JIEPEBBEB C OTHOCHUTEIHHOH BBICOTOM
H/D > 100 xapakTtepusyeTcs HauMEeHbIIINMHU 3HaYe-
Husmu (B 1.5-1.7 pa3a MmeHble), 4eM y JIEPEBLEB
¢ otHOcHTenbHOU BhicoTor H/D < 100.

C yBenW4YeHHEM PEeKpearmoHHOTO BO3ICHCTBHS
OoTMEeYaeTcs o0Imas 3aKOHOMEPHOCTb CHIDKEHHS
OXC nepesbes ¢ H/D > 100 u aepesses ¢ H/D < 100.
Y ocnabneHHbIX AepeBbeB (co 3Hauerrem H/D > 100)
JTaHHAs1 3aKOHOMEPHOCTh HanOoJIee BhIPaKEHa.

Jlns moBbIeHUsT OMOJIOTHYECKOW M TPOTHUBO-
MO’KapHOM YCTOMYMBOCTH COCHOBBIX HACaKICHUMN
HKOJIOTMYECKOTO TMapka «3aTIOMEHCKUI» MOYKHO
PEKOMEHI0BaTh YOOPKY MEJIKHX, OTCTABIINX B POC-
T€ JepeBbeB B OMOTpymnmax W yXoj 3a OJUHOYHO
CTOSIIIMMH MTyTEM YJITy4IlIEHHUs YCIOBHI pOCTa.

CIIUCOK JIMTEPATYPBI

bynvkoea H. I1. Vicnonb3oBaHHE KOMIUIEKCHOTO OI[EHOYHOTO
MOKA3aTeNst ISl YCTAaHOBJICHHS pEKPEeariMOHHON yCTOMYIH-
BOCTH COCHOBBIX HacaxjeHwuii / BecTH. BypsT. roc. c.-X.
akazn. 2018. Ne 4 (53). C. 120-128.

bynvrosa H. I1., 3anecos C. B., 3anecosa E. C., Macacymo-
6a A. I, Ocunenxo P. A. OCHOBBI (PUTOMOHUTOpPHUHTA:
yueb. 1mocob., 3-e u3n., nom. u nepepad. ExarepunOypr:
YIIUITY, 2020. 90 c.

Boponun B. B., Tpemvsxos C. B., Illymunrosa IO. H., Kap-
noe A. A., Epmonuna M. C. OG0OCHOBaHUE JIECOXO35IM-
CTBEHHBIX MEPOIPHUATHII JJIsl peKpeannoHHbIX j1ecoB Ce-
Bepo-Bocroka EBporneiickoit Poccun // Cub. necH. KypH.
2021. Ne 4. C. 56-63.

Tubaoynnun H. @., Mycun X. I, Xanunoe HU. U., Axme-
moeg A. FO., T'agpussimos P. X. Ponb 3alIUTHBIX JIECOB B
skocucteme // BectH. Kazan. roc. arp. yu-ta. 2018. T. 13.
Ne 4 (51). C.21-23.

I'psasokun A. B., Koukun A. A., [Ipoxogwes A. H., I'ymane M. M.,
Txauws Y. Y., E¢pumos A. B. BrnusiHue pekpeannoHHON
HArpy3Kd B 3UMHMI TIEPHOJ Ha JICCHYH 3KOocHcTeMmy //
W3s. CIIGJITA. 2020. Ne 230. C. 6-18.

Jlanuesa A. B. TloBblllleHHE peKpealiMOHHON yCTOMYMBOCTH
U TIPUBIIEKATEILHOCTH COCHOBBIX JiecoB Kazaxcrana:
IuC. ... I-pa c.-X. Hayk: 06.03.02. ExarepunOypr: YIJITY,
2018. 515 c.

Januesa A. B., 3anecos C. B., Mykanoe 5. M., Ilopmsanko A. B.
Omnpenenenne cTaauil peKpearnoHHON JUTPECCHH B COC-
HOBBIX HacaxJeHusXx Kaszaxckoro MenkoconouHuka (Ha
npumepe ['HIIT «bypabaiin) // Arp. Poccus. 2014. Ne 10.
C.9-15.

Januesa A. B., 3anecos C. B., Myxanos b. M. Brnustaue pe-
KpEalnOHHBIX HArPy30K HAa OMOMETPUYECKHE MapamMeTphbl
ACCUMMJIALIMOHHOTO ammapara COCHOBBIX IPEBOCTOEB //
Jlecn. BectH. 2015. T. 19. Ne 2. C. 44-50.

Januesa A. B., 3anecos C. B., Cyimanosa P. P. ®yHKIMOHAIIb-
HOE 30HUPOBAHUE COCHAKOB PEKPEAL[IOHHOTO Ha3HAUECHUS
Kazaxckoro menkoconounuka // BectH. bamikup. roc. arp.
ya-Ta. 2017. Ne 2 (42). C. 101-105.

CUBUPCKUM JIECHOU YKYPHAJL Ne 4. 2023



Bzaumocesizo maxkcayuoOHHbIX nokazamerneil ()pegocmoee C UX COCMOSIHUEM 8 COCHOBBIX HACANCOCHUSIX. .

Januesa A. B., Ilankpamos B. K. Ouenka 3¢h¢deKTHBHOCTH
pyOOK yXona B CyXHUX cOoCHsikax Kazaxckoro menkocorou-
nuka // UBY3. JlecH. xxypa. 2021. Ne 2 (380). C. 45-55.

3anecos C. B., Cypaes I1. H., Bynvrosa H. I1., Ocunenko A. E.,
IHanun U. A., [Tlempos A. U. InTeHCUBUKALINS JIECOTIONb-
30BaHUsI IIyT€M COBEPIICHCTBOBAHUSI HOPMATUBHO-IPABO-
BBIX JJOKYMEHTOB // MexayHap. Hay4.-HCcCl. KypH. 2022.
Ne 10 (124). C. 1-4.

3amonoouuros /I. I, I'pabosckuii B. U., Kaearnos B. B. Dxo-
CHCTEMHBIE YCIYTH ¥ IPOCTPAHCTBEHHOE pacrpeeieHue
3auTHBIX JiecoB Poccuiickoii @enepanun // Jlecoene-
Hue. 2021. Ne 6. C. 581-592.

Konsoa A. C., benos A. H., Poznomuut H. I, bepcenesa C. A.
CkBep Kak JaHAmadTHO-apXUTEKTYPHAs TEPPUTOPHSI pe-
KpealnoHHO-(QYHKIIMOHAILHOTO HA3HAYEHUsI Ha TEppH-
Topuu Toposa Yccypwuiicka [Ipumopckoro kpasi // JlecH.
BectH. 2022. T. 26. Ne 4. C. 73-80.

Konawosa C. U., Cymmanosa P. P, Mapmeinosa M. B.,
Paxmamynnun 3. 3. dopMupoBaHue IIUPOKOIMCTBEH-
HBIX JICCOB B YCJIOBHSIX MHTCHCUBHOUN pekpearmu // Tp.
CITOHUMIIX. 2020. Ne 1. C. 32-43.

Koncmanmunoe A. B., Cepeuenko B. I BnusHue w3MeHe-
HUI KJIMMaTa B rojiolieHe Ha (JOpMHpOBaHUE pa3HOOOpa-

3Hs1 COBPEMEHHBIX JIECOB M UX TpPaHCHOpMALUs K KOHILY
XXI Bexka B Eppormeiickoii Poccun // Jlecotex. KypH.
2016. T. 6. Ne 3 (23). C. 19-29.

Moposos A. E., Cmapooyoyesa H. U., Kupwbdbaym A. P, Ya-
nometi J{. JluHaMMKa COCTOSIHMSI JPEBOCTOEB JIECHOTO
napka umenu JlecoBonoB Poccun 1. ExarepunOypra mon
Bo3elicTBUeM pekpeann // Jleca Poccun n x03-Bo B HUX.
2022. Ne 3 (82). C. 25-31.

Heyen T. U., Jlane B. X., Ilapunosa T. A. BunoBoe pazHoo-
Opasue W JeKOpaTHBHBIC OCOOCHHOCTH PACTEHHU B 03€-
neHennu ropona Xawoi / MBY3. JlecH. xypH. 2021.
Ne 5 (383). C. 65-75.

Ilpasuna canutapHoii 6e301MacHOCTH B jiecax. YTB. [locTaHOB-
nenuem [IpaButenscta PD ot 09.12.2020 Ne 2047. M.:
[IpaBurenscrBo PO, 2020.

Cobones H. B., batiuubaesa A. B., /lanuesa A. B. Dxonornde-
CKasl peKpealoHHasi eMKOCTh KaK Mepa 3araca JIECHBIX
peKpeanoHHBIX pecypcoB // Arp. BectH. Ypama. 2011.
Ne 5 (84). C. 52-55.

Xatipemournos A. @., Mycun X. I, I'agpusimos P. X., Haghuxo-
6a Y. P. luddepeHimpoBanHas OllEHKA PEKpPearinoOHHO-
ro moteHnuana jiecos // BectH. bamikup. roc. arp. yH-Ta.
2010. Ne 3. C. 49-55.

RELATIONSHIP OF FOREST SURVEY PARAMETERS
WITH INDICATORS OF CONDITION IN PINE PROTECTIVE STANDS

A. V. Dancheval, S. V. Zalesov?, V. S. Korovina'
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Respubliki Str., 7, Tyumen, 625003 Russian Federation
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The results of a study of the relationship between forest survey indicators and a condition indicators with the size
of trees in diameter and their relative height are presented with the possible use of the latter in assessing the state of
even-aged, high-density, pure composition pine forest stands of Zatyumenskiy ecological park in the city of Tyumen.
It has been revealed, that 6-13 % of the total number of trees in the sample plots falls on the share of small-diameter
trees. At the same time, the timber stock of such trees does not exceed 4 % of the total growing stock. Large-diameter
trees account for 18-36 % of the total number of trees and 30—-50 % of the total timber stock in the sample plots.
In terms of indicators such as tree health and relative vitality, relative height and growth stress coefficient, small-
diameter trees, in most cases, are characterized as severely weakened, dying and biologically unstable. At the same
time, large and medium-sized trees are considered as healthy or weakened, but biologically stable. The average
indicators of the general state of the tree stand are significantly negatively affected by the presence of small-diameter
trees, in most cases, very weakened and dying. A general pattern of deterioration in the state of the tree stand with an
increase in recreational impact has been revealed. It has been established that weakened trees with a relative height
H/D > 100 are characterized by the smallest diameters, and their number and timber stock increase with an increase in
recreational impact. Based on the results of the studies, a number of forestry measures have been proposed to increase
the biological stability, recreational attractiveness and protective functions of the studied pine forests.

Keywords: pine tree stands, forest park, recreational impact, forest survey indicators, condition of the trees.
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HccnenoBaHue KauecTBa JAPEBECHUHBI B OCYIIAEMOM COCHOBOM JPEBOCTOE MPOBOAMIM B 3€JICHOH 30HE I ApXaH-
reJbCcka Ha TEPPUTOPUU CEBEPOTACKHON YaCTH APXaHIEeNbCKOM 00IacTH, KOTOpas OTHOCUTCS K U APKTHUECKOM
30He Poccuiickoit deneparuu. [IpoBeeHbl TOBTOPHBIC U3MEPEHUS TAKCALMOHHBIX MTOKa3aTeael Ha 6 MOCTOSHHBIX
MPOOHBIX TIOMIAJSX, UCTIBITEIBAIOIINX BIMSIHUE THAPOTEXHUUYECKOH Menuopanuu ¢ 1974 1. u peKOHCTPYKIUH OCy-
muTensHoi cetu B 1990 1 [lo ocyIieHus Ha HUX IMpoU3pacTano 3a00JI04EHHOE COCHOBOE HacaxaeHHe VO Kkiacca
6oHuTeTa. B HacTOsIIEE BpeMs Ha OCYIIAeMOM y4acTKe MPOU3PACTAIOT YUCTHIE CPEAHEBO3PACTHBIC IPEBOCTOU COC-
Hbl OOBIKHOBEHHOU (Pinus sylvestris L.) xycrapHuukoBo-c(harHoBoro Ttuma neca, IV kmacca Gonutera. st mo-
JIOBUHBI YYaCTKOB MO>KHO PEKOMEH/I0BaTh NMPOBEICHNE PyOoK yxoza mo jaeiictByromum B Poccun IIpaBunam yxona
3a necamu (2020). B pesynbrare HccnenoBaHUsS ONPEACICHO BIMSIHUE OCYIICHUS HAa TOAWYHBIC MPUPOCTHI paHHEH
U TIO3/{HEH APEBECUHBI U CBSI3aHHBIC C HUMU OCHOBHBIC TTOKA3aTEIN KauecTBa ApeBecuHbl. [1o kauecTBy apeBecu-
HBbI 4aCTb AC€PEBLEB COOTBECTCTBYCT Tpe6OBaHI/I$IM K aBUAIlMOHHBIM ITWJIOMaTrepuajiaM. Z[.Hﬂ HarjmsgAHOTO OAHOBPEMEH-
HOI'0O aHaJIu3a BJIMSAHHA Kady€CTBa paGOTLI OCyHlHTeJILHOﬁ CCTH, PACIIOJIOKCHUA 00BEKTOB OTHOCHTEIBHO OoCyIu-
TEIBLHON CETH U TEMIICPATYPhbl BO3AYyXa B aHOMAJIbHO JKapKHUE I'oJibl MOCTPOCHBI JUArpaMMbl USMEHCHHUS CPEIHUX
IoKazareJiei HIUPUHBI TOAUYHOTO CJIOA W INIOTHOCTU APEBECUHBLI B OCYHIACMbBIX COCHOBBLIX HACAXKIACHUAX IO I'O-
JaM. AmHajloruyHeIe AuarpamMMbl NOCTPOCHBI HA OCHOBE U3MCPCHUSA KEPHOB MOACIIBHOI'O IEPEBA HA PA3HbIX OTHOCH-
TEJBHBIX BBICOTAX CTBOJIA. YKa3aHHBIM aHAJUTHUUECKUH MOAXOA NMPUMEHEH BIEpBbIE. BhickazaHO MpeanonoxeHue,
4To yepe3 10 JeT TakcallMOHHBIE TTOKA3aTEeNIN BCeX 00BEKTOB OyyT COOTBETCTBOBATh TPEOOBAHUSIM AJIsl HA3HAYCHUS
pYOOK yXo/1a, ¥ Ka4eCTBO JIPEBECHHBI B CPeTHEM OY/EeT MOBBIIIATHLCS, UL YeTO PEKOMEHAO0BAHO MPOBECTH PEKOH-
CTPYKLIHUIO KaHAJIOB.

KiawoueBble cioBa: cocrna 00bIKHOGEHHAs, 2UOPOMEXHUYECKAs MeTUOpayus, NIOMHOCHb OPEGEeCUHbl, NPUPOCIIbI,
pyoxu yxooa, Apkmuueckas sona Poccutickou @edepayuu.

DOI: 10.15372/SJFS20230407

BBEJIEHUWE

Cesepo-3aman u Eppomnetickuii CeBep Poccun
OTHOCSITCS K 30HE HW30BITOYHOTO YBJIKHEHUS C
OOIIMPHBIMA MaCCHBAMH BEPXOBBIX 0OJIOT U 3a00-
JIOUYEHHBIX JIECOB, YTO CBS3aHO C MpeodiajaHueM
0CaJIKOB HaJl HCTIapeHueM U TpaHncnupanuei (Tapa-
kaHoB, 2004; Nuumesa, 2009).

Jannas mpoOrmema — KitoueBasi Uil BEACHUS
JIECHOTO Xo03siicTBa B ApkTHueckoi 30He Poccuii-
ckoil Denepanvivi Ha TEPPUTOPUN APXaHTEIbCKON
0051acTH, KOTOpasi BKIIOUAET YacTh CEBEPOTACIKHO-
TO JIECHOTO pailOHa W pallOH MPUTYHIPOBBIX JIECOB
U peaKocToiiHoi Tairu (Yubucos u ap., 1974; Mu-
xaitnos, 2022). OCHOBHOI HampaBlE€HHOCTHIO Ha-
YYHO-HCCIIEI0BATEIbCKON JEATENBHOCTH B YKa3aH-

© TpetpsaxoB C. B., Konrres C. B., laBeiioB A. B., 3aroponckuii M. A., [lsetkoB U. B., [Tapamonos A. A.,

Kapaban A.A., 2023
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HBIX MPUPOJIHBIX YCIOBUAX TPAIUIIMOHHO SIBISETCS
MOBBIIIEHUE MPOAYKTUBHOCTH JIECOB, B KOHTEKCTE
gero HamboJiee APPEKTUBHBIM JICCOBOIACTBEHHBIM
MEPONPUATHEM TIPU3HAHO ocyIIeHue ecoB (Ynbu-
coB, 2008).

3a00JI04€HHOCTh JIaHHBIX TEPPUTOPHI MO OT-
nensHocTH coctaBisger 54.0 m 71.3 % cooTBeT-
CTBEHHO, a 00Immas 3a00J0YEHHOCTh CYXOITyTHOU
TEPPUTOPUN APKTUKH B ApPXaHTEIbCKON 00IacTH —
62.3 %. Jlons XBOMHBIX JIecoB pocturaet 90 %, oHn
NPE/ICTABICHBI B OCHOBHOM CIICJIBIMU U TIEPECTOM-
HBIMU €JTbHUKaMH W COCHsSIKaMH. B cocHskax mpe-
obmamaer cdarnoBsiii THm jgeca (Tapakanos, 2005;
Coxkonos, baxtun, 2006; Jlecno#t mnan..., 2018).
D¢ (hexTHBHO NPOBEACHHOE OCYIIEHHE C MOCe-
JTYIOIIAM TTOJITICpKAHUEM Pa0OThI OCYIIUTEITHHON
CETH MPUBOIUT K 3HAYUTEIHLHOMY TOBBIIICHHUIO TO-
JUYHOTO TPUPOCTA IPEBOCTOEB, YCUIICHUIO JIECOBO-
300HOBJICHUS U TIOBBIIICHUIO BBIXOA HEIPEBECHOM
nponykiun (ITactyxosa u np., 2017; badbuxos, 2018;
babukoB u ap., 2019; badbukos, Cybora, 2020).

BaxxupiMu ocTaroTCs BONPOCH! U3yYeHUS TUHA-
MUKHU TOJJUYHBIX IPUPOCTOB U Ka4eCTBA JPEBECUHBI
OCYIIIaeMBIX JJPEBOCTOEB C HAYAIbHON HU3KOU TPO-
JTYKTUBHOCTBIO. [ MIPOTEXHUYECKUE METHOPAIINN 1
PEKOHCTPYKIIMU OCYIIMTEIHLHON CETH MPOBOIMIH B
Apxanrenbckoit oonactu ¢ 1960-x o 1990-e roas!.
3a00J104CHHBIE YYAaCTKH CTPEMWJIMCH OCYIIUTH 3a
nepuoa 06opoTa pyOKH, 4TOOBI OPraHW30BATH He-
NPEPBIBHOE JIECOMOIb30BAHNUE JJIsi CTaOMIBHOTO
oOecrieueHusl APEBECUHOM KPYHHBIX IEJUTFONI03-
HO-OYMa)KHBIX U JIeCOOOpa0aThIBAIOIINX TPEATPH-
atuii (YubucoB u mp., 1974). Ceituac 3Ha4UTEIND-
Has UX 4acTh HAXOIUTCS B 3€JICHOW 30HE TOpPOJIOB
U TIOCEJTKOB.

Ha nuHamMuky mokasaresiell KauecTBa JIPeBECH-
HBI, U3 KOTOPBIX HanboJiee 3HAYMMBIM SIBIISICTCS €€
TUIOTHOCTh, OKa3bIBAIOT BIMSHUE MAKPOCTPYKTYpa,
reorpa)uyecKkue acheKThl, JECOPACTUTENbHbIE YC-
JIOBUS ¥ BO3PACT. B CeBEpHBIX YCIIOBHSIX OTMEYAECT-
Cs1 IOBBIIICHHE IJIOTHOCTH JIPEBECHHBI B ITUPOTHOM
HampaBlIeHUH C fora Ha cesep. lIpemamomaraercs,
YTO TEHACHLIMS YBEIMUEHUS TUIOTHOCTHU JIPEBECHHBI
C YXY/IIEHHUEM JIECOPACTUTENBHBIX YCIOBUH CBsI3a-
Ha C CAMOPETYISIMEN YCTOWYMBOCTH HACAKICHHI.
C moBBIIIIEHHEM BO3pacTa COCHBI OOBIKHOBEHHOM
(Pinus sylvestris L.) B cpefiHeM TIOBBINIAETCS TUIOT-
HOCTb JIPEBECUHBI, HO OJIMKE K BO3PACTy CHEIOCTH
ec 3Ha4YCHMs CTaOmwiu3upyrorcs. [IpudmHa Takmx
VW3MEHEHHUM 3aKIIOYAETCS B MPSIMON 3aBUCUMOCTH
IUIOTHOCTU OT IIUPUHBI TOIWYHOTO KOJIBLIA M JIOJTH
no3nHel apeBecuHbl. OT MIIOTHOCTH HANPSAMYIO 3a-
BHCHUT M TIPEJISJT IPOYHOCTH JapeBecrHbl (UnOucos
u 1p., 2005; Witomski et al., 2014; ®enotos u ap.,
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2016; Ycombues, llemopaeit, 2020; Roszyk et al.,
2020).

M3Menenne knMMarta TpU aHAIW3E KadyecTBa
JPEBECHHBI MOYKHO HE YUUTHIBATH (Seo et al., 2020).
JIeHApOXpOHOIOTHYECKHE UCCIICOBAHUS KaueCTBa
JPEBECHHBI TTOKA3BIBAIOT, YTO OHO 3aMETHO CHIKA-
€TCsI TIOJ BIIMSIHUEM TIPOMBIIUICHHBIX PYOOK, OBBI-
IIeHHUs BBIOPOCOB yriieposaa B arMocdepy u BHece-
HUSI yIOOPEHUH B JIECHBIE MOYBBI, YTO MPUBOIUT K
YBEJIIMYCHHIO TIPUPOCTA 32 CUET paHHEH JPEeBECHHBI
1 cHIKeHuto ee miotHoctu (Pretzsch et al., 2018).
Ha 3emmsix, BBIIIEOIIMX H3-TIOA CEIBCKOXO3SH-
CTBEHHOTO HCIIOJb30BaHUS, Kaue€CTBO JPEBECHHBI
COOTBETCTBYET TPEOOBAHUSIM JICCHON TIPOMBITIIICH-
Hoctu (Kozakiewicz et al., 2020).

Penko yuuThiBaeMbIM (haKTOM MPH U3MEPECHUSIX
KaueCTBa JIPEBECUHBI SIBIISICTCS] CHIDKCHUE €€ TIJI0T-
HOCTH OT KOMJISI K BEPIITHHE, YTO MOXKET IPUBOTUTH
K CMEIICHHBIM OIICHKaM (HUTOMACCHl JPEBOCTO-
€B, IPUMEHICMBIM TIPU pacyeTax JACTIOHUPOBAHHS
yriepoaa U MpH MPOTHO3MPOBAHUM BBIXO/A KpPYT-
JBIX JIECOMATEPHAJIOB HYKHOTO KauyecTBa W3 pas-
TUYHBIX yacted ctBosia (Masnbimesa u ap., 2017,
Schekalev et al., 2020; Demol et al., 2021). Mero-
JIMYECKU BEPHO PACCUHUTHIBATH TNIOTHOCTH JIPEBECH-
HBI BCETO JIEpeBa MIMEHHO I10 JIOKAJIbHBIM 3aMepam
Ha pa3HBIX BBICOTAX, JUIA YErO JOCTAaTOYHO OpaTh
M0 OTHOMY JIPEBECHOMY KEpHY Ha KaKIIOM OTHO-
curenbHOM BhIcOTEe (Ycomblies, Llemopaeti, 2020;
Schekalev et al., 2020). IIpeaBapuTenbHas oLeHKa
MoKa3areneil KadecTBa JPEBECHHBI TICPCIICKTHB-
Ha 1us Oornee 3(h(heKTUBHOTO IUIAHUPOBAHUS Jie-
cononb3oBanus (Uubucos u ap., 2005; Ycomblies,
Lenopaeii, 2020).

[Tepeunciiennbie GakThl HABOAAT HaA COOOpa-
KEHHUS 00 SKOHOMHYECKOW I1eTIeCO00pa3HOCTH Ha
Tepputopun Apkrudeckoil 30Hbl Poccuiickoii ®e-
Jiepaliy MpeiaraéMblX HCCIIEAOBATEISIMUA HU3KO-
WHTCHCHUBHBIX PyOOK yXo0Ja B OCYIIIaeMbIX COCHSI-
kax (®emotos, 2017).

Llenp maHHOTO HCCIENOBAaHHUS — OIIEHKA BIIH-
SIHUSI OCYILICHHSI HA MAaKpPOCTPYKTYPy M OCHOBHBIC
MOKa3aTel KayecTBa JIPEBECUHBI CPEIHEBO3PACT-
HBIX COCHSIKOB B CEBEPOTACKHOM JIECHOM paiioHE
Ha TEPPUTOPUHU APXAHTEIBCKOW 00TaCTH.

MATEPHAJIBI U METO/IbBI
HUCCJEJOBAHUM

HccnenoBanne mpoBOIMIA TIO OOMIETIPUHSATON
Meronuke (OCT 56-69-83; Haksacuna, IllaBpuna,
2001) Ha 6 MOCTOSTHHBIX MPOOHBIX MIOLIAAAX (IIIIIT)
B KOHIIE ¥ B Ha4YaJie BereTarnoHHoro nepuosa 2021
n 2022 rT. cooTBeTCTBeHHO (Tadm. 1, puc. 1).
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Tabamuna 1. TakcallmoHHas XapaKTEPUCTUKA OCYIIAEMBbIX COCHSIKOB

[T CpezHuie 3HaUEHHS 10 IPEBOCTOIO 3amac
Kiace I'ycrora, | cTBOIOBOI
Homep | OMHAAP, Cocras | Tlopona | Bospact, | Auamerp, | Beicota, | gouyrera | OO | ir g JPEBECHHBI
P Mm? Jer cM M M/ra ’
C 44 8.7 8.1
1 900 93C7C C 142 200 33 v 1.11 3766 121
C 44 7.2 9.4
2 600 92C8C C i 2.0 1.4 v 0.64 3167 81
C 43 7.4 7.4
3 900 93C7C C 119 13.9 90 v 0.51 2378 60
C 40 8.4 8.8
4 900 84C16C C 181 206 103 v 0.79 2778 95
C 49 7.1 8.1
5 900 98CI1E1b E - 3.1 - v 0.99 4967 114
b - 3.5 —
6 | 750 | 9cis | 42 i 8.7 Vo 042 | 3733 | 101

Ipumeuanue. C — cocHa obsikHOBeHHas; E — enb eBpomeiickas (Picea abies (L.) H. Karst.); b — 6epe3a nosucnas (Betula

pendula Roth).

Panee necHble yyacTku ObUTH OTIPaHUYEHBI 15
HaOIOIeHUH 32 IMHAMHUKOW TaKCAI[MOHHBIX ITOKa-
3ateneil W3HavaIbHO 3a00JI0YEHHOTO HACAKICHUS
COCHBI, KOTOPO€ HCIIbITAJIO BO3ECHCTBUE THJIPO-
TEXHUYECKOW Menuopauud B 1974 . 1 yaCTUUHOU
PEKOHCTPYKIIMKM OcyIuTeNbHOH cetn B 1990 1.
JIOTIOTHUTENIEHO Ha KaKAOW MPOOHOW TUTOIIAIN C
MIOMOIIIBI0 BO3PACTHOTO OypaBa y I€PEBHEB COCHBI

MPOMOPIUOHATBHO MPEJCTABIEHHOCTH CTyIEHEH
TOJIUHBI OTOMPATU KEPHBI HA BbicoTe 1.3 M.

B kauecTBe Momenu monoOpaIu JepeBO COCHBI
(cBexuii Banexx 2021 1), 61m3koe 1o mapamerpam K
CPEJHUM TaKCALIMOHHBIM [I0KA3aTelsiM IPEBOCTOEB
Ha nnn 4. Y MoJenbHOro jepeBa ObUTH U3MEPEHbI
JMaMEeTpPbl U B3SATHl 5 KEPHOB HA OTHOCUTEIBHBIX
Beicotax 0.1 H,0.3 H,0.5 HN 0.7 H, a takxe 1.3 m.

- OcymuTtens-144
oo TTTTTTTTTTTTTT oI
1 1 1 1
1 1 1 1
1 1 1 1
: - :
=
= 1 : o 4 '
N 1 N 1
1 1 1 1
1 1 1 1
1 1 1 1
. 30m : : 30m '
o 28 M R 10 M
4
5 = =
5 o 2 o
s ‘\' e 5
S
5]
o}
O
=
\ & 3 =
v 6
N
- Ocymutens-144

Puc. 1. YcnoBHas cxema pasmemenus mmm 1-6 B Beimene 3 kBaprana 22 Mcako-
TOPCKOTO yYaCTKOBOTO JICCHHUYCCTBA (3eJicHas 30Ha T. APXaHIelIbCKa, F0XKHAsl 4acTh
ApXaHTEIIECKOTO JIECHIYECTBA APXaHTeITLCKOH 001acTH).
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3amepsl TONUYHBIX TPUPOCTOB OCYIIECTBIISIIH
B KaMepaJlbHbIX YCJIOBHUSIX C MOMOUIBIO OINTHUKO-
ANIEKTPOHHOTO M3MepuTeNs mpoosl kepHa Corim
Maxi. ¥V KaXJ0ro TOJUYHOTO CJIOS OTJCNBHO 3a-
MEpSUIM IIMPUHY PaHHEN M MO3JHEH JpeBECHHbI C
To4HOCTHIO 0.01 MM.

JI71st OLIEHKH Ka4ecTBa IPEBECHHBI PACCUNUTHIBA-
JM CIEAYIOIINE TTOKA3aTeIH:

1) cpenntoro mupuny roguusoro cios (ILL.IC),
MM;

2) konuuectBo no3aHel npesecunst (I1.11.), %;

3) GasuCHYIO TUIOTHOCTH, WJIM TUIOTHOCTH a0-
COJIFOTHO CyXOH JIpeBecHHEI (p,), B KI/M’, ¥ 3aBU-
cuMblil ot Hee (R* = 0.94) mpenen npoYHOCTH MpU
CXKaTMH BOJIOKOH IIpH BiIaXkHOCTH 12 % (G ,), MIla
0 ypaBHEHHSM

P =279—10.8 x ILT.C. + 4.9 x TLT; (1)
6, =0.19p, —35. )

basucHyo MIOTHOCTH BBIYUCIISIM IO TOAUY-
HBIM [IPUPOCTAM C TIOMOIIBIO SKCIIPECC-METOAA, KO-
TopbIil 6611 pazpadoran B PBY «CesBHUNIIX» nox
pykoBozacTBOM akaaemuka I. A. Uubucosa Ha oc-
HoBe n3Mepenuii 6osiee 1000 kepHOB COCEH U eleit.
B xone onpeneneHust ero TOYHOCTH pa3padoTInKa-
MU OBLIIO YCTAaHOBJIEHO MaKCHMAJIbHOE OTKJIOHEHHE
0a3MCHON IUIOTHOCTU JAPEBECHHBI COCHBI IO ypaB-
HeHuto (1) — OT ONBITHOM MJIOTHOCTH, OMpeaesse-
MOH MyTeM CYIIKH M B3BEUIMBAaHUS 00pasIloB, 10
4.8 %, cormacHo apyromy uccienosanuio (Yubu-
COB U 1p., 2005; denotoB u ap., 2016), 1o 5.53 %.

JIOTIOTHUTENIBHO CYUTAIM YHUCIO TOIUYHBIX
cioeB B 1 cM pannyca KepHa, HaYUMHasi OT cepJLe-
BUHBI, 1 HAXOAWJIM CpeHEe 3HaUeHHE OTIEIHHO 1O
Ka)XJIOMY KEpHY.

Iloxa3arenu kauecTBa APEBECUHbI COCHBI: KOJIU-
4eCTBO M03/IHEH IPEBECHHBI, CPEIHEE YUCIIO CII0EB
B | cM, 0a3MCHYIO IUIOTHOCTD U Tpees MPOYHOCTH
IIPU CKAaTHM BJOJb BOJIOKOH cpaBHMBaiu ¢ ['OCT
968-68 (2007). st aTOTO MIEpEeCYUTANN MTPUBEICH-
HbI€ B HEM IOKa3aTeu TNIOTHOCTHU IPU BIAKHOCTH
15 % (p,s) Ha 3HaueHMs NOKa3areseil HopMaIu30-
BAaHHOMW IUIOTHOCTH, T. €. IUIOTHOCTU MPU BIAXKHO-
ctu 12 % (p,,), mo dopmyne n3 F'OCT 16483.1-84
(1999):

Pis
P = K 3)

12
rae K|, — koaddunneHT nepecyera BIaKHOCTH 00-
pa3IoB, PABHOW MJIM MEHBIIIE MPE/Ieia HACHIIICHHS

KJIETOUHBIX cTeHOK (K ', paBeH 1.01 mpu BraxkHOCTH
15 %).

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

OnpeneseHHble ¢ MOMOILBIO AKCIIPECC-METO-
Jla 3HaueHus p, NepecuuTalu Ha p,, IO (Gopmyie
(I'OCT 16483.1-84, 1999):

(1-0.85-107°)x (W —12) )
100 ’

P12 =p0><[1—

rae 0.85-107° — koadpurpenT oobeMHOT0 pasdy-
XaHusi, Kr/M*; W — BIaXHOCTb oOpas3iia B MOMEHT
HCTIBITaHus, %.

[Tpu W =0 % dopmyna (4) mpuHUMAET CIeIy-
FOIIIUH BUI:

P, =p, x 1.119898. (5)

ITo nomyuyeHHBIM 3HaYE€HHUSM IPUPOCTA U ILIOT-
HOCTH CTPOMJIM JMarpaMMBbl UX JUHAMUK II0 TOZ1aM,
KOTOpBIE OIICHUBAJIH C YYE€TOM BIUSHHS OCYIICHUS,
PEKOHCTPYKIMH THIPOTEXHUYECKON CETH U y/laJIeH-
HOCTH NPOOHBIX MJIOIIAAEH OT OCYLIUTENEH.

3HayeHus Ipelena MPOYHOCTH IPH CXKATUH
BIOJIb BOJIOKOH, oTpaxeHHble B ['OCT 968-68
(2007), aHaIOTHYHO TEPECYUTHIBAINA C BIAKHOCTH
6,5 Ha G,,, ucnonb3ys popmyiry FOCT 16483.10-73
(1999):

G5

Ky ©

Gy

st mepecuera mo dopmyse (6) B3sid KO-
¢unmenTs! npu Braxknoctu 15 %, pasubie 0.850
n 0.849, cooTBEeTCTByIOIIME IUIOTHOCTAM 1-H U
2-ii rpynn kadectsa apesecussl o 'OCT 968-68
(2007).

PE3VJbTATHI HCCJIEJIOBAHUM
N UX OBCYXKJIEHHUE

[TpoBeneHsb! MOBTOPHBIE U3MEPEHHS HA 6 TOCTO-
SIHHBIX TIPOOHBIX TUTOMIA/IAX, PACTIONIOKESHHBIX MEK-
JIy JByMSI OCYIIUTEIISIMH U TPEIACTABICHHBIX YHC-
THIMH CPEIHEBO3PACTHBIMH COCHAKamMH (Tabim. 1).
MenuopaTtiuBHasi CUCTEMa CYIIECTBEHHO CHH3MIIA
3¢ GEKTUBHOCTH BCIICICTBUE 3aMJIMBAHUS KAHAJIOB,
YaCTUYHOTO OOpYIIEHUSI OTKOCOB.

HamouBeHHBII TOKPOB HA BCEX y4acTKax COOT-
BETCTBYET C(arHoBOH TpyImIe TUIOB Jieca. B kaue-
CTBE MPEOONIAAONINX BHUIOB OTMEUEHBI CharHym
Oypeiit (Sphagnum fuscum (Schimp.) H. Klinggr.),
yepanka (Vaccinium myrtillus 1.) n OpycHuka
(Vaccinium vitis-idaea L.). B 6oTannueckoil mpak-
THKE TTOI0OOHBIEC THITHI Jieca, CPOPMHUPOBABIIHECS B
pe3ysbTaTe OCYIICHHUSI, TIPUHITO HAa3bIBaTh COCHS-
KaMd KyCTapHUYKOBO-c(arHoBbiMH (TrokaBuHa,
2020).
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Puc. 2. Ilpupocts! MmonensHoro nepesa Ha 0.7H (a) 1 MIOTHOCTH €r0 JPEeBECHHBI

(6) mo romam (5.65 m).

3a00s104eHHOE COCHOBOE HacaxjieHue VO kiac-
ca Oonurera B pesyiabrare 3(GpQPeKTHBHO TpOBe-
JIEHHOT'O OCYILIEHMsI IOJYYWIO Pa3BUTHE IO KycC-
TapHUYKOBO-c(parHoBoro HacaxzaeHus IV kiacca
6onuteta. CpeqHuii BO3pacT APEBOCTOEB HAXOIUT-
csa B npenenax 40-50 net. Ilpu maHHBIX Takcaim-
OHHBIX XapaKTEPUCTHKAX HA MOJIOBUHE OCYIIAEMBIX
Y4aCTKOB MOXKHO PEKOMEH/IOBATh MPOBEACHUE PY-
60k yxona — npopexuBanue (Ilpasuna..., 2020).

Bospact monensHoro nepesa Ha 0.1H (0.81 m)
npu auametpe 8.4 cM cocTaBuil 35 JIET, YTO MO3BO-
JSIET OTHECTH €T0 K MOKOJICHUI0, CPOPMHUPOBABIIIC-
Mycsl ociie Havyasia ocyuienus. /luamerp u BeicoTa
MOJIeNH OJIM3KU K CPEIHHUM M0 ApeBOCTOl0. J[nHa-
MHKa MPUPOCTOB MojiesibHOTO sepeBa Ha 0.7H mo
JTMaMEeTPy U TUIOTHOCTH JPEBECHHBI, PACCUUTAHHON
10 YpaBHEHUIO, TIPEJICTaBlIeHa HA pHC. 2, a, 0.

OTmeyaroTcsi pas3Hble TEHJIEHUUH JWHAMUKU
IUIOTHOCTHU JIPEBECHHBI 110 OTHOIIECHUIO K INHAMU-
K€ MPUPOCTOB MO auamerpy. Huskue mpupocTsl u
TJIOTHOCTH B KpavtHeM 1t mojaenu 2021 1. cBs3aHbI
C HEIOCTaTOYHBIM (OPMHUPOBAHHEM MO3THEH ape-
BECHUHBI.

Ha puc. 3 orMeueHa cxoxecTb TMHAMUKU MIpU-
pocTa M IUIOTHOCTU Monenu U kepHa Ha 0.7H ¢
2014 nmo 2021 r. /laHHas 3aBUCUMOCTb XapaKTepHa
U Ui Apyrux kepHoB. Ha HHMX 3aMeTHO BbIpaxe-
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Ha peakuus Ha PEeKOHCTPYKIUIO KaHayoB B 1990 .
CHIDKEHUEM IPHUPOCTOB M HOBBIIIEHUEM IIJIOTHO-
CTH JPEBECUHBI. 3aMETHOE CHUKEHHE MPUPOCTOB
C HEKOTOPOH CTaOMIHM3aIuell TUIOTHOCTH B KOHIIC
2010-x rogoB OOBSACHSAETCS yXyALIEHHEM pPabOThI
ocyluTenpHol cetu. Cxoxkue NUHAMMKA MPUPOC-
TOB U IUIOTHOCTU IPUCYTCTBYET U HA pUC. 4 U 5.

Jst monnepkarusi 3GPEKTUBHOCTH JIECOOCY-
IICHHUS PEKOMEHAYETCS] HPOBOJUTH PEKOHCTPYK-
IIUI0 OCYLIMTEIBHOW CETH HEe MO3JHEE ueM pa3 B
20 net (denoros, 2017).

JluHamMMKa NpUpOCTOB U MIIOTHOCTU MOJIENIBHO-
TO JIepeBa TOUHEE BCEro OTPa)KaeT M3MEHEHHs HC-
ClIelyeMbIX MoKa3aTenelt uMeHHo Ha i 4 (puc. 4
u 5). Bo3MOXHO, 4TO ¢ yBEIMUEHHEM KOIMYECTBA
MOZETIbHBIX JIepeBbeB OyaeT HaOMIomaTbes Cylie-
CTBEHHasl BapualUsl HCCIEAYEMBIX IPU3HAKOB.
VYuuThiBas TECHYIO CBS3b IUIOTHOCTH JPEBECH-
HBI ¢ (PUTOMACCOH, MpearnoaaraeM, 4ro uis oosee
TOYHBIX OLIEHOK IO JAPEBOCTOI0 JTOCTaTOYHO aHa-
JIOTUYHOM BBIOOPKHU JepeBbeB B umcie 5 mrt. [lo-
CTaBJICHHBIH BOIIPOC TpeOyeT JONOTHUTENIBHBIX UC-
cienoBanuii (Ycomblies, 3anecos, 2005; Ycomnblies,
Iemopaeii, 2020).

TpeOyemasi TUIOTHOCTH JJISi BHICOKOKA4€CTBEH-
HOW aBHAIIMOHHOMN JPEBECUHBI COCHBI OOBIKHOBEH-
HOIi Bo Bcex paionax OwiBmiero CCCP cocraisier

CUBUPCKUM JIECHOU YKYPHAJL Ne 4. 2023
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Puc. 3. O6mmii mpupocT MOAETHHOTO AepeBa (@) U TUIOTHOCTH €T0 JPEBECHHBI (6) TIO TOIaM.

He MeHee 510 u 470 xr/m® npu BnaxkuoctH 15 % co-
OTBETCTBEHHO I'PYIIIaM JIPEBECHUHBI C IOBBIIICHHbI-
MU Mexanndeckumu cBoiictBamu 1o 'OCT 968-68
(2007). IIpu >TOM comepikaHue TO3HEH JIPEBECH-
HBI cocTaBisieT He MeHee 20-25 %, unciio roguy-
HBIX crioeB B 1 cM — ot 3 g0 25 mt. [Ipu nepecuere
no ¢opmyrne (3) yka3aHHble 3HAUEHHS JUISL P,, CO-
craBisitoT 505 u 465 xr/mM® cooTBeTcTBeHHO. [Ipe-
JIeJIbl IPOYHOCTH IIPU CHKATUU BJIOJIb BOJIOKOH (G,),
pasnblie 40 u 35 MIla, npu nepecuere o Gpopmyie
(6) Ha 6, cocTaBustoT 47 u 41 Mlla. OuenuBaemMble
TOKa3aTeNIl Ha pa3HbIX BBICOTaX MOJEIIEHOTO Jepe-
Ba MPEACTaBICHBI B TA0OM. 2.

OTMmeuaeTcsi CHUIKEHHUE IOKa3aTelleld KauecT-
Ba JPEBECHUHBI 10 MEpe MPOABMKEHUS OT OCHO-
BaHUs CTBoJia K BepmuHe. TpeboBanusm ['OCT

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

968-68 (2007) 3a MUCKIIIOYEHUEM IIJIOTHOCTU COOT-
BercTByeT npeBecuna Ha 0.81 m (0.1H). Cpennsist
[IMpUHA TOAWYHOTO CJIOS C YY€TOM OTHOCHTEIb-
HOM MOJIHOTHI M KJlacca OOHUTETa JIPEBOCTOS CO-
OTBETCTBYET OCOOCHHOCTSIM Bo3pacra. [lmoTHOCTH
JIPEBECUHBI Ha BbICOTE 1.3 M COOTBETCTBYET HOP-
MaJIbHOM NJIi COCHSIKOB CEBEPOTACKHOTO JIECHO-
ro paiioHa ApXaHTelbCKOM OOJAaCTH U TMOKa3bl-
BaeT 3((PEKTUBHOCTh OCYUICHHS ISl YIyULICHHS
ycnoBuii ipouspactanusi (Hubucos u mp., 2005;
TroxaBuna, 2020).

Ha npo0GHbIx muiomasax, pacnoiaokeHHbIX Ou-
xKe K cobuparento (puc. 4), npupocTbl B NEPBbIE
TOJIBI TTIOCJIE OCYIIeHUsT OPMUPOBAIUCH C OOIBIIEH
JIOJIEH TIO3IHEH APEBECUHBL, YeM Ha Y4aCTKaX JaJlb-
me ot cobuparens (puc. 5).
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Puc. 4. Cpennue 3HaueHust mpupoctos (a) u p,, (6) no rogam (H — 1.3 M) Ha npoOHBIX omanIx 1-3 BOMM3M

cobupareds.

Tadmmuua 2. MakpocTpyKTypa U Ka4eCTBO JIPEBECHHBI KEPHOB MOJICIIFHOTO JiepeBa
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Puc. 5. Cpennue 3HaueHHUs NpUPOCTOB O rofaM (a) u p,, (6) mo romgam (H — 1.3 M) Ha npoOHBIX mIomanax 4—6

BIAITH OT COOMpATETIs.

[IpuBenenHbple HAOMIONEHUS TO3BOJSIOT OLe-
HUTh CYIIECTBEHHOE BIIMSHUE YKJIOHA MECTHOCTH
(cm. puc. 1). B cBoto ouepernp, TaKCAIIMOHHOE OITH-
caHue B Taba. 1 maeT mpeacTaBieHUE O HAIUYMU
peaKoil cocHbl B MepuoJ 3a007aYMBaHUs ydacTKa
MMEHHO Ha nnn 1—4 ¥ 0 NOHMKEHUU CPEeTHUX Jlna-
METPOB M BBICOT C CEBEpa Ha 10T OT ocyiuTens-144
K OCyluTento-134.

Koppensiuust mpupocToB U MIOTHOCTEH ApeBe-
CHUHBI, IPEACTABIEHHBIX HA pUC. 4, 5, cocTaBuiIa OT
—0.47 no —0.52 nns pa3HbIX 00BeKTOB. Cremyer oT-
METUTh pa3Hble PEAKIUU MoKa3aresnel Mpupocra u
IUIOTHOCTU (CM. puc. 3—5) Ha aHOMAJbHO YKapKHe

CUBUPCKU JIECHOU XYPHAJL Ne 4. 2023

JIETHUE TeMIIepaTypbl Bo3ayxa B EBpomneiickoii yac-
™™ Poccuu B 2003, 2010, 2011 1 2016-2018 rr. Kax
MOKA3bIBAIOT PE3YJIbTaThl PA3JIMYHBIX HCCIIEN0Ba-
HUH, TpUpoCT (HOPMUPYETCS] B OCHOBHOM 32 CUET
MO3IHEH IPeBECHUHBI B OTBET HA CYIIECTBEHHbIE MO-
BBIILIEHHS TEMIIEPATyphl B Meproj Beretaryu (Ycois-
1eB, 3anecos, 2005; Yconbies, Llenopaeit, 2020).

Jlns aHanm3a mokaszareneil MaKpOCTPYKTYpBI
KauecTBa JIPEBECUHBI HA BCEX MCCIIENyEeMbIX 00BEK-
Tax ObUIM B3SThl KEPHBI Y J€PEBbEB PA3HBIX CTYIIE-
HEH TOJILIMHBI, KaK CPETHEBO3PACTHBIX (MOJIOJBIX),
TaK M CHENbIX U MEePECTOWHBIX (CTaphIX) BO3pACT-
HBIX TPYIII IPU UX HAJTHYUH.
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Tadmuua 3. Cpennue nokasaTean MaKpOCTPYKTYPhI U Ka4ecTBa JPEBECHHBI KEPHOB MOJIEIbHBIX IEPEBbEB

Ha BbIcoTe 1.3 M Ha 00BEKTAX HCCIIEIOBAHUS

HONED | ppre, | O Stoes ML, % Po - Pro o, MITa
1 1.26 £0.13 7+04 27+1.0 399+4.9 447+ 6.0 41+£1.0
2 1.01£0.7 9+0.4 27+0.6 400+ 6.4 448 £ 6.0 41 +£1.0
3 0.83 +£0.06 10+0.7 23+0.6 385+3.2 431+3.0 38+0.6
4 1.06 £ 0.09 8+0.3 23+0.6 380+£3.6 425+3.6 37+0.7
5 1.28 +£0.35 7+£04 27+0.7 396 +5.7 443 £5.7 40+ 1.0
6 1.25+0.28 7+0.6 26+1.2 394+£5.9 439+5.2 40+ 1.1

B tabn. 3 mpuBeneHsl cpeqHIE 10 BCEM OOBEK-
TaM MapaMeTphl.

JIns KaXJoW III Uy KaXJ0ro oOMEepeHHOro
nepesa (69 nepeBbeB COCHBI) 3TH MapamMeTpbl ObLTH
paccuutansl oTnenbHO. Koadduument wu3zmen-
YUBOCTH DPA3MUYHBIX MapaMEeTPOB BapbUpPOBAJ B
npeaenax 4-19 %, Tounocts onbita — ot 1 710 7 %.
HopmanbHOCTh pacmpeneneHus MOATBEPIKIAETCS
PaBEHCTBOM CpPEIHHMX, CPEAMHHBIX UM MOAAJIBHBIX
3HAUEHHH JJIs1 BCEX MCCIIEAYEMbIX TapaMeTPOB.

JIOCTOBEPHOCTh YCTAHOBJICHHBIX CPEIHUX 3HA-
YeHH MoKa3aTesniel 1y Bcex 00bekToB Oonee 10.

ITokazarenu kauecTBa JPEBECUHBI JJISI OTJEIb-
HBIX JIEPEBBEB CYLIECTBEHHO BapbUPYIOT.

3AK/IIOYEHHUE

Ha ocHoBe npoBeneHHBIX UCCIENOBAHUNA MOXK-
HO CJIEJIaTh CIEAYIOLINE BBIBOJBL:

1. Ha s¢dextuBHO oCylIaeMbIX yyacTKax Jieca
B COCHSIKaX KyCTapHUYKOBO-C()arHOBBIX CE€BEpOTa-
€XHOTO JIECHOTO pailoHa ApKTuueckor 30HbI Poc-
cuiickoit deziepaniuy xKenaTeabHO IPOBOJUTH PYOKH
yxolla AJis MOJIyYeHHUs] KaueCTBEHHOW IPEBECHHBI,
KOTOpasi COOTBETCTBYET TPEOOBAHUSAM, TPEIbSIBIIS-
€MbIM K aBUAILMOHHOMY KPSy, Y OTAEIbHBIX Je-
PEBBEB — YK€ B CPEHEBO3PACTHBIX IPEBOCTOSX.

2. OueHka JIMHaMHMKHU MapamMeTpoOB JIPEBOCTOS
MO3BOJISIET MPEANOI0KHUTD, YTO PYOKH yXO/a uepe3
10 et MoryT OBITH Ha3HAYEHBI HA BCEX 00BEKTaX, U
KaueCcTBO JIPEBECUHBI B cpeiHeM OyJieT MOBBIIIATh-
s, TaK KaK YCJIOBHS MPOU3PACTAHUs YXYILIAIOTCS,
MPUPOCTHI CHIKAIOTCS, & TUIOTHOCTh OcTaeTcs 00-
Jiee MOCTOSHHOM M € BO3PACTOM JOJDKHA 3aKOHO-
MEpHO BO3pacTaTh, HO XKEJIATEJIBHO MPOBECTU pe-
KOHCTPYKIIMIO OCYIIUTEIbHON CETH.

3. BriepBhbie NpOBEIEHHOE COMIOCTABJICHHUE TIPU-
POCTOB M HOPMAJIM30BAaHHOM IUIOTHOCTH I10 TOAAaM
naer Ooiiee TOYHOE MPENCTABICHHE O Pa3BUTHH
JPEBOCTOS IO/ BIMSHHUEM Pa3IMYHBIX (DaKTOpoB
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(pacnonoxxeHrne 00BEKTOB OTHOCUTENIBHO OCYIIH-
TENBbHON CETH M YKJIOHAa MECTHOCTH, KaueCTBO pa-
0OThI KaHAJIOB, AHOMAJILHO JKapPKUE TOJIbI) U MOXKET
OBITH HCIIOJIB30BAHO B KJIIMMAaTHYECKHX HCCIEN0-
BaHUSX.

4. VzmepeHus: npupocTa U MJIOTHOCTU ApeBec-
HBIX CTBOJIOB IO KEpHAM Ha pa3HbIX BBICOTAX B CO-
YETaHUU C 3aMepaMH IMaMeTPOB MO3BOJISAIOT OJJHO-
BPEMEHHO OLIEHUTh MX C TOYKHM 3pPEHUS BBIXOZAA
Pa3INYHBIX JIECOMATEPHUAJIOB HY)KHOT'O KaueCTBa U
MOJIyYUTh JAHHBIC, MOJIE3HbIE ISl YTOYHEHHS 00-
IIEU3BECTHBIX MOKAa3aTeei MOMIOMEHUs yIiiepoaa
JpeBoCTOsSIMH ApKTUueckoi 30Hb1 Poccuiickoit de-
Jepanuu.

5. Ilpu ananm3e TaKCAllMOHHBIX IOKa3arenen
JIPEBOCTOEB U OLICHKE KayecTBa JAPEBECUHBI yCTa-
HOBJICHO, YTO HauOONbIHK 3()(EeKT oT ocymeHus
MOJTy4eH Ha y4acTKe, PAacIOJIOKEHHOM BOJH3H CO-
Ouparesiss U BEpXHEro IO CKJIOHY OCYIIUTENs, a
TaKXe TO, YTO JIPEBOCTOM, PACIIONOKEHHBIN BOIU3H
coOuparenss ¥ HUKHETO 10 CKJIOHY OCYLIUTENs, B
MEHBIIIEN CTENMEHN OTPEarnupoBaJI HA BO3JECHCTBUE
TUIPOTEXHUYECKON METHOPALIUN.

Cmambvs noocomoeiena no pe3yibmamam Ha-
VUHO-UCCTIE008aMENbCKUX PAOOM, GbINOIHEHHbIX 8
pamkax eocyoapcmeennozo 3adanus OBY «Ceg-
HUHUJIX» na npoeedenue NpuxkiaoHulX HAYYHBIX
uccnedosanuii 6 cghepe desmenvrocmu Pedepaiv-
HO20 azeHmcmea echoeo xossaucmea «Pazpabom-
Ka yugposoti umMumayuoHHou Mooeiu OUHAMUKU
9KONO02UYECKO20 COCMOAHUSL U NPOOYKMUBHOCNU
JIECHBIX IKOCUCIEM HA NepPey8LaNCHEHHbIX 3eMIIAX
noo 8030elicmauem NPUPOOHbIX U AHMPONOLEHHbIX
Gaxkmoposy (pecucmpayuonHvlii. HOMep MeMbl:
122020300230-5) u « Coz0anue u soccmanosienue
Ha cyxonymuou meppumopuu Apxmuxu Poccuii-
ckou Dedepayuu MHO2OPAKMOPHLIX CMAYUOHAD-
HbIX (NOCMOAHHBIX) ONLIMHBIX JIECHLIX 00BEKMOB»
(pecucmpayuonnwiii Homep memot 123022800118-4).
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THE QUALITY OF WOOD OF DRAINED NORTH-TAIGA PINE FORESTS
OF ARKHANGELSK OBLAST, DETERMINED BY EXPRESS METHOD
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The study of the wood quality in the drained pine stand was carried out on the territory of the north taiga of Arkhangelsk
Oblast, which belongs to the green zone of the city of Arkhangelsk and the Arctic zone of the Russian Federation.
Repeated measurements of forest inventory parameters were carried out on 6 permanent sample plots affected by
melioration since 1974 and reconstruction of the drainage network in 1990. Before drainage, a swampy pine stands
of the V® bonitet class grew on them. At present, medium-aged scots pine (Pinus sylvestris L.) stands of shrubby-
sphagnum forest type, IV bonitet class, grow on the drained area. For half of the plots, it is possible to recommend
thinning according to the current Russian Rules of forest care (2020). Some of the trees meet the requirements for the
aviation lumber wood quality. For a visual simultaneous analysis of the drainage network quality impact, the location
of objects relative to the drainage network and the air temperature in abnormally hot years, diagrams of changes in
the average indicators of the width of the annual increment and the wood density in the drained pine stands by year
are constructed. Similar diagrams are constructed on the basis of measuring the model tree cores at different relative
heights of the trunk. This analytical approach has been applied for the first time. It is suggested that in 10 years the
inventory parameters of all facilities will meet the requirements for the thinning purpose, and the wood quality will
increase on average, for which it is recommended to reconstruct the channels.

Keywords: Scotch pine, hydraulic melioration, wood density, increments, thinning, Arctic zone of the Russian
Federation.
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Karaban A. A. The quality of wood of drained north-taiga pine forests of Arkhangelsk Oblast, determined by express
method // Sibirskij Lesnoj Zurnal (Sib. J. For. Sci.). 2023. N. 4. P. 64-74 (in Russian with English abstract and
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74 CUBUPCKUM JIECHOU YKYPHAJL Ne 4. 2023



CHBHPCKHH JIECHOH )KYPHAIL 2023. Ne 4. C. 75-82

YK 634.7:631.589.2

AJANTAIIUA PACTEHUH-PETEHEPAHTOB KHSI)KEHUKH APKTUYECKOM
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Hocmynuna 6 pedaxyuio 03.03.2023 2.

[IpuBeneHs! pe3yapTaThl HCCIEAOBAHUM aJalTalluy PAaCTeHUN KHKEHUKH apKTUueckoil (Rubus arcticus L.) copToB
Astra u Sofia, moTy4eHHBIX METOIOM KIIOHATBHOTO MUKPOPA3MHOKEHHUS, K HECTEPUIIEHBIM YCIIOBUSIM €X Vitro C TIPH-
MEHEHHEM T'HJIPOIIOHHOTO METO/1a BhIpAIIMBaHUs. DTO — BHICOKOLIEHHBIH B IHUILEBOM U JIEKAPCTBEHHOM OTHOLLIECHUH
JICCHOM SITOIHBINA BUJI, PEIKO BCTPEYAEMBIN M HMCIONIHH HEOOIBIIYIO YPOXKAIHOCTh B TIPUPOIHBIX YCIOBHAX. AJar-
Talusl K HECTEPUJIbHBIM YCIOBUSM ex Vitro SBJISeTCA OJHUM U3 JIMMUTHPYIOIIUX ITAoOB KIOHAIBHOTO MUKPOpPa3-
MHOXeHHUA. [IprKuBaeMoCTh pacTeHUH-pereHepaHTOB KHDKEHUKH apKTHYECKON HCCIIEAYEMbIX COPTOB B YCIOBHUSX
TUJIPOIIOHHOM yCcTaHOBKHM cocTaBuia 98 %, uepes3 MecsI Mocie BbICAIKU B OTKPBITHIA TPYHT — 69 %. OHu umenu
OoJiee CIIIBHBIC Pa3IHYHs 10 MOP(POMETPHUYCCKIM ITOKA3ATEISIM MEKAY KIOHAMH BHYTPH COPTa, YeM MEXKIY COp-
tamu. Ha 20-e cyTku ajganramnuu ux yucio gocrturano 5.0 mr. co cpeaneit mmuoi 2.5 cm. [locne pasznenenus Ha
OTAeNbHbIe T00eru Ha 45-e CyTKH pacTeHUs: UMeNld B cpeaHeM noderu B uncie 3.0 T, co cpeanei AnmuHoi 8.3 cM.
Ha 45-e cyTku BeIpanyBanus Ha TUAPONOHHON YCTAHOBKE pacTEHHs KHSDKCHUKH apKTHUECKoit copra Sofia mmenu
Oonee BrIcOKHE MOp(hOMETpHUECKUE TIOKA3aTeNId HaJ3EMHON U KOPHEBOW CHCTEM 110 CPAaBHEHMIO C COPTOM Astra: 1o
yncny kopHeit — Ha 30.3 %, no cymmapHoil JuHe KopHell — Ha 23 %, no unciy auctbeB — Ha 20 %, 1o yuciy noode-
roB — Ha 14 %, no qyune noderos — Ha 10 %. [Toka3arenu pa3BUTHS KOPHEBOM CUCTEMBI HA THIPOIIOHHON YCTaHOBKE
3aBHCEIIM OT COPTOBBIX 0COOEHHOCTEH M Mepuoaa BbIpaluBaHus. Yepe3 2 Mec ajanTalid PacTeHUs! KHSKEHUKU
apKTh4yecKoil uMenu kopHH JuHoH 10-20 cM u npupocTsl 1oderoB 20-30 cM, YTO CBUAETENLCTBYET 00 UX MPUTOJ-
HOCTH K BBICAJIKE B YCJIIOBHUS OTKPBITOTO IPYHTA.

KaroueBble clIoBa: KHsdiceHUKA apkmudeckasi, copni, K1OHAIbHOE MUKPOPA3IMHOINCEHUE, NPUNCUBAEMOCMNDb, MOpd)O-
mempudecKue nokazameiu.

DOI: 10.15372/SJFS20230408

© Makapos C. C., Ynaneime M. T., Pogun C. A., Makaposa T. A., Camoiinenxo 3. A., Kysnernosa U. b., 2023

75



C. C. Maxapos, M. T. Ynaovuues, C. A. Pooun, T. A. Makaposa, 3. A. Camouirenxo, Y. b. Kysneyosa

BBEJEHHE

Kusokenuka apkruueckas (Rubus arcticus L.)
SBIISIETCS IICHHBIM THIIEBBIM M JIEKAPCTBEHHBIM
pacTeHueM, IUIONbI KOTOPOTO COAEpKaT OobIloe
KOJIMYECTBO BUTAMHUHOB W HMMEIOT CBOEOOpA3HBIM
MpUATHBIM BKyc W apomar. B mnpupone aaHHbIN
BUJI TIPOM3PACTACT NPEUMYIIECTBEHHO B XOJO-
HOW W YMEpPEHHOW 30HaX B CEBEPHBIX IIMPOTAX,
BcTpevaercs B CkanpunaBuu (Ounnsaaus, Hop-
Berus, llIBenns), CesepHoii Amepuxe (Kanana,
Anscka), Poccun (ceBepHble paiionsl EBpomeii-
ckoit wactu Poccun, [lanpamii BocTtok, Kamyarka,
Cubups), Ocronnn (Pperimmnr, 1949; UepHona,
1959; Eichwald, 1965; Ryynidnen, 1972; Hultén,
Fries, 1986; Karp et al., 2004; Ragnar et al., 2017).
OnHako 3aHMMaeMble KHSOKEHUKOM IUIOMIAN He-
BEJIMKH, TIPH 3TOM B NPUPOIHBIX MOIMYISIUIX OHA
TUIOIOHOCUT HE KAXKIBIA TOM, a YPOXKaHOCTH ee
Hu3Kas. B cBs3u ¢ 3THM 11€71€c000pa3Ho KyIbTUBU-
pOBaHME 3TOTO STOJHOTO BHJA C MCIIOIb30BaHUEM
THOPUIHBIX COPTOB M (OpM, JUISI 4YeTO HEOOXOIu-
MO yBEJIMYEHHE BBIITyCKa MOCAJOYHOTO MaTepuasa
(Ryyninen, 1973; Hiirsalmi et al., 1987; Pirinen et
al., 1998; Kostamo et al., 2013; Tsk u ap., 2018).

OmauM #3 cambIX J(PQPEKTUBHBIX METOIOB
YCKOPEHHOTO TOJYYEeHHsI TOCaJ0YHOTO MaTepua-
Ja Ha CETOAHSIIHUN JeHb SBISETCS KIOHAJIbHOE
mukpopazmHoxenue (byrenko, 1999; Cenbckoxo-
3stiiCTBeHHast OmorexHosorus..., 2015). Ilpomecc
aJlanTaluy PacTeHUH K YCIOBHSIM exX Vifro CuuTa-
€TCsl TUMUTHPYIOIIUM 3TalloM KJIOHAJbHOTO MHK-
POpPa3MHOXKEHHSI, PE3ylbTaTbl KOTOPOIO 3aBUCAT
KaK OT COCTOSHHSI YKOPEHEHHBIX PAacTeHHUH, TaK M
OT HWCHoJB3yeMoro crocoba amanrtanuu (/[lemen-
ko, Jlebenes, 2011; Illakuna, 2020). OObr9HO 15t
aJlanTaliy  MCIOJIb3YIOT TOYBEHHbIE, TOpP(dsHbIE
cyOcTparthl ¢ 100aBIeHUEM TIeCKa, IePIUTa, IPyTruX
KOMITOHEHTOB, PACTCHHSI Pa3MENIAfOT MO JIAMITAaMHU
¢ UTOCHEKTPOM, U Ha MPOTSHKEHUU 4—8 Hex Moj-
JEpKUBAIOT BIaXHOCTh Bozayxa 100 % (bbsmos-
ckuii, Ynaaeimes, 2020). OnHako TMOYBEHHBIE U
TOop(sHO-TIeCYaHbIe CyOCTpaThl HYXIAOTCS B CTE-
pWIN3alliY, TIIATETFHOM TOA0OpE COOTHOIIEHUHN
KOMITOHEHTOB, JOTIOJHUTEILHOU MPOBEPKE CBONUCTB
(pH, conep:kaHue MUTATENbHBIX BEIIECTB W JP.)
MIPUMEHHUTENBHO K OMOJIOTHYECKUM O0COOEHHOCTSIM
aJIanTUPYeMOH KYJIBTYPbl, CMEIIIMBAHUN KOMITOHEH-
TOB, YTO MPUBOIUT K JOMOTHUTEIBHBIM OTIEPAIHSIM
U Bo3pacTanuto 3arpart ([emenko, Jlebenes, 2011).
[TosTOMY COBEpIIEHCTBOBAaHHE ATANOB YKOPECHEHHS
Y aJjanTally ABISIETCA aKTyaJlbHOW 3aJa4ed MOJTy-
YEeHHsI TOCAJ0YHOTO MaTepuaia CaJoBbIX KYyJIbTYp,
B TOM YHUCJI€ KHSDKEHUKH. OIHUM U3 NEpCHEKTUB-
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HBIX METO/IOB aJalTallii MOXET CTaTh TUAPOIOH-
HBII CTI0CO0 BBIPAIIMBAHUSL.

Ha ceroassiiuinuii feHb CyILIECTBYET HECKOJBKO
TEXHOJIOTUH BBIPALMBAHMS LIEHHBIX ATOIHBIX U JIe-
KapCTBEHHBIX PACTEHUH B YCIOBHSIX THIPOMOHUKH:
CHCTEMBI IITyOOKOBOJHBIX KYJIBTYP WIIH IJIaBAIOLICH
miardgopmel (Deep Water Culture, DWC), Texau-
ka nurarenpHoro cios (Nutrient Film Technique,
NFT), texauka myounnoro notoka (Deep Flow
Technique, DFT), a Takxke cucreMa MOATOTICHUS
(npunuBHO-oTIMBHAs — Ebb & Flow) (Aires, 2018).
[IpenmyniecTBOM CHUCTEMBI MOATOIJICHUS SIBIISIET-
csi obecrieueHNe OTIIMYHON OKCUIEHALUU KOpHEH.
[lonbem BOABI BBITECHSET OTPAOOTaHHBIM BO3AYX
13 KOPHEBOM 30HBI, a MMOHIKEHUE BOJBI 00ECTIeun-
BaeT MOCTYIUIEHHE HOBOIO CBexero Bo3zayxa. Ilo-
ATOMY JaHHBIN THIT TUAPOTIOHUKH OYECHB IOIYIIS-
PEeH UIsl BBIPALMBAHUS MHOTHUX KYJIbTYp. TeMm He
MeHee, BBIOOp ONTUMAJIBHOTO THITA THIPOMOHHOMN
CUCTEMBbI 3aBUCUT OT MHOTUX ()aKTOpPOB, B TOM YHC-
Jie OT BUJA W COpTa BBIPAIIMBAEMOU KYJIBTYpHI, a
TaKxe 3KoHoMu4eckoro ¢akropa (Mezasenes u ap.,
1996; Texier, 2013).

OCHOBHBIMM ~ IIPEMMYILECTBAMU  T'MJIPOIIOH-
HOTO METOZA IO CPaBHEHHUIO C TPaIUIIMOHHBIMH
SBIISIIOTCSL BBIpAIlMBaHUE PAcCTeHUU Oe3 MOYBBI C
NPUMEHEHUEM MCKYCCTBEHHBIX CyOCTpaToB pas-
JIMYHOTO MPOUCXOKACHUS; OTCYTCTBHE NMaTOT€HHOMN
MOYBEHHONW MMKPO(IOPHI U BpEAUTENEH; HCIOb-
30BaHUE MaJbIX IUIOIIAZCH [UIsi HEMpephIBHOTO
KyJbTUBUPOBAHUS; BO3MOKHOCTh IPUMEHEHUS TO-
TOBBIX JIOJTOBEYHBIX I'MJIPOIIOHHBIX CHUCTEM; MHO-
TOCTIEKTPAIBHBIX CBETOAMOAHBIX (pUTOIAMI B Ka-
YeCTBE MCTOUYHUKOB HCKYCCTBEHHOTO OCBEIICHHS;
KOMIUIEKCHBIX MUHEpaJIbHBIX YI0OpEHUH ¢ y4eToM
OMOJIOTHYECKUX OCOOEHHOCTEH KYJIBTYpHI; TOJY-
YEHHE PACTUTEIBHOTO CHIPhs KPYIJIBIHA TOJ BHE 3a-
BHCHUMOCTH OT CE€30Ha M KJIMMATUYECKUX YCIIOBHIA;
BO3MOXKHOCTb yNpaBjieHHUs (B TOM 4HCIE€ aBTOMa-
TU3UPOBAHHOIO) POCTOM M Pa3BUTHUEM PACTEHUI
Ha TIPOTSDKEHUHM BCETO BETETAI[MOHHOTO TEePHOA;
TIIATEJIbHBIA KOHTPOJIb Kaue€CTBa FOTOBOM MPOAYK-
nun (Baxmuctpos, 1965; Mensenes u ap., 1996;
Maboko, Du Plooy, 2013; Sharma et al., 2019; Ma-
KapoB u Jip., 2020).

Tak KaK KHSOKEHHKA — MHOTOJIETHEE pacTeHHE,
U 10 MOMEHTAa HAKOIUIEHUS MaKCUMAaJIbHOTO KOJIH-
YeCTBa BTOPUYHBIX META0OIMTOB MOXKET MPOUTH
JIOCTaTOYHO MHOI'O BPEMEHHM, YCTAHOBJIEHO, YTO B
THIPOTIOHHBIX YCTAHOBKaX OHa pacTeT ObICTpee,
YeM B T0YBE, 32 CYET CBOCBPEMEHHOTO MOTYUYCHHS
JIOCTaTOYHOI'O KOJIMYECTBA MUTATEIbHBIX BELIECTB
U Tomdopa ycJoBHH KynbTHBUpoBaHHUS (Benton
Jones, 2014). TexHonorus KyJIbTUBUPOBAaHUS pac-
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TEHUH C MPUMEHEHHEM THJPOIOHHOIO METO/AA
HY’KJIa€TCA B COBEPILIECHCTBOBAHUY IPUMEHUTEIBHO
K COPTOBBIM OCOOEHHOCTSIM, BUJTY CyOCTpara, TUITY
HMCTOYHUKOB U3JTyUEHHUsI U KOHCTPYKIHUU THAPOTIOH-
HOIi ycTaHoBkH (Xego et al., 2017).

Ilenp HacCTOSAILIErO HCCIENOBAHUA — HW3YUHTh
0COOEHHOCTH aJanTalui K HECTEPUIIBHBIM YCIIO-
BUSIM TOJYUYEHHBIX METOJIOM KJIOHaJbHOTO MHUKPO-
Pa3MHOXKEHUSI PACTEHUM KHS)KEHUKH apKTHUYECKON
C IPUMEHEHUEM THJIPOIIOHHON YCTaHOBKH.

MATEPHAJIBI U METO/IbBI
HUCCJEJOBAHUN

BoipamuBanue B KyJbType in vitro. Vccne-
noBanus mpoBommii B 2019-2022 rr. B nabopa-
Topusix OmoTexHonoruu Ha Oa3ze CypryTckoro ro-
CYIapCTBEHHOI0 yHUBepcutera M (punuana OBY
BHUUJIM «llenTpanbHO-eBponeiickas JecHas
ompITHast cTaHIus. OOBEKTOM HCCIEIOBAHUS
ObUTH pAaCTEHUS-PEreHEPAHThl KHSDKEHUKU apKTH-
yeckol coptoB Astra u Sofia, mogyyeHHbIE paHee
METO/IOM KJIOHAJIbHOI'O MHUKpopa3zMHoxeHus (Ma-
KapoB u Jip., 2018). B kauecTtBe 3KCIUIAHTOB HC-
M0JIb30BAJIN NIa3yIIHbIE IOYKU pacTeHU. PacTenus
KyJBTUBUPOBAIIU HAa MUTATEIbHON Cpesie MO MPOIu-
cu Mypacure — Ckyra ¢ pa30aBieHUEM MUHEPAIIb-
HOTO cocTaBa Bojoi B 2 paza (1/2 MC) B TeueHue
5 Hex B yCIIOBUSIX CBETOBOM KOMHAThl npu 16-ya-
coBOM (poTomepuone ¢ MoAAepPKaHuEM OCBELICHHS
uHTeHcUuBHOCTRIO 1500-2000 15k, Temmeparypbl
Bo3ayxa 22-25 °C, pnaxxnoctu Bo3ayxa 80 %. B ka-
YEeCTBE PEryJIATOpa POCTa Ha ATare mpoiudepaun
uCcroib3oBai  6-Oensmnamuuomypun  (6-BAII)
(Acros Organics, Poccust) B kontienTparuu 0.5 mr/n
¢ nobasieHuem npemnapara InuH-Okcrpa (Hact-M,
Poccust) B xonnenTparuu 0.1 mr/in. Ha stame yxo-
PEHEHHUST MHUKPOMOOETrOB HCIOIB30BAINA HMHIOIHII-
macisanyto kucnory (MMK) (Hebei Hontai Biotech
Co., Kuraii) B xonnenrpanuu 0.5-1.0 mur/n ¢ no-
OaBreHueM mpernapara Dxorenb (bnoxummudeckue
TexHonoruu, Poccust) B konnentparuu 0,5 mit/i.

Ananranmus K yCJIOBUSIM ex vitro. Pactenus
aJalTUPOBAIM B PEKUME MEPUOAMYECKOTO 3aTOIN-
JeHHsI B THIPONOHHOM ycTaHOBKe «Cucrema-4J1»
TOPU30HTAJIBHOTO TUTIA, KOTOPAst MPEICTABIISET CO-
Ooit cremnax BbicoTor 198 cMm, mmpunoit 132 cm
¢ 2 mognoHamu pazmepoM 130 % 50 cMm, KpblIKaMu
C OTBEPCTHSIMU ISl TOPLIKOB AMaMETpoM 6 cMm, Oa-
koM o6semom 100 11 I MUTaTENTFHOTO pacTBOpa,
Hacoca, MUTAIONIUX ¥ BO3BPATHBIX ILIAHTOB, CO-
eIMHAIOIUX OaK ¢ TOAI0HOM, /IS TPAHCIIOPTHPOB-
KU [TUTATEIbHOIO PacTBOPA.
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VYKkopeHuBILIMECS] B YCIOBUSIX in Vifro pacte-
HUS-PETCHEPAHThl KHKCHUKU apKTHUYECKOW W3
NpOOMPOK MPOMBIBATIM B JTUCTHIIIIMPOBAHHON BOJE
OT arapa, IMOMEIIAJd B KOHTEHHEpPBHI IUaMETPOM
6 cM, 3amnosnHeHHble Ha 1/3 o0beMa CTepHIIbHBIM
kepamsutoMm (Pppakiueit 0.5—1.0 cm. Konrteitneps! ¢
pacTeHUs MU pa3Melald B KYJIbTUBAI[MOHHOM IIO-
MEIIEHNH, T/I€ TOJIEP>KUBAIIU ONITUMAJIBHBIE YCIIO-
BHUs: TemIeparypy Bozayxa 23-25 °C, remneparypa
pactBopa 20 °C, BiaxxHOCTb Bo3ayxa — 5565 %.
[lepBble 3 cyT pacTeHUs: MPUKPBIBAIN MPO3PAYHOI
IUIGHKOM /Il yBEJIMYEHMsI BIIAXKHOCTHU BO3IyXa.
OcBelieHne pacTeHU OCYIIECTBIISUIN OEIbIMU CBE-
TOJVOAHBIMYU JIAMITAMH, CBETOBOW MOTOK KOTOPBIX
cocraBisin 8000 1M, LBeTOBas TeMIleparypa —
4000 K, PPF — 165 mxmons/(c - M?). Jlammsl pac-
nosiarany Ha Beicote 50 cM ot pactenuii. Ha mpo-
TSOKEHUH BCEH BEreTallM PacTEHUs BbIpAIlMBaIN
npu 16-yacoBoM cBeTOBOM nepuone. IlurarensHblit
pacTBOp 1ojaBaiu B TedyeHue 15 MuH 6 pas B cyT-
KH. DJEKTPONPOBOAHOCTh MUTATEIBHOTO PacTBOpa
BapbupoBaia B npeaenax 0.8—1.8 mCwm/cm. [lepBrie
10 gHel KynbTHBAllMM PACTEHHUH B THAPOIOHHOU
YCTaHOBKE  AJIEKTPONPOBOAHOCTh MUTATEIHHOTO
pactBopa coctasisiia 0.8 MCwm/cM, 1asee B TeUeHUE
cnenyromux 10 qHel KOHLEHTpaLHIo CoJlel yBeu-
guBaym 10 1.3 MCwm/cm, a mocie 20 cyT KyJabTuBa-
uu — 110 1.8 MCwm/cm. Ypoens kuciotaocti (pH)
pactBopa — 5.8—6.0. 3aMeHy MUTATENBLHOTO pacT-
BOpa MPOBOJIWIIN Kaxkable 7 AHEel. BeipamuBanue
KHSDKEHUKH apKTHYECKOW MPOBOAMIM B MUTATEIb-
HOM pacTBOpE Ha OCHOBE IOJHOCTHIO PACTBOPH-
MBIX KOMIUJIEKCHBIX YIOOpPEHHH C MHKpPO3JIEeMEH-
tamu Yara Ferticare Hydro (NPK 6:14:30) (Yara
International, HopBerusi) u KaabIIMeBOW CETUTPHI
(CaN,O;). B kauecTBe KOHTPOJI PAacTEHHUs BBIPA-
IIMBAJIM B CaJKaX, NOJUBAJIN IPOTOYHOH (OTCTOEH-
HOI{) BOZIOH ¢ J00aBIEHNEM MUKPO- U MaKpOCOJEH
no riporntucu 1/10 MC.

Jlng xaxnoro copra 0p10 0TOOpaHO MO 5 KIlo-
HOB. V3Ha4yanbHO BCe pacTeHHs] ObLIM BBICAKECHBI
B TFOPILKH KOHIJIOMeparaMu (KJIOHaMu — 6e3 pasje-
JIeHUsl UX Ha OTHeNbHbIe odern), uepes 30 cyT ux
pa3fensuii ¥ MepecakuBaliv 10 OJHOMY B Ka)JI0M
ropuike. Yepes 20 u 45 cyT nociie TOCaKu B THJI-
POTIOHHBIE YCTAHOBKM MPOBOIMIN Yy4eT MOpPQo-
METPUYECKHUX MapaMeTpOB PACTEHUN HaI3eMHOI
(KOIMYecTBO TOOETOB, JINCTHEB M TOYEK BO300-
HOBJICHUS], CPEIHAS UIMHA MOOEroB) U MOA3EMHOI
(KoMMYecTBO M JIJTMHA KOpPHEW) YacTei pacTeHUH.
Cratuctuyeckyro 00pabOTKy JaHHBIX MPOBOAMIN
¢ ucnonn3oBanneM Microsoft Office Excel 2016 u
StatSoft Statistica 10.0.1011.6.
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PE3VYJIBTATbBI UCCJIEJOBAHUA
N UX OBCYXKIEHUE

B pesynbrare mnpoBeneHHBIX SKCHEPUMEHTOB
BBISIBJICHO, YTO HPHKUBAEMOCTb MHKPOPACTEHUI
KHSDKCHUKH apKTHUYECKOHM, BBIPAILIEHHBIX B YCIIO-
BUSIX THAPONOHHOW YCTaHOBKH, cocTaBuia 98 %,
TOT/Ia KaK B KOHTPOJIE MPMKUBAEMOCTh HE MPEBBI-
mana 50 %. Ormeuena rubenb eIMHUYHBIX pPacTe-
HUW C IJIOXO Pa3BUTOM KOPHEBOM CHCTEMOM, MpH-
9YeM TaKhe PACTeHUs MOTHOaTu B TEUCHUE MEPBBIX
4-7 nHeli mocie BBICAJKU Ha afanTtanuio (puc. 1, a).

VY ajgantupyeMbIX pacTeHMH YCTaHOBIEHBI 0O-
Jee CWIBbHBIE DPA3IW4Hs MO0 MOP(HOMETPUICCKIM
MOKa3aTessiM MeX1y KJIOHAaMU BHYTPHU COpTa, YeM
MEXTy IByMsl copTamu (Taom. 1).

VY copra Astra mpu BbICAJKe PACTEHUN KOHTIIO-
Mepatamu (0e3 paszzneneHus Ha OTIeJbHbIe mole-
r'¥) yuciio noberoB Ha 20-e CyTKH BapbUpPOBAJIO y
Pa3HBIX KJIOHOB OT 3 /10 8, YMCJIO JIUCThEB — OT 3
1o 12, mouek — ot 2 no 5. Cpenssisi nnmuHa mobe-
TOB y pacTeHHUH 3TOro copra cocranisuia 2.2—2.7 cMm
(puc. 1, 6).

[locne pasneneHus KOHITIOMEpaTra pacTEHHs
KHSDKEHUKH apKTHYECKOM copTa Astra xapakrte-
pHU30BaUCh 0OJIEe AKTUBHBIM POCTOM B BBICOTY
(puc. 1, 6). Uepes 45 cyT ajganranuu pacTeHUs J0-
cturaiim BbicoThl 8.4 £+ 0.14 cMm, mpu 3TOM YHUCIO
moyeK BO300OHOBIIEHHUS OBLIO MeHbIIEe B 1.5 pasa mo
CPaBHEHHIO C BBIPAIIMBAHUEM PACTCHUN KOHIJIO-
MeparaMu. Y pactenuid copta Sofia (6e3 paznene-
HUsI Ha TIOOETH) YHCIIO TIOOETOB Y Pa3HBIX KIOHOB
coctapmsiio B cpenneM 5.5 £ 0.08 mit., mucteeB —

6.5+ 0.09 mrt., mouek — 4.0 = 0.02 mt., gIuHa moode-
roB — 2.8 + 0.02 cm. PacTenust 060ux uccieayemMbix
COPTOB MOCJE pa3/ieeHHs KOHIJIOMepaTa HaYMHAIN
AKTHBHO PacTH, (OpMUPYs XOPOILIO OOINCTBEHHBIE
nmo0ery.

B cpennem pnuHa 1mo0GeroB y pacTeHUil KHs-
JKEHUKU apKTH4YeCKoil o0oux copTtoB Ha 20-e cyT-
KU cocTaBisiia coorBeTcTBeHHO 2.5 = 0.01 cM, Ha
45-e — 8.3 £ 0.11 cwm. [Tocne pa3nenenus Ha mooern
pacteHus 000ux copToB GOPMHUPOBAIH TIO 2—3 10U~
KU BO300OHOBIICHUSI.

Ha 45-e cyTku pacTeHus: KHSOKCHUKH apKTHYe-
ckoil coprta Sofia XapakTepHu30BaIUCh HECKOJIBKO
Ooree BBICOKMMU MOP(HOMETPHUECKHUMH TTapaMeT-
pamu MO CpaBHEHHMIO C COPTOM Astra: KOJUYECTBO
1mooeroB ObuTIO BbIme Ha 14 %, KOJIWYESCTBO JIU-
ctheB — Ha 20 %, nomHa moderoB — Ha 10 %.

IToxazarenu pa3BUTHSI KOPHEBON CUCTEMBI KHSI-
JKEHUKHU 3aBUCEIH OT COPTOBBIX OCOOCHHOCTEH M
nepuosa BelpamuBanus (Taom. 2).

Ha 20-e cyTku BeIpanuBanus cyMMapHas JJTu-
Ha KOpHeH y pacTeHuii copra Astra 6bu1a B 1.7 paza
Oonbiie, yeM y coptra Sofia (mpu 0oqUHAKOBOM YHC-
ne kopHeit). OgHaKo nocie pa3aenaeHus mooeros Ha
45-e cyTtku pacteHusi copra Sofia xapakrepu3oBa-
TUCh OoJiee CHITHHBIM Pa3BUTHEM TI0 CPABHEHHUIO C
coproM Astra. KopHeBas cuctema y pacTeHHi copra
Sofia, kak 1 Ha3eMHas1, pa3BUBAJIACh JyUIle, YEM Y
copra Astra: cyMMapHas JuInHa KOpHeil Obu1a 00Jb-
nie Ha 23 %, a konudecTBo KopHel — Ha 30.3 %.

Pacrenust kHspkeHUKH uepe3 38—45 cyT npen-
CTaBJSIM COOOM KYCT C HECKOJbKMMHU MoOeraMu
(puc. 2, a, 6).

Puc. 1. Anantupyemble pacTeHuUsl KHSDKEHUKH apKTHUECKOM copTa Astra 1ocje BbICaJKU B KOHTEH-
HEPBI C KePaM3UTOM.

a —uepe3 8 cyT; 0 — Ha 20-e cyTkH; 6 — Ha 30-€ CyTKH.
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Taommua 1. Mopdomerpudeckre moka3aresid HaJ3eMHOM YaCTH KHKCHUKH apKTHYCCKON B YCIOBHUSIX THAPOIIOHUKH
(cpennee 3a 3 rona)

Copr Homep Yucio, wr. Cpenusist JuinHa
KJIOHa oOeroB JINCTHEB MOYEK BO30OHOBIICHUS 106eroB, cM
20-e cyTKH
1 8.0+0.27 12+0.33 5.0+£0.10 2.7+ 0.04
2 5.0+0.11 10+0.32 4.0£0.13 2.3+£0.09
Astra 3 3.0£0.13 3.0+0.11 2.0+0.14 2.2+0.08
4 40+0.14 6.0+£0.21 3.0£0.12 2.6+0.09
5 40+0.17 5.0+£0.19 3.0£0.10 2.3+0.10
CpenHee 1o COPTy... 4.8 7.2 34 2.4
1 5.0+£0.18 3.0+£0.12 2.0=+0.11 2.5+0.11
2 6.0+0.19 5.0£0.18 4.0=£0.11 37+£0.18
Sofia 3 4.0£0.16 5.0+0.11 6.0£0.19 2.5+£0.16
4 8.0+£0.13 10+ 0.38 6.0£0.18 23+£0.17
5 3.0+0.21 3.0+£0.2 4.0£0.16 1.8£0.09
CpenHee 1O COPTY... 5.2 5.2 4.4 2.6
45-e cyTKH
1 3.0+ 0.03 6.0 £0.09 2.0+£0.02 42+1.10
2 2.0+0.02 4.0+0.05 3.0+£0.09 5.5+£1.32
Astra 3 2.0+£0.01 9.0+£0.09 2.0+0.01 6.7+ 1.48
4 4.0+0.02 8.0+£0.07 2.0+0.03 12.6 + 1.49
5 3.0+£0.02 9.0+£0.10 2.0+0.02 10.3 +1.68
Cpennee mocopry... 2.8 7.2 2.2 7.9
1 3.0+ 0.04 8.0+£0.09 2.0+0.03 51+£1.22
2 3.0+ 0.06 9.0+0.11 3.0+£0.04 6.9+1.12
Sofia 3 4.0+0.08 8.0+£0.13 3.0+ 0.03 8.9+ 1.44
4 4.0+0.06 9.0+£0.12 2.0+0.04 109 +1.52
5 2.0+£0.04 9.0+£0.14 2.0+0.02 11.7+1.42
Cpennee mocopry... 32 8.6 2.4 8.7

Taommua 2. Mopdomerprudeckre moKa3aren MOI3eMHON YacTH KHSKCHUKH apKTUICCKON B YCIIOBUSAX THAPOTIOHUKN
(cpennee 3a 3 rona)

Copr Homep | Uucno xoprei, Hnina KopHeit, cM UHucno xopHei, Jnuna xopHeii, cM
KJIOHa IIT. cpenHsist | cymMMapHast IT. cpenHsst | cyMMapHast
20-e cyTku
1 1.9+£0.54 4.9+0.42 9.3+0.99 3.5+0.52 2.9+0.40 10.1 £1.09
2 1.7+0.41 4.7+0.38 8.2+ 1.01 4.2+0.40 22+0.14 9.0+1.01
Astra 3 1.6 £0.32 3.8+0.29 6.0£1.02 3.7+£0.39 3.0+£0.47 11.3+£1.12
4 1.5+0.41 54+0.52 8.0+1.07 3.5+044 34+0.51 120+ 1.19
5 1.4+0.38 53+048 7.4+1.03 6.5+0.78 1.2+0.10 8.0+1.02
Cpeance 1.6 48 7.8 43 2.5 10.0
10 COPTY...
1 1.6 £0.40 2.1+£0.18 3.2+0.90 4.4+0.50 2.6+0.42 11.0+1.14
2 1.4+£0.28 3.3+0.40 4.6+0.96 5.2+0.61 2.7+0.44 14.1+1.12
Sofia 3 1.5+0.36 34+£0.38 5.0+£0.89 6.4+0.76 1.6 £0.16 10.0 = 1.09
4 1.6 £0.29 4.7+0.44 7.6 +0.84 59+0.70 2.0+£0.22 12.0 +1.04
5 1.8£0.52 1.7+£0.14 3.0+£0.12 6.0 £0.81 2.4+0.27 142+ 1.11
Cpennece 1.6 3.0 4.7 5.6 2.3 12.3
10 COPTY...
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Puc. 2. PacTeHns: KHSKCHUKH apKTUYECKOil copTa Astra mocie BBICAIKH Ha
aJanTaIuo.

a —Ha 38-¢ cyTkH; 6 — Ha 45-¢ CyTKH; 6, 2 — Ha 60-¢ CyTKH KYJIbTUBUPOBAHUS

[Ipu 3TOM Ha 45-e cyTKH pacTeHusi UMEIU XO-
POILIO Pa3BUTYIO HAJI3EMHYIO U KOPHEBYIO CHCTEMY.

Uepe3 2 mec mocie BBICATKH Ha aJarTaiuio
pacTeHHus KHSHKCHUKH (OPMHPOBAIN TMPHUPOCTHI
noberoB 20-30 cm (puc. 2, 8), kopHu aauHON 10—
20 cM (puc. 2, 2) 1 ObITU TOTOBBI K BBICAJIKE B TIO-
JIEBBIE YCIIOBUSI.

[Tocne Bbicagku B YyCIOBHUSI OTKPBITOTO TPYHTa
B | nexaze urons B Toponecuanyro CMeCh, J0MOJ-
HEHHYIO TE€pEerHOeM, NPHKUBAEMOCTb PACTEHUUN
KHSDKCHUKH Yepe3 MecsI] Moclie Mepecajku cocTa-
Buiia 69.0 %.

3AKJ/IIOYEHHUE

Takum oOpazom, B pe3yabrare IMPOBEIECHHBIX
HCCIIEI0BAHUNM YCTAHOBJIEHO, YTO MPUKUBAEMOCTh
pacTeHUN-PEreHEPAHTOB KHSKEHUKH apKTHUYECKON

80

COpPTOB CKaHJMHABCKOM CEJCKIUH, MOTYyYECHHBIX
METO/IOM KJIOHAJIBHOTO MHUKpPOpPa3MHOKEHUS, B yC-
JIOBUSIX THJIPOIIOHHOM YCTaHOBKH cocTaBuiia 98 %,
Yyepe3 MecsIl IOCIIe BBICAJIKU B OTKPBITBIN TPYHT —
69 %. Y pacTteHuil ycTaHOBIIEHBI OoJiee CHIIbHBIC
pa3nuuus 1Mo MOP(POMETPUYECKUM TOKa3aTessiM
MEX/y KIIOHAaMHU BHYTPH COPTa, YEM MEKAY ABYMS
M3y4YEeHHBIMH copTaMu. [Ipu Beicagke pacTeHU-pe-
TeHEPaHTOB COpTOB Astra 1 Sofia B KOHITIOMeparax
Ha 20-e cyTku agantauuu (GopMHUpPOBaIOCH B Cpe-
HeM 5.0 mt. moGeroB pnmuHoM 2.5 cMm. Ilocne pas-
JIeNieHUsT Ha OT/AeJIbHbIE MOOETH PAacTeHHs KHSDKe-
HUKHU depe3 45 CyT mocie BBICAJKH Ha aJanTaiuio
00pasoBbIBau B cpepHeM 3.0 mIT. MoOEToB JUIMHON
8.3 cm. Ilpu 3TOM Ha 45-€ CyTKH BbIpAIllMBaHUS HA
THIPOTIOHHON YCTAHOBKE PACTEHHS KHSKEHUKH
apKTHYeCKoi copta Sofia HECKOIBKO MPEBBIMIATI
no Mop(omMeTpu4ecKuM mapaMmeTrpaMm copT Astra:

CUBUPCKUM JIECHOU YKYPHAJL Ne 4. 2023



Adanmayusa pacmenuii-pe2eHepanmos KHANCEHUKY apKMUYeCcKoll K YCA08UAM eX VIlro ¢ npumeHeHuem uOponoHuUKu

1o yucity JucTbeB — Ha 20 %, Mo yucity moOeroB —
Ha 14 %, mo muuHe mooeroB — Ha 10 %. Iloka3are-
TV Pa3BUTHA KOPHEBOW CHCTEMBI Ha THAPOMOHHON
YCTaHOBKE 3aBHCEIH OT COPTOBBIX OCOOCHHOCTEH
U nieprona BeipamuBanus. KopHeBas cucrema pac-
TEHUI KHSDKEHUKU apKTU4Yeckor copra Sofia umena
OoJiee BBICOKHE ITOKa3aTesu MO CPaBHEHHUIO C COp-
ToM Astra: o yuciy kopHeit — Ha 30.3 %, o cym-
MapHOU juirHe KopHer — Ha 23 %. Uepes 60 nueit
MIOCJIE BBICAJIKH HA aJaNTaluio pacTeHust GopMUpo-
Banu kopHH JanuHoN 10—20 cM, mpupocThl TOOEroB
coctaBisiti 20—-30 cM 1 OBLTH TIPUTOIHBI K BHICAIKE
B MoJieBbIe ycioBus. [lomydenHbie pe3ynbTarhl Mo3-
BOJISIFOT TOBOPHUTH O TNMEPCIEKTHBE HCIOIb30BAHMS
TUIPOTIOHHON YCTAHOBKHM JJIsl aJanTalld COpPTO-
BOIO IOCAJ0YHOTO Marepuaia in viiro KHSKECHUKU
APKTUYECKOM B 1EJISIX JAJIbHENIIETr0 BhIpAl[MBaHUs
Ha SITOJTHBIX TTAHTAIHSIX.

Paboma evinonnena 6 pamkax 2ocyoapcmeen-
Ho20 3a0anus PedepanvbHoco azenmcmea J1ecHO20
xozsicmea Poccuiickot @edepayuu no niaHosou
meme «Pazpabomia cnocob6os nonyyeHus nocadou-
HO20 MAmepuana JeCHblX A200HbIX pacmenutl 0/
svipawueanus Ha nenecHvlx 3emasaxy (llpuxas Poc-
necxoza Ne 1061 om 25.12.2018).
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The results of studies on the adaptation of arctic bramble (Rubus arcticus L.) plants of Astra and Sofia cultivars
obtained by the clonal micropropagation method to non-sterile ex vitro conditions using the hydroponic method
of cultivation are discussed in the article. The arctic bramble is a highly valuable species of forest berry plants in
food and medicinal relations, rarely found and having a low yield in natural conditions. Adaptation to non-sterile
ex vitro conditions is one of the limiting stages in clonal micropropagation. The survival rate of regenerated plants
of arctic bramble of the studied cultivars in the conditions of a hydroponic system is 98 %, 1 month after planting
in open ground — 69 %. Regenerated plants have stronger differences in morphometric parameters between clones
within a cultivar than between cultivars. The arctic bramble planted in conglomerates formed shoots in the amount
of 5.0 pcs. with an average length of 2.5 cm on the 20th day of adaptation. On the 45th day of arctic bramble plants
after division into separate shoots had an average of 3.0 pcs. shoots with an average length of 8.3 cm. The arctic
bramble plants of the Sofia cultivar have higher morphometric parameters of the above-ground and root systems
compared to the Astra cultivar on the 45th day of cultivation in a hydroponic system: by the number of roots —
by 30.3 %, by the total length of the roots — by 23 %, by the number of leaves — by 20 %, by the number of shoots —
by 14 %, by the length of the shoots — by 10 %. The indicators of the development of the root system on a hydroponic
installation depended on the varietal characteristics and the growing period. The arctic bramble plants have roots
10-20 cm long and shoot growths of 20-30 cm after 2 months of adaptation, which indicates its suitability for
planting in open ground conditions.

Keywords: arctic bramble, cultivar, clonal micropropagation, survival rate, morphometric parameters.
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