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Annomayusa. Viccnenosanue nposoauin Ha bonsmom ConosenikoM octpose B benom mope.
W3y9anu OCBEMIEHHOCTh B TUIIMYHOM JUISl OCTPOBA OEpE3HSKE YEPHUIHOM C OOJNIBIION III0-
mansio Beinena. CocraB npeBoctos — 7B3E, ¢ paBHOI cpenHeit BeicoToi Gepessr u enn. [To-
Jor oOpa3oBaH B OCHOBHOM 0epe30ii ¢ BKpaIICHUsIMU €11, TIOJTHOTa CpeHsis, OoHuTeT V —
tunuaHelid st bonemoro Comoerikoro octposa. [yt aHanmm3a CBETOBOTO PEKHMA IO
MIOJIOTOM JIPEBOCTOsI OBLTO TO/100paHo 20 y4eTHBIX JepeBbeB Oepes3bl U 20 nepeBbeB ey,
MOl KPOHAMH KOTOPBIX TPOU3BOAMIN HM3MEPEHHE OCBEIICHHOCTH C TIOMOIIBIO JIFOKCME-
Tpa «TKA-JItoke» B 5—10-kpaTHOM MOBTOPHOCTSIX B pa3HbIX YacTAX MOAKPOHOBOIO IpPO-
cTpaHcTBa. Yuersl ocyuiecTBisid 12 u 14 asrycra ¢ 10 1o 13 4 B pa3Hble O MOTOAHBIM
ycnoBusM (001auHOCTH) THU: B SICHBIM M B TTACMYPHBIH, a TaKkKe B Pa3HbIX HAIPaBICHUIX,
C CEBEpPHOI CTOPOHBI U C 10’KHOH. OCBEIIEHHOCTh HAa OTKPHITOM MECTE BOJIM3M U3yIaeMOro
Oepe3HsIKa YepHUIHOTO COCTaBIIIA B SICHYIO CONHEUHYI0 Toroxy 66 000 7K, a B TacMypHYTO —
22 000 nx. OcBeIEHHOCTH MO/ MOJIOTOM JIeCa B MPOCBETAX MEXY AEPEBbSIMHU B SICHYIO IIOTO-
Jly OKazayach B 2 pa3a HIKE OTKPBITOTO MECTa, a B MacMypHYI0 — B 3 paza. B sicHyto moromy
OCBEIIEHHOCTB ITOJ1 ITOJI0TOM Oepe3HSIKOB B cpeHeM paBHsachk 10 500 Teic. JK, a oz esiMu —
4300 5k, B nacMypHyto noroay — coorserctBeHHO 4000 n 1500 nk. B sicnyto norony pasnu-
M JUIS CEBEPHON M I0)KHOW CTOPOH CYIIECTBEHHBI M JTOCTOBEPHBI M TIOJ] ITOJIOTOM Oepesbl,
U TI01 TIOJIOTOM €JIM. B macMypHyro Iorofy pa3indust HUBEJIMPYIOTCSI M HEJOCTOBEPHEI. B 11e-
JIOM eJ1b 33/IEPXKHUBACT CBET B 2 pa3a CHIIbHEE, 4eM Oepesa.

Knrouesvie cnosa: oCBEIIEHHOCTH, CBETOBOM PEKUM JPEBOCTOSI, TIOJIOT JIeCa, OCBEIICHHOCTD
TIOJ] TIOJIOTOM Jieca, TIOPOIHBIN COCTaB, Oepe3HsAK YepHUYHEIH, Oepesa, enb, bonpmoit Como-
BELIKMI1 OCTpOB
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bnazooaprnocmu: ViccnenoBanue BBITIOTHEHO B paMKax roc3afganusi OenepaibHOTO UCCIIE0-
BaTEIIBCKOTO [IEHTPa KOMITJICKCHOTO n3ydeHust ApkTuku uM. akaj. H.IT. Jlaéposa YpO PAH
(Ne rocpeructpanuu — 124103100030-1).
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Abstract. The research was carried out on Bolshoy Solovetsky Island in the White Sea.
[llumination was studied in a birch-blueberry forest with a fairly large allotment area. The forest
is typical for the island. Stand composition: 7B3S; with equal average heights for birch and
spruce. The canopy consists mainly of birch with occasional spruce; it is moderately dense
and has the V quality class, which is typical for the Bolshoy Solovetsky Island. We selected
20 reference birch trees and 20 spruce trees to analyze the light conditions under the forest
canopy. The light intensity was measured under their crowns using a TKA-Lux luxmeter,
with 5-10 repetitions in different parts of the sub-crown space. The measurements were taken
on August 12 and 14 from 10 a.m. to 1 p.m. on days with varying weather conditions (cloud
cover), both clear and cloudy, as well as in different directions, from the north and from
the south. [llumination in an open area near the studied birch-blueberry forest was 66,000 lux
on a clear, sunny day and 22,000 Iux on a cloudy day. Illumination under the forest canopy
through the breaks in the trees was found to be half that of an open area on a clear day, and
one-third on a cloudy day. On clear days, the average illumination under the canopy of birch
trees was 10,500 lux, and under spruce trees, 4,300 lux; on cloudy days, these figures were
4,000 and 1,500 lux, respectively. On clear days, the differences between the north and south

This is an open access article distributed under the CC BY 4.0 license
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sides are significant and statistically significant, both under birch canopies and under spruce
canopies. On cloudy days, these differences are minimized and unreliable. Overall, spruce
blocks light twice as effectively as birch.

Keywords: illumination, forest stand light regime, forest canopy, light conditions beneath
the forest canopy, tree species composition, birch-blueberry forest, birch, spruce, Bolshoy
Solovetsky Island
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Beeoenue

JKv3HenesTenbHOCTh PacTeHHH, B T. 4. IPEBECHBIX BHJIOB, BO MHOTOM 3aBUCUT
ot ocBenieHus. COITHEYHBII CBET — 3TO HE MPOCTO UCTOYHUK DHEPTUM JUIsl (POTOCHH-
Te3a: OH BIIMSET Ha 00pazoBaHue XJI0po(duilia, onpeaenseT Hanpasienue pocta (do-
TOTPOIIN3M) U PETYIHPYET MEPUOANYHOCTD KITIOYEBBIX OMOIIOTHYECKUX MPOILECCOB
[3, 4, 6, 8]. OTH acneKThl NOAPOOHO M3yUCHBI U OTPAXKEHBI B yUeOHOW JMTEeparype
[7]. Ocoboe 3HaUeHWE CBETOBOM PEKHUM MPHOOPETAECT B paMKaX PacTHTEIBHBIX CO-
00IIeCTB, T/Ie OH CTAHOBUTCS OJIHUM U3 ONPEEISIONNX (GaKTOPOB CYIIECCTBOBAHMUS
neca. DTOT BOMPOC TPATUIIMOHHO paccMaTpuBaeTcs B (PyHIaMEHTAIbHBIX paboTax
o necoBenenuio [12]. Bmecre ¢ Tem, kak moguepkusan M.C. Menexos [11], B Ha-
YYHOU JUTEparype BCTPEYAIOTCS MPOTHBOPECUYHBBIC JIAHHBIE 00 OCBEIEHHOCTH TIOJ
TIOJIOTOM JIeca.

[Tomo0HBIC MCCIE0BaHUS 3a4aCTyI0 OrpaHUYEHBI KOHKPETHBIMU PETHOHAMU
[1, 23, 24] muOo MOCBAIIEHBI CcrieUpUKE CEBEPOTASKHBIX JiecoB [14]. DTo co3maer
MpoOesbl B MOHMMAaHUHU OOIIMX 3aKOHOMEPHOCTEH OCBeHIeHHOCTH. B To ke Bpems
M3y4YeHHE MPOLIECCOB B JIECHBIX IKOCUCTEMaX HEOOXOJUMO JJIsl COXPaHCHHS KITIoue-
BBIX BHJIOB W TOJACPIKAHUS WX TMPENCTABICHHOCTH B PAaCTHTEIBHBIX COOOIIECTBAX
[18]. OcBelIeHHOCTh TOJ] ITOJIOTOM JIeCa 3HAYUTEIILHO BIUSIET Ha BCE SIPYChI (pUTOLIC-
HO3a, BUBI TPABIHUCTON PACTUTENLHOCTH, YPO)KaWHOCTH STOTHBIX PACTEHUH, MO-
POCT, TIOJUIECOK U ApeBOCTOM [5, 9, 10, 16]. O Ba)KHOCTH U3YyUCHHS IPOHUKHOBEHUS
CBeTa MOJI MOJIOT Jieca TOBOPSAT U MyOJIMKAIlUHU, OTPAKAIOIINE MOACITUPOBAHHIE ITUX
nporteccoB [19, 21, 22, 25]. Tem He MeHEe, MHOTHE aCIIEKThI JAHHOU TEMBI OCTAIOTCS
MaJIOM3Y4EHHBIMH. JTO 0OYCIIOBIEHO HEOJWHAKOBOCTBHIO Te€OrpaMuecKoro pacro-
JIOKEHUS paCTUTEIHHBIX COOOIIECTB; Pa3HOOOpa3ueM PUTOIICHO30B; PA3IMIHBIM CO-
YeTaHHWEM JIPEBECHBIX TIOPOJ B COCTAaBE HACAX/IEHUH; BO3PACTHBIMH OCOOCHHOCTSIMH
JIPEBOCTOEB; MMOTOJHHIMHU YCIOBUSMHU.

CBeTOBOM PEXHM UTPAET KIFOYEBYIO POJIb B €CTECTBEHHOM BO30OHOBJICHNH Jieca
0 TIOJIOTOM JipeBOCTOs. OH HANpPsAMYIO BIMSCT Ha MOSIBJICHUE U Pa3BUTHUE TOIPOCTA
Pa3HBIX MTOPO]T, & B JONTOCPOIHOH MEPCTIEKTHBE OTIPEIEIISeT XapaKTep CYKIIECCHI, T. €.
MpeAonpesieNnseT CMEeHy ApeBecHbIX nopon [2, 13, 17]. TunuyHsIM IpUMEpOM TaKoro
JIPEBOCTOS CITYKHUT Oepe3HsIK YepHIUUHBIN. OH XapakTepeH He TONBKO st COTOBEIKIX
OCTpPOBOB, HO M UIsI TAKHOHN 30HBI B I1eJIOM. Ha GONBIMX IIIOMamsx, MPOHIeHHBIX
pyOKaMu, BOCCTaHOBJICHHUE JIeca Yallle BCEr0 HAYMHACTCSl IMEHHO ¢ Oepe3bl.
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Heﬂb HCCIICA0BAHUA — U3YUYNUTH OCBCILICHHOCTD ITOJI KpOHaAMH ICPEBLEB U B OKHAX
B CpaBHCHHU C OCBCUHICHHOCTBIO OTKPBLITOIO MCECTA MPU PA3HBIX MOTOAHLIX YCJIOBUAX.

Obvexmbl u Memoowbl UCCAEO08AHUA

OObeKkTOM UccIeJOBaHHS BEICTYNIII Oepe3HsIK YepHUYHbIH. OH 3aHUMaeT 00-
mupHyto it CoNOBEeKOro OCTpoBa mIomans nopsaka 3—4 ra. CoctaB IpeBOCTOS —
7B3E, npu sToM Oepe3a U e€Jib UMEIOT PaBHYIO CPEIHIOK BbicoTy. [losor chopmu-
POBaH NPEUMYILECTBEHHO Oepe30il ¢ OTAEeNbHBIMH BKparuieHUsMU end. OTMedeHa
CPEAHSS MOJHOTA HACAXKICHHUA U HU3KUH OOHUTET, YTO TUIHUYHO AJISI CEBEPHBIX YC-
noBui (Tabm. 1).

Tabauma 1

TakcanuoHHAs XapaKTEePUCTHKA Oepe3HsAKA YePHUYHOIO
Inventory characteristics of the birch-blueberry forest

[Topona Cpenee ITonHoTa Bospacr, ner bonuter 3anac, m3/ra
JIMaMeTp, CM | BBICOTA, M
bepesa 12 11 0,6 80 v 93
Enb 16 11 0,1 100 40

Jliis uccileioBaHus CBETOBOIO PEXHMMa I10[] MOJI0roM OepesHsika ObUIO OTO-
Opano 20 Oepe3 u 20 eneit. [log kpoHAMHM KaKJ0r0 M3 3TUX JICPEBHEB BBIIOIHSIIN
M3MEPEHUsT OCBEIICHHOCTH ¢ nomolpto JtokeMerpa « TKA Jlrokey, a Takxke B IMpo-
CBETaxX MEXy ACPEBbAMU. YUeThl MPOBOIWIN B 5—10-KpaTHOM MOBTOPHOCTSX B pa3-
HBIX YacTSIX MOJKPOHOBOIO NMPOCTPAHCTBA. Takas METOAMKA LIMPOKO MPUMEHSETCS
B DKOJIOTO-(DH3NOIOTHYECKIX MCCIICMIOBAHUAK, B T. 4. 3a pyoeskom [20, 23, 26, 27].
Nzmepenns ocymectsisu 12 u 14 aBrycta ¢ 10:00 1o 13:00 B iHM ¢ pa3HBIM ypOB-
HeM obmagnoctH: 12.08 — sicHbIit neHp; 14.08 — macmypHsIil geHb. [lomomHuTensHO
3aMephl BHITIOIHSIIN C Pa3HBIX CTOPOH OTHOCHUTEIBHO CTBOJIA: C CEBEPHOM M HOXKHOM
Y B OKHaxX MEXIy JepeBbsIMH. B pe3ynbrare 0110 BhIMONMHEHO Oosee 1200 m3mepe-
HUM OCBEINIEHHOCTH.

Pesynomamul uccnedosanus u ux oocysicoenue

KittoueBbIM mapamMeTpoM il OIIEHKH CBETOBOTO PEXXHMMA TIO/ MOJIOTOM Jieca
CIIY)KUT OCBEIICHHOCTh Ha OTKPBHITOM IpocTpaHcTBe. [lonor npeBocTost meicTByeT
Kak (pUIIBTp, MPOIYCKast JIMITh YaCTh COTHEYHOTO M3mydeHus. [IpenBapurensHble 3a-
MepbI Ha OTKPBITOM y4acTKe Tepe/i HadyaioM padoT MoJT TI0JI0TOM MTOKa3ajiH Cleayro-
I¥e 3Ha4YeHUs: B sicHyto roroay — 66 000 jk; B macmypryto — 22 000 5k (Tadm. 2).

TabGuuna 2

CrarucTu4ecKue MoKa3arejv OCBELIEHHOCTH HA OTKPBLITOM MecTe BOIM3U Oepe3HsiKa

YEepHUYHOI0
Statistical indicators of illumination (lux) in an open area near the birch-blueberry
forest
IloroxHsie ycnoBus M, nx o, JK +m, JK V, % P, % t
Slcnoe HEOO 66 567 3807 983 5,71 1,47 67,7
ITacmypnO 22253 6558 1693 29,47 7,60 13,1

[lpumeuanne: M — cpeaHee 3HAUYEHHE; G — CTaHIAPTHOE OTKIOHEHHE; +m — OIIMOKa CpEeIHEero;
V — kosddunment Bapuanun; P — TO4HOCTH OIIBITA; t — JOCTOBEPHOCTH, KpuTeprii CThIOAEHTA.
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Bce momyueHHbie JaHHBIE CTAaTUCTHYECKH JTOCTOBEPHBI MPHU YPOBHE 3HAYH-
Moctu 0,05 U XapakTepu3yrTCsl BBICOKOM TOUHOCTBIO M3MEpeHU. BaxHbIi BBHIBOI
KacaeTcsl NI3MEHYMBOCTH OCBEIEHHOCTH: B TACMYPHYIO MOTOIY €€ KoleOaHus Ha OT-
KpPBITOM MPOCTPAHCTBE MOUTH B 6 pa3 MPEBBIIAIOT aHAJIOTHYHBIC TOKA3aTeIu B sIC-
HYIO TIOTO/y. DTO TIOMYEPKHUBACT BIUSHIE O0NAYHOCTH HAa CTA0OMIIBHOCTH CBETOBOTO
pexXuMa U TOJDKHO YUUTHIBATHCS TIPH aHATN3€E YCIOBUM IO TTOJIOTOM JIeca.

HccnenoBanue OCBENICHHOCTH B SICHYIO COJHEYHYIO TIOTO/Y ITOKa3ajo, YTO
CBETOBOU PEKUM TIO]] TTOJIOTOM JIeca CYIIECTBEHHO OTINYAETCs OT yCIOBHM Ha OT-
KpBITOM mpocTpaHcTBe. OCBELIEHHOCTh B MPOCBETAaX MEXAY JACPEBbsIMHU B 2 pasza
HWKE, YeM Ha OTKPBITOM ydacTke (puc. 1). DTo AeMOHCTpUpYeT (PHIBTPYIOIILYIO POJIb
JIPEBOCTOS AaKe B 30HAX ¢ MUHMMAJIbHON 3aT€HEHHOCTHIO.

70000+

Puc. 1. OcBemmeHHOCTE C pa3HBIX CTOPOH 600004
JiepeBbeB Oepesbl, €11 U B OKHAX B

JIK

3500001
CPaBHEHHH C OTKPBITBIM IIPOCTPAHCTBOM &
S 40000+
(O.11.) B COTHEUHYTO TTOTOY =
Fig. 1. Illumination from different sides % 30000

of birch and spruce trees and through g 20000+
the breaks in the trees compared to the open 190001
space (O.11.) on a sunny day

04
b,ror Bb,cesep E,tor E,ceBep Okno O.nm.

OcCBeLICHHOCTH O[] I10JIOTOM Oepe3bl C F0KHOIM CTOPOHBI B COJIHEUHBIN JI€Hb
coctasysieT okoio 13 000 1x; ¢ ceBepHoit — mpumepHo 8000 k. Pa3muune nocrosep-
Ho. [lox mojoroM enu ¢ 10’KHOW CTOPOHBI 3aUKCUPOBaHA OCBEIICHHOCTh 6500 JK;
¢ ceBepHoit — 2000 nx. Pa3znmmume Takke TOCTOBEPHO. DTH JAaHHBIC CBHICTEIHCTBY-
IOT O TOM, YTO €J1b 3aJIePXKMBAET COJIHEUHBIN CBET B 2 M OoJiee pa3 CUIIbHEE, YeM
Oepesa. bosee mioTHast KpoHa €11 CO3JaeT B IPEBOCXOAIICH CTEIIEHN BBIPAXKEHHOE
3aTeHeHHe, 0COOCHHO C CEBEPHOI CTOPOHBHI.

B macmyphyro moromy, korna HeOoO 3aTsHYTO oOjakamHu, OOILUe 3aKOHOMEp-
HOCTH pacIipe/IeNiCHNs] OCBEIIEHHOCTH COXPAHSIOTCS, HO C PSJIOM CYIICCTBEHHBIX
ommunii (puc. 2). OCBeEeHHOCTh B IPOCBETAX MEXKAY ACPEBBSIMH MOYTH B 3 pasa
HIDKE, Y€M Ha OTKPBITOM IPOCTPAHCTBE. DTO IEMOHCTPUPYET Ooiiee BBIPAXKEHHOE
paccenBaHue CBeTa OONAauHBIM MOKPOBOM M €ro (HIBTpaluio mojiorom Jjeca. [lox
MOJIOTOM Oepe3bl OCBeNeHHOCTh cocTaBisieT okono 4000 nk. [Ipu aToM paznuuns
0 CTOPOHAM CBeTa (CeBep/Ior) CTATHCTUUECKU HEIOCTOBEPHBI, BEPOSTHO, U3-32 PaB-
HOMEPHOI'O PacCessHHOTO OCBEUICHUS Mpu obnadHocTH. [lox momorom enm ypoBeHb
ocBemeHHOCTH eme Hike — 1200—1700 k. Pa3muuans Mexay ceBepHOH M IOKHOU
CTOPOHAMH TaKKe HEOCTOBEPHBI.

Takum o6pa3om, peanbHasi OCBELICHHOCTb B Pa3HbIe IHU (B 3aBUCUMOCTH OT
COCTOSIHUSI 00JTauHOCTH) Oy/lIeT BapbHPOBATHCS JUISl SICHOW M TACMYpPHOM ITOTOJBI,
0CTaBasiCh JOCTATOYHO BBHICOKOH JIMILB B TPOCBETAX MEXKIY JICPEBBSIMH.

OcCBelIeHHOCT 110[] [T0JIOTOM JIeCa KPUTHYECKUH (pakTop 11 IpOou3pacTaHus
W pa3BUTHUS NopocTa. Ha MOMEHT mpoBeaeHus McciaeJ0BaHus MO IIOI0ToM Oepes-
HSIKa 9YepHUYHOTO 3aduKcHupoBaHo okojo 500 mtT./ra enoBoro nmoapocTta. [lpu atom
Ooree CBETOMIOOMBBIC BH/IBI — COCHA U Oepe3a — B COCTaBe MOIPOCTa OTCYTCTBYIOT.
OTO MOXXHO OOBSCHHUTH HEJOCTAaTOYHOM OCBELICHHOCTHIO. Kak mokaszamu m3mepe-
HUSI, B TIACMYPHYIO TOTOJIy OCBEIICHHOCTh TOJ MOJIOTOM YacTO OMYCKAeTCs HUXKE
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3000 1K — KpUTHYECKOTO YPOBHS JJISI CYIIECTBOBAHUSA IOAPOCTA COCHBI (1O JaH-
HeiM A.B. Beperennukosa [4]). Enp ke Ooyiee TEHEBBIHOCINBA, YTO IMTO3BOJISIET €€
MOJIPOCTY YCIEIIHO Pa3BUBATHCSA B YCIOBUSAX YMEPEHHOTO 3aTeHeHus. Kpome Toro,
cornacHo uccnenoBanusam [.d. Xunpmu [15], b MeHee 4yBCTBUTENbHA K TOJIINHE
MOJICTHITKA, Y€M COCHA, YTO TaKXe CIIOCOOCTBYET €€ YCIEITHOMY BO300HOBJICHHUIO
Hapsly ¢ HU3KOM OCBEIIEHHOCTHIO MOATOIOTOBOTO MPOCTPAHCTRA.

25000

y Puc. 2. OcBeneHHOCTh C pa3HbIX CTOPOH

: 20000 JiepeBbeB Oepesbl, €U U B OKHAX

g 150004 B CpaBHCHHHU C OTKPBITBIM IPOCTPAHCTBOM

S B MACMYPHYIO TTOTOIY

%ZJI 10000 Fig. 2. lllumination from different sides

o 5000 1 of birch and spruce trees and through

the breaks in the trees compared to the open

0 - space in a cloudy day

b,tor b, ceBep E,tor E,cesep Oxno O.m.

Bwi6oowi

KpoHb! 1epeBbeB M HOJIOT B LEJIOM PAaCCEUBAIOT U (DUIBTPYIOT COJHEYHBIH
CBET, CYIIECTBEHHO OCJIa0JIsis ero MOoKa3aTeNy B MPU3EMHOM ITPOCTPAHCTBE 110 CPaB-
HEHHIO C OTKPBITHIM MecTOM. OCOOEHHO CHIIBHO ATO MPOSIBIISETCS B COTHEYHYIO T10-
rOJy U M0J KPOHAaMH [ICPEBLEB!

1. OcBelIeHHOCTh Ha OTKPHITOM MeCTE B yCIOBUSX COJOBKOB B SICHYIO ITOTOTY
noutu B 3 pasa Bbllle, yeM B nacMypHyto — 22 000 1 66 000 JIK COOTBETCTBEHHO.

2. OCBeIIEeHHOCTH MO/ ITOJIOTOM JIeca B IPOCBETAX MEXKAY JIEPEBBSIMH B OKHAX
B SICHYIO ITOTO/Ty B 2 pa3a HMYKE OTKPBITOrO MECTa, a B MaCMypPHYIO — B 3 pasa.

3. B scHyr0 moromy OCBELIEHHOCTh IOJ KPOHAaMH JEPEBbEB Oepes3bl U enu
BBIIIIE C F0’)KHOW CTOPOHBI, @ B MACMYPHYIO pa3INyus HEJOCTOBEPHBI.

4. B scHy10 1orogy OCBEIIGHHOCTb 1OJ Oepe3aMy B CPEAHEM COCTaBIISET
10 500 1k, a mox enstmu — 4300 5k, B macmypHyto roroxy — 4000 u 1500 nk cooTBeT-
CTBEHHO.
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