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Influence of macro structure xylem on the density of pine and spruce xylem in mature virgin forest
stands and spruce
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Russian Potato Research Centre; Saint-Petersburg State Forest Technical University named after
S.M. Kirov)

The effect of plantation composition on the macrostructure and wood density of spruce and pine
in stands with different proportions of participation of these species was studied. Wood samples
for the study were taken at 44 stationary sites in mature spruce-pine stands of the bilberry group
of forest types of the Leningrad region, unaffected by forestry impact during the period of growth.
Quantitative data of measurements of early and late xylem zones, spruce and pine wood density
were evaluated by statistical methods of processing — dispersion and rank analysis. A comparative
analysis of the results depending on the share of spruce and pine in the stand composition was
carried out. The study of the effect of plantation composition on xylem structure showed different
dependence of xylem macrostructure of these tree species on the composition of the stand. As the
proportion of spruce in the stand decreases, the relationship of early and late wood zones and its
density with the composition of the stand increases. For the pine part of the stand, the parameters
of the early wood zone and the width of annual growth tend to depend more on the composition
of the stand with a decrease in its participation. Significant differences in the proportion of late
wood in annual growth decrease with an increase in the share of pine in the composition of the
stand. For spruce, it was found that with a decrease in its participation in the mixed stand, the
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relationship of macrostructure indicators with wood density is closer. The results of the study
showed that pine wood density correlates closely with the macrostructural anatomical parameters
of xylem - the width of the late and early wood zones.

Keywords: spruce-pine stands, composition of stands, wood density, early and late xylem, analysis
of variance, rank correlation analyzes.

Binsinmne MAKPOCTPOCHUA KCWIEMbI HA INIOTHOCTD JAPEBECHHbI COCHBI U €JI1 B CIICJIBIX IPEBOCTOAX,
HE 3aTPOHYTBIX XO034iCTBEHHbIM BO3/1€iiCTBUEM

J.A. 3aiines, JI.A. lannion

PaccmoTpeHo BaMgHME cocTaBa HacaXIEHUS HA MAaKpPOCTPYKTYPY M IIOTHOCTb JPEBECUHBI
€I U COCHBI B IPEBOCTOSIX C Pa3HOU Jojieit yyacTusi aTux rnopoa. O06pasiisl IPeBECUHBI IS
HCCIIeIOBaHUS OTOUpPAIUCh Ha 44 CTAlMOHAPHBIX OOBEKTAX B CIEJIBIX €J10BO-COCHOBBIX Ape-
BOCTOSIX YePHUYHOI IPYTIIbI TUTIOB Jieca JICHMHIpaacKoii 06JacTu, He 3aTPOHYTHIX 33 IEPUOJ
pOCTa J1eCOX0351ICTBEHHbIM Bo3aeiicTBueM. KonnyecTBeHHbIE JaHHbIE U3MEPEHUIi 30H paH-
HEW Y NO30HEN KCUJIEMBL, INIOTHOCTU APEBECHUHBI €J14 Y COCHBI OLIEHUBAJIMCH CTATUCTUYECKU -
MU METOJaMU 00pabOTKM — AUCHEPCUOHHBIM U PAHTOBBIM aHaiuM3o0M. [IpoBonuiacy cpaBHU-
TeJIbHAsl OLIEHKA TOJIyYEHHBIX PE3YJILTATOB B MIPUBSI3aHHOCTHU K J10JI€ YYACTHUS €] U COCHBI B
cocTaBe ApeBocTosl. McciaenoBaHue BIUSTHUS COCTaBa HACAXKAEHUS HAa CTPOEHUE KCUIEMBI BbI-
SIBUJIO Pa3IMYHYI0 OOYCIOBJIEHHOCTb INIOTHOCTU X MAKPOCTPOEHUST KCUJIEMBI JAHHBIX APEBEC-
HBIX MIOPOJ OT cocTaBa ApeBocTos. C yMEHbBIIEHUEM JOJIU €11 B APEBOCTOE BO3PACTAET CBSI3b
MJIOTHOCTHU C IIMPUHON 30H PaHHEHW M MO3AHEH ApeBeCUHBI. JlJIsi COCHOBOM YacTU IPEBOCTOS
rnapameTpbl 30Hbl PAHHEH APEBECUHBI U LUUPUHbBI TOAUYHOTO MPUPOCTA UMEIOT TEHACHLIUIO K
0oJIbLIel 3aBUCUMOCTU OT COCTaBa HACAXIEHUS C yMEHBLIEHUEM B HEM €€ y4acTusl. 3HaUMMbIe
pasIMuus MO COAEPXKAHUIO LOJIU MTO3IHEN IPEBECUHBI B TOLMYHOM ITPUPOCTE YMEHBILIAIOTCS €
YBEJIMYEHUEM JJOJIM COCHBI B COCTaBE HacaxaeHus. g e BbISBIEHO, YTO ITPY YMEHBIIEHUN
€€ MPEeJCTABIEHHOCTU B CMELIAHHOM JIPEBOCTOE B3aMMOCBA3b ITOKAa3aTeNIeil MAaKpPOCTPOEHHUS C
TUIOTHOCTBIO IPEBECUHBI OoJiee TecHas. Pe3ybrarsl ncciie0BaHUs OKAa3aJIU, YTO IIJIOTHOCTD
JIPEBECUHBI COCHBI TECHO KOPPEJIMPYET € MAKPOCTPYKTYPHBIMU AaHATOMUYECKMMMU IapameTpa-
MM KCUJIEMBI — IUUPUHON 30HBI NTO3IHEN M PAHHEN IPEBECUHBI.
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Benenue

ITonyyeHne BBICOKOKAYECTBEHHOI XBOIi-
HOW JIPEBECUHBbI SBJISIETCS OAHOW M3 HACYIIHBIX
3a/1a4y JIECOBOJICTBA. Bompoc BIUSTHUSI CTPYKTY-
PBI HacaxkJAeHMST Ha Ka4yeCTBO IPEBECUHBI BCET-
JIa OCTPO CTOSII B JIECOBOACTBEHHO IPAKTHUKE.
g dhopMUpoBaHUS CMEIIAHHBIX IPEBOCTOEB
COCHBI U €JI1 C BBICOKMMHU (PU3MKO-MEXaHUIE-
CKMMHM CBOMCTBaMHU JIpPEBECUMHBI HEOOXOAMMO
3HATh BIMSIHHE COCTaBa HACaXKIEeHUS Ha aHATO-
MHMYECKOE CTPOEHUE M TUIOTHOCTH IPEBECUHBI.
ITosToMy maHHasg mpobiiemMaTuka BOCTpeOOBaHa
MPAKTUKON BENEHUS JIECHOTO XO3SMCTBa U Tpe-
OyeT MPUCTaJIbHOTO U3YYECHUSI.

BripammrBaHue Takux JpeBOCTOEB MpU Mpa-
BUJIBHOM yXoJie¢ U (h)OPMUPOBAHUU COCTaBa Jpe-
BOCTOSI TO3BOJISIET TMOJy4yaTh OOJBIINN OOBEM
JIpEeBECUHBI K BO3pACTy PYOKH CITEJIOrO HacaxIe-
HUsI, YeM IIPU BBIPAIIMBAHUY YMCTHIX HACAXKIIE-
Huii [7, 11, 18, 21, 28]. IIpobiiemaTrKa N3y4eHUS
CMeIIaHHBIX XBOMHBIX HaCcaXACHMI 3a pyOeskoM
OoTpaXkeHa B MHOTOUMCJICHHBIX paboTax, B KOTO-
PBIX paccMaTPUBAIOTCS PAa3HOCTOPOHHUE acTeK-
THI B3aUMOJEUCTBUS 3TUX mopox [20, 22, 28, 29].
Pan 3apyOesxHBIX MccienoBarteeil moquepKuBa-
10T 3HAUMMOCTb BJIMSIHUSI COCTaBa JPEBOCTOS Ha
JMHAMUKy €ro pocTta, MpOAyKTUBHOCTb, YCTOM-
yuBoCTh [27, 30, 35, 36].

B ecTecTBEeHHBIX CMEIIAHHBIX XBOWHBIX
JIPEBOCTOSIX OOpeaabHOIl 30HBI B 3aBUCHUMOCTH
OT JOJIM Y4acTUsl ITOpoabl (popMUpYETCs OIpe-
JIen€HHas IUIOTHOCTh ApeBecuHbl enu (Picea
abies Kr.) u cocuwl (Pinus sylvéstris L.) |4, 6, 7,
17]. ITnoTHOCTH ApeBeCUHbI OOYCIOBIEHA COOT-
HOIIICHUEM CTPYKTYPHBIX 3JIEMEHTOB KCHJIEMBbI
Ha ypOBHE €€ MaKpo- U MUKPOCTpoeHusi. MHO-
TOUMCJIEHHBIE MCCIIe0BaHUSI OOHAPYXUIN, YTO
pa3auyHble aHATOMMYECKUE XapaKTePUCTUKU
MO-pa3HOMY BJIMSIIOT Ha BEJIUMYUHY TUIOTHOCTHU
apeBecuHsl [1, 3, 12, 25, 26, 33]. Ha ypoBHe Ma-
KPOCTPOCHHUST JIPEBECUHBI PA3HBIMU aBTOPAMU
OTMeYasach CBI3b MEXIY MoKa3aTeJsIMU TOANY -
HOTO TIpupocTa (Ioseil Mo3nHel U paHHei Kcu-
JIEMbI) Y TUIOTHOCTBIO APEBECUHBI XBOMHBIX I10-
pon [14, 15, 23, 31]. OgHako 3Ta CBSI3b He Bceraa
JIOCTOBEPHO IIPOSIBIISIETCS, TaK K€, KaK M CB3b
IIUPUHBI TOAWYHOTO IIPUPOCTa U TUIOTHOCTHU
IpeBeCUHBI Y COCHBI M enu [1, 4, 10, 37].

MHoruMu aBTOpamMu IMOAYEPKUBAETCS, YTO
TOJIBKO M3MEHEHME pa3Mepa Tpaxeua KCUJIEMBbI,
TOJIIIMHBI KJIETOYHBIX CTEHOK M COOTHOIIIEHUE
30H paHHEeU 1 MO3IHEeN KCUIeMbl CITOCOOCTBYIOT
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Ha BBICOKOM YPOBHE JOCTOBEPHOCTHM WM3MEHE-
HUIO TJIOTHOCTU APEBECUHBI COCHBI U enu [13,
16, 18, 19, 33, 34]. Ha ypoBHe MUKPOCTPOCHUSI
[JIOTHOCTh IPEBECUHBI CBSI3aHA UMEHHO C STUMU
MOKa3aTeIIMU, 1 PSIIOM HCClieioBaTesieii oTMe-
4aJI0Ch, YTO OHA OIPeIeJIIeTCSI OTHOLIEHUEM I~
aMeTpa Tpaxeu] K TONIINHE WX CTEHOK U K Mpo-
LIEHTY ITO3IHUX Tpaxeu [3, 11, 34, 36].
Pesynbratel M3ydyeHMs BIMSIHUSI COCTaBa
BBICOKOIPOAYKTUBHBIX XBOMHBIX JIPEBOCTOEB Ha
aHATOMMYECKOE CTPOCHME IPEBECUHBLI HE BCETaa
SIBIISTIOTCS OMHO3HAYHBIMU [7, 8, 12—14, 24, 35].
B cBs131 ¢ BBILLIEN3/I0KEHHBIM LIE/IbIO ITPOBEAEHHO-
IO HaMU UCCIIeIOBAHUSI ObLIO OMpeIe/ieHUe CBSI3U
MeXKIy aHATOMUYECKUMU TTOKAa3aTeIsIMU KCUJIEMbI
U TJIOTHOCTBIO IPEBECUHBI B CMEIIAHHBIX JAPEBO-
CTOSIX C Pa3HOM HOJIEM YJACTHS COCHBI U €JTN.

O0BEKTHI M METO/IBI UICCJIEIOBAHUS

Pabora mpoBommnach Ha 44 ITOCTOSTHHBIX
MPOOHBIX IUIOLIAMSX, 3aJI0XEHHBIX COTPYIHM-
kamu JlentHUWJIXa (upiHe CIIGHUWIIX) B
60-¢ rofpl TPOLLIOro croyieTust B [aTymHCKOM
paitoHHOM JiecHMYecTBe JIeHMHTrpaackoii obJa-
ctu [16]. B HacTrosiiee BpeMs 310 criejbie (85—
105 neT) XBOMHBIE IPEBOCTOM YePHUIHOM TPYII-
bl TUIIOB JieCa C pa3HOM NOJEN y4yacTusd €au U
COCHBI 0€3 X03IICTBEHHOI'O BO3/ieiicTBUs. 3amac
HacaxXIeHWi Ha o0beKTax BapeupyeT oT 300 mo
520 M3/ra B 3aBUCMMOCTH OT COCTaBa, a OTHOCH-
TesbHas nojHota — ot 0,8 10 0,9 [7, §].

B maHHBIX HacaXIEeHUSIX ObUT TIPOBEAEH OT-
0Op KEepHOB IpeBeCHHBI Ha OCHOBE METOa IIpO-
MMOPLIMOHAIBHOM TIPEACTaBICHHOCTU CTBOJIOB I10
CTYIIEHSIM TOJILMHBI Ha BhICOTe 1,3 M OT KOp-
HeBoli mieiiku aepeBa (24—30 mepeBheB Ha Ka-
Ko nmpobHoi miomaaun). [locae onpeaeaeHus
0a3MCHOI IIJIOTHOCTH O0pa3lioB IPEBECHHEI TI0
meTtoauke IMomybosipuHoBa (1976), ¢ TmOMOIIBIO
KOHBEPCHOHHBIX YPAaBHEHMI ObLUIM pacCYMTAHbI
CpenHue TaHHBIE I €M U COCHBI 0 CTYIIEHIM
TOJIIMHBI ApeBocTos [6, 13]. B kauecTBe moka-
3aTeiell, XapaKTepU3YIOIIMX MaKpOCTPYKTYpy
JIPEBECUHBI, TIPUHSTHI IIUPHUHA TOAUIHOTO CJIOSI
U paHHEH 1 TO3IHel ApeBeCHHBI 3a BECh IepH-
on pocta apeBoctos. [ToaroroBaeHHBIN 0Opasell
JIPEBECUHBI — OTULIM(OBAHHBINA U MPUKIICCHHBIA
B JiepxKaTesib — MOMElIAJICs Ha CKaHep BbICOKO-
ro paspellieHus], U MPOBOAMUIOCH CUMThIBAHUE
MOBEPXHOCTH oOpasna ¢ TOYHOCThIO 1200 Touek
Ha [I0OAM B TOJHOLBETHOM pexume (16,7 MaH
1BeToB). OLungpoBaHHOE M300pakeHNe B Jallb-
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HeUIIeM ToABeprajioch KOPPEKTUPOBKE Ha sIp-
KOCTHO-KOHTPACTHbIE TMOKAa3aTeau JIsl Jy4dllero
OTJINYMSI paHHEN U MO3AHEN ApeBeCHHbl KepHa.
Hanee npoonmnack GIS-o06padoTka pazmepHO-
CTU 30H paHHel W MO3[IHEeW JApeBeCHMHBI C Mac-
TabMpPOBAaHUEM JIJIMHBI KEPHOB B TOIAMYHBIX
MpUpOCTaxX 3a TEPUOJ POCTa C IMOMOIIbIO TPO-
rpaMMbl Panorama 10. JlocToBepHOCTb 3TUX CBe-
JIEHUI OlIEHUBAJIACh IyTEM CTaTUCTUUYECKON 00-
paboTKu LM@POBOro MaTepuaa, MoJydeHHOTO B
pesyJabraTe liejeHarnpaBlIeHHO CIJITaHUPOBAHHOTO
akcriepuMeHTa. [1pu ganpHelileM U3y4eHuu Ko-
JIMYECTBEHHBIX JAHHBIX MCIOJb30BAJICS IMaKeT
MPUKJIAAHOK TTporpamMMsbl Statistica 11.

st onpenesieHysl CBSI3U 2JIEMEHTOB MaKpo-
CTPOEHUST U TUIOTHOCTU APEBECUHBI C COCTaBOM
JIPEBOCTOSI  UCTOJIb30BAJICS  TUCTIEPCUOHHBIN U

PaHTOBBIN KOPPEJSILIMOHHBIN aHaiu3. AImapar
TMIPUMEHSIEMBIX CTATUCTUYECKUX METOJOB IIINPOKO
TMIPUMEHSIETCS B 9KOJIOTO-OMOJIOTMYECKUX HCCIIE-
JIOBaHUSIX IPeBECHBIX (PUTOLIEHO30B [5, 24, 32].

Pe3yabraThl M MX 00CyKIEHHE

B cMelllaHHBIX XBOMHBIX JPEBOCTOSIX BIIM-
STHME COCTaBa HacaXkIeHUsI Ha MaKpOCTpOeHUe
JIPEBECUHBI €1 U COCHbI MMEET CBOM OCOOEH-
HOCTU B 3aBUCMMOCTHU OT JIOJIU YYaCTUSl TOU WU
WHON Topobl. [l eoBOi YacTu HacaxXaeHUs
B cy4yae e€ mpeodyiagaHus B CMEIIaHHOM XBOM-
HOM JpeBOCTOe (PaKTUUYECKU IO BCEM MCCIeIy-
eMbIM HacaxIeHUsIM HaOJ1ofaeTcs 3HAUMMOe
pas3jinuue B 10Jie MO3AHEN KCUIEeMbI B TOMUYHOM
MPUPOCTE IPEBOCTOEB Pa3HOro cocTana (Taou. 1).

Ta6auua 1

CraTuctryeckasi JOCTOBEPHOCTh Pa3IMUMii MoKasaTeaei MaKpoCTPOSHUS
Y TJIOTHOCTU APEBECUHbI €JIM B HACAXKIEHUSIX Pa3HOTO COCTaBa ¢ MpeodiagaHueM eau

CocraB 1peBoCTOs Hons enu B cocTaBe APEBOCTOS, /.
10E 9E 8E 7E 6E SE
JoJs1 mo3aHei ApeBeCUHbI B TOAUYHOM ITPUPOCTE
9E 1 - - - - -
8E 1 1
7E 0 0 1
6E 1 1 1 1 -
S5E 1 0 1 0 1
4E 1 0 1 0 1 1
Mo paHHel IpeBeCUHbBI B TOMUYHOM ITPUPOCTE
9E 1 - - - - -
8E 1 1
7E 0 0 1
6E 1 0 1 0
S5E 1 1 1 1 1
4E 1 0 1 0 0 1
[uprHa roguaHOTO CIIOS
9E 0 - - - -
8E 1 1
7E 0 0 1
6E 0 0 1 0
SE 1 1 1 1 1
4E 0 0 1 0 0 1

IMpumeuanue. «1» — pas3nuuust cTaTUCTUUYECKU 3HAUMMBI ripu P < 0,05, XXMUPHBIM KypCHBOM BhIIe-
JIGHBI pa3nuus 1pu 0oJiee HU3KoM ypoBHe 3HaunmocTu (P < 0,15). «0» — mokazaTenu oqHOPOIHBI

npu P <0,05.
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B 1Byx ciydasix HEZOCTOBEPHOCTh pa3iu-
YUii B rpynmax ApeBOCTOEB, OJU3KKX MO COCTABY,
BEPOSTHO, CBs3aHa CO CXOAHbIMU 3HAYCHUHAMU
IOJIHOTBI 9TUX Hacaqueﬂnﬁ, Kak [Jj1s1 BApMaHTOB
¢ noneit ygactusi SE u 7E. Tlpyu yMeHbIIIEHUM B
coctaBe enu 10 6—7 eIMHMI] JOCTOBEPHBIE pa3-
JIMYUA 110 J0JIe paHHeﬁ JPEBECHUHBI COXpaHAIOT-
Cs1, HECMOTpS Ha d)aKTl/l‘{CCKI/I OJMHAKOBYIO KO-
JIMYECTBEHHYIO IIPEACTAaBJICHHOCTL AEPEBLEB I1O
CTYIICHAM TOJIIIWHBI B 3THUX HaCaXXIACHUAX. ns-
MEHEHMST CTPOCHUSI IPEBECUHBI €] MPUBOMAST K
3aKOHOMEPHBIM TMIepeMeHaM B €€ TUIOTHOCTU. {7151
€M KOMIUIEKC MEepeurCIEHHbIX CBSI3el MaKpo-
CTPOEHUSI JIPEBECUHBI C COCTAaBOM HAaCAXICHMUSI
MOBJIMSIT B UTOTE HA 3aBUCHUMOCTb TUIOTHOCTHU
JIPEBECUHBI OT JOJIU ITOU TOPOBI B COCTABE — 0-

CTOBEPHOI 3aBUCUMOCTHU He HabJonaeTcst 6071b-
1€ 4eM B TOJIOBUHE BapHUaHTOB MCCJIEIyEeMbIX
npeBocToeB. OMHAKO MOXHO IPOCIEIUTb TEH-
JIEHIIMIO, TIPU KOTOPOIi C YBETUYEHUEM 10U €11
BO3PACTaET CBS3b IJIOTHOCTH APEBECUHBI C COCTA-
BOM HacaxjeHus. B 11eloM CTOUT OTMETUTD, UTO
HauOOJBIINI BKJIa[ COCTaB APEBOCTOSI BHOCUT B
M3MEHEeHHE TTPUPOCTa MO3IHEN KCUJIEMbI €JIU.

Jns1 MOJYMHEHHOM COCHOBOI 4YacTU CMe-
IIAHHOTO JPEBOCTOSI MOXHO HabJ01aTh He-
CKOJIBKO APYTOil YPOBEHB CBI3EU XapaKTEPUCTUK
JIPEBECUHBI C COCTABOM HacCaXJIeHUs. 3HAYNMBbIE
pa3auyus A0JU TO3IHEN NpPeBECUHbI B TOAWY-
HOM IIPUPOCTE II0 CTYIIEHSM TOJILMHbBI APEBO-
CTOSI yMEHBIIAIOTCS C YBETUUYEHUEM JIOJU COCHBI
B COCTaBe HacaxaeHus (Tadi. 2).

Tabnuua 2

CraTucTudeckas JOCTOBEPHOCTb paSJII/I‘{I/Iﬁ nokasareJsyiei MaKpOCTPOCHUA U IIJIOTHOCTHU
JAPCBECHMHBI COCHBI B HACAXKICHUAX Pa3HOI'0 COCTaBa C HpCO6J'Ia,I[aHI/IeM CJIN

CocraB 1peBoCTOs JloJst e B cOCTaBe IPEBOCTOS, €.
10E(+C) 9E 8E 7E 6E 5E
ot mo3aHel IpeBeCUHBI B TOMUIHOM ITPUPOCTE
9E(1C+B,0c) 1 - - - - -
8E(2C+b,0c) 1 1
7E(2C1B) 1 1 1
6E(1C1B20c¢) 1 1 0 1
SE(5C/1C4b) 1 1 1 0 1
4E(3C1b20c¢c/2C4b) 1 1 1 1 1 1
Honst paHHEe# JpeBeCUHbI B TOAUYHOM MTPUPOCTE
9E(1C+B,0c) 1 - - - - -
8E(2C+B,0c¢) 1 0
7E(2C1B) 1 0 0
6E(1C1B20c¢) 1 0 0 0
5E(5C/1C4b) 1 0 1 0 0
4E(3C1b20c¢c/2C4b) 1 1 0 1 1 1
IIuprHa romIUYHOTO CI0S
9E(1C+B,0c) 1 - - - -
8E(2C+b,0c¢) 1 0
7E(2C1B) 1 1 0
6E(1C1B20c¢) 1 0 0 0
S5E(5C/1C4b) 1 1 1 0 1
4E(3C1b20c¢c/2C4b) 1 0 0 1 1 1

[MTpumeuanne. O003HAYCHUS TE K€, YTO U B Tabauie 1.
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DTO MOXHO OOBSICHUTH OJMHAKOBOU TIpel-
CTaBJIEHHOCTBIO JE€PEeBbEB OOHUX U TEX XKE CTYy-
IeHEei TOJIIMHBI B COCHOBOI YacTU IPEeBOCTOS,
1, cJienoBaTebHO, MEHbIIEH BapuadeIbHOCThIO
rnokKazaTejieil MakKpOCTPYKTYPhl MX IPEBECHUHBI.
Jlons paHHEl IpeBeCUHBI U IIMPHUHA TOAUYHOTO
MPUPOCTA COCHBI UMEIOT TEHACHIINIO K OOIbIICH
3aBMCUMOCTH OT COCTaBa HAaCaxXKICHUS C YMEHb-
IIeHWeM B HEM JIOJIM COCHBI. BimsHue cocrtaBa
JIPEeBOCTOSI HA TIJIOTHOCTD IPEBECUHBI COCHBI CTa-
TUCTUYECKM 3HAUYMMO B CiIydyae YBEIUUECHMS €€
noiau go 3—5 enuHull B HacaxneHuu. [1pu yBe-
JIMYEHUM MIPUCYTCTBUSI COCHBI U C YBEJIMUCHUEM
€€ psiia pacrpeiesIeHUsI MO CTYIIEHSIM TOJIIIUHbI
HacaxXJeHUsI BapuaOeIbHOCTh IIOTHOCTH Ipe-
BECHHBI BO3PACTaeT U MPOCTYIAET BIUSHUE CO-
craBa HacaxnaeHusi. CpabaTbIBaeT MHTEPECHBII
MeXaHU3M — IIPU JII00OM M3MEHEHUM COCTaBa B

T0JIb3Y KaK €JIM, TaK U COCHBI YBEJIMUMBACTCS 3a-
BUCHMMOCTb OT HETO MJIOTHOCTU IPEBECUHBI. DTO
OTpaXkeHUe B3aMMOICHCTBUIT MEXKIy TTOPOIaAMMU,
MO-BUAMMOMY, SIBJISIETCSI TTOKa3aTeJleM KOHKY-
PEHTHBIX OTHOIIEHWI B JeHapoiieHo3e. B 1e-
JIOM TOCTOBEPHOCTD Pa3IUIMil IS TToKa3aTeseit
CTPYKTYPHBIX 3JIEMEHTOB KCHMJIEMbl COCHOBOIA
YaCTH HacaxXJAEeHUs B Pa3IMUHbBIX IO COCTABY UC-
CJIeIyeMBIX CMEITaHHBIX TPEBOCTOSX BBIIIIE, YeM
y €JIOBOM YacTH, YTO CBSI3AHO C MEHbIIIEH Mpei-
CTaBJIEHHOCTBIO COCHBI.

B ¢wuroreHo3ax co CHWXEHUEM YUYaCTHS
equ ot 10 mo 7 enuHull HabogaeTcs ciaadast
TEHJEHIIMsI K YBeJUUEHUIO TIJIOTHOCTH ee ApeBe-
CHHBI. 3aTeM, ¢ TaJbHENIIMM CHIDKEHUEM TOJIH
ev 10 4 eIVHUII, YBEJUUESHUEM IO COCHBI U
JINCTBEHHBIX TIOPOJ1, HaOII0AaeTCSl YMEHbIICHNE
IUIOTHOCTH IPEBECUHBI e/ (pUC.).
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Puc. CocraB apeBocTosI U CpeAHsIsl 0a3rcHasl INIOTHOCTh APEBECUHBI B HACAXKICHUSIX
¢ TIpeobJIamaHueM eJIM Ha OIBITHBIX 00beKTax 0€3 YXOI0B 3a JIECOM

HauGombinass TJIOTHOCTh APEBECUHBI €11
HabmomaeTcd TIpu 7—8 egWHMIIaX ¢€ B cOcCTa-
Be (460 kr/m?). it COCHBI 3TOT ITOKa3aTesb
cocraByisier 472—482 Kr/M>, OH BBISBJICH IpU
2—3 equHUIIAX €€ B COCTaBEe HACAXICHUS, IIPU-
YeM C IPUCYTCTBUEM Oepe3bl U OCUHEL.

JlaHHbBIE TIPOBENEHHOTO JIUCIIEPCHOHHOIO
aHa/lM3a T0Ka3ajJy, YTO MEXAY APEBOCTOSIMU C
pa3IUYHON NOJIel ydyacTUusl €d B OOJBIIMHCTBE

25

cllydaeB He HaOJTI0aeTCsl CTaTUCTUYECKU 3HAUM-
MBIX pa3TAINii TT0 CpeaHeit 0a3MCHOM TIIOTHOCTHA
npeBecuHbl e (Tadj. 3). dpeBocTon C mojeit
yyacTusl €Iu HuXe 8 eIMHUI] HaYMHAIOT CyIle-
CTBEHHO OTJIMYATHCS OT YCIOBHO YMCTBIX €JTOBBIX
JipeBOoCcTOEB. JIJIs COCHOBOI YaCcTH €JI0BBIX JPEBO-
CcTOeB (DaKTMUYECKN BO BceX (DUTOLIEHO3aX C pas-
HBIM yJacTHEM €11 HaOMI0AAeTCs 3HAYUMOE pa3-
JINYME T10 TUIOTHOCTHU IPEBECUHBI COCHBI.
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Ta6auua 3

CraTucTryeckast 3HAaUMMOCTD Pa3IMUMil IDIOTHOCTH APEBECUHBI B 3aBUCUMOCTH
OT COCTaBa IPEBOCTOS Ha OMBITHBIX 00BEKTAX C IIPeodIafaHueM eJiv, He 3aTPOHYTHIX
XO3SIMICTBEHHBIM BO3/IEHICTBUEM

CocraB IpeBoCcTOs

[oJist ey B cOcTaBe APEBOCTOS, €.
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ITpumeuanusi. O603HaYeHUs T€ Xe, YTO U B Tabauie 1.

JIs1 BBISIBJICHUSI CTATUCTUYECKU 3HAYMMBIX
CBsI3eil MeXKIy TTOKa3aTeIsIMA MaKpOCTPOSHMS 1
TJIOTHOCTBIO IPEBECUHBI COCHBI M €T OBLT PO~
BeJIEH PAHTOBBIM KOPPEISILIMOHHBIM aHAJIU3 1O
kputepuio CrimpmeHa. JlaHHBIE, TIpUBEIEHHBIC

B Tabimiie 4, TOKa3bIBAIOT, YTO B 3aBUCUMOCTHU
OT JIOJIV YYaCTHSI MIOPOBI B COCTABE HACAKICHUS
HaOJI0aeTCsl psil TOCTOBEPHBIX CBSI3C TLIOT-
HOCTH JPEBECUHBI C AOJIIMM PaHHEH U MO3IHENH
KCUJIEMBL.

Tabsnuua 4

PaHroBblif aHAJIU3 CBSA3U TJIOTHOCTU JPEBECUHbBI €JIM U COCHBI C MOKAa3aTeJISIMA MaKpOCTPOSHUS
KCUJIEMBI B CMEIITAaHHBIX XBOWHBIX IPEBOCTOSIX C IMpeodIagaHeM eJTn
(o xputeputo CiupmMeHa)

DJIeMEHTHI
KCUJIEMBI

CrarucTudeckue rmokaszaresiy IMpy pa3Ho J0JIe yJaCTHUsI €11 B COCTaBe
JIPEBOCTOS, €1l.

9—10E

7—8E 5—6E

R IiN-2) P Rs

fov-2 P Rs, %) P

ITnoTHOCTD JAPCBCCUHBI CJIN

To3nHsas 0,66 5,35 0,00 0,66

4,50 0,00 0,69 7,04 0,00

Pannss —0,66 -5,35 0,00 —0,66

—4,50 0,00 —0,69 7,04 0,00

mrc 0,22 1,37 0,18 —0,04

-0,22 0,823 -0,30 2,29 0,03

I1noTHOCTB JAPEBECUHBI COCHBI

Io3nusas 0,71 3,16 0,01 0,36

2,08 0,046 0,74 6,00 0,00
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DiIeMeHTHI CratucTHyecKye MoKasaTel Py pa3Hoil 10JTe yJacTHs eI B COCTABe
KCHJIEMBI JIPEBOCTOSL, €l
9—10E 7—8E 5—6E
Rsy fiv-2 p Rs fiv-2 p Rs, ) p
Pannss -0,71 -3,16 0,01 -0,36 2,08 0,046 -0,74 —6,00 0,00
mrc -0,29 -0,97 0,36 -0,05 0,27 0,793 0,15 0,84 0,41

ITpumeuanwue. RSP — Ko2(hbULIEHT paHToBOU Koppesiunu CriupMeHa; ¢

(N-2) f-CTaTUCTHKA IIPU CTe-

eHu cBoOonbl N—2; P — ypoBeHb 3HAUMMOCTH; 3HAYEHUsI, CTAaTUCTUYECKU 3HaunMBble Tipu P < 0,05,
BBIIEJIEHBI KUPHBIM KypcuBoM; LIIT'C — mmpruHa rommyHOoTOo CI0sI.

C yMeHbIIIEHWEeM JOJW YyJ4acTus €JIM B Ha-
CaXJEHUN TECHOTA CBSI3U IUIOTHOCTU €€ peBe-
CUHBI C JOJIel MO3AHE KCWIeMbl UMEET TeH-
JIEHIIUIO K Bo3pacTaHuio. JIJis paHHEW KCUIeMBbl
CBSI3b MUMEET OOpPATHYIO 3aBUCHUMOCTh, KOJIWYE-
CTBEHHO DaBHYIO CBSI3W C J0Jell coaepKaHus
Mo3nHel Kcwiembl. B npeBocTosix ¢ moneit yua-
CTUS e 5—6 eMMHUIT HaOIIoMaeTCs TOCTOBEP-
Hasl yMepeHHasi oopaTHasi CBsI3b IJIOTHOCTHU Jpe-
BECUHBI €J11 C IIIMPUHON TOAUYHOTO MPUPOCTA.

7151 COCHOBOTO 3JIeMEeHTa HacCaXIEeHU I Bbl-
sIBJIEHA JOCTOBEPHasi CBSI3b IJIOTHOCTH C ITOKa3a-
TeJISIMU MaKpOCTPYKTYPbl KCUJIEMbI B IPEBOCTO-
SIX C yY4aCTUEM 2TOM Mopobl OT 1 10 5 eAuHuUIL B
cocrtage. [Ipu aTom, MogoOHO ApeBECHUHE eI,
CBSI3b C J10JIel TO3AHEeN ApeBEeCUHbI MpsiMasi, C
JIoJieit paHHel KCHieMbl — oOpaTHasl.

CTaTUCTUYECKU 3HAUUMMOM CBSI3U ILIOTHO-
CTU JIPEBECUHBI COCHBI C ILIMPUHOW TOAUYHOTO
MPUPOCTa HE OOHAPYXKEHO.

[To-BuarMoMy, MOTYT OBITH BBISIBIEHBI 0O-
Jiee 3HAYMMbl€ CBSI3M IUIOTHOCTM HE C MaKpo-
CTPOEHUEM, a C MUKPOCTPOCHUEM APEBECUHBI,
TO €CTh Ha KJIETOYHOM YPOBHE, B 3aBUCUMOCTHU

OT BCJIMYMHBI KJIETOK, MX KOJINYECTBA N TOJIIIN-
HBbI KJIETOYHBIX CTCHOK.

BriBoapl

IIpoBenénHoe wccnemoBaHNE TTO3BOJMIIO
BBISIBUTD B OOJIBILIMHCTBE CIy4aeB CTaTUCTUYECKU
JIOCTOBEPHBIE OTJIMYMS ITOKa3aTesieid MaKpOCTpPO-
€HUSI KCUJIEMBI €I U COCHBI B IPEBOCTOSIX pa3HO-
ro coctaBa. CocTaB HacaxkIeHUSI 3HAUYMMO BJIUSICT
1 Ha TaKOI KOMIUIEKCHBII IT0Ka3aTesIb, KaK IIOT-
HOCTh IpeBeCUHBI. 711 COCHBI U €1 3TU CBSA3U
HUMEIOT pa3IMYHbBINA XapaKTep 1 HalpaBJeHHOCTb.

[L1oTHOCTD JpeBeCHHBI COCHBI TECHO KOp-
penMpyeT ¢ MaKpOCTPYKTYPHBIMM ITlapaMeTpaMu
KCWJIEMbI — IUIMPUHOM 30H NO3AHEN U paHHEeU ape-
BecHHBI. J1JIs1 €11 BBISIBJIEHO, YTO C YMEHBIIICHUEM
€€ IpeCTaBICHHOCTH B COCTaBE CMEIIAHHOTIO JIpe-
BOCTOS$I BO3PACTAeT CBSI3b INIOTHOCTHU JIPEBECUHBI C
IOKa3aTeJISIMI MaKPOCTPOSHMST KCHIIEMEL.

[TposiBnenue pa3HbIX cTpaTteruii (hOpMUpPO-
BaHUSsI TIJIOTHOCTU APEBECUHBI COCHBI U €JI1, TIPU
Pa3IMYHOM COCTaBe HACAXICHUIA, HAXOIUT CBOE
OTpaXkeHME B Pa3JIMYHBIX I10 CUJIE CBSI3SIX ILJIOT-
HOCTHU CO CTPOSHMEM KCUJIEMbI 3TUX MOPOI,.
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