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AHHOTaumA. AKmyd/6bHOCMb U Ue/u. M3ydeHne 3aKOHOMEpPHOCTeN, KOTopble OnpeaenAtoT NPOCTPaHCTBEHHOE
pacnpocTpaHeHne, YUNCIEHHOCTb U COCYLL,eCTBOBaHME BUAOB, NpeacTaB/iAeT cobol O4HY M3 BaKHbIX 33434 dKO/10-
rn. Y gpeBecHbIX PacTeHWM 3TM 3aKOHOMEPHOCTM OTPAXKAKOTCA B CTPYKTYpe MOny/IALMOHHbBIX MO3aukK. Liesb pabo-
Tbl — OMUCATH AMHAMUKY MPOCTPAHCTBEHHOrO Pacro/oxeHus ocobeit cocHbl kopeickoit (Pinus koraiensis Sieb. et
Zucc.) Npu NPOXOXKAEHUU UMM CTAAUIA OHTOrEHETUHECKOrO PasBUTUA U onpesennTb GaKTopbl, BAUAIOLLME HA MPO-
CTPaHCTBEHHYIO CTPYKTYpYy 0cobelt Ha pasHbix cTaguax. Mamepuassl u memoodsl. MccefoBaHWe NPoOBesAeHO B CMe-
LIAHHOM KeApOBO-LUMPOKO/IMCTBEHHOM /1€CY B FOXKHOM 4acTU ropHOro xpebTa CMxoT3-AnnHb. [laHHble No/y4eHbl Ha
ABYX MOCTOAHHbIX MPOBHBIX N/IOWAAAX pasMepom 1,5 u 10,5 ra, rae 6b10 NpoBeAEHO KapTUPOBaHUE APEeBOCTOA
(B TOM uncne 2054 ocobu Pinus koraiensis). AHann3 CTPYKTYpbl NMOMY/ALMOHHON MO3auKM MPOBeAEH C UCMO/b30Ba-
HUemM QyHKUMM mapHoi Koppenauun g(r), eyHrumm K2(r), GyHrumm chepuyeckoro KoHTakTa Hy(r) u ¢yHKumm
pacrnpese/sieHus paccToaHuii 4o k-ro cocega Dy(r). Pesyabmamel. Pacnonoskenue ocobelt Pinus koraiensis npu npo-
XOXAEHUN MU CTa,CI'I/II‘/Il OHTOr€HeTU4eCKOro pa3B1UTUA USMEHAETCA OT arpermpoBaHHOro K cnyqaﬁHomy. Arpermpo—
BaHHOE pacro/ioxeHne ocobeit He CBA3AHO C onpese/eHHbIM TUIMOM CybcTpaTa v HermocpeaACcTBEHHbIM B3auMoAen-
cTBMEM ocobelt apyr C Apyrom. Mexay tOBEHW/bHBIMU M MMMATYpHbIMU 0cobAmuM Pinus koraiensis n ocobamu
APYrux npeobsagatowmnx BUAOB BbIABAAIOTCA €4MHUYHbIE MO/I0XKUTE/IbHbIE MEXBUAO0BbIE CBA3M, y 0cobelt B BUPIU-
HW/IBHOM COCTOSIHUM YUC/IO MO/IOXKMUTE/IbHBIX CBA3eW BO3pacTaeT, HO 3aTeM B reHepaTMBHOM COCTOAHUM OHU CMe-
HAOTCA OTpuuaTenbHbiMU. CpegHuit pagmyc rpynn ocobeil B pasHbiX OHTOreHeTUYECKUX COCTOAHMAX CXOAEH U
npubAM3nUTE/IBHO COBMagaeT CO CpeAHMMU pasMepamu OKOH. BbigoOsl. McciefoBaHMA NMOKasau, YTO AUMHAMUKA
CTPYKTYpbl MO3auKK ocobeit Pinus koraiensis npy npoxoxAeHUn UMK CTaAMUA OHTOr€HETUYECKOro PasBUTUA MpPaK-
TUYECKU He 3aBUCUT OT BHYTPMBUAOBBIX U MEXBUAOBBIX B3aUMOCBA3EW. [0/10XKUTe/IbHbIE CBA3M 0OYC/10B/EHbI
CXOAHBIMW TpeboBaHUAMM K YyC/N0BUAM, HEOBXOAMMBIM ANA pa3BUTUA. B nepeyto ovepeab 0cobam HeobxoanMm
CBEeT, AOCTAaTOYHOE KO/IMYECTBO KOTOPOro OHM MOryT NO/Ily4UTb B OKHax. OTO obbAcCHAET arpermpoBsaHHO€ pacrno-
/I0XeHne ocobel, a TakKe XapaKTep U3MEHEHWA MeXBUAOBbIX B3auMOCBA3el. K reHepaTMBHOMY COCTOAHMUIO OT
rpynmn OCTaloTCA eAUHUYHbIE 0COOM, MO3TOMY MX Pacno/ioXeHune c1yyqanHo. OTpuuaTe/lbHble MeXBUAOBble CBA3U
MeX 4y reHepaTUBHbIMKW 0CODAMM 0OYC/10B/IEHbI X B3aUMOAENCTBUEM, M MOSTOMY OHU NMPOAB/AIOTCA HA ANCTAHL K-
AX, 6/IM3KNX K pagnycam KpoH.

KatoueBble cnoBa: Pinus koraiensis, nony/ALuOHHaA MO3auKa, B3auMOAEeNCTBME BUAOB, HY/Ib-TUMOTE3a, aHa/u3
TOYeYHbIX MO3auK, MPOCTPAHCTBEHHAA CTPYKTYPa, KeAPOBO-LUMPOKO/IUCTBEHHDIN /1ec, [anbHuii BocTok.

Ana yutupoBaHua: Omenpvko, A. M. ®opmupoBaHMe nonyaauuoHHon mo3amku PINUS KORAIENSIS SIEB. ET
ZUCC. B ApeBOCTOE Ke/ApOBOLLIMPOKO/IMCTBEHHOO /1eca Ha tore poccuitckoro JanbHero Boctoka [ A. M. OmesnbKo,
O. H. ¥xBaTKkuHa, A. A. mepeHeuukuii, T. A. MeTpeHko, /1. A. CubupuHa [/ Russian Journal of Ecosystem Ecology. -
2019. - Vol. 4 (2). — https://doi.org/10.21685/2500-0578-2019-2-1

Abstract. Background. The study of natural drivers that determine spatial distribution, number and coexistence
of species, is one of the important tasks of ecology. For trees, these factors are reflected in the structure of popu-
lation mosaics. The purpose of the work is to describe the dynamics of the mosaic structure of Korean pine trees
(Pinus kordiensis Sieb. Et Zucc.) as they pass the stages of ontogenetic development and to find which factors de-
termine the species structure at different stages. Materials and methods. The study was performed in a mixed Ko-
rean pine-broadleaved forest in the southern part of the Sikhote-Alin mountain range. The data were obtained on
two permanent sample plots of 1.5 and 10.5 hectares, where the stand was stem-mapped (including 2054 Pinus
koraiensis individuals). Analysis of the population mosaic structure was performed using the pair correlation func-
tion g(r), the function K2(r), the function of the spherical contact Hy(r) and the distribution of distances to the kth
neighbor Dy(r). Results. Distribution of Pinus koraiensis trees when they pass the stages of ontogenetic develop-
ment change from aggregated to random. The aggregated distribution of individuals is not associated with a cer-
tain type of substrate and the interaction of plants with each other. There are few positive interspecific associa-
tions between juvenile and immature individuals of Pinus koraiensis and individuals of other dominant species, the
number of positive associations increases in the virginal state, but then in the generative state they are replaced
by negative ones. The average radius of groups of individuals in different ontogenetic states is similar and approx-
imately coincides with the average size of canopy gaps. Conclusion. The study has shown that dynamics of the mo-
saic structure of Pinus koraiensis individuals during their passage through the stages of ontogenetic development
does not depend on intraspecific and interspecific interactions. Positive associations are due to similar require-
ments for the conditions necessary for growth. First of all, individuals need light, a sufficient amount of which they
can obtain only in gaps. This explains the aggregated location of individuals, as well as the nature of changes in in-
terspecific associations. Only few individuals remain from the groups to the generative state, therefore their loca-
tion is random. Negative interspecific associations between generative individuals are due to their interaction, and
therefore they appear at distances close to the radii of the crowns.

Key words: Pinus koraiensis, population pattern, point pattern analysis, null model, species interaction, spatial
structure, Korean pine-broadleaved forest, Russian Far East.
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N3yueHnue 3aKkOHOMEPHOCTEH, KOTOpBIE OIpe-
JEJSIIOT ~ TMPOCTPAHCTBEHHOE — PacIpOCTpaHEHHUE,
YUCJICHHOCTh W COCYIIECTBOBAaHUE BHJIOB, MPE/I-
CTaBIIIET COOON OMHY M3 BAaXKHBIX 33724 IKOJIOTHUH
[1, 2]. V¥ pacTeHuii, B TOM 4uCl€ ACPEBbEB, ITH 3a-
KOHOMEPHOCTH OTPaXKAIOTCS B CTPYKTYpPE TOITYJIs-
LIMOHHBIX MO3auK [3, 4], 00pa30BaHHBIX 0COOSIMH,
HaxOIANIAMHUCSA HA Pa3HBIX CTAJAUSIX OHTOTCHETH-
YeCKOro pas3BuTHsA. [lo3TOMy aHamu3 CTPYKTYphI
MO3aWK JAPEBECHBIX PACTEHHH B JIECHBIX COOOIIIe-
CTBaxX C Pa3HBIM BHJIOBBIM OOTaTCTBOM OYEHH Ba-
JKEeH JUIsl TIOHMMaHus (HaKTOpoB, OOYCIaBIMBaIO-
X uX (POPMUPOBAHUE U JTUHAMUKY.

ITockonpKy mepeBbsi B TIpemenax IpeBOCTOS
3HAUYUTETHFHO OTJIMYAOTCA 10 pa3MepaM U BO3pac-
Ty, B TPOIECCE aHAJIN3a CTPYKTYPHl MO3aWK OHHU
MOIPA3ACTSAIOTCS Ha  OIpPENEeNeHHbIE TPYIIIBL
OOBIYHO 3TO YCIIOBHBIE TPYMIIBI, BBICICHHEIE IO
BBICOTE WJIM N0 auamerpy (Hampumep, [5, 6]).
B toM ciyuae, Korja COIOCTABIISIIOTCS MO3aWKH
Pa3HBIX BUAOB, 3TO MOXET IMPHUBECTH K HETOUYHBIM
pe3ylbTaTaM, MMOCKOIBKY TaKoe TOapa3/ieleHne He
YYATHIBAET OCOOCHHOCTH BO3PACTHOTO Pa3BHTHUS
ocobeil. bonee TouHBIE pe3yibTATBl MOXKET JaTh
nojpaszieficHue TOIMyJIAIUOHHBIX MO3aWK Ha OT-
JIENTbHBIE MO3auKH 0c0o0eH, HaXOMATUXCS Ha OJTHOM
3Tane BO3pacTHOro pas3Butvs. [lomydeHHBIM Takum
o0Opa3oM HabOp MO3aWK I KKIOTO BHIA MOYKHO
paccMaTpuBaTh Kak CBOEOOpa3HBIA «BPEMEHHOI
psiAL, TTOKa3bIBAIONINIM, KaK MPOUCXOMAT M3MEHEHUS
MOy JIAIIMOHHON MO3aMKH C Pa3BUTHEM OCOOCH.

HccnenoBanue MpOBEACHO B CMEIIAHHBIX Ke-
POBO-IIIUPOKOIUCTBEHHBIX JIecax, TAE OIHUM W3
TJIAaBHBIX KITFOUEBBIX BUIOB SIBIIIETCS] COCHA KOPEW-
ckas (Pinus koraiensis Sieb. et Zucc.). Apean 3Tux
necoB oxBaThiBaeT tor JlanbHero Bocroka Poccun,
Cesepo-Boctounyro uacte Kuras, Kopeiickuii mo-
myoctpoB u Smonuto (0. Xoncw) [7-9]. Ha rore
poccuiickoro [JansHero Bocroka npeBocTtol ken-
POBO-IITUPOKOJIUCTBEHHOTO Jieca oOpa3oBad 25-30
BHJAMH JIePEBbEB, KOTOPHIE MOXHO OOHApyKUTh
yxe Ha momanu 1,5-2 ra [10]. [Ipu 3ToM KaXkablit
BHUJI XapaKTEPHU3yeTCs YHUKAIBbHON >KHU3HEHHOM
cTparerueif, T.e. OCOOBIMH MPUCIOCOOJICHUAMH,
00eCreunBaOIUMU UM BO3MOXKHOCTh BBDKUBATH,
pa3MHOXKAThCSI W OOMTAaTh COBMECTHO C APYTHMH
BUJaMu B cooOrmiecTBe. Pasznmmumst B cTpaTerusx
MIPUBOMAT K PA3HOOOPA3UIO CTPYKTYP TOITYJISIIHOH-
HBIX MO3aWK, a TaKKe MPOSBISAIOTCS B OCOOCHHO-
CTSIX TIPOIIECCOB X (HOPMUPOBAHUS U TUHAMUKH.

ITockonpKy COCHa KOpEHCKasi ¢ caMbIX PaHHHUX
9TariOB WCCIIEZIOBAaHUS KEIPOBO-IITHPOKOINCTBEH-
HBIX JIECOB CUMTANIACh OJHUM W3 OCHOBHBIX, €CIIH
HE TJIaBHBIM, JecooOpa3oBarenel, ee H3yYeHUIO
MOCBSIIEHO OoJbIoe yucio pabor. B wactHocTH,
OMUCaHBI OCOOCHHOCTH €€ BO30OHORBIICHUS B JIECax
pa3HBIX  TUNOB C  TO3UIUNA  JIECOBEHACHMS

Vol. 4 (2), 2019

[10-12]. deTtansHO M3yYECHO IJIOOHOMICHUE KeIpa
[13] 7 BumOB, BXOOAIINX B €T0 IUIESAAY U CIIOCO0-
CTBYIONTUX paclpocTpaHeHnto cemsH [14-16], B
TOM 4YHCJIe U BO BTOpUYHBIX jJecax [17, 18]. Onu-
caH oHToreHe3 [19] u naHa XapakTepHUCTHKA KH3-
HeHHoU ctpareruu [20]. B psae paGot [5, 21-23]
paccMaTpUBAIOTCS HEKOTOPBIC ACIIEKThI CTPYKTYPBI
MO3aHK, 00pa3yeMbIX 0COOSIMH 3TOTO BHJIA HAPSITY
C APYTUMHU TpeoOalalonIiMH BHIAMHU JEPEBBEB.
OpHako K HacTOsAIIEMy BpeMeHH mpoiiecc (hopMu-
poBaHMS  TOMYJSAIMOHHOW  MoO3auku  Pinus
koraiensis neraqbHO HE ONMKCAH, B YaCTHOCTH, HE
H3ydYeHa pojb B OTOM Mpolecce Crenu(ukn Mex-
BHJIOBBIX B3aUMOCBSI3EH.

Lens paboTel — omucaTh TUHAMHKY MPOCTPaH-
CTBEHHOTO PAaCIIONIOKEHHUS 0CO0eil COCHBI KOpeH-
ckoit (Pinus koraiensis Sieb. et Zucc.) npu mpo-
XOXJICHUU HMMH CTaJUil  OHTOTCHETUYECKOTO
Pa3BUTHSA W ONPEACTUTHh (AKTOPHI, BIMSIONINE Ha
MIPOCTPAHCTBEHHYIO CTPYKTYpPYy OCOO€H Ha pazHBIX
craauax. B pamkax uccienoBaHuii, HampaBIeHHBIX
Ha M3Y4YCHHE CTPYKTYPHl MO3aWK BUIOB JIEPEBHEB
KEJIPOBO-IITUPOKOJIMCTBEHHBIX  JIECOB, IMOM00HAs
pabota ObuTa paHee BHINOIHEHA U1 Picea ajanen-
sis [24], Abies nephrolepis [25], Betula costata
[26] u Tilia amurensis [27].

Mamepua/lbl U MemoOuKU ucc/1e008aHun

Teppumopuss  uccnedosanus. VccnenoBanue
MPOBEIECHO B FOKHOW 4YacTH ropHoro xpebra Cu-
X0T3-AJNHb, Ha TeppuTopun BepxHeyccypuiicko-
ro crarimoHapa ®HII buopasnoobpaszus JIBO PAH
(c.m. 44°01°35”°, B.m. 134°12°59°"). Penped cra-
[IMOHApa HU3KOTOPHBIN, C HEBBICOKUMH OKPYIJIbI-
MU TOpaMH, UMECHIOIIUMH MaKCHUMAaJIbHYIO BBICOTY
okojio 1000 M, aMIIUTy1a OTHOCUTENBHBIX BBICOT
He npesbiaer 400 M. YKIOH CKIIOHOB B CpeJHEM
cocrapisger 20-25°. KnumaT TeppuUTOpUU MYyCCOH-
HBIH, TO3TOMY OOIBINAS YacTh OCAIKOB BHIMAIaeT
nerom (Bcero 3a roj okoio 830 mm). Cpenneroo-
Bas TeMIepaTypa Bo3ayxa coctasuseT 0,9 °C [28].
JlecHast pacTUTENbHOCTH 3aHUMaeT Ooiee 99 %
tepputopu. Ha BbicoTax mo 800 M Ham yp.m.
(hopMupyeTcst TIOAC KeAPOBO-IINPOKOIUCTBEHHBIX
JIECOB, BHINIE OH TOCTETICHHO CMEHSIETCS IOSICOM
TEeMHOXBOMHBIX IMHUXTOBO-EJOBBIX JiecoB [10].
[To penbedy, KIMMAaTy U PacTUTEIBHOCTH TEpPpPU-
TOpHSI CTAl[iOHAapa THITMYHA JJIsl BCETO CPEIHErop-
HOTO T0sica F0’KHOTO CHXOTI-AJNHMHS, TIOATOMY BBI-
SIBIICHHBIC 37IeCh 3aKOHOMEPHOCTH CTPYKTYphl U
JTUHAMHKH JIPEBOCTOEB KEIPOBO-IITHPOKOINCTBEH-
HBIX JIECOB JIOJDKHBI OBITh XapaKTEPHBIMH U 32 €ro
MIpeleIaMH.

Coop oannvix. MiccnenoBaHnue OCHOBAHO HA W3-
MEpEHHAX, BBHIMOJHEHHBIX HA JIBYX MOCTOSHHBIX
mpoOHbIx mnomansx (III1IT). IlpoOras miomans
71-2010 (1,5 ra, 150x100 ™M) pacmonoxeHa B
CpelHEH dYacTH CKJIOHAa 3amaJHOH HSKCHO3UIUH
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(yxmon 22°), Ha BeIcOTe OKosio 750 M Ham yp.M.
IIpobnas mmomane 72-2013 (10,5 ra, 300350 ™)
HaxomuTcs mpuOmm3uTeNnbHo B 200 M OT TIpeabl-
IyIIel, pachojoXeHa B BEpPXHEH 4acTH CKIIOHOB
3alaJHON, IOro-3almagHoOd W CceBepo-3amaIHbIX
9KCHO3UIHH, YKIOH BapsupyeT oT 10 mo 25°. O6e
MPOOHBIE TUTOLIAIU 3aJI0KEHBI B MO3IHECYKIECCH-
OHHOM COOOIIIECTBE KEAPOBO-IIHPOKOINCTBEHHBIX
JIECOB HA BEpXHEW TpaHUIE pPacIpOCTPaHEHUS
Pinus koraiensis [10].

Hpesocroii Ha [IIIT 72-2013 obpa3oBan 17 Bu-
namu nepesbes, Ha IIIIIT 71-2010 ux 11, uro cBs-
3aHO C ee MeHbpIMMH pa3zmepamu [22, 23]. Ha
000uX MPOOHBIX IUIOMIAASX MPeodIanAIOT 5 BHIOB:
Abies nephrolepis (Trautv.) Maxim, Betula costata
(Trautv.) Regel., Picea ajanensis (Lindl. et Gord.)
Fisch. ex Carr., Pinus koraiensis (Sieb. et Zucc.) u
Tilia amurensis (Rupr.); na IIIII1 72-2013 cymma
IUIOMIa/Iel MONePEeYHbIX CEYEeHU 3THUX BUIOB CO-
craBisgeT 90,8 % ot obmieit, Ha I1I1I1 71-2010 oHa
HECKOJIBKO Oojbiie — 96,1 % ot oOiiel, T.e. Ha
ocTtaBiIdecs 7 BUAOB NpuxonuTcs MeHbie 4 %.
Pacnipenenenue mpeobiagaonux BUIOB MO CyMMe
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IIOMIANEH TTONEPEUHBIX CEYCHWH Ha TIPOOHBIX
IJIOMIAIAX MPUOIU3UTEIBHO 0 JuHaKoBO. Ha obenx
MPOOHBIX TUIOIIAIX JoMUHUpYeT Tilia amurensis,
npu 3ToMm ee gosa Ha IIIIT 72-2013 Heckonbko
oonbmre. Jons Betula costata v Pinus koraiensis
Ha MPOOHBIX TUIOMAASX MPUOIU3UTEIHLHO OJMHA-
koBa. W, makonen, nons Picea ajanensis n Abies
nephrolepis wa IIIII1 72-2013 wmenbIe, yeM Ha
[IIIIT 71-2010. CpaBHEeHHE TUIOMAAM MTOTIEPEUHBIX
CEYCHUH W YHUCIIa CTBOJIOB MTOKA3bIBACT, YTO B JApe-
BOCTOE IMpeo0IamaoT KpPYIHBIE AepeBbs Betula
costata, Tilia amurensis u Pinus koraiensis n He-
Oonbiue nepesbs Abies nephrolepis.

Oxkna 3anumarT 30,2 % or oOweil miomagu
mojora  APEBOCTOS; WX  YHCIO  COCTaBIISIET
43,3 mr./ra [23]. Okono nonoBuHkl okoH (51 %)
MMEIOT IUTOIanb 10 25 M, OKHA C IUIOMIAIBIO
or 25 no 100 M* cocrasmsror 28,5 %, cpeaHsis
mIomanb okHa paBHa 69,6 M. Okono 95 % OKoH
nMmeeT paauyc 1o 11 m (puc. 1) U, COOTBETCTBEHHO,
okHa pamuycoMm oT 11 mo 18 M cocraBmsroT 5 %
OT 00IIIEero UX Yncia.
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20 b

KyMynATMBHAA OONA "OKOH', %

T T T T T T T T
2 4 6 8 10 12 14 16 18 20
Papuyc "okHa", M

Puc. 1. Pacnipege/ieHne «OKOH» B Mo/iore 4peBoCTOsA Mo pasmepam:
a — 40/1A OKOH Pa3HOro paguyca; b — KyMmy/naTUBHAA 4,0/19 OKOH Pa3HOro pagmyca

Fig.1 Distribution of gaps in a forest stand canopy according to the size:
a - proportion of gaps of different radius; b - cumulative proportion of gaps of different radius

Ha tepputopuu npoOHBIX TUIOMmaael He Haije-
HO CJIEJOB aHTPOIIOT€HHOTO BO3AEHCTBHA, B YaCT-
HOCTH, JOpOT W IHEW OT CIWICHHBIX JEPEBLEB.
Taxoke He HalIEHO CBHUIETEILCTB HEJAaBHUX I0OXKa-
POB B BHJE 0OropeBIIMX MTHEW, BETBEH U Cle0B Ha
KOpe KUBBIX JlepeBbeB. PannoyriepoHoe AaTHpo-
BaHHE OOHApy)XCHHBIX B IIOYBE YIVIEH IIOKa3ajo,
YTO MX BO3pacT cocramisier okojo 2000 ner [23].
[Ipu aTOM 171 IpeBOCTOSI HEXapaKTEPHB! CUIIbHBIC
HapyIleHus (HarmpuMep, MacCOBbIE BETPOBAJIBI), KO-
TOpbIE MOIJIN OBl IPUBECTH K 3HAYUTEIILHBIM H3Me-
HEHUSIM BHJIOBOTO cocTaBa AepeBbeB [22]. Takum
00pa3oM, AWHAMHUKa APEBOCTOS CIIOHTaHHA Ha Mpo-
TSOKEHUM KaK MUHUMYM TpeX IOKOJIeHUH Pinus
koraiensis. OHTOTEHETHYCCKUH CIIEKTp JaHHOTO
BHJAa COOTBETCTBYET HOPMAIBLHOMY COCTOSIHHIO, U
€ro MOIJIALMS MOKET CUUTAThCs ycToiuuBoi [20].

JUid nM3ydeHHs CTPYKTYpbl TOMYJISIHOHHBIX
MO3aMK BHIOB JI€PEBLEB OBLIM MPOBEACHBI PEBU-

3UM TPOOHBIX IUIOIIAZCH B TEUCHHE MOJIEBBIX Ce-
30HOB 2010-2018 rr. B xoze peBu3uu mpoOHBIE
IUIOMIAIA C HWCIOJB30BAHWEM PYJIETOK pa3Meda-
TUCh Ha KBampaTel — 5X5 m g [T 71-2010 u
1010 m mus TITIIT 72-2013. Kaxpoe nepeso mo-
MeJaoch OMPKOH, a €r0 OTHOCUTENBHBIE KOOPAH-
HaThl BHYTPM KBajpaTta OINpelesUIMCh Tia3oMep-
HBEIM cmocobom [29]. Ha IIIIII 71-2010
YUUTHIBAIUCH OBEHWIBHBIE, WUMMATYpHbBIC (TpH
(hazbr), BupruHmwIBEHBIE (TpH (pas3bl), TeHEpaTHBHEIE
(MoJozBIe TEeHepaTHBHBIE, CpPEeIHEBO3PACTHBIC Te-
HEpaTHBHbIE, CTapOBO3pPACTHBIE TI'€HEpPATHBHBIC)
ocobmu. Ha TIIIT 72-2013 y4YuThIBamMCh BUPTH-
HUJBHBIE W TeHEpaTUBHBIE 0coOU. OHTOTCHETHYE-
cKoe cocrosiHue ocobelt Abies nephrolepis, Picea
ajanensis n Pinus koraiensis onpenensioch Ha Oc-
HOBE PadOT, B KOTOPBIX OMUCAaH OHTOT€HE3 JaHHBIX
suaoB [19, 30, 31]. Jns ocTajdbHBIX BHUIIOB HC-
MOJIL30BAIMCh OOIIMe MPU3HAKU (BBICOTA OCOOH,
(dopMa KpOHBI, HATUYUE TEHEPATUBHBIX OPTaHOB M
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T.1I.), onricaHHble B [32]. Beero Ha 00enx mpoOHBIX
mIomasax Obuto orMedeHo 27 199 ocobeit, u3 xo-
topbix 2054 — Pinus koraiensis. Jlns ocobeil Ha
TIIIIT 71-2010 Takke 3apuCOBBIBAIUCH MPOEKIUU
KpPOH, KOTOpBIE 3aTeM HCIOJIB30BANINCH JJISl BBI-
YHUCIIEHUS] WX CpenHero pazawmyca. s FOBEHWIIb-
HBIX 1 UIMMAaTYPHBIX 0COOCH yKa3bIBaJICS THII CyO-
CTpaTa, Ha KOTOPOM OHHU ObUTM HalJcHbl. B
JAHHOM HCCIIETOBAaHWH MBI BBIACTWIN 3 THIA CyO-
cTpara: JecHas TIOACTUIIKA, THHA U BaJeX, H BETPO-
BanbHO-I0uBeHHBIe KomIutekchl (BIIK). ITomumo
JKUBBIX JIEPEBHEB HAa CXEMax KBaJpaToB OTMedYa-
JIOCh PacIoJIOKEHHE MHeH W Balieka ¢ yKa3aHUEeM
WX CTENICHH Pa3JI0KEHUs 0 MATHOATIIEHOM IIKaIe.

Ananusz cmpykmypsr mo3zaux. [ns ananuza
CTPYKTYpBHI MO3auK Oco0eil B IaHHOH paboTe uc-
MOJIL30BAIMCH: a) (PYHKIMS TapHOW KOPPENAIUU
g(r); 6) pynkuust K2(r); B) QyHKIUs cheprudecko-
ro KoHTakTa Hy(7); T) pacmpeneieHne pacCTOSTHII
1o k-ro cocena Dy(r) [33-36]. D1oT HabOp PyHK-
oMl OBLT paHee WCIHONB30BaH JUIS  OIHCAHUS
CTPYKTYpHI MO3auK Picea ajanensis, Abies nephro-
lepis, Betula costata v Tilia amurensis [24-27].

DYHKIUIO TApPHON KOPPEJSLUN MOXKHO TPaKTO-
BaTh KaK OTHOIIEHHWE TYCTOTHl TOYEK, IMOManaro-
IIMX Ha OKPY>KHOCTH C PaIyCOM 7, IPOBEACHHYIO
BOKPYT (pOKAIFHOW TOYKH, K CpeIHEH T'ycTOoTe TO-
YeK B Mpejenax aHaIM3upyeMoro ydactka. Cieno-
BaTeNBHO, €CITM MO3anKa adCONIOTHO cily4aiiHa, TO
g(r) = 1 npu moObIxX 3HaueHusx r. Ecinu npu nan-
HOM 7 3HadeHue g(r)>1, To 3TO O3HA4YaeT arperu-
pPOBaHHOE DPACIIONIOKEHUE TOYEK Ha IUCTAHIUH 7
oT ¢okanbHO# Toukn. Haobopor, g(7)<1 o3HauaeT
paspekeHHOE PACIONIOKEHUE TOYeK Ha IUCTaH-
uuu 7. Oyakuua K2(r) moka3piBaeT HU3MEHECHHE
OTHOCHUTEIILHOM I'yCTOTHI TOYEK HA JUCTAHIIUU OT 7
n0 Ar OT (OKaTbHOW TOYKH; WHBIMH CJIOBaMH,
K2(r) = g(r)—g(r+Ar). COOTBETCTBEHHO, €CIIH MO-
3amWKa ciydaitHa, To K2(r) = 0 mpu 1100BIX 3HaYe-
Husx r. [lpu arperupoBaHHOM PACIIOIOKEHUHU TO-
yek g(r) — yObBaromas QyHKIUSA, TMOITOMY
g(r)<g(r+Ar) m K2(r)<0. Ilpu pa3pexeHHOM pac-
TTOJIOXKEHUH TOUeK g(7) — Bo3pacTaromas (QpyHKITus,
moaTomy K2(7)>0.

B Tex ciydwasx, korga Mo3anKa TOYEK CITydaii-
Ha, HO MIPU 3TOM HMMEET SBHO BHIPOKEHHYIO HEOJ-
HOPOJHOCTD 0 TYCTOTE B NpeAeiax aHaJu3Hupye-
Moro ydvactka, (GyHkuousi g(r) OyneT BBISABISTH
MICEBIIO-arperannuio Todek; 3TOT A(dexT HocuT
Ha3BaHUC «BUpPTyalbHas arperamus» [36]. OyHK-
uus K2(r) HeUyBCTBHTENbHA K HEOIHOPOIHOCTH
TYCTOTBI, ¥ TIPH €€ HAJIMYWU T03BOJIsieT OoJee Tou-
HO XapaKTepu30BaTh CTPYKTYpPY MO3aMK, YeM
¢ynkmus g(r). ComocraBieHHe pe3yNbTaToB, IO-
Jy4eHHBIX C HCIOJB30BAaHHEM JSTHX IBYX (YyHK-
LWH, TTO3BOJISET TITy0XKe MOHATh CTPYKTYpy TOUYed-
Hoi Mo3auku [23]. IlpenensHble OUCTaHINHM, HA
KOTOPBIX BBIABIISIETCS arperupoBaHHOE Pacrojo-

Vol. 4 (2), 2019

JKEHHE TOYEK C HCIOJb30BaHHEeM (GYHKIHMH g(r) u
K2(r), TpaKTyIOTCS KaK CpeIHUE PaTnyChl TPYIIIL.

Kymynsatusnas dyuakous H(r) moka3pIBaeT Be-
POSITHOCTh OOHAPYKHUThH TEPBYIO TOUYKY MO3aHKH B
Mpeieax JUCTAHIUU 7 OT TPOU3BOJILHO BHIOpaH-
HOTO MECTa B IpeJieiax aHATH3UPYyEeMOro y4acTKa.
Ecmu Takoe MecTo OKaXeTcsi B IICHTPE «ITyCTOTO»
MIPOCTPAHCTBA, TJI€ TOYEK MO3AWKH HeT, TO H,(7)
OyZIeT paBHO paaMyCy TOTO MPOCTpaHCTBa. Takum
oOpa3zoM, ¢ momotnipio H(7) MOXKHO XapaKTeph3o-
BaTh pa3Mephl NPOCTPAHCTB, HE 3aHATHIX PACTCHH-
smu. Habop KymynsaTHBHBIX QyHKIMA Di(7) moka-
3BIBAET BEPOSITHOCTH OOHAPYXKUTh k-TO cocela B
mpenenax AUCTAaHIMHA » OT (OKATBHOW TOYKH.
Yacto ucrnonb3yercst GyHKIus Di(7), koTopas mo-
Ka3bIBae€T BEPOSTHOCTh OOHAPYXHUTh TMEPBYIO CO-
cenHIo To4Ky. [loMrMoO 3TOrO, KOTJa C MCHOJb-
3oBanueM GQyHKuH g(r) wimm K2(r) momydeH
CpelHUH panuyc TPYNIBl ToYeK, HAOOp (QYHKIUI
Dy(r) MOXeT OBITh UCITOJIB30BAH IS ONIPEICTICHUS
CPeIHero 4mcia TOYeK, 00pa3yoIMX TaKyko IPpyI-
my. J[ist 3TOr0 HYKHO yCTaHOBUTH, KaKkas MO CUETY
COCEIHSISI TOYKa MOXKET ObITh OOHapy’KeHa B Mpejie-
Jax TOJYYeHHOTO paauyca 7 ¢ HEKOTOPOH BEposT-
HOCTBIO — Hampumep, He Hxke 20 %. lpu nenoss-
30BaHUH JTIFO00H (YHKIMH HEOOXOIUMO IMPOBEPUTH
CTaTUCTUYECKYI0 3HAYNMOCTh TIOJIYYEHHOTO pe-
3ynbrara. J{as aroro crpositcst Tpaduk QyHKIUHA U
MMUTAIUOHHBIE HHTEPBANIBI, aHAJIOTHYHBIC JIOBEPH-
TeNbHBIM MHTEpBaIaM (QyHKUIUH. DPPEKT cunTaer-
Csl CTATUCTUYECKH 3HAYMMBIM Ha AUCTAHIIUY 7, €CITH
[IpH JAHHOM 7 3HaueHne (PYHKIIMK BBIXOJUT 3a Tpe-
JISJTBl IMATAITHOHHBIX HHTEPBAIOB [36].

Hanmnasre TIIIIT 71-2010 (1,5 ra) ucnoiab30BaHbI
JUIS OIHOMEPHOI'O aHalln3a CTPYKTYPhl MO3auK
IOBEHWJIBHBIX W HWMMAaTypHBIX o0cobed  Pinus
koraiensis v aHajaW3a CBSA3M MO3auK 0OCOOCH pas-
HBIX BUJOB, & TaKXXe T€HEPaTUBHBIX M IOBEHWIIb-
HBIX, TCHEPATUBHBIX U UIMMaTypHBEIX ocoOei. [lan-
weie IIIIIT 72-2013 (10,5 ra) mucmoab30BaHBI IS
OJTHOMEPHOT'O aHAJIKM3a CTPYKTYPhl MO3aWK BUPTH-
HWJIBHBIX, MOJIOJIBIX TCHEPATUBHBIX U T'€HEPATHUB-
HBIX 0co0eit Pinus koraiensis © IByMEpHOTO aHa-
JU3a CBSI3M MO3aMK OCOOEi pasHBIX BUIOB; CBS3U
TeHEPAaTUBHBIX W BHPTHHIIIBHBEIX 0coOeil. B mBy-
MEpPHOM aHalli3e¢ y4YacTBOBAIU TOJBKO IMpeodIa-
JAIOIINE BUJBI, MOCKOJBKY HX JIOJII MO CyMMeE
IUIOIIAACH MOMEePEeYyHOro CEeYeHUs! COCTaBIseT 0o-
nee 90 %, a, 3HAYUT, OOHAPYKUTH CTATUCTHUCCKHU
3HaYUMEBIE CBSI3M MO3auk Pinus koraiensis ¢ apy-
TUMH BUIAMH 3aTpyAHHUTENbHO. [lockombpKy mpe-
oOnagaromiue BHAL MMEIOT o0 Oonee 90 %,
JUISL IBYMEPHOTO aHAJIM3a UCIOIh30BAIUCH TOJIBKO
oHu. B mpornecce ananusa ocobu, 3a HCKIIOYEHUEM
IOBCHWIIbHBIX, OBUIM OOBENTUHEHBI B YCIOBHBIC
TPyIIeL: a) imitimytims; 0) vi+vy;, B) vitgy;
) g, tg; (puc. 2). O0benuHEHNE OBIJIO BHITIOTHEHO
MIOTOMY, YTO OCOOM B OTHAEIBHBIX OHTOTCHETHYE-
CKUX COCTOSIHUSIX, 0COOCHHO V3 U g1, CIHMIIKOM Ma-
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(o
JIOYMCIICHHBI ANl aHanu3a (Tpedyercs HE MeHee
50-70 mrT.) [36]. BupruauiasHbIe 0COOM TpPETHEH
(a3pl 00BEOMHEHBI C MOJOJBIMH I'€HEPATUBHBIMU
0c00sIMH, MTOCKOJIBKY OHH HaXOAATCSl B MEPEXO.-
HOM COCTOSIHUM, KOTOPOE 3aBHCHUT HE OT uX ¢u-
3MOJIOTHYECKOTO Pa3BHUTHS, & OT YCIOBHHA CpEIbl.
AHanmu3 BBINIONHSJICA C HWCIOJNB30BAaHHEM IIPO-
rpammbl Programita [37]. dys omHOMEpHOTO aHa-
32  HWCIHOJIb30Baylach  Hylb-Momenb  «CSR»
(complete spatial randomness), T.e. mpenmonoxe-
HHE, 4YTO 0cOoOM pacHoNOKeHBl ciydaiiHo. Jlns
IJBYMEPHOTO aHalu3a HCIOJIb30Balach HYJIb-
MoJiens «independencey, T.e. PEINONOKEHHUE, YTO
0co0M OHOW MO3aUKH PACIIOIOXKEHbI HE3aBUCUMO
oT ocobelf aApyroit Mo3anku. IMuATaIinoHHBIC TIpe-
JeTbl OBUTH TIOJTyYEHBI C UCIIOJIb30BAHUEM METOJa
Mounre-Kapno [36]. B ciydyae ogHOMEpHOro aHa-
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JIM3a BBITOIHSIOCH 199 MMHTAIIMNA MCXOOHBIX MO-
3aMK, B MpPOIECCe KOTOPHIX 0COOM pacroaraivch
cinyuaitHo. Takoe 4mciio UMHUTAIH oOecIeunBaeT
99 %-e nmuTanMOHHBIE HHTEpBaNbI [36]. B cmyuae
JIBYMEPHOTO aHaju3a OJHA U3 MO3auK «(QUKCHPO-
Bajach», a BTOpas CMeENIaliach ClydaiiHbIM 00pa-
30M, M 3TOT MPOIlecC TakKe MoBTopsuics 199 pas.
J1sl FOBEHWIIBHBIX W UMMAaTYPHBIX 0CO0€H B TIpo-
rpaMMe ycTaHaBiMBajgach ceTtka 1x1 M, makcu-
MajbHas JWCTaHIMS aHamm3a Oblla paBHO 25 M.
Jis  BUPTMHHMIIBHBIX, MOJOJIBIX T€HEPATHUBHBIX,
CpeIHe- W CTapOBO3PACTHBIX T'€HEPATUBHBIX OCO-
Ocli Mcroib30Bajgach ceTka 3X3 M, MaKCHMajbHas
mucTaHIus aHanu3a Oputa 45 M. C ucioiap30BaHU-
eM ¢QyHKIUU Dy(7) HalIeHBI BEPOATHOCTH OOHA-
pyxenus 1-it, 2-i, 4-#, 6-id, 8-#, 12-i, 16-i, 20-i
u 25-# cocemHelt ocoowu.
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Puc. 2. PacnonoxeHue ocobeli Pinus koraiensis Ha MOCTOAHHbBIX MPOOHbIX MA0LWAAAX:
d — toBEHU/IbHblE 0CObU; b — UMMaTypHble 0cobu (imy, im,, im;); ¢ — BUPTUHU/BHBIE 0COBM (V;, V,);
d - monogble reHepaTuBHbIE 0CO6M (3, g1); € — Cpe/He- U CTapOBO3pacTHbIe reHepaTHBHble 0cobu (g, g3)

Fig. 2 Distribution of Pinus koraiensis individuals on permanent samples:
a - juvenile individuals; b - immature individuals (im,, im,, im5); ¢ - virginile individuals (v, v,);
d - young generative individuals (vs, g,); e — middle- and old-aged generative individuals (g, g5)
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Amnanuz pacnpeodenenus no cyocmpamam. Jns
TOr0 dTOOBI YCTAaHOBHTH, €CThb JU y Pinus
koraiensis TpeOOBaHUS B ONPEICICHHOM THIIE Cy0-
CTpaTa JJsl pa3BUTHA IOBEHUJIBHBIX 1 HIMMaTypPHBIX
oco0eii, ObLTO TPOBEACHO CpPaBHCHHE JCHCTBU-
TEJIBHOTO paclpeaesieHus ocobel 1mo cybcrpaTam
Pa3HOTO THUIA C OXHJIAEMBIM MPH HUX CIydaltHOM
pacnonoxxenuu Ha I 71-2010. J{na sToro BHa-
yaye ObUTa OMNpe/eicHa IUIONIAh, 3aHHMMacMas
cyOcTpatamu pazHoro tuma. [lmomanp Bamexa u
mHell ObUTa YCTaHOBJICHA HAa OCHOBE W3MEPCHUU
IUaMETPOB TTHEW W CTBOJIOB JIEKAIINX JEPEBHEB.
[Mnomans, 3anumaemas BIIK, ompenensmace Ha
OCHOBE MaTepuaioB KapThpoBaHus. Haxower,
IJIONIAh, 3aHMMAaeMasl JICCHOM IMOJICTHIIKOH, ObLa
HaliJieHa KaK pa3HocTh obmiero pasmepa [T 21-
2010 u momaaei, 3aHUMMAaeMBbIX ITHIMHU, BaJIC)KOM
u BIIK. Ilomy4eHHbie 1Pl OBUTH BBIPAXKEHHI B
noagx ot miromanu IIIIII. Ynciao r0BEeHWIBHBIX U
MMMAaTYpHBIX 0CO0€#, KOTOpoe MOTJI0 OBITh OOHA-
py’keHO Ha cyOcTpare pa3sHOro THIIA, OIperes-
JIOCh TYTEM MEePEMHOKEHUS JIOJIN TUTOMIA/IH, 3aHH-
MaeMoW OIpeleleHHbIM CcyOcTparoM, W dYHcla
oco0eil. B pesynbrare misi FOBEHWIBHBIX U MMMa-
TYPHBIX 0COOEH OBLIO IMOJyYSHO IO JBa pacrlpesie-
JICHUS] — AMITMPUIECKOe U OXHAaeMoe. 3HAYUMOCTb
pasIUuMil 3THX pacrpeesieHHuil aHaTU3upOBaJIach ¢
HCIOJIb30BaHUEM KPUTEPUS xz B niporpamme R [38].

Pe3ynemamel uccnedosaHus

CmpyKkmypa Mo3aux ocooeii 6 pa3Hvlx
OHMOZEHEMUYECKUX COCMOAHUAX

FOgenunvuvie ocobu. DMmmupuyeckas KpuBas
(byHKIIMHA TTapHOW Koppemsanuu g(7) pacroyiokeHa
BBIIIIE BEPXHET0 HMHUTALMOHHOTO HHTEpBana Ha
BCeH MUCTaHNIMW aHanm3a (BUpPTyalbHas arpera-
LUs); OHAa CTAaHOBUTCA MNPUOIM3UTENBHO Mapa-
JIENBHOM och alciyice Ha AucTaHIuu Oonee 17 M
(puc. 3,a). Oyukuus K2(r) BBISIBISICT arperupo-
BaHHOE (KOHTAarno3HOE) pAacIOJIOKEHUE O0Co0eH,
cpenHuil paguyc rpynmn cocrasager 10-11 m. Pac-
TIpeAesIeHne PacCTOSHUN 10 k-T0o cocena Dy(r) mo-
Ka3bIBacT, YTO MPH TaKOM pa3Mmepe Ipymil OHH 00-
pazoBaHbl Oojee uYem 26 ocobsmu. Pammyc
«ITyCTBIX» MPOCTPAHCTB, B KOTOPBIX IOBEHHJIHHBIC
0coOM HE BCTPEUAIOTCs, 3HAYNMO OOJIbIIEe OXHIa-
€MOro TpHU UX CIIy4alHOM PpacHOJOXKEHHH H JO-
cturaet 10—12 m.

Hymamypuvie ocobu. Tak ke, Kak U U FOBe-
HWIBHBIX OCO0E€i, aMIupruyeckas KpuBas (QyHKIIHA
g(r) pacrionosxeHa BhIIIE BEPXHETO NMUATAIIMOHHOTO
VWHTEpBaJla Ha BCEW AWCTAHIIUM aHAlM3a; OHa CTa-
HOBUTCSI MIPUOJIM3UTENBHO MapajlieNIbHOW ocH adc-
uce Ha auctanuu 6onee 20 M (puc. 3,b). OyHk-
mus K2(7) BBIABIAET TPYIIBI, PaguyC KOTOPBIX
COBITA/Ia€T C PaJANyCOM TPYII IOBEHUIBHBIX 0co0ei
(10-11 m). IIpu Takom paanyce Tpymnmsl 0Opa3oBa-
HEI MHOTO OoJIee, 4eM 26 COCETHUMH OCOOSIMM, U T10
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CPaBHEHHIO C TPyNIIaMU IOBEHIIBHBIX 0CO0el HM-
MaTypHBIE TPYIIIBI CTAHOBATCS OOliee TYCTBIMH: Y
50 % rOBEHWIBLHBIX 0COO€H OJkaiInasl cCoCemHsIs
0co0b OBLIa PacroNokeHa B TMpenenax IBYX MeT-
POB, a Yy UMMAaTypHBIX — B TIpe/IeIax OJJHOTO METpa.
Pagmyc mycThIX TpPOCTPAaHCTB 3HAYMMO OOIBIIIS
OKHMJAEMOT0 M OCTAaeTCsl MPUOIM3UTENLHO TaKUM
e, Kak U ISl 0coOeil FOBEHUIIEHOTO COCTOSHHSI.

Bupeununvnvlie ocobu. UNCneHHOCTb BHUPIH-
HWIBHBIX 0cO0EH M0 CPaBHEHUIO ¢ UMMATypPHBIMH
MeHnbine outu B 70 pa3 (mpu nepecyete Ha 1 ra),
U UX paCIOJIOXEHHE 3HAUMTEIbHO OoJjiee paBHO-
MepHO. OyHKIUSA g(7) BBISABIAET TPYNIBI CO CPEa-
HAM paamycoM okojio 12 m (puc. 3,c). DOyHKIHA
K2(r) mokaspIBaeT, UTO pACIOJIOKEHUE ocobei
ONU3KO K CITydaifHOMY, HO BCE K€ 3HAYUMO OT HEro
OTJIMYAETCs: paccTOsIHUA OKoJIo 4-5 M u 11-12 ™M
MeXIy 0COOSMH BCTpEedaroTcsi OoJiee 9acTo, 4eM
MOKHO OBLIO OBI OXHIATh MPH CIyYalHOM PacIio-
noxenud. CpaBHEHHE 3TUX PACCTOSHHUN ¢ HAOOpOM
¢ynkuid Dy(r) TOKa3bIBaeT, YTO TaKUE «TPYIIIBD)
00pa3oBaHbI ABYMSl, PEIKO TPEeMsSI COCEIHUMH OCO-
O0savu. Pazmepsl MyCTBIX NPOCTPAHCTB MO CpaBHE-
HUIO C IOBEHWJIHHBIM U HMMATYPHBIM COCTOSHUSIMU
3HAYUTENIFHO YBEJMUUBAIOTCA, MX MaKCHMAaJbHBINA
paauyc cocraisietr 44 M. DTO 03HAYAET, YTO BCTpe-
YAIOTCS YYaCTKH C TUomaznsio 1o 0,6 ra, rie HeT Hu
OJTHOM BUPTUHWIBHOM ocobu Pinus koraiensis.

Monoovie ecenepamusHnvie ocobu. OyHKIHA
MApHON KOPPEISIUH TOKA3hIBACT HAJMYWE TPYIII
CO CpPEIHHM paamycoM okoio 7-8 M (puc. 3,d).
Oynkuus K2(r) TOKa3bIBaeT, YTO PaCCTOSHUS
68 M MeXIy 0coO0sSMH BCTpEYalOTCs dYalle, 4eM
MOYKHO OBLIO OBl OXKUAATH MPH WX CITyYaiHOM pac-
nonokeHnd. [lpy TakWx paaumycax W PacCTOSHHUSIX
BBISIBISIEMBIC «TPYMITbD» 00Opa30BaHbI JByMsl, OUCHb
penko Tpems coceaHuMH 0cobsmu (MeHbie 10 %
oco0ell IMEIOT ABe COcelHHE B Mpeaesax dTOH JH-
CTaHIMM). Pa3mepsl MyCTBIX MPOCTPAHCTB MPUOIH-
JKAIOTCSI K O’KUJIaeMbIM TIPU CITyYaifHOM pacHoyoke-
HHUU oco0el, XOTS 3HAaUMMO OT HUX oTimyarotrcs. 1o
CpaBHEHHIO C BUPTUHWIBHBIM COCTOSHHEM OHH CTa-
HOBSITCSI MEHBIIIE U JJOCTUTAIOT MaKCUMyM 35-37 M.

Tenepamusnvie ocobou. OyHKIMS MAPHOU KOP-
peNAIMU TTOKa3hIBAeT TEHACHIUIO K BUPTYaIbHON
arperanuy: SMIUPHYECKas KpUBasg Ha 3HAYUTEIb-
HOM YacTH JWCTAHIIMK aHAIH3a PACIOJIOKEHa BBI-
me  BEpXHEro  HMMHTAIMOHHOTO  HMHTEpBala
(puc. 3,e). BBISBISIOTCS TPYMITBI HECKOIBKUAX TPO-
CTPaHCTBEHHBIX MacCIITab0OB — CO CPEAHUMH Pau-
ycamu oT 12 go 37 wm. Ilpu Takux paamycax B
rpymie ot 3 g0 21 ocobu. dynkuus K2(r), Hampo-
THUB, MOKa3bIBaET, YTO OCOOU PACIMOJIOKEHBI CIY-
yaiiHO. PacmpeneneHue paccTOdHMI OT MpoOU3-
BOJIHOM TOYKH OmpKaimieli 0coOu  MmModTH
COBIIAJaeT C OKMAAEMBIM IIPU CIy4ailHOM pacro-
JIO’)KEHUH Oco0el, MaKcHUMajbHBIE pa3Mephl ITy-
CTBIX TIPOCTPAHCTB IO CPABHEHHWIO C MOJOABIMHU
TeHEPATHUBHBIMH OCOOSIMH YMEHBINAIOTCS H CO-
CTaBJAIOT 27-28 M.

A. M. OmenbKo, O. H. YxeamkuHa, A. A. }Kmepeneyukull, T. f. [lempeHko, /1. A. CubupuHa
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Puc. 3. XapakTepucTuKa CTpyKTypbl MO3anKu ocobeii Pinus kordiensis ¢ UCMoO/Ib30BaHWEM YeTbIpeX CTaTUCTUYECKUX
GYHKUMIA: a — juv; b — im+im,+img; ¢ — vi+v,; d — vi+g,; @ — g,+85; N —4ncno ocobeli B MO3anKe, p — p-ypOBEHb
no pesysibtatam GoF-Tecta. Cr/IOLWHAA IMHUA — SMNIUPUYECKAA KPUBASA, MYHKTUPHASA /IMHWUA — O3KUAAEMOE 3HAYEHUE
B COOTBETCTBUM C HY/Ib-MO/AE/1bt0, CEPOE MO/1e — UMUTALMOHHbIE Npeae/bl (Hyb-mogenb CSR)

Fig. 3 Characteristics of mosaic structure of Pinus koraiensis individuals with the use of four summary statisics:
a - juv; b —im+im,+ims;; c - v,+v,; d — v3+g;; e — g,+g5; n — number of individuals in a mosaic,
p - p-level according to the results of GoF-test. Full line — empirical curve, dotted line — expected value
according to the null model, grey field — simulated envelopes (null model CSR)

Mesrceuooswie accoyuayuu c Opy2umu CTaTHCTUYECKH OHU He 3HAYMMEIL. Y ocoleil B BHp-
npeoﬁﬂada}omumu suoamu Oepegbee TMHHWJIBHOM COCTOSIHMM aHaIWu3 BBIABIISICT TPU IIO-
JIOKUTENbHBIE CBSI3U (puc. 4,c,m,r), 3a HCKIOYe-
HueM mapwl Pinus koraiensis n Betula costata.
Bo Bcex Tpex ciayuasix CBS3b BBIABIAETCA Ha CXOI-
HBIX AUCTaHIUIX — 10 8—9 M. B Monomom renepa-
THBHOM COCTOSIHUM OCTaeTCS TOJIbKO OJHA 3HAYHM-
Mas TOJIOXKHUTENbHAasE CBsI3b — MEXITy Pinus
koraiensis u Abies nephrolepis Ha TUCTaHIMIX 1O
9 M. Ilpu 3TOM BBISBIISICTCS OTPHIIATENHHAS CBSI3b
Mexny Pinus koraiensis m Betula costata na nu-
cranmusax 2-3 M (puc. 4,d). Y ocobeii B reHepa-
THUBHOM COCTOSIHHU ITOJIOKHTEIIBHEIC CBSA3U ITOJTHO-
CTBIO HWCYE3al0T. BMecCTo 3TOro BBIABIAIOTCS
3 oTpumaTenbHBIC CBSI3M: MEXNy Pinus koraiensis

AHanu3 c HMCHONb30BaHHEM (YHKUIUH TMapHON
KOPpENSLMA  BBIABIAET OJIHY IOJIOKUTEIBHYIO
CBSI3b MEXIY 0COOSMHU B IOBEHUJIBHOM COCTOSTHHU —
Mexny Pinus koraiensis u Tilia amurensis Ha nu-
cranmusax a0 15-17 m (puc. 4,p). OTa CB3H CO-
XpaHseTcsl B MMMAaTypHOM COCTOSIHUH, MpaBjaa, Ha
3HAUYUTEIBHO MEHBUIMX [AHUCTAHLUUAX — JO0 2 M
(puc. 4,q). Ecnmu anamu3upoBaTh TPAQUKA IMITH-
prdeckoil (GYHKIMH TapHON KOPPEISAINN IS UM-
MaTypHBIX 0CO0eH, TO MOXXHO TaKXe OTMETHTb,
YTO CBSI3U MKy Pinus koraiensis n Abies nephro-
lepis, Picea ajanensis TaxXe MOJOXUTEIBHBI, XOTS
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u Betula costata, Picea ajanensis, Tilia amurensis koraiensis u Abies nephrolepis Ha TUCTaHIHAX IO
Ha JUCTaHIHAX OT 3 710 9 M (puc. 4,/,0,f). AHanm3 3 M Take OTpHuIaTeJIbHas, XOTS CTaTUCTUYECKas
rpadMKOB TOKa3bIBAEeT, YTO CBs3b Mexny Pinus JIOCTOBEPHOCTB ATOH CBSI3W HE MOITBEPKIACTCS.
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PuUC. 4. Pe3y/ibTaTbl MOMapHOro aHa/m3a CBA3M CTPYKTYpbl MO3auk 0cobeit Pinus koraiensis (Pk) co cTpykTypoit
Mo3auK ocobeit Abies nephrolepis (An), Betula costata (Bc), Picea ajanensis (Pa) vi Tilia amurensis (Ta): a — juv;
b — im+imy+im;; ¢ — vi+v,; d - v3+gy; € — g,+85; Ny, Ny — 4NC10 0cobeit B MO3amnKax napbl BUAOB, p — P-ypPOBEHb
no pesy/abtatam GoF-Tecta. Cn/A0WHAA IMHUA — SMNMPUYECKAn KPUBaAA, MYHKTUPHAA /IMHUA — OKUAAEMOE 3HaYeHUe
B COOTBETCTBUU C HY/Ib-MOZ,e/1bt0, CEpOe Mo/ie — UMMUTALMOHHbIe npesesbl (Hy/b-mogenb «independence»)

Fig. 4 Results of paired analysis of correlation between mosaic structure of Pinus koraiensis (Pk) individuals
with mosaic structure of Abies nephrolepis (An), Betula costata (Bc), Picea ajanensis (Pa) v Tilia amurensis (Ta)
individuals: a - juv; b —im+im,+im;; ¢ — v,+v,; d — vi+g;; e — g,+g5; N, N, —number of individuals in the mosaics
of species pair, p - p-level on the results of GoF-test. Full line — empirical curve, dotted line — expected value

according to the null model, grey field - simulated envelopes (null model «<independence»)

C6:3b 106eHUIBHBIX, UMMAMYPHBIX JALUUM BBIABISIET TOJBKO OJAHY IOJO0KUTENBHYIO

u sup2unuUIbHLIX 0codeii Pinus koraiensis CBSI3b C T€HEPAaTHBHBIMU OCOOSMH TOTO K€ BUAA

C 2EHEPAMUEGHBIMU 0CODAMU NPEODAAOAIOUIUX (puc. 5,d). Ha mucraniuu 3—5 M OT reHepaTHBHBIX

6U006 Oepesbes 0co0eii IOBEHIIbHBIE BCTPEYAIOTCS 3HAYMMO Yallle,

Y 10BEHWIBHBIX 0cobeit Pinus koraiensis ana- 4eM MOXHO OBLIO OBI OKHIATH B Cllydae HX Hesa-
JIU3 C UCMOJIb30BaHUEM (YHKIIUM MMapHOW Koppe- BHCHMOTI'O paCIIOJIOKEHNUA.
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Puc. 5. Pe3y/ibTaTbl aHa/M3a CBA3M CTPYKTYPbl MO3aUK FOBEHU/IbHBIX, UMMATYPHbIX M BUPTMHU/IBbHBIX 0CcO6elt Pinus
kordaiensis (Pk) co cTpyKTypoi Mo3aunK reHepaT1BHbLIX 0cobeii: a — Abies nephrolepis (An); b — Betula costata (Bc);
¢ - Picea ajanensis (Pa); d — Pinus koraiensis (Pk); e — Tilia amurensis (Ta); juv — toBeHW/IbHble 0COBM, Im — im,+im,+im,
V = v,+v,, G — g,+€5; N, U N, — 410 ocobeli B epBOit U BTOPOI MO3auMKe, p — p-ypoBeHb No pesy/ibTaTam GoF-TecTa.
Cr/I0WHAsA /IMHWA — IMMMPUYECKAs KPUBAsA, MYHKTUPHAA /IMHUA — OXKUAAEMOe 3HaYeHUe B COOTBETCTBUU
C HY/Ib-MOZe/1bt0, CEPOE M0/1e — UMUTALMOHHbIE npesesbl (Hy/b-mogenb «independence»)

Fig. 5 The analysis results of correlation between the mosaic structure of juvenile, immature and virginile Pinus
koraiensis (Pk) individuals with the mosaic structure of generative individuals: a — Abies nephrolepis (An); b — Betula
costata (Bc); ¢ — Picea ajanensis (Pa); d — Pinus koraiensis (Pk); e — Tilia amurensis (Ta); juv - juvenile individuals, Im -

im+im,+im;, V - v,+v,, G — g,+g5; n, u n, —number of individuals in the first and second mosaics, p — p-level on the
results of GoF-test. Full line — empirical curve, dotted line — expected value according to the null model, grey field -
simulated envelopes (null model «independence»)
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Y uMmmaTypHBIX ocobeit Pinus koraiensis BBISB-
JISTIOTCSI JTBE€ TIOJIOKUTENBHBIE CBSI3U — C TeHepa-
THBHBIMH 0c0o0ssMu  Betula costata wu  Pinus
koraiensis (puc. 5,g,i). B mepBoMm cirydae 3Ta CBSA3b
MPOSIBIISIETCS] HA JUCTAHIMAX 6 U 9 M, BO BTOPOM —
Ha auctaHimsx 7—13 m. Ho ecnu B ciyuae Betula
costata SMIIUpUYECKas KpWBas pacrojiokeHa Ha
MEHBIINX AUCTAHIHAX OJM3KO K BEpXHEMY HMHU-
TallHOHHOMY WHTEpBalTy (TEHACHIMS K arpera-
uum), To B cuydae Pinus koraiensis Habmomaercs
oOparHasi TCHICHITNS — B HETTOCPESICTBEHHON OH30-
CTH OT TCHEPATHBHBIX 0COOCH MMMAaTypHBIC BCTpE-
YalOTCs 3HAYUTENFHO PEXe, 4YeM MOXKHO OXKUAATh
IIpY WX HE3aBUCHIMOM DACTIOJIOKEHUH. Y BHUPTH-
HWIBHBIX 0co0ei Pinus koraiensis oOHapyKUBaeTCs
TOJIBKO OJHA 3HAUYMMas IIOJIOXKUTEIbHAs CBSI3b —
¢ TeHepaTuBHBIMH ocoOsimu Tilia amurensis Ha Tu-
cranusax 1-8 M (puc. 5,0). Anamu3 rpaduKoB TOKa-
3BIBACT, YTO TAKXKE €CTh TCHACHITUSI K 00pa30oBaHUIO
TIOJIOKUTETIBHON CBsI3M Mexay Pinus koraiensis n
Betula costata na nuctannmsax 10 5 M (puc. 5,0).

Cyocmpam, Heo0x00uMmblil 013 106EHUTbHBIX
U UMMAMYPHBIX 0COOell

IIpeobnamarormumM cyOCTpaToM Ha HCCIIETyeMOn
MpOOHOW TUIOMIAAM SBISETCS JIECHAs MOJCTHIIKA,
KOTOpasi COCTOUT TJIaBHBIM 00pa3oM U3 Omaja mpe-

P. koraiensis (juv)
¥?>=10.85, df =2, p <0.004

Vol. 4 (2), 2019

o0yaarommx BUIOB JIEPEBHEB M COXpaHIETCA B
TEYCHUH BCETO T'0Ja, TOCKOJIBKY XBOSI U JIUCThS HE
YCIEBAIOT TOTHOCTHIO PA3JI0KUTHCS K KOHILY JIeTa.
MomrHOCTh TOACTWIIKH COCTaBJSIET B CPEIHEM
542 cm. IMoactrnka 3aamMact 96,5 % ot mromanu
MMOBEPXHOCTH W, TAaKUM OOpa3oM, WIrpaeT poib
cBocoOpa3HOTO «(pOHA» A IPYTUX THIIOB CyO-
CTpaTa U cama 1o ce0e MPOCTPAHCTBEHHOW CTPYyK-
Typel He mMeeT. Ha BTOpoM MecTe TO mIomann
HaxXOJIUTCS TIOYPA3IOKUBITUICS BaJieK W ITHU —
3 %. Y, HakoHell, HANMEHBIIYIO TUIOIMIAAb 3aHUMAIOT
BIIK (yumteBasg TOMBKO OYTrphl W 3amajWHbI) —
Bcero 0,5 %. AHann3 pacnoyoKeHus FOBEHMIBHBIX
YU UMMATYpPHBIX 0co0eit Pinus koraiensis moka3bi-
BaeT, YTO OHO OYEHb ONU3KO K TOMY, KOTOpOE
HaOmrogaIoch OBI, ecii OBl OHHM TPOpACTAIH B
cnyuyaitHeix Mectax. ONHAKO Kak JJisl FOBEHWIIb-
HBIX, TaK ¥ JJI1 IMMAaTypHBIX 0COOCH pacrpeserne-
HUE CTAaTHUCTUYECKH 3HAYMMO OTJIMYAETCS OT CIy-
yaitHoro (puc. 6). DTH OTIUYMS OO0YCIOBJICHBI
[JIABHBIM O0Opa30oM TEM, YTO Ha IOIYyPa3JI0KUB-
mieMcs BaJielke W MHSX 0OHApyKeHO OOIbIle I0Be-
HWIBHBIX W WMMAaTYpPHBIX 0c00eli OTHOCHTEIHHO
WX ciiydaifHoro pacronoxenus. Jons ocobeit Ha
BIIK He3HauUUTENBHO OTIANYAETCA OT 0XKUIIAEMOM —
B MEHBIIYIO CTOPOHY JJIsl JOBEHIIBHBIX U B OOJb-
IIYIO — JUISl AMMATYPHBIX.

P. koraiensis (Im)

Twun cybcTpaTta
—

Emp. Exp.

CTaHpapTU3NpoBaHHbIE OCTATKU:

AL LAARR AL LR
.......................

42 =21.54, df=2, p<0.0001

<4 -4:-2 2.0 02 24 >4

Puc. 6. Habntogaemble 1 0xkMAaeMble HAaCTOTbI OBEHW/ILHBIX (juv) U MMMaTYPHbIX (Im — im,+im,+im;) oco6eii
Ha cybcTpaTe pas3/MyHOro TMna: L — AMCToBoW onag, F — noAypas/oKMBLLMIACA BasiexX U NHK, V — BIK. Maowaab
Ka)40ro npAMOYro/IbHMKa NponopLMOHa/ibHa 4acToTe AYEMKM COOTBETCTBYHIOLLLEN Tab/IMLIbl CONMPAXKEHHOCTH.
Cn/aowHanA 1 NpepbIBUCTaA IMHUKM 0603HAYatOT NO/I0XKUTE/IbHOE U OTPUL,AaTE/IbHOE OTK/IOHEHNE OT OXMUAAEMbIX
YacToT. LiBET NpAMOYro/IbHMKa COOTBETCTBYET CTaHAAPTU3UPOBAHHbBIM OCTaTKaM (3HaYeHWsA NMOKas3aHbl B /IereHae).
CBeT/10-Ccepble 1 TEMHO-Cepble NPAMOYIO/IbHUKM MOKA3bIBAKOT 3HAYMMblE OTK/IOHEHUA OT OXKMUAAEMBbIX YacCTOT
(npv oL = 0,005 U1 0L = 0,0001 COOTBETCTBEHHO)

Fig.6 Observed and expected frequence of juvenile (juv) and immature (Im — im,+im,+im;) individuals on the
substrate of different types: L - leaf litter, F — semidecomposed windfall and stubs, V — wind-soil complexes.
The area of each rectangle is proportional to the frequency of the box of the corresponding cross tables.
Full and dotted lines mean positive and negative deviation from the expected frequencies. The colour
of the rectangle corresponds to the standardized remains (values are shown in the legend).

Light grey and dark grey rectangles show significant deviation form the expected frequencies
(with o = 0,005 and o = 0,0001 respectively)
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Cmpyxkmypa mo3auku

[IpocTpaHCcTBEeHHOE  pacmoioXeHne ocoOei
Pinus koraiensis nmpu MPOXOXKICHUU UMM CTaIHHA
OHTOT'CHETHYECKOTO Pa3BUTHS MEHSETCSI OT TPyI-
MMOBOTO (KOHTarmo3HOT0) — IOBEHUJIHHBIC W MMMa-
TypHBIE O0COOM K CIy4ailHOMY — TeHepaTHBHBIE
0co0u. AHAJOTWYHBIA pe3yJbTaT ObUI TMONy4YeH
MIPU aHAIW3E CTPYKTYPHI MO3aMK JAPYTHX mpeoldia-
TAIONTUX BHIOB NepeBbeB — Picea ajanensis [24],
Abies nephrolepis [25], Betula costata [26] u Tilia
amurensis [27]. HOBeHWIbHBIE W HMMaTypHBIC
TpymIiel 00pa3oBaHbl OTHOCUTENHHO OOJBIINM YHC-
JIoM oco0eit (6ompire 26), B BUPTUHWIBHOM COCTO-
SITHUM OHO 3HAYMTENBHO yMeHbIIaercs (mo 2-3) u
3aTeM IIOCTETNICHHO YBEJIMYMBACTCS K T'eHEepPaTHB-
HOMy (puc. 3). CaMBIMH TYCTBIMH OKAa3BIBAIOTCS
TpyNIbl BUPTUHWIBHBIX 0CO0EH — WX TYCTOTa IO-
yti B 8 pa3 Oonblle CpenHeld MO TUIOMIAAH.
HecMmotpst Ha TO, 4TO TpyNIbBl UMMATYPHBIX H FOBE-
HUJIBHBIX 0CcO0el 00pa3oBaHbl OONBITAM YHUCIOM
oco0eil, rycrota ocoOeli B 3THX TpyMIaX MEHBIIE,
B 3-5 pa3 mpeBBIIaeT CPEOHIOK MO IUIOLIAIH.
JMHAMKKa TYCTBIX MPOCTPAHCTB, HE 3aHATHIX OCO-
OSMH, BBINVISIAAT CIETYIONMIMM 00pa3oM: B IOBe-
HWJIBHOM ¥ MMMAaTypHOM COCTOSIHMH BHadJalle OHU
OTHOCUTENILHO HEOOJbIINe, HO 3HAaYNMO OOJbIIe,
YeM TIIpH CIy4ailHOM pacrloJOXEeHHH OCcoOeH.
3areM B BUPTUHWIBHOM COCTOSHUW OHH 3HAYH-
TENPHO YBEIWYHMBAIOTCA, a Jaliee MOCTEIeHHO
YMEHBIIAIOTCSI K TeHEPaTUBHOMY COCTOSHHIO H
CTaHOBSITCSl OYCHb OJIM3KUMH K OKHUIAEMBIM B CO-
OTBETCTBUU C HYJIb-TUIIOTE30M — CIIy4yallHbIM pac-
noJjioxeHueM ocobeil. HyxHO oTMeTUTh, 4TO pa-
JYCBHI TPYIITI, BBISBIISIEMBIE B MO3auKax 0coOel 10
TeHEPAaTHBHOTO COCTOSHHUS C HCIIOJIH30BAHUEM
¢byskmun K2, ONM3KH W COCTaBISIIOT 8—12 M
(cM. puc. 3). B pacnpeneneHun 4MCIEHHOCTH OCO-
Ocil 0 OHTOTEHETHYECKUM COCTOSTHHSIM BBIICIISIOT-
s TBa MUKA: MEPBBIA MPUXOANUTCS HA UMMAaTypHBIE
0co0H, BTOPOW — Ha CpelHe- U CTapOBO3PACTHHIE
reHepaTHUBHBIE OCOOM. DTH MHUKH BO3HUKAIOT IO-
TOMY, YTO OCOOM B MIMMAaTypPHOM H T'€HEPATHBHOM
COCTOSIHMHM HaxOJsATCsl 0ojee JIUTENFHOE BpeMs,
YeM B IOBEHWIHHOM W BUPTHHUIBLHOM (M MOJIOZOM
reHepaTUBHOM) cooTBeTcTBeHHO [23]. Iloatomy
HEOOJIBIIOTO YUCIIa Pa3peKeHHBIX BUPTHHUIILHBIX
oco0elt JoCTaTOYHO, YTOOBI MOANCP)KMBATH HHIC-
JICHHOCTh T€HEPATUBHEIX 0co0el B TMHAMUYECKOM
paBHoBecuu [20].

XapakTepHO 0COOCHHOCTBIO SIBIISICTCSI TO, UTO
pe3ynbTaThl, TONYYEHHBIE C HCIOIh30BAHUEM
(dbyHKIIMYM MapHOW Koppensaiuu u GyHkuuu K2, Bo
MHOTHX CITy4dasXx HE COTJacyroTCs MEXIY COOOH,
3a ICKIIIOUYEHNEM Pe3yJIbTaTOB JJIsl MOJIOJIBIX TeHe-
paTUBHBIX 0coOel. A MIMEHHO, B CITydae FOBEHUIIb-
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HBIX ¥ UMMaTYPHBIX 0COOCH paauyc TPYIII, BBISB-
JIIEMBIX C WCMONB30BaHHEM (YHKIUM IapHON
KOPpEeJSIIHY, TIPEBBIIIACT PagiyC TPYII, BBISBIIS-
eMBIX C uUcHoiab3oBaHueM (QyHkuuu K2. B crmyuae
TEHEPAaTUBHBIX OCOOel pasznuuus Ooyiee cCyIe-
CTBEHHBI — (DYHKITHS TAPHOW KOPPEJISAINH TOKa3bI-
BaeT arpernpoBaHHOE PACIIONIOKEHUE 0CO0eH, B TO
Bpems Kak (pyHkuus K2 mokasbiBaeT, 4TO MX pac-
MOJIOXKEHHUE CIyYalHO — TOYHO TaK K€, KaK U JJis
Picea ajanensis n Abies nephrolepis [24, 25].

Takass pasHUIlAa B pe3yJbTaTax OOBICHACTCSH
TEM, 4TO 0COOU JI0 TEHEPATUBHOI'O COCTOSHUS pac-
TTOJIO’KEHBI OYeHb HEOTHOPOIHO, U OCOOEHHO SBHO
3TO TPOSBISAETCS B IOBEHUJIHHOM W WMMAaTypPHOM
COCTOSIHMH, YTO XOPOIIIO 3aMETHO YyXKe IMPH BU3Y-
aNTbHOM aHallu3e MO3auK. BrIipakeHHass HEOIHO-
POIHOCTH BHOCHUT CHCTEMAaTHYECKOE OTKJIOHEHHUE B
pe3ynbTaThl, TONydYaeMmble C HWCIOJIh30BAaHHEM
(YHKIIMHM TApHOW KOPPEIAIUU, XOTS B 3TOM CIIy-
yae OHa MO3BOJISAET IMOJIYYUTh IICHHYIO HH(pOpMa-
LU0 — OIPENeINTh pa3Mep BO3HUKAIOIINX HEOJ-
HOoponmHocTel [36]. Takum oOpa3om, B Mo3auke
FOBCHUJIBHBIX U UMMATYPHBIX 0COOEH BBISBISCTCS
arperanysi, 0o0yCJIOBJIEHHass HEOTHOPOAHOCTHIO UX
PaCTOJIOXKEHHS;, CPETHUIN pagnyC TaKUX TPYII CO-
craBisieT okojo 17 m 20 M COOTBETCTBEHHO, a
BHYTpPHU 3THUX TPYII BBIABISCTCS arperamus, o0y-
CIIOBJICHHAsI HECIy4JailHBIM pPacIOJIOKEHHEM OCO-
Oeit — rpymrtsl ¢ pamiycom okoio 10—-11 m. B mo3zan-
K€ TCHEPaTHBHBIX OCOOCH TaKKe BBIBISCTCS
arperanusi, OOyCIOBJIEHHAs HEOTHOPOIAHOCTHIO HX
PpacroioXkeHusl — TPYHIbI C paguycoM oT 12 10 37 M,
HO €CIIi He MPUHUMAThH €€ BO BHUMAaHUE, TO 0COOU
PACIOJIOKEHBI CIy4YailHO, YTO HaM IOKa3bIBacT
¢byskuus K2.

JlnHaMuKy U3MEHEHHUS CBS3eH MEXITy 0COOSIMHU
Pinus koraiensis n npyrux npeo0i1aaroniix BUI0B
MPU TIPOXOXKIECHUM WMU TOCIIEAOBATEIBHBIX CTa-
IV OHTOTeHE3a MOXHO ONKCATh CIEIYIOIUM 00-
pa3zoM. B 1OBEeHWJIBHOM W HIMMaTypHOM COCTOSTHUH
BBISIBIISIETCS. TONBKO OJ{HA TIOJIOXKHUTEIbHAS CBSI3b
MeXay oco0sMu. B BHPTHHUIBHOM COCTOSIHUU
YUCJIO TIOJOXKUTEIBHBIX CBS3€H BO3pacTacT Jo0
TpeX, IPUYEeM THaMETPBI TPYI JJIS Pa3HBIX BHIOB
CXOJHBI U cocTaBsAOT 8—9 M. B Mono10M renepa-
TUBHOM COCTOSIHUH YHCJIO TIOJIOKHUTEIBHBIX CBSI3EH
BHOBH YMEHBIIIAETCS 10 OJHOM W TIOSBISETCS OT-
punatenbHas CBsi3b. B TeHEpaTHBHOM COCTOSIHUU
MTOJIOKUTENIBHBIX CBS3EH HET, © BMECTO 3TOTO BBI-
SIBJISIIOTCSL TPU OTPHUIIATEIBHBIC CBS3H (CM. puc. 4).
Bimsare TeHepaTUBHBIX 0cO0CH IpeodIIamaronmmux
BUJOB HAa IOBEHWJIbHBIE, UMMATYpHBIE W BHUPTH-
HWIbHBIE 0co0u Pinus koraiensis, Cyas IO eJMHNY-
HBIM BBISIBICHHBIM CBSI3IM (CM. pHC. 5), KpaiiHe
OTPaHUYEHO U CIOKHO MOJIAeTCS CHCTEMATH3aAIIHH.

Ecnmu  ¢GyHKIMS mapHOW KOPPENSIUH  HIU
¢byHkus K2 BBISIBISET arpermpoBaHHOE WIIH,
Hao0OpOT, pa3peKEHHOE pPaCIOJIOKEHUE O0COo0eH,
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TO 3TO OOBIYHO CUHTAETCS CBHUIETEIHCTBOM TOTO,
YTO 0COOH JCHWCTBUTENBHO B3aUMOJICHCTBYIOT APYT
C IpYroM, 0COOEHHO €CII PeYb UIET O TBYMEPHOM
aHanmm3e, KOoTaa, HalpuMep, aHaTH3UPYIOTCS MO3a-
WKH JIByX pasHbBIX BUAOB pacTteHuil [36]. Panee
[23] ObIO MOKa3aHO, YTO B Cllyyae OJHOMEPHOTO
aHaJM3a arperupoBaHHOE PACIIONIOKEHNE 0CcOo0eH Ha
HCCIIEeTyEeMBIX MPOOHBIX IUIOMAIIX HE MOXKET 00h-
SICHSTBCSI UX B3aUMOJICHCTBHEM, ITOCKOJIBKY OHH
PACTIONIOKEHBI CIMIIKOM JANeKOo Jpyr OT Ipyra.
Hampumep, ummatypabsie ocodbu Pinus koraiensis
UMEIOT cpenuuid paguyc kponsl oT 0,18+0,01 M mo
1,85+0,9 M [23], mpu 3TOM CBsI3b B PaCHOJIOKEHUU
oco0ell BBIABIAETCA Ha AUCTAaHIMAX 1o 10-11 M
(cm. puc. 3,a). Pesynbrarsl qaHHON pabOTHI MMOKa-
3BIBAIOT, YTO 3TO TAKXKE CIPABEIUIMBO U I 00JIb-
IIMHCTBA IByMEPHBIX aHAIIU30B, & IMEHHO JIJIS TeX
CIly4aeB, KOTJa BBIABIISETCS HAJMYWE: a) MOJOKH-
TENILHOW CBSI3M MEXIY IOBEHHJIBHBIMUA OCOOSMH
Pinus koraiensis n Tilia amurensis (cMm. puc. 4,p);
0) MOJIOKUTENBHBIX CBSI3eH MEXIy BHPTHHUIHHBI-
MU ¥ MOJIOJBIMH Te€HEPAaTHUBHBIMU OCOOSMHU pa3-
HBIX BUJOB (puc. 4,c,m,r,d); B) TeHEpaTUBHBIMU U
AMMaTypHBIMU ~ 0co0ssmu  Pinus  koraiensis
(cMm. puc. 5,i). BzammoneiicTBueM ocoOeit MoryT
OOBSICHITBCS TOJIBKO OTPUIIATEIILHBIC CBSI3U HA He-
OOJBPIINX JHUCTAHIMSIX MEXAYy TeHEPaTHBHBIMHU
0CO0SIMHU pa3HBIX BHAOB (CM. pHUC. 4,e,/,0,f), a TaKXKe
MOJIOKUTENIBHBIC CBSI3M MEXKIY T'€HCPATUBHBIMH H
IOBCHWIGHBIMKA, UMMATYypPHBIMH W BUPTUHUIEHBIMU
ocobsmu (cM. puc. 5,d,0). Bo BceX OCTaNBHBIX CITy-
Yasx arperupoBaHHOE PacHoiokeHue ocobeil cBsi-
3aHO C JPYTMMU IPUIHHAMU.

Dakmopul, onpeoenarouiue CHMPyKmypy
Ha PA3HBIX CIMAOUAX PA3GUMUA 0CODel

ATrperupoBaHHOE PacHOJIOKEHHE 0co0ei oTMe-
gaeTcd B OOJBIIOM dYHCIE padOT, MOCBSIICHHBIX
aHaM3y CTPYKTYphl MO3auWK JepeBbeB [5, 6, 21,
39, 40, 41]. OgHuM U3 OCHOBHBIX (aKTOPOB, 00Y-
CJIaBITUBAIONINX arperayio, CYUTAeTCs OrpaHu-
YEHHOE pACIPOCTPAHEHUE CEMSH, T.e. OOJbImas
4acTh CEMSIH OCTAeTCS B HETOCPEICTBCHHON Om-
30CTH OT Te€HEePaTUBHBIX 0co0et [2, 5, 6, 42]. Ceme-
Ha Pinus koraiensis pactpOCTpaHSIIOTCS HCKJIIOUH-
TEJIHO JKUBOTHBIMHU, ¥ HaWOOJIBIIYIO POJIb B 3TOM
urparoT keapoBka (Nucifraga caryocatactes L.),
MaHBUWKYypCcKast 6enka (Sciurus vulgaris mantchuri-
cus Thomas) u, B MEHBIICH CTENECHH, MOTOJI3CHb
(Sitta europaea amurensis Swinhoe) [14]. bnaro-
Japst )KUBOTHBIM CEMEHa MOTYT IEePEHOCUTHCS Ha
3HAYHUTEIBHOE paccTosHue (0ojee KWioMeTpa) oT
MaTepuHCKoro aepesa [14]. B To xxe BpeMs aHanus
nokassiBaer, uro mouytu 100 % reHepaTUBHBIX
0co0elt UMEIOT OMIKANIIYI0 COCETHIOI0 0CO0bh B
npeaenax 20 m (cMm. puc. 3,e) U MaKCUMAaJTbHBII
paanyc «IIyCTBIX» MPOCTPAHCTB B MO3AaWKE T'eHE-
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paTUBHBIX 0co0elt cocTaBisieT okojo 20 M. Takum
00pa3oM, pacCTOsIHHE MepeHoca CeMsiH Ha JIBa I10-
pAIKa MPEBBIMIAET PACCTOSHUE MEXKIY COCCTHUMU
JEPEBBSIMU, W JaKE€ OJIHON TeHEPATHMBHOW OCOOH
Pinus koraiensis xBaTiio Obl Ha OTHOCHTEIBHO
paBHOMEpHOE OOCEMEHEHHE BCel MpPOOHOU TIO-
mwaau 72-2013. CrnenoBaTeiabHO, OrPAHUYEHHOE
pacmpocTpaHeHHE CeMsSH HE MOXKeT BIIMATH Ha
HavdabHOE (hOPMHPOBAHUE TOMYIISIIMOHHON MO3a-
WKW JAHHOTO BHJIA.

CrenyrommmM ¢GakTopoM, KOTOPEIHE MOXKET 00y-
CJIaBJIMBATH arpeTUPOBAHHOE PACIIOJIOKCHHE OBE-
HWIBHBIX U UMMATYPHBIX OCOOCH, SBISETCS HE00-
XOJUMOCTh B OINpeelieHHOM cyOcTpare — Kak,
Harpumep, s Picea ajanensis m Betula costata
[24, 26, 43]. IIpoBeneHHBIN aHANW3 MOKAa3all, 4YTO
pacnpezeneHne I0OBEHWIBHBIX 1 UMMaTYPHBIX 0CO-
ocit Pinus koraiensis o cyocTpaTtaM TpeX THIIOB
XOTSI M OTJIMYACTCS 3HAYUMO OT OKHUIAEMOTO TP
WX CIIy9allHOM pPacIoJIO’KEHUH, HO BCE-TaKH OYEHb
0JIM3KO0 K HEMY (CM. pHC. 6). DTO OOBICHSICTCS TEM,
YTO JKUBOTHbIC (B  wacTHOCTH, Nucifraga
caryocatactes w Sciurus mantchuricus) CO3IaKOT
CBOM 3amachl IMEHHO B TOJICTHIIKE. 3arackl Ha Ba-
JIeXKe MOTyT co3nmaBath Sitta europaea [17].
HaGumroieHus MoKa3bIBarOT, YTO BaJIekK, MMOKPBITHIN
MXaMH, JIOJITO YJIEPKUBAET BIAry, U 3TO MOXET
o0ecrneunTh HECKOJBKO JIydlliee BEDKUBAHHE FOBe-
HWJIBHBIX ¥ UMMAaTypHbIX ocoOeil. [loaTomy Ha Ba-
Jexke UX OOJIbIe, YeM MOXHO ObLIO ObI OXKHIATh
TIpU CIIYIaHOM pacrojokeHnn ocobeit. [lo cpas-
HEHUIO C IOBCHWJIBHBIMH Y HUMMAaTYpPHBIX 0COOEi
JIOJISL BCTPEY Ha BaJeKe HECKOJBKO OOJIbINE, YTO
TaK)Ke MOXKHO PaccMaTpHUBaTh KaK MOITBEPKICHUE
MIPEITOIIOKEHNS] O TOM, YTO OHH JIydIlle BBDKHBa-
0T B OoJiee BIAXHBIX YCIOBUSX. Tem He MeHee,
ITOCKOJIBKY OouibIasi 4acTh 0ocoOell pacroiiokeHa
Ha TOACTHJIKE, KOTOpas He MMEET MPOCTPAHCTBEH-
HOM CTPYKTyphl (OHa, Kak yxke OBUIO CKa3aHO
BBIIIIC, SIBIISIETCS «(OHOMY JUISl APYTUX THIIOB CyO-
CTpaTa), HEOOXOAMMOCTh B ONpEICeIIEHHOM CYO-
CTpaTe HE MOXET OOBACHATh (OPMUPOBAHHUE
rpym.

Eme ogauM dakTopoM, OOBSCHSIONINM CTPYK-
Typy MO3aWK, MOTYT OBITh MEXBHIOBHIE B3aUMO-
JNEeWCTBUSA, BKIIOYAas B3aUMOAECHCTBHUS  MEXKIY
TCHEPATHBHBIMU OCOOSMHU ¥ FOBCHHJIBHBIMHU, HM-
MaTypHBIMH ¥ BUPTHHIJIBHBIMUA OCOOSIMH. Y IOBe-
HUAJTBHBIX 0COOCH NBYMEpHBIM aHAIHN3 BBISBISCT
MOJIOKUTENBHYIO CBSI3b TOJBKO Mexay Pinus
koraiensis u Tilia amurensis (cMm. puc. 5,p). Ora
CBSI3b €CTh M MEXIy IMMAaTypPHBIMHA OCOOSIMH, XOTS
MPOSIBIISIETCSI B MEHBILIEH CTENEHU (CM. pHC. 5,g).
Jpyrux cBs3eit Mexy IMMaTypHBIMH OCOOSIMH HE
BEIBIsIeTCA. [1OCKOIBKY paamyc TPYII U B Tep-
BOM, U BO BTOPOM CJIy4ae 3HAYMTEIHHO OOJIbIIIE,
4eM paIuychl KpoH ocobeil [23], MOXHO 3aKio-
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YUTh, YTO OHW HE B3aMMOIEHCTBYIOT JPYT C JAPY-
roMm. B 3TOM ciyuae BBISBIISIEMBIE CBSI3U OOBSICHS-
IOTCS OJIMHAKOBBIMU TPEOOBaHUSAMU K CyOCTpaTty,
MTOCKOJIbKY ceMeHa Tilia amurensis Takxe mpopac-
TaIOT, TJIaBHBIM 00pa3oM, Ha mozactuike [27]. Ho,
MTOCKOJIbKY TTOJICTUJIKA 3aHUMAeT OOJBIIYI0 YaCTh
MTOBEPXHOCTH, CXOJTHBIE TPeOOBaHUSA K CyOCTpaTy
He 00BACHSIOT (hakT POPMUPOBAHHS TYCTBIX TPYIII
FOBCHWJIbHBIX 1 UMMAaTYPHBIX 0COOCH.

g ocobeil B BUPTHHHIBHOM COCTOSHUHM BBI-
SIBIIIETCSL Cpa3y TPH TOJOXKHUTEIbHBIE CBS3H, OJHA
3 KOTOpbIX (Mexny Pinus koraiensis n Abies
nephrolepis) coxpaHseTcss W MeXIy MOJIOIBIMU
reHepaTHUBHBIMU 0c00ssMu (cM. puc. 4,c,m,r,d).
OpHako 311eCh TOXE CBSI3b IPOSBISETCS HA [U-
CTaHIIMAX, Ha KOTOPBIX 0cOOM B TPyTIIE B3amMO-
JICHCTBOBaTh HE MOTYT; yke caMm (hakT oOpa3oBa-
HUSl TAKUX CMEIIaHHBIX TPYII, B KOTOPHIE BXOJAT
BCe BHIBI, 3a HCKIIIoueHueM Betula costata, HYX-
naetcs B O0OBSICHEHHN.

Cnabast CBS3b MPOCTPAHCTBEHHOTO PACIIOJIONKE-
HHS IOBCHWJIBHBIX U TEHEPATHUBHBIX 0co0ei Pinus
koraiensis TOBOPHUT O TOM, YTO FOBEHUJIbHBIE 0COOU
HECKOJIbKO 4allleé BCTPEYaloTCs B OKPECTHOCTSX
reHepaTHBHBIX (CM. puc. 5,d). Habmronenus noka-
3BIBAIOT, YTO JKUBOTHBIE NEHCTBUTEIHHO CO3MAIOT
MHOTOYHMCJICHHBIC 3alachkl B HEMOCPEICTBEHHON
OJIM30CTH OT TEHEPATHBHBIX 0COOCH (JacTh M3 ATHX
3armacoB BPEMCHHEBIC, M 3aTEM OHHU MEPEHOCATCS Ha
Oomnee mamekoe paccTtossHue). IIpw 3TOM TOTOXKH-
TEJIBHBIC MM OTPHIIATENBHBIC CBSI3U FOBEHWIBHBIX
ocobeit Pinus koraiensis ¢ ApyrAMH BHUIAMH HE
BBISIBJISIFOTCSL.

AHanu3 cBsi3eil MPOCTPAHCTBEHHOTO Pacrofio-
JKCHHSI IMMATYPHBIX U TEHEPATUBHBIX 0COOCH BBI-
ABIISIET 2 TIOJIOKUTENbHBIE CBS3H — C Betula costata
u Pinus koraiensis (cm. puc. 5,g,i). [Ipuuem ecim
¢ Betula costata 3Ta CBS3b BBIABISIETCS, HauWHAs
C MUHHMAJBHBIX JUCTAaHIMA WU 70 8§ M, TO s
Pinus koraiensis Ha MalbIX AUCTAaHIUAX (IO 7 M)
HaOJII0JJaeTCd OTPHIIATENIbHAS CB3b, KOTOpas 3a-
TEM CMEHseTCS TOJIOKUTEThbHON Ha JUCTAHIIHIX
7-12 m. Takum 00pa3oM, UCXOAS U3 PajNyCOB
KpoH [23] MOXHO 3aKJIFOYHTh, YTO MMMAaTypHEIE
0co0M pacroyioKeHbl B Tpenenax KpoHwl Betula
costata M psaaoM (HO 3a TIpenesiaMu KpOHBI) Pinus
koraiensis. AHanmu3 CBs3€il NPOCTPAHCTBEHHOTO
pacToJOXKeHHs BHPTUHWIBHBIX W TE€HEPaTHBHBIX
oco0eil BBISBISIET BCETO OJHY MOJOXHUTEIBHYIO
cBs3b — ¢ Tilia amurensis (cMm. puc. 5,0). Kak mns
AMMAaTYPHBIX, TaK U JJIS BUPTUHUIBHBIX 0COOeH
Pinus koraiensis nX TyCTOTa B OKPECTHOCTSIX T€HE-
paTUBHBIX OcO0ei MaKCUMyM B TIOJITOpa-IBa pasa
BBIIIIE OXHIaeMOW. DTO HECKOIBKO BIHSET HA WX
ofIee pacnpeneseHre No MJIOMAAH, HO He 00bsc-
HieT (opMUpOBaHWS Tpymm, TAe TycToTa
B 3,5-9 pa3 npeBbIIIaeT CPEAHIO0 10 TUIOIIAIHN.

Takum 00pa3oM, BHYTPH- U MEKBHUIOBBIC OT-
HOIIIEHUS MEXJy OCOOSMH, a TaKXe CBs3b C CyO-
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CTpaToM He OOBACHSIOT HU camoro (akrta obOpazo-
BaHHA TPYII 0CO0e, HH TOTO, MOYEMy HX paclio-
JIO)KEHHE K TEHEPAaTUBHOMY COCTOSHUIO TOCTETIECH-
HO MEHSETCS Ha CIy4ailHOe, a TaKKe TOro, Kak
MEHSIOTCS MEXBUIOBbIE CBSA3M MPU PAa3BUTHUH OCO-
Ocil. B paborax [22, 23] ObUIO MOKa3aHO, YTO y
Pinus koraiensis ocoOu HOpMaTbHON KHU3HEHHOCTH
BCTPEUAIOTCS TPEUMYIIECTBEHHO B OKHAaxX W B
MeHbIIeH cTerneHn Ha mnepudepuu okoH. [Ipuuem
€CIIMi B MMMATypHOM COCTOSIHHH OOJbIIAasi 4acTh
ocoOell (MOHIKEHHOH W HU3KOH KHU3HEHHOCTH)
BCTpeYasiach MOJ IOJIOTOM APEBOCTOS, TO YXKe K
MOJIOZIOMY T€HEPAaTUBHOMY COCTOSIHHIO OCTAOTCS
TONIBKO T€ 0COOH, KOTOphIE OBLTH OOHApYKEHBI B
OKHaX WJIM Ha UX nepudepun, 9To TOBOPUT O 3Ha-
YUTENHHOM YBEIWYEHUH MOTPEOHOCTH B OCBEIICH-
HOCTH JUIsl ycHemHoro pocta [44, 45]. OTo o3Ha-
YaeT, 4YTO YK€ B UMMaTypPHOM COCTOSIHUH OBICTpee
pa3BHUBAIOTCA T€ O0COOM, KOTOpPbIE PACIOIOXKEHBI B
JYYIIAX yCIOBHIX OCBEIIeHHOCTH. COOTBETCTBEH-
HO, B TIEPCTIEKTHBE OHM UMEIOT OOJIBIIIE ITAHCOB Ha
BbDKMBaHue. Ecnu Temneps mpeacTaBuTh, 4TO B Te-
YeHHe HEKOTOPOro BPEMEHHU MPOHMCXOIUT MPOLECcC
«0oTOOpa» 0coOeil, OKa3aBIIUXCS B JIYYIIUX YCIIO-
BHSIX OCBEHICHHOCTH (OOYCIIOBICHHBIX OKHAMU),
TO OHHU OYIYT pacIoiioxeHsl rpynnamu. [lonTsep-
JKIaeT 3TO TPEIIOJOKEHHE CXOJICTBO PaIUyCcoOB
TPyII, KOTOPBIE BBISBISIOTCS y 0co0el B pa3HBIX
OHTOTEHETHUYECKUX COCTOSIHUAX C HCIIOJIb30BaHU-
eM QyHKOMA mnapHo Koppenmsuun U K2, Bo-
MIEPBBIX, MEXAY co00M, a, BO-BTOPHIX, C pa3mepa-
MH OKOH, OKOJIO 90 % KOTOPBIX HUMEIOT PannuycC
9-10 M (cM. puc. 1). CnemoBaTenbHO, MBI MOXKEM
000CHOBaHHO IPEIOJIOKUTh, YTO OCHOBHEIM (hak-
TOPOM, KOTOPBIH OOBSICHAET arperamuio MMMartyp-
HbIX, BUPTUHWIBHBIX U MOJIOJBIX T'€HEPATHUBHBIX
pacTeHui, SBISETCS CBET. Y IOBEHWIBHBIX 0coOei
CIIO)KHO OTIPEIETNTh >KU3HEHHOCTh, OJTHAKO pajlu-
yC TPYII, BBISBISIEMBIN C UCIOIb30BaHUEM (PYyHK-
nuu K2, Tak ke, Kak W JIs JAPYTUX COCTOSIHUM,
coBnaaaer ¢ paguycoM 90 % OKOH B moJiore ape-
Boctos. [loaToMy, Cyas MO MOIYYEHHBIM pe3yiib-
TaTaMm, «0TOOp» OCOOeH, OKa3aBIIMXCS B JIYUIIHX
YCIIOBUSIX OCBEIICHHOCTH, MPOUCXOAHWT W B IOBE-
HWIBHOM Tieprozne. [ KeapoBo-IIpOKOINCTBEH-
HBIX JIECOB XapaKTEepeH PEKUM HapyIIeHWH HU3-
KO M, pelKo, CpedHEH HMHTEHCHUBHOCTHU [22, 46]
(B maHHOM ciy4ae pedb HIET O ECTECTBEHHBIX
HapyUICHUsX, a UIMEHHO — 00 00pa3oBaHUU OKOH
B TIOJIOTE JAPEBOCTOS). DTO O3HAYAET, UYTO BPEMS
OT BPEMEHH B IIOJIOT€ 00pa3yIOTCs SAMHUYHBIE OK-
Ha B pe3yJibTare, HalpuMep, BbIBalla BETPOM OT-
JENBHBIX JIEPEBBEB; pa3Mep TaKUX OKOH COIMOCTa-
BUM C pa3MepoM KpOHBI OJHOTO JiepeBa.
3HAUYATENHEHO peXke 00pa3yIoTcs OKHa Oojiee KpyIi-
HBIX pa3MepoB B pe3ysIbTaTe OJJHOBPEMEHHOTO BBI-
Bajna 2-3 nepeBbeB. IIpy 3TOM OKHa pacmoIOKEeHBI
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cinyuaitno [23], a, 3HAUWT, yIyYIICHHUE YCIOBHMA
OCBEIIIEHHOCTH IPOUCXOANUT, BO-TIEPBBIX, B CIy-
YyaifHOM MecTe ApPEeBOCTOs, U, BO-BTOPBIX, MMEET
JIOKAJIbHBINM XapakTep. Eciiu npuHATH BO BHUMaHHE
3TH OCOOEHHOCTH 00pa3oBaHHs OKOH, TO CTaHO-
BSTCSA MOHATHBIMU 4EPTHI CTPYKTYPBI MO3aHK OCO-
Oell Ha pa3HBIX CTAAUAX UX PA3BHUTHSL.

A MMEHHO Hanu4ue OONBIINX TPYI FOBEHUIIb-
HBIX M MMMAaTypHBIX OCOOEH, BBIIBISIEMBIX C HC-
[OJIb30BaHUEM (YHKIMM TAapHON KOppessauuu
(cM. puc. 3), MOKa3pIBaeT, YTO OHU — pE3yJIbTaT
OTHOCUTEIIBHO [UIMTENIBHOTO «O0TOOpa» ocoleii,
KOTOpBIC OKa3BIBAIOTCS B 0Oojiee OIarompusTHBIX
ycnoBuax. Korma QyHKIus mapHOW KOppensuuu
MIOKa3bIBAET  arperupoBaHHOE  PAclOJIOKEHUe
BUPTUHWIBHBIX 0co0eil, a pyHkius K2 — cirydaid-
HOE, 3TO O3Ha4aeT, YTO JaHHbIE 0coOW OBLIM OT-
HOCHUTEITbHO OBICTPO «BBIOpAHBD» M3 MO3aMKH B
COOTBETCTBMM C pa3MepaMu 0O0pa30BaBIINXCS
OKOH, KOTZa OHHM OKa3aJUCh B OJarompUsATHBIX
ycnoBusix. Ilosromy Takas BBIOOpKa MOXKET He
AMETh COOCTBEHHOH CTPYKTYPHI, 1 OCOOM BHYTPH
TPyHNI MOTYT OBITh pPacHOJIOKEHBI CIyYaifHo.
Y MoO3aMKM MOJOIBIX TEHEPAaTUBHBIX 0CO0eiH
BHOBb MNOSIBIISETCS CTPYKTypa (HeciaydailHOe pac-
MIOJIO’KEHHUE), MOCKOIBbKY OHH HEKOTOPOE BpeMs
BBDKHMBAIOT B OKHAX.

Taxxe 3TO OOBACHSIET U XapakTep M3MEHEHHs
CBsI3el MEXIy 0COOSIMU Pa3HBIX BHIOB B XOJE UX
pa3BuTus (cM. puc. 4). bomnplioe YUCIO MOI0XKU-
TEJIbHBIX CBA3EH MEKAY BUPIMHWIBHBIMU 0COOSIMU
MOKa3bIBAET, YTO OHM BMECTE OKa3aJIUCh B Ipelie-
Jax OJHUX M TeX ke OKOH. [lockoibKy B BHpIu-
HWIBHOE COCTOSIHUE NEPEXOIAT TOJIBKO Te 0codwu,
KOTOpPbIE OKa3aJHMCh B OKHAX, TO MX OKa3bIBAaCTCS
OTHOCHUTEIILHO HEOOJIBIIOE YMCII0, HO OHMU paclo-
JIOXEHBI OJIM3KO ApyYT K Apyry. [Ipu aTom paccrosi-
HUS MEXAy OKHaMH — Te caMmble «IIyCThIe
MIPOCTPAHCTBA» — MOJIYYAIOTCSI JOCTATOYHO OO0JIb-
mMMHU. 3aTeM H3-32 KOHKYPEHLHH MOJO0XKHUTEIIb-
HBIE CBA3HM MEXIY OCOOSIMH MPAKTUYECKH Hcye3a-
10T (Y MOJIOZIBIX TeHEPATUBHBIX 0CO0ei), U B KOHIIE
KOHIIOB CMEHSIOTCSI OTPHULIATEIIbHBIMA Ha HEOOJIb-
LIMX TUCTAHIMAX, KOTAA PAaclojaraTbCsl CIUILIKOM
OJIM3KO IPYT K APYTY 0COOSIM MEMIAloT KPOHHI (Te-
HEpaTUBHBIE 0COOM).

U, nakoHel, 3TO OOBACHSET MOJOXKUTEIbHEBIE
CBSI3U MEXIYy HMMATypHBIMH 0co0siMu  Pinus
koraiensis n renepaTuBHbIMU Betula costata, BUp-
TUHWIBHBIMU 0cO0siMU Pinus koraiensis n TeHepa-
TuBHBIMU Tilia amurensis. KpoHBI JHCTBEHHBIX
BHUJIOB OTHOCHUTEJIBHO XOPOIIO IPOIYCKalOT CBET,
mo3ToMy ocobu Pinus koraiensis MOTYT BEDKHBATh
B HETIOCPEICTBEHHON OJIM30CTH OT HUX.

Vol. 4 (2), 2019

Bonpoc o ToM, mouemy reHepaTuBHBIE 0COOH
pPacToJIOXKeHbl CIlydaifHO, HO IPH 3TOM HEOJHO-
POIIHO, OCTAETCsl OTKPHITBIM M HY)KJAeTCs B Jajb-
HelimeM u3ydeHuH. OTHO W3 BO3MOXKHBIX OOBsC-
HeHUil cocTtouT B cienyromeM. Kak mokazan
aHalu3 CTPYKTypbl Mo3auku mnHeidl nHa IIIIIT 72-
2013, oHM pacmoNOXKEHBI XOTS U CIy4ailHO, HO He-
OJHOPOJHO: BBIABISIIOTCS «TPYMIIBI» ITHEH C paju-
ycom 25-30 M [23]. CnegoBarensHO, CYIIECTBYIOT
YYacTKH APEBOCTOS, rAe 00pa3oBaHHE OKOH IPoO-
HUCXOIWJIO OTHOCUTENbHO Oojee vacTo Wiy,
HA000POT, penKo (MHa4Ye TOBOPS, Pa3HbIC YUACTKH
JIPEBOCTOS OTJINYAIOTCS CBOEH JIOKAJILHOM UCTOPH-
el Hapymenuii). B Tex mecrax, rae oOpa3oBbIBa-
eTcst OoJsibllle OKOH, CO3JAIOTCS YCIOBHS IS
YCIIEIIHOTO PAa3BUTUSl OOJNBIIEr0 YHUCIa BHPTHU-
HUJIBHBIX pacTeHuil. B nanpHeileM 3TO MOXET
IIPUBECTH K HEOJHOPOIHOCTH PACIONIOKEHHS Te-
HEpAaTUBHBIX pacTeHHUU. /[pyrue Bo3MOXKHBIE 00B-
SICHCHHS — HEOJHOPOJHOCTh YCJIOBUII MecTooOu-
taausa [40, 41] ¥ HEOTHOPOTHOCTH COIEPIKAHII
pa3IUYHBIX JJIEMEHTOB B TouBe [42].

3akaovyeHue

IIpoBenennsle HccaeAOBaHUS MOKa3ald, 4YTO
IUHAMHMKa CTPYKTYpbl Mo3aWku ocoleit Pinus
koraiensis TIpu TPOXOXKICHUA UMU CTAIUH OHTO-
FEHETUYECKOT0 PA3BUTHUS MPAKTUUECKU HE 3aBUCUT
HU OT BHYTPUBHUIOBBIX, HU U OT MEXBHJOBBIX B3a-
MMOCBSI3el, 32 UCKIFOYEHHEM OYeBHIIHOTO (hakTa,
YTO B IpoOIlecce U3PEKUBAHMS TyCTOTa 0codeil mo-
CTETEHHO yMeHbIaercs. IlomokuTenbHple BHYT-
pU- W MEXBHIOBBIE CBS3HM (IpHUYEM TIOCIIEAHHE
€AVHUYHBI) OOBSICHSIOTCS, TJaBHBIM 00pa3om,
CXOIHBIMH TPEOOBAaHUAMH K YCIOBHSM, HE00XO-
JUMBIM U1l Pa3BUTHS: 3TO, B TMEPBYIO OuYEpelb,
CBET IJIs1 0co0ei BceX OHTOTCHETHYECKHX COCTOS-
HAU (32 UCKITIOYEHUEM T'e€HEPATHBHOTO), a TaKXKe
cyOcTpaT A IOBEHUJIBHBIX M MMMATYypPHBIX OCO-
Oeit. K reHepaTHBHOMY COCTOSIHHIO OT TpyII
OCTalOTCSl EMHUYHBIE O0COOM, TIOATOMY MX pacro-
JOXeHue chydaitHo. Takum o0Opa3oMm, TUHAMHUKA
Mo3auku Pinus koraiensis He OTpeneIsIeTCs CIe-
uM(pUKON BHYTPU- U MEXBHIOBBIX B3aMMOCBS3EH,
XOTS. UMEHHO 3TOTO MOXXHO OBLTO OBl OKUAATH B
MHOTOBHJIOBOM JipeBocTOe. KiroueBoe 3HaucHHE
UMEIOT O0COOEHHOCTH Tmpomecca 00pa3oBaHUS
OKOH: HMX pa3Mephbl, MPOCTPAHCTBEHHOE PacCIOJIO-
KEHHE M YacTOTa MOSABIEHHS, T.e. OCOOEHHOCTH
pexumMa HapyIIeHUH.

BaazodapHocmu
Pabota BeimonHeHa pu (GUHAHCOBOW TOAIEPIKKE

Poccutickoro ¢oHma GhyHIaMEeHTATBHBIX HUCCTICIOBA-
Huit (rpanTer Ne 18-04-00278, Ne 18-04-00120).
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