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Jleca mpoxyIMpyroT OrpOMHOE KOJMYECTBO OPTaHHYECKOTO BEUIECTBA — BO3OOHOBIISEMOTO
CBIPbs JJIA MPOMU3BOJACTBA TEXHUYCCKUX, KOPMOBBIX, IMUIIEBLIX W (bapMaHeBTI/I‘IeCKI/IX mpo-
nyktoB. JlecozaroroBurenibHas W JAepeBooOpadaThiBarolias MPOMBINIICHHOCTh Kapeiuwu,
KaK U B LIeNoM 1o Poccun, mpuMeHsIeT UCKITIOUUTEIBHO CTBOJIOBYIO ApeBecuHy. B mpouecce
PYOOK CIIeNbIX M MEPEeCTOMHBIX HACAXKICHUH, pyOOK yX0/1a, a TaKKe BBIIIOJIHEHHSI MEPOIIPH-
ATUH TI0 OXpaHe, 3allUTe W BOCIPOU3BOJICTBY JIECOB, NPEAYCMATPUBAIONINX PYOKY JIECHBIX
HacaXJIeHnH, oOpa3yercst JpeBecHast 3elieHb. Pa3paboTka TeXHOJIOTHIT CIIOIb30BaHMUS Ape-
BECHOM 3eJIeHH HeoOX0JMMa JUTsl OCYIIIECTBIICHHST MHOTOLICJIEBOTO OCBOCHHMS Beel (huromac-
CBI, IPOYIIPYEMOIl JIECHBIMU PACTUTEILHBIMHA COOOIIECTBAMH. Pa3BUTHE IPON3BOJCTB 110
nepepadoTke 0Opa3yromuxcs B IMporecce pyooK yxona u 0Ope3kn CydbeB TOHKOMEpa, HU3-
KOKa4eCTBEHHON U MAJIOLIEHHON JTMCTBEHHON JPEBECUHBI, IPEBECHON 3€IIEHH, SBIITIONINXCS
CBIPBEM JIJIsI U3TOTOBJICHUA 6I/IOJ'IOFI/I‘-IGCKI/I AKTHBHBIX IIpEriapaToB pas3JIA4YHOI'O Jlef/'ICTBI/IH,
MO3BOJISIET HE TOJIKO COKPATHTh PAcXObl, HO U 00ecreYnBaeT NpHUObUILHOCT 3TUX MEPO-
npuatuil. B HacTosmee Bpems B Halmieil cTpaHe OCTPO CTOUT 3ajadya YBEIMUCHHUS 00BEMOB
UCIIOJIb30BaHMs COOCTBEHHBIX, MMIIOPTO3aMEMIAIOMINX (hapManeBTHYECKUX CyOCTaHIui,
TIONCKA aJIbTEPHATHBHBIX CIIOCOOOB IMOJYYEHHsI CHIPbS JUIsl TIUTATEIbHBIX CMEced, KOpMO-
BBIX TPOJYKTOB. J[JIs1 OCBOCHMSI HOBBIX CBHIPBEBBIX NCTOUYHHKOB pa3pabaThIBalOTCS TEXHOJIO-
rud MoJuduKanyn OMOXMMUYECKOTO COCTaBa JPEBECHOW 3€JIeHH XBOWHBIX C IMOIyYCHHUEM
PacTUTENBHOTO CBHIPbs, 00OTAIIEHHOTO eJIEBHIMA OHMOJIOTHYECKH aKTUBHBIMH BEIIECTBAMHU.
BonopactBopumast (hpakiust ApeBeCHOH 3eJIeHH XBOMHBIX COJEPKUT B CBOEM COCTABE CBO-
001HBIC AMUHOKHUCIIOTHI, B YaCTHOCTH L-apruHMH, WrparolIuii Ba)KHYIO POJIb B XKHU3HENEs-
TEJIFHOCTH XKMBOTHBIX. [I€pCIEKTUBHBIM SIBIISIETCSI CIIOCOO TOBBIMICHNSI B XBOWHOM CBHIPBE
COJICpyKaHMsl CBOOOHBIX AMHHOKHCIIOT M M3MEHEHHUS! MX KOJIMYECTBEHHOTO COOTHOIICHHMS
MyTEM PEryJISIUU PEeXMMa MUHEPAIBHOIO MUTAHUS JPEBECHBIX PAacTeHHH. /I moydeHus
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XBOWHOW ApPEBECHOW 3eJieHH, O0OoTalieHHOH L-apruHWHOM, TpeajiaraeTcsi OpUTrHHaIbHas
cXeMa JIOTIOTHUTENIFHOTO 00ecTieueHHs pacTeHuid a30ToM U Oopom. Mcmonb3oBaHme XBOM-
HBIX PACTEeHHH B KadecTBe OMOMPOAYIEHTOB L-apruHMHA W M3yYeHHE ero MeTaboinm3Ma C
YUETOM KIIMMaTHYECKUX (PAKTOPOB, YCIIOBHH MHHEpAIBLHOTO MUTAHUsI, CE30HHON M CyTOY-
HOM JMHAMUKHU B €CTECTBEHHOM Cpe/ie, MOUCK MyTeW MOBBIIIEHUSI €ro YPOBHS B OpraHax u
TKaHAX aKTyaJbHBl KaKk B TEOPETHUECKOM, TaK M MpakTUYeckoM acmekrax. [lomydeHue
XBOWHOW JIPEBECHOM 3e€JIeHU, 00OTalleHHON L-apruHUHOM, MO3BOJIUT OPraHU30BATh IIPOU3-
BOJICTBO XBOMHBIX NPOJYKTOB HYTPUEHTHOrO W (hapManeBTHYECKOTOo HazHaueHus. Jlis
OLICHKH HKOHOMHYECKOH 11e1ecO00pa3HOCTH OpraHM3allMi TaKoro MPOW3BOJICTBA HEOOXO-
JIIMO TIPOaHATM3UPOBATE: IOTCHIINAIBHBIC HCTOYHUKH CHIPBS Ha MPEIMET UX JTOCTYITHOCTH;
3aTpaThl Ha 0OOTaIIeHNne XBOU L-apTrHHUHOM; BBIXOJ] MMPOAYKTA C SAWHUIIBI IDIOMaIu. Paz-
paboTaHa IMOCIEIOBATEIHHOCTE JICCOXO3SHCTBEHHBIX MEPOIPHUIATHH KaK B TPOIECCEe OCy-
MIECTBIICHNS PA3JIMYHBIX BHIOB HCIIONB30BAaHUS JIECOB, TaK M TPH MPOBEICHHU pPadoT,
HAIPaBJICHHBIX Ha TOBBIIICHUE MPOIYKTUBHOCTH JIECOB, COXPAHEHHE HX MOJE3HBIX (PYHK-
nuit. Ilpyu 5TOM B MOJOJHSIKAX COCHBI OOBIKHOBEHHOH IMOSBIISICTCS BO3MOKHOCTH IpEBpa-
TUTh 3aTPaTHbIC BHIbI MEpOIpPUSTHH (OCBETJICHHE, MPOYUCTKA, BHECEHHWE yI0OpeHHUil) B
JIOXOJHBIE C TIOJyYeHHEM JIOTIOJIHUTEIFHOTO MPOAYKTa. TeXHOJIOTHH IiefieHaNpaBIeHHOIO
U3MEHEHHs] XUMHUYECKOro cocTaBa M (hapMaKOJIOTHUECKHX CBOHCTB PACTHUTENBHOTO CBHIPHS
W3 JIPEBECHBIX PACTEHHH ITO3BOJISIT OCBAUBATh HOBBIE CHIPHEBBIE NCTOUHUKH OMOJIOTUYECKH
AKTUBHBIX BEIIECTB.

Jna yumuposanusa: Pobonen E.B., Uepnooposkuna H.I1., 3aitueBa M.I., Paesckwuii b.B.,
Eroposa A.B., KonecanxkoB I'.H. Iloxydenne oborameHHoil L-apruanHoM a1peBecHoit 3eme-
HU TIPH TPOBEICHIH JIECOXO3SMCTBEHHBIX MEPOIIPUATHI B MOJOJHSAKAX COCHBI OOBIKHOBECH-
HOI1 (Hay4HbIH 0030p) // U3B. By30B. JlecH. xxypH. 2020. Ne 5. C. 9-37. DOI: 10.37482/0536-
1036-2020-5-9-37

@Dunancuposanue: dunancoroe obdecrieueHrne UCCICIOBAaHUN OCYIIECTBISUIOCH U3 CPEACTB
(enepanbHOro OroJKeTa Ha BBINOJHEHHE rocynapcrBeHHoro 3ananus KapHI[ PAH (Ms-
crutyt sieca KapHL[ PAH) u no Ilporpamme pasutust onoproro yuusepcurera @I'BOY
BO «Ilerpo3aBojckuii rocy1apcTBEHHBIN YHUBEPCUTET.

Kniouesvle cnosa: necHvle KynbTypbl, pyOKH yXojia, a30T, 00p, yaoOpeHusi, cocHa 0OBIKHO-
BEHHas1, peBecHast 3eJ1eHb, L-aprunuH, pecypcocoepexeHue.

Beeoenue

Jleca, sBISTIOIIIMECS ICTOYHUKOM JIPEBECHBIX W HEJIPEBECHBIX PECYPCOB, a TAKKe
IIMPOKOTO CIIEKTPa IKOCHCTEMHBIX YCIIyT, 3aHIMAIOT B OOIIEM HMPHUPOJHO-PECYPCHOM
noteHiuane Poccun Baxxnoe mecto [14, 35, 43]. Opranuueckoe BEIIECTBO, NPOAY-
MpyeMOoe JIecaMH, — 3TO TUTAaHTCKUI BO30OHOBIIAEMBI UCTOYHHK CBHIPBS IS TIPO-
U3BOJICTBA TEXHUYECKUX, HYTPUEHTHBIX M (apMalleBTHUECKHX MPOIYKTOB. BaxxHo
OpPraHM30BaTh PAIMOHAIBHOE HCIOIB30BAHME BCEX JIECHBIX PECypCOB, COXPaHss
IIPH 3TOM BBICOKYIO MPOTYKTUBHOCTH Jieca, 00ECTIeUNTh TIepexo OT MOHOpecypc-
HOTO JIECONOJIb30BaHUA K mosupecypcHomy [47, 49, 72]. Jleco3arotoBku ocy-
HIECTBIISIOTCS TPEUMYIIIECTBEHHO B OOpEabHBIX JIecaX, KOTOPhIe 3aHUMAIOT OKOJIO
65 % necnoii wiomaan [70]. YpoBeHb riyOoKol nepepadoTKH JIECHBIX PECYPCOB B
Poccun, obOmanaromiedd moutu 1/4 MUPOBBIX 3amacoB JAPEBECHHBI BCEX MOPO/I, SIBHO
HE OTBEUAeT e¢ pecypcHoMy moTeHImany [44]. OtedecTBEHHBIC MPOU3BOIUTEIH
OPHEHTHPOBAHBI MIPEUMYLIECTBEHHO HAa HU3KOMAap)KWHAJIBHBIC CETMEHTBI — KPYT-
JIBIH JIec, MUJIOMaTepratbl, aHepPHBIH IITOH.

JlecoszaroroButenbHast U JiepeBooOpabdaThiBaroiasi MPOMBINUICHHOCT B Ka-
penuu, Kak U B 1enoM 1o Poccun, OCHOBBIBaeTCS MOYTH UCKITFOUUTEIBHO Ha WC-
MTOJIE30BaHUH CTBOJIOBOH IpeBecHHbl. OCTAIOTCs B JIeCy HU3KOKA4eCTBEHHAs IpeBe-
CHHA, BETBU, XBOS, JIUCThA, Macca KOTOPBIX, MO pa3HbIM OLEHKAaM, COCTaBJISIET
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10...15 % maccer ctBona [26]. Ha mpeBecHyt0 3e1€Hb MPUXOIUTCS B CPETHEM OKOJIO
6 %, T. e. 60 M° Ha 1000 M’ 3ar0TOBIIEHHO# ApeBecuHbl [69]. OrpOMHBIM pe3epBOM
SIBIIIETCS. MHOTOIIEJIEBOE OCBOCHHE BCEW MPOAYLUPYEMOW JECHBIMH PACTUTEIbHbI-
MH COO0ITIecTBaMHU (PUTOMACCHI, B TOM YHCJIC TPEBECHOM 3CIICHH.

Lenb uccnenoBanust — 0030p JIUTEpATypsI I 000CHOBAHHS LIEIecO00pa3HoO-
CTH pa3paboTKh OWOTEXHOJOTHH oOoTameHuss L-aprHHUHOM JpPEBECHON 3eleHU
XBOWHBIX, 00pa3yIomeiicsi B MPOIECCe MPOBENCHUS Pa3INIHBIX BHUIIOB JIECOXO3SIi-
CTBEHHOH JIEATENLHOCTH, U TIOIYyUYSHUS U3 Hee MPOAYKTOB HyTPUEHTHOTO U (hapma-
[IEBTUYECKOTO Ha3HAYECHHS.

buonoeuuecku akmuenvle eeuecmed Xxeou U UX UCnob3o6aHue

[IpuMmeHeHne OTXOMOB JIECHOTO KOMILIEKCa, pa3paboTka pecypcocdeperaro-
IIMX TEXHOJOTHH CIIOCOOCTBYIOT MAaKCHUMAaJbHOMY HCIOJIH30BAHUIO MECTHOTO ChI-
pbsi. JlpeBecHas 3eIeHbh XBOWHBIX COJIEPIKUT KOMILIEKC BEIECTB, 00IaJal0INX BbI-
COKOW OMOJOTHYECKOW aKTHBHOCTHIO M TMPEACTABIISIONINX MPAKTUIECKH BCE KIIACCHI
OpraHUYEeCKUX COETUHEHNH, coiepKaluxcs B pacTeHusx [84].

OpraHnueckre BelecTBa, 00pa3yIolfe pacTUTEIbHYIO KIETKY, IIPeICTaBIe-
HBI IIEJUTIONIO30, JINTHHHOM, TE€MUIIeIUTI0JI0O3aMH, SKCTPAKTUBHBIMH KOMIIOHEHTA-
MH. B xozxe uccnenoBanusi OMOXMMHUYECKOTO COCTaBa XBOU YCTaHOBIIEHO, YTO OHA
Oorara BUTaMHHaMH, (hepMEHTAMHU, MUKPOIJIEMEHTaMH, GUTOHITUIAMH, JUITHIAMH,
oenkamu u ap. [66]. [lomyuenHass HHpOpPMaIHs KCIOJB30Balach MPH pazpadoTke
MPOAYKTOB (DapMaleBTUYECKOr0 M HYTPUEHTHOI'O HAa3HAYEHWsI, IIPOU3BOJICTBO KO-
TOPBIX OCYIIECTBIISUIOCH HA JIECOXMMHYECKUX TPEANPHUATHIX. B ocHOBe TexHOIIO-
THid — WCCJICJIOBAaHUs, MPOBEJCHHbIE Ha 0a3e JICHMHIpaJCKOW JIECOTEXHHYECKOM
akanemuu noa pykooactsoM @.M. Cononkoro, I'.B. Tlurynesckoro, b.H. Pyros-
ckoro, A.II. Ileaterosa [66].

Pa3zpaboTka HayyHBIX OCHOB HCIIOJI30BAHHS JPEBECHOW 3€JICHU OCYIIECTB-
nsmack B 70-80-e rr. B MHCTHTYTE Neca Kapenbckoro ¢unuana AH CCCP nog py-
koBosictBoM C.C. 3si0uenko [31]. Beuiu monydeHsl CBEACHUS O pecypcax JipeBec-
HOW 3eJIeHH XBOWHBIX TOPOJ B Jiecax Kapenuu, JaHHBIE O KOJUYECTBE HEKOTOPBIX
Omonormueckn akTuBHBIX BemecTB (BAB) B Helt, mpopaOoTaHkl BOPOCH! TEXHOJIO-
TUM 3arOTOBKHM JPEBECHON 3€JI€HM M INPOU3BOJCTBA XBOMHO-BUTAMHUHHON MYKH
[31]. bonpmoe BHIMaHuE OBIIO yAEICHO MTOCTPOCHUIO MOJICICH BO3pACTHOM JAMHA-
MUKH TaKCallMOHHBIX ITPU3HAKOB U pacrpeieieHus pa3anuHbIX ppakuuid hputomac-
CBI JUTSI OI[EHKH TIOJTHOTO OMOPECYpCHOTO MOTEHIIHAaa JIPEeBOCTOECB M MIPOTHO3HPO-
BaHUS €r0 M3MEHEHHUS C BO3pPAcTOM, OIEHKHM 3araca JPeBEeCHOU 3eleHr Ha | ra u
BBIXO/Ia JIPEBECHOM 3€JIEHH CO BCEH KPOHBI B 3aBHCHMOCTH OT TOJILUHBI JI€peBa.
B pesynbraTte sToro Ha Teppuropun Kapenuu ObUTH OpraHW30BaHBI MIPOU3BOJICTBA
pa3IMYHBIX BHJOB KOPMOB M3 JPEBECHOW 3E€JI€HH: BETOYHOTO KOpMa, BETOYHBIX
XJIOIIBEB, JIECHOTO CHJIOCA, BATAMUHHOW MYKH M JPYTUX MPOJIYKTOB JJIsI CKAPMITH-
BaHUS XKUBOTHBIM [31]. OrpannueHreM TpW HCIIOIB30BAaHUM IPEBECHOW 3EJIeHU
ABJISIETCSl HaJIMUUe TyOMJIbHBIX BEIIECTB B JIMCTBE (IyO, KamTaH, JICIIMHA) U CMO-
JIUCTHIX BEIIECTB B XBOE B JICTHUH MTEPHO/.

B Hacrosiee Bpems mpu pa3paboTKe MPUHLHUIIOB J1e4eOHOTo MUTaHuUS, N3bICKa-
HUH HOBBIX CBIPHEBBIX MCTOYHUKOB JUIi KOPMOIPOU3BOJICTBA U (hapMalleBTHKU TPHU-
BJICKAIOTCS JAaHHBIC W3 A3THOOOTAHWMYCCKOH W ITHOMETUIIMHCKOW JHTEpaTypsl [95].
XBOsI M3[JaBHA MCIIONH30BAJIaCh B MEAMIIMHE M CENIbCKOM XO3sCTBe. Yau, oTBaphl u
MTUBO TOTOBHUITH U3 XBOM €JIed W COCEH, UCTIOIB30BAIH ISl JICYSHUS] CHMIITOMOB IIHHTH.
JKurtenu necHbIX pallOHOB CKapMJIMBAJIM XBOMHYIO JIANKY CKOTY MPU aBUTAMHHO3aX,
KHIIIEYHBIX, PECIIUPATOPHBIX 3a00JIEBAHUAX W HeEJOCTaTKe rpyObIx KopMoB [10].
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YCTaHOBJIEHO, UTO CBEYasi XBOSI COCHBI U €M CIIOCOOCTBYET 3aMETHOMY CHU)KEHUIO
3apakeHHOCTH OBEll, CBMHEW M ITHI] LIECTOJaMH, aCKapuIUsIMH, I'e€TBpaKucCaMH,
CTpOHTWIIATaMU, (aciuonamMu u Jp. MeHee 3pPeKTUBHO 00€33apaKUBACT KUBOT-
HBIX OT MMapa3suTOB MYKa M3 BBICYIIEHHOW XBOW cOCHbI U enu [21]. [IpakTuka uc-
II0JIb30BAaHUS XBOM B JKHBOTHOBO/JICTBE MOATBEPAMIA HE TOJIHKO €€ BHICOKYIO BUTa-
MUHHYO [IEHHOCTh, HO U HEOOXOJIUMOCTh YUHTHIBATh OOJIBIIOE COJIEPIKAHUE B HEH
3(UPHBIX Maces, CMOJ, TAHUJOB M TJIUKO3UI0B, HE IMO3BOJIAIONINX PUMEHSTH €€ B
OONBIIMX KOJMYECTBAaX 0€3 COOTBETCTBYIOMIEH 0OpaOOTKHU (IIpOTapuBaHHE, BBHICY-
LIMBaHKUE WK U3MENIbUeHNe Ha XBOMHYIO MyKy, sKkcTparupoBanue BAB) [31].

Ycnexu B 007aCTH XMMHHU TIPUPOJIHBIX COSAMHEHUH W OMOTEXHOJOTHH pac-
IIUPWIA BO3MOXKHOCTH TPUMEHEHHS SKCTPAKTHBHBIX BEIIECTB, IMONYYaeMBIX W3
pactutenbHOro Chipbs [27, 59]. BAB pacTutensHOTO MPOUCXOXKIEHUS BXOISIT B
COCTaB MHOTHUX JICKAPCTBEHHBIX TpenapaToB. BemayTcs paboThl 0 co3maHuio Ooee
3¢ (HeKTUBHBIX JIEKAPCTBEHHBIX (DOPM, HOBBIX TEXHOJIOTHH WX TPOU3BOJICTBA HA OC-
HOBE MPUPOIHBIX COSTUHEHUI Omomaccel nepesa [41]. st cokparmieHus 3aTpaT Ha
KOpMa B LIEJISIX MOBBIIICHUS! PEHTA0EIbHOCTH )KHBOTHOBO/ICTBA TIPUOPUTETHOE 3HA-
YeHHe WMeeT OOecledeHre PalMOHaIHLHOTO MCIOJIh30BAHMS PECYpPCOB Ha OCHOBE
LIMPOKOTO MPUMEHEHNSI WHHOBAIIMOHHBIX TEXHOJIOTH, OMOJIOTH3AINH W 3KOJIOTH-
3alluy [IPOM3BOACTBA. McTOpHYeCKHid ONBIT pa3BUTHS GapManuu 1 HapMaKkoIOTHH
YKa3bIBa€T HA MPUOPUTETHOCTb COCTUHEHUN MPUPOJHOTO MPOUCXOKICHUS MPU CO-
371aHUU JIEKAPCTBEHHBIX MPENapaToB pazinuHoro jeictBus [S58]. Pacrymuii cripoc
Ha BAB ¥ ucTolIeHHe TpaJulMOHHBIX PECYPCOB PACTUTEIBHOTO CHIPbs Tpedyer
M3BICKaHUSI HOBBIX CBHIPHEBBIX pPECypcoB. BbisiBieHHe HOBBIX HCTOYHUKOB BAB,
NPEACTABISIIONINX MPAKTHYECKYI0 3HAYUMOCTb, SIBISICTCSl AKTyaJlbHOW 3aJauei.
OpHako KpynmHOMAacITaOHOE MCIOIB30BaHKE MPUPOIHBIX UCTOYHUKOB BAB, MHO-
TFOTOHHA)KHASI UX 3arOTOBKA MOYKET IPUBECTH K IKOJOTHYECKUM Tpobsiemam. [Ipu-
MEHEHHUE JPEBECHOM 3E€JIEeHH, HAIPOTHUB, CIIOCOOCTBYET PELICHUIO MPUPOAOOXpaH-
HBIX 3a1a4 [60, 61].

A.J1. Be33y6oB otmeuaert, uro 6osee 200 yiet Ha3aj B Poccuu XBOKO UCHONb-
30BaJIM AJIS JIEUEHUS] LIMHTU U J1aXke SKCIOPTHPOBAIU B 3anaanyro EBpony, npume-
HSJTM BO BpeMsl PYCCKO-IIBEACKOW BOWHBI [9]. M3BecTHO, 4TO, HAUMHAS C HOAODS
1941 r., B GokamgHoM JleHWHTpaze B paMKax MEPOIPHUSITHI MO MPETYTPEKICHUIO
aBUTAMHMHO3a OBbUIO OPraHM30BaHO MIPOM3BOJICTBO BUTAMHHHOIO HacTosl. B xauecTse
HMCTOYHHUKA aCKOPOMHOBOW KHCIIOTHI MCIOJIH30BAIN XBOK. V3BECTHO, 4TO TIpH Je-
YEeHWH HEKOTOPHIX 3a00JI€BaHNUN MPUMEHSAIOT (PIIAaBOHOWABI U ApyTHe (EeHOIbI, ac-
KopOar, TIyTaTuoH, BUTaMUH E M B-KapoTHH U3 JAPEBECHOMW 3€JIEHH U KOPBI XBOM-
HbIx [112].

ApZMHuH XBOUHBIX HYmMpUeHmmnozo u qbapxwaueemuqecmeo HA3HA4YeHUsl

BonopactBopumast hpakiust IpeBECHOH 3€JICHU XBOWHBIX COJCPIKHUT B CBO-
€M cocTaBe CBOOOHBIE aMUHOKHCIIOTHI, KOTOPBIE MOTYT MCIIOJIb30BaThCS B Kaye-
CTBE KOMITOHEHTOB JIe4eOHOTO MuTaHus. M3BeCTHO, 9TO y HEKOTOPHIX BHJIOB CO-
CeH aprMHMH SBJISETCS OJHUM W3 OCHOBHBIX KOMIIOHEHTOB OEGJIKOB CEMSH M CO-
CTaBJISICT 3HAYUTEIBHYIO YacTh IyJ1a CBOOOAHBIX aMHHOKHUCIIOT B MPOPOCIINX Ce-
MeHax u cesHnax [117]. OH MOXeT B 3HAUNTEIHHOM KOJIMYECTBE MPUCYTCTBOBATH
B COCTaBE CBOOOJIHBIX aMUHOKHUCJIOT XBOU COCHbI OOBIKHOBEHHOUH. XBOWHBIC pac-
TEHUs CoJiepKaT oOpa3oBaHHbIE U3 L-apruHWHA TyaHHJIMHOBBIE COCIWHEHUS —
MTOTEHIINATIbHBIE TePAaNIeBTHUECKHE areHThI ISl PETYIMpOBaHus pa3TnIHbIXx NO-cHHTa3
B Clydasx, KOrja Mepenpon3BOJCTBO OKCHIA a30Ta CBSI3aHO C CENTHYECKHUM IIIOKOM,
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HellposereHepamnueii, BocnaneHueM. lIpennoxkeHa rumnore3a 0 HYTPUEHTHOU U
CHHEpruyeckoil ponu L-apruHuHa M €ro MeTabOoJUTOB, JOMONHSIOMINX POJb BH-
tamuna C [95].

Pa3zpaboTka u BHeApeHHE TEXHOJOTMH IPOU3BOACTBA (hapMaleBTUUECKUX
CyOCTaHIIMi, TaICHOBBIX M HOBOTAJICHOBBIX IPENapaToB U3 oborameHHol L-apruauHom
XBOM TO3BOJISIET COKPAaTHTh MMIIOPT JOPOTOCTOSIIIUX JIEKAPCTBEHHBIX MPENapaTOB
JUISL MEAMLIMHCKOM M BETEpUHAPHON IPAKTUKU. L-apruHuH BXOJUT B COCTaB MHOI'MX
TEPaneBTUYECKUX U MPOTHUBOBUPYCHBIX CPEACTB. SIBIISSCH MCTOUHHKOM 00pa3oBa-
HUSI OKCHJIA a30Ta — MOIIHOT'O COCYIOpacLIMpsIoIero Gpakropa 1 HelpoMeauaropa,
OH TIPUMEHSETCS B KapAHOJIOTHH M MMMYHOIIOTHH, 3aMEMJIsieT POcT JoOpokaue-
CTBEHHBIX M 3JI0KQYECTBEHHBIX OIYyXOJIeH, CIIOCOOCTBYET 3a)KMBJICHHIO pPaH, PETy-
JUpPYyeT BBIPaObOTKY TOPMOHOB, UCIIONB3YeTCs MPH 3a00JIEBaHUX ITOYEK, B JCUECHUH
muppo3a nedeHu. [IpuMeHsieTcs B CeIbCKOM X03HCTBE: ero 100aBlIeHue K KOpMaM,
HapsiAy C JIM3MHOM U METHOHMHOM, CIOCOOCTBYET OBICTPOMY POCTY >KHBOTHBIX,
MOBBIIICHUIO MX MPOXYKTHBHOCTH. BBICOKON MmoTpeOHOCTBIO B L-apruHuHe OTIH-
Yal0TCs XUILHBIC )KUBOTHBIC, PBIOBI, JOMAIIHSA NTHLA.

Ilepcnexmusbl 6uomexuonozuu oboeawenus L-apeunurom
O0pesecHOll 3e/1eHU X8OUHBIX

Texnomornn MomupUKauu OMOXWMHUYECKOTO COCTaBa JPEBECHOW 3elleHU
XBOMHBIX C MOJYyYEHHEM PACTHTEIBHOTO CHIPhs, obOoramieHHOro IeneBbiMu BAB,
pa3pabaThIBalOTCs I OCBOCHUS HOBBIX CBHIPbEBBIX HCTOYHHKOB, 00ECIICYHBAIOIINX
MIPOU3BOJICTBO TMPOAYKTOB (PApMAIEBTHUECKOTO ¥ HYTPUEHTHOTO HA3HAYCHUS.
[MpeanoxkeHa TEXHOIOTUSI OOOTALICHUSI XBOMHOW JpEeBECHOM 3eleHn L-apruHnHoM
U TOJyYEHHUsI U3 HEE XBOMHBIX MpENnapaToB — XBOMHONM MYKH M BOJHOTO XBOHHOTO
skcTpakrta [60, 61, 78—82]. MIMetoTcs MOIOKUTENBHBIE Pe3yIbTaThl HCIIBITAHUHN ap-
TUHUHOBOI'O XBOMHOT'O 3KCTPaKTa MPHU BHIPAIIMBAHUY IIEHKOB MYIIHBIX 3BEpEd Ha
puUMepe aMepuKaHCKoi HOpKU (Mustela vison Shr.) [53, 75]. XBoitHast Myka, 000-
raimieHHasi L.-apruHuHOM, B Ka4eCcTBE KOPMOBOH J00aBKHM IMOBBIIIAJIA POCT U MPO-
JIyKTUBHOCTb CEJIbCKOXO03MUCTBEHHON NTHlbl [52]. TexHonoruss oCHOBBIBAECTCS Ha
OPUTHHATBHOU CXEME JIOMOIHUTEIHFHOTO 00SCTICUCHNSI XBOMHBIX PACTCHUNA a30TOM
u 6opowm [60, 61, 78, 79, 81, 82].

MuHepa]le0€ numanue u c60000HbIE AMUHOKUCIONbL XBOLHbLX

s 5pPEeKTUBHOrO MCIOJB30BAHUS BCEX YacTed JiepeBa BaKHO MUMETh WH-
¢dopmanuio 06 OTHOCHTENBbHOM Jokanu3aui bAB B ero opranax u TKaHsX, 3aKOHO-
MEPHOCTSIX WX HAKOIICHUS BO BPEMEHHOM acIieKTe, B CBS3H C YCIOBUSIMH POCTA, JIIS
Pa3HBIX BO3PACTHBIX TPYII. YUUTHIBas BO3MOXKHYIO MEPCHEKTUBY HCIOIb30BAHUS
XBOWHBIX PAaCTEHUH B Ka4eCcTBE OMOMPOAYIEHTOB L-apriuHnHa, HE00X0ANMO H3y4aTh
€ro MeTabOJIM3M C YUEeTOM KIIMMAaTHYECKUX (DAKTOPOB M YCIIOBHI MUHEPAIBLHOTO ITH-
TaHusl, B CE30HHOM U CyTOUHOH nuHamuke [62, 82]. MI3BecTHO, UTO Yy XBOMHBIX pacTe-
HUN ¢ L-apruHUHOM W €ro TMPOW3BOAHBIMH HETIOCPEICTBEHHO CBSI3aHBI ITPOIIECCHI
MepPexo/ia B COCTOSHUE 3UMHET0 MOKOSI ¥ TIOJTOTOBKH K PACIyCKaHHUIO MOYEK BECHOU
[96, 97]. s jydmiero MOHAMAHUS POJIM METa0OIM3Ma apriHUHA B 3P PEKTUBHOCTH
HCTIIOJIB30BAHMSI a30Ta PACTCHUSIMH UCCIICAYIOTCS PErYJSITOPHBIC MEXaHU3MBI, OTBET-
CTBCHHBIC 32 €r0 COJICPKAHUE B OpPraHaX W TKaHSX, ONpEACISIFOIINE IpeodiiaiaHue
MIPOIIECCOB 3aracaHys WM MEeTa0OoIM3aIK a30Ta, 00pa3oBaHUe OKCHAA a30Ta Kak
CUTHAJIBHOTO areHTa pocTa, Pa3MHOKEHUSI WU 3alIUTHI OT cTpeccoB [163].

HebGenxoBoit (paxiwm, koTopas B OCHOBHOM TPEIICTaBICHA CBOOOHBIME aMH-
HOKHUCIIOTAMH, TPHHAJICKUT OOJIbILAsi POJb B a30THOM OOMEHE JPEBECHBIX pacTe-
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Huii [48].CB0OO HBIE aAMHUHOKHUCIIOTHI HCTIONB3YIOTCS B CUHTE3€ OCNIKOB, HYKJICHHO-
BBIX KMCJIOT U MHOTUX a30TCOJIEPKAINX BEIIECTB, a TAKXKE YIaCTBYIOT B 00pa3zoBa-
HUU OPTaHWYECKUX KHUCIIOT, CIIOKHBIX YIJIEBOJIOB M JIUTIUAOB, OHU TECHO CBSI3aHBI C
IpoleccaMy pocTa U pa3BUTHS pacTeHUi. M3meHenue cocraBa cBOOOIHBIX aMHHO-
KHCJIOT B TKAaHSX XBOWHBIX PacTEHHH MOKET MPOUCXOJUTH BCIIEJCTBUE pazdaiaH-
CHUPOBAHHOCTH MHHEPAIBHOIO MUTAHUS WINM APYTHX HEOJIaronpUsTHBIX YCIOBHUIH
cpensrl [1, 82, 83, 103, 109, 136]. Ha MHOTHX BHAAaX pacTeHUN MOKA3aHO HAKOILIE-
HUe 0OraThIX a30TOM aMUHOKHCIIOT B OTBET HA BBICOKYIO 00€CIIEUEHHOCTh a30TOM U
HU3KYy10 — pochopom [161]. B myne cBOOOTHBIX aMHUHOKHUCIOT Y XBOHHBIX pacTe-
HUH Ha OOraThIX a30TOM ITOYBax OOBIYHO AomMuHHpYyeT L-aprunun [133, 136], mo-
BBIIIACTCSl TAK)KE COACpIKaHME OpHUTHHA M Ju3uHAa. CuHTe3 L-apruHuHa MoXer
OBITh BBI3BaH HEJOCTATKOM JPYTHX MaKpO- U MHUKPOIJIEMEHTOB W, TPEIOI0KH-
TEJIBHO, SIBJISIETCS OOLIel peaklyeld Ha CTPEecChl, CHIDKAIOIIME POCT, a HE Ha J0-
CTYITHOCTh KaKOTr0-TO KOHKPETHOro 3jeMeHTa nutanus [133]. YBenuuuas conep-
KaHUE OTAEIbHBIX aMHHOKHCIOT B PACTEHHSIX, MOXKHO IOJYYHUTh PAaCTUTEIbHBIN
MaTepuan ¢ HOBBIMHM CBOWMCTBAaMH, MOBBICUTH NMUTATENbHYIO LIEHHOCTH NMPOIYKTOB
13 HEro, YIy4IIUTh 3aIIUTy pacTeHuil oT BpeauTenei [83].

XBOIHBIE JIECca, KaK NMPaBUIIO, PACTYT HA KHCIBIX MOJ30JIUCTBIX JECHBIX MOY-
BaxX, KOTOPBIE HCIBITHIBAIOT HEAOCTaTOK a3oTa. Kpome a3zora, neUIUTHBIM st
pocta XBOWHBIX B ycnoBusax dennockanauu sisisiercs 6op [81, 162]. Jeduuut azo-
Ta 1 Oopa 3aMETHO OTpaKaeTcsi Ha POCTE W Pa3BUTHU JIPEBECHBIX pacTeHuil. Mx
00€CTIe4eHHOCTh a30TOM U OOpOM TECHO B3aMMOCBSI3aHbI — NP HOBBILICHHU CO-
nepxanus uonos NH, B mouBeHHOM cy6cTparte CHHKaeTcs TOCTyIIeHHe 6Gopa B
pacTeHus, 4YTO OTPaXKACTCs Ha MOTJIOMIEHUH UMH a30Ta. BHeceHune a3ora B BBICOKHX
J103aX MOJKET MPHUBOJAUTH K pa30aIaHCUPOBAHHOCTH MUHEPAIBHOTO, MPEXkK/IE BCETO
(hocdoprOTO, MUTAHUS, OTPAHUYEHIIO HHTEHCUBHOCTH (QoTocuHTe3a [98, 153].

Ha ocHoBaHuM BBISIBIEHHBIX 3aKOHOMEPHOCTEH, KacaloLIUXcs MEXaHU3MOB Jie-
TOKCHKAIIMM BBICOKHX JI03 a30Ta Y XBOMHBIX PAaCTEHHH B CBSA3U C OOECIIEYEHHOCTHIO
00poM, HAaKOIUICHWSI U pacnpeneieHus L-apruHuHa B KPOHE COCHBI OOBIKHOBEHHOMN
(Pinus sylvestris L.) npu peryJsiiiui a30THOr0 U OOpPHOro oOecreueHus:, pa3padoTaHa
OMOTEXHOJIOTHS MOTyYEHHUsI XBOMHBIX MPEnapaTroB, 00OraleHHbIX L-apruanHom — ap-
THMHMHOBOTO HMMYHOCTHUMYJISITOPA U XBOWHOW MyKH. J[J1s1 BHEIpeHNST TEXHOJIOTHUH B
MIPAKTHKY HEOOXOIWMO W3BICKAHWE BO3MOXKHBIX HWCTOYHHKOB JPEBECHON 3€NCHH.
[Ipu 5TOM HagO yYUTHIBATh, YTO TEXHOJIOTUYECKUH MpPOIECC, TPUBOSIINI K 0Opa-
30BaHUIO APEBECHON 3€JIeHHM, JOJDKEH 00ecTeyrBaTh BKIIIOUEHHUE TOTIOHUTEIBHOM
OIepaly — BHECCHUE a30THO-OOPHBIX YAOOpEHHUH.

Ymuﬂusauuﬂ 0mx0008 pasiudrnvlx BUO0B 1ECOXO3SAUCMBEHHOU OesIMeNbHOCHIU

JlpeBecHas 3eneHb 00Opa3yeTcst B MPOIecce MPOBEACHUS JIECOCCUHBIX PadoT,
CBSI3aHHBIX C 3arOTOBKOM APEBCCUHBI U JPYTrUMHU BHUJaMU HUCIIOJIB30BaHuA JIECOB, a
TAKXKe C BBITIOJIHCHUEM MEPOIPUATHIA MO OXpaHe, 3alllUTe U BOCIHPOU3BOJCTBY Jic-
COB, IpEIyCMATPUBAIOIINX PYyOKH JIECHBIX HacaxIeHui (cM. Tabnwmiy). K mepo-
NPpUATHAM, HAIIPABJICHHBIM Ha IMOBBIIICHUC IMTPOAYKTHUBHOCTH JIECOB, COXPAHCHHUE UX
MOJIC3HBIX (DYHKIUH, B pe3ysibTaTe MPOBEACHUS KOTOPBIX 00pa3yeTcs ApeBecHas
3€JIeHb, OTHOCATCS PYOKH yX0/a, 00pe3Ka CyuybeB U BETBCH.
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MeponpusaTus J1ecoX03aiCTBEHHOH 1eATeJbHOCTH, CONPOBOKIAIOIIHECS
o0pa3oBaHHNeM JAPeBeCHOI 3eJIeHH COCHbI 00bIKHOBEHHOI1

Bo3spacrHoii nHTEpBaN
Mepompusitue Copeprxanue pabot HACaXACHUS U UHBIC
ero XapaKTepUCTUKH

Hcnonvsosanue necos

IomHoe v 9acTH4HOE C macTymieHneM

3aroToBKa IPEBECHHBI
yIaleHHUe 1ePEBbEB CIIEJIOCTH JIeca

Brinonzenue padoT 1o reosno-
THYECKOMY U3YUEHHUIO HEJIp,
pa3paboTKa MECTOPOXKAEHHI
THOJIE3HBIX HCKOIAEMbIX
CTpOHTENBCTBO U DKCILTyaTa- INonuoe ynaneHue
L5l BOZOXPaHWIIUII U HHBIX JPEBECHO-KYCTaPHUKOBOU bes orpanndenuit
HCKYCCTBEHHBIX BOJIHBIX PACTUTEIBHOCTH

00BEKTOB, THAPOTEXHUUECKUX
COOPYKEHUH U T. 1.

CTpOUTENBCTBO, PEKOH-
CTPYKILIUSI, DKCILTyaTalyst
JIMHEHHBIX 00BEKTOB

Pacuncrka Tpacc JIOII,

PexoHCTpyKIWSL, 3KCILTyaTa- y/aneHue MonoaHSIK IpEeBECHBIX
U THHEHHBIX 0OBEKTOB JPEBECHO-KYyCTAPHUKOBOW | PacTEHHH A0 4 M BBICOTON
PACTHTENBHOCTH®

OxpaHa, sawyuma u 606‘1’[]701/{3’6006‘1’}16‘0 Jnecoes

PyOku yxoma Ocsetrnenwne (10 10 yet)
B MOJIOZHARAX IMpouncrka (10 20 seT)
IIpopexuBanue.
YX0 B CpeIHEBO3PACTHBIX .
VX071 3a HacaXKICHUEM ApeBoCTOAX* KepnusakoBslii aTam
(2140 neT)

IIpoxoaHbie pyoOKH.
ITocnennuii stan (3a
20 JyieT J1o TIaBHOW pyOKH)

PyOku B mpucIieBaromux
JIPEBOCTOSIX

BripyOka 10 IOTHOTHI
0,4-0,5. [upuna 20...25 m

CBOCTOM HEC CTAapUic
YXOH 34 OIMyHIKaMu IO rpaHune ¢ 0e31eCHBIMU Z[p P

50-60 ner
npocTpancTBamy, 5...10 M
BJ10J1b fopor, JIOTII
. OOpe3ka CyubeB 1 BETBEH B Bo3pacte nmpopexuBa-
VYxom 3a hopmotii cTBoMa p i N S0P pop
C TOBEJICHHUEM 0eCcCyuKOBOH HU (TOBTOpsIETCS Yepe3
1 Ka4€CTBOM APEBECHUHBL *
YacTH CTBOMA 10 6...7 M 4-6 ner)

*MeponpusiTis, TEPCreKTUBHBIC JUIsl MOJy4YeHHs] JPEBECHOW 3eNieHH, oboraineHHou L-ap-
THHHHOM.

OmHO W3 OCHOBHBIX MEPONPHUATHH, OMPEIEISIONINX PEHTA0eIFHOCTh BCETO
[IUKJIa JIECOBBIPAIMBAHNSA, — PyOKH yX0/ia B MOJIOJIHSIKaX, KOTOPbIE MPOBOJAATCS B
HacaxxaeHusx 10 20 net [3]. Hu3kuii mponeHT BEIONHEeHUs PYOOK yXxo/a 00bsICHS-
€TCsI BEICOKOM 3aTPaTHOCTBIO 3TUX padoT [42]. [Tocie pyOok yxoma, 0Ope3KH BETBEMH,
BHECCHHSI yIOOPEHUIH YBEIMYMBACTCSI pa3Mep JIEPEBhEB Pa3pPEIKEHHOTO JPEBOCTOS,
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U3MEHSIETCST €ro Ka4yecTBO [64]. DKOHOMHYECKHUM CTHMYJIOM I IIPOBEICHUS PYOOK
yX0Jla B MOJIOJHSKAX M CPEIHEBO3PACTHBIX HACAXKICHUSIX SBIISETCS OOCCIeUeHHE
MPUOBUTEHOCTH MEPOIIPHSATHS ITyTeM Pa3BUTHS MPOU3BOACTB IO TiepepaboTKe M HMC-
MOJIb30BAHUIO TOHKOMEpPA, HU3KOKAYECTBEHHOM M MAaJOLIEHHOHN JINCTBEHHOW JpeBe-
cuHBL. PaccMarpmBaeTcs BO3MOXKHOCTH TPHUMEHEHHS HEIPEBECHBIX BOJOKHHCTBIX
MaTepHaJIOB I IIPOU3BOJCTBA HEUTIOI036I [120]. MHOTrOYHCICHHBIE ONBITHI JIOKa-
3aJId PEAIbHOCTh M3TOTOBJICHUS KAYECTBEHHOM TEXHOJIOTMYECKOH INenbl U3 TOHKO-
MEPHOM OPEBECHHBI XBOMHBIX U JIUCTBEHHEIX 1Topos [18]. IlepcrnekTnBHO €€ UCIob-
30BaHHE B Ka4€CTBE DHEPIreTHUECKOTO ChIphbs [4, 68, 102, 145, 146]. dna noxydyeHus
ra3000pa3HOTo U KHJKOTO OMOTOILIMBA MPUMEHSIOT TEPMOXUMHUYECKYIO repepador-
Ky OTXOZOB, 00pa3yIoLIUXCsl IPH 3arOTOBKE JIECHBIX pecypcoB [63], B TOM ducie u
CBEPXKPUTHUYECKYIO (IIFOUHYIO 3KCTPAKIIMIO, KOTOpas MPEBOCXOMUT 3KCTPAKIIUIO
BOJISTHBIM TIAPOM TIO Pa3HOOOPA3UIO U KOJIMUYECTBY IKCTPArUPYEMBIX BEIIeCcTB. Pa3Bu-
BAIOTCSI TEXHOJIOTHU HCIIOJIE30BAaHUS HU3KOKAYECTBEHHON M MAJIOTICHHOMN JIPEBECHHBI
B CTPOUTENBHBIX KOHCTpYKmmsax [12]. Pa3pabaTpiBatoTcss CIIOCOOBI MMIIPETHAIINH
TOHKOMEpa OCHHBI U COCHBI ISl M3TOTOBJICHHSI DJICMEHTOB KPOBIH B JIEPEBIHHOM
momoctpoernn [11, 12, 37, 56]. IlepcriekTHBHA Tak)Ke 3arOTOBKA M IepepadoTKa
JIPEBECHOM 3€JIeHH, KOTOpast MOKET CTaTh ChIpheM I Ipou3BoacTBa BAB pazmmg-
Horo newictBug [15, 59, 71, 77, 79]. IlokazaHo pOCTOCTHMYIUPYIOIISE M 3allIUTHOC
JIEICTBUE SKCTPAKTOB U3 APEBECHOM 3€JICHU XBOMHBIX U JUCTBEHHBIX MOPOJ MPU BbI-
palliBaHUU CESHIIEB COCHBI OOBIKHOBEHHOU [23, 24]. [IpeanokeHa MpUHIATHAIEHO
HOBAasi TEXHOJIOTHUS MOMYUEHUS] CTUMYJIITOPA pOCTa Ui COCHBI U3 PACTYLIUX JUCTHEB
HBBI KO3BEH C y4eTOM BPEMEHHOH cocTaBisiiomieii oroopa ceipbs [25, 55]. Pazpabo-
TaHbl HOBBIC arpOTEXHHUYECKUE MPUEMBbI BBIPAIIUBAHUS TOCAJOYHOTO MaTepualia B
TEIUTMYHO-MTUTOMHUYECKUX KOMIUIEKCaX ¢ MPUMEHEHNEM KOMIIOHEHTOB cyOcTpara u3
JIPEBECHOM 3eJIeHN XBOMHBIX M JIUCTBEHHBIX 1MOpoJ [28, 54].

Tomenyuanvhvle ucmounuxu oboeaujertol L-apeununom OpesecHol 3eieHu

AHaNM3 TOTEHIMABHBIX HCTOYHHWKOB CBHIPhS (XBOHW, oOoramieHHoi L-apru-
HUHOM) C YYETOM WX JOCTYITHOCTH, 0OBEMOB, 3aTpaT Ha MPOBEACHUE MEPOIIPHITHI
110 00OTAIIEHNIO0 XBOW L-aprHHUHOM, KOJMYECTBA MOIYYaeMOTO MPOAYKTa C €Iu-
HUIIBI TUIOLIAAN HEOOXOIUM JJIsl OLIEHKH YKOHOMUYECKOH 11e71ec000pa3HOCTH opra-
HU3aLUU TAKOTO MPOU3BOCTBA.

ITonyuenne oborameHHON L-apruHUHOM XBOU B MPOLIECCE 3arOTOBKHU JIPEBE-
CHHBI IIPE/ICTABIISIECTCS TPYJHO OCYIIECTBUMBIM B CBSI3H C TEM, YTO JJIsl 3TOTO MOTpE-
Oyercst yeTkasi yBsi3Ka IJIAHOB JIECO3arOTOBHUTENCH C MPOBEICHUEM MOATOTOBUTENb-
HBIX paboT Mo BHeceHHIo yaoOpenuidl. Kpome Toro, Takoe BHeceHue yaoOpeHuit Oy-
JeT Oecrojie3HbIM C TOYKM 3pPEHHUS MOCIEAYIOIIETO JICCOBOCCTAHOBIICHHUS, UCKYC-
CTBEHHOT'0 MJIM €CTECTBEHHOro. boiee TOoro, OHO MOXKET HMPUBECTH K Oojee MHTEH-
CHUBHOMY POCTY COPHOW PacTHUTEIBHOCTH, MHTEHCUBHOMY 3aJIepHEHUIO BBIPYOKH, U4TO
OyleT MpensTCTBOBATh MPOLECCY IOCIEAYIOIEro JIeCOBOCCTAHOBICHNUS. BHeceHne
yao0peHuit 10 pyOKH INIaBHOTO MOJIb30BaHUS MOIJIO ObI OKa3aThCs MOJIE3HBIM B CITy-
Yyae peayu3alfy MpeIBapruTeIbHOTO BO30OHOBICHUS, HO, YUUTHIBAs TPYJHOCTH CO-
XpaHEHMs MOJPOCcTa B IIPOLECCE PYOKH MAaTEPHHCKOI'O HACAXKICHUS C OMOUIBIO CO-
BPEMEHHOH JI€CO3aroTOBUTENBHON TEXHUKH, IPUMEHSIOT 3TOT CIIOCOO B OCHOBHOM B
neconepUIUTHBIX palfoHax cTpansl [45], uto ams Kapenun He akTyaabHO.

VICTOYHMKOM CBIpbS MOJKET SIBISITHCS APEBECHask 3€JeHb, 00pasylomascsl mpu
BBIIIOJTHEHUU Pa0OT IO T'€0JOrMYECKOMY M3YUEHHIO HeIp, pa3paboTKe MECTOpPOX-
JCHUH MOJIE3HBIX MCKOMAEMBIX, CTPOUTEILCTBY U KCILTyaTallil BOAOXPAHWINIL U
HHBIX UCKYCCTBEHHBIX BOJHBIX OOBEKTOB, THAPOTEXHUYECKUX COOPYKECHUH, BO3BE-
JCHUIO JINHEHHBIX OOBEKTOB.
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Pacunctka tpacc nunmit anexrponepenaun (JIDII), a Takxke Apyrux JTuHEH-
HBIX OOBEKTOB OT JPEBECHO-KYCTApPHUKOBOW PAaCTUTEIBHOCTH SBISETCS KOMIUIEK-
COM PYYHBIX U MEXaHU3UPOBAHHBIX JIECOCEYHBIX PadOT MO BaJIKE, KOPYEBKE HIIU
o0pe3ke JepeBbeB W KYCTapHUKOB IS MPOKIAJKH WU TOJJICPKaHUS Tpacc B
Ha/uIeKaIeM nopsake. B OompIMx KodM4YecTBax JpeBecHas 3eJIeHb 00paszyeTcs B
MpoIecce BBIPYOKH Tpacc MpH CTPOUTENbeTBe fopor, JIDII, HedTe- u ra3omnposo-
JIOB, a TAK)KE MPH UX PEKOHCTPYKIIUH 1 KCILIyaTalnuy (CM. TaOIHITy).

Pacuucmka mpacc noo JIDII npu sxcnayamayuu. llpoGiieMa pacuucTKh
Tpacc nmox JIDII akTyanbHa Ui MHOTUX 3HeprocucteM Poccun. 3apacraHue npocek
JIPEBECHO-KYCTapHUKOBOUW PaCTUTEIHHOCTHIO MMPUHOCUT OOJBIION IKOHOMHYECKUI
yiep0, BBI3BIBasl aBapuu, paboTel mo pacuuctke Tpacc JIOII HeoOxommmbl mis
obecriedeHus] HaJIe)KHOCTH dHEpProcHadeHus norpedureneil. [IpoBenenue pacuu-
CTOK TpeOyeTcs yepe3 Kaxkaple 5—15 JieT, B 3aBUCHMOCTH OT MOPOJBI ACPEBLEB U
MMOYBEHHO-KIIMMATHYECKUX yCIoBUN. JJi ynaneHus nin U3MenbueHUs JPeBeCHO-
KyCTapHUKOBOW PaCTUTENBHOCTH IIPH PACUHUCTKE TPACC JIMHEHHBIX O0OBEKTOB pa3pa-
0aThIBAIOTCS CICIMATU3MPOBAHHBIC MAIIMHBI U HaBecHbIe arperaTsl [44, 50]. Uc-
M0JIb30BaHUE IPEBECHOM 3eJIeHH, MoJydaeMou npu pacuuctke Tpacc JIDII, B kaue-
CTBE CBHIPBSA I TodaydeHns bAB mo3Bonmio Obl COKpATUTh PacXOAbl IO 0OCITYKH-
BaHuto Tpacc [61]. IIpu 3TOM BBIpyOaArOTCS OOBIYHO MOJIOAHSKH JI0 4 M BBICOTOM,
YTO PErIAMEHTUPYETCS TEXHHYECKUMHU TPEOOBAHUSMHU IO JKCILTyaTallul TaKUX
00BEKTOB.

Hpesecnas 3enenv om pyoox yxoda. PalmoHaJ bHBIM MPEACTaBIsIETCsT 0Oora-
IIEHUE JPEBECHOH 3eJeHU L-apruHUHOM IPH OCYIIECTBICHUU MEPONPHUATHH IO
OXpaHe, 3alUTe M BOCIIPOU3BOJICTBY JiecOB (cM. Tabmwmity). [Ipu BeicTpanBanuu mo-
CJIEIOBATEIHHOCTH TaKWX 3aTPATHBIX pabOT MO yXOIy B MOJOIHSKAX COCHBI, Kak
pYOKH NMPOYHCTKH U MPOpPEKUBaHUSA, 00pe3Ka BeTBEH U BHECEHUE y100peHMiA, nMe-
€TCsl BO3MOYKHOCTb COKPAaTHTh PAacXojbl 3a CUET MOJYUYEHHs AOIMOJHUTEIBLHOTO
npoaykra. IlmanmpoBanue paboT M WX KOPPEKTHPOBKA JOJDKHBI MPOBOIUTHCS Ha
OCHOBE TOCTPOCHUSI SKOHOMHYECKH Y(PQEKTUBHBIX Lienovyek Mmeponpusruii [40].
PyOku yxona HeoOXoanmbl it (GOPMHUPOBAHUS BHICONPOAYKTHBHBIX Haca)JICHUH
W3 1eJIEBBIX JIpeBecHBIX mopon [33, 64, 65, 73], noaaepxkaHus IPEeBOCTOS HA MaK-
CUMyMe€ TEKYIIETro MPHUpOCTa M yIydIIeHNsl ero ToBapHOW cTpykTypsl [40]. Kaue-
CTBEHHOE U CBOEBPEMEHHOE MX BBIMIOJHEHHE TO3BOJISIET MOBBICUTE pa3Mep MOJb30-
BaHUS JIPEBECHHOW C €JIMHUIIBI JIECHOW TUIOMIA/IN | SIBISIETCS CEPhE3HBIM JIOTIOTHU-
TETBHBIM UCTOYHHUKOM JIPEBECHOTO CHIpbs [46]. AKTHBHO HCCIIEIOBANIOCH BIIHMSHHE
MPOPEKMBAHHS HA POCT JEPEBHEB B UACTHIX HACAYKACHUSIX COCHBI OOBIKHOBEHHOW 1
KauecTBO moirydyaeMoit apeBecunsnl [13, 20, 45, 91, 93, 94, 127, 137, 143]. 3uauu-
TeJIbHOE BHUMAaHHUE yNEISIOCh BEIPAOOTKE KpUTEPHEB OLEHKH 3(pPEeKTHBHOCTH Me-
ponpusituid. Bo3nelicTBue MpOpeKUBaHUA HA COCTOSIHUE U MPOJYKTHUBHOCTH
HaCa)XJICHUsI OLICHWBAJIM MO0 M3MEHEHUIO IJIOLIaN MONEPEYHOro CEUEHUs! CTBOJIOB,
CyXOM MaccChl, COJEpXAaHHWIO yIiiepoja W a3oTa. BiusHne Ha OHOJIOTHYECKYIO
YCTOWYHMBOCTH XapaKTEPH30BaJIM MMOKA3aTeIeM )KU3HEHHOTO cOCTOsSHU. s oreH-
KM OOIIIET0 COCTOSTHUS PacTeHUsI M €ro dHEPreTHYecKOro OajaHca NMpH ONTHMH3a-
[IUU TTapaMeTPOB Pa3peKUBaHMs B KaueCcTBe MHPOPMATHBHOTO MOKa3aTelsl mpeia-
raeTcsl MCIOJIb30BaTh WHTEHCHBHOCTH JbixaHus KopHer [30]. OObeKTHBHBIM KpH-
TepHeM JJIsl YCTaHOBJICHUS BO3pacTa MPOBEACHHUS MOCIEIYIOINX MPUEMOB PyOOK
MOJKET paccMaTpUBaThCsl TEKYIIUN IPUPOCT 1o auameTpy [33].
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IToxazaHo, 4TO MPUPOCT TOBAPHOTO 0OBEMa HE YMEHBIIAICS CO CHIDKEHHUEM
IJIOTHOCTH HACAXICHHUH B IMHPOKOM Auana3oHe [99, 134]. [IpopexuBanue criocoo-
CTBOBAJIO POCTY OCTABIIIHMXCS JIEPEBHEB 32 CUCT CHIDKEHUS KOHKYPEHIIMH 3a PECyp-
ChbI OJIaro/1apsi YBEJIMYCHHUIO Pa3MEPOB KPOHBI, MACChI JINCTBBI Y OCTaBIIMXCS JIepe-
BbEB, MOBBIIICHUIO €€ (DOTOCMHTETUYECKOH CIIOCOOHOCTH B YCIIOBHSX YITyYIICHHS
OCBEILIEHHOCTU HMKHEW yactu KpoHbl [85, 121, 143]. Ontumuzanueii mo4BeHHO-
CBETOBOTO pecypca MOXHO 3HAYUTEIHHO TOBBICHTH MPOIYKTHBHOCTH COCHSKOB
[32]. Pa3zpexxnBanue MOKET BIHUATH Ha POCT JAEPEBHEB 3a CUET MUKPOKIMMATHUE-
CKHX ycloBuil. MI3MeHEeHNE XapaKTePUCTHUK, ONPEACISIONINX Ka4eCTBO JPEBECUHBI,
KOCBEHHO KOHTPOJIUPYETCSI pa3MepoM, pacrpeneicHueM U 3(PQPEeKTUBHOCTHIO -
CTOBBIX OpraHoB [121]. BoNbIIMHCTBO POpPEKUBAHHNA, KaK TIPABUIIO, CIIOCOOCTBYET
Pa3BHUTHIO KPOHBI B Hadaje Ce30HA, 4TO 0OecredrnBaeT yBeIHUeHHE IIUPUHBI TO-
TUYIHBIX KOJICIl, JOJHM paHHEH NPEBECHHBI W TMEPEXOMHBIX TPaxXewa B TOTUIHOM
KOJIbIE. B HEKOTOPBIX CUTYaLMSIX IPOPEKUBAHUE MOKET TAKKE MOBBICUTH MPOAYK-
TUBHOCTb XBOM U CE30HHYIO IIPOJIOJDKHTEIBHOCTh (DOPMUPOBAHUS JPEBECHUHBI
[121]. OTMedeHO CHIDKEHHE pUCKa BEPXOBOTO TOXkKapa Ojaromapsi yMEHBIICHHIO
00BEMHO TUTOTHOCTH TIOJIOTA B PE3yIbTaTe HHTEHCHBHOTO pa3peskuBaHus [91].

UToOBI ONTUMHU3UPOBATH KAUECTBCHHBIC XaPAKTEPUCTHUKU (HOPMHUPYIOITHXCS
CTBOJIOB B MOJIOJIHSIKE, HEOOXOJIMMO HAWTH ONTUMAJbHBIN OaJlaHC MEXIY J0CTa-
TOYHOH CKOPOCTBIO POCTa CTBOJIA U CTEIEHbIO YBEIMYCHUS AMAMETPA KPOHBI, CO-
JIEHCTBOBAaTh CAaMOOYMIIECHNIO WM TPOBOJUTH HMCKYCCTBEHHYIO OOpE3Ky >KHBBIX
BETBEH, 00eCTIeunBaTh ONTUMATBHBIA PeKUM IUTaHus [121].

[Ipu >KCTEHCMBHOM BEICHHUH JIECHOTO Xo3siicTBa Ha EBpomeiickom Ceepe
pyOKH yXoOja MPOBOJSATCS B HEAOCTATOYHBIX oObeMax [73]. OmHa U3 OCHOBHBIX
IIPUYUH — OTPAHUYCHHBIN COBIT JApPEBECUHBI OT PyOOK yxojaa. Ilpu 3TomM BO3MOXK-
HOCTh WCIIOJI30BaHUS O0pPa3yIoMIeiicss APEeBECHOW 3eJIeHH MPaKTUYeCKH HE pac-
CMaTpPUBAETCS.

lpesecnas senenv om obpesxu scusvix eemaeti. [lomnmo pybok yxona, K He-
KOMMEPYECKUM MEPOIIPHUSITUSM IO YXOJy 3a JIECOM, B IPOIIECCe KOTOPBIX 00pa3y-
€TCsl JIpeBeCHas 3eJICHb, MOXXHO OTHECTU MCKYCCTBEHHYIO OOpPE3KYy CY4YheB U BET-
BeH, yxox 3a omymkamu. OOpe3Ky B IeJIsX MOBBIIICHUS! Ka4eCTBa CTBOJIOB TIPOBO-
JISIT B MOJIOJIBIX COCHOBBIX HacaxaeHMsX [134]. B pesynbrate 00pe3Kku *KUBBIX BET-
BeH (3eNeHoi 00pe3KH) MPOTSKEHHOCTh KPOHBI B BEPTHKAIHLHOM HAIPaBICHUH
CHIDKAETCs, OOJIBINAsl YaCTh CTBOJIA OKA3BIBACTCS CBOOOIHON OT BETBEH. YMEHbIIIE-
HHE KPOHBI IPUBOAUT K BPEMEHHOMY MOJAaBICHUIO POCTA, HO BCKOPE HUYKHUE BETBU
Yy HOBOT'O OCHOBAHHUS KPOHBI CTAHOBSITCS KPYMHEE U pacTyT sHepruunee. [Ipu uH-
TEHCHBHON 00pe3Ke paJualibHBIA POCT Y OCHOBAaHHWS CTBOJIA 3aMeUIseTcs, a ypo-
BCHB, HA KOTOPOM 00pa3yroTcs KOJIbIla MAaKCHMAILHON IITUPHUHBI, CMEIIACTCS] BBEPX
K HOBOMY OCHOBaHHIO KpoHbI. HaOitoaeTcst cHmkeHue coexucroctu cTBoja. Oj-
HOBPEMEHHO C STUMHU H3MEHCHMSIMH B IIMPUHE TOAMYHOIO KOJbLIA JOJIS MO3JHEH
JPEBECUHBI U IJIOTHOCTh YBEJIMUMBAIOTCS B HIDKHEH yacTu cTBoja [121].

Y MOJIOBIX IEPEBHEB B TOJIMYHBIX KOJIBI[AX, PACIIONIOKEHHBIX HUKE OCHOBA-
HUSI HOBOW KPOHBI, 00pe3Ka CIrocoOCTBYET YCKOPEHHIO TIEPEX0/1a OT FOBEHUIHLHON K
3penoii gpeBecrHe. Bo MHOrOM peakiusi AepeBa Ha 00pe3Ky KHBBIX BETBEH MPOTH-
BOTIOJIOXKHA PEaKIuy Ha MpopekuBaHue. Kak u mpu mpopexuBaHuu, 3PPEKTHI
00BIYHO KpaTKOBpeMeHHbI. KapThHa pocra BO3BpallaeTcs K UCXOJIHOW B TEUCHUC
HECKOJIBKHX JIeT. 3ejeHass 00pe3Ka sSBISeTCS TPYJ0EMKON 1 OTHOCUTEIILHO TIOPOTOit
nporemypoii [121]. OOpe3Ky CyubeB U BETOK MPUMEHSIOT IS YITyUIICHUS KauecTBa
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CTBOJIA, YBEJIMYECHUSI CTOUMOCTH MUIOBOYHUKA. [IpM HHTEHCUBHOM BEJICHUU JIECHO-
IO XO3sIICTBa OHA CUMTAETCS HEOOXOIUMOM MEpOl yXo/a 3a JIeCOM, TPUMEPOM BBI-
TOJTHOCTH KarnTaJoBIOKeHHH [19, 86]. O0pe3ka 3HAYNTEIIBHO MOHMWKAECT CYUYKOBa-
TOCTD, SBJIAIOINYIOCSA OAHUM M3 TNIABHBIX COPTOONPCACIIAIONIUX MTOPOKOB JPEBECU-
Hbl. Cy4KH 3aTpyAHSAIOT 00paboTKy JIPeBECHHBI, N3MEHSIOT €€ MEXaHUIeCKUEe CBO-
ctBa [6]. [Ipu ananm3e copTOOOPA3YIOMUX MTOPOKOB B MAPTHAX IOCTABOK COCHBI U3
cpenHeTaeKHOM nmoa3oHbl Kapenun ycTaHOBIEHO, UTO OJHUM W3 OCHOBHBIX BHJIOB
ITOPOKOB, MOHMKAKIIUX COPTHOCTD IMOCTYIMUBIIUX JIECOMATECPHUAIOB, HApPAAY C KpH-
BHU3HOH M THUJIBIO, SIBISIIOTCS KpynHbIe cyubs [57]. IIpakTuka neconwieHus noka-
3bIBAET, YTO HAJIMYUE KPYIHBIX CyUYbEB 3HAYUTEIBHO CHUKAET COPTHOCTDH JPEBECHU-
Hbl U CTOMMOCTb KOHEUHOH NMPOIYKLHH, a CIEHOBATEIbHO, U €€ KOHKYPEHTOCIHO-
COOHOCTH Ha pBIHKE. B 1emsix yBenudeHuss 0ecCydYKOBOW 30HBI B HIDKHEH YacTH
CTBOJIa PEKOMEHYETCs TIOBBIIIATh BO3pacT pyOKH, YTO elle YBETHYUT CPOK OKyTa-
€MOCTH JaHHOI'O JIECOBOJICTBEHHOTO MEpOIpPHATHS. 3aroToBKa M HCIOJIb30BaHHE
o0pa3yroleics ApeBecHO! 3eJIeH! MO3BOJIMIIA Obl COKPATUTh PACXObI HA €ro Mpo-
BEJICHUE.

Yoobpenus u komniexcuvie yxoovl

OOu1yr0 OLIEHKY 3aBUCHMOCTH KadecTBa JPEBECHHbI XBOWHBIX OT BHECEHHS
ya0OpeHuil n1aTh HE MPOCTO H3-32 OOJIBLIOTO KOJMYECTBA BIMAIOUIMX (aKTOPOB.
JIOBOJIBHO CJIOXHO CpaBHHMBAaTh PE3yJbTaThl, IMOJTY4YEHHBIE B pa3HBIX JECOPaCTH-
TEJIbHBIX YCIOBHUAX M PAa3HBIX PETHOHAX HCCleNoBaHUN. B akcnepuMenTax HaOmro-
Jlay Kak OBICTPYIO M 3HAUMTENbHYIO PEakIUio Ha yAOOpeHus, Tak U MEeHee BhIpa-
JKEHHYI0 WM JIaXe MOoJHoe ee oTcyTcTBUE [88, 92, 124, 148].

HccnenoBanusi, CBsI3aHHBIE C POJIBIO a30Ta B JIECHOM OMOreoLeHO3€, CTaIH
OJIHMM U3 OCHOBHBIX HAIIPABIEHUH JIECHOW HAYKH CO BTOPOH nosoBuHbl XX B. Pe-
3yJbTAaThl PAaHHUX OKCIEPUMEHTOB C HWCIIOJIb30BAaHUEM CEIIbCKOXO03HCTBEHHBIX
yAOOpeHUi B XBOWHBIX HACAKACHUAX OKA3aIHCh OY€Hb MHOrooOemarommuMu |88,
106]. Bo BceM mMupe aKTUBHO M3Yy4ajlCh OMOT€OXMMHUS 3TOTO YacTO JIMMHUTUPYIO-
IEro AJIEMEHTA MUTAaHUs, BO3JICHCTBUE a30THBIX YI0OpEHHI Ha POCT JIECHBIX KYJIb-
Typ. BbII0 poBeieH0 MHOYKECTBO SKCTIEPUMEHTOB T10 BIMSHUIO a30THBIX YJI00pe-
HUM Ha POCT COCHBbI HAa MHMHEpaibHbIX nouBax [87, 100, 131, 148, 152, 155, 157].
OTH HccIeoBaHus BKIIIOYAIM BHECEHHE yIOOPEHUH Kak OZHOKpaTHO [39], Tak u
MHOTOKpaTHO, ¢ uHTepBaiamu [17, 67, 110, 113, 114, 118, 128, 140] unu exeron-
HO [106, 107, 135, 152]. Y cocHBI ynoOpeHUsT YCHIMBAIA POCT XBOU M YBEIIMUHUBA-
au ee OMomaccy, aKTHBHU3UPOBAJIM MUTOTHUYECKYIO AEATEIBHOCTh KaMOusi, MOBBI-
HI1ajgd NPOSYKTUBHOCTH [38]. YBenuueHHe Macchl XBOM OCOOCHHO MPOSBISIIOCH
gyepe3 2-3 roxa [148]. Pocty B 1menoM u pa3BUTHIO KPOHBI BHECEHHE YA0OpEHUIt
CIOCOOCTBYET, HO y XBOMHBIX PACTeHUH yYBETHYEHNE PAIHaTFHOTO TPHPOCTA YACTO
CBSI3BIBAIOT C YMEHBLICHHEM IUIOTHOCTHU JApEBECUHBI [2], mpuuem Hambosee BbIpa-
’KEHHO 3TO TMPOSIBJSETCS B HIKHEW yactu ctBosa [131]. B Hacrosiee Bpems ak-
TUBHO M3Yy4aeTcsl BIUSHHUE SK30I'CHHBIX (PAKTOPOB Ha IIOTHOCTH JApPEBECHHBI [74].
[To manaemM [121], mpoleHT TO3MHEH IPEBECHHBI B TOAUIHOM KOIBIIC MOXET OBITh
COXpaHeH, HECMOTPsI Ha POCT MIMPUHBI TOAWYHOTO KOJbLA, Oyarogapsi yBEINUCHHUIO
Macchl JUCTBBI, AP HEeKTUBHOCTH POTOCHHTE3a U MPOJIOIDKUTEIFHOCTH TIEPHO/ia Bere-
TaIyu, MPOUCXOIAIIEMY B pe3ylIbTaTe BHECEHHs y00peHuit. [Ipr HeKoTophIx 00CcTOs-
TENbCTBAX MOBBIICHHAST 3P (PEKTUBHOCTH (POTOCHHTE3A MOXKET 3HAYUTEIBHO YBEINIH-
BaTh TOJIIMHY KJICTOYHBIX CTEHOK Tpaxewus Mmo3aHei apeBecuHsl [121]. PaspabaTbiBa-
FOTCSI IPOTHOCTUYECKHE MOJIEITH, OTPayKaroIfe PEaKIMio POCTa IPEBECHBIX PACTEHUI
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Ha yAoOpeHus, U pacyeTa peHTa0eIbHOCTH JIeCOX03IHCTBEHHBIX MEPOTIPUSTHH, a
TaK)Ke OLIEHKM MX BO3JEHCTBMSI HA IOIVIOLIECHUE YTIEpoJa JIECHON 3KOCHCTEMOM B
LIEJIAX MOCIEAYIOIIEr0 OMPEACIICHUS] TPUOPUTETHOCTH MHBEeCTUITMH [151].

Buecenune Ha 1 ra cocHOBOro HacaXaeHus B 10kHOM yacTtu IlIBernun 150 kr
azota B ¢gopme HuTpata ammonus (NH4NO;3) mpuBoamio K yBETHYEHHIO pOCTa
ctBoJia cocHbI [148]. [Ipu Takoit 103€ a30Ta JOTOJHUTENbHBIA TPUPOCT IPEBECUHBI
COCHBI OOBIKHOBEHHO# MOT IOCTHTaTh 15 M’/ra, obecredrBas S9KOHOMUIECKYIO OT-
nady ot uHBectunui Oosiee 10 % B rox [114]. HauGosnee Bbipa)keHHOE BIIHMSIHHUE
A30THBIX yIOOpEHUI Ha POCT COCHBI HaOMIoaaMu B TiepBeie 5—10 et mociie BHece-
HUS, HO HE3HAYUTEIhHOE BO3/IEHCTBHE COXPAHSJIOCH M B O0Jiee OTAaJIeHHBIE CPOKH
[88, 101, 140]. OOmias TeHIEHIMs B JOATOCPOYHON MEepCIeKTHBe, yepe3 14-28 ser
[ocjie BHECEHHMSI a30THBIX yI00peHHi, OblIa ONI0KUTeNbHOH. [Ipy pacueTe nHaeK-
ca 3¢ (heKTUBHOCTH yAOOPEHUI C TOYKW 3PEHHUS 3aKpeIyIeHHus yriiepoja oOHapyxe-
HO, yTO n00aBieHue azora B koauuectBe 600...1800 kr/ra crroco0CTBOBAJIO JOIIO0JI-
HUTEJIBHOMY HaKOIUIEHHIO COCHOHM OOBIKHOBEHHOH okoiio 30 kr yriepona Ha | kr
aszora [88, 110].

Xopomas 00ecTIeYeHHOCTh a30TOM MOXET MPHUBOAMTH K ACHUIIUTY APYTUX
anemMeHToB Tutanus [107, 135], pa3damaHCHPOBAHHOCTH B OOECIICYCHHOCTH (oc-
($opoM U mocneayromeMy OrpaHUuYeHUI0O HHTEHCUBHOCTH (oTocunTesa [153]. OT-
MEYanoCch CHIKCHHE TIIOJIOKHUTEIBHOTO BIMSHHUS A30THBIX YIOOpeHWH Ha pocT
XBOWHBIX PAacTeHMH TP HMX COYETAaHUH C HM3BECTKOBBHIMH Marepuanamu [148].
[Ipenmonaraercsi, 4To 3T0 OBUIO BBI3BAHO JAe(PUIUTOM OOpa, TaK Kak TOSBICHHE
XapakTEePHBIX Ul HEro MOP(OIOTHIYECKUX MPU3HAKOB (HApYILICHUE BEPXYIIEYHOTO
pocTa, THOENb BEPIINH, CHUKCHUE €r0 KOHIICHTPAITMH B XBOE COCHBI) HAOII01aTH B
SKCIIEPUMEHTAaX C MpUMEHeHueM u3BectH [ 148].

[lpuznaku neduuura 6opa NMpHU M3BECTKOBAHUHM OBUIM OTMEYEHBI y COCHBI
00bIKHOBEHHOM (Pinus sylvestris L.) u enu eBponeiickoii (Picea abies (L.) Karst.) B
CraHIMHABUU W COCHBI CKpydeHHOU (Pinus radiata D. Don) B HoBo#i 3emangnu
[90, 108, 129]. OHu cTaHOBUJIMCH MEHEE BBIPAXKEHHBIMU Y 3TUX BUJOB IIPHU MIPUMeE-
HEHMH TOJBKO OOPHOTo yJOOpeHMs MM B KOMOMHAIMM ero ¢ a3oToM. OJHUM U3
HanboJsee 0uYeBUAHBIX 3P(PEKTOB OT BHECEHUS a30THBIX YI0OpEHHH OBUIO yBeInye-
HUE KOHIICHTpAIlMH a30Ta B XBOE B TEUEHHE HECKOJBKMX JIET MOCIE BO3JACHCTBHA
[107, 113].

B 70-80-x rr. XX B. O0JbIlIOC BHUMaHUE OBUIO YJIEIEHO BOIPOCY O BO3MOXK-
HOCTH M30BITOYHOTO TMOCTYIJICHHSI a30Ta B JIECHBIE dKocucTeMbl. [IpuBonsaTcs npu-
Mepbl MHTHOWPOBAaHHS POCTa JPEBECHBIX PACTEHHH, YBEIWYEHHUS TOJHM OTHajaa IMpH
BO3/ICHCTBHH BBICOKMMH JI03aMH a30THBIX yaoOpenwii [124]. B pamkax MexmayHa-
POJHOI COBMECTHOM MpOrpamMMBbI 0 OLIEHKE U MOHUTOPUHTY BO3/IEHCTBHS 3arps3He-
Hus Bo3ayxa Ha jeca (ICP Forests) ncciieioBamy B3auMOCBSI3b MEKIY POCTOM JIPEBO-
CTOSl ¥ OCKICHUEM a30Ta 10 WHPOPMAITUH, TTIOy9aeMOl C CeTH y4acTKOB Ha OOJIb-
et yactu EBpornbl [92]. TlonoxkutenbHOE BIMSHUE a30THBIX yIOOpEHUH OBLIO BBI-
SIBJICHO Ha (pOHE HM3KHMX YpOBHEH OCaKJCHUs a30Ta, He mpeBbimatonmx 10 kr/ra B
roJ. AOGCOIOTHBIN MPUPOCT Jieca OBUT HEIMHEHHO CBSI3aH ¢ OCAKIACHUEM a3o0T1a. MH-
TeHCU(UKAIMIO POCTa IO JIEHCTBMEM a30Ta HAONIOAa M Ha T0YBaX C HU3KAM CO-
JIepKaHUEM HJIEMEHTOB [TUTAHUS B OTJIMYME OT II0YB C BHICOKUM MX YPOBHEM [92].

Konkypenmus 3a cBeT, BOJly U MUTATEIbHbBIE BEIIECTBA BIUSICT HA IMOKA3aTeIH
pocTa IpeBeCHbIX pacTeHui. J[J1s mpeloTBpalleHUs] Ype3MEPHOU KOHKYPEHIINN MEXK-
Iy JIepEeBbSMHU MPOBOASAT HEKOMMEpUYEeCKHe pyOKH (IpOpeXHBaHHE), COXPaHss MPU
9TOM JOCTaTOYHOE KOJIWYECTBO JIEPEBHEB B HACAK/ICHHUH, TApAHTHPYIOIIEE BEICOKYIO
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MIPOTYKTUBHOCTH ydacTka [92, 154, 159], a ontuMuzamuio ypoBHsi 00eCIIeUeHHOCTH
3JIEMEHTaMH THUTaHUs JI€PEBbEB OCYIIECTBIIAIOT BHECEHHEM MHHEpabHBIX yI00pe-
Huil [144]. Ilpu coBMECTHOM NPOBENEHWH TH MEPONPUATHA MOTYT BBI3BaThb POCT
MIPOTYKTHBHOCTH, a TAK)K€ OKa3aTh 3HAYUTENHHOE BIUSHUE Ha KAYeCTBO KaK HACaXK-
TIEHUSI B 1IEJIOM, TaK U OTIEILHBIX IepeBhEB B HeM [94, 127, 146, 154].

Bonee BrIcOKME TEMITBI pOCTa MOTYT MPUBOJUTH K 0OJiee HU3KOH MJIOTHOCTH
JIPEBECHHBI JOMUHHUPYIONINX JIEPEBHEB, YEM y JIePEBbEB TOTO K€ BO3pacTa C yrHe-
TEHHBIM POCTOM, YTO HEOOXOIMMO YUHUTHIBATH MPH IJIAHUPOBAHUU JIECOBOJICTBEH-
HbIX Mepornpuatuit [139, 147]. IlockonbKy pe3ynbTaThl TAKOIO KOMILIEKca BO3zei-
CTBUI MOTYT UMETh OOJIBIIOE MMPAKTHUECKOE 3HAUSHHE, OBUIA TIPOBEICHBI MOIPO0-
HBIE MICCIIEIOBAHMS CBOICTB APEBECHHBI, 00pa3yIOIIEHCs 1OCIIe er0 OCYIIeCTBIIe-
Husa [111, 123, 126, 130, 131, 139, 154]. VBenuueHue paauaibHOTO MPUPOCTA Y
XBOWHBIX PACTEHUH KaK pe3ysbTaT BHECEHUS yI0OpeHUN OOBIYHO aCCOIUUPYETCS C
YMEHbBIIIEHUEM TUIOTHOCTH JIPEBECHHBI, XOTS JUTEPATyPHbIE TaHHBIE OTHOCHUTEIIEHO
BIIUSIHUSI TIPOPE)KUBAHNUS, OOPE3KH M BHECEHHs YIOOPEHUH Ha Ka4eCTBO APEBECUHBI
UMEIOT MpOoTHBOpeunBhIid Xapakrep [123, 131]. [Tokazano, 4T0 KOMOMHUPOBAHHOE
MIPOpEKUBAHNE U BHECEHHE yIOOPEHMI YBEIIMYUBAIOT O0IIee MPOU3BOJICTBO CYXOTO
BEIIECTBAa HA JIEPEeBO B OOJIbIICH CTEHCHH, YeM CyMMapHbie 3PQPeKThl 00paboTOK,
MIPUMEHSEMBIX IO OTACIBHOCTH [156].

Oyenka 3anaca opegecHoll 3eenu

Jlecnoe pecypcoenenue TpeOyeT TOYHOTO MOIX0/Ia K H3yUEHHIO PECypCHOTO
MOTEHIUAJIA, KOJIMYECTBEHHBIX U KAUeCTBEHHBIX XapaKTEPUCTUK HAJ3eMHOUN (uro-
MAaccChl JIDEBOCTOEB B CBS3H C JIECOPACTHTEIbHBIMHU yciioBusiMu [7]. Heobxomumo
BEISIBJIICHHE aJUIOMETPUYECKHX 3aKOHOMEPHOCTEH, Mory4eHne nH(opMaiuu o Ono-
Macce JIpeBOCTOS M0 KOMIOHeHTaM Jepesa [145]. XoTs umeercs orpoMHOE KOJH-
YECTBO JIAHHBIX O MPOAYKTHBHOCTHU JICCHBIX HACAXKIICHUN, B OCHOBHOM JTO KacaeTcs
CTBOJIOBOM OMOMAacchl — Hanbollee YKOHOMHUYECKH IIEHHOW YacTH, B TO BPEeMsI Kak
NIpyTHE HAa3eMHBIE KOMIIOHEHTHI OMOMAacChl 9acTo He yUuThIBaroTCs [115]. Anamm3
MHOJKECTBa AMIHUPUYECKUX MOjelell, OTpakalolX aljJoMeTpuYeckre 3aBHUCHMO-
CTH Y MTOCTPOCHHBIX JUIS OLICHKU OWOIMPOYKTUBHOCTH Jieca Ha OCHOBE JIaHHBIX OT-
HOCHUTEIBHO OOBEMOB CTBOJIOBOW JIPEBECHHBI M OHOMACChl IMPEHMYIIECTBEHHO
HA/I36MHBIX KOMIIOHEHTOB JIepeBa, MPOBECH IJIi OCHOBHBIX JIECOOOPA3YIOIINX BU-
noB EBporiel [164]. BeisiBrieHre Takux 3aBUCUMOCTEH HEOOXOAUMO JIJIsl yCTOHNYNBO-
ro IJIAHUPOBAHMSI UCIIOIb30BAHUS JIECHBIX PECYPCOB.

Bonbioii 00beM JaHHBIX OTHOCHUTEIBHO OMOMAcChl XBOM M BETBEH, Ooiiee
JUHAMUYHOT'O TIOKa3aTells, YeM CTBOJIOBOM KOMIIOHEHT OMOMACCHI, MOJyYeH IpH
MPOBEJCHUN Pa0OT IO OIICHKE 3allacaHus yriiepojia B HAJI3€MHOM JIECHON IKOCH-
creme B posrocpoyrom acmekte [115, 116, 141]. B pesymnprate MHOTOYHCICHHBIX
WCCIIEIOBAHUM YCTaHOBJIEH PSJ] 3aKOHOMEPHOCTEN B HAKOIJIEHWH XBOWHOW Macchl
COCHBI OOBIKHOBEHHOH [5, 8, 22, 34, 36, 76, 115, 116, 122, 158]. B ony0nukoBaH-
HBIX JTaHHBIX OTPa)K€Ha 3aBUCUMOCTb HAKOIUICHUS W pacHpeleicHHs] HaA3eMHOM
Omomacchl OT BO3pacTa HACAKIACHUS, KIMMATHUYCCKUX YCJIOBHUM, HAJIMYUS ITHATA-
TenbHBIX BemiecTB [138, 142, 160]. M3-3a pasnuuuii B yCIOBHSX MPOU3PACTAHUS
MOJKET TI0-pa3HOMY NPOUCXOJIUTh (OPMHPOBAHHWE BO BPEMEHH pPaCIpelleIeHHUs
OmoMacchl M aJUIOMETpHS IePEBhEB HA PAa3NMUYHBIX ydacTkax [115, 125, 142, 158].
Bonpmrast 9acTh SMOUPHUECKUX YpaBHEHUH, OMUCHIBAIOIINX HAI3EMHYIO OHOMaccy,
MOCTPOCHA JJIsl MPUCTICBAIOIIUX U CIENbIX HACAXKIACHUM, HO B Psic HCCICIOBaHUI
MPUBOAUTCS WH(OPMAITUST OTHOCHTEIBHO PAcCIpe/leieHns] HaJ3eMHONH OHMOMacchl B
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MOJIOJTHSIKAX COCHBI OOBIKHOBEHHOM, YTO HEOOXOIUMO IS OLIEHKH 3aIlacoB JIpe-
BECHOMU 3€JICHH, IIPUTOIHOM K 3arOTOBKE B KQ4e€CTBE 00OTalleHHOTO OMOJIOTHYECKHI
AKTUBHBIMU BEIIECTBAMHU PACTUTEIHLHOTO CHIPHSI.

Tpunyun 6e30mxoonoil nepepabomxu 0pesecHoll 3eieHu

COBepIICHCTBYIOTCSI TEXHOJIOTHH JIECO3aTrOTOBKH, JIECOTTMIICHUS, BEIEHHS JIeC-
HOTO X03s1HcTBa. KoMITiekcHas mepepaboTKa JECHBIX PECYPCOB MPEANoaraeT pa3Bu-
THE TEXHOJIOTHII MaKCHMAJBHO TTOJIHOTO HCIOJIB30BaHMS OMOMAcCHI JepeBa, COKpa-
IIEHUS KOJIMUECTBa O0TX0M0B [4, 16, 44, 63]. B mocneanee BpeMsi BO MHOTHX OTpac-
JISIX TIPOMBIIIIEHHOCTH 3HAYUTENBHBIC YCHITHS HAIPABISIOTCS HA CHIDKEHHE 3aBHCH-
MOCTH OT TOILIMBA U MPOAYKTOB Ha ocHOBe Hedtu [150]. Poct mpousBocTea miact-
Macc B pa3IMYHBIX cepax >KU3HHU MPUBEN K OTPOMHBIM MPOOJIEMaM C yTHIH3alneH
ITACTUKOBBIX OTXOJIOB, CTajla OYEBUIHOM HEOOXOIUMOCTh Pa3pabOTKH HOBBIX, 3KO-
JIOTHYECKH YHCTBIX MaTEPHAIoB. DKOHOMUYECKH (P PEKTUBHA pa3padoTKa KOMIIO3H-
TOB Ha OCHOBE HATypaJbHBIX BOJIOKOH B KaueCTBE apMHpYIOIIero marepuana. Mc-
TOJTb30BaHUE HATYPAHLHBIX BOJIOKOH, SIBIIIONIMXCS BO30OHOBIISIEMBIMH, OHOpa3ara-
eMBIMU MaTepHajJaMu, aKTUBHO Bo3poxaaercs [89, 119, 132]. B psane uccrnenoBanuit
ITOKa3aHO, YTO TIOTy4EeHHBIE 3 COCHOBOW XBOHM HaTypaJbHbBIE BOJIOKHA MOTYT IIpUMe-
HATHCS B KAYECTBE apMHUPYIOMIETO MaTepralia B pa3IUYHbIX KOMIIO3UTaX, B TOM YHC-
ne momuMepHBIX [104, 105, 149, 150]. beicTpo pacTyummii cipoc Ha Oymary u KapTOH
MPUBJICK MPUCTATILHOC BHUMAHUE K HEIPEBECHBLIM BOJIOKHUCTBHIM MaTepuanaM, B
YACTHOCTH XBOE COCHBI, JUIsl POU3BOICTBA 11eJUTI0J103bI [120].

[Ipu u3bICKaHUM HOBBIX TEXHOJOTHI U COBEPIICHCTBOBAHUM M3BECTHBIX CIIO-
cOo0OB PAaIMOHAIFHOTO HCITOJIB30BAaHUS JPEBECHONW (PUTOMACCHI paccMaTpHBAETCS
TEXHUYECKAs! BOBMOXXHOCTh IPUMEHEHHUS OTXOJIOB, TTOJYUYCHHBIX TIOCIIC U3BJICUCHUS
BOZOPACTBOPUMOTO L-apruHUHA M3 JPEBECHOW 3€JIeHW COCHBI OOBIKHOBEHHOM, B
KQueCTBE CHIPHS I M3TOTOBJICHUS TEIIOM3OAIUOHHBIX KT [29, 51]. C skomo-
TUYECKOM TOYKH 3peHHS BaXXHOH OCOOEHHOCTHIO crioco0a m3BiedeHus L-apruHuHa
U3 MPEABAPUTETHLHO M3MEIbUYCHHOM XBOM SIBIISIETCS MCIOJIB30BAaHUE BOJBI B Kaue-
CTBE OJKCTpareHTta. /i moiayuyeHus NOpenoKEHHOTO Marepuaia CIelUaaIbHON
MIPEABAPUTEILHON TTOATOTOBKA COCHOBON XBOHM HE TPeOyeTCs, TIOCKOJIBKY B TPO-
Lecce 3KCTParupoBaHUsS BOJOPACTBOPUMOro L-apruHuHa paspyliaeTcss BOCKOBOU
ITOKPOB, @ YaCTHIIBI XBOM YaCTHYHO Ne(UOPUPYIOTCS, 00pa3ys SKOJIOTHYECKH YH-
cteie oTX0Abl [29]. Kpome L-aprununa, moiy4aroTcsi OTXOJbl — TOHKUE BOJIOKHA C
OOJBITIIM OTHOIICHUEM JUTHHBI K TOJIIUHE, MPUTOTHBIC ISl TIPOU3BOJICTBA TEILIO-
MU30JISIIUOHHBIX CTPOUTETBHBIX MaTepuainoB [29]. CoBepLICHCTBOBAaHUE U BHEOpE-
HHE TEXHOJOTUU TMPOW3BOACTBA MOJOOHBIX MPOIAYKTOB COOTBETCTBYET MPHUHIIUAITY
0€30TX0IHOM TepepadOTKH APEBECHON 3EJICHHU.

3aknrouenue

Pa3paboTka TeXHOJIOTUH WUCTONB30BAHUS JPEBECHOW 3CIICHU SIBISICTCS 3BE-
HOM MHOTOIICJIEBOTO OCBOCHHS BCEH (hUTOMACCHI, MMPOMYITUPYEMOH JECHBIMU pac-
TUTENIbHBIMU cooOIIecTBaMu. [loBbIlIeHHE PEHTA0ETHLHOCTH JIECOBOJICTBEHHBIX Me-
porpusTuii (pyOku yxoza, oOpe3Ka CyubeB, BHECEHHE YI00pEHMIT), IPOBOAUMBIX B
MOJIOJHSIKAX M CPEIHEBO3PACTHBIX APEBOCTOSIX, MOXKHO OCYILUECTBISATH IyTEM Iie-
pepaboTku 00pa3yroIIeics ApeBecHOH 3emeHu. Vcrmonp30BaHue JpeBECHON 3CICHH,
roJrydaemMoii ipu pacuuctke tpacc JIDII, mo3BOIUT COKPATUTh PAcXo/ibl IO MX 00-
CITy’KMBAaHUIO, CHIEJAaTh MPOIECC MAKCHMAaIbHO DKOHOMHYHBIM, pecypcocOeperaro-
UM,

Bricokast HyTpreHTHas [IEHHOCTh XBOW MTOATBEPIKIeHA TPAKTHKOM KHUBOTHO-
BOJICTBA, €€ BOCTPEOOBAaHHOCTH B (hapMaKOJIOTHH ITOKa3aHa B UCTOPUIECKOM aCIICK-
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Te. IlepcrieKTUBHOM SIBISETCSI TEXHOJIOTHSI MOBBILICHUSI COACPKAHUS CBOOOIHBIX
AMUHOKHUCJIOT U 1I€JIEBOE U3MEHEHUE UX KOJIMUYECTBEHHOI'O COOTHOLIEHUS B IpEBEC-
HOHU 3€NIeHH MyTeM PeryJsiUUH peXhMa MUHEPaJbHOTO MUTAaHUs, MOAUDUIHPYIO-
mero OMOIPOIYLEHTHYIO HAIpaBIE€HHOCTh. L-aprHHWH WTpaeT BaXXKHYIO pPOJIb B
JKU3HEAEATEIbHOCTH >KMBOTHBIX OPTaHM3MOB M AKTUBHO HCIIOJIB3YETCSI B IPOM3-
BOJICTBE IMPOAYKTOB (DapMarieBTHYECKOT0 W HYTPHUEHTHOTO Ha3Ha4eHHus. TexHoio-
T'Hs [EJIeHANPABICHHOI0 U3MEHEHUSI XMMHUYECKOTO COCTaBa U (papMaKoIOrHuecKux
CBOMCTB PacCTUTEIBHOTO CBHIPBS M3 JIPEBECHBIX PACTEHUH MO3BOJUT OCBAaWBaTh HO-
BbIe ChIpbeBble MCTOUYHUKM BAB. Ontumuzanusi 3)(eKTHBHOCTH HCMOIB30BaHUS
a30Ta IOMOYKET COBEPILEHCTBOBATh yCIOBUS KyJbTUBUPOBAHHS XBONHHBIX, H30eraThb
HEraTUBHBIX YKOHOMUYECKHX U IKOJOTHYECKHUX MOCIECTBUI OT Ype3MEPHOIO BHE-
CEHUs a30THBIX yIOOpeHHH B JecHOM Xo3sicTBe. IlocTpoeHme criennansHo paspa-
0OTaHHOI MOCJIEOBATENFHOCTH JIECOXO03SIMCTBEHHBIX MEPONPHUATHH ACT BO3MOXK-
HOCTb TI0JIy4aTh XBOIO, 00OraieHHyo L-apruHuHoM, Kak B IIPOLECCe OCYILECTBIIe-
HUS PA3JIMYHBIX BHJIOB MCIIOJIB30BAHUSA JIECOB, TaK M MPU MPOBEJAEHUU MEPOIpHsI-
THH, HAIPaBJICHHBIX HA MOBBIIIEHUE MPOAYKTUBHOCTH JIECOB, COXPAaHEHHE HMX IIO-
ne3HbIX QyHKOMHA. B 1ensx peanuzanuy MpUHOHINA MAaKCUMaJIbHON 0€30TX0JHOCTH
MIPOM3BOACTBA PACCMATPUBAECTCS TEXHUYECKAs] BO3MOYKHOCTD HCITOJIB30BAHUS OTXO-
JIOB IIOCJIE U3BJIEYEHUSI BOJOPACTBOPUMOro L-apruHuHa U3 ApeBECHOM 3€JIEHH COC-
Hbl OOBIKHOBEHHOW B KauyeCTBE ChIPbSl IJIsI M3TOTOBJICHMS TEIIOM3O0JSLIMOHHBIX
TUINT.
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Forests produce a huge amount of organic matter, which is a source of renewable raw mate-
rials for the production of technical, feed, food and pharmaceutical products. The logging
and woodworking industry in Karelia, as in Russia as a whole, is based exclusively on stem
wood. Woody greens are formed while felling ripe and over-mature stands, thinning and
implementation of measures for the conservation, protection and reproduction of forests
including forest stands cutting. The development of technologies for the use of woody
greens is necessary for the multi-purpose utilization of the entire phytomass produced by
forest plant communities. An additional economic incentive for young stands thinning and
limbing, that are used to improve the quality of logs, is the ability to reduce costs or even
ensure the profitability of these measures driven by the development of processing plants
and the use of wastes generated during transportation: thinners, low-quality and low-value
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decidous wood, woody greens, that are raw materials for the production of biologically ac-
tive preparations of various action. The urgent tasks are to increase the use of import-
substituting pharmaceutical substances and to search the alternative methods for producing
raw materials for nutrient mixtures and feed stuff. Technologies for modifying the biochem-
ical composition of coniferous greens, resulting in production of plant raw materials en-
riched with target biologically active substances, are being developed for the exploration of
new plant sources. The water-soluble fraction of coniferous greens contains free amino ac-
ids, in particular L-arginine, which plays an important role in the life of animals. A promis-
ing way is to increase the free amino acids content in coniferous raw materials and change
their quantitative ratio by regulation of the mineral nutrition regime of woody plants. An
original scheme of additional supply of coniferous plants with nitrogen and boron is pro-
posed in order to obtain coniferous greens enriched with L-arginine. The use of conifers as
bioproducers of L-arginine and the study of its metabolism with reference to climatic fac-
tors, conditions of mineral nutrition, seasonal and daily dynamics in the natural environ-
ment, the search for ways to increase its level in organs and tissues is of current interest both
on the theoretical and practical sides. Obtaining coniferous greens enriched with L-arginine
will allow organizing the production of coniferous products for nutrient and pharmaceutical
use. It is necessary to analyze the potential sources of raw materials taking into account their
availability, costs for enriching the needles with L-arginine and product yield per unit area
to assess the economic feasibility of organizing such production. A developed sequence of
forestry measures will make it possible to obtain needles enriched with L-arginine, both in
the process of implementing various types of forest use, and in carrying out activities aimed
at increasing the productivity of forests and preserving their useful functions. Herewith, it is
possible to turn costly cleaning and fertilizing of young Scots pine stands into profitable
ones with additional products. Technologies of intentional changes in the chemical composi-
tion and pharmacological properties of plant raw materials obtained from woody plants will
allow the development of new raw materials for biologically active substances.
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A.V., Kolesnikov G.N. Obtaining Woody Greens Enriched with L-Arginine during Forestry
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Bospacratomas moTpeOHOCTD B JIEKaPCTBEHHBIX CPEACTBAX PACTUTEIHHOTO MTPOUCXOKICHUS
TpeOyeT M3y4eHHs HE TOJbKO OMOJOTHYECKHX PECYpPCOB JIEKAPCTBEHHBIX PACTECHHI, HO M
croco0oB ux pa3MHOKeHHI. OCOOCHHO IICHHBI JICKApPCTBEHHBIC PACTEHUS, NMEIOIIHNE [UTH-
TEJIBHYIO HCTOPHUIO YCIEUIHOTO IPUMEHEHUS B TPAAUIIMOHHON MeaunuHe. K HuM oTHOCHTCS
3BKOMMUS Bsi30JuCTHAs (Eucommia ulmoides Oliv.), KoTOpas sSBISCTCS PEIKUM PEIUKTO-
BBIM BHJOM, IIPOMU3PACTAIOLINM B €CTECTBEHHBIX YCIOBHUSX B MOJJIECKE BIAXHBIX CyOTpO-
MTUYECKHX JiecoB Kurtas, mpenMyIiecTBEeHHO B CpelHEM TedeHUH p. SIHIBEL. OHA BBITOAHO
OTJINYAETCs OT OOJIBIIMHCTBA CYOTPOIIMYECKUX PACTCHUI TeM, YTO 00JIalaeT 3HAYNTEIbHOM
MOpPO30yCTOMYMBOCTBIO M MO3BOJISIET KYJIbTUBHPOBATh €€ 3a MpeJiellaMH BIAXKHBIX CyOTpO-
nukoB. C cepenunbl XX B. OHa MHPOKO MHTOPOIyLHpoBanach B KpacHomapckoMm kpae  #
PecryOnnke Anpires, yCHenIHo aJanTHpoBaiach B pa3HbIX AKOJIOTHUECKHX ycioBusix Cee-
po-3amagnoro KaBkasa. Jlst yZOBIETBOPEHHS BCE BO3PACTAIOIIETO CIIPOca Ha KOPY 3BKOM-
MHUH TpeOyeTcs 3aKJa/Ika TIPOMBIIIICHHBIX TaHTanui. OIHAKO BO3HHMKAIOIINE TIPH €€ ce-
MEHHOM Pa3MHOKEHHH TPYAHOCTH (JIByJJOMHOCTbH BHJIa, HU3KOE Ka4eCTBO IbLIbLIbI, apTe-
HOKapITUsl, JUINTEIbHBIA OKOM CEeMSIH, HEPETYJIIPHOCTh TUIOJJOHOIICHHS, JUTUTEIbHbII 10Be-
HWIBHBIA MEPUO/T) 3aCTaBILIIOT 00paIiaThess K COBPEMEHHBIM OMOTEXHOJIOTMYECKUM METO-
JlaM pa3MHOXKEHUsI pacTeHui. PaccMaTpuBasi BOIPOCH! BhIpalMBaHMs 110CAT0YHOTO Mare-
puaia, CieayeT COCPEIOTOYNTh BHUMAHHE Ha BBICOKOA(D(EKTUBHBIX METOIaX, 0Oecredn-
BAaIOMINX CTAOWJIBHOE W MacCcOBOE PAa3MHOXKEHHE M3y4aeMbIX 00BEKTOB. [Ipy 3TOM BaxkHYIO
poJb Mrpaer pa3pabdOTaHHBIM M BHIOPAHHBIM JUISi KOHKPETHBIX LeNiel MyTh pereHepanuu
pactenuit in vitro. DPpQPpEKTUBHOCTh UCIIOJIH30BAHHUSI METOJIOB OMOTEXHOJOIMH CBs3aHa C
COKpAIIIEHUEM CPOKOB TOJYYEHHUsI B OOJIBIIOM KOJHMUYECTBE BEr€TATUBHOIO ITOTOMCTBA
TPYHO Pa3MHOKAaEMBIX PACTEHHMH, a TAKXKe ¢ IKOHOMHEH TIoNIael, HeOOXOUMBIX JUTS UX
KyJbTHBHpOBaHus. [lo pesyibpraTaM NpPOBEICHHBIX HCCIEIOBAaHMN MOJAOOPaHBI yCIOBUS
TIOTYYEHHS aCeTITHUECKON KyIbTypsl E. ulmoides. HauBbiciast cTeeHb CTEPUIIN3AIAN CET-
MEHTOB TOOETOB ’BKOMMMUH BSI30JINCTHOW OKazaiach MPH TOCIEI0BATEILHOM MOTPYKEHUH
o0pasnos cHavana B 70 %-ii aranon (30 c), a 3atem B 0,1 %-it pactBop HgCl, (5 mun). Ilpu
Takoi mpouemype crepunmsanuu 63,3 % uccIeayeMbIX YepPEeHKOB OKa3bIBAIOTCS CTEPHIIb-
HBIMH, U3 HAX 56,7 % — xu3HecrmocoOHbIMH. OTpe/ieieH ONTUMAaBHBIN COCTaB MUTATENb-
HOW Cpefbl IJIsl pereHepanuud MukpornooeroB E. ulmoides: cpena Mypacure—Ckyra (MS) ¢
nononHeHueM 1 mr/n 6ensunamunonypuna (BAIT) + 0,2 mr/n anbda-HadTHITYKCYCHOH KHC-
notel (HYK). JIyqmmmu muTaTeIbHBIME CpelaMy JJIsl YKOPEHEHHs SKCIUIAHTOB SIBIISIOTCS
cnenyromue: 2/3 MS + 1,5 mr/mn HYK + 30 r caxapossr + 7 r arapa; 2/3 MS + 1 mr/n HYK +
0,4 mr/n UMK + 30 r caxapo3sl + 7 T arapa.

Jlna yumuposeanusa: Xurynos A.B., Hryen Kymnap Yanr. Beenenne Eucommia ulmoides
Oliv. B xynbrypy in vitro // U3B. By3oB. Jlecn. xypu. 2020. Ne 5. C. 38-50. DOI:
10.37482/0536-1036-2020-5-38-50

Kniouesvie cnosa: Eucommia ulmoides Oliv., MUKpOKIOHAJILHOE Pa3MHOXKEHNE, MUKPOIIO-
Oer, cTepunn3anys, pereHepanus, peryjsaTop pocra.
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Beeoenue

Bospacraromas noTpeOHOCTh B JIEKapCTBEHHBIX CPEICTBAX PACTHTEIBHOTO
MPOMCXOXKICHNS U MHTEPEC K HUM HAayYHOH M HapOJHOH MEIULMHBI TPEOYIOT Ceph-
€3HOT0 M3yuyeHHs] OHOJIOTHYECKHX PECYpCOB, B TOM YHCIIE MEPCHEKTUBHBIX JIEKap-
CTBEHHBIX pacTeHuil. Cpean JIeKapCTBEeHHBIX CPEACTB IMpEeraparbl U3 PacTUTENbHO-
TO CBIPbSl COCTaBISIOT B HacTosmiee Bpems Ooinee 40 %, a cpemu HCIOIb3yeMBIX
NP JICYCHUHU CEPACUHO-COCYAMCTHIX 3a00eBaHni, O0JIe3HEH TeUeHH, KeayA0UHO-
KHAIICEYHOTO TPaKTa, HEPBHOHM cUCTeMBI UX J0Jsl — oKkosto 80 %. OcoOeHHO IeHHBI
JIEKapCTBEHHBIE PACTEHUS, NUMEIOIIHE JITUTEIHHYI0 HCTOPHIO YCIIEIIHOTO MTPUMEHe-
HUS B TPAJAULUOHHON METUIINHE.

OgHuM U3 TakuX pacTeHUil, M3BECTHBIX B KUTAHCKONW MEIULMHE CBBIIIE
1000 ner, siBnsieTcst 3BKOMMUS Bsi3oJucTHast (Eucommia ulmoides Oliv.) — nByiom-
HO€ JINCTOIIAJHOE JIEPEBO, BUJ MOHOTHITHOTO ceMmeiicTBa Eucommiaceae (DBKOM-
MHEBBIE), BXOsIIero B mopsiaok Garryales (I'appuenBetHeie). Ero oTnenpHBIC dK-
3eMIUIIPbI MOTYT JocTurath 20 M B BBICOTY. E. ulmoides sBnsieTcs npeacTaBUTeneM
PEIKOTO PENUKTOBOTO BHIA, poauHa kKoToporo Kwutait [9]. B nacrosiiee Bpems
E. ulmoides BeipanBaetcs 6onee uem B 10 crpanax EBponsl, Amepuku n Azum [10,
13, 14]. I'aneHoOBBIC Tpenapathl, MOIyYaeMble U3 KOPHI 3TOTO pacTeHHs, 00IamaroT
CWJIBHBIM TUIIOTEH3UBHBIM JEMCTBHEM, OTHOCATCS K IPYyMIE CIa3MOJIUTHUYECKHX Jie-
KApCTBEHHBIX CPEJICTB, HE BBI3BIBAIOT MOOOYHBIX SIBICHUNA M MaJOTOKCHYHBI. Jlei-
CTBHE TIPEMapaToB CBA3aHO C HAJMYHUEM B MX COCTaBE XJIOPOTEHOBOW M KOQEHHOM
KUCJIOT U IJIMKO3KAA ayKyOuHa. XJIOpOreHoBask KUCIO0Ta yiIydllaeT OOMEH BEILIECTB,
a ayKyOMH OKa3bIBaeT MOYECTOHHOE JCHWCTBUE, TEM CaMbIM CHOCOOCTBYSI CHHU)KECHMIO
apTepranbHOro JapieHus. Kpome Toro, oHM 007agar0T TakKe TOHH3HPYIOIIUMHU
CBOMCTBaMH, NMPHUIAIOT YEJIIOBEKY OOAPOCTh, BOCCTAHABINBAIOT CHIIbl. CoBpeMeHHast
MEJIWIIMHA C yCIIEXOM TMPUMEHSIET HaCTOH M3 KOPBI 3TOTO JEepeBa sl YKPEIUICHHS
HEPBHOW CHUCTEMBI U JIEYEHUs] THIEPTOHNU. ExeroqHas 3aroToBka KOPbI 3BKOMMUH
JUTS JIEKapCTBEHHBIX Tietiel Toibko B Kurae cocrasmser 6osnee 100...120 T. [Toutn Best
OHa BBIBO3UTCS B cTpanbl EBponsr [11, 20].

Bo Bretname E. ulmoides 0vina natpomymupoBana B 1958—1960 rr. IIpo6-
Has nocajka B r. Cane npoBuHIMHK Jlaokail fana Xopouire pe3ysbTaTsl, 9YTO MO3BO-
JIWIO €€ Pa3sMHOXHUTh U MOCAaTUTh B JIpyrux pailonax BrerHama (Bunb-®y, Jlaii-
UYay, Txans Xoa, ['ua Jlaii, Jlam [onr). B 2013 r. npaButenscTBo BheTHaMa yTBEp-
muno «['eHepanbHBIA TUTAaH pa3BUTHS (apMaleBTHUECKOH MPOMBIIIIICHHOCTH [0
2020 rona u opueHtupoBouHo 10 2030 roma» [18]. CornacHo 3Tomy IUIaHy, 3B-
KOMMHUS BSI30JIUCTHAS! SIBJIAETCS OJHUM M3 36 BHUJIOB LIEHHBIX JIEKAPCTBEHHBIX pac-
TEHHH, BBIpAIIMBAHUE KOTOPBIX TpeOyeTcs uist pa3BUTUs (papMaleBTHYECKOM Mpo-
MBIIIUIEHHOCTH U MEJTMIINHBI BreTHaMa.

E. ulmoides BbIromHO OTJINYaeTCsI OT OOJIBIIMHCTBA CYOTPOITMUECKUX PaCTe-
HUH TeM, 4To 00JagaeT MOpo30ycToHUnBOCThI0. Ha TeppuTtopun napckoit Poccun B
OTKPBITOM TPYHTE OHA BIEpBbIE BBEJCHA B KyJIbTypy Ha YKpauHe (Y CTUMOBCKHIA
nmapk, okoio Kpemenuyra) u Ha CeBepHom Kamkaze (Maiikom). B aTux ycmoBusx
2-JIETHUE CA’KEHILIbI BBIACPKUBAIIM NOHMKEeHUE Temnepartypsl 10 —33,8 °C [3]. Ilo-
JIOKUTENbHBIE PE3YJbTAThl 110 MHTPOAYKIMU MO3BOJIWIN KYyJBTUBUPOBATH €€ 3a
npeenaMu BIaKHBIX cyOTponukoB. C cepeanHbl XX B. OHA HIMPOKO MHTPOAYIHU-
poBanachk B KpacHomapckoM kpae u PecrryOinke AnbITes W YCIIEUITHO aTanTHPOBa-
JIach B Pa3HBIX KoNOruueckux ycnoBusax Cesepo-3amagnoro Kaskasza [10].
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DKOHOMUYECKAs, SKOJIOTHYECKasi U COIMallbHAs 3HAYMMOCTh Pa3MHOXKCHUS
ATOU KyIBTYPHI UPE3BBIYAIHO BBICOKA, TAK KaK CO3/IaHWE IIAHTAITMH U BHICOKOTEX-
HOJIOTUYHBIX MTPOU3BOICTB IS MTOJy9E€HHUSI TIOCAA0YHOTO MaTepralia IpernoiaraeT
HOBBIE paboyme MecTa JijIsi MECTHOTO HacelieHWs. BOo3HUKarole TPpyAHOCTH TpH
TPaJANIIMOHHOM CEMEHHOM DPa3MHOKCHHH YBKOMMHH BS30JIMCTHOHN (IBYJOMHOCTH
BHJIa, HU3KOE Ka4eCTBO TIBUIBIBI, MApTEHOKAPIHUS, [UIMTEIbHBIN ITOKOW CeMsH,
HEPEeTYJISIPHOCTh TUIOJIOHOIICHUS, JITUTEIBHBIA FOBEHUIBHBIN TIEPUO]T) 3aCTABIISIOT
oOpamaThCsi K COBPEMEHHBIM OHOTEXHOJOTHYECKMM METO/JaM. BerertaTMBHO ee
Pa3BOIAT 3€JICHBIMU YepEeHKAMH I OTBOAKaMHU. PaccmaTpuBast mpoOiIeMbl BBIpa-
[IMBaHMUS TTOCAJI0YHOTO MaTepHhalia, CIEeAYeT COCPEIOTOUYHTHCS Ha BBICOKOA(PQEK-
TUBHBIX METOJaX, 0OECIIEUMBAOIINX CTAOMILHOE U MacCOBOe Toirydenue E. ulmoides.
Baknast posib PUHAICIKUT pa3pabOTaHHOM Uil KOHKPETHBIX LIEel pereHepaliuu
pactenuit in vitro. PpQPEKTUBHOCTH UCTIOIB30BAHUSI METOJOB OMOTEXHOJIOTHH CBSI-
3aHa C YMEHBIIIEHHEM CPOKOB IMONydeHHUs HEOOXOANMOTO KOJIMYECTBAa PACTEHUN 3a
CYeT BBICOKOTO KOA((UIIMEHTa Pa3MHOXKEHUS B KYJIbTYPE in Vitro, a Takxke ¢ Co-
KpallleHueM HCTIOJIb3YEeMbIX IUIOMAAeH Mo KOJUIeKIusAMU. Perenue 3amauu pac-
IIUPEHHS] NCTOYHUKOB JIEKAPCTBEHHOTO PACTUTEIHLHOTO CHIPHS IIyTEM BEIpAIHUBa-
HUS KyJBTYpPbI KIETOK U TKaHEH Ha NCKYCCTBEHHBIX NMUTATEIBLHBIX CPefax SBISETCS
OUYCHb BAKHBIM HamlpaBlieHUEM uccienoBanuii [4, 12, 15, 16, 19].

dopMUpOBaHKUE TOYEK 71 Vifr0O MOXET MPOUCXOAHUTH JHO0 M3 MEPBUUYHOTO
JKcIUTaHTa (MpsMast pereHepanus), Tuoo u3 kamryca (moderoobpazosanmne). B 060-
ux ciydasx (opMmupyercss OOJbIIOE KOJIWYECTBO PEreHEpaTOB, OTIMYUTEIHLHOU
0COOCHHOCTBIO KOTOPBIX SIBIISICTCSI OTCYTCTBUE KOpHEH. J{J1s1 TIOydYeH s TOJTHOIICH-
HBIX PACTCHHUN HEOOXOIUM 3Tal yKopeHeHus [6]. OquH u3 onpenessonux (hakTo-
POB, MHIYIMPYIOIINX IBOKAINIO U AU PepeHannio TKaHei u MopdoreHes opra-
HOB PacTCHHM, — ayKCUH, OJTHAKO B PSJC CIy4yacB CTCHCHb BIUSHUS U KauCCTBCH-
HBIN Xapaktep auddepeHIuaiu 3aBUCUT OT €ro B3aHMOJICUCTBUS C JIPYTUMH Be-
MECTBAMHU, B YaCTHOCTH ¢ ITUTOKWHUHAMU [1, 5—7]. BbIcOKOe OTHOIIICHIE KOHIICH-
Tpalyy ayKCHHOB K ITATOKWHWHAM BBI3BIBAET PU30TEHE3, a HU3KOE CIOCOOCTBYET
MOSIBJICHUIO To4eK. OIHAKO KaK[bI BUJI pACTCHHUU (OTIEIBHBIN T€HOTHIT) TPEOyeT
CaMOCTOSITEIILHOTO T10/100pa COOTHOIICHUSI (PUTOTOPMOHOB ISl MHAYKIIUKA MOPQO-
reresa. [loaToMy B HacTosmiee Bpemst moa00p 3K30TeHHOTo Oajanca (GpUTOropMo-
HOB IIUTOKMHUHOBOTO M ayKCHHOBOTO DSJIOB SIBJIAETCS €IWHCTBEHHO JOCTYITHBIM
Croco0OM MHAYKLUUH U perysiuun Mopdorenesa [17].

Brinenennsle KyCOUKH TKAaHW WU OTACTHHBIC KICTKH PACTCHHHA MOMEIIAIOT
Ha WCKYCCTBEHHYIO NMUTATCIBHYIO cpeny. Ecim pacTHTENhHYIO KIETKY H30JHUPO-
BaTh, TO B CTEPHIBHBIX YCIOBHSX Ha COOTBETCTBYIOIIEH MUTATEILHOW Cpejie OHa
CHOBA HAYMHACT JCIUTHCA, U3 HEEC MOXKET Pa3BUTHCS IIEJIBIH PACTUTENbHBIN opra-
am3M. llporecc BropmuHOW mUQPEPEHIMPOBKE MOXKHO pa3NeTUTh Ha OB (hasbl.
[lepBas dasza — oOpazoBaHUEe B Macce OJHOPOJIHBIX KIETOK OYaroB pereHeparuoH-
HOM MEPHUCTEMbI ¥ BOSHHKHOBEHHUE 3apOBIIICBBIX CTPYKTYpP (IMOPHOUIOB), KOTO-
pble HATOMHUHAIOT HACTOSIINE W UMEIOT 3a4aTOYHYIO MOYCUKY M 3a4aTOYHBIA KO-
pemok. Ha BTOpoi ¢aze IMpOUCXOTUT POCT ITHUX 3apOMABIIICBBIX CTPYKTyp. [lpm
ATOM B 3aBHCHMOCTHU OT COOTHOIICHUS (PUTOTOPMOHOB (2yKCHHOB M ITUTOKHHHUHOB)
HaOJI0/IaeTCs MPEUMYIIIECTBEHHBIA POCT T€X WM WHBIX opraHoB. [Ipoueccsl aud-
(depenumanuu 1 GOPMUPOBAHUS OPTAHOB Y PACTEHHUI CBsI3aHbI C CHHTE30M, HaJIU-
qUeM, pacipeaesieHHeM U COOTHOIIEHUEM PHAOTCHHBIX (PUTOTOPMOHOB [1, 5-7].

Tun Mopdorenesa onpenensiercs pa3iuuueM B OamaHce 3K30TeHHBIX TOPMO-
HOB HUTOKUHUHOBOTO U ayKCUHOBOTO psiioB [17].
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B Hacrosimei craTthbe paccMaTpUBAIOTCS PE3YJIBTATHI MCCIIEIOBAHUI MHUKPO-
Pa3sMHOXKEHHsI M KYJIbTUBHPOBAHUS PACTHTEILHOTO Marepuana (MHKpPOIOOeroB —
MHUKpPOUEPEHKOB) E. ulmoides Ha mATaTENbHBIX Cpelax ¢ Pa3IMYHbIM OanaHcoM ¢u-
TOTOPMOHOB (ayKCHHOB M IUTOKMHUHOB) [17].

OcHOBHasl LIeb MCCIENOBAaHUNA — pa3padoTKa U COBEPLICHCTBOBAHUE METO-
JIOB KYJBTYPHI in vitro 1 E. ulmoides B 11eNsX UCIIONBL30BaHUSI B CHCTEME COXpa-
HEHHS U BOCIPOM3BOJCTBA PACTHTENBHBIX pecypcoB. B cooTBeTCTBHH ¢ MOCTaB-
JICHHOH LeNbI0 M3ydYalloCh BIHMSHUE METOJOB CTEPHIIM3ALUK U PETYIATOPOB POCTA
Ha pereHepalMoHHbIe mporecchl E. ulmoides Ha cTamusx COOCTBEHHO pa3MHOMKe-
HUS ¥ YKOPEHEHUS.

Obvexmol u Memoobl UCCe008aHUS

OT160p YepeHKOB IBKOMMHH BS30JIUCTHON JIJISI SKCIIEPUMEHTOB TIPOBOIMIA B
MUTOMHUKE BBETHaMCKOTO TOCYJapCTBEHHOI'O JIECOTEXHHYECKOI'0 YHUBEPCUTETa
(r. Xanoif). B muToMHHKEe MaTOYHAs KoJuieKnus E. ulmoides BbIpaieHa U3 ceMsH,
noJly4eHHbIX K3 nposuHuuu Jlaiitsay. Uepenku pasmepom 5...7 ¢M Hape3aid Ha
HaYaJbHBIX dTalax Ce30HHOTO pa3BuTus E. ulmoides. B 3TOT mepno nX KOHTaMU-
HallMsl 3HAYMTENLHO MEHBINE, a TIOBBILICHHBIH TOPMOHANBHBIH (OH CIIOCOOCTBYET
oomee 3¢ (heKTHBHOMY BBEACHHIO B KYILTYpY in vitro. lIpenmodreHrne OTIaBaioCh
MOJTyOAPEBECHEBIINM YEPEHKaM. DKCIEPUMEHTHI 110 TKaHEBOM KYyJIbType MPOXO/IH-
i Ha O6a3e MHCTHTYTa OMOTEXHOIOTHN BBhETHAMCKOTO JIECOTEXHIUUECKOTO YHHUBEP-
CHUTeTa.

Moronpie BepXylIeuHble TTO0Ern HECKOJBKO pa3 MPOMBIBAIH B pa30aBICHHOM
5 %-M MBUILHOM pacTBOpE, 3aT€M OMNOJACKUBAIU TUCTWLINpOoBaHHOU Bomoil. [Tocme
TIEPBOTO ATala CTEPUITU3ANNHN Hape3aHHbIe YePeHKH PACUJICHSITH B CTEPUIIBHBIX YCIIO-
BUSIX Ha ()parMeHThl pazmepoM 1,5...2,0 cM, KaxKIIblii U3 KOTOPBIX AOJDKEH UMETh JIHCT
Y Ta3yNIHyIo MMOYKy. 3aTeM MHUKpPOTOOerd (MHUKPOYEPEHKH) Cpasy JKe CTePHIIH30BaJIH
myTeM norpykenus ux B 70 %-it pactBop sranHona B Teuenue 30 ¢ u B 0,1 %-it BoxHbII
pactBop HgCl, Ha 4, 5, 6 u 7 mun. [lanee ¢parmeHTs 4epeHKOB 3 pa3a MPOMBIBAIN
CTEpWIbHON BOJION M TIOMelainy Ha urtaresbHbli 0,7 %o-i arap.

st KynbTHBUPOBAaHUS SKCIUIAHTOB HCIONB30BaM cpemxy Mypacure—Ckyra
(MS) [16]. ConeprkaHre ME30MHO3UTA U BUTAMHUHOB B 3TOU CpEJie yCTAaHABIUBAIN CO-
rmacHo  pekomeHparmsM  [8].  Cunrermdeckwe 1mrokuHMHBI BAIl  (6-OeH-
3WUJIAMUHOITYPHH), KUHETUH (6-0ypdyprHIIMETHIAMUHOIYPUH) U CHHTETUYECKUE ayK-
cuabl HYK (anbda-nadrunykcycnast kucnora), UMK (urmon-3-MacisiHasi KHCIOTA)
JOOABIISUTM B pa3HBIX KOHIIEHTpAIMAX. THUI M KOHLEHTPALMIO PEryJIsiTOPOB pOCTa Ba-
PBUPOBAITH B 3aBUCHMOCTH OT CTaJIMM Pa3MHOXKEHUsI M BapraHTa orbiTa. [lepesn mobas-
JICHUEM TeJieo0pasytolero areira pH Bcex cpell ycraHaBIMBaJId Ha ypOBHE 5,7.

PerenepaHThl BeIpanyBaii B KyJIbTHBAIMIOHHOM TIOMEIIIEHHN TIPU TEMITepaTy-
pe 20...25 °C u xpyrinocytourom ocseniennu 1250...1500 nk. KonuyectBo o6pasios
C pereHepanyeil MUKpOrnoOeroB MOACUMTHIBAIM Ha 21-i IeHb MOCie CTepUIIN3alny,
KOJIMYECTBO IKCIUIAHTOB C TIposmdeparyield mouykd 1 MUKPOIIOOEeToB ¢ KOPHIMHU — Ha
28-ii IeHb KyJIbTUBUPOBAHUS Ha MTUTATEIBHOU Cpee.

KagecTBO AKCTIIAaHTOB OMpeNeNsiii BU3yalbHO: K XOPOIINM 10OeraM OTHOCH-
JIM SK3EMIUIAPBI C TEMHO-3€JICHOW OKPAaCKOM M TOJICTBIM CTEOJIEeM; K XOPOILIUM KOp-
HSIM — TOJICTBIC, TBEPIIbIC IK3EMIUISIPHI C MOJIOYHO-0€710i OKpackoi. BricoTy MUKpo-
NMo0EroB M JJIMHY KOPHEH M3MepsIM JIMHEHKOH. [ pacueTa cTaTUCTUYECKHUX TTOKa-
3aresiel UCIOJIb30BAIM IMCIIEPCUOHHBIN aHanu3 Kpackena—Yonucca ¢ npuMeHeHneM
nporpaMMHoro obecrieuenus Statistica 12 [2].
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Pesynomamul uccneoosanus u ux obcysicoenue

BinsiHue NMPOIOTKUTENBHOCTH CTEPUIH3ANNU IKCIIAHTOB E. ulmoides
HA CNMOCOOHOCTh K pereHepanuy MUKponooeros. [y cTepiiin3aluu pacTUTEb-
HOTO MaTepuana E. ulmoides, B3TOro U3 MTUTOMHHUKA (MOJIOIbIE BEpXyIIEUHBIE IO~
oern), ucnonb3oBanu 70 %-ii sraHon B Teyenue 30 ¢ u 0,1 % BoxHBINA pacTBOp
HgCl, ¢ sxcnozunueit 4, 5, 6 u 7 muH. {7151 pereHepaiuy MUKpPOTIOOETOB TpUMEHsI-
T MoIU(HUIIMPOBAHHYIO TUTATENbHYIO cpeny MS, coxepikamryio 0,5 mr/m BAIL
Pe3ynbraThl cTepUIM3aMU U pereHepai MUKPOIIOOEroB NpeICTaBIeHbI B Ta0I. 1.

Tabnuma 1
BimmsiHre MPOI0/LKUTEIHbHOCTH CTEPHIIN3ANMHA PACTHTEILHOT0 MaTepHajia
HA pereHepaTUBHYIO CIIOCOGHOCTH IKCILIAHTOB

IIpoaomxuTenbHOCTh Konmnuectso 00pasuos
CTEPUITU3ALIUH S C pereHeparueit
70 Y%-i 0,1 %-ii BCero, crep MHUKPOTIO0ETOB
IIT.
3TaHOII, C HgCly, mun T, % IIT. %
20 4 30 7 23,3 7 23,3
30 5 30 19 63,3 17 56,7
30 6 30 24 80,0 10 333
30 7 30 25 83,3 6 20,0

[Ipumeganue. TlomyXupHBIM IIPUPTOM BBIAEICHBI CIIOCOOB! CTEPIIIN3AINH, ONITUMAJIbHBIC
JJTA pereHepaluin MoOEroB.

HawuBpiciias yacToTa pereHepanuu MoOeroB UCClelyeMbIXx 00pa3loB OKa3a-
Jach y SKCIUTAHTOB B BapHWaHTE CTEpPHIM3aNuM ¢ dkcrozuimeit 5 mua B 0,1 %-M
pactBope HgCl, — 56,7 %. KonndecTBO cTepuiIbHBIX 00pa3IoB B XOPOILIEM COCTOSI-
HUM [IPU I3TOM criocoOe cocranisuio 63,3 %. Haubonee addexruBHOM npoieypoit
CTEpHJIM3alMU CTajla ocjenoBartenpHas o0padorka 70 %-M 3TaHOJIOM C 3KCHO3H-
uueit B teuenue 30 ¢ u B 0,1 %-m pactBope HgCl, ¢ sxcniosuumeii 5 muH (puc. 1, a).

C pocrom nipoxpospkutenibHocTH cTeprwiu3auu B HgCly 1o 6...7 MuH konude-
CTBO CTEpHJIbHBIX MHUKpoIooeroB ysennuusaercs ¢ 80,0 1o 83,3 % cooTBETCTBEHHO,
OJIHAKO KOJIMYECTBO 00pa3lOB, COXPAHSIOIINX CIIOCOOHOCTh K PEreHepaluu MUKPO-
noberos, ymenbimaercs ¢ 33,3 10 20,0 % coorBercTBeHHO. Hanbosnee HU3kumMu ObLiu
[I0Ka3aTe N pereHepalyu Mo0eroB Ha HKCIUIAHTAX PACTCHUH B BapUaHTE CTEPUIIN3a-
uuu B 0,1 %-Mm pactBope HgCl, nponomxurensHocThio 7 muH — 20,0 %.

BuansiHue pery/jsiTOpoB pocTa Ha CMOCOOHOCTH K pereHepanuu MHKpPONo-
0eroB y 3kcmiiaHToB E. ulmoides. YtoObl cTUMYNIHPOBaTh pereHEPaIiui0 MUKPO-
noberos E. ulmoides B cpeny MS nobaBmsinu cuHTeTHYECKHEe HUTOKMHUHBI BAIIL,
KWHETHH U cuHTeTHYecKknii aykcH HYK B pa3HbIX KOHIIEHTpalusx.

Pe3ynbTaThl BAMSHUS PEryJIITOPOB POCTa Ha CIHOCOOHOCTb K pereHepanun
MHUKpPOTIOOETrOB Y KCIJIAHTOB MPEACTaBICHBI B Ta0. 2.

B Bapmanrax ¢ gobasnenumem HYK B cocraB cpemst MS B KOHIICHTpaIuu
0,2 mr/nm u npu yBenuuuBaromieiicss kounentpanuu bAII ¢ 0,5 mo 1,0 mr/n Mukpo-
mo0eru, Kak MpaBWIo, UMEIOT JKECTKHE U TEMHO-3€JICHbIE JIUCThS, HO BBICOTa MoOe-
TOB HIDKE, 9YeM B Bapuante 6e3 HYK.
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Puc. 1. Cocrosinue 3kcIutanToB E. ulmoides nociie BbIpallliBaHus Ha Pa3IMYHbIX BapHAHTAX

MUTATEIbHBIX CPEJI: @ — pereHepalus MUKporooeros uepes 3 (ciieBa) u S5 (crpaBa) HeZesb

MOCJIC MOMEIIICHHUS SKCILUIAaHTOB Ha cpeny MS; 6 — aaBeHTHBHOE M0oOErooOpa3oBaHHE Ha
cpene NCS; 6 u e — pererepanusi KOpHeH y S9KCIIAaHTOB CIyCTs S5 Helenb Ha cpene R4

Fig. 1 Condition of the E. ulmoides explants after cultivation on different growth media: a —
regeneration of microshoots 3 (left) and 5 (right) weeks after placing the explants on the
Murashige and Skoog medium; 6 — adventive shoot formation on the NC5 medium; ¢ and

2— regeneration of the explant roots after 5 weeks on the R4 medium
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Bapuanter ¢ moGaBnenmeM kuHeTWHa B KoHIeHTpamusax 0,5..1,0 mr/m
(NC9-NC12) He mpuroaHsl JIi WHUINHAIMKA pereHepannd Mukporoberos. Jlaxe
no0aBJIeHNE B STOM Cllydae ayKCMHa B KOHHIEHTpauuu 0,2 MI/JI He yiIydmaeT ux
perenepanuio. Y mooeros OblJI0 MHOTO KaJUTyCHOM TKaHH, KOJIMYECTBO HKCIUIAHTOB,
JaBIIuMX nOponudepannto nmodykd (26..50 %), u KOIPPHUUUEHTH Pa3MHOKEHHS
(MyJTBTHIUIMKAIAN) MEKpo1TooeroB (1,3—1,7 pasza) ObuIi HU3KUMU. B 3THX BapnaH-
Tax HaOJIOMaNoCh IIOX0€ KadecTBO TIOYEK, YaxJble TI00erH, KOPOTKHE W
KEJITOBATO-3€JIEHBIE JINCTHSI.

B BapuanTax (NC1-NCS8) c no6asnenunem BAIT u HYK B pa3HbIX KOHIIEH-
Tpanuax Ko3QGUIUEHT MyIbTUILIHMKAIIMA MHKPONOOETOB KoJeOeTcs B mpeaenax
1,4-5,7, a KOTMYECTBO SKCIUIAHTOB, MABIIHMX MPOTUQPEPAITNIO IOYKH, CAMOE BEICOKOE
(33...100 %). B aTux BapuaHTax SKCIUIAHTHI KPEMNKHE U TeMHO-3elNeHbIe (puc. 1, ).

B Bapmante NC5 (MS + 1 mr/n BAII) KoiMM4ecTBO 3KCIUIAHTOB, JABIIAX
nponudepanuto mouku, cocrasisier 100 %, ko3hdUIHeHT pa3MHOKEHUS TOOEroB —
5,7, mo0Geru XopoIIo pa3BUTHI (3eJI€HbIE, BBICOTOH 4,7 cM). DTOT BapuaHT ONTHMa-
neH st popmupoBaHus mouek. B Bapmante NC6 (MS + 1 mr/m BAIT + 0,2 Mr/n
HYK) xosddunment pasMHOKEHHS MHKporoderoB cocraBimsieT 5,0, BbICOTa
MUKpo1o6eroB — 4,1 ¢M, KOJIMYECTBO JTUCTHEB B CpeaHeM — 8,2 IIT./MHKpPOTIOOET,
MHUKPOIIOOETH XOPOILETo COCTOSHUSL, OONbIINE 1 00BEMHBIE.

B Bapmantax (NCI13-NC16) ¢ no6asnenuem BAIl m kuHeTHHA B pa3HBIX
KOHIICHTpAIMIX KOod()PHUITHEHT MyIbTUIUIHKAIIIN KoyieOaeTcs B mpenenax 2,0-3,7,
KOJIMYECTBO JKCIDIAHTOB, AABIIUX Mpoiudepanuto MOYKH, gAocTurano 73...93 %.
B »Tux BapmaHTax OTMEYAJIOCh CpeaHEee KadecTBO MOYEK M JKENTOBATO-3eJIeHAs
oKpacka JucTheB. OHAKO KOJIMYECTBO IKCIUIAHTOB, JABIIMX MPOJIUQEpaIuo noy-
K1, KO3)(OUIHEHT pa3MHOXKEHHUS T0OETOB M KaueCTBO HKCIJIAHTOB YCTYAIOT BapH-
aHTy ToNbKO ¢ poOaBneHneM BAIL. Takum 0O6pazom, MOXKHO CUHTATh, YTO JOOABIIE-
HUE KHHETWHA HE IMOAXOUT JUIS YIYUYIIeHUs! CTIOCOOHOCTH K pereHeparnd MUKPO-
1mo0eroB y 9KCIUIaHTOB E. ulmoides.

BrnustHue coctaBa cpeibl Ha KOJIMYECTBO U BBICOTY MHKPOIIOOETOB JI0OCTOBEP-
HO Ha ypoBHe 3Hauumoctu 0,05 (puc. 2).

[TuTtarensHeie cpensl B BapranTax NC5 (MS + 30 /i caxapossr + 7 /11 arapa +
+ 1 mr/n BAIT) u NC6 (MS + 30 r/in caxapossl + 7 1/1 arapa + 1 mr/n BAII 0,2
mr/n HYK) SBistroTCst JIyqmmmu Ui pa3MHOKEHUST MEKPOTIOOETOB SBKOMMUH (CM.
puc. 1, 6).

Biinsinue ayKCHHOB Ha pereHepanuio KopHeii y skcniiantoB E. ulmoides. Ha
Hepaz0aBieHHOM mnuTarenbHOU cpene MS ¢ nmobaskoiik UMK u HYK B passbix
KOHIICHTPAIMSAX IKCIUIAHTBI HE YKOPEHSUIHCh. [Ipr 3TOM MHTEHCHBHO pa3pacTaiach
KaJUTyCHasl TKaHb, YTO CIIOCOOCTBOBAJIO pereHepaliiy oOeroB u3 Kajuryca. B HeKoTophIx
BapHaHTaxX B MECTE COIPUKOCHOBEHHMS JIMCTA W MUTATEINbHON Cpelpl pa3pacraiach Kai-
JIycHasi TKaHb U U3 KaJUTyCa pa3BUBAIUCH KOPHU. [103TOMY OIBITHI IO YKOPEHEHUIO MHK-
POIIOOETOB MTPOBOIMIIN Ha pa30aBICHHON MATATEIIHLHOM cpere — 2/3 MS.

HopmanbHo pa3BuThIe MHKPONOOErH C XOpOLIeH MUTMEHTalUel, BBICOTOH
3 cM BEICOKHMBAJIA HA TTUTATENbHYIO cpeny 2/3 MS ¢ nobasienunem aykcnaHoB UMK
n HYK B paznuunbix KoHIEHTpauusx. Uepes 4 Henenu HaOMIOJall pereHepamnmio
KOpPHEH y OIBITHBIX 3KCIUTAHTOB. Pe3yNbTaThl 3aBUCUMOCTH pereHepanuu KOpHeH y
9KCIJIAHTOB OT JJOOABJICHUsI AyKCHHA MPUBEACHBI B Ta0I. 3.
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Puc. 2. Paznmuuus mexny oOpasiamu coctaBa cpeabl (NCI-NCI15) no komuuecTtBy (a)
1 BBICOTE (6) MUKPOTIOOETOB

Fig. 2. Differences between samples of the medium composition (NC1-NC15) in terms of
the number of microshoots (a) and their height (6)
Taonuma 3

BinsiHue ayKCHHOB HA pereHepanuio KopHeil y 3xkcmiianToB E. ulmoides

AyKcuH, K Cpennee C
MI/1 OJIMHCECTBO MUK™| ) miwecTBo PEARAA | 1uectro
Bapuant poroberon <ODHGI JUTHHA KODHGH
HYK | UMK | c xopHsMH, % p KOpHS, CM p
Ha mo0ere, 1IT.
R1 0 0 0 0 0 -
R2 0,5 0 10 0,8 0,8 VY oBi.
R3 1,0 0 40 1,0 0,9 Y noBi.
R4 1,5 0 100 2,9 1,8 Xopoiiee
R5 2,0 0 70 2.9 1,3 Xoporee
R6 1,0 0,2 70 2,2 1,2 Xoporiee
R7 1,0 0,4 90 2,5 2,0 Xopoiee
RS 1,5 0,2 90 2.3 1,4 Xoporiee
R9 1,5 0,4 70 2,1 1,2 VY noBiL.
R10 0 0,5 0 0 0 -
R11 0 1,0 0 0 0 -
R12 0 1,5 0 0 0 -
R13 0 2,0 0 0 0 -

[Mpumeuanne. IlomyxupHbIM MIPUPTOM BBIAEICHBl BaPUAHTBI CPEMbl, ONTHMAJIbHBIC

Tt (POPMHUPOBAHUS KOPHEH.




ISSN 0536-1036 «M3BecTus By30B. JlecHoii :xxypHaa». 2020. Ne 5 47

Ha cpene 2/3 MS ¢ nobaskoit HYK B pa3HBIX KOHIICHTpaIusax (BapHaHTHI
R1-R5) xommdecTBO AKCIUTAHTOB, PereHEPUPYIONTIX KOpHH, cocTaBisuio 10...100 %.
B Bapuante R4 Ha nurarensnoit cpene 2/3MS + 1,5 mr/n HYK konuuectBo sKc-
IJIAHTOB, pereHepupytommx kKopaw, — 100 %, cpemHee KOJIMYECTBO KOpHEH —
2,9/mober, cpeanss niuvHa KOpHA — 1,8 ¢M, KayecTBO KOpHEH xopoiuee.

B BapmanTtax (R6-R9) na murarensnoii cpene 2/3MS ¢ nobaskoit UMK u
HVYK B pa3HBIX KOHLEHTpaUUsSX KOJMYECTBO IKCIUIAHTOB, PETCHEPUPYIOMINX KOP-
HH, coctaBiuseT 70...90 %. B Bapuante R7 Ha nurarensHoit cpene 2/3MS + 1 mr/n
HYK + 0,4 mr/n UMK koJin4ecTBO KCIUIAHTOB, pereHepupyroImux kopau, — 90 %,
CpelHee KOJIUIeCTBO KOpHEH — 2,5/mmoder, cpemuss mrmHa KopHI — 2,0 cM, KauecTBO
KOpHEH xopouee.

Ha cpene 2/3 MS ¢ mo6aBkoit UMK B pa3HBIX KOHIIEHTpAITUAX (BapHAHTHI
R10-R13) muxponoberu He yKOPEHSUIHCH, a KAITyCHas TKaHb pa3BHBajach OYCHb
CHJIBHO, YTO CITOCOOCTBOBAJIO 0OJIee aKTHBHOMY POCTY aIBEHTHBHBIX TTOOETOB DKC-
TUTAHTOB.

Paznmuumsa mexay obOpasmamu cocTaBa Cpeibl 1O KOJIWYECTBY KOpHEH Ha
no0er U JUTMHE KOPHsI IOCTOBepHBI Ha ypoBHE 3HaunMoctu 0,05 (puc. 3).
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Puc. 3. Pasmmums mexmy oOpasmamu coctaBa cpeabl (NCI-NCI15) mo komudecTBy
(a) m nune (6) KOpHEH Ha Tober
Fig. 3. Differences between samples of the medium composition (NC1-NC15) in terms
of the number (a) and length (6) of roots per shoot
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[Murarensubie cpenbl B Bapuantax R4 (2/3MS + 30 r/n caxapossl + 7 /1 ara-
pa + 1 mr/n HYK) u R7 (2/3MS + 30 r/n caxapossl + 7 r/n arapa + 1 mr/m HYK +
+ 0,4 mr/n UMK) sBnstoTcst MydIIuMH Ui PEereHepald KOpHEH y 3KCIUIaHTOB
E. ulmoides (cMm. puc. 1, 6, 2).

Boi6000b1

1. Jlyumre#i nporexypoit sl CTepUIIM3alliu PACTUTEILHOTO Marepuana (Mo-
JIOJIbIe BEPXYIIIEYHbIE TOOErn) 9BKOMMHHU BS30JIMCTHOW SIBIISETCS MOTPYKEHHE Ma-
tepuana B 70 %-it atanon Ha 30 ¢, 3atem B 0,1 %-it HgCl, Ha 5 mun. YacTtoTa pere-
Hepauu MUKpOroderoB cocraBuia 56,7 % npu ux crepunbHocTd 63,33 %.

2. OnpeneneH ONTUMAJIbHBIM COCTAB MHUTATEIBHOM Cpel Il MHUKpPO-
pasmHOXeHus1 Eucommia ulmoides Ha ocHOBe cpensl Mypacure—Ckyra [16]: MS +
+ 30 r/n caxapo3sl + 7 /it arapa + 1 mr/n BAIT; MS + 30 r/n caxapo3ssl + 7 r/71 ara-
pa+ 1 mr/n BAII + 0,2 mr/n HYK.

3. [urarensable cpenbl 2/3MS + 30 r/m caxapossl + 7 1/m arapa + 1 mr/n
HYK u 2/3MS + 30 1/n caxapo3ssl + 7 r/m arapa + 1 mr/m HYK + 0,4 mr/n UMK
SIBJISTFOTCSL JIYYIIUMH U3 TPOTECTUPOBAHHBIX JUIS pereHepaliii KOpHEH SBKOMMUU
BSI30JINCTHOM.
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The increasing need for herbal medicines requires the study of not only biological resources
of medical plants, but also methods for their reproduction. Of special value are the medici-
nal plants that have a long history of success in traditional medicine. One of such plants is
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Eucommia ulmoides Oliv., which belongs to a rare relict species growing in natural condi-
tions, for the most part, in the undergrowth of humid subtropical forests in China, mainly in
the middle course of the Yangtze river. £. ulmoides compares favorably with most subtropi-
cal plants owing to its significant frost resistance, which makes it possible to cultivate it
outside the humid subtropics. It has been widely introduced in Krasnodar Krai and in the
Republic of Adygea (Russia) since the mid-20th century and successfully adapted to various
environmental conditions in the Northwest Caucasus. The increasing demand for E. ul-
moides bark can only be satisfied by laying out industrial plantations. However, the difficul-
ties encountered in the traditional seed reproduction of E. ulmoides (dioecious species, pol-
len low quality, parthenocarpy, prolonged seed dormancy, irregular fruiting, long juvenile
period, etc.) make scientists turn to modern biotechnological methods of plant propagation.
While considering cultivation of planting material, we should focus on highly efficient
methods that ensure stable and mass reproduction of the plants under study. An important
role is played here by in vitro plant regeneration. The effectiveness of biotechnology meth-
ods is due to a reduction in timing of obtaining a large number of vegetative progeny of
plants difficult for propagation, as well saving of the area required for their cultivation. The
conditions for producing an aseptic culture of E. ulmoides were chosen based on the results
of the studies. The highest degree of sterilization of E. ulmoides shoot segments was
achieved when the explants were sequentially immersed first in 70 % ethanol (30 s) and then
in 0.1 % mercuric chloride solution (5 min). With such a sterilization procedure, 63.3 % of
the studied cuttings were made sterile, and 56.7 % of them proved to be viable. The optimal
composition of the nutrient medium for regeneration of E. ulmoides microshoots has been
determined: MS medium complemented with 1 mg/L 6-Benzylaminopurine (BAP) + 0.2
mg/L 1-Naphthaleneacetic acid (NAA). The best media for explant rooting are the follow-
ing: 2/3 MS + 1.5 mg/L NAA + 30 g sucrose + 7 g agar; 2/3 MS + 1 mg/L NAA + 0.4 mg/L
IBA + 30 g sucrose + 7 g agar.

For citation: Zhigunov A.V., Nguyen Q.T. Introduction of Eucommia ulmoides Oliv. to in
vitro Culture. Lesnoy Zhurnal [Russian Forestry Journal], 2020, no. 5, pp. 38-50. DOI:
10.37482/0536-1036-2020-5-38-50

Keywords: Eucommia ulmoides Oliv., microclonal propagation, microshoot, sterilization,
regeneration, growth regulator.
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COCTABJ/BIIOINUE TUHAMUKH MTPUPOCTA PAHHEN
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PamanbHbIA IPHPOCT CTBOJIA CONEPIKUT MH(POPMALIUIO O POCTE, PA3BUTHH U COCTOSIHUM Jepe-
Ba. [IpupocT paHHe# 1 MO3IHEH JPEBECHHBI NMEET CYIIECTBEHHBIE 0COOEHHOCTH. J{nHaMmKa
MPUPOCTa CKJIAABIBACTCSI U3 MOHOTOHHBIX M IUKJIMYECKUX cocTaBisiomux. Ha ocHoBe 3axo-
HOMEPHOCTEH pauaIbHOTO IIPUPOCTa BO3MOXKHBI PETPOCHEKTHBHASI M IPOTHOCTHYECKAs
OLIEHKa pOCTa W Pa3BUTH JepeBa U ApeBocTos. Llens mcciaenoBaHus — aHaau3 CBOICTB co-
CTaBISIIONIMX M MX BKJIAJIa B AMHAMUKY NPUPOCTA PAHHEH M MMO3HEH JpeBecuHbl 1yda B 3a-
BUCHUMOCTH OT OJIArONPHUSTHOCTH MEPHOJIa POCTA U Pa3BUTHUsI KPOHBI. OOBEKT — HAropHast Hc-
KyCCTBEHHasl JTyOpaBa, 4ucTasl 10 cOCTaBy, | kiacca OoHutera. PaccMoTpeHs! aBa mepuoja
pocra: 1-if — 6maronpusTHbIi (1968—1996 1T.) M 2-if — HeOmaronpustHeIA (1997-2014 rT.).
W3ydensl Tpu rpynmsl o 10 nepeBbeB ayda B KaXKI0W, pa3iInYaroNIuxcs 110 THITY Pa3BHTHS
KpOHBI (OpUTHHAIBHAS KiaccH(UKaIis) 1 ee TuHaMuKe. KepHbl cTBoa B3sTH Ha BeICcOTE 1,3
M C I0r0-BOCTOYHOHM cTOpOHBI. [lokasarenn paanaabHOrO MPHPOCTa ONPEAENICHBl Ha M300pa-
JKCHUSX KEPHOB, OTCKaHMPOBAHHEIX Ipu pasperneHnn 1200 dpi. BeigeneHs! Tpu cOCTaBIsIO-
ye TUHAMHUKH — MHOTOJIETHUI TPEH/ U LUKIMYECKUE COCTABIIONIME ¢ 12- 1 2—5-eTHUMH
IUKJIaMH. VI3MEHYNBOCTD IUKIMYECKUX COCTABIISIONIMX ANHAMHKHN IIPUPOCTA paHHEH JpeBe-
CHHBI HIDKE, YeM I03IHeH, Ooee 4eM B 2 pasa. Bxiag coctapmsromeii ¢ 2—5-eTHeH TUKINI-
HOCTBIO B TUHAMHKY IPUPOCTA paHHEH M MO3MHEH APEeBECHHBI NMpeolnagaeT B O1aronpusrT-
HbII mepuon pocra. Bkiaj cocrapisitoneii ¢ 12-eTHel MKIMYHOCTHIO BO3pacTaeT B HeOa-
TONPUSITHBIN TIEPUO U TEM OOJIbIIIe, YeM XYK€ pa3BHUThI KpOHBL. [lepexo/| paauaibsHOro mpu-
pocTa Ha 0oJice HU3KUI YPOBEHB MPOU3OIICI B TOJIbI MUHUMYMa COCTaBJISIFOIICH ¢ 12-meTHer
UKJINYHOCTBI0. Me 1y IPUPOCTOM paHHEH U MO3JHEN APEeBECHHbI HET 3HAUUMON KOppens-
L[UM 110 COCTaBJISIOIIEH ¢ 2—5-1eTHel MUKINYHOCTBI0, KOTOpast BHOCUT OCHOBHOM BKJIAJl B UX
cooTHomeHne. 1o OCTaNbHBIM COCTABIISFOIIMM KOPPEJSALHS MEXKIY NPUPOCTOM paHHEH H
TIO3/IHEH JIpeBeCHHBI OoJiee TeCHasi B HEOJIArONPUATHBIN MEPHOJ U C yXYAIICHUEM Pa3BUTHS
KpOHBL. MeXy IPHPOCTOM PaHHEH NPEBECHHBI W MPUPOCTOM MO3IHEH IPEBECHHBI MPE/IbI-
JIYILETO TOa KOPPEJSIHSA TECHEE, YeM OJJHOTO M TOTO XK€ TO/a.

Jna yumuposanua: Karmumaa H.®. CocraBisromue THHAMAKA TPUPOCTa PaHHEH U TO31-
Hell ApeBECHHBI CTBOJA Ty0a YeperrdaToro B HaropHou ryOpase roskHOM necoctenn // 3B.
By30B. JlecH. xxypH. 2020. Ne 5. C. 51-63. DOI: 10.37482/0536-1036-2020-5-51-63

Kniouegvie cnosa: ny0 depenruarslii, pa3BUTHE KPOHBI, PAHHSS U MO3/HSI APEBECHHA CTBO-
Jla, AMHAMHKA PaJuabHOTO NMPUPOCTA, MOHOTOHHBIE U IUKINYECKHE COCTABIISIOIINE TUHA-
MUKH.

Beeoenue

PajmanbsHbI TpUpOCT CTBOMA COAEPIKUT HH(POPMAIIHIO O POCTE, PAa3BUTHH U CO-
CTOSIHUH JICPEBA 101 BIMSIHUEM Pa3JIMUHbIX 3KOJIOTHYeCKuX (haktopos [3,9, 17 u ap.].

Pannsisn npesecuna (P/I) ny6a uepemruaroro ¢popMupyercs U3 3amnacHbIX IUIa-
CTHYECKHX BEIIECTB OJHOBPEMEHHO C PacIlyCKaHHWEM JINCThEB, 00ecIedrnBasi BOCXO0-
TSIIAA TOK TAacOKH, a mo3fusisl npeBecuna (I1J]) — u3 acCHMHIISITOB TEKyIIEToO Tofa.
Ocob6ennoctu quHaMuku rpupocta PJI u I1/] nyba yepenrdaToro, a Takxke WX COOT-
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vomenws (I1/1/PJ1) — BaykHOTO TMOKa3aTems IIOTHOCTH APEBECHHBI [2] ¥ CAaHUTApHOTO
cocrostaus y0a [1, 14] ommcans MEOTMME aBTOpamu [12, 15, 18, 19, 22, 23, 25].

JluHaMuKa TIpUpoOCTa CKIIAIBIBAETCS M3 BO3PACTHOTO M APYTUX MOHOTOHHBIX
TPEH/IOB, a TaKXKE M3 IMUKINICCKAX COCTABISIOMNX — OT 2—3-JE€THUX O MHOTOBE-
KoBBIX [3, 9, 10, 16, 21]. AHanu3 TMHAMUKH ATUX COCTABJISIOIMIMX Ba)K€H JJIS I10-
HUMaHUSl 3aKOHOMEepHOcTell panuansHoro npupocta P u I1J], yro HeoOxoanmo
TIPU PEIICHUU MHOKECTBA JIECOXO03sHCTBEHHBIX 3a/1a4.

Lenp — U3yunTh CBOMCTBA COCTABIISIONINX U UX BKJIAJ B JUHAMUKY MIPUPOCTA
P/] u [1/] myba yeperr4aToro B 3aBUCMMOCTH OT OJIarONPUATHOCTH MEPHOAA POCTA H
OT Pa3BUTHSI KPOHBI.

Obvexkmul u Memoobl UCCIeO08AHUS

OO0wexT uccnenoBanus — 80-1eTHsSI HArOpHAasi UCKYCCTBEHHast TyOpaBa, 4u-
cras no cocraBy (I knacc Gonutera, monHota — 0,8). Hacaxnenue pacnoiaokeHo Ha
I0’KHOM TpaHuIe ecoctenHon 300! (TemiepmanoBckoe onbITHOE JecHn4decTBO MJI
AH PAH). peBoctoii chopmupoBan nydoom no3aneit penodopmsel, KOTOpLIi Oojee
YyBCTBHUTEJIEH K 3acyXaM, HO peXe IMOBPEXKAaeM HaceKOMbIMU-(puiiodaramu, yem
ny0 panneit penodopmsr [12].

PazButue kpon ny6a nadmopanocs H.H. Cenounuk c 1985 r. u aBropom cra-
Thu ¢ 2005 1. o Hacrosmiee Bpems [7, 8]: 1) packunuctsiit Tum (P-tum) — oOpranHO |
u yactuuHo Il kmaccoB pocta u pazsutus o Kpadry, ¢ pazBuToil KpoHOH, MOIIHBIME
HIDKHUMH BETBSIMH, (DOPMHUPYIOIIUMHUCS B TIEPHOA OBICTPOTO POCTa JepeBa; 2) 30H-
TUKOBUHBIN T (3-Tum) — wactuuHo 11, wamte 111 knacca mo Kpadty, 6e3 HIKHHX
KPYIHBIX BETBEH, yTPauyeHHBIX B IPOLIECCE POCTA B YCIOBHAX KOHKYPEHLUH; 3) Y3KO-
kpoHHBIH THI (Y-TUM) — 00619HO IV U V KJaccoB, yTpaTHUBIINI NMEpBUYHBIE BETBU
KPOHBI, C 3aMCHUBIIMMHU UX HEPa3BUTHIMH BTOPHYHBIMU BeTBAMU. Knaccudukarms
JIepeBbEB y0a IO TUITy Pa3BUTHS KPOHBI MOXKET IIPUMEHATHCS B YCIOBHAX PAa3IHy-
HBIX €CTECTBEHHBIX U aHTPONOTEHHBIX (PAKTOPOB, a TaKkKe (B OTIMYUE OT Kiaccupu-
Kaluii 110 COLMAILHOMY CTaTyCy) AJIsl OT/IEJIBHO CTOSIIIUX AEPEBHEB.

HccnenoBaHbl 1Ba OTHOCHTEIBHO CTaOMIIBHBIX MEPHO/IA POCTa C PE3KUM Tepe-
X0I0M Mexay HuMH: 1-i1 — Gmaronpustaelii (1968—1996 rr.) u 2-ii — HeGmaronpusT-
vei (19972014 11). U3yuyensr Tpu rpynmsl, mo 10 gaepeBseB ayda B KaKIOH,  C
HanOoJIee XapaKTepHON TUHAMHKOM pa3BuTHs KpoHHEI [8]: 1) nepeBbst P-Tuma kak B 1-#,
TaK ¥ Bo 2-ii nepuosl pocta (rpynmna P-P); 2) nepeBbs P-tuna B 1-i nepuoa u 3-tuna —
Bo 2-ii (rpymma P-3); 3) nepeBbst 3-tnmna B 1-i mepuoa u Y-tuma Bo 2-i (rpynma 3-Y).

Kepns! crtBosa B3saTel B 2013-2014 rr. Ha BbIcOTE 1,3 M C IOT0O-BOCTOYHOM
cTopoHsl. [loaroToBnennple KepHbI CKaHUpOBaX Tipu paspemrenuu 1200 dpi. 1u-
puny npupocta PJI u IIJ[ u3Mepsuin C HNOMOULIbIO KOMIIBIOTEPHOM IPOrpaMMBbl
GetData Graph Digitizer 2.24 ¢ Tounoctsto He Menee +0,02 mm. IlepekpectHoe na-
TUPOBAHUE MPOBOJWIN BH3yallbHO 1O npupocty 11/, cunxpoHHOMy y OOJBIIMH-
cTBa JiepeBbeB yOa. [IpupocTsl aHamu3upoBaIyu ¢ 36-JIETHETO BO3pacTa JAEPEBbEB,
B miepuo;] popMupoBaHus 3pemnoii apeBecudsl [20]. Bpemenusie psabl pupocrta P
u I1J] amist Tpymmmet IepeBheB MOTydain Kak CPeTHNE 3HAYCHNUS IEPEBBEB 110 TO/IaM.

3HAYUMOCTh pa3IM4YMi MOoKa3aTeael Mexay MepuoJaMH pocTa U TpylrnamMu
JIEPEBBEB OLICHUBAJIM C IOMOLIBIO JUCIIEPCHOHHOI0 aHanu3a Ha yposHe o = 0,05.

Peszynomamul uccredosanus u ux oocyscoenue

Bo BTopoii monoBune 1990-x IT. nociie HECKOIBKUX 3aCYLUIUBBIX JIET IPUPOCT
IO 3amacy B M3y4eHHOU mybOpaBe cHm3mics Ooiee deM Ha 30 %, OoTmaa mOBBICHIICS
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B 3,5 pasa, 3amac 3a 10 ner mpaktudecku He m3MeHwmics [4, 5]. OTmernm, 4TO B
TennepmMaHOBCKOM JIECHOM MaccuBe U panee, B 1969—1983 rr., Habnroganocs ma-
JIeHHE TPOJTyKTUBHOCTH, COIPOBOKIABIIEECS CHUKEHUEM yCTOHYHMBOCTH M TOBBI-
meHueM cMepTHocTH nyda [11]. OgHako B 00BEKTE UCCIICIOBAHNS OTMEUCHO JIUTITH
cumxkenue npupocta [1J] B konme 1980-x. 3T0 MOKHO OOBSICHUTH BHICOKOM yCTOM-
YMBOCTBIO Ay0a B MEpHOA OBICTPOrO pocTa [5] B CBSA3U C €ro BBICOKOH CIIOCOOHO-
CTbIO BOCCTAHOBJIEHHUS M POCTA KPOH.

Jlunamuka pa3BUTHA KPOH U YChIXaHUS Ay0a B IPEBOCTOE pa3inyanach B 3aBU-
CHUMOCTH OT MCXOJTHOTO THIa Pa3BUTHS KPoHBL. Tak, ¢ 1985 mo 1996 r. 86 % nepeBneB
P-tuna coxpaHuio cBoi TUI pa3BUTUS KPOHBI M 1O 7 % Mepenuio B 3-TUI U yCOXJI0. 3a
Te e ToabI Tobko 20 % nepeBbheB 3-THIIA COXPAHUIIO CBOM cTaryc, 38 % mepensio B
V-tun u 42 % ycoxio. Bo 2-it nepuon muiis 32 % aepeBbeB P-Tuna coxpaHuio aaH-
HbIU TUI KpoHbl, 44 % nepeuuto B 3-tur, 17 % — B Y-tun, 7 % ycoxino. Jluus 12 % ne-
PEBBEB 3-TUIA COXPaHMIO cBOH TuM, 35 % nepeuwio B Y-tun u 53 % ycoxino [8].

Cpennue nuaMeTpsl CTBOJIOB M KPOH B M3YYEHHBIX TPYIIax JEPEBHEB 3HA-
YUMO pazfiudainch. Juamerp cTBosioB B 1-if u 2-if nepuossl B rpynne P-P cocraBun
cootBercTBeHHO 25,0 1 41,9 cm, B rpynmne P-3 — 20,8 u 31,9 cm, B rpynie 3-Y —
17,9 1 26,0 cMm. /IlnameTp KpoH BO 2-if MepHOJl B 3TUX IpyNIax OblJI paBEH COOTBET-
ctBeHHo 7,7, 5,9 u 4,0 M. KaTeropusi caHuTapHOTO COCTOSIHUS B 1-i1 mepuox ObLia
cxonHoi Bo Becex rpymnmax (1,7-1,9 6amma), a Bo 2-if mepuon B rpynme P-P He-
ckoipko BeIme (1,5 6amra), yem B nByX apyrux (1,8—1,9 6amra). Jledbommanms nsy-
YeHHBIX JiepeBbeB ayoa ¢ 1985 r. He npebimaina 20 %, kpome 2009—2011 rr., qocTH-
rast B 2010 r. 50 % y otnensHBIX AepeBbeB P-3 u 3-Y rpynm, B cBs3U ¢ 4EM UX Ka-
TEropusi CAHUTAPHOI'O COCTOSHUSI CHIPKaJIAch (10 3 OayjioB).

[Ipupoct PJI u I1/1, a Taxxe [1/I/P/] 3HaunMo paznmuyaiuchk Kak 1Mo mepuoiam
pocrta, Tak u mo rpymnmnam aepesseB (puc. 1). Cpeaunii npupoct P/ B 1-it u 2-ii me-
puoasl B rpymnme P-P coctaBun coorBercrBenno 1,06 u 0,87 mm, B rpynne P-3 —
0,79 u 0,56 mmM, B rpymme 3-Y — 0,56 u 0,32 mm. Pa3zmax mpupocta P/ y nepeBbeB
P-tuna (B cpennem B rpymme) 6oxee 0,75 mm, 3-tuna — 0,4-0,75 MM, Y-Tuna — mMenee
0,4 MM TIpH cpeHEM YHCIIE PsJIOB COCYZOB COOTBETCTBEHHO He MeHee 3, 2 u 1 [6].
Cpennuii ipupoct I1/] B 1-it u 2-it nmepuoxasl B rpymmax P-P, P-3, 3-V 0wt paBeH
cootBercTBeHHO 1,71 u 1,13 MM, 1,28 u 0,67 MM, 0,88 u 0,39 mm. Cpenree 3HaUCHNE
ITJI/P/] He 3aBHceNo 3HAYMMO OT THUIA PAa3BUTHS KPOHBI M COCTaBWIIO B 1-i mepron
1,65, npubmkasch K MaKCUMaJIbHOMY 3a(MKCHPOBAaHHOMY 3HaueHHUIO (0Ko0jo 2) B
HaropHeIX ayopaBax TemrepmanoBckoro seca [2]. Bo 2-# mepuoy ero 3HaueHUE CHH-
3W10Ch 70 1,27, 94TO JalieKo OT KPUTHIECKOTO.

CrnaxxuBanueM BpemeHHoro psina mpupocta P u I1J], a Tawke I1JI/PJ
11-1€THUM CKONB3SIIMM CPeTHUM MONydrin 1-10 cocTtaBisontyro auaaMuka (C1),
BKJIFOYAIOIIY0 MOHOTOHHBIE TPEH/BI — BO3PACTHOM W BbI3BAaHHBIM KOHKYPEHLIUEH,
a Tak)kKe MHOTOJICTHHE IUKINYecKkue coctapisitoniue (puc. 2). Tak, na 2008-2009
IT. IPULIIICh MUHUMYMbI BEKOBOT'O, bpukHeposa u 11-1eTHEro HUKIOB COJIHEUHON
aktuBHOCTH [10]. IlepBrie ABa M3 HUX MOTJIM OKa3aTh TNPSAMOE M OTOCPEOBAHHOE
(uepe3 knumaruueckue (axrtopsl) BiausiHue Ha Cl. CriaxuBaHueM BPEMEHHOIO
psiza S-IEeTHUM CKOJIB3SIIUM CPEJHUM M BblUMTaHHEM U3 Hero TtpeHzaa Cl momyuu-
mu 2-10 coctaBisironyo (C2), ¢ 12-TeTHUMH NUKIaMH, OYCBUIHO HHIYIIHPOBAH-
Hyto 1l-TeTHUMH IMKIaM{ COJHEYHOW aKTUBHOCTH. OCTaTOYHBIE OTKJIOHEHHUS
BPEMEHHOTO psAa OT S5-JETHEro CKOJB3AIIEr0 CPEIHEro paccMaTpuBaINd Kak 3-10
cocraistonyto (C3) ¢ nukmamu 2-5 ner. Cymma cocrasisiromux (XC) Cl, C2 u
C3 sBisieTcss UCXOIHBIM BPEMEHHBIM PSIOM.
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Fig. 1. Dynamics of early (a) and late wood (6) increment and the late wood/ early
wood ratio (g) by groups of trees
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Fig. 2. Components C1 (a), C2 (6) and C3 (s) of the increment dynamics of early and late wood
and the late wood/early wood ratio, case study of the middle group of trees (P-3)
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Mexczxy N3YUCHHBIMHU I'pylIaMnu JCPEBLEB CYMICCTBYIOT TECHBIC KOPPEIALUN
10 OJTHOMMEHHBIM COCTAaBISIONIMM IOKa3aTenel mpupocta (tadn. 1). Moxuo cre-
JaTh BBIBOJ, YTO BCE BBIJICJICHHBIC COCTABIISIFOIINE MMEIOT 3aKOHOMEPHBIM Xapak-
Tep, NPOSBUBILIUNICS B KaXXJ0M rpymie JepeBheB. TecHas KOppeIslUOHHAS CBS3b
coctapisitomnx C1 Bcex rpymm oOycClIOBIIiEHa CHMIKEHHEM HMX TpHpocTa (Kpome
npupocta P/] rpynmnst P-P B 1-if mepuon). B 1-it nepuon cocrasnstomue C3 cBsi3a-
HEI OoJtee TecHO, yeM C2, a Bo 2-if meproj, HaobopoT, coctasistonue C2 pa3mnd-
HBIX I'PYIIII KOPPEIUPYIOT CHIIBHEE.

Tabnuma 1

KO:)q)(l)HHHeHTLI KOppe.]'lﬂ]_II/IPI OJHOUMECHHBLIX COCTABJAKIINX U UX CyMMl)I
Mem)]y pa3J'[I/[‘-lH])lMl/l rpylmaMn nepeBbeB
19701996 r. 1997 2012 rr. 19702012 rr.
P-P, | PP, | P3, | P-P, | P-P, | P-3, | P-P, | P-P, | P-3,
P3 | 3V |3y | P3| 3V |3V ]| P3 |3V | 3y
Cl 0,17 | 0,03 [0,96 094 ] 094 [092] 091 | 0,90 ] 0,99
B 2 0,81 | 0,64 | 09109 | 091 [094] 085 [0,79] 0,92
C3 0,87 | 0,82 [0,90]071] 0,71 [0,88] 093 | 0,90 0,96
e 0,70 | 0,49 [ 0,88 080 | 0,76 | 0,88 | 0,85 | 0,76 | 0,94
Cl 0,91 | 0,75 | 0,91 090 | 0,88 [099] 099 | 0,97 ] 0,99
I 2 0,91 | 0,73 [ 0,89 096 | 0,90 [097] 093 [0,80] 0,92
C3 0,93 | 0,90 [0,96]087] 0,76 [092] 092 [0,88] 0,95
e 0,92 | 0,84 {09308 | 0,79 [0,95] 092 | 0,87 ] 0,96
Cl 0,56 | 0,89 | 0,66]057] 062 [095] 088 |0,93] 096
2 0,87 | 0,70 [ 0,85]093] 0,89 [094] 08 |0,77] 0,89
PR 3 0,89 | 0,91 [093]082] 077 [081] 088 [089 | 091
xC 0,86 | 0,85 [0,89]085] 081 [085] 087 | 0,85 ] 0,90

IToxa- | Cocras-
3areib | JISroIas

[Mpumeuanue. B Tabun. 1, 3—5 noiyXupHbIM HIPUGTOM BbIJICICHBI CTATUCTUYECKH 3HAYNMBbIE
BEJIMYMHBI.

Koaddunuents Bapuanuu cocrasmsomux C2, C3 u XC mpupocta PJ oka-
3anuch MeHble, yeM I1J], B 2 pasza u Gonee (Tabmn. 2), 4yTo coriacyercs ¢ JaHHBIMU
Ipyrux aBTOpoB. CxoaHble pe3ynbTarhl [12] moiaydyeHsl B TOM K€ IPEBOCTOE IS
no3aHed hopmbl ayda 3a mepuon 1958—1987 rr. Ha 3HAYUTENBHO OOJBIIIEM KOJIH-
YecTBE KEPHOB (B T.4. JUIS JAEPEBBEB, BIIOCIEACTBUN YyCOXIINX). Tak, y Tpymimsl Je-
peBweB | u Il knaccoB mo Kpadty (P-tuna) nsmenansocts npupocta P/ u [1]] n nx
COOTHOIICHHs OblTa TaKoOW e, KaK 10 HallUM JaHHBIM, a y TPYIIbl JepeBhEB
III-V xmaccoB (3- u Y-TumnoB BMecTe) — nmpumepHo Ha 30 % BeIiIe.

M3MeHuMBOCTh COCTABISIIONIMX B 1-H 1 BO 2-i Mepuojbl B OCHOBHOM IOBBIIIIA-
erca B pany: Cl, C2, C3. B 1-ii nepuog u3sMeHYMBOCTb cocTapisitomieii C3 Bbiiie, yeM
C2 (B cpeanem mo Tpynmam): npupocta PJ] — B 2,3 paza, [1/] — B 2,5 paza, IIJ/P/] —
B 2,8 paza. Bo 2-ii nepuon nameHunBOoCThH cocrapisitomeit C2 npupocra PJI u [1]] yBe-
IMYrIack cootrBeTcTBeHHO B 1,8 u 1,9 paza, I1I/P/] — mummb B 1,2 paza. Koaddunmen-
TBHI BapHAIlMH OCTAIBHBIX COCTABISIOMIMX M3MEHWJINCH 3HAUYMTEIBHO MeHbIIe. B pe-
3yJIbTAaTe U3MEHYMBOCTh cocTapiisitorieit C3 Obuia Bbimie, yem C2, b B 1,3 pasza jyist
npupocta PJI, B 1,1 paza ans npupocta I1/1 u B 1,5 pasa ms [1/P/L.

Ilepexon paarambHOTO MIPUPOCTA HA 00JIee HU3KUA YPOBEHBL COBITAT C MUHH-
MyMoM cocTasstomeid C2, Bo3pacTaHueM ee BKJIaja U MOBBIIIEHHEM U3MEHYHBO-
cTH. PHCK Takoro mepexona yBEIWYHIICS MO0 OKOHYAaHUH MEepruoja OBICTPOrO pocTa
JPEeBOCTOS, KOTAA YChIXaHUE HU)KHUX BETBEH B TOJlbl MUHUMYyMa 12-1€THEro LuKia
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HE MOKET KOMIIEHCHUPOBATHCS UX BOCCTAHOBIICHHEM M HapacTaHMEM B BEpXHEW ya-
CTU KPOHBI B FOJIbI MakCUMyMa Iukia. Bo 2-if mepuoa y Bcex COCTaBISIOUIUX MPU-
pocra I1J] (B otnmume ot PJI u I1JI/P/]) HaGmtomaeTcst TEHACHIUST YBEIUUCHUS U3~

MEHYMBOCTH C YXYAIIEHUEM Pa3BUTHS KPOHBI.
Tabnuma 2

Kos(puuneHTs! Bapuanyumu cocTapIsIIOIMX U UX CyMMBI, (%)

ITokaza- Cocras- 1970-1996 rr. 1997-2012 rr. 19702012 rr.
Teb Jsrouas P-P P-3 3-V | P-P | P-3| 3-V | P-P P3| 3-¥
Cl 3 6 8 3 4 8 8 15 22
Pl C2 5 5 5 8 8 11 6 6 7
C3 10 12 12 11 12 11 10 12 12
2C 12 13 13 14 15 16 16 21 28
Cl 5 6 9 4 10 14 15 24 29
T C2 11 11 13 19 23 26 13 14 16
C3 29 28 30 23 24 31 28 29 32
2C 30 29 32 32 35 40 36 42 48
Cl 5 4 3 3 5 5 9 11 10
C2 12 11 11 13 15 14 13 13 13
TVPIL C3 32 33 29 23 20 20 30 30 27
2C 35 34 31 28 25 24 34 34 32

Jns 06beIMHEHHOTO TIepuoja MCCIEeIOBAHNN W3MEHYHMBOCTH MHOTOJIETHETO
tpenzaa Cl 3HaYNTENBHO BBIIIE, YEM [0 OTJAEIbHBIM HHTEPBAJIAaM (BO3MOXKHO, BCIIEI-
CTBHE BIIMSIHUSI MHOTOJIETHUX LIMKJIMYECKUX COCTABIISIIONINX ). DTO BICYET 3a COO0H 1
TOBBIIIEHHYI0 M3MeHUNBOCTh XC. C yXyAIleHWeM pPa3BHTHS KPOHBI JIepeBa pOJb
MHoroJsietHero Tpenaa Cl Bospactaer B m3MeHunBoctd npupocta P/ u [11, HO He
[TJI/P/1, BcnencTBue BIMSHUS KOHKYPEHTHOW coOCTaBIsitolied. B pesynbrare B u3-
MeHYHBOCTH Tipupocta PJI o0bemmHeHHOTO TIeprona cocrapistomas C1 urpaer Be-
nyuryto poib (kpome rpynmsl P-P, rie C1 u C3 BHOCAT cpaBHUMBIN BKiamd). B m3-
menunBocT npupocta [1J[ y cocraBmstommx Cl u C3 cpaBHHMBIH BKIajg (Kpome
rpymmsl P-P, tne m3menunBocts C3 mouTtn B 2 pasza Oosblne), a B U3MEHYHBOCTD
ITJI/P/] ocHoBHOIi Bkmax BHocuT C3. Briag C2 Bo Bcex ciydasx caMblii HU3KHH H
JUIS1 BBISIBIICHUSI €TI0 POJIM B IMHAMUKE TpeOyeTcs aHaIN3 110 CTa0MIIbHBIM IIEPUOIaM.

Cocrasmsronme C2 n C3 He UMEIOT 3HAYMMBIX KOPPEJSIIHN ¢ BO3PAacToM (Kak
u Mexay coboit u Cl). Cocrapnsromas Cl muHaMUKK BCeX TOKazaTeleil nmpupocra
3HAYMMO CHMYKAeTCSl ¢ BO3pAcTOM Kak B 1-H, Tak W BO 2-i HEpHOIBI pocTa U TEM
CHIJIbHEE, YeM XYK€ Pa3BUTHI KPOHBL, T.€. C YBEJIMUCHUEM BIIMSHHUS KOHKYPEHIIUH: B
rpymre 3-Y — Bo Beex ciydasix, P-3 — B 2/3 ciayvaeB u P-P — B 1/3 ciyuaes (Ta0m. 3).
B 10 xe Bpems XC He CBsI3aHa 3HAYUMO C BO3PACTOM, KPOME CHUYKAIOIIETOCS MTPUPO-
cta P/ B rpymme 3-Y B 1-ii mepro/1, 94TO Takke MOYKHO OOBSICHUTH BIMSTHAEM KOHKY-
peHLnN.

Jnst 00beJMHEHHOTO TIepHoAa HcclieoBaHusl Kod(pQUIMEHTs Koppensun
coctapstrorieit C1 ¢ Bo3pacTom Ooiree BBICOKHE, YeM 10 Tmepuogam: ot —0,77 mo
—0,93, Heckonbko MeHbIME B rpyime P-P. Taxke 3Ha4MMO CHUIKEHUE C BO3PACTOM
>C, nust mpupocta P/1 u [1]] Tem Gonbliiee, 4eM Xy>ke pa3BUTHI KPOHBI.
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Tabnumna 3
Koapunmnentsl koppensiuun cocrapJsiiomei C1
U CyMMBI COCTABJISIIOIIHX C BO3PACTOM JlepeBbeB
1970-1996 1. 1997-2012 1. 1970-2012 rr.

ITokaza- | Cocras-
TENb jstomast | P-P P-3 3V P-P P-3 3-yV P-P P-3 3y
Pl Cl 0,25 | —0,70 | —0,78 | —0,50 | —0,43 | —0,62 | —0,77 | —0,91 | —0,93

2C 0,29 | —0,23 | -0,45 | 0,19 0,23 | —0,03 | —0,44 | —0,69 | —0,83
Cl -0,36 | -0,59 | -0,75 | -0,37 | —0,52 | —0,55 | 0,86 | —0,89 | —0,92

A XC | 007 | 0 | —0,15] 006 | 0,01 | 0,04 | —0,40 | 0,57 | —0,63
e |Gl [ =056 [ 015 [ 045 | 016 | ~0.65 [ 0,56 | 0,85 | 083 | 0,86
XC | 003 005 | 003 | —003 | —0,14 | 0,02 | —025 | —0,34 | 0,31

B 1-ii meprox y Bcex mokaszareiel paguajbHOTO MPHUPOCTa OOHApyKeHa
TecHasi KoppensauuoHHasi c¢Bsi3b XC ¢ Hambosee M3MEHYMBOH cocrasisromein C3,
IIpH OTCYTCTBHUU 3HAYUMBIX Koppemsiiuii ¢ coctasistonuvu Cl u C2 (kpome mpu-
pocta PJ] B rpynme P-P) (tabm. 4). Bo 2-it mepuox BiusHUE coctaBisrorier C2
CTaHOBMTCS 3HAYMMBIM, HO HUXKe, 4eM C3, poJib KOTOPOH HECKONBKO CHMYKAETCH.

Jnst 00beTMHEHHOTO MeproJia 3HAYMMO BIIMSTHHE BCEX COCTABISIOMIMX Ha
>C: ma npupoct PJ] 6ombmie Bausiet cocrapisromast Cl, a 3arem C3, Ha mpupocT
I1/1, maoboport, 6omwiie Bruser C3, a 3arem Cl. [IpuueM BIHSHUE COCTaBIISIONMIEH
C1 yBenuumBaeTcst OT AEPEBbEB ¢ HaubOoOJee Pa3BUTHIMU KPOHAMU K HAUMEHEE pas-
BUTBIM, a cocrapistomierd C3 cHukaercs B ToM ke Hampasienuu. Ha I1JI/PJ] B
HanbOonpmeil crenern BiauseT C3 HE3aBUCHUMO OT pa3BUTHSA KpoHBL. Bmmsane C2
U1l 00bEAMHEHHOTO MIEPUOoa BO BCEX CIIydasix HauMEHbIIEe.

Tabnuna 4
Koa¢punuenTsl Koppeasiiuu cOCTABJIAOINX ¢ UX CYyMMO#
[Toka3a-| Cocrag- 1970-1996 rr. 1997-2012 rr. 1970-2012 rr.
TEIb JIstroast P-P P-3 | 3-¥ P-p P-3 3-y P-p | P-3 3-V
Cl1 -0,13 { 0,09 | 0,29 | —0,08 | —0,13 0 0,58 | 0,72 | 0,85
PO C2 0,58 | 0,36 | 0,20 | 0,59 | 0,75 0,75 | 0,58 | 0,49 | 0,48

C3 092 089081 080 | 0,8 | 0,69 | 0,74 | 0,63 | 0,43
Cl 0,10 10,16 | 0,14 | —0,14 | —0,26 | —0,24 | 0,51 | 0,66 | 0,68
I C2 024 10,16 022] 0,71 | 0,73 | 0,62 | 0,44 | 0,43 | 042
C3 093 10931091 | 083 | 0,84 | 0,85 | 0,80 | 0,70 | 0,67
Cl 0,23 10,30)0,08| 0,24 | 0,13 | -0,15 10,37 | 0,45 | 0,36
IA/Pa C2 0,27 10,16 {028 | 0,57 | 0,55 | 0,53 | 0,36 | 0,33 | 0,40
C3 092 10931093 088 | 0,8 | 0,87 | 0,88 0,84 | 0,85

H3BectHO, uTo Koppensuus npupocta P/ ¢ mpupoctom I11 Toro xe roga me-
Hee TecHasi, ueM npeabiyiiero roga (IJ1-) [1, 14, 19]. D10 00BsICHSIETCS 3aBHCUMO-
cThio 1 Tpupocta [1]]-; 1 3amaca mIacTUYIeCKHUX BEIIeCTB (M3 KOTOPBIX (hopMupyercst
PJI) ot ycoBwuii BEereTariOHHOTO CE30HA MPOILIOTO To/1a. TEeCHOTa CBA3M MEX/Ty TpH-
poctom PJI u [1]] Mo>xeT n3MEHSThCSl BO BpeMEHH OT CJ1aboii 10 04eHb CHITbHOM [13].

ITo cocrammstomeit C3 xoppemsiiust ipupocta kak P/ u 11, Tak u P/l u
I1JI-; B ocHOBHOM He 3HaunMa. ClieIoBaTeIbHO, B 3TOM COCTABJISAIONICH 3aKITIOUCHBI
ocHoBHble paznuuus auHamuku PJ] u I1J[. C yderom 3HauutensHoro Bkiaga C3
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B JUHAMUKY IPHUPOCTA, MOHITHA HEBBICOKAs TeCHOTA cBs3u mpupocra PJI u IIJI,
0COOEHHO B OJIarONPHUATHBINA TIEPHOT.

ITo C1, C2 n no XC TtecHota cBsizu npupocta PII u I1J] okazanace Huxe,
gyeM PJl w [T, B 1-ii, 2-if 1 0ObeIWHEHHBIN MTepHoabl (Ta0JI. 5), OYESBUIHO, B pe-
3yJbtare casura npupocra Pl orHocurtenbHo T MO HMKIMYECKUM COCTaBIISAIO-
muM ¢ 12-netHuMH U OoJiee MPOAOJDKUTENBHBIMU IHMKJIaMH. [Ipu 3ToM TecHOTa
cBs3u kak juist P/ w [1]1, tak u PJ] u [1]]_; yBennumnace Bo 2-i, HEOIAronpHUsTHBIH
neproa. C yXyaleHneM pa3BUTHS KPOHBI BO3pPOCTIa TECHOTA CBA3H COCTABIIIONINX
npupocta PJ[ u IT/1, B To Bpems kak cBsi3b PJI ¢ ITJ[; game cxonHa BO BCex Ipyll-
nax JepeBbEB. JTO COIJIACyeTCsl ¢ TECHOM CBs3bi0 mupuHbl 11J[ ¢ mokazaTensimu
MIPOBOIATICH crtocoOHOCTH cocynoB P/l [24] m MokeT OOBACHATLCS OrpaHHICHUEM
npupocta I[1/] BenuunHoN BocXos1ero Toka nacoku. B rpymnmne P-P tecHoTta cBs3u
no cocramsouier Cl cnabee, yueM B npyrux rpynnax: B 1-if nepuoa kak anst Pl u
I, Tax w P u I1/]-; (Bumumo m3-3a C1aboro BIUSHUS KOHKYPEHIINH), a BO 2-i
nepuoj — Toabko st P w T1/1.

TabGnuma 5

Koa¢dunuenTsl koppeasiuun Mexkay paanaiabHbiM npupoctom P u T1]
10 O/ITHOMMEHHBIM COCTABJISIIOIIUM U UX CyMMe

ITokaza- Cocras- 1970-1996 rr. 19972012 rr. 1970-2012 rr.
TEIb JIAIOIIAst P-P P-3 3-y P-P P-3 3-y P-P P-3 3-V
Cl 0,35 | 0,80 | 0,95 | 0,60 | 0,92 | 0,94 | 0,93 0,97 | 0,99
o C2 0,04 | 0,26 | 0,59 | 0,68 | 0,73 | 0,80 | 0,39 0,49 | 0,70
C3 -0,13 1 0,03 | 0,17 | 0,25 | 0,43 | 0,69 | —0,04 | 0,09 | 0,24
2C -0,12 | 0,06 | 0,24 | 0,41 | 0,60 | 0,73 | 0,36 0,60 | 0,73
Cl 0,51 | 0,74 | 091 | 0,90 | 091 | 0,94 | 0,96 0,96 | 0,99
e C2 0,54 | 0,59 | 0,62 | 091 | 0.88 | 0,82 | 0,73 0,74 | 0,71
- C3 0,52 | 0,22 10,13 |0,20 | 0,37 | 0,48 | 0,44 0,24 | 0,18
>C 045 | 0,16 | 0,26 | 0,63 | 0,66 | 0,67 | 0,66 0,65 | 0,73

Brigenenne nmMKINYECKUX COCTABISIONIMX AMHAMUKH TPUPOCTA MO3BOJIAET
JaTh €€ MPOTHO3 B LIENAX MJIaHUPOBAHUS JIECOXO3SHUCTBEHHBIX MEpOIpUsiTHid (pyO-
KM yX0Jla, CO3JaHNE JIECHBIX KYJbTYp W T.N.) B TOABI YBEJIHUYEHUS W MaKCUMyMa
npupocta. Tak, mocaenHuit MUHUMYM cocTaBisonieil C2 n3y4eHHbIX MMoKazaTenen
npupocta Havaics B 2010 r. mus IIJ] u B 2011 r. nnsg PZI. CnenoBarensHo, cieny-
IO MHHUMYM HauOoJjee BeposiTeH uepes 12 siet, coorBercTBeHHO B 2021 1 2022
rr. JlaHHble BU3yallbHBIX HAOMIOACHUI OONHMCTBEHHOCTH Ay0a HE MPOTHBOpEYAT
MpOrHO3y: ee MakcuMyM mpumencs Ha 2017 r., B 2018 u 2019 rr. ona Opu1a cpen-
Hell. B Gonee nanexoil mepcrnekTHBE BO3MOXKHO IMOBBIIIEHHE YPOBHS MPUPOCTa HA
BOCXOJAIIEH BeTBH bpukHEepoBa UKIIa.

Boisoowi

1. BrieaeHHbIe COCTABISIIONINE TUHAMUKHU PAIUAIBLHOTO IPUPOCTA paHHEH U
MTO3HEH APEeBECHHBI CTBOJIA Myba depenrdaroro (MHOTOJETHHHA TPEHA W IIHKJIAYC-
CKHE COCTaBISIOMHKE C 12- ¥ 2—5-TETHUMHU [HUKJIAMH) U UX COOTHOIICHUS HMEIOT
3aKOHOMEPHBIN XapakTep, MPOSIBUBIIUNCS B KaXK/I0W N3YYEHHOU IPyTIIe JePEBHEB.

2. I3MeHYMBOCTh HUKIMYECKUX COCTABIAIONIUX IMHAMUKHU IPUPOCTA PaHHEN
JIPEBECUHBI HUKE, YeM T03/IHEeH, Ooliee ueM B 2 pasa.
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3. Bxuazg cocTaBisionieit ¢ 2—5-1eTHEH MUKIMYHOCTHIO B JUHAMUKY TPUPO-
CTa paHHEW M MO3JHEH JApeBECHHBbI MpeobdiagaeT B OMaronpusTHBIN EPHOA POCTa.
OTHoOllIEHHE TPUPOCTa MO3AHEH APEBECUHbI K paHHEH OIMpeAessieTcs B OCHOBHOM
COCTABIISIIOIIEH ¢ 2—5-JIeTHEN HUKINYHOCTBIO.

4. Brman cocraBisionieil ¢ 12-meTHedl MUKINIHOCTRIO BO3pacTaeT B HeOma-
TOIIPUSITHBIM TIEPUOJ M TeM OOJIbIlIe, YeM XYK€ pa3BUTHI KpoHbL [lepexom paau-
aIBHOTO TIpUpOCTa Ha Ooyiee HU3KHI YPOBEHBb MPOU3OIIEN B TOABl MUHUMYMa CO-
CTaBJIAIOIIEH ¢ 12-TIeTHEN IMKIIHYHOCTRIO.

5. Mexnay npUpOoCTOM PaHHEW U MO3JHEH IAPEBECUHBI HET 3HAYUMOMN KOppe-
JISLMM TI0 COCTABJISIONICH ¢ 2—5-JIeTHEH HMUKINYHOCThI0. [10 ocTambHBIM cOCTaBIsA-
IOIUM TECHOTA KOPPEJSLMOHHOW CBSI3M NMPUPOCTA PAHHEW M MO3JHEH APEBECUHBI
MOBBIIIACTCS B HEOJArONMPUSTHBIA TEPUOJ U C yXYAUICHUEM Pa3BUTHUS KPOHBI.
Kpome Toro, ona Bo3pacraeT co CHHKEHUEM BKJIaJa COCTaBIAIOUIEH ¢ 2—5-neTHel
LUKIAYHOCTBIO.

6. Mexay pupoCTOM paHHEW MPEBECUHBI U MPUPOCTOM TO3THEH APEBECUHEI
MPEABIAYIIErO roa KOPPEIAIIUOHHAS CBSI3b TECHEE, UeM OJJHOTO U TOTO K€ roja, B
pesyibTate capura npupocta Pl orHocutenbHo I1/] 0 HMKIMYECKUM COCTaBIISIO-
UM ¢ 12-JIETHUMU 1 MHOTOJICTHUMH ITUKJIAMH.

7. BoloeneHue UUKIMYECKUX COCTABISIONIMX IO3BOJISIET MPOTHO3UPOBATH
JUHAMUKY PauallbHOIO MPUPOCTa CTBOJIA C IIENbIO IUIAHUPOBAHUS JIECOXO35M-
CTBEHHBIX MEPONPUSATUH.
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COMPONENTS OF THE INCREMENT DYNAMICS OF EARLY AND LATE
WOOD OF Quercus robur STEM IN THE UPLAND OAK FOREST
OF THE SOUTHERN FOREST-STEPPE

N.F. Kaplina, Candidate of Biology; ResearcherID: L-9480-2013
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Institute of Forest Science, Russian Academy of Sciences, ul. Sovetskaya, 21,

p/o Uspenskoye, Moscow Region, 143030, Russian Federation; e-mail: kaplina@inbox.ru

The stem radial increment contains information on the tree growth, development, and condi-
tion. The early and late wood increment has essential features. The increment dynamics con-
tains monotonous and cyclic components. Retrospective and predictive assessments of growth
and development of a tree and a stand based on the patterns of radial increment are possible.
The purpose of the article is to analyze the properties of the components and their contribution
to the increment dynamics of oak early and late wood, depending on the favorability of growth
period and the crown development. The research object was the artificial upland oak forest of
the first quality class (pure in composition). Two periods of growth were considered: 1st —
favorable (1968-1996) and 2nd — unfavourable (1997-2014). We studied three groups of oak,
each group of 10 trees. The groups were distinguished by the development of crown (original
classification) and its dynamics. The stem cores were taken at a height of 1.3 m from the
southeast side. Indicators of radial increment were defined in the images of cores scanned at
1200 dpi resolution. Three components of the dynamics were identified: a long-term trend and
cyclic components with 12- and 2—5-year cycles. The variability of cyclic components of the
dynamics of early wood increment was more than twice lower, than that of the late wood. The
contribution of the component with 2—5-year cyclicity to the dynamics of early and late wood
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increment prevails during the favorable period of growth. The contribution of the component
with 12-year cyclicity increases during the unfavorable period and the more, the less devel-
oped the crowns. The transition of the radial increment to a lower level occurred during the
minimum of the component with 12-year cyclicity. There is no significant correlation between
early and late wood increment of the component with 2—5-year cyclicity, which makes the ma-
jor contribution to their ratio. The correlation between early and late wood increment of
other components is closer during the unfavorable period and with a decline in crown devel-
opment. The correlation between the early and late wood increment of the previous year is
closer than that of the same year.

For citation: Kaplina N.F. Components of the Increment Dynamics of Early and Late Wood
of Quercus robur Stem in the Upland Oak Forest of the Southern Forest-Steppe. Lesnoy
Zhurnal [Russian Forestry Journal], 2020, no. 5, pp. 51-63. DOI: 10.37482/0536-1036-
2020-5-51-63

Keywords: English oak, crown development, early and late wood of stem, dynamics of radi-
al increment, monotonous and cyclic components of dynamics.
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I/I3yqua ImruprHa roJUYHOTrO KOJbIa U J0JIA HOSI[Heﬁ JAPEBCCUHBI Y NE€PEBHEB MICCTU KOH-
TPAaCTHBIX MO MECTY IPOHMCXOKACHHUSI KIMMATHYECKUX OSKOTONOB (KJIMMATHIIOB) COCHBI
OOBIKHOBEHHOM, BBIpAIMBAaEMbIX B reorpaMueckux KyJbTypax B I0KHOU Taiire CpemHei
Cubupnu (bBoryuanckoe snecandecTBo) u yiecocrenu 3anaaHoi Cubupu (Cy3yHCKoe JecHU-
YeCTBO) JUIsl OLEHKH PEaKIMy JPEeBECHHBI Ha yCIOBHs mpownspactanus. [IpoBeneH cpaBHH-
TENBHBIA AWCHEPCHOHHBIN aHAIM3 CPEJHNX 3HAUYCHHWH MCCIIETYyEeMBIX MPU3HAKOB MEXKIY
KIIMMAaTHIIAaMH B TIpe/iesiaX KaKI0ro IMyHKTA UCIIBITAaHWUS W MEXIy IMyHKTamu. MccienoBana
JUHAMHKA 3JEMEHTOB JPEBECHHBI M MX PEAKLUsl Ha IOTOJHBIC YCIOBHS 332 MHOTOJICTHUH
MIEPUOJ C TIOMOIIBIO KOPPEIALMOHHOTO aHaIn3a. BBISIBICHO, UTO B YCIOBHUSIX JIECOCTEIH Y
KIMMAaTHIIOB B CPEHEM MAKCHUMAaJbHBIE pajJlalibHbIE MPUPOCTHI OTMEYAIOTCS B BO3pACTe
9 7ner, B 10)KHOM Taiire — mo3aHee, B 12—16 neT. Y KIMMaTHUIIOB ¢ ora apeaja B yCIOBHSAX
JIECOCTENH IUPHUHA TOJIUYHOTO KOJIbIIa UMEET JOCTOBEPHO MEHBIIINE 3HAUCHUS, YeM Y Mpe-
CTaBHTElNel CEeBEPHOIO MPOUCXOXKIeHUs. [IJIsl KIIMMATHUIIOB, TEPEMEILCHHBIX U3 OoJiee TerJIo-
ro KiIMMaTta B I0)KHYIO Talry, XapaKTepHbI JOCTOBEPHO OOJIbIIIME 3HAYCHHUS IIMPUHBI TOINY-
HOTO KOJIblIa, YEM Y CAMOTO CEBEPHOT0 M3 HcciexyeMbIX. JoJs mo3Hel IpeBEeCHHBI y BCeX
H3yUYCHHBIX KJIMMATUIIOB COCHBI B F0’KHON Talire yMEHBILIAETCS 10 CPABHEHUIO C JIECOCTEMBIO.
3HauMMast CBSA3b JIOJHM MO3/IHEH NPEBECHHBI y KIMMATHUIIOB B JIECOCTEIIH OTMEYACTCS] HE TOJIb-
KO CO CPEIHEMECSYHBIMU MOTOJHBIMU YCIOBUSIMH BTOPO MOJIOBUHBI BEr€TAUOHHOTO TMEpH-
0/1a, HO ¥ TIEPBOH, YTO CBUJICTEIILCTBYET O 00JIee BBICOKON UyBCTBUTEIBHOCTH CTPYKTYPBI HX
JPEBECHHBI K KOMIUICKCY KJIMMAaTUYECKUX W SKOJIOTHYECKUX YCIOBHH reorpapuyecKux KyJib-
Typ IO CPAaBHEHUIO C FO’KHOM TaWroi. Pe3ynpTaThl uccinenoBaHus MOKa3bIBAOT, YTO IO CPE-
HUM 3HAYEHHSM [IMPHUHBI TOANYHOTO KOJIbLIA M J0JI€ MO3AHEH APEBECHHBI B JIECOCTEIH 1 FOXK-
HOI1 Talire reHeTHYeCKH CTaOWIIbHBIM SIBJISIETCS] OOTYYaHCKUIT KIIMMATHIIL.
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Beseoenue

YCHemnHocTh pocTa COCHBI B TeorpadUuecKuXx KyJlbTypax 3aBHUCHT OT
HACJIC/ICTBCHHBIX CBOMCTB KIIUMATHUIIOB U 3KOJOTMYECKUX (PAKTOPOB B MYyHKTE WC-
neITafgusa. bompimas gacte paboT B 00JIaCTH M3YYCHHS T€OTrpapUISCKUX KYIBTYp,
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BKITIOYasi COBPEMEHHBIE MCCIIEAOBAHUSA, MTOCBAIIEHA POCTY B BBICOTY, COXPAaHHOCTH H
CTBOJIOBOHM TIpoAyKTHBHOCTH [10, 12, 47]. OG00IIeHNS pe3yIbTaTOB TeorpaduIecKIX
WCTIIBITAaHUH coneprkaTcs B padorax JI.O. [Ipapmuna u A.J] Bakyposa [16], B.IL. Tu-
modeesa [27], A.W. Upomnukosa [2], A.. YepHoayOosa ¢ coasr. [28], E.H. Haksa-
cuHol ¢ coast. [13], B.B. Tapakanosa c coasr. [26], [L.I". Mensauka u M.J1. Mep3-
nenko [9], M.Jl. Mepanenko ¢ coaT. [11] u ap. 3HauuTETHHO MEHBIIE PadoT, ITO-
CBAIICHHBIX CTPYKTYpEe NPEBECHHBI B reorpaduyeckux Kymbrypax [18, 19, 37, 39,
46]. B 0CHOBHOM 9TH HCCIICZIOBAHMUS MPOBEJICHBI B OJTHOM ITYHKTE UCITBITAHUS, OJTHA-
KO aHaJIM3 pocTa KJIMMATHUIIOB COCHBI B Pa3HBIX YCIOBHAX MPOU3PACTAHHSI T03BOJISET
BBISIBUTh OCOOCHHOCTH WX aJallTallid, OOYCIIOBICHHBIC Pa3HBIM MPOUCXOKICHUEM
W peaknyei Ha dKoiorndeckre (hakTopbl, a TAKKe YCTAHOBUTH MEPCIEKTHBHBIE KITU-
MaTHYEeCKHE SKOTHITHI JUTs TATbHEHIIET0 NCTIONB30BaHMS B JIECOPA3BEICHHN.

OcHOBHBIE TIOKa3aTeNN POCTa JAePEBbEB (CPeHss BHICOTA, TUAMETP, COXPaH-
HOCTh JICPEBbEB) B reorpauuyeckux KyJbTypax HMPUMEHSIOTCS JIJIsl MOCTPOCHUS
MOJIeJIell U MIPOTHO30B POCTa MOTOMCTBA COCHBI OOBIKHOBEHHOW B Pa3HBIX KIMMa-
TUYECKHUX ycloBHAX [29, 45]. Pe3ynbTaTsl, MONy4YeHHBIE AJIs Cepuu reorpadmude-
ckre KynbTyp B llIBerm m OUHISHINY, TTONOXEHBI B OCHOBY MOJIEIEH s Tpo-
THO3UPOBAHUS BIMSHUS KIMMATHYECKUX W3MEHEHHH Ha 3amac JAPEBECHHBI U CO-
XPaHHOCTh ITOTOMCTBA COCHBI OOBIKHOBEHHOM NpH NepeMelieHnu ceMsH [44]. U3y-
YeHHue peakiuu mupuHel roguaHoro koubna (LII'K) u momm mozmueit (JI1) npese-
CHHBI Ha TIOTOJHBIE YCJIOBHS B PA3HBIX JIECOPACTHUTEIHHBIX YCIOBHUSAX ITO3BOJISIET
BBISBIISITH OCOOCHHOCTH (POPMHUPOBAHUS CTPYKTYPBI IPEBECUHBI U MX JTHMUTHPYIO-
me (pakTophl y KIMMATHIIOB COCHEI. B Tpex reorpadudueckux KynbTypax COCHBI
0OBIKHOBEHHOW B JlaTBMM WCClIeJOBaHWE IMIMPUHBI TOJUYHOTO KOJBIA MOKA3aJIo,
4TO 00JIee MPOYKTHBHBIC TIPOUCXOMKACHUS U3 TEIUIBIX MECT UMEIOT MECHBIIYIO YyB-
CTBUTEILHOCTh POCTa K TOTOJIHBIM YCIIOBHSM ¥ 0OJiee YCTOWYUBBI K HEOIAromnpu-
SATHBIM TIOTOJAHBIM HM3MEHEHHSM OJarojaps CIIOCOOHOCTH HCIIOJNBb30BaTh OoJee
JUTMHHBIA BETETAllMOHHBIN TEePHOJ] M yCBAaWUBaTh OOJBIIEE KOJIMYECTBO MUTATEIb-
HBIX BemiecTB [39]. BaxkHO OTMETHTB, UTO 1O cpaBHEHUIO ¢ CHOUPBIO pa3Iuyus 1m0
KJIUMaTy B IIyHKTax ucnslTaHus B EBporne [39, 47] MeHee BbIpaKeHBI.

HccnenoBanus peakiuu IepeBbEB Ha TEMIIEPATypy B 3aBHCHMOCTH OT IIPO-
JIOJDKUTETHHOCTH BET€TAIIMOHHBIX MEPHUOIOB MMOKA3aJIH, YTO JIEPEBhS U3 YYaCTKOB
C KOPOTKMM BETETAIlMOHHBIM TIEPUOJIOM PEearupyioT ObICTpee Ha MOBBIIICHUE TEM-
MepaTypsl U paHblle OCTAHABIUBAIOT POCT, YEM JepEeBbsl Ha TEPPUTOPHUIX ¢ Oosee
JUIMHHBIM BereTallMoOHHBbIM TiepuogoM [41]. HecoBmanenwe Mmexay (eHOIOTHEH
pocTa M OKpY’KaIoIIEeH Cpelol MOXKET MPUBOJUTH K CHIDKEHUIO aJanTallid U He-
YIOBJIETBOPUTENBHBIM MOKAa3aTEIsIM pocTa pacTeHui [43].

ITepexon ot paHHel ApeBECUHBI K MO3/IHEN Y XBOMHBIX HAXOAUTCS MO B SI-
HUEM KaK KIMMAaTHYECKUX, TaK U SHAOTeHHBIX (pakTopoB [35, 36, 48]. Bo Bpems
3aCyXU XBOWHBIE BUBI OOBIYHO (DOPMUPYIOT TPAXEHUJIbl ¢ 00JIEE TOICTHIMH CTCHKA-
mu [30, 31, 38], HO y COCHBI OOBIKHOBEHHOH, MTPOU3PACTAIOIICH B OYCHb CyXUX Me-
CTaX, BCTPEUAIOTCS UCKIIIOYeHUs [32].

Lenp nccrenoBanns — aHAM3 PEAKIUH MIMPHUHBI TOJUYHOTO KOJbIA U JONH
MO3JHEU APEBECHHBI HA M3MCHECHHE TOTOIHBIX YCIIOBHH Yy MOTOMCTBA IIECTH KOH-
TPACTHBIX TIO TIPOUCXOXKJICHUIO KIMMATUIIOB COCHBI OOBIKHOBEHHOMW, TPOU3pacTaro-
IIMX B TeorpaduuecKux KyJbTypaxX B JECOCTENH H H0XKHOH Taiire Cubupu, a Takxke
BEISBJIICHUE Pa3IMYMil M 3aKOHOMEPHOCTEH B pEaKIMH TOTOMCTBAa KOHTPAaCTHOTO
MIPOUCXOXKICHHS.
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Obvexkmul u Memoobl UCCIeO08AHUSL

OOBeKTaMu HUCCIENOBAHUS SIBISIOTCS O KIMMAaTHYECKUX DKOTHUIIOB (Haee
YCIIOBHO Ha3bIBa€MbI€ KIIMMATHUIIAMHU) COCHBI OOBIKHOBEHHOH (TUIECeKni, eHnCeH-
CKUHl, OOTyYaHCKHMH, Cy3yHCKHH, 4YeMalbCKUH, Oanra3blHCKHii), TECTUPYEMbIX
B 35-neTHnX reorpaduueckux KynpTypax 3anagHoi u Cpeaneit Cubupu. Hccneno-
panue LII'K u Il npoBoamioch paHee Ha MpUMepe KOHTPOJIbHBIX KJIMMATUIIOB U
COJIEpIKAJIO OMKCAHWE OCHOBHBIX METOIWYEecKHX moaxojoB [4]. ['eorpaduueckue
KyJBTYpPBI B pa3HOE BpeMsl HCCIIEJ0BAINCH [0 POCTY B BBICOTY, Auamerpy [6, 17],
0COOEHHOCTSIM aCCUMHIIIITMOHHOTO amapata [3, 7, 15], cBoiictBam mous [14], aHa-
TOMHH JAPEBECUHBI [6], yCTOHYNBOCTH K TPUOHBIM IaToreHam [8].

[To KIMMaTHYECKUM XapaKTEPUCTHKAM PaiOHBI UCTIBITAHUS TeorpaduuecKux
KYJIbTYP B JIECOCTENH W FOKHOM Talire UMeroT pazinuus. ICTOYHUKOM COBpEMEH-
HOM KJIMMAaTUYeCKON U MOTOJHON MH(POPMAIINHU SIBISIOTCS TaHHBIE ITpoekTa «EBpo-
riefickas orieHka u 0a3a janHbix kiumatay (ECA&D) [33]. Knumaruueckas xapak-
TEPHUCTUKA MECT MTPOUCXOXKIEHUS 6 KIMMATHIIOB IO apXHBHBIM CITPABOYHBIM MaTe-
puanam [20-25] mpuBeneHa B Ta0u. 1, mokaszarenu pocta B 35-TE€THEM BO3pacTe
KyJabTyp — B Ta0i. 2. [logpoOHbie naHHBIE 0 reorpaduuecKux KyJbTypax B JI€CO-
CTEIH OITyOJINKOBaHBI panee [17].

Tabonuna 1
XapaKTepl/lCTl/lKa MECT MPOUCXO0KACHUN KINMATUIIOB
CymMma ocazkoB, MM | Hucio aHeit co
KoopauHatsl mect Cymma .
KnnmaTun MPOUCXOXKAEHUs |TemnepaTyp >10 cpe/:[HecyTquczn
(c.m. /5. 1) oC TeMIIepaTypoi
C ampenst >5°C
10 CEHTSAOPh saron
IIneceuxuit 62° 54" / 40° 24’ 1353 387 691 141
Enuceiickuit 58°25'/93° 00’ 1640 332 572 142
Boryuanckuii' | 58°22'/97° 12’ 1682 297 458 139
Cy3yHCI<I/II7I2 53°45'/82° 16’ 2050 358 583 161
YemManbCcKuii 51° 24"/ 86° 00’ 2010 437 561 173
banrassiackuit | 51°00'/95° 12’ 1772 303 398 158

[Iprumeganne. MecTa pacroioKeHHUs MYyHKTOB HMCIBITAHUS: | — IOKHAs Taira; 2 — Jeco-
CTETIb.

Tabnuma 2
CpenHne moka3aTe Iy pocTa KIAMATHIOB B 35-JIeTHUX reorpa)uuecKux KyJabTypax
e — IO>xHas Taiira JlecocTenb

C, % B, M I, cm C, % B, ™M I, cm
ITnecenxuit 59 15,2 11,8 27 16,3 16,3
Ennceiickuii 24 14,6 14,0 11 12,7 15,5
boryuanckuit 46 15,8 14,6 30 16,4 16,1
Cy3yHckuit 18 16,8 15,6 35 16,8 16,9
YUeManbCKkuit 17 15,8 15,1 35 16,1 15,3
Banraseiackumii 44 15,7 12,3 28 17,9 17,8

IIpumeuanne. C — coxpanHocts; B — BeicoTa; [ — nuamerp.
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[To cpaBHEHHIO C paOOTOH MO KOHTPOJILHBIM KIMMATHIIAM [4] B TaHHOM FC-
CJIEIOBAHWY yBEIIMYEeHa BHIOOpPKA MCCIIEAYEMBIX IepPEBhEeB. B cpaBHUTENHLHOM aHa-
JIM3€ aHATOMUYECKUX XapaKTEPUCTUK H3ydanoch no 10 nepeBbeB KaXKAOro Kinma-
tumna. O0pasiel OTOMPANTHCh B CPETHUX PAZIaX JAPEBOCTOS KaXKAOTO KIMMATHIECKO-
r0 DKOTHUIIA, BEICOTA M TUAMETP OTOOPAHHBIX JAEPEBBHEB IOCTOBEPHO HE OTINYAIIHCH
OT CpeIHMX TOoKa3arenel s kimMaruma. s orbopa oOpasioB Ha BeicoTe 20 cM
OT TIOBEPXHOCTH TIOYBBI HCIOJIB30BAJICS TMPHUPOCTHON OypaB. JlpeBecHBIH KepH
BKJIIOYAJ JIBA MPOTUBOMOJIOKHBIX paguyca, pe3yabTaTbl IO HUM YCPEAHSUIUCH IS
JiepeBa. YCpeaHEHHbIE 3HAYEHUS! MOJYUYEHBI [0 JTaHHBIM, [TOKa3bIBAIOIIMM 3HAYU-
Mble BHYTPEHHHE MeKCepHallbHble KOPPEAIMU JUIs KaXa0Tro Kiumaruma. Tpaxe-
Wbl B paJUalbHBIX PsAJaX OTHOCWIKCH K MO3JHUM B TOM Cilyyae, KOTJa paauaiib-
HBI MaMETp TPOCBETA KIJIETOK HE MPEBBIIIAT PaJUalIbHYIO TOJIINHY KJIETOYHON
cTeHku Ooiee ueM B 4 paza [42].

Peszynomamul ucciedosanus u ux 0ocysxcoeHue

III'K B ro:xkno# Taiire. [lpu cpasuenun LII'K y cocHbl pa3HOro MpoHCXOX-
JEeHUS] HEOOXOAUMO MMETh NPEJCTABICHHE O TUHAMMKE PaJualibHOTO POCTa, OAHUM
M3 BaXHBIX MOMEHTOB IIPU ATOM SIBIISIETCA BO3PACT (POPMHUPOBAHHS MaKCHMAIIbHBIX
npupocToB. B Xone aHannza paguaibHOrO pocta 3a 23-1eTHUH Nepro ObLIH BBISB-
nenbl MakcumanbHbie 3HadeHus LIT'K y uccneayempix kinMatumnoB. JlepeBbs 1uie-
CEIKOr0 M OOTr'y4aHCKOI'O KJIMMATHUIIOB, SIBJISAIOLIMXCS CEBEPHBIMM 110 MECTY IpOHC-
XOXKACHHS, B YCJIOBUSIX IOKHOW Talru (OPMHUPYIOT MaKCUMaJbHBIC paJualibHbIC
MIPUPOCTHI B CpeiHeM Ha | Tof paHblie, YeM I0XKHbIe (YeMaIbCKUIl 1 OanTa3bIHCKUN),
1 Ha 4 roja paHbllle, YeM IOXKHBIN cy3yHCkuil kimmarun. CpenHuil Bo3pacT Makcu-
MaJIbHOTO PAJIMaIbHOTO POCTa y IUIECELKOI0 M OOTy4YaHCKOro cocrasisier 12 ier, y
eHuceickoro — 13 net, mpy 3TOM MHIMBHIyaTbHOE BAPHHPOBAHUE MPH3HAKA HAXO-
qutes B nipeaenax 11-17 ner. Cpenauii Bo3pacT MaKCUMAJIbHBIX IPUPOCTOB Y KIIH-
MaTHIIOB C [Ora apeajia HACTYIAeT y YeMaJbCKOro M Oanra3siHCKoro B 13 jer, y
CY3YHCKOTO — B 16 JIeT ¢ MHIMBHUIyaJIbHBIM BapbUpOBaHHEM Mpu3Haka 12—17 ner.

Haubonemme cpemnune 3Hauenus 1K 3a 23-meTHnii mepuonx OTMEHaroTCs
y cy3yHckoro (3,12 Mm) u enunceiickoro (2,61 mm) xmmarnmnos (puc. 1). Cormacao
paHroBoMy AuCIepcHOHHOMY aHanu3y Kpackepa—Yosumca, BBIOOpKa Cy3yHCKOTO
KIIMMAaTHUIa JOCTOBEPHO OTIMYAETCS] OT OCTANBHBIX MPH HAHOOJBIIEM CpeTHEM 3Ha-
yenuu (p < 0,001), eHnceickuil KIMMAaTHUIT TaKKe UMEET JIOCTOBEpPHBIE Pa3IHYHs C
ocranbHbiME (p < 0,05). Cpennsist LII'K y wemanbekoro (2,45 MM) 1 KOHTPOJIBHOTO
Cy3yHCKOTO (2,23 MKM) KITMMATHIIOB UMEET MPOMEKYTOUHOE 3HAUCHUE, MX BBIOOPKU
HE OTJIMYAIOTCSI JOCTOBEPHO JPYT OT JIpYyra, HO YeMalbCKUI KJIMMATHII JJOCTOBEPHO
(p < 0,001) ormmaaercs ot wiecerkoro (1,99 mxm) u GanraspiHckoro (2,17 mxm). Ta-
KUM 00pa3oM, HaMMEHbIIas CpelHss MIMPUHA TOJUYHOTO KOJIbIIa B FOYKHOM Taire
PErHCTPUPYETCSl Y CAMOI'0 CEBEPHOTO M3 UCCIIEAYEMbIX — IIECELIKOTO KIIMMATHIIA.

LIT'K B mecoctenu. B reorpadudecknx KynbTypax B JIECOCTENH PA3TUINil IO
BO3pacTy (pOpMHPOBAHUS MAKCUMAIIBHBIX PaJHalbHBIX IPHUPOCTOB MEKIY KIMMATH-
aMu He BbIsBIEHO. CpeHUH MakCUMyM y BCEX KJIMMATHIIOB COCHBI OTMEYAeTCs B
BO3pacte 9 yeT. Y CeBepHBIX KIMMATUIIOB (TLICCEIIKOTO, OOTYYaHCKOTO U €HUCEHCKO-
r0) MHIUBHIYAJIbHBIE MAaKCUMAJIBHBIC MTPUPOCTH (PUKCHUpYIOTCS B 9—12 jeT, y 10%K-
HBIX (CY3YHCKOTO, YeMalbCKOTO M Oanra3piHCKOro) — B 6—12 mer. Hambosnpimme
cpennue 3HaueHus LII'K 3a 23-neTHuil mepuos perucTpupyroTcs y €HHUCEHCKOro
(2,37 mm), 6oryganckoro (2,10 mm) u miecenkoro (2,04 mm) kimmaTunoB. Bee oHn
JIOCTOBEPHO OTJIMYAIOTCS OT KOHTPOJIBHOTO CY3YHCKOTO KJIMMAaTHIIA M OCTaJIbHBIX
F0’KHBIX KJINMATHUIOB (puc. 1).
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Puc. 1. Cpennstst IIT'K (turanky morpemHocTr — 95 %-it 10BepHUTENHHBIN HHTEPBAI)

Fig. 1. Average tree-ring width (error bars — 95 % confidence interval)

CpaBHUTENBHBIA aHAIU3 MEKIY ABYMsI Y4acTKaMU IOKa3al, YTO y BCEX KIIH-
martunoB B yiecoctenu III'K 1ocToBepHO MEHBIIIE, YeM B I0KHOU Taiire, MCKIIOUEHUs
COCTAaBIISIOT OOT'YYaHCKUH M TUIECELIKUH, Y KOTOPBIX JIOCTOBEPHBIX PA3IUUUI HET.

Cea3p HIT'K ¢ morogusiMu ycJ0BUSIMU B I03KHOI Taiire. B reorpadude-
CKMX KyJbTYypaxX B IOKHOW Talre y KJIMMAaTHUIIOB OTMEYAlOTCsl CyLIECTBEHHbBIE pa3-
JINYUs B KOPPEJSLUUOHHON CBI3U Mexy uHjekcamu cpeaneit IIIT'K u moroanbsiMu
ycnoBusiMu. [Ipu aHanuse cBSI3U ¢ TeMIepaTypHbIM (aKTOPOM BBISBIICHO, YTO 3Ha-
yuMoOe NoJIoKUTeNbHOE BiMsiHUE Temneparypsl Ha IIII'K nposiBiserca B pa3zHoi
CTEIICHH B ampeJie, Mae u aBrycre (puc. 2).

Ha ¢opmupoBanne III'K rurecenkoro m cy3yHCKOTO KJIMMATHUIIOB JIOCTOBEp-
HOE BJIMSHHUE OKa3bIBaeT TeMIepaTypa anpensd. C TeMnepaTypoil Mast 3HauuMasi CBsI3b
nposieisiercst Toibko y HII'K ceBepHbIX KiMMaTUIOB. JlOCTOBEpHbBIE CBA3U BBISBIEHBI
C TeMIIEpaTypoii aBrycra y eHHCEHCKOro, KOHTPOJIBHOI0 OOTry4aHCKOT0, YeMaIbCKOro
1 Oanra3plHCKOTO KIMMAaTunoB. [lpn ycpenHernn temmeparypbl HECKOIBKHUX MeECs-
LeB BbIcOKHe Koa(duimenTs! koppemiuun (r = 0,40-0,55; p < 0,01-0,05) co cpen-
HUMH TEMIIepaTypamMu Masi M aBIyCTa MOJTyYeHBI Yy 0aJra3bIHCKOTO, alpelis U aBrycra
— Y Cy3yHCKOTO, aBTyCTa U CEHTSIOpsSl — Y 4eMajbCKOTO, anpelsi, Masi U aBrycra — y
IUIECEIKOT0, Mas, aBrycTa M CEHTSIOpS — y eHHCEeHCKOro M 0OTy4aHCKOTO KJIMMAaTH-
noB. [Ipuuunoii 3naunmoit koppemsitmu I'K y miecenkoro kiuMarumna ¢ TeMiepa-
TypO# ampens B I0KHOW TalTe SBISIETCS €ro Peakius Ha 0ojiee TeIUIble YCIIOBUS B
ITyHKTE UCIBITAHUS 110 CPAaBHEHHIO C MECTOM €ro MPOMUCXOKIEHUS B CpPEHEN Taiire,
KOTOpasi BBIPAXKAaeTCsl B paHHEM Hadajie Beretaluuu. Peakiys cy3yHCKOro KIIMMaTHIA,
MPOSBIISIONIASICS B HATMUUU 3HAYMMOU MOJIOKUTEIBHON KOPPEIALIMOHHON CBSA3U HH-
nexca 'K ¢ Temmepatypoii ampers, moka3siBaeT 0osee MMPOKYI0 HOPMY pPEeaKIuu
y HEro MO CPaBHEHHUIO C OCTAJIBHBIMH KJIMMATHIIAMH M3 TEIUI0O0OECIICUCHHBIX MECT
MPOUCXOXkIeHUS. M3BECTHO, YTO HOpMa peakLUy HOIYJISLUNA JOCTUIAeT MAaKCHMalb-
HOTO 3Ha4yeHUs B 0Ojee JKECTKUX Uil HUX JKOJOTMYECKHX YCIOBHUSX, YeM YCIOBHS
OKpYyKaroIe cpeapl B MyHKTe UX mpoucxoxkaeHus [40]. BepostHo, Oiaromaps 3To-
My JIEpEeBbsI Cy3yHCKOTO KIMMATHIIA B YCJIOBHUSX FOKHOH TalTru CIOCOOHBI JAEMOH-
CTPUPOBATH OTHOCHUTEINHEHO OOJBIIYIO IMPUHY TOJAWYHBIX KOJIEII.
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Puc. 2. Kosddumments! koppemsinn nanekcos HIIK co cpeanemecstanoii TemnepaTypoit
(/) m MecsSYHBIM KOJNHWYECTBOM OCAAKOB (2) B YCIOBHUSX IOKHOH TairH (3 — ypOBCHb
3HagnIMocTH, p < 0,05)

Fig. 2. Correlation coefficients of tree-ring width indices with average monthly temperature (/)
and monthly precipitation (2) in the southern taiga conditions (3 — level of significance,
p <0.05)

Anammz cBs3u LIT'K ¢ ocagkamu B F0’KHOM Taiire mokas3ay 3HaYMMbIe KO3 (-
(PUIIMEHTHI KOPPENANNN C 0CaKaMHU MIOHS M IO y BceX KiamMartuioB. Hanboms-
e K03()OUIMEHTH KOPPEISIIUY ISl 00KHBIX KIMMATHIIOB BBISIBICHBI C OCAAKaMU
WIOHS, JUTSl CeBEpHBIX — ¢ ocaakamu utons (r = 0,48-0,52; p < 0,01). Beicokue ko-
appuumentsr koppensiuuu (r = 0,61-0,77; p < 0,001) mexxny LUK knumaTumos u
CYMMOH 0Ca/IKOB C Masi TI0 HIOJIb OTMEUYEHBI y OOTYYaHCKOTO, C alpedst [0 UIONb — Y
EHHUCEMCKOTro M 0anTra3plHCKOTO0, C alpeisl 0 CEHTAOPh — Yy YeMabCKOro, ¢ Mast 1o
ABTYCT — Y IJIECELKOT0 U Cy3yHCKOI'O KIIMMATHIIOB.

brnaromaps ananmmsy cpenneit LIII'K y cocHbl B reorpaduyecknx KyJabTypax
Y OILIEHKE €€ CBA3M C TEMIIEPAaTypoi U ocaJKkaMy B MEPHOJ BereTanuu 3a 23-JIeTHHH
MEPUOJ MOKHO OOBSCHUTH 0COOCHHOCTH POCTa APEBECHHBI Y HEKOTOPBIX KIMMAaTH-
noB. Tak, cy3yHCKHI KIMMaTHI B I0)KHOH Taire COXpaHseT crocoOHOCTh K popMHu-
pOBaHHIO OOJBIIETO KOJMYECTBA TPAXEHJ B KOHIIE CE30HA 3a CYET T'€HETHYECKOil
MaMATH O JJIMHHOM BETETallMOHHOM IIEPHOJi€ B IIyHKTE NMpoucxoxaeHus. [lo cpas-
HEHHIO C JPYTUMH KIIMMATUIIAMU y CY3yHCKOTO OTMeYaeTcsl HanOOIbIINi KO3 u-
LUEHT KOPPENALUU C OCaJKaMHU aBrycTa, OYEBHMJHO, YTO YCJIOBHS YBIAKHEHHS B
I0XKHOH Taire crocoOCTBYIOT (POPMUPOBAHUIO IIUPOKUX FOJUYHBIX KOJIEL].
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CeBepHBI TUIECEIKMH KIIMMATHUTI, HECMOTPS Ha BBICOKHE KOPPEIISIIHH C TEM-
nepaTypoll u ocaJkaMH B Hayaje BereTally, UMEeT HaAUMEHBILIYIO CPEIHION IIH-
PHUHY TOAWYHOrO Kojbla. [IpuunHOi sBisieTcst 00IuMil HU3KUH TeMI pocTa B BBICO-
Ty ¥ TI0 TUAMETPY, 00YCIOBIECHHBIN TeHETHUYECKHUMH OCOOCHHOCTSMH, CPOPMHUPO-
BaHHBIMH B TIYHKTE [TPOUCXOXKJICHHSI.

Cassp LIIT'K ¢ moronssiMu yc10BHsIMHE B JlecocTenu. B necocrenu y Bcex
HCCIIEAYyEeMbIX KIMMATHIIOB OTMEYAOTCS OTpHULATENbHbIE KO3()(UIMEHTH Koppe-
msiimn Mexxay naaekcamu UK u cpenHeMecsdHbIMU 3HAYEHUSIMH TEMIIEPaTyphl

(puc. 3).
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Puc. 3. Koadpdunmentsr koppemsiimn nnaekcoB HITK co cpennemecsunoit remneparypoii (1)
1 MECSYHBIM KOJIMYECTBOM OCaJIKOB (2) B yCJIOBHSX JiecocTeny (3 — ypOBEHb 3HAUMMOCTH,
p <0,05)

Fig. 3. Correlation coefficients of tree-ring width indices with average monthly temperature
(1) and monthly precipitation (2) in the forest-steppe conditions (3 — level of significance,
p <0.05)

3HauMMBbIe OTpHUIIATENbHBIE KOXQQHUIMEHTH KOPPEISLUHN BBISBICHB MEKIY
cpeanelt Temnepatypoi mast 1 unjexcamu LLIT'K y mnecenkoro, 6ory4yanckoro, de-
MaJIbCKOTO U Oanras3piHckoro kimMaturoB (r = —0,38-0,40; p < 0,05). JocToBepHas
cBsi3b otMmeuaetcst mexay LIT'K u temneparypoii CeHTSOps y TIIECEIKOTO KiruMa-
tuna (r = —0,40; p < 0,05). Ilpu ananmuze cpemHeil TemmepaTyphl 3a 5 MecsIieB
(c Mas Mo ceHTIO0pb) AOCTOBEpHBIE KOA(PPHUIMEHTHI KOPPEISIUH OOHAPYKEHBI Y
BCEX KJIIMMATHUIIOB, KPOME IJIECEIIKOTO U €eHUCENHCKOTO.

B necoctenu B oTiIMuMe OT yCIOBUIN B F0XKHOW Talire KOppeJsLus HHIEKCOB
III'K u temmeparypbl TONbKO oTpuuarenbHas. [IpuumHONi 3TOrO fBISETCS TOT
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(axT, 4TO B JAHHBIX YCIOBHSAX JTUMHTHUPYIOIIUM (PAKTOPOM POCTA JIEPEBHEB CITYXKAT
0CaJIKY, a MOBBIIICHUE TEMIEPaTypbl YCUINBAET Ae(UIMT BIark U OKa3bIBaeT Hera-
TUBHOE BIIUSTHHE Ha TPOJIOJDKUATEILHOCTh (DOPMHUPOBAHUS KIETOK KCHieMbl. CBS3b
ungekcoB II'K uccnemyembix KIMMATUIIOB ¢ CyMMOM OCaJKOB € Mas IO aBrycT B
necoctend BeIpakeHa getde (r = 0,52-0,64; p < 0,01) y BceX KIUMATHIIOB, 32 UCKITIO-
YEHHEM E€HUCEHCKOTO, MMEIOIIETr0 HanOOJBIIYI0 CB3b C CYMMOHN OCaJIKOB C ampes
mo asrycT (r = 0,52; p < 0,01). Bce 3 ceBepHBIX KauMaThIia (TUTECEITKUN, SHUCCH-
CKHUH, OOTy4aHCKHUI) B YCIIOBHSIX JIeCOCTEeNH (DOPMHUPYIOT B CpeiHEM 00JIee IIUPOKHUE
TOAWYHbIE KOJIbIIA 110 CPABHEHHUIO C IOKHBIMH 3a CUET YJ/UIMHEHHUS BEreTallMOHHOTO
repuo/ia pyu paHHEM Havalle ¥ TIO3THEM KOHIIE BeTeTaIUH.

Cpasuurensabiii ananu3 Il y ogHUX B TeX ke KINMATHIIOB B Pa3HBIX T'€0-
rpaduyeckux KyibTypax nokaszan sHauumoe (p < 0,01) yBenuueHue 3HaYCHUS MIPU-
3HaKa B yCJIOBUsX Jiecoctenu (puc. 4). Crnadble pa3inyust MeXy y4acTKaMH OTMe-
YalOTCSl Y KOHTPOJIBHBIX BapHAHTOB — OOTYYaHCKOTO M CY3YHCKOTO KJIMMATHIIOB
(p <0,05).

327
30t I

. 28t o

Y ;

2 26|

51

2 ol

&

’=

222t

=

g

S 20t .

5 [neceuxwuii

= - Enucelickuii
181 - boryuanckuit

Cy3yHckui
16t T -9-- YemManbcKkuii
i ~%- banrasbiHCKHI
14 s . ,
FOskHas Taiira JlecocTens
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Fig. 4. Latewood content (error bars — 95 % confidence interval)

B necocrenHbix ycioBUSX y OOTy4aHCKOTO KJIMMATHIIA M3 FOKHOW Taru
3HaueHue 11 1ocToBepHO MEHBIIIE, YEM Y KOHTPOJIBHOTO CY3YHCKOT0, Y OCTaJIbHBIX
KJIIMMATHIIOB 3TOT IMOKA3aTeNlb 3HAYUTEIILHO BhIIIe. B reorpapuueckux KyjabTypax B
105)kHOH Taiire J{II eHucelcKoro KiMMaTuIa MEHbIIE, YeM B KOHTPOJIE U Y OCTaJIb-
HBIX KIMaTuIoB. JloctoBepHo 6ombmras JI1, kak B yCITOBUAX I0KHOM TaiTH, Tak U
JISCOCTENH, OTMEYaeTCs y Oaira3blHCKOrO KiuMmartuma ¢ rora apeana. Cy3yHCKUit
KJIIMMAaTUIl B KAa4eCTBE HHTPOAYLIEHTA B IOKHOW Talre JOCTOBEPHO OTIMYACTCS
6ompiueit 11 ot koHTpOIIS.
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Cesa3p /Il ¢ moroaHbpiMu ycJOBUSIMH B 10:KHOI Talire. B oTiimumne ot BBI-
SIBJIEHHOM KOPpeJsLMU MOroAHbIX ycinoBui ¢ unaexkcamu III'K, koppensiuu ¢ uH-
nexcamu JlI1 y kmumaturioB 6osee pa3HOOOpa3HbI M MIOKA3bIBAIOT CBS3H C PA3HBIMH
sranamu Bereranuu. /Il Bcex KIMMaTUIIOB B YCIIOBHSX FO)KHOW Talrd MMEET I0-
JIOKUATEIHHYIO CBA3b C TeMIIepaTypoii aBrycra. OTpuIiaTebHbIC CBSI3U Y OOJBIINH-
CTBa KJIMMATHUIIOB MPOSBWINCH C TEMIEpaTypol HIOJIs, 3HAUYMMasi CBsI3b OTMEYeHa
TOJILKO Ui KOHTPOJIBHOTO OOTy4aHCKOTO, KOTOPBI UMEET JIOCTOBEPHO BBICOKYIO
OTpULIATENBHYIO KOppensiuuio Mexay unaekcom Il u cpenHelr TemrepaTypoi
urois (r =—0,56; p < 0,01), ¢c ocankamu UIOJS CBSA3H 3HAYNMAS TTOJIOKHUTEIbHAS (T =
=0,41; p < 0,05) (puc. 5). BepostHo, B Hroyie y 0OTYIaHCKOTO KJIMMATHITA TTPOHC-
XOUT (DOPMHUPOBAHUE JIOTIONHUTEIBHBIX KJIETOK, KOTOphIe 00IaJal0T XapaKTepH-
CTUKAMH IO3JHEU JPEBECHHBI, MOITOMY OOJiee BIIAXKHBIC YCIOBHUS CIIOCOOCTBYIOT

YBEJIMYEHHUIO UX KOJIHNYECTBA.
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Puc. 5. Koaddunments koppessiunu nuaexcos JI1 co cpennemecsiuHoit Temnepatypoit (1) u
MECSYHBIM KOJIMYECTBOM OCAKOB (2) B YCIOBUSAX IOKHOM Taiiru (3 — ypoBeHb 3HAYHMOCTH,
p <0,05)

Fig. 5. Correlation coefficients of latewood content indices with average monthly temperature (/)
and monthly precipitation (2) in the southern taiga conditions (3 — level significance,
p <0.05)
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HocTtoBepHas koppensiiiuoHHas cBsi3b J{II ormedaeTcss y eHHCEHCKOro Kiu-
MaTHIla ¢ KOMOMHAIMEH TeMIepaTypsl U 0CaAKOB (OTHOLIEHUEM CpelHeH Temiepa-
TYpBI anpeis U Masi K KOJMYECTBY ocaakoB ampeist u mas (r = 0,46; p < 0,05)), ne-
00JbIIINE TIOJIOKHUTEIbHBIE TEMIIEPATYPhl U BEICOKOE KOJUYECTBO OCAJAKOB B Hayale
BEreTAllMOHHOTO MEPHOAa YBEIUYMBAIOT OO0 paHHEH apesecunsl ([IP) y enuceii-
CcKoro kiauMmarumna, ymesbinas JI1. 3HauumMoro npsiMoro BIUSHUS CPEIHEMECIUYHON
TEeMIEpPaTyphl BO BTOPO MOJIOBUHE BereTalmoHHoro nepuoja Ha JI1 y enucelicko-
ro KJIMMaTHIIa He BBISIBIEHO 10 CPAaBHEHUIO C OCTAIbHBIMH KIMMaTUIIAMH, T0O3TOMY
OCHOBHAs MPOJYKIHS KJIETOK Y 3TOTO MPOUCXOKICHHS B reorpapuuecKux KyJIbTy-
pax IOKHOH Tary cBs3aHa ¢ (OPMHPOBAHUEM KJIETOK paHHEH JAPEBECHHEI. Y TuTe-
CEeIKOro KJIMMaTHIa BO BTOPOH MOJOBHMHE BETETAIMOHHOI'O MEPHO/a OTMEYaeTcs
JIOCTOBEpHAasl KoppeysiuoHHas ¢Bsi3b J[II ¢ oTHOLIEHHMEM cpefHell TemMmneparypsl
aBTyCTa M CEHTSAOPS K KOJIMYECTBY OCaIKOB 3a 3TOT mepuox (r = 0,64; p < 0,001).
Bbicokue TeMmnepaTypbl ¥ HU3KOE KOJIMYECTBO OCAJKOB ABIYCTa U CEHTSIOpPA CIIo-
COOCTBYIOT CHIKCHMIO PaJHajibHBIX pa3MepOB TPaxeuja, TEM CaMbIM YBEIW4YMBas
HII'y miecenkoro KJIMMaTuIa.

IIpoueccsl pa3BUTHS MO3IHUX TPAXEUJ B FOXKHON Talre y Cy3yHCKOIO KJIMMa-
THUIIA IPOTEKAIOT AKTUBHO: YeM OOJIbIlIE OCAIKOB BBIIAJAET B aBryCTe, TeM OOJIbIIe
y aroro knumatuna AI1 (r = 0,42; p < 0,05). B HOBBIX ycIOBUSX POCTa y Cy3yHCKO-
ro KnuMatuna aktuHoe ¢popmupoBanue JI1 caBuHyTo Ha OoJee MO3AHUI CPOK TIO
CPaBHEHHUIO C KOHTPOJIBHBIM OOTy4aHCKHM, Y KOTOPOTO OCcHOBHOE BimsiHue Ha JI1
OKa3bIBAIOT ITOTOJHBIE YCIIOBUS HIOJIS.

OtpunaTensHas KoppesiiMoHHast cBsA3b oTMedaercs y JI1 roxHOTrO yemans-
CKOro KJIMMaTHIIa CO CpeIHEH TemImepaTypod Hioisi W ceHtsiops (r = —0,42;
p < 0,05). YV 6anra3piHCKOT0 KIUMaTUIIA UMEETCS TTOJIOKHUTENbHAS CBSI3b C OTHOIIIC-
HUEM CpelHell TeMIepaTyphl aBrycTa K CpeIHEW TemIiepaTrype HIONsS W CEHTAOps
(r =0,55; p < 0,05). Huskue temriepatypbl U0 00ECIIEYHBAIOT yCIOBHS (hOpMHU-
pOBaHMsI OOJNBLIETO KOJIMYECTBA KIETOK, KOTOPBIE BIOCIEACTBUH 0] BO3JCHCTBU-
€M BBICOKHX TeMIlepaTyp aBrycTa JEeMOHCTPHUPYIOT YMEHbIIECHHBIE DPagualibHbIE
pa3Mepsl 1 0oJiee TOJICThIE CTEHKH, COOTBETCTBYIONINE KIIETKAM TO3HEH JApeBECH-
Hel [1, 34]. Huskue TemmepaTypbl CEHTSOPs TIO3BOJISIFOT KJIETKAM IO3JHEN TpeBe-
CHHBI (DOPMHUPOBATHLCSI C MOBBIIICHHBIM PaJUaIbHBIM Pa3MEPOM, CIIOCOOCTBYsI yBe-
ymaenuto obrteit JIIT apeBecunsl.

Casspb Il ¢ moroansIMu ycJoBUSIMH B JiecocTenu. B mecocrenn y mect-
HOI'0 Cy3yHCKOTO KJIMMaTHIa OTMEYaeTcs 3HAa4MMas MOJIOKUTENbHAs KOppemsiu-
onHas cBsi3b /111 co cpenneli Temneparypoii anpens (puc. 6).

Hocrosepnas cBs3b Il co cpeaneli TeMiiepatypoil anpess 1 uroHs Habmroaa-
erca y 6oryudanckoro knumaruna (r = 0,39; p < 0,05). Kpome Toro, y Hero mmeercs
3Ha4YMMasl OTpULATENIbHAs KOPPEIIMOHHAS CBsA3b C ocagkamu ampens. Cy3yHCKui
KIIMMAaTHI MTOKa3bIBaeT 3HAUUMYIO OTPHLATENBHYIO0 KOPPEISALHMOHHYIO CBSA3b C KOJIU-
Y4ecTBOM ocaakoB ampeis u urons (r = —0,50; p < 0,01), kak u Oaira3bIHCKHI KIMMa-
i (r =—0,40; p <0,05). Yepes npssimoe BIHsSHUE MTOTOHI HA (POPMUPOBAHKE YUCTA
KJIIETOK B paHHEH JIpeBECHHE NPOSIBIISETCS KOCBeHHOE BimsiHKe Ha JII1. BepositHo, u3-
32 paHHEro Hayajla BEreTallMOHHOIO MEpHoja M BBICOKOW MpoaykTuBHOCTH JIP B
YCIIOBHSAX JIECOCTENH y OOTYYaHCKOTO U CY3YHCKOTO KJIMMATHUIIOB OTMEYAIOTCS HU3-
kue 3HadeHns JI11 mo cpaBHEHHIO ¢ OCTATBHBIMHU KIIMMATHIIAaMH (CM. pHC. 4).
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Puc. 6. Koadpdurments! koppemsiiun naaekcos 11 co cpexnemecsanoit Temmneparypoi (/)
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(3 — yposens 3Haunmocty, p < 0,05)

Fig. 6. Correlation coefficients of latewood content indices with average monthly temperature (/)
and monthly precipitation (2) in the forest-steppe conditions (3 —level of significance, p < 0.05)

HoctoBepubie oTpunatensubie csi3u Il co cpeanumu TemnepaTypaMu Jet-
HHX MECSIIEB V 4 KIMMATHIIOB UMEIOT cxoxkwue 3HadeHus (r = —0,41-0,47; p < 0,05).
VY eHUCcelcKoro KIMMaTHIIa OTMEYAETCS CBSI3b C TEMIIEPaTypoi Mast M UIOJIs, y 4e-
MaJIbCKOTO — HIOJISI M aBryCTa, y 0aJIra3bIHCKOTrO — aBrycTa, y IUIECEIKOro — ¢ UIOJIS
1o ceHTSA0ph. [lepunuT Biaru B yCIOBUSX JECOCTENN MPUBOAUT K Ooyiee paHHEMY
Nepexojy K MO3JHeH JPEBECHHE, B CBSI3M C YEM BBICOKHE TEMIIEpaTyphbl OTpHUIla-
TEJILHO CKa3bIBAIOTCS HA KOJMYECTBE KIETOK B HEM.

[omoxxurensHoe BiusiHUE ocaakoB Ha [II1 y eHuceicKoro KimMaTumna Hadu-
HaeTcs paHblne Bcex — B Mae (r = 0,43; p < 0,05), o6bequHEHHAST CyMMa OCaIKOB
Masl ¥ CEHTSIOpsl OKa3bIBaeT Hanbosbiee 3HaueHue cesizu (r = 0,1; p < 0,01). [Tpu-
YeM C OCaJIKaMHU CEHTSOPS 3HAYMMBIH KO((PHUINEHT BBISBICH TOJIBKO JUIsl CHUCEH-
CKOTO KIIMMATHIIA, YTO CBUJIETEIHCTBYET O JUIMTEIBHOM (DOPMHUPOBAHUM IO3AHEN
JPEBECHHBI y 3TOTO KIIUMATHUIIA B JIECOCTEIIH.

Jist ueManbCKoro KJIMMaTHIIA U3 JIECOCTEITHON 30HbI AJTas HauOOJbIIUHI KO-
3G OUIUEHT KOPPEJSIMH OTMEUaeTCsl C CYMMOW OCaJKOB C HIOJS IO aBrycCT
(r=0,55; p<0,01), kak 1 y cy3yHcKoro u3 yiecoctenu 3amanuoit Cubupu (r = 0,49;
p < 0,05). IInecenknii kmumaTHI U3 cpenHeit Taiirn EBpormetickoro CeBepa nmeet
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KOPPEISAIHIO C CYMMOH 0CaJIKOB ¢ UIOJIS 10 ceHTs0ph (1 = 0,37; p < 0,05), 6ory4an-
CKHH U3 I0)KHOU TalTH — C CYMMOH 0CaIKOB HIOJIS U ceHTsI0pst (r = 0,47; p < 0,05).

VY GoryuaHcKoro KiuMaTHIIA B jiecocTend OocHOBHYIO poib B IIIT'K wurparor
OCaJIK{ HIOHA, B 3TOT MECALl MIPOUCXOANUT pa3BUTHE PaJUaIbHBIX AHaMETPOB paH-
HUX Tpaxews, MO3THUX — B utone [1], modToMy OIS MO3MHEH APEeBECHHBI y OOTY-
YAHCKOTO KJIMMATHUIIA B JIECOCTENN HIJKE, YEM y OCTaIbHBIX KJIMMATUIIOB, Y KOTO-
pbix ocHoBHOE BiausHue Ha LIIT'K okaspiBaroT ocaaku IO

Baxnouenue

Cpennee 3nauenne mmpuHbl ToanyHoro konpna (III'K) y kmuvatunos c rora
Cubupu u eHUCEHCKOTO M3 IOKHOW Tairh KpacHOSIpCKOTO Kpas B YCIOBHSX T'€O-
rpaMuecKuX KyJbTYp B JIECOCTENH JOCTOBEPHO MEHbIIE, YeM B FOKHOW Taiire.
Vennuenue HII'K B 1o0HON Taiire MpoOUCXOAMUT 3a CUET paHHEW IPEBECHHBI, IO-
stomy JII B yCIIOBHSX I0KHOM Talirn y BCEX MCCIEAYEMbIX KIMMATHUIIOB MEHbIIE,
yeM B jecocrenu. [IpuunHa 3TUX pa3nuyuil — KIMMAaTHYECKHUE YCIOBUS JIECOCTEIH,
KOTOpBIE SIBJISIFOTCS OoJiee CyXHMH B TEUEHHE BETeTAlMOHHOIO IepHoja u3-3a 0o-
Jiee BBICOKMX CPEIHECYTOUHBIX TEMIIEPATYP.

LII'K xauMaTHIoB, mMepeMerIeHHbIX u3 0oyiee TemyIoro KinMaTa B IOXKHYIO
Taiiry, npesbiiaet win pocturaer IIII'K KOHTpoJbHOTO KIIMMAaTUIIa U OTJIUYAETCS OT
CEBEPHBIX, B TOM YHCIIE U CAMOI'0 CEBEPHOI0 IIECEIKOT0, MIMEIOIIETO CaMble HU3KHE
3Ha4YeHUs 3a MHoroseTHui nepuon. B roxxHoi Taiire III'K ceBepHBIX KIMMaTHIIOB
MMEIOT MEHBIINE 3HAYECHMs 110 CPABHEHUIO C KOHTPOJIEM, PUYUHOM SIBIIAETCS MEa-
JIEHHBIN XapaKkTep pocTa, KOTOPbIN HAClIeyeTCsl B YCIOBUSX FOKHOM TalTH.

B ycnoBusix 1oxHOM Taliru noins no3anen npesecuns (JI1) y Bcex knmumaru-
MIOB COCHBI YMEHBILIAETCSI OTHOCUTEIBHO JIECOCTENH B CBSI3U C afanTanueil k 6ojee
BJIQYKHBIM YCIIOBUSIM, IIPU KOTOPBIX JC(PUIUT BIark, CTUMYJIUPYIOIIHUHA Y AepEBbEB
nepexo/ K (OPMHUPOBAHMIO TIO3THUX TPaxeusI, HACTYTaeT B I0KHOW TalTe Mmo3Hee.
Haubonpmmmu 3Hauenussmu J{I1 B r0KHOM Talire W JecocTenu oTiIMdaercs Oainra-
3BIHCKMM KIIMMATUII, YTO CBUJETENBCTBYET O €r0 HACJIEJCTBEHHON pEeakLUH, CIIO-
coOcTByIOIIEH paHHEMY (OPMHUPOBAHHMIO TO3JHEH JAPEBECHHBI 10 CPABHEHHUIO C
OCTAJIbHBIMH.

Peakuus LHIT'K k1MMaTUIIOB COCHBI HA MOTOJIHBIE YCIIOBUS B JIECOCTENH U FOXK-
HOM Talire pasnuuaercs. B necocrenu uz-3a aeuunTa BiIaru BIUSHUE CPEIHEMECTY-
Hoi TemnepaTypsl Ha [III'K B TeueHue BereTarioHHOTO MEpUoja OTPHUIIATENIFHOE, B
FOKHOW Taiire (Kak B Hadayie, TaK M B KOHIIC BETCTAIIMOHHOTO TEPHOAA) — TTOTIOXKH-
TeabHOE. B necocteny y H0KHBIX KIMMATUIIOB MPOSIBISIETCS MOJOKUTEIBHOE BIIUS-
HHE OCaJKOB MIOJS, Y CEBEPHBIX — IEPBBIX MECSLEB BEreTaluu (anpesisi—HIOHs).
B 10xHOI1 Taiire BausHME KonndecTBa ocaakoB uioHs W wmions Ha LK BbIsBIEHO Y
BCEX KJIMMATHIIOB, YTO CBHICTEIBCTBYET 00 3((EKTHBHOM HCIIOIH30BAaHUH BJIATH B
TedeHue OoJiee [UTUTENFHOTO BPEMEHH TI0 CPABHEHHIO C JIECOCTENIO.

Peakuys Ha morojHble yCIOBUS BEr€TAllMOHHOTO MEPHO/a Y KIMMATHUIIOB 110
JI1 6onee ciiokHas U pa3HOOOpa3Hasi, TaK KakK CBsi3aHA ¢ KOMIUICKCHBIM BIIUSTHUEM
IIOTO/bI BCErO CE30HA HA 3TOT I10KA3aTelb: OTPULATENBHAS CBA3b C KOJIMYECTBOM
OCaJIKOB U TOJIOKUTEIbHASL C TEMIIEPaTypoil B Hayaje BEreTallMOHHOIO MEPUOJIA;
OTpULIATEIbHAS C TEMIEPATYPON M IOJIOKUTENIBHAA C KOJUYECTBOM OCAIKOB BO
BTOPOH TOJIOBUHE BET€TALlMOHHOTO Iepuoja. B F0:KHOM Talire 3Ha4YMMble KOppes-
LIUOHHBIE CBSI3U 110 OTAEIBHBIM MECSLIAM OTMEYAIOTCS TOJBKO BO BTOPOM MOJOBUHE
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BEreTAallMOHHOTO MEePHO/Ia, B JICCOCTEIHM — KaK B IIEPBOM, TaK ¥ BO BTOPOM €ro MmoJjio-
BuHe. YacTh KIIMMATHIIOB UMEIOT CXOKUE KOPPEISIUOHHBIE CBSI3H, YTO TOBOPHUT 00
WX OTHOCHUTENBHO OJIMHAKOBOW HOPME PEaKIIMH, BEIPABHEHHOU Je(UIIUTOM BJaru B
reorpaduyeckux Kyibrypax B Jiecoctenu. [lo dopmuposanuto ILIT'K u JIT y uc-
CJIEIyeMbIX KJIIMMATHIIOB COCHBI B YCJIOBHSIX reorpaduyecKux KyJIbTYp Ui JIECO-
CTEIH ¥ F0XKHOM Talr Hanboee reHeTHYECKH CTA0MIIBHBIM SIBJISIETCS] OOTyYaHCKUI
KITUMATHII.

[TosrydeHHbIe pe3yJbTaThl UCCICAOBAHUI MOT'YT UCIIOIB30BATHCS MIPH O0TOOpE
MEPCIIEKTUBHBIX KIIMMATHUIIOB JUISl CO3JIaHUS JICCHBIX KYJbTYpP M IUIAHTAIMIA B COOT-
BETCTBYOIIUX JIECOPACTUTEIHHBIX YCIOBHUSX.
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Tree-ring width and latewood content were studied to assess the response of wood to grow-
ing conditions. Samples were taken from the trees of six Scots pine climatypes with contrast
origin, grown in the conditions of provenance trials in southern taiga of Central Siberia (Bo-
guchany forestry) and forest-steppe of Western Siberia (Suzun forestry). A comparative
analysis of variance of mean values of the studied features between the climatypes within
each test point and between the points is carried out. Correlation analysis was used to ana-
lyze the dynamics of the studied traits and as their response to weather conditions over a
long period. It was revealed that in the forest-steppe conditions maximal radial increments
for all climatypes were observed on average at the age of 9 and in southern taiga at the age
of 12-16. Tree-ring width of the climatypes from the south is significantly lower in the forest-
steppe conditions than that of of the representatives of northern origin. Climatypes trans-
ferred from a warmer climate to southern taiga are characterized by significantly larger val-
ues of tree-ring width than in the northernmost of the studied ones. The latewood content
decreases in all studied climatypes of pine in southern taiga in comparison with forest-
steppe. Significant response of the latewood content of climatypes in forest-steppe is ob-
served not only with average monthly weather conditions of the second part of vegetation
period but also with the first. It indicates a higher sensitivity of their wood structure to the
complex of climatic and ecological conditions in the provenance trials of forest-steppe com-
pared with southern taiga. The research results show that the Boguchany climatype is genet-
ically stable in terms of the average values of tree-ring width and latewood content in forest-
steppe and southern taiga.

For citation: Kuzmin S.R. Response of Annual Ring Width and Latewood Content of Scots
Pine to Weather Conditions in Provenance Trials. Lesnoy Zhurnal [Russian Forestry Journal],
2020, no. 5, pp. 64-80. DOI: 10.37482/0536-1036-2020-5-64-80

Funding: The research was carried out within the framework of fundamental scientific research
through the programs of the Russian Academy of Sciences No. 0356-2019-0024 (Biodiversity
of Indigenous Coniferous and Induced Forest Ecosystems) as well as with partial financial
support of the Russian Foundation for Basic Research projects (No. 14-04-31366;
No. 20-05-00540).

Acknowledgements: The author is grateful to R.V. Rogovtsev (Head of the Novosibirsk
Forest Seed Department of the Centre of Forest Health of Novosibirsk Region — Branch
of Russian the Centre of Forest Health) for his assistance in the field work.

Keywords: provenance trials, Scots pine, tree-ring width, latewood content.

[Mocrynuina 11.07.19 / Received on July 11, 2019




ISSN 0536-1036 «H3BecTus By30B. JlecHoii skypHaa». 2020. Ne 5 81

YK 630%232.32+630*811.1
DOI: 10.37482/0536-1036-2020-5-81-89

THE EFFECTIVENESS OF LOW FREQUENCY
ELECTROMAGNETIC FIELD AND HYDROGEL INFLUENCE ON
SURVIVAL RATE AND GROWTH OF RED OAK (Quercus rubra L.)
ANNUAL SEEDLINGS

A.L Smirnov', Candidate of Agriculture; ORCID: https://orcid.org/0000-0001-9530-6210
F.S. Orlov', Candidate of Agriculture; ORCID: https://orcid.org/0000-0002-8772-4428
P.A. Aksenov’, Candidate of Agriculture, Assoc. Prof.; ResearcherID: H-1352-2019
ORCID: https://orcid.org/0000-0002-1716-7726

Yu.V. Yaskov’, Director of Donskoy Leskhoz; ORCID: https://orcid.org/0000-0002-2140-9169
'000 “Raznoservis”, Likhov per., 10, Moscow, 127051, Russian Federation;

e-mail: 364-27-37@mail.ru, ap-6@yandex.ru

*Mytischi Branch of Bauman Moscow State Technical University, ul. 1-ya Institutskaya, 1,
Mytischi, Moscow Region, 141005, Russian Federation; e-mail: axenov.pa@mail.ru,
forestmaster@yandex.ru

’GAU “Donskoy Leskhoz”, Forestry Department of the Lipetsk Region, ul. Mira, 19,
s. Donskoye, Zadonskiy District, Lipetsk Region, 99240, Russian Federation;

e-mail: forester48@mail.ru

This work presents the results of a research that was conducted in the Donskoy Leskhoz
nursery of the Forestry Department of the Lipetsk Region. The purpose of the research is to
determine the effectiveness of the influence of a low-frequency electromagnetic field and
the hydrogel “Evabiona” on the survival rate of red oak annual seedlings grown in open
ground of the nursery. This research presents the technology for creating red oak planting
material with increased survival indices of test samples and their biometric parameters:
seedling height, seedling diameter at a root collar, weight of roots and aboveground part in
the air-dry condition after drying for 15 days. Treatment of red oak one-year old seedlings
with a low frequency electromagnetic field was carried out according to the author’s tech-
nology POSEP — pre-sowing treatment of seeds and seedlings with an electromagnetic field.
The hydrogel, a polymer water-retaining agent that absorbs and retains a large amount of
moisture in the rhizosphere of plants, was applied to soil in the experimental research. The
ability of the hydrogel granules to swell-compression improves the structure and drainage of
soils, boosting the conditions of aeration and filtration of water, and maintains its water-
retaining properties for several years. The research results indicate a clear positive effect of
treatment with a low-frequency electromagnetic field and the hydrogel, as there was a sig-
nificant increase in the survival rate of the test samples of oak seedlings in relation to the
control samples. Also within the framework of the research a comparative histometric anal-
ysis of cross sections of control and test stems of oak seedlings was carried out late in the
growing season at the laboratory of the Department of Forest Crops, Selection and Dendrol-
ogy of the Mytishchi Branch of the Bauman Moscow State Technical University. The re-
sults of this research showed that a low-frequency electromagnetic field and the hydrogel
can influence on the anatomical structure of seedlings, improving their quality characteris-
tics. Thus, pre-sowing treatment of oak seedlings with a low-frequency electromagnetic
field and the use of the hydrogel showed the effectiveness of these techniques in increasing
the survival rate of seedlings and obtaining high-quality planting material of red oak in for-
est nurseries.
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Introduction

Oak forests of our country are an important component of natural ecosys-
tems. However, due to the large anthropogenic load on the forests in the Central
region of the European part of Russia, the area of oak plantations has been greatly
reduced. According to experts, this problem can be solved by introducing new, fast-
growing and economically valuable introduced species into the process of artificial
reforestation of broad-leaved species. They include red oak (Quercus rubra L.),
natural habitat of which are broad-leaved forests of North America [1]. Red oak is
most prevalent of all introduced hardwood species in the European part of Russia.
Although it is inferior in wood quality to pedunculate oak (Quercus robur L.), but
still it has a number of advantages. It is known that red oak is moderately photophi-
lous, undemanding to soil, quite hardy, resistant to powdery mildew, not damaged
by the green oak moth (Tortrix viridana), has soil-improving properties and grows
by 10-50 % faster than pedunculate oak (Quercus robur L.). The age of the main
felling of red oak stands can be reduced by 1.5 times, relative to pedunculate oak
(Quercus robur L.) [8]. Due to its unique decorative properties, red oak is widely
used in landscape design [5]. These qualities of red oak make it a promising forest-
forming species in the zone of coniferous broad-leaved forests. Therefore, studies of
this tree species are relevant nowadays. The use of an electromagnetic field (EMF)
and the hydrogel Evabiona for growing high-quality planting material is a little stud-
ied area in the Russian forestry sector. Although in forest seed production, we have
used the treatment of coniferous seeds, and later seedlings, with EMF since 2012. As
a result of the studies, carried out both in laboratories and in forest nurseries, a simple
and environmentally friendly technology of pre-sowing treatment of seeds and seed-
lings with an electromagnetic field (POSEP) [11] was developed and the “Rost-
Aktiv” device (a low-frequency EMF generator) was created [4, 6, 10, 13].

Hydrogel is a polymer water-retaining agent that is introduced into the soil, ab-
sorbs and retains water and dissolved nutrients. It was also used in the research. Hy-
drogel tends to easily release the accumulated water, gradually providing it to plants.
When properly applied, it retains fertilizers, keeping them in an accessible zone for
plant roots, improves the water-physical soil properties [2, 17] and provides the most
favorable conditions for growth and development of tree species in the first years af-
ter planting [18]. Further study (2013-2019) of the influence of la ow-frequency EMF
and the hydrogel included treatment of seeds and growing seedlings of coniferous
species in forest nurseries (Scots pine and Norway spruce). The results of these stud-
ies indicate the effectiveness of the POSEP technology and the use of the hydrogel in
the treatment of both seeds and seedlings of the main forest-forming species [14, 20].
The presented work is interesting by the reason that such experiments have not been
carried out on seedlings of deciduous tree species before.

Research objects and methods

The research was carried out in the Donskoy Leskhoz nursery of the Forestry
Department of the Lipetsk Region in 2019. Bareroot annual seedlings of red oak
were the research object. In April 2019 control and experiment plantings of red oak
seedlings were laid out on a plot of 150 linm of a planting bed in order to study the
effect of a low-frequency EMF and the hydrogel on their survival rate. Three seed-
ling options were compared: Control — untreated seedlings, 50 pcs; Experiment 1 —
seedlings treated with EMF, 50 pcs; Experiment 2 — seedlings treated with EMF
and the hydrogel, 50 pcs.
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Seedlings for Experiments 1 and 2 were treated using the POSEP technology
with the low frequency generator “Rost-Aktiv” (frequency — 16 Hz; increasing
magnetic field induction value from 0.4 to 2.0 mT; exposure — 11 min) according to
the research procedure before planting in holes [3, 7, 12, 16]. Seedlings were plant-
ed using the Kolesov’s planting iron with a planting step of 1 m. In Experiment 2,
the planting holes were pre-treated with the hydrogel swollen in water (at a rate of 2
g of the dry hydrogel per hole), after that seedlings treated with EMF were planted.
At the end of September 2019, we made records on the seedlings established in the
experimental and control areas and carried out biometric measurements of them

(fig. 1).

Fig. 1. Records on the seedeings from left to
right: Control, Experiment 2 and Experiment 1

At the same time, Control and Experiment seedlings were lifted with maxi-
mum integrity of the root system for in-depth studies in the laboratory of the De-
partment of Forest Crops, Selection and Dendrology of the Mytishchi Branch of the
Bauman Moscow State Technical University. The following biometric parameters
were measured: seedling height, seedling diameter at a root collar, roots weight and
the aboveground part in the air-dry condition after drying for 15 days. The scales
Acom JW1 were used to determine the average weight of seedling parts.

The following technique was used for the histometric analysis of cross sec-
tions: 1-2 cm sections of stems with root collars were cut from the seedlings, and
then they were exposed to the action of a softening alcohol-glycerine mixture
(component ratio 1:1) for 10 days at a temperature of 25-30 °C. Later on, cross sec-
tions were obtained using MS-2 microtome and stained in accordance with the
standard method [15]. Temporary glycerine preparations were produced in accord-
ance with the procedure described in reference [19]. Microscopy was carried out in
the direct light-field and polarization modes using a research biological microscope
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Jenaval (Carl Zeiss) equipped with an eyepiece micrometer and polarizers. The fol-
lowing microlenses were used: GF-Plan 3.2/0.06/0/-; GF-Plan 12.5/0.25/cc/-;
GF-Plan 25/0.5/0/0.17; GF-Plan 40/0.65/0/0.17, GF-Plan HI 100/1.25/160/0.17.
Images of wood cross sections were obtained using photomicrographic attachment.

To verify the reliability of the results obtained, we followed standard meth-
ods of statistical processing [9] and used Microsoft Excel software.

Research results and discussion

An analysis of the survival rate of seedlings in autumn 2019 showed a signif-
icant superiority of Experiment options over the Control (table 1).

Table 1
Characteristics of the survival rate of red oak seedlings treated with EMF and the hydrogel
. Number of recorded . . Survival rate, %,
No. Exper.lrnent scedlings during Number of.estabhshed seedlings terror of the
options . (recorded in September, 2019) .
planting proportion, %
1 |Control 50 14 28+6.4
2 |Experiment 1 50 24 48+7.1
3 |[Experiment 2 50 32 64+6.8

The results of studying the effect of EMF and the hydrogel on the survival
rate of red oak seedlings grown in open ground of the nursery in the dry summer of
2019 show that the best option is the treatment with EMF and the hydrogel during
planting (table 1). The observed difference can be explained by the stimulating ef-
fect of EMF with the joint long-term protective action of the hydrogel on the subse-
quent rhizogenesis after transplantation and absorption of solutions by roots in the
post-stress period. Also, the treatment with EMF and the hydrogel had an impact on
the biometric parameters of oak seedlings (table 2).

Table 2

Average biometric parameters of oak seedlings treated with EMF and the hydrogel
(sampling size — 20 pcs; o = 0.05; 7, = 2.024)

Experiment Scedling height, .ROOt collar Roots mass, g | Trunks mass,
No options cm diameter, mm (M) o (Mtmy)
(M=my,) (Mmy,)
| Control 12.5+0.49 4.0+0.09 4.2+0.22 1.24+0.03
% of control 100 100 100 100
Experiment 1 14.54+0.42 5.5+0.22 11.940.39 | 3.2940.10
2 % of control 116 137 283 265
t calculated 3.10 6.31 17.20 19.64
Experiment 2 21.0+0.54 4.5+0.16 9.57£0.34 | 3.89+0.25
3 % of control 168 112 227 313
t calculated 11.66 2.72 13.27 10.52

Based on the results of autumn calculations, the average biometric parame-
ters of red oak seedlings were compared in all experiment options: Experiment 1;
Experiment 2; Control. The data in table 2 indicate that the treatment of seedlings in
Experiment 2 exceeded Control by every measure, so height of the Experiment
samples exceeded the Control by 68 %. This is a substantial difference considering



ISSN 0536-1036 «M3BecTus By30B. JlecHoii :xxypHaa». 2020. Ne 5 85

that the seedlings were grown in open ground without watering and care. Also, at
the end of the growing season, a comparative histometric analysis of cross sections
of the Control and Experiment stems of oak seedlings was carried out in the labora-
tory of the Department of Forest Crops, Selection and Dendrology of the Mytishchi
Branch of the Bauman Moscow State Technical University. The results of this study
are shown in table 3.

Table 3

Average histometric parameters of oak seedlings treated with EMF and the hydrogel
(sampling size — 10 pcs; o = 0.05; 7, = 2.1)

Experiment Core diameter, mm Xylem ring width, mm Seconda.lry wood ves-
No options (Mzmy) (Mzmy) sels diameter, pm
(Mzmyy)

| Control 1.51+0.087 0.86+0.034 18.7+0.91
% of control 100 100 100
Experiment 1 1.79+0.122 1.43+0.074 19.6+£0.99

2 % of control 118 166 105
t calculated 1.87 6.99 0.67
Experiment 2 1.55+0.065 1.31+0.069 21.7£1.08

3 % of control 103 152 116
t calculated 0.37 5.85 2.12

According to table 3 we made conclusions. The size of the core of the com-
pared groups in the Experimental options exceeds the Control. The total xylem ring
width in Experiments 1 and 2 significantly exceeds the Control width. The wood
radial growth at the level of a root collar has the maximum values in Experiment 1.
When comparing the average diameters of the secondary xylem vessels in different
options of the experiment, there is a tendency to increase the average diameter of
the vessel segment in the series Control — Experiment 1 — Experiment 2.

Comparative anatomical study of seedlings from three options of the experi-
ment revealed the features of the stem structure at the level of the root collar ac-
cording to the study of cross sections.

In general, the secondary xylem in all considered experiment options has
common juvenile features. It is particularly worth noting the high degree of paren-
chyma formation on the last radial increment of seedlings. It is represented by both
multiple single-row wood rays, and a high content of metatracheal starch-bearing
parenchyma (fig. 2).

o 8

Fig. 2. Cross section of oak seedling in experiment
2 in the mode of crossed
Nichols (microlens GF-Plan 12.5/0.25/00/-)
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The zone of highly parenchymatized wood is on the right. Multiple oxalate
crystals and a solid light fiber (a glued ring) are observed in the cortical ring (fig. 2).

The core of all options contains a fair amount of small starch grains. There is
a tendency to an increase in the occurrence of starch in the core cells in the Experi-
ment options compared with the Control (fig. 3).
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Fig. 3. Cross sections of the core of oak seedlings in the mode of partially crossed Nichols
(microlens GF-Plan 40/0.65/0/0.17): a — Control; b — Experiment 1; ¢ — Experiment 2

The width of the secondary xylem layer is much larger in the options with
EMF treatment. There is a high degree of order in radial chains of vessel lumen
with an increase in the annual ring (fig. 4).

|
E T

Fig. 4. Cross sections of oak seedling stems at one magnification (microlens GF-Plan
3.2/0.06/0/-, gentian violet staining): a — Control; b — Experiment 1; ¢ — Experiment 2

The bark width is also of great importance in plants treated with EMF. This
preserves the integrity of the bark inner ring formed by alternating sections of pri-
mary bast fibers and clusters of stone cells. The bulk of the primary cortex is a thin-
walled parenchyma containing a large number of small druses and single crystals of
calcium oxalate, well detected in the polarization mode (fig. 2). Aggregate rays, as a
rule, end in the bark with the formation of large zones of sclerification and calcifi-
cation.

Conclusion

The survival rate and growth of red oak seedlings in the selected area of the
Donskoy Leskhoz nursery of the Forestry Department of the Lipetsk Region were
evaluated as a result of the research. At the end of the growing season during the
autumn records it was found that oak seedlings treated with EMF and planted in
planting holes with the introduction of the hydrogel swollen in water have shown
the best results in the survival rate and growth. It should also be noted that the
treatment with EMF and the hydrogel had a positive effect on the internal structure
of seedlings. This can improve the wood quality. Thus, the treatment of seedlings
with a low-frequency EMF in combination with the use of the hydrogel promote the
production of planting material with better parameters that will undoubtedly give a
positive economic effect.
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Based on the research results, it is possible to assume the feasibility of pro-
cessing the red oak planting material with a low-frequency EMF and the hydrogel
in the creation of crops. And the use of hydrogels in forest management of the Rus-
sian Federation can be attributed to the number of promising reclamation measures
in creation of artificial forest plantations.
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B Hactosimieit pabote mpencTaBiIeHbl Pe3yNbTaThl MCCIEAO0BAHUS, KOTOPOE MPOBOAMIOCH B
JICCHOM MHUTOMHHUKE JIOHCKOTrO jiecxo3a YIpaBieHHUs JIECHOro xo3siicTBa Jlumnenkoi oOa-
ctu. Llesnp nccaeoBaHus ONpeaeIuTh KaK THAPOTreNb «DBa0HOHa» U HU3KOYAaCTOTHOE DJIeK-
TpomaruuTHoe 1oje (OMII) BIusIoT Ha NPHIKMBAEMOCTh U POCT OJIHOJIETHUX CESHIIEB Jy0a
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KpacHOTO B OTKPBITOM TPyHTE MUTOMHHKA. B paboTe mpuBeeHa TeXHOJIOTUS CO3/IaHusl T10-
CaJIOYHOro0 MaTepuana Jy0a KpacHOro C TOBBIIICHHBIMU MOKa3aTeIsIMHA NPHUKUBAEMOCTH
OTIBITHBIX 00PAa3IOB U X OMOMETPUYECKHX XapaKTEPUCTHK: BHICOTA CEsHIIA, TUAMETp CesiH-
I1a y KOpPHEBO# IIelKn, Macca KOpHEH M HaJ3eMHOW YacTH B BO3AYIIHO-CYXOM COCTOSIHUM
1ocJie BBICYIIMBAHMS B TeueHue 15 quell. OOpaboTKa OTHONETHHX CesHIIEB Jy0a KpacHOTO
HU3KOYACTOTHBIM 3JIEKTPOMATHUTHBIM TIOJIEM MPOBOAMIACH MO aBTOPCKOH TEXHOJIOTHH
ITOCDOII (mpenmoceBHast 00pab0OTKA CEMSH M CESIHIIEB IEKTPOMArHUTHBIM IojieM). B mo-
CTaHOBKE OIIBITOB MPUMEHSIICS THAPOTebh « OBaOMOHA», TOJMMEPHBIN BIIArOyAepKUBATEIb,
KOTOPBI TIPH BHECEHUH B IOYBY, a0COPOHPYET U YAEPKUBACT OOJIBIIOE KOJMYECTBO BIIArv
B 30He pu3ocheps! pacteHnii. CrocOOHOCTH TPaHYN THAPOTENS K pa30yXaHUIO-CHKATHIO
YIIy4IIaeT CTPYKTYypY M JIPEHaXX MO4YB, MOBBINIAs YCIOBUS a’panud U (UIbTPALUN BOIbI,
COXpaHsIET CBOM BJIAroyJep>KUBAIOlINe CBOWCTBA B TEUCHUE HECKOJBKUX JieT. [loiayueHHbIe
PpE3YJIbTAaThl UCCIIECA0OBAHNSA CBUACTCIILCTBYIOT O ABHOM ITOJIOKHUTECIbHOM BJIMAHUU o6pa60T-
KU DJIEKTPOMArHUTHBIM TOJIEM M THIPOTesieM, TaK KaK OTMEUEHO CYIIECTBEHHOE YBeJnue-
HUE TIPIKUBAEMOCTH ONBITHBIX 00PA3I0B CEsSHIIEB y0a M0 OTHOLIEHUIO K KOHTPOIIIO, TakK-
)K€ B paMKaX HCCIJICJIOBAHUS, B KOHIIC BETreTAlIOHHOTO Ce30Ha B JIabopaTopuu Kaderpsl
JIECHBIX KYJBTYP, CeJIeKINH U AeHnpoiorur Mertuinuackoro ¢gumana MI'TY um. H.D. bay-
MaHa ObUT IIPOBEJCH CPABHUTEIBHBIN TMCTOMETPUIECKUI aHAIN3 TTOTIEPEYHBIX CPE30B KOH-
TPOJIBHBIX U OIBITHBIX CTBOJIMKOB CESHIIEB Ay0a. Pe3ynbTaThl 3TOro MccieoBaHus oKa3a-
JM, 9TO 3JIEKTPOMArHUTHOE MOJI€ U THAPOTedh MOTYT OKa3bIBAaTh BIMSHWE HA aHATOMHYE-
CKO€ CTPOCHHE CEesSHIIEB, yJIydllas MX KauyeCTBEHHBbIE XapaKTepuUCTHKU. Takum oOpaszom,
IpeAnocaouHas o0padoTka CestHIEeB Jy0a HU3KOYAaCTOTHBIM JIEKTPOMArHUTHBIM IIOJIEM H
MIPUMEHEHHE THAPOTreNs Mokazand 3(QEKTUBHOCTh JAHHBIX MPUEMOB AT YBEIWYEHHS
MPUKUBAEMOCTH CESHIIEB M IIOJyYeHHUs] KAaueCTBEHHOTO I0CaJOYHOr0 MaTepuana ayoa
KpaCHOTI'O B JICCHBIX ITMTOMHHUKAaX.

/s wumuposanusn: Smirnov A.l, Orlov E.S., Aksenov P.A., Yaskov Yu.V. The Effective-
ness of Low Frequency Electromagnetic Field and Hydrogel Influence on Survival Rate and
Growth of Red Oak (Quercus rubra L.) Annual Seedlings // 13B. By30B. JlecH. xxypH. 2020.
Ne 5. C. 81-89. DOL: 10.37482/0536-1036-2020-5-81-89

Knrouesvie cnosa: HUI3KOUACTOTHOE 3JEKTPOMArHuTHoe mnoiie, rexHonorus [TOCIII, ruapo-
Tellb, CeSHITHI Ty0a KPaCHOTO, THCTOMETPHUICCKUH aHAIN3.
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BriepBbie 1 pernoHa BBIITOJIHEHO HMCCIIEIOBaHUE 00beKTa KyJIbTypHOro Hacuenus «bero-
MOpPCKHE HEeTPOrTH(BD», HUCIOIL3YEMOTo Ul SKCKYPCHOHHOTO OOCITY)KMBAHHUS ITOCETHTE-
Jel. DTO KOMIAKTHO PACIIONOKEHHAss CHCTeMa YaCTHYHO PACUMIIEHHBIX OT JICCHOW pacTu-
TENIBHOCTH CKAJBHBIX BBIXOJOB C BHIONTHIMH M300pPa’KCHUSIMH AIIOXH HEOJINTA U TEIIeX0/I-
HBIMH TponaMu. BrIsBiieHBI 0cOOEHHOCTH TpaHCc(opManuy MouB, KOMIOHEHTOB PACTHTEINb-
HOTO TIOKpOBa (IPEBOCTOH, TOAPOCT, TMOMJICCOK, )KUBOH HANIOYBCHHBIA MOKPOB), a TAKKE
TOHKHX (OraMeTp 10 3 MM) KOpHEH IpPEeBECHBIX MOPOA TOJ BO3JACHCTBHEM pPEKpEaIlHy.
B PE3YIbTATE BbITANITBIBAHUA NPOUCXOJIUT ;[e(bopMauI/m " YHUYTOXCHHUC BEPXHHUX IMOYBCH-
HBIX TOPHU30HTOB CO 3HAYUTCIBHBIM CHUXCHHUEM MOIIHOCTHU JICCHOM IOJCTHIIKHM M 3ariaca
opranudeckoro BeiecTBa. OObEKT XapaKTepH3yeTCsi BBICOKUM YPOBHEM COXPAaHHOCTHU (Iio-
pHl, 95...100 % koTOpO# MpeacTaBieHO a0OPUTEHHBIMU BHIaMHU. BbIpaskeHHBIE MOBpEK/Ie-
HUSI HAallOYBEHHOTO IMOKPOBa MPUYPOUEHBI K aKTHBHO HCIIOJIB3YyEMbIM Y4acTKaM (TpOIIbI,
CMOTpOBBIC TUIOMAAKK). [t HMX XapakTepeH CKyAHBIH BHJOBOW COCTaB, COKpalleHHE
TUTOIIA/IN TPABSHO-KYCTAPHUIKOBOTO ¥ MOXOBO-JIMIIAIHUKOBOTO SPYCOB M HE3HAYUTEIILHOE
MIPOCKTUBHOE MTOKPBITHE JIYTOBBIX U COPHBIX BHJIOB. Ha ydacTkax ¢ Xoporeil J0CTyIHOCThIO
1 TIPOXOJIMMOCTBIO HAOJIOAETCsl OTCYTCTBUE WIJIM YMEHBIIICHNE KOJIMYECTBA TOJIECKa, OT-
MEUEeHbI MTOBPEXICHHS IPEBOCTOS M yXYAILICHHE JIECOBOCCTAHOBUTEIBHOTO TIPOIIEcca € CO-
KpalleHHeM YHCICHHOCTH JKH3HECTIOCOOHOTO ToapocTa 10 MUHUMAaNbHBIX (100 3K3./ra)
3HaYeHnd. Macca KOpHel qruaMeTpoM 0 3 MM Ha TPOTaX ¢ CHIIBHOHN CTETIEHBIO BHITONTAH-
HOCTH CHIDKaercst 1o 74 %, Ha MeHee MOBPEKICHHBIX TPOIlaX OTMEUYACTCsl HE3HAUYNTEIbHOE
MOBBIIIEHUE KOPHEHACHIIICHHOCTH. Y CTAHOBJICHO, YTO K HACTOSIIEMY MOMEHTY peKpealu-
OHHBIE M3MEHEHUs (PUTOIEHO30B HE TPHUBEIM K MOTEPE UMM YCTOHYMBOCTH. M3yueHHBIE
yuacTku Obutn otHeceHsl K [-III cramusiM pexpeanmonHoil aurpeccun. st orpaHnYeHUs
PEeKpealnoHHOro BO3/ICHCTBUS CIIeyeT ONTHMU3UPOBATH CyIIECTBYIOMIee (PyHKIIMOHAIBHOE
30HMPOBAHNE TEPPUTOPUH ITyTEM HPHOPUTETHOTO HCIIOIL30BAHMS HanOoJyiee yCTOHYMBBIX
cooOecTB. PexpeannonHble Harpy3KH Ha HHTEHCHBHO HMCIIOJIB3yEMbIEC B HACTOSIIIIEE BPEMs
YUYacTKH, JUISi KOTOPBIX CYIIECTBYET BEPOSITHOCTH Iepexoaa Ha OoJiee BBICOKUE CTaIlH pe-
KPEANOHHOM TUTPECCHH € MTOTEpeil coodIecTBaMH YCTOHINBOCTH, MOTYT OBITh YMEHBIIIE-
HBI IPU COOTBETCTBYIOIIEM N3MEHEHHH KOH(UTYpannuy TPOIMHOYHON CETH, a TaKKe CTPOH-
TEJILCTBE HACTHIIOB.
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(enepanbHOro OMO/PKETa HA BBINOJIHEHHE TOCYAapCTBEHHOrO 3aianusi MHcTuTyTa neca
KapHII[ PAH.

Bnazooapuocme: BeipakaeMm ucKkpeHHIOO OnaromapHocts M.A. boituyk (MHCTHTYT OHOITO-
run KapHI[ PAH) 3a onpenenenue (Bepudukaimio) o0pa3oB MXOB.

Kniouegvie cnosa: pexpeannoHHas Harpy3ka, BBITANTHIBAHUE, MOYBA, JECHAs IOJCTHIIKA,
JKMBOI HAIlOUYBEHHBIN ITOKPOB, (iopa, APEeBOCTOM, TUTPECCHs, TOHKHE KOPHHU, KOPHEHACHI-
IIEHHOCTb.

Beseoenue

VYBenuueHne peKpeaoHHbIX TOTPEOHOCTEH HACeNCHHS JIeNIaeT aKTyalbHbIM
M3y4eHHe MOCTeICTBUI HArpy30K Ha JIECHYIO Cpelly — OCHOBHOE MECTO JIJIsl OTAbIXa
[27], a BO3MOXXHOCTh PEKPEAIMOHHOTO HCIIOJIb30BAHUS JIECOB SIBJISIETCS BAKHOU
COCTaBIISIIOIIEH X OMOPECYPCHBIX QYHKIMM [26].

[Ipu Bo3pacTaHny peKpealmoHHONW Harpy3KH Ha HKOCHCTEMBI HEU30€XKHO Tpo-
HCXOJISAT HETaTUBHBIC W3MEHEHUsI MeCcTOOOuTaHui [34], B TOM YUCIIe KOMIIOHCHTOB
¢uToIIeHO3a: TPABAHO-KYCTaPHUIKOBOTO MTOKPOBA, IPEBOCTOS, MOJPOCTA U TOJIEC-
ka [20, 31]. [TouBeHHBIM TOKPOB HA TEPPUTOPUSIX, UCTIHITHIBAIOLIUX PEKPEAIIMOHHBIN
npecc, Kak MpaBUilo, YIUIOTHSIETCS, MEXaHUUCCKU YHUUTOXKACTCS BEPXHUU MOJCTH-
JIOYHBIM MOYBEHHBIH TOPU30HT, TOBPEXKIAIOTCS CKEJIETHbIE KOPHH U YMEHBIIAETCs
Macca TOHKUX (DM3MOJIOTHYECKH aKTUBHBIX KOpHEH [32, 33, 36, 37, 40].

Buer iecHOTO MOKpOBa MO-Pa3sHOMY pearupyroT Ha aHTPOIIOT€HHYIO HAarpy3-
Ky. KiltoueBbIMU BU3yallbHBIMU TPU3HAKAMU JUTPECCUN (DUTOIICHO30B SIBIISIOTCS:
MOBPEXK/IEHUE WIM YHUYTO)KEHHE IOJIPOCTa W JIEPEBHEB; HApPYIIEHHE IPOIECCOB
JIECOBOCCTAHOBIICHHS; ICUE3HOBEHHE JINIIIAHUKOB; 3aMEHA JIECHBIX MXOB IHOHEp-
HBIMH BUJAMH, YCTOWYMBBIMU K BBITANITHIBAHUIO; TIOSBIICHHE JYTOBBIX M COPHBIX
TpaB, BBITECHSIIOIINX JeCcHbIC BUIbI [9, 12, 14, 30, 35].

Bricmne n HM3IIME pacTeHus, a TakkKe JUIIAHHUKU Pa3pylIaloT CKaJIbHYIO
MTOBEPXHOCTh KOPHEBBIMU CHCTEMaMH ¥ TaJUIOMaMH. B pe3ynbpTare nx JesTenbHO-
CTH TIPOMCXOJUT XUMHUYECKOe U (PU3NYECKOe Mpeodpa3oBaHHUe MOBEPXHOCTH CKAI.
[TosToMy ¢ TOYKH 3peHUsS OXpaHbI MMaMSTHUKOB HACKAIBHOTO HCKYCCTBAa C BBHIOM-
THIMH HM300paKEHUSIMHU 3TIOXH HEoNHTa (MeTporiudamu) OT BIUSHHS OWOJOTHYe-
CKHX areHTOB HEOOXOJUM MOHHTOPHHT 3a COCTOSIHHEM TOBEPXHOCTH CKAaIbHBIX
BBIXOJIOB, KOTOPBIH IMO3BOJIUT NMPUHATH CBOEBPEMEHHBIE MEPHI 110 PETYIMPOBAHUIO
nporueccoB 3apactanus [3, 13].

B pesynbrare akTHBHOW peKpeanyu 0TMeuaeTcsi 00Iee CHIKeHNE caHuTap-
HO-TUTMEHUYECKAX W CpefooOpa3yromux KadecTB (DUTOIEHO30B, YXYIIIAOTCA
JKU3HEHHOE COCTOSIHHE M JCTETHYECKHE KadecTBa JIPEeBOCTOEB. TakuM 00pasom,
CyLIECTBYET HEOOXOJMMOCTh BCECTOPOHHETO H3YYEHHUS BIMSHHUS pPEKpealud Ha
JecHoM mokpoB [38, 41].

B Pecrry6mmuke Kapemus (PK) kommutekcHoe m3ydeHue TpaHchopMauy d5KOCH-
CTEM IT0]T BO3/ICHCTBHEM PEKpeaIllMOHHBIX HArPYy30K OBLIO MPOBEIEHO is 0-Ba Baa-
aM, pacroyokKEeHHOTo B ceBepHOil yactu Jlagoxckoro ozepa [10]. B pasnuunbix
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acreKTax M3y4yalliCh TMOYBHI, JKWBOM HANlOYBEHHBIN IMOKPOB, APEBECHAsI PACTUTEINb-
HOCTb, BBISBIISUIACH CBSI3b JIECOIATOJIOTHUECKUX XapaKTEPUCTHK (PUTOLIEHO30B ¢
peKpealMoOHHBIMU Harpy3kamu U Ap. OTMedeHa BBICOKAas CKOPOCTb Pa3BHUTHUSA pe-
KpealnoHHBIX u3MeHeHuil. 3a 10—15 meT ¢ Havana MCHONIB30BAHUS OTICIHHBIC
YYaCTKH XapaKTEPU30BAINCH Nepexo oM K [V-V cragusm pekpeallmoHHON aurpec-
cun. B 2009 r. momoOHbIE KOMIUTEKCHBIE HCCIICIOBAHUS TPOBOAMIUCEH IS TYPH-
CTMYECKHX CTOSIHOK HalMoHanbHOTro napka «llaanaspeu» (Jloyxckuii p-u PK) [39].
BrinomnHsiack OleHKa peKpearMoHHBIX M3MEHEHHUH MOYB, KUBOTO HANOYBEHHOI'O
ITOKPOBA, IPEBECHOM PACTUTENHFHOCTH. Y CTAHOBJIEHO, YTO OJaroyCTPOCHHBIE TypH-
CTUYECKHE CTOSHKU IMOJBEP)KEHbI 3HAYMTEIBHBIM PEKPEAllMOHHBIM M3MEHEHHUSIM C
TOTAJILHBIM HapyIICHUEM JIECHON CPebl B MECTax HauOONblLIel KOHIIEHTPALMN OT-
JbIXaroIuX (yBeJIMYeHNE BPEMEHU NpeObIBaHUs) MPHU OTCYTCTBUU MOJOOHBIX M3-
MEHEHUN BHE UX MPEJIETOB.

B 2018 r. 00bexT KynpTypHOro Hacieaus «bemomopckue nerporaudon ObuT
BHECCH B INPEIBAPUTEIBHBIN CIUCOK 00BekTOB Beemmproro naciemus UNESCO
(https://whc.unesco.org/en/tentativelists/6358/). AKTyalbHOCTh M3yUYEHHUS paccMar-
pUBaEeMOil TEPPUTOPUH TaKKe 00YyCJIOBJIEHAa OCOOCHHOCTSAMH €€ Teorpad)uuecKoro
10JIO’KEHUS. MI3BECTHO, YTO CTENEHb BIMSIHUS PEKPealliy Ha paCTUTENbHBIN TOKPOB
3aBHUCHUT OT MHOTHX (DaKTOPOB, B TOM YHCIIE€ KIMMATHYECKUX U OYBEHHBIX YCIOBHI
[34, 41]. Ob6wexT «bemomopckue merpormudb» pacroyiaracTcss B MaaHCenbKsI-
benoMopckoM arpokIMMaTridecKoM paiioHEe, XapaKTePU3YIOMIEMCs TTPOIOJIKUTEIb-
HOH U CypOBOH 3UMOW, KOPOTKHUM M NPOXJAIAHBIM BEr€TALlMOHHBIM U KOPOTKUM
0e3Mopo3HBIM TieproAaMu [1]. DTo ompenenseT MOTEHIHATBHO 0OoJiee BBICOKYIO
CKOPOCTh Pa3BUTUSl PEKPEALMOHHBIX HW3MEHEHHUI HKOCHCTEM, CYILIECTBYIOLIMX B
CTOJIb CYpOBbIX ycloBUsIX. B mpenenax PK Her npyrux oObeKTOB, codeTaromuX MO-
noOHOe TeorpaduvecKoe TOJIOKEHHE W MHTEHCHBHOCTH HCITONB30BAHMS (ITOCeIae-
MOCTh O0BEKTA B OTIIENIbHBIC JHA MOKET mpeBbiath S00 den.). MiMeroruecst K HaCTO-
SIIEMY BPEMEHH CBEACHHSI O PEKPEAMOHHBIX N3MEHEHHSIX KacaloTcsl OTIEIbHBIX 00b-
€KTOB, PACIOJIOKEHHBIX B O0Jiee OIaronpHsTHBIX YCIOBHUSX cpeaueit Taiiru [10].

Lenp uccnenoBanusi — ONpeACICHUE COCTOSIHUS KOMIIOHEHTOB JIECHBIX KO-
cucTeM 00bekTa «bemoMopckre meTporaudbl» U OICHKA X TPaHCHOPMAIIHH C TT0-
3ULUI COXPAaHEHHsS YCTOMYMBOCTH HCIIOJIB3YEMbIX YUYacCTKOB K PEKpPEallMOHHBIM
Harpy3Kam.

Obvexkmul u Memoobl UCCIeO08AHUSL

O6wexT «benmomopckue merporimude, oTKpeIThI A.M. JInHeBckiM B 1926 T.
[13], pacmonoxen B benomopckom p-ue PK, B 6 kM k 1oro-3amagy ot r. bermomopck.
11 Tpynm HACKANBHBIX PUCYHKOB HMEIOT OBIIYIO ILIOMmaIs okono 7700 M°, mpiuem
TOJILKO Ha OJHO ckoruieHue (rpynny) «[lerpormudsr 3anaBpyru» (KOOpPIMHATHI
neHTpa 64°29'52.59" c. mr., 34°40'28.22" B. 1.) npuxomutcs 85 % 3TOM IUIOMIA N,
OCOOCHHOCTBIO SIBJISICTCSI PACIIONOKEHNE HM3ydaeMOTo OOBEKTa BOJIM3M HCKYC-
CTBEHHO CO3/IaHHOT'O BO BpPEMSI CTPOUTENIHCTBA THAPOAJIEKTPOCTAHIIMN BOJIOXPaHH-
JIMILA U OCyIIeHHOTro pyciya p. Beir. JlecHple yyacTku OKpecTHOCTEH Ipymn MeTpo-
ru¢oB BXOST B COCTaB 3€JICHON 30HHI T. besioMopcka U BOJOOXPaHHOM 30HBI, BbI-
JISIIEHHOW BOKpPYT 30JI0TEIKOr0 BomoxpaHmiuiia (kBapran 77 bemomopckoro
Y9acTKOBOTO JIECHUYECTBA), UTO MPEIOJaraeT CyleCTBEHHbIE OTPAaHNYCHHS JIeCO-
XO3SIMCTBEHHOU JIeATEIIHHOCTH.
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[TouBeHHBIN TIOKPOB HW3y9aeMOW TEPPUTOPUN TIPEIACTaBICH KOMOWHAITHEH
TI0/I30JI0B MJUTIOBHAIIEHO-KEJIE3UCTHIX C HEMOIHOPA3BUTHIMU IMTOYBAMH. DTH T0]30-
B SIBJSIIOTCSL (DOHOBBIMHU MOYBAMU JUIsl JAaHHOW TeppuTopuu. [lon expHUKaMH yep-
HUYHBIMH PaclpOCTPAHEHBI MIOYBBI CYIIECUAHOI'O TPAHYJIOMETPUUECKOrO COCTaBa,
M0J] COCHSIKAMHU OpYCHHYHBIMU — OoJiee JIErKoro, necyaHoro. JIecHOH MOKpOB xa-
pakTepusyeTcs npeodiaaJjaHueM HNPOU3BOAHBIX COCHOBBIX M €JIOBBIX IPEBOCTOEB C
Pa3IMYHBIM YY9aCTHEM JMCTBEHHBIX MOpoA (Oepe3sl u ocuHBI). [0 XBOMHBIX TOPO
B COCTaBE TaKHX JIPEBOCTOEB BAPBHPYET B MIMUPOKUX npenenax: ot 5 go 10 exn. Tumo-
JIOTMYECKas CTPYKTYpa M3YUEHHOH TEpPUTOPHM IOCTATOUYHO oAHOOOpasHa. OTme-
YeHbl UCKIIOUYUTENBHO JAPEBOCTOM, OTHOCAIIUECS K 3€JI€HOMOILIHON TpyIle TUIIOB
neca. Hanbosee TUOMYHBL Al NaHHOM TEPPUTOPUM COCHSK OpycHHYHBIH (Opyc-
HUYHBIN CKaJIbHBIN), €TbHUK YePHUYHBIH ¥ OCHHHUK YePHUYHBINA (KOPEHHOM THI —
eJIIbHUK YepHUYHBIH). Bo3pact Hambosnee crapblx 3K3eMIUISIPOB COCHBI M €M HE
npesbimaet 200 ner.

Bo Bpemsi paboThl ompenensiiii MOIIHOCTh JIECHON MOACTWIIKH, 3arac opra-
HUYECKOT0o BemlecTBa. [lpu M3ydeHnu BIMSHUS PeKpealMd Ha Maccy TOHKHUX KOp-
Hell ObUTO MPUHATO pa3/iejeHne TPON Ha JBE KaTETOPWHU: TPOIBI C HEBBICOKOU pe-
Kp€allMOHHOW Harpy3Ko#, XapaKTepHU3yIOLIHUECs] COXPAHEHHON JIECHON MOJICTHIIKON
0e3 0OHa)kKeHUs] MUHEPAJIbHBIX TOPU30HTOB; TPOIBI C MHTEHCUBHOM HarpyskoM, Ha
KOTOPBIX MPOUCXOAUT YHUYTOKEHHE OPIraHOT€HHOT0 TOPU30HTA WK €r0 YaCTUYHOE
NepeMEIINBAHNE C HIDKEIESKAIMMH MHUHEPAJIbHBIMH TOPU30HTaMH. B KauecTBe
KOHTPOJIBHBIX MOAOWpaiy y4acTKH Oe3 MPU3HAKOB BHITANTHIBAHUSA, TJI€ COXpaHEeHa
pacTUTENBHOCTD, XapaKTepHasl JUIsl JaHHOTO THIa Jjeca. [IpuMeHsnn mMeron MOHO-
JIUTOB, U3 KOTOPBIX M3BJICKAJIU KOPHU JPEBECHBIX MOPOJ AuaMeTpoM a0 3 mMm. [a-
Jiee UX BBICYITUBAIHN 70 a0COIIOTHO CYyXOTO COCTOSIHUS M B3BEIIMBAIIH.

Omnucanue GUTOLEHO30B MPOBOJUIN C YUETOM METOANYECKUX YKa3zaHWW MO
M3YUYEHUIO THUIIOB Jieca [15], Takcanuto JIECHBIX MAaCCUBOB — BHIOOPOYHBIM METOJIOM
[18], oleHKy pexpealMoHHbIX W3MEHEHUI — MO 5-CTauifHON cXeMe peKpearuoH-
Hoi murpeccuu [16]. 3a rpanuiy ycroitunBoctu ¢utoneHo3a npuHumanu 111 cra-
JIUI0 PEKPeannoHHON TUTPECcCHH, MOCKONMbKY Ha IV craamm yec yTpadwBaeTr crio-
cOOHOCTBh K BO30OHOBIICHUIO BCIICACTBHE rubeiu mojapocta [2, 16].

Ornenky TpaHchOpMaIUK >KABOTO HarmoYBeHHOro TokpoBa (JKHII) mecHbx
(UTOIICHO30B BBIMIOIHSIIN 110 JIBYM HampaBlieHHsM: | — u3MeHeHHne (IIopsl U pac-
TUTEJIBHOCTU TOJ BO3JECHCTBHUEM PEKpealllu B JIECHBIX MAacCcHBaxX IO NEPUMETPY
ckan ¢ metporimdamu; 2 — BBISIBICHHAE CTCTICHH 3apacTaHMs CKATbHBIX OOHAXCHUI
B MecTaxX HEMOCPEICTBEHHOTO PACIOI0KEHHs HACKaIbHBIX PUCYHKOB. ['eo00TaHu-
yeckue onucanus JKHII npoBoaniy B 3aBUCMMOCTH OT CTEIICHM HApyIIEHHWs Ha
TpancekTax JummHON 30...100 M. IImomaas omuchIBaeMbIX IJIONIAJOK B Ipeenax
TPAHCEKT (BBITONTAHHBIX M YCJIOBHO HEHAPYLICHHBIX — KOHTPOJISI) COCTaBIsjia
10x10 M. Taroke OreHHBaIN KOJIMYECTBO U COCTOSTHUE TPOTI (CTETIEHb BHITONITAHHOCTH,
HIMpUHA M 0JaroycTpONCTBO, 3acelCHUE COPHBIMH BHJAMH COCYAMCTBIX PACTCHHH).
JlatuHCKMe U pycCKHMEe Ha3BaHUS B TEKCTE M TaOJIMLAX, a TAKXKE 00bEM TAKCOHOB COCY-
JIUCTBIX PACTEHUH JaHbl IPEUMYILIECTBEHHO B cOOTBETCTBUM cO cBoAKoW H.H. IBeneBa
(2000 1.) [19] ¢ yrounenusimu [29], HazBaHus MxoB — 1o M.S. Ignatov at al. (2006 1.)
[28], mumaitankoB — mo M.A. ®aneeBoit u xp. (2007 1.) [17]. CobpanHbIii TepOapHBIit
marepuain xpanurcs B ['epbapuu KapHL PAH (PTZ).

Peszynomamul ucciedosanus u ux oocysxcoeHue

Benymum daktopom, 0Ka3bIBalONIMM BO3JCHCTBHE Ha OIICHUBAEMBIC XapaKTe-
PHUCTUKHU TOYB, SIBIIsETCA BBITaNThIBaHUE [31], B pe3yabTaTre KOTOPOTo MPOUCXOIUT
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nedopManysl ¥ YHUYTOKCHHE BEPXHHUX IMOYBEHHBIX Topu3oHTOB [10, 44]. Mom-
HOCTB JISCHOM TOICTHIKH yMeHbImmIach ¢ 2,0...4,0 cM (HeHapyIIeHHBIC YUACTKH)
1o 0,5...1,0 cm. Ha Tpomax ¢ HEBBICOKOH peKpealimioHHOW Harpy3Koil 3amac opraHu-
YECKOT'0 BEIIeCTBA CHU3WJICS Ha 28 % IO CpaBHEHUIO C KOHTpojeM. B 3oHax wH-
TEHCUBHOW HAarpy3KH OpPTaHOTEHHBIH TOPU30HT YHUYTOXKAETCS WM YacTh €ro Ie-
pEeMEIBaeTCs ¢ HIKEJIeKAIUMI MUHEPaJIbHBIMU TOPH30HTAMH. 3aItac opraHude-
CKOI'0 BELECTBA 3/1ech cHUXkaeTcst Ha 60 %.

Tonkue (pU3NOTOTHUECKH AKTUBHBIE KOPHH UTPAIOT BEAYIIYIO POJL B IIO-
TJIOIICHUH W3 TOYBBI BOJBI U PACTBOPEHHBIX B HEHM MUTATEIbHBIX BemiecTB [4, 24].
U3BecTHO, uTO yXyAlIeHHEe PU3UIECKUX CBOWCTB ITOYBHI PUBOAUT K YMEHBIICHUIO
ux Macchl [5, 22]. Ha tpomax, Hanbosee HHTEHCHBHO MCTIOIBh3yEeMbIX PEeKpeaHTaMH,
Macca KopHe# muamerpoM <3 MM B BepxHeM (20 cM) citoe mouBbI CHIDKEHa 10 74 %
(Tabm. 1).

Tab6nauna 1
Macca kopHeil JZuaMeTpoM /10 3 MM y IpeBeCHBIX OPOJ
MCCTO OT60pa CTeleHb BEITONTAHHOCTH Macca opren
T/Ta % U3MEHEeHUs
IKonTpomb He Bripaxxena 1,54 £0,33 0
Tpoma Cnabas 2,07+0,25 +34
KonTpons He BrIpakeHa 3,44+0,25 0
Tpoma Cnabas 3,93+0,67 +14
KonTpons He BrIpaxkena 1,7540,43 0
Tpoma Cnabas 1,78+0,45 +2
KonTpois He Brpaxkena 3,27+0,21 0
Tpona CunbHas 2,73+0,11 —17*
KonTposs He Bopaxkena 7,27+1,04 0
Tpoma CunbHas 1,91+0,40 —74*

*Pasznmuuns goctoBepHsI ipu p < 0,05.

Tpombl ¢ MEHBICH HWHTCHCHUBHOCTHIO BBITANTHIBAHHS MUMEIOT KOPHEHACHI-
meHHocTh Ha 2...30 % BeImIe 10 cpaBHEHUIO ¢ KOHTposieM. [lomobHoe yBennueHue
KOJIMYEeCTBA TOHKUX KOPHEH B 30HAX, BHITONTAHHBIX B XOJ€ PEKPEALIMOHHOTO BO3-
neiicTBus, ObUTO OTMEYEHO B pabore [44], Tie OHO OOBACHSIOCH JIOTIOHUTEIEHBIM
MTOCTYTUICHHEM MUHEPAIBbHBIX BemecTB. OMHAKO B HAIMIEM CITydae HEKOTOPOE yBe-
JIMYEHHE KOJMUYECTBA TOHKUX KOPHEM B 30HE TPOI C HEBBICOKOW peKpearmoHHOMI
HATrPy3KOH BEPOSTHO OOYCIIOBJICHO JIyUIIICH OCBEIICHHOCTHIO HA 3THUX y4acTKax U
JIOCTYITHOCTBIO JHEBHOU MOBEPXHOCTH COJIHEUHOM pajHalliM, a TAKKE CHIKCHUEM
KOHKYPEHITUH CO CTOPOHBI JPYTOH pacTUTENHHOCTH (KMBOTO HAINOYBEHHOTO IIO-
KpoBa, mojyiecka). Ha HemoTHOpa3BUTHIX MOYBaX, OCITHBIX DJIEMEHTAMHA MUHEPAITb-
HOTO TUTAHUS W TPEICTABICHHBIX HA HM3yd4aeMOM OOBEKTE, KOPHEBBIC CHUCTEMBI
JIPEBECHBIX PACTCHUU B OOJIbIICH CTEIICHH KOHIICHTPUPYIOTCSI B BEPXHUX TOPU30H-
Tax, TJIe HAaXOJATCS U KOPHU JIPYTOW PacTUTENLHOCTH. TakuM 00pa3oM MPOUCXOUT
000CTpeHre KOHKYPEHIIMU B ATOW OTPaHWYCHHON HUIIE 3a IMUTaTelIbHbIC BEIIECTBA.
Ha tpomnax (n ux nepudepun) ¢ pekpeannoHHONH HArpy3KOW pacTUTEIHLHOCTH IPaK-
THYECKH OTCYTCTBYET, UTO CO3AAET OJArompHUsATHBIE YCIOBUS W O0ECTIEUYHUBAET yBe-
JTUYCHUE MAaCChl KOPHEBBIX CUCTEM JIPEBECHBIX PACTCHHIA.
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K nacrosmiemy Bpemenu Ha rpyme «[lerporiudbr 3anaBpyriu» OT4acTH co-
3MaHa UHPPACTPYKTYpa MO OTPAHUYCHHIO MHTCHCHBHOCTH PEKPEAl[IOHHOTO BO3-
)Z[eﬁCTBPIH Ha OPUPOAHBLIC KOMIIJICKCHI. Ona npeacraBjic€Ha ACPEBAHHBIMU HaCTHU-
JlaMH, ClIyKallluMu SaHII/ITOI\/'I OT BBITANThbIBaHUs. TeM He MCHEC, IMOKPLITLIC JIECOM
YYaCTKH, HEMOCPEACTBEHHO MPUMBIKAIOIINE K TPYIIe (M HAXOASIIUECS «BHYTPH»
Hee), MOJIBEPratoTCs PeKPeallMOHHBIM Harpy3kam. [Ipy M3y4YeHUU MOCIEeICTBHIA OT
JIEHCTBHS HArpy30K OBLIO BBIACIICHO U onmucaHo 6 ydactkoB (16-21) ¢ yueToMm pas-
JUYHS XapaKTePUCTHK JIECHOTO TIOKpoBa (Tabi. 2). CxeMa pacnoioKeHUS YIaCTKOB
MIPHUBEJICHA HAa PUCYHKE.

Tabnuma 2
TakcannonHblie nokaszareu ApesocToes Ha rpynne «Ilerporaudgsr 3amaBpyru»
Homep Cpennue
yuactka | . Cocras Bospacr, Hozpocr,
ui1 jieca TTonnora IKOJIM4YCCTBO,,
(10 pu- JIET | BBICOTA, [THAMETD,
9K3./Ta
CYHKY) M cM
Enpuuk 10E,
16 U 3E502E5,30c1C1b | 150 16 22 0,7 2800
CocHsx
17  |OpycHUYHBIIH 10Cenb 45 8 8 0,6 ! Ollig(;)[C,
CKaJIbHBIN
CocHsik 10C
18  |[opycumunbiii| 10C4enC senEenb 40 8 8 0,8 30 O,
CKaJIbHBII
CocHsIK 10CenE,
19 T —— 7C3Eenb 200 13 16 0,6 900
20 Empruic 4E3B20¢1C 170 | 18 22 0,6 10,
YepHUYHBINA 3000
OCHHHHK 10E
+ bl
21 — 60c2E;p2b+CenEs, | 110 23 26 0,7 3000

[To ycToM4YMBOCTH K PEKpEallMOHHOMY BO3ICHCTBHIO M3yYEHHBIE IPEBOCTOU
3HAYUTENHHO OTINYaloTCA. /[Ba M3 HUX (COCHAKHM OpYCHHWYHBIE CKaJIbHBIE HA TIPH-
MUTHBHBIX MOYBaX, yyacTku 17, 18) mpouspactaioT Ha 1mouBax, OSIHBIX OpTraHHye-
CKHUM BEILECTBOM M XapaKTEPHU3YIOLIUXCSA CYXUM THAPOIIOTHYECKHM PEKUMOM, UTO
ompeJeisieT UX HAauOOJBIIYIO YS3BUMOCTh K BbITanThiBaHHIO [35]. HanGonpuryio
YCTOMYMBOCTh UMEET OCMHHUK YEPHUYHBIH, IPOUYUE JPEBOCTOU 3aHUMAIOT IIPOMe-
KyTouHoe nonoxenne [21, 23]. Kpome TOT0, y4acTKH pa3inyaroTcs 10 WHTEHCHB-
HOCTHU MCHOJIb30BaHMs. B HacTosmee Bpemst Hanbosiee akTHBHO € XO35IHCTBEHHBIMU
LENISIMU  9KCIUTYaTUPYIOTCS COCHSIKM OpycHHYHbIE ydyacTkoB 17, 18. OcranbHble
YYaCTKH MCIIONB3YIOTCS VISl IEPEMEILICHHS] PEKPEaHTOB MO c(hOPMUPOBAHHBIM TPO-
[1aM U OY€Hb OIPAaHUYCHHO ISl CTOSIHOK.
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CxemMa pACIOJIOKEHUS H3YYCHHBIX YYAaCTKOB PAaCTHTEIBHOCTH
rpymisl «[lerpormiudsl 3anaBpyru»; KpacHbIM [BETOM 0003HAYCHBI
YYaCTKH C MOXOBO-TPABSIHO-KYCTAPHUYKOBBIM MOKpoBOM (1-15),
3€JICHBIM IIBETOM — C IPEBECHBIM sipycoM (16-21)
Layout of the studied vegetation areas of Petroglyphs in Zalavruga:
red color — areas with a moss-herb-shrub layer (1-15); green color
— areas with a tree layer (16-21)

Hawmnyumas 10cTyIHOCTh M IIPOXOANMOCTH 00YyCIIaBIMBAIOT HanOoJiee MHTCH-
CHUBHOE HCIOJIH30BAHUE C PEKPEAIIOHHBIMHE TeNIIMHU yaacTka 18. st oOcmyxuBanms
TYPHUCTOB B €r0 IPEJIENIaX COOPYKEHO HECKOIBKO CTOSIHOK. B 11eoM AaHHBIN y4acToK
xapakrepusyercs nospexaeHHbIMA JKHIT n npeBoctoem. I[lomHocThro oTCyTCTBYET
MTOJIIECOK, KOJIMIECTBO COCHOBOTO TozapocTa — 300 dK3./Ta, MPH 3TOM Ha COCETHEM C
HUM y4acTke 19 (Maso ucnonb3yeMoM ¢ peKpeanoHHBIMU IEISIMHU) 3TOT [T0Ka3aTesb
cocrasisier 900 5k3./ra. B npenenax ydactka 18 UMeIOTCsS akKTUBHO M JAJIMTEIBHO HC-
II0JIb3yEMbIE TYPUCTHUYECKHE CTOSIHKM. Ha HUX NPOM30LUIO MOJHOE BBITANTHIBAHUE
HAIIOYBEHHOTO ITOKPOBA M Pa3pyIlIeHHe MOCTHIKH, €CTECTBEHHOE BO3OOHOBIIEHHE OT-
CYTCTBYET, OOHApYyKEHbI MACCOBBIC MEXaHUUECKUE MOBPEKACHUS PACTCHHUH JIPEBECHO-
ro sipyca. OnHaKo IIOMAAb TaKUX ACIPAANPOBAHHBIX YYaCTKOB HEBEIIMKA U U3MEpsIeT-
Cs1 IECATKaMH KBaJ[paTHBIX METPOB.

BcnenctBre cBoero mooKeHUs! «BHYTPH» CKOTUICHHSA, 3HAYWTEIbHAs Jerpa-
Jlanys MpociiexxnBaeTcd Ha ydacTke 17. B Hacrosiiee Bpemst Ha €ro oIyIeyHbIX Ya-
CTAX PacIoJaraloTCsi HHTEHCHBHO HCIIOJIb3yEMbIC TPOIIbI, YTO MPUBEIO K IOJHOMY
BeITanThiBanuio JKHII u paspyiiennio gecHoN NOACTHUIIKK ¢ OOHAKEHHEM M 00J1aMbl-
BaHUEM CKEJIETHBIX KOpHEH. DK3eMIUISIphl COCHBI, IIPOU3pACTaIOIINe BJIOJIb TPOIIHI,
ocya0bneHbl. BHyTpH ydacTka OTMEUEHO NPAKTHYECKH IIOJHOE OTCYTCTBHE IIOIPOCTa
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(oxomo 100 3k3./ra) u momiecka. durtonenos Haxoautes Ha Il ctagum gurpeccuu c
yrpo3oii nepexoza Ha [V B Onmkaiiiee Bpemsi.

Ha yuactkax 16, 19, 20, 21 ormeueHs! cialble MOCIEACTBUS PEKPEAIMOHHO-
rO BO3JACHCTBUS, KOTOPbIE CKOHLIEHTPUPOBAHBI B OCHOBHOM B OKPECTHOCTSIX IyTeH
nepeMenieHns otasixaomux (tpon c¢ BertonTanHbM JKHIT). OHuM mpencTasiieHsl,
KaK MPaBUJI0, MEXaHMUECKUMHU MOBPEXICHUIMH HOAPOCTa U noajecka. [IpeBocron
CJIEI0B MEXAHUYECKUX IOBPEKICHUI HE UMEIOT, XapaKTEPU3YIOTCS yIOBIETBOPH-
TEJIbHBIM COCTOSIHHEM 0€3 MPU3HAKOB OCIA0JICHHS.

Takum 00pazoM, HAOOP BBISABIECHHBIX W3MEHEHHH APEBECHON pacTUTEIHHO-
CTU BIIOJIHC THUIWYCH JIsI aKTUBHO HMCIIOJB3YCMbIX B PCKPCAIITMOHHOM OTHOILICHHUU
YYacTKOB, CXOKHE PE3YJIbTaThl OTMEYAIOTCS BO MHOTHX PadoTax MOJOOHOrO IiaHa
[23, 25, 34, 38, 43].

W3BeCcTHBIM NPUHLMIIOM IJIAHUPOBAHMSA PEKPEAMOHHOTO HCIOJIb30BaHMS
TEPPUTOPHH SBIISETCS MUHUMHU3ALMSI BO3AEHCTBHUS OTABIXAIOIUX Ha Hanbosee ys3-
BUMBIE YYaCTKH IyTeM OpraHu3alui TPOIMHOYHOHN ceTd B 00xoxa Hux [23]. Oqnako
B Cllydae HM3y4aeMoro o0ObekTa HauOosee YsSI3BHMBIEC JIECHBIE YYacTKH (COCHSKU
6py0HI/IT-IHBIe CKaJIBHLIe) HCIIOJIBb3YIOTCA C MaKCHUMaJIbHOM MHTCHCHUBHOCTBHIO, YTO B
OyayIieM MOKET MMPUBECTH K UX JaJbHEHIEH qerpajalny Mpyu yBeIHUSHUH TOTOKa
nocerureneld. B nepByro odepenib KOMILIEKC MEPONIPUATHNA MO ONTUMHU3AIMHU CyIIe-
CTBYIOLIEH TPONMHOYHOMN CETU JOJKEH MPOBOJUTHCS UMEHHO 3/1ECH.

Oo6nexT «benomopcekue neTporaudsl HaX0IUTCA B npeaenax Beirozepckoro
¢nopuctnueckoro paiiona [11], mim Ouoreorpaduueckoit nposuHnmu Karelia
pomorica orientalis [7]. Bcero B 0KpecTHOCTSIX JecATH TPy METPOrIU(OB 3aperu-
crpupoBan 151 BuA cocymucTwIx pacTeHHi [6]. HambompmmM QropuCTHISCKIM
pasHoobpasuem oTimyaetcs rpymma «lleTtpormuder 3amaBpyru», Tae cocpeaoTode-
HO 96 % Bcex BBISBICHHBIX IJISI 9TOM TEPPUTOPHM BHJIIOB COCYIUCTHIX PacTCHHUN
(Tabm. 3).

Tabonuma 3

dy1opucTHYECKOE Pa3HOOOpa3ue (Y1C/I0 BUAOB) JIECHBIX CO00LIECTB
o0bekTa «besioMopckue neTporimpbn

AbopureHHas AJIBEHTHBHAas

['pynmbt netporiudoB Bcero (bpaKius (bpaKius
Ha be3piMaaHbIX
o-Bax [, II, IIT 35 34 !
Ha o-Be Bomnbimoit 20 20 B
ManuHuH
Epnun [lynac I, 1,
1L, IV 88 83 5
3amaBpyra 125 119 6
Somorerr [ 54 53 1

[To xonmuuecTBeHHBIM MOKa3aTessiM (iopa paiioHa UCCIeIOBaHUN HMEeT TH-
MTUYHBIN 1 ceBepoTaexHoi yacti Kapermun o6mmk. OT CMEXHBIX TEPPUTOPUI OHA
oTaMYaeTcsi OEJHOCTBIO BHIOBOTO COCTaBa, 00YCIOBICHHON UCXOJHBIM HEOOTraThiM
(IIOPUCTHYECKUM COCTAaBOM COCHOBBIX JIECOB JIMIIAWHUKOBOM, OPYCHHUYHOH U uep-
HAYHOW TPYIIT TUIIOB MECTOOOWTAHHUH, a TaKKe CIIA0BIM IPUTOKOM B COOOIIECTBA
JYTOBBIX U COPHBIX BHJIOB.

Ha yuactkax Bcex rpynm netporni$oB abCOIIOTHO JOMHHUPYIOT a0OpUreH-
HBIE BUABI cOCYIUCThIX pacTeHui (95...100 % ot Bcex BumoB ¢uiopsr). Cpemu reo-
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rpadU4ecKuxX 3JIEMEHTOB IMPEOoOIaaroT BHIBI C OOpealbHBIM IHPKYMIOISPHBIM
(40 BunoB), 6opeanbHBIM eBpa3uaTcKuM (29) u OopeasbHBIM €BPONEHCKO-CHONPCKIM
(19) Tumamu apeana. CeBepHble 4epThl (IOpE TPUAAIOT AIIEMEHTHI C «CEBEPHBIMIY
CBA3IMH — TUnoapkrudeckue (6 BuaoB). SAnpo ¢uopsr GopMHPYIOT MaccoBbIE B pe-
ruoHe JecHbie (63 Buna; 44,4 %), 6onoTtHble 1 yroBbie (1o 29 Bunos; 20,4 %) BUABL
Orto mupoko pacmpocTpaneHdsle B Kapemun xycrapawmuku (Calluna vulgaris,
Empetrum hermaphroditum, Vaccinium myrtillus, Vaccinium vitis-idaea) u TpaBbl
(Avenella flexuosa, Chamaepericlymenum suecicum, Geranium sylvaticum, Linnaea
borealis, Maianthemum bifolium, Melampyrum pratense, Trientalis europaea
u ap.), seisomuecs gomuHantamu JKHIT mecHbIX coobmiectB. KycTapHHKOBBIH
sipyc (MOJIeCOK) TIOBCEMECTHO MPENCTaBIeH TUIMHYHBIMH AJs JiecoB PK Bumamu
(Alnus incana, Juniperus communis, Sorbus aucuparia). 3aKOHOMEPHO BBICOKO KO-
aryecTBO MpuOpexxHsix BUAOB (11 BumoB; 7,7 %), Ha OO BOAHBIX, OMYIICYHBIX,
CKQJIBHBIX U TYHJIPOBBIX BUAOB B cyMMe npuxoautcs 7,0 %.

Cpenu penxux abOpUTeHHBIX BUIOB COCYTUCTBIX PACTEHHH 3/1eCh PUCYTCTBYET
3nak Glyceria lithuanica, KOTOpBI B ceBepHOM YacTH Kapenmnu BcTpedaeTcs emie Tob-
KO B HECKOJIBKUX Toukax. Onun Bug Moehringia lateriflora 3anecen B KpacHyto KHHTY
Pecniy6rmxku Kapemast (2007 1.) [8] u panee, B npenenax Brirozepckoro diaopucrude-
CKOT'O p-Ha, OH OBLT 3aMEYEH TOJILKO B OJIHOM ITyHKTE — JI. Bupma [7].

AnBeHTHBHAsE (pakmys TpeAcTaBiIeHa KpaifHe ciab0o — BBISIBIEHBI TOJBKO
9 3aHOCHBIX BUIOB (Amelanchier spicata, Galium album, Hypericum maculatum,
Plantago major, Poa annua, Puccinellia distans, Taraxacum officinale, Trifolium
pratense, T. repens), uto coctapiusieT 6,0 % ot ux oOuiero uncna. [Ipeodnaaroiee
YHUCIIO aJBEHTHKOB BCTpEYaeTCs Ha CKajlaX 3ajaBpyrd, Kak Ha TEPPUTOPHH, HCIIBI-
TBIBAIOIICH HAOOJBIINE PEKPEAMOHHBIC HATPY3KH.

«Ilerpormuder 3amaBpyru» — camast KpyImHas M0 TUIOMIAIN TPYIIa OeTIOMOPCKUX
HACKAIbHBIX PHUCYHKOB, KOTOpas MPAKTUYECKU IOCTOSHHO HaXOIHUTCS TOJ IPECCOM
akTuBHOH pekpeanuu. Hecmotps Ha 310 JKHII necHbIX MaccuBOB, OKPY>KarOLIUX JaH-
HOE CKOIUICHHE MEeTPOrMQoB, B HACTOSIIEE BPpeMsi HE MMEET CYIIECTBEHHBIX MPU3HA-
KOB HapyIICHHS: TTOKPOB TpaHC(OPMHUPOBaH (BBITONTAH) TOJBKO B TPE/IENax IOJX0-
JSIIMX K TeTporindamM Tpoll, IMUPHHA KOTOPBIX BapeupyeT oT 0,3 10 2...3 M, u Typu-
CTHYECKUX CTOSHOK. BhIcOKas o0mast COXpaHHOCTh paCTUTEIBHOTO TIOKPOBa 00YCIIOB-
JieHa TeM, YTO MepeIBIKEHHE PEKPEaHTOB OCYIIECTBISCTCS TPEUMYILECTBEHHO II0
TPOTIaM U JIEPEBSIHHBIM HACTHJIaM, YCTaHOBJICHHBIM BOJIN3H N300paykKeHHH.

Belie Ha pucyHKe NoOKazaHa cxema 3apacTtaHusi nerporindos 3axaBpyru B
rpenieax KOHTYpa CMOTPOBBIX IIIOMIA/IOK, OKPYKEHHOTO J€PEeBSIHHBIMH HACTH-
namu (yuactku 1-15). Jannasie o nomunupyomux Bugax KHII Ha ckanbHBIX BBI-
X0J1aX ATOH TPYIIIBI NETPOrIH(OB MPUBEICHBI B Ta0M. 4.

[Tnomane 3apactaHus CKajl B MECTE PACIOIOKEHHsI HACKaJIbHBIX PHCYHKOB
coctaBisieT okono 13,5 % oT oOmed miomaau 3KCIO3UIMU. B MOHMKEHUIX
(cxampHBIX BaHHAX), IJIE€ YacTO CKaruimBaeTca Boja (ydactkm 9—11), pacturens-
HOCTb MPEJCTABICHA PEUMYILIECTBEHHO COOOIECTBAMHU THAPOPUILHBIX MXOB PO-
na Sphagnum (Sphagnum angustifolium, S. fallax, S. russowii), TpOEKTHBHOE TIO-
KpbITHE KOTOphIX cocTaBisieT 80..90 % yuacTka, B COYCTAaHUHU C TUMUYHBIMU JJIS
6onor Kapemmn Bumamu cocymucteix pacrenuit (Carex paupercula, Drosera
rotundifolia, Eviophorum vaginatum w np.). Ha BO3BBIILICHHBIX WM POBHBIX CKAIBHBIX
nmoBepxHoCcTAX (ywactku 2, 5, 13, 14) B mokpoBe nommuupyeT Pholia nutans
(30...60 %) B coobuiecTBE C TUMUYHBIMU JIECHBIMH, JIyTOBBIMH M CKaJIbHBIMH BHJa-
mu (Calluna vulgaris, Festuca ovina, Vaccinium vitis-idaea).

HaunGonpmeit Tpancdopmanuu XXHII monBepkeH Ha ydactkax 13 (Teppuro-
pust y 3nanust opuca) u 15.
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[Tnomanp BeITanThIBaHUS 37ech qocTHraetT 60 %, BcTpedyarorcs: (parMeHThl, BHIOH-
ThI€ JI0 MUHEPAJILHOTO TOPU30HTa TIOYBBI C OTOJIEHHBIMU KOPHSIMHU JiepeBbeB. B mo-
KpOBE Mpeo0NagaloT MXW C THOHEPHBIMH CTpaTerusMu pocrta (Bryum spp.,
Ceratodon purpureus, Pholia nutans); o0iiee MPOSKTUBHOE IMOKPBITHE MXOB —
40...50 %. TpaBsSHO-KYCTapHUIKOBBIN SIPYC CYIIECTBEHHO TpaHC(HOPMUPOBAH — TI0-
KpBITHE BHIOB He mpeBbimaeT 2...20 %, npeobiaagaroT cuHaHTpomnHble BUAbl (Poa
annua, Taraxacum officinale, Trifolium pratense).

[y HampaBiIeHUs IOTOKOB ToceTuTenel rpymma «[letporiudsr 3anaBpyru»
000pyIoBaHa Pa3BETBICHHON CEThIO JACPEBSHHBIX HACTUIIOB B IICHTPAJILHOW YacTH
U TI0 KOHTYPY CKaJbHBIX BBIXOJIOB C CEBEpa M BOCTOKA. TaK KaK MPOXOMSIIUE IO
neprudepur HACTWIIBI HE OCHAIICHBI MEepUIIaMU, TIPOUCXOMUT MOCTEIEHHAs Jierpa-
nmarust JKHIT B mpenenax 1...2 M B1oJIb MOCTKOB. Bubl TpaBsiHO-KyCTapHHUUKOBOTO
sipyca MCYE3a0T, JIECHBIE MXHU Pa3pyIIalTCS U 3aMEHSIOTCS COOOIIeCTBAMHU IIHO-
HEPHBIX BUJIOB.

Takum 00pa3oM, YCTaHOBJIEHO, UTO B HACTOAIIEE BPEMS BIUSHUE PEKpearluu
Ha JKHII necoB B paiione 10 rpymnm neTporindoB cymecTBeHHO HE U3MEHMIIO €T0
CTpyKTypy. MIHTeHCHBHAs pekpeanus HOCUT JIOKAIBHBIA XapakTep W 3aTparuBaeT
TOJIKO CaMbleé aKTHBHO TIOCEIIaeMbIe TYPUCTAMHU YYAaCTKH — CMOTPOBBIE TIJIOIIAIKH
BOJIM3U HACKAIBHBIX PHCYHKOB M TpPOIHI, B npeaenax kotopbix JKHII Ha Heckomb-
KHX KBaJIPATHBIX METPaX MOKET OBITh MOJHOCTHIO BHIOUT (HAIIpUMeEp, NeTPOrIAdbI
Ha 0-Be¢ bonpmroit ManuauH, metporaudbl 3amaBpyru). s 3THX y4acTKOB Xapak-
TEPHO pEe3KOe COKpallleHHWe IUIOMAAN TPaBSHO-KYCTAPHUYKOBOIO W MOXOBO-
JTUIIARHUKOBOTO SPYCOB NIPU OJJHOBPEMEHHOM CKYIHOM BHJIOBOM Pa3HOOOpa3uu U
HE3HAYUTEITHHOM MPOSKTUBHOM MOKPHITHH MOYBHI JIYTOBBIMH M COPHBIMH BHJIAMH,
YTO TaKXKe COTIIACYeTCs C pe3ysibTaTaMu APYTHX UCcienoBatenei [9, 34, 42].

Saxnouenue

PekpeanmoHHoe MCHONB30BaHHE M3Yy4aeMOro 0ObEKTa K HACTOSILIEMY Bpe-
MEHH TPUBEJI0 K I3MEHEHHIO XapaKTePUCTUK KOMIIOHEHTOB, CJIaraloIluX ero huTo-
eHo3bl. BenynmM ¢akropoM, OKa3bpIBAIOMIMM BO3ACHCTBHE HA OIICHHBAEMBIC Xa-
PaKTEpHUCTUKH, SIBISETCS BbITANThIBaHHE. OTMEUEHBl 3HAUMMblE H3MEHEHUS B
CTPYKTypeE I0YB, CBS3aHHBIE C HAPYLIEHHEM MOJCTHJIOYHOTO ropu3oHTa. dropu-
ctrueckne Komruiekcsl JKHIT o0bexTa pekpeaninoHHBIM BO3/IEHCTBHEM 3aTPOHYTHI
OTHOCHUTETIBHO €J1a00, B COCTaBE COCYAMCTBIX PACTEHHH HM3y4YEHHOH TEppUTOPHUU
abCcoMOTHO Npeo0IIanaloT abOpUTreHHbIC BUABI (JIOPBI, BBICOKAsE COXPAHHOCTH KO-
TOPBIX OOBSICHAETCS BBICOKOW PACIIPOCTPAHEHHOCTHIO HAa M3y4aeMOUl TeppUTOPUHU
OeIHBIX 1O HAPUUECKUM YCIOBUIM MECTOOOMTAaHUH, a Takke o0Iiell CypoBOCTbIO
KIMMaTHYECKUX YCIOBUH. DTH (PaKTOpBl OTPaHWYMBAIOT MPOHUKHOBEHHUE aJIBEH-
TUBHBIX BUOB (PIIOPHI B HAPYIIEHHBIE IKOCHCTEMBI. BhITanIThIBaHNE K HACTOSIIEMY
BPEMEHHM IMPUBEIIO K U3MEHEHUIO MacChl TOHKUX KOpPHEW JPEBECHOTO sipyca. B moJi-
TOCPOYHOH MEPCHEKTHBE 3TO 00YCIOBIUBAET OCIabJICHUE APEBOCTOEB U CHIKECHHE
X YCTOMYMBOCTH K TpUOHBIM OOJIE3HSIM M HAcEKOMbIM-BpeauTensMm. Mcxoxas us
MO3UINH  (POPMATM30BAHHON KOMITJIEKCHOW OIIGHKH PEKPEAlMOHHBIX H3MEHEHHH
U3y4aeMble yYaCTKM XapakTepusyroTcs B ocHOBHOM I-III crapusiMu pekpeanuoH-
HOM JUTPECCHH, T. €. UMEIOT HapyIIEHHOE COCTOSHHE, OJTHAKO COXPAHSIOT CBOIO
yCTOHYMBOCTh. PexpeaninoHHOE BO3/€MCTBUE CKOHIEHTPUPOBAHO B OCHOBHOM B
mpesenax CIOoKUBIIEHCS TPOMMHOYHOM CEeTH M Ha HEeOONBIINX yJacTKax, Hauboee
MHTEHCUBHO UCIOJIb3YEMBIX C XO3SHCTBEHHBIMU U 3KCKYPCUOHHBIMU LIEISIMU.
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MOo>KHO peKOMeHI0BaTh U3MEeHEeHNEe (DYHKIIMOHAIBHOTO 30HUPOBAHUS TePPHU-
TOPUU C YUETOM YCTOMUMBOCTHU CIIArarolliX €€ SKOCUCTEM JJIS paccpeioTOUeHUs U
nepepacnpeeneHus peKpeallMoHHbIX Harpy3oK, a TakKe MpPOBEIEHUE MEpOIpHs-
THH, HANPaBJICHHBIX Ha TOBBIIMICHUE YCTOMYMBOCTU K PEKPEALIMOHHBIM Harpys3kam
Hambosiee yA3BHUMBIX M OJHOBPEMEHHO HamOOJIee MHTEHCHBHO HCIOJIB3yEeMBIX B
HACTOsIIee BPEMsI JIECHBIX YUacTKOB (AajbHEHIlee CTPOUTEILCTBO HACTHIIOB, OTpa-
HUYEHHE AOCTYNa K MaKCHUMAJIbHO JETPaAupOBaHHbIM (parmenTam). [lomyueHHsle
pe3ynbTaThl M3y4YeHHUs] PEKPEallOHHOTO BO3JEHCTBUS Ha HKOCHCTEMBI OOBEKTa
«benomopckue nerpornudup MOTyT ObITh MPUMEHEHBI KaKk B TEKYIIEM, TaKk W B
MEPCIEKTUBHOM IJIAHUPOBAHUU B LENIAIX MMUHHUMHU3ALUU HETaTUBHBIX MOCIEACTBUN
WCIIOJIb30BaHMSI TEPPUTOPHH.
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Recreation digression of forest ecosystems in the heritage site “White Sea Petroglyphs” was
studied for the first time. This site is a compact system of rock outcrops partially cleared of
forest vegetation, which bear Neolithic rock carvings (petroglyphs), and are linked together
by walking trails. Patterns have been identified in the transformation of soils, plant cover
components (tree stand, tree seedlings, understory and living ground cover), as well as fine
roots (within 3 mm in diameter) of woody species under the recreation impact. Trampling
was found to deform and destroy the top soil horizons, entailing a significant loss of the
forest floor thickness and organic matter stores. Overall, the flora of the area is quite well
preserved; 95—-100 % of which is represented by native species. The living ground cover is
noticeably damaged in the most actively used sites (fragments of trails and vista points).
They feature a poor species composition, shrinking of the herb-dwarf shrub and moss-lichen
cover, and a low percent cover of grassland and ruderal species. Easily accessible and ac-
tively visited sites have no or reducing amounts of tree seedlings, the tree stand is damaged
and forest regeneration is hampered — the number of viable seedlings is minimal (100 pcs/ha).
The mass of roots below 3 mm in diameter in heavily trampled trails showed a reduction of
up to 74 %, while the root saturation in less affected trails slightly increased. Recreation
transformations of the plant communities have not resulted in a loss of their resilience so far.
The recreational digression in the studied sites was classified into stages I-I1I (weakly dis-
turbed — strongly disturbed). Function zoning of the area should be modified using recrea-
tion-tolerant communities more intensively in order to reduce recreation impact. The most
damaged areas, which are losing their stability, should be excluded from active use by modi-
fication of walking trails and building additional boardwalks.

For citation: Tuyunen A.V., Timofeeva V.V., Karpechko A.Yu., Tkachenko Y.N., Karpin
V.A., Petrov N.V. Recreational Changes in the Forest Ecosystem Components: Case Study
of the Cultural Heritage Site “White Sea Petroglyphs” (Republic of Karelia). Lesnoy



ISSN 0536-1036 «H3BecTHs By30B. JlecHoii sxypHaa». 2020. Ne 5 105

Zhurnal [Russian Forestry Journal], 2020, no. 5, pp. 90-105. DOI: 10.37482/0536-1036-
2020-5-90-105

Funding: The research was financially supported from the federal budget for the fulfillment
of the state assignment of the Forest Research Institute, KarRC RAS.

Acknowledgments: We gratefully acknowledge M.A. Boychuk (Institute of Biology, KarRC
RAS) for identification (verification) of moss samples.

Keywords: recreational pressure, trampling, soil, forest litter, living ground cover, flora, tree
stand, digression, fine roots, root occupation.

[Mocrynuna 06.08.19 / Received on August 6, 2019




106 «HM3BecTus By30B. JlecHoii :xxypHam». 2020. Ne 5 ISSN 0536-1036

VK 630%561.24(98)(045)
DOI: 10.37482/0536-1036-2020-5-106-118

JEHAPOXPOHOJIOI'MYECKOE NCCJIEJOBAHUE JIPEBECHUHbI
B HCTOPUYECKHU 3HAYUMBIX APKTUYECKUX OBBEKTAX

I1.A. ®exnucmos’, 0-p c.-x. nayx, npogh.; ResearcherID: AAC-2377-2020

ORCID: https.//orcid.org/0000-0001-8226-893X

HM. Ebt3oea2, Kano. zeozp. nayk, oou.; ResearcherID: AAS-9212-2020

ORCID: https://orcid.org/0000-0003-3493-092X

A.H. awrkesuy’, 0-p 2eozp. nayk, npogh.; ResearcherID: AAS-3167-2020

ORCID: https://orcid.org/0000-0001-8134-5999

E.B. Cazanoed’, kano. sxon. Haykx, oou.; ResearcherID: G-8650-2019,

ORCID: https://orcid.org/0000-0001-5731-7517

A.H. C060J1884, Kauo. c.-x. Hayk; ResearcherlD: AAS-3366-2020

ORCID: https://orcid.org/0000-0002-7961-8318

'DenepanbHblil MCCIEIOBATENBCKHUI IEHTP KOMIUIEKCHOTO M3y4eHHsT APKTHKH MM. aKaje-
muka H.IT. JlaepoBa YpO PAH, Hat6. Cesepnoii JIpunsl, a1. 109, r. Apxanrensck, Pocens,
163000; e-mail: pfeklistov@yandex.ru

*CesepHblii (ApKTHUecKHil) (enepanbHbii yHuBepcuteT mM. M.B. JlomomocoBa, Ha6.
Cesepnoii [Ipunsl, 1. 17, r. Apxanrensck, Poccus, 163002; e-mail: n.byzova@narfu.ru
’Vuusepcuter Jlanapusr, Beicmmas Illkoma Texmomormm u Busmeca, XorckyneraraH 2,
r. @amyn, SE-79188, lIsenms; e-mail: alp@du.se

*Conosenkuit My3ei-3armoBeTHIK, ApxaHrenbckas o601, moc. ComoBkm; e-mail:
alex-sobol@mail.ru

HWccnenoBanus apeBecuHbl B ApKTHKE MPOBOJMINCE HA ocTpoBax Baiirau, I'ykkepa (3emus
Opanra-Hocuda) u Hopoit 3emie. B xone sxcnequnmn « ApKTUYCCKHUN TJIABYYHi YHUBEP-
curer — 2013» ObuIM B35ATHI 00pa3ibl JpeBecHHbl (KEpHBI) U3 CTPOCHHH Ha KIFOUEBBIX
yyacTKax apKTHYeCKUX OcTpoBOB. [1o oOpasnaM qpeBecHHBI CTPOMIIH JIPEBECHO-KOJIBIEBHIC
CEepHH U TIOJTyHalll «IIJIaBAIOIINE XPOHOJIOTHIY, KOTOPHIE «IIPHUBS3BIBAIIN K JICHIPOIIKAIaM
pacTyIyx JepeBbEB C N3BECTHBIM T'OJI0M 00pa30BaHMs KaXJ0r0 roagndHoro koiusia. [epe-
KpPECTHOE JaTUPOBAHHUE IUIABAIONIMX XPOHOJOTHH OCYNIECTBISUIA CIIEIYIOUIMM 00pa3oM.
Jlenapormkany ¥ MIaBaoNIyl0 XPOHOJIOTHIO HAKIAIBIBAIKM APYT Ha APYra M PACCUUTHIBAIIH
K03((HUIMEHT CHHXPOHHOCTH, 3aTe€M CABWIAIM Ha | TOJ M CHOBA PacCUMTHIBAIN, U TaK
C/ABUTAIN M Tepedupanu Bce BO3MOXKHBIE BapuaHTHL [lo pe3ynpraram ¢ MakCHMajIbHBIM
K03((UIMEHTOM CHHXPOHHOCTH OLICHWBAJIM BHU3yaJbHOE CXOJICTBO M JAaTHPOBAIU TOIMY-
HbIE KOJIbIIA IJIABAIOIICH XPOHOJIOTHH, a TI0 CAMOMY Hapy>KHOMY KOJIbIly JaTHPOBAIN O0b-
eKT. JIeHIPOXPOHOIIOrMYECKUM METOAOM ObUI OIpeAesieH roji 00pa3oBaHUs Ka)KJI0ro ro-
JMYHOTO KOJIbIIa OPEBEH CTPOEHMH, YTO MO3BOJIMIIO MPEATIOIOKUTh BPEMs X BO3BEJCHUS,
CUMTasl, YTO ATO MPOUCXOJMIIO uepe3 roj-ABa rocie pyOku JepeBa. Bee mccienoBaHHbIC
00BEKTHI Pacroiarajuch B MECTaX C COXPAHUBILIEHCS MCTOPUEH HMX CO3AaHUs, YTO OYCHb
BaKHO JUUISI TIO/ITBEPIK/ICHUSI OOBbEKTUBHOCTH TIOJyUCHHBIX JIaHHBIX. B pe3ynbrare uccieno-
BAHUH OIpeJeNIeHbl JaThl CTPOUTENLCTBA: HAa 0-Be Baiirau ctpoenue gatupyrorcs 1945 r.,
Ha o-Be ['ykkepa (3emust @panna-Mocuda) — mocrpoiiku 1936 r., OpBmias Oans Ha M. XKe-
nanus (Hosas 3emms) — 1935 1., cpy6 m3ora (tam xe) — 1938 r., mask (tam xe) — 1952 1.,
cpy6 Ha Oepery Oyx. Jlemsnas I'aBanp (HoBas 3emist) — 1938 r., OTHOCHTENBHO «COBpE-
MEHHOe» CTpoeHHe (TaM xe) matupyercs 1991 . [lata cTpouTenpcTBa Masika U3 UCTOpUYIE-
CKHX JIOKYMEHTOB — 1954 1., a naTupoBaHne 10 TOAUYHBIM KOJbIIaM MTOKa3bIBAET, UTO OpeB-
Ha cpyOmnensl B 1952 1. u, BeposATHO, 3aBe3eHbI 3apaHee. [[poBeieHHbIE UCCIICIOBAHUS HA
OCHOBE JICHAPOXPOHOJIOTHYECKOTO METO/a OTKPHIBAIOT OOJIBIINE BO3MOXKHOCTH JUIS OIpe-
JIeJICHUs BO3pacTa O€3bIMSHHBIX JICPEBSIHHBIX 00BEKTOB B APKTHKE.
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Beeoenue

ApKTHKa, HECMOTpS Ha YAAJEHHOCTb U TPYAHONOCTYHMHOCTb, MMEET JUIH-
TEJIbHYI0 HCTOPHUIO OCBOCHUS U uccienoBaHus. [lo qaHHsIM MOpCKON apKTHYECKOU
komIuiekcHOM skcneanunn (MAKD) Poccuniickoro HaydHO-HCCIIEIOBATEIHCKOTO
MHCTUTYTa KyJIbTYpHOro M npupojaHoro Hacieaus uMmenu JI.C. JluxaueBa, TONbKO
Ha ocTpoBax apxunenara 3emiss @panmna-HMocuda odHapyxkeH 101 00bEKT, ©MEIO-
WA TPU3HAKH HCTOPUKO-KYJIBTYPHOH IIEHHOCTH, M3 KOTOPBIX 65 — HMCTOPHKO-
KyJbTypHbIE TAMATHUKH, 36 — MaMATHBIE MeCTa, CBSI3aHHbIE C UCTOpUEN M3yUYeHUS
U OCBOCHHUS apxumnenara [4].

CypoBble PUPOAHBIE YCIOBUSI APKTHUKH, OTCYTCTBHE JPEBECHOM pacTUTENb-
HOCTH CBHITpaJId BXHYIO POJIb B BHIOOPE CTPOUTEIBHOTO MaTepuana JUis COOpyKe-
HUSI 3MMOBHH, CTAHOBUIL, TIOMEICHUH NOJISIPHBIX CTAHLUHI, OOJIBIIMHCTBO U3 KOTO-
PBIX AepeBsiHHBbIE. [lepBOHAYANBHO A ATHX LENIeH IEPBONPOXOALBI HCIIOIB30BaIH
TUTAaBHUK, OpeBHa, BHIOpOIIeHHBIE HAa Oeper mpuboem. Tspkenble KIMMAaTHYECKHE
YCIJIOBUS, ONPEEIIAIONINe KpaiiHe HU3KYI0 aKTUBHOCTb KHBBIX OPraHU3MOB — pas-
pyLIMTENEi TPEeBECHHBI, O3BOJISIOT UCIIOIB30BaTh BRIOPOILICHHBIE Ha Oeper OpeBHa
JUTSI TIOCTPOECK.

B npanbHeimeM Ui CTPOMTENHCTBA CTANM NPUBO3UTH pa3boOpHBIE CPYOBbI,
yaiie BCcero cocHoBbIe [3]. BoJbIIMHCTBO CTpOeHH Ha TOOEpek)bEe OCTPOBOB B 3a-
MaJHOM CEKTOpe APKTHKH BO3BOJWINACH U3 JAPEBECUHBI, 3aTOTOBICHHON B CEBEPO-
€BPOIIEHCKON JIECHOW 30HE, BEpOSITHEE BCETO Ha TEPPUTOPUN APXaHTEIHCKOW Ty-
OepHuH, OTKY/]a HAYMHAIMCh MHOTHE apKTHiecKue skcrienunnu. Coopyxenust XX B.,
JKUJIble, paboune, CKIIaJACKUEe MOMELICHUS MOJISIPHBIX CTaHLUH, AePEBSIHHbIC MAsKU
TaK)Ke CO3/1aBaJIMCh M3 MPUBO3HOI JAPEBECHHBI, JOCTABICHHONW Ha OCTPOBA MOPCKH-
MU CyJaMH U3 IOPTOB ApXaHreJIbCKOW 00JIACTH.

B OonbiimHCTBE CilydaeB JaTHPOBKA OTIACIBHBIX COXPAHUBIINXCS ICPEBSH-
HBIX O0BEKTOB B APKTHKE 3aTpyaHEeHA. [Ipu OTCYyTCTBUM CTPOUTEIBHOIO MaTeprana
MHOTHE M3 HHUX MHOTOKPAaTHO IEepEeCTPauBaINCh, MOJBEprajuch pa3bopke uis
CTPOMTENBCTBA HOBBIX KUJIHUILL, HCIIOJIb30BAINCh KAaK TOIUIMBO. JIeHApoXpoHOIoru-
YECKUH METOJI OTKPBIBAET OOJIbILIME BOZMOKHOCTH JUIsl ONPE/IEJICHHs BO3pacTa Ape-
BECHHBI M BPEMEHHU CTPOUTEIHCTBA JEPEBIHHBIX COOPYKEHUH, TSI BOCCTAHOBIICHHUS
HCTOPHUH OTKPBITUSA U OCBOCHUSI APKTHKH [5].

Obvexkmul u Memoobl UCCIeO08AHUSL

B ocHOBe JeHIPOXPOHOIOTHMYECKOr0 METO/IA IATUPOBKH JICPEBSHHBIX O0BEKTOB
JIEKUT CXOJCTBO B JMHAMHUKE MIMPUHBI TOJWYHBIX KOJELl Yy pa3HbIX AepeBbeB. [l
XBOMHBIX JEPEBbEB MOIYUEHbI COTHU JCHAPOXPOHOJIOTHUYECKUX PSIOB TI0 IPEBECHHE
HBIHE KMBYIIUX JepeBbeB. Hambosee M3ydeHHBIMH SIBIAIOTCS paiioHbl Cubupw,
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Hanmpaero Boctoka u Cpemneit Azun. Cample JUIMHHBIE TIO SKUBYIIUM JEPEBBSIM
psaasl — o apue TypkectaHckoil B Cpenneit Aszun, 808 ner [9], mo nucTBeHHHUIE
cubupckoii — 1010 net Ha [lonsspaom Ypaine [12], 867 ner B 3anaanoit Cubupu
[13], 677 net ma Anrae [1]. OmHako caMblii OJIM3KUAN palioH MCCIIEOBAHUS, TIE T10-
Jy4YeHbI IEHAPOIIKAIBI 0 TUcTBeHHUIlEe — [lomsapuenii Ypan [22, 23].

st onipenenenus roga GOpMUPOBaHUS PUPOCTA (TOAUYHBIX KOJiel) OpeBeH
13 apKTHYECKUX CTPOCHUI HCIIONB30BAIHCH JEHAPOIIKAIBI IO COCHSIKaM ¢ boib-
moro ConoBernkoro octposa, npenoctaBieHHbie A.H. Co0oneBbIM, HAYYHBIM CO-
TpyAHUKOM COJIOBEIIKOTO TI'OCYJapCTBEHHOTO HCTOPUKO-aPXUTEKTYpHOTO U IpH-
ponHOTO My3es-3amoBeaHuKa. [Ipn aTom yunThiBamgock, uto Ha CeBepe CXOACTBO B
JUHAMHKE PaJIMaIbHOTO TIPUPOCTA MIPOCISKUBACTCS Ha OonbIue paccTosHus [19].

JleHApOXPOHOJIOTHYECKUI METOJ] TO3BOJISIET ONPENENUTh BpeMsl (OpMHUpPO-
BaHUsA (Toj; (GopMHUPOBaHUS) TOAMYHBIX KOJEIl JepeBheB. JlaTHpOBKA JEepEeBIHHBIX
00BEKTOB OCHOBaHA Ha TOM, YTO y Pa3HBIX JepeBbeB Hanboliee KpyImHbIe U Hanbo-
Jiee MeJIKUe MU3MEHEHHUs B IIMPHHE TOAMYHBIX KOJIEIl COBIAJaloT MO BPEMEHU. DTO
CBSI3aHO C aJIaNTHBHON peakmuel MpUpocTa Ha CTPECCOBBIE YCIOBUS M KIMMaTHIe-
ckue daxtopsl [10, 11, 15, 16, 20, 21, 24, 25 u np.]. [1o B3sATEIM OOpasuam apeBe-
CUHBI CTPOUTCS IPEBECHO-KOJBLIEBAs CEPHsl, WIIH «IUIaBaroIias» xponoiorus. [lna-
BAaIOIIME XPOHOJIOTUN «IIPUBS3BIBAIOTY K ACHIPOIIKAIAM, TIOJTYYeHHBIM TI0 PacTy-
UM JIEPEBhSIM, Y KOTOPBIX M3BECTEH BO3PACT KAXKIOrO TOAMYHOTO KOJBLA. DTO
II03BOJIIET OCYIECTBUTH MEPEKPECTHOE NAaTHPOBAHME IUIABAIOLINX XPOHOJIOTUH M
XPOHOJIOTHM TOJIMYHBIX KOJIEl COBPEMEHHOM JipeBecuHbl. Hanpumep, no auHaMuke
BEJIMYMHBI T'OJIMYHBIX KOJICI] OpeBeH U3 cTeH 1iepkBu [urenxaiin B ['epmanuu Ob110
OTIPEIICIICHO BpeMsI €€ BO3BemeHus [8].

W3 OpeBeH nepeBSHHBIX CTPOCHUH Ha TOOEpek be apKTUYECKHX OCTPOBOB,
PACIOJIOKEHHBIX HAa KJIFOYEBBIX yYacTKax [0 MapHIpyTy JKCHEIUIUN «ApPKTHUE-
ckuil TutaByumii yHHBepcuTeT — 2013, BozpacTHbIM OypaBoM Opaimch 00pasIisl
JIpEeBECHHBI (KEPHBI), Y KOTOPBIX C MOMOIIbI0 MuKpockona MbC-9 u3mepsinach mu-
pyHa TOAMYHOTO KoJibla. TOYHOCTh M3MepeHus roandHbix kourer 0,05 mm. Konu-
YeCTBO 00pa3IoB M3 OAHOU MOCTPONKH 3aBUCEIO0 OT KOJIMUECTBA OPEBEH, MPUTOI-
HBIX Juis aHanmu3a. [lo xaxmomy nepeBssHHOMY 00bekTy Opanock mo 10 oOpasmos
IOpeBecuHbl. Becero Obutn B3sTBI 00pa3ubl ApeBecHHBl M3 32 OpeBeH. B oOwmieit
CIIOKHOCTH OBLIO MPOM3BENIEHO U3MepeHne okono 4600 roquaasx koet. [1o xax-
oMy 00pas3ily TIOCTpOeHa TUIaBaromias JeHIPOIIKaia, 0e3 MPUBSI3KH TOAUYHBIX KO-
JIeTI K ONpe/IesICHHBIM J1aTaM (rojiam).

Jlenaporkansl w3 OTHOW TOCTPOWKHU HA TIPEIMET BBISBIICHUS CHHXPOHHOCTH
B U3MEHEHWH IIPHPOCTa CpaBHUBAIHMCH Tpadudecku. s Oonee 0OBEKTUBHOU
OLICHKH pacCcYUThIBajICS KOd(PQUIMEHT CHHXPOHHOCTH, TIPEIIIOKEHHBIN HAMH paHee
[14], mo bopmye:

_ Y4+ Bt
>4l +1B]°

ryie A — pa3HuIa B BETMUYUHE MPHUPOCTA MEKIY COCCTHUMH TOJIaMHU B OJHOM PSY;
B — pa3HHIa B BEJIMUMHE IPUPOCTA MEXKIY COCETHUMH TOJIAMH B IpyroM psiny; |4 +
+ B|" — «Bec» oJHOHANPABIICHHBIX HHTEPBANIOB, 00€ PA3HOCTH C OJJHAM 3HAKOM; |A| +
+ |B| — 001mit «Becy» BCeX MHTEPBAIOB, CyMMa a0CONTFOTHBIX BEIMYUH BCEX PA3HOCTEH.
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B 1eHapoXpOHOIOTHYECKHX HCCIEOBAHUAX YacTO BO3HHUKAET HEOOXO/IH-
MOCTh CpaBHEHHUS ICHAPOIIKAN IJIs YCTAHOBJICHHUS WX CXOJNCTBA. BusyambHas
OIICHKa CXOJICTBA HE MOXKET OBITh OOBEKTHUBHBIM KPUTEPUEM, TIOITOMY HCIOIb30-
BAJIMCh pa3Hble KOJIMYECTBEHHbIE MoKazarenu [2, 6, 7, 17, 18]. Ognako 3T1 nokasa-
TETU YUYUTHIBAIOT JIMIIb CXOACTBO TECHACHIIMM B M3MEHEHUHU MPUPOCTA U HE YUUTHI-
BalOT a0CONIOTHBIE BEMYMHBI CXOIHBIX M3MEHEHHH. MBI TpezasaraeM HCIOIb30-
BaThb KOA(DPHUIMEHT CHHXPOHHOCTH, YUUTHIBAIOIIMKA KaK TEHICHIIUI0 HM3MEHEHUS
IpUpocTa OT roAa K rofay, Tak U aOCOJIOTHYIO BEIMYMHY OTKIoHeHHH [14]. Dto
CIOCOOCTBYET MPUAAHUIO «Becay HamOoIee KPYNMHBIM W 3aMETHBIM H3MEHEHUSM
npupocta. [Janneiii kospuuuent Bapeupyet ot 0 1o 100 %. Ecnu koadpduuuent
MeHee 50 % — IeHApOIIKaIbl ACHHXPOHHEI, eciiu Oonee 50 % — HaOmrOmaeTCsi CUH-
XPOHHOCTH JICHIPOIITKAI.

KoapdunueHT CHHXPOHHOCTH PACCUMTHIBAICA IS JCHIPOIIKAI TIPU
HauOOJbIIEM BHU3YAIbHOM CXOJCTBE JBYX KPHUBBIX. 3aT€M JIEHAPOIIKAJbl CIBUTA-
JIUCh HAa TOJ, CHOBa BBIYUCIISIICS KOX(P(GUIMEHT, M Tak jajiee 0 MOJydeHUs
HAWOOJIBIIETO TTOKA3aTelsl CHHXPOHHOCTH M IOCIEAYIONIEH BO3MOXHOCTH JTATHPO-
BaTh FOJAMYHBIE KOJIblIA IJIaBarolel XpoHosoruu. [lociennuil roa CBUAETENLCTBY-
€T 0 Tojic pyOKH JiepeBa U MO3BOJIAET MPEANOIOKHUTE BPeMs CTPOUTEILCTBA JIepe-
BSIHHBIX CTpOEHHUH. BBIOOp JepeBSHHBIX CTPOCHHWH HA KIIIOYEBBIX ydacTKaxX 00y-
CJIOBIIEH BO3MOXKHOCTBIO CPaBHEHUS PE3yIbTATOB OMPEICICHHS BO3pACTa IPEBECU-
HbI JCHAPOXPOHOJIOTHYECKUM METOAOM C BPEMEHEM HX CTPOMUTENbCTBA MO MUMEIO-
ITUMCST QPXUBHBIM JTOKYMEHTaM.

Peszynomamul ucciedosanus u ux oocyscoenue

Omnpenenenne Bo3pacTa FOAMYHBIX KOJIEI OPEBEH M3 JEPEBSIHHBIX CTPOCHHUI
MIPOU3BEICHO Ha 4 KIIIOUEBBIX ydacTKax: 0-B Baiirau, o-B ['ykepa apxunenara 3em-
st @panna-Mocuda, m. Kenanus u nodepexne Oyx. Jlensnast ['aBanb o-Ba Cepep-
Helii apxunenara Hosas 3emus. Ilo kakgomy oOpasily mocTpoeHa ILIaBaromiast
JIeHpoITKaia 6e3 MPUBI3KN TOAMYHEIX KOJIEI] K OMPeIeICHHBIM 1aTaM (Tofgam) s
MOCJIEAYIOLIEr0 COBMEIICHHS ¢ JCHPOIIKaIaMi 00pa31oB ApeBecuHbl ¢ bombioro
CosoBeLKoro 0-Ba.

Ha ximroueBom yuactke Ne 1, pacrionoxennom Ha M. bonBanckuit Hoc Ha cese-
po-BocTOKe 0-Ba Baiirau, oOpasupsl ajis onpeeseHus Bo3pacTta ApeBecuHbl (kepH 10)
B3SITHI U3 JIEPEBSIHHOTO CTPOCHHUS, PACIIONIOKEHHOTO K CEBEPO-BOCTOKY OT JICHCTBYIO-
el MOPCKOM TuipoMeTeoposornieckoi nonsapaon craniu nmenn E.K. denoposa.
IToctpoeHa ruiaBaromas IeHAPOIIKaJa, IIPH COBMEIICHUH KOTOPOH C JECHAPOLIKATION
o0pastuoB npeecrtbl ¢ bonbmoro ConoBenkoro o-Ba Ko3Q@UIMEHT CHHXPOHHOCTH
Jenapomkai coctasii 68 %. [locnenHee roandHoe KOO JPEBECHHBI U3 UCCIIEIye-
Moro cpyba matupyercst 1945 T., 4TO 1MO3BOJNISET TPEAIONOKUT, YTO OOCIIETOBAHHOE
JIEpEBSHHOE CTpOeHKE ObLIO TTOCTpoeHo Tocie 1945 . (puc. 1).

OOpaszerw apeBecuHbl (KepH 5) ObLT B3ST U3 OCHOBAHMS CTOPEBILETO CTPOCHUS B
CeBepO-BOCTO‘IHOﬁ YacCTH CTAaHIU Y ITOJHOXKUS I1J1aTO. BpeBHa MPEACTABIAOT OCTATKU
€IMHCTBEHHOTO B MCTOPUM CTAHLMH JBYX3TAXXHOTO 3/IaHUsl, OBIBIIEr0 KOCMHYECKOTO
MIaBWJIbOHA, CIIOKEHHOTO M3 Opyca B (hopMe MpaBHIBHOTO Ky0a C BBICOTOW CTEH 9 M.
[To kepHy 5 OBLIa MOMYYCHA MJIABAOIIAS XPOHOJIOTHS, HAJIOKEHIE KOTOPOH Ha JCH/I-
pomkanmy c¢ bombmoro ConoBenkoro 0-Ba  MOKa3ajlo WX CHHXPOHHOCTb C
1936 r. Koaddumment cuaxporHocTr coctaBui 72 % (puc. 2). CrnempoBarenbHO, s
OCHOBaHMs Cpy0a MaBWJIbOHA, MOCTPOEGHHOrO B 1952 T., mcmonk3oBamuch OpeBHa,
Hapy»KHbIE TOAMYHBIE CIIOM KOTOPBIX AaTUpyroTcs cepeauHoi 30-x rr. XX B.
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Puc. 1. CoBmenieHHBIE TEHAPOIIKAIBI 00pa3oB ApeBecHHEI ¢ bombioro ColoBenkoro o-sa

Fig. 1.

U CTpoeHUs Ha 0-Be Baiirau (xepH 10)

Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and a building on Vaygach Island (core 10)
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CotoBKH

Puc. 2. CoBMelleHHbIE AEHAPOLIKAIbI 00pa3LoB ApeBecuss! ¢ bombioro Conosenkoro o-sa
Y OCHOBAHUsI CTOpEBILIETO MaBMIboHA Ha 0-Be ['ykepa, 3emist dpanna-Hocuda (kepH 5)

Fig. 2. Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and the basement of the burnt space pavilion on Hooker Island, Franz Josef Land (core 5)

Jpyrum oO0BbeKTOM M3y4eHHs ObLIO CTpOCHHE ObIBILIEH OaHHM-TIpaueyHOi. DTo

OJTHO M3 CTapeHIMX Ha CTaHIIMW TIOMEIeHHi, Bo3BeneHHoe B 1929 r. C Oanku, Ha
KOTOPYIO OMHUPAETCs TIOTOJIOK OaHM, OBLT B3AT 0Opaserr ApeBecruHsbl (kepH 6). CterneHnb
CHUHXPOHHOCTH JICHJIPOIIIKAJ 00pa3lloB U3 MOTOJOYHON Oaliku B OaHe-IpavyeyHOl Ha
o-Be ['ykepa u ¢ bonbimoro CosoBenkoro o-Ba XoTsi 1 HeBbIcOKa (56 %), HO mocTa-
touHo 3ameTHa (puc. 3). ['ox pyOku moromounoit 6anku — 1936 . BozmoxHo, ee nc-
I10JIb30BAJIH [IPU PEMOHTE MOCIIE CTPOUTEILCTBA OaHHU.
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Puc. 3. CoBmemeHHbIE ACHOPONIKANE 00pa3loB IpeBecHHBI ¢ bombmioro
CooBenKoro 0-Ba M MOTOJOYHOM Oanku OaHH-NIpaueyHOW Ha o-Be ['ykepa,
3emns  Dpanma-Hocuda (kepH 6)
Fig. 3. Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and a ceiling beam of the bath-washhouse on Hooker Island, Franz Josef Land
(core 6)

Ha xmoueBom yuactke Ne 3 Ha M. XKenauus o-Ba CeBepHblil apxumnenara Ho-
Basi 3emJisi 00pa3ubl APEBECHHB! OpaIuch U3 PA3IUUHBIX AEPEBSIHHBIX COOPYKEHUN
noJIsipHON ctaHumu M. JKenmaHusl, CTpOUTENBCTBO KOTOpor Havasnoch B 1931 r. [3].
OpHUM H3 TIEPBBIX CTPOCHUI CTAHIIMK CYMTACTCS ObIBIAs OaHs, U3 cpybda KOTOpon
Obu1 B3sT 00pasew ApeBecuHsbl (kepH 3). Ilocneanue roquyuHbie KOIbIA MIaBAIOLICH
XpOHONOTHH JaTupyroTcss 1935 r., cTeneHb CHUHXPOHHOCTH € JEHJPOLIKAJION C
Bosnbioro Conoserikoro o-Ba — 59 % (puc. 4). Takum 00pa3oM, BEpOsiTHEE BCETO,
3TOT 00BEKT OBLT MOCTpoeH mocie 1935 r.

Ha mpbice JKenanust o-Ba CeBepHblii apxunenara Hosas 3emuist 10 HacTosIe-
TO BPEMEHHU COXPAaHWJINCh BOEGHHBIE YKPEIJICHHS — 30Tl U3 OpeBEH Pa3HOH TOJI-
LIMHBL. DTO BHIKOIIAHHBIE B TPYHTE HEOOJbIINE OJMHIAKHU, YKPEIUICHHbBIE CPyOOM,
r7ie ObUIN yCTAHOBJICHBI KPYMHOKAIMOSpHBIE MyJIEMEThl U MyIIKa. DTH YKPEIUICHHS
OBUTH TIOCTPOCHBI B aBrycTe 1942 T., mMocie HamaaeHus Ha METEOCTAHITHIO HEMEII-
KOU NOJIBOIHON JIOJKH.

Henapomkana obpasua ApeBecHHbl U3 cpyOa n30ota (KepH 4) uMena CuH-
XPOHHOCTH ¢ JeHapomkaioi ¢ bomsmoro Comnoenkoro o-Ba (puc. 5). Koaddumu-
€HT CUHXpPOHHOCTHU cocTaBuia 55 %. Ilocneanee roguunoe konbLo gatupyercs 1938
r. Bo3aM0XHO, IIpHU CTPOUTENHCTBE BOCHHBIX COOPYKEHHH HCIOIB30BAIUCH paHee
3aBE3EHHbIC Ha MOJIIPHYIO CTAHLIUIO CTPOUTEIIbHBIE MaTEPUAIIBI.
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Puc. 4. CoBMmeleHHBIE AEHAPOIIKATIEI 00pa3oB ApeBecHHBI ¢ bompimoro CoioBenkoro
0-Ba 1 cpy0a ObiBIIel 6ann Ha M. XKemanwst o-Ba Ceepusrit, HoBast 3emis (kepH 3)

Fig. 4. Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and the frame of the former bathhouse at Cape Zhelaniya, Severny Island, Novaya Zemlya
(core 3)

Masika — 13 M.

He meHee yHMKaJeH JIepeBSHHbBIM MasK Ha BO3BBIIICHHOHN IUIOIIAAKE MbICa
Kenanust o-Ba CeBepnblil apxunenara Hosas 3emis. Mask ycranosuiu B 1956 r. B
80 M or oOpeiBucTOro Oepera. KoHCTpyKIiusi Masika MpeJCTaBIiisieT cOO00M Kapkac
13 OpeBeH, COeIMHEHHBIX MEX Iy COOOH MeTaluIndecKuMH ckobamu. O011ast BbICOTA
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Puc. 5. CoBMmelieHHbIE IeHIPOIIKAIBI 00pa3ioB apeBecuHbl ¢ bombioro ComoBerkoro
0-Ba 1 cpy0a j130Ta Ha M. JKenanus o-Ba CeBepublit, HoBast 3emutst (kepH 4)

Fig. 5. Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and the pillbox frame at Cape Zhelaniya, Severny Island, Novaya Zemlya (core 4)
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Henapoiikana obpa3la JpeBECUHBl, B3TOr0O U3 OpeBHA B OCHOBAaHUU MasKa
(xepH 7), umeer 60 % CHHXpPOHHOCTHU ¢ JIeHapolukaiol ¢ boabmoro ConoBenkoro
o-Ba. Ilocnennue ronmunele Koiblla gaTupyroTcss 1952 r. CnenoBaTenbHO, Hpu
CTPOMTENHCTBE MasKa MCIOJIb30BAINCH HOBbIE MaTepHaibl, TIOCTABIEHHBIE HAa OCT-
POB mepen ero HadanoMm (puc. 6).
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Puc. 6. CoBmelnieHHbIC ICHAPOIIKAIbI 00pa3ioB apeBecuHbl ¢ boibinoro CoOBEIKOro
0-Ba "W OpeBeH oOcHOBaHWS Maska Ha M. JKemanmst o-Ba CemepHsiii, HoBas 3emis
(xepH 7)

Fig. 6. Combined dendroscales of wood samples from Bolshoy Solovetsky Island and logs
of the lighthouse basement at Cape Zhelaniya, Severny Island, Novaya Zemlya (core 7)

KiroueBoit yuactok Ne 4 pacrionokeH B 10)KHON dacTH ooepexbs Oyx. JlemsHas
I'aBanb Ha ceBepo-BocToKe 0-Ba CeBepHblii apxunenara Hosas 3emns. 3aeck B 1597—
1598 rr. mpomen mnocneaHol0 3uMOBKY B. bapenn. D10 ucTopuueckoe MecTo
¢ 1979 no 2009 r. mocne skcnenunmii . Kapicena (1871 r.) u b.B. Munopanosiya
(1933 r.) mocemanock ydactHukamu sxcrieauimn J1.d. KpaBueHko, koTopbie BO3BeN
Ha 1oOepexbe JiBa CTpoeHus [24].

[TepBrIit 0Opaser apeBecuHbl (KepH 7) OBLT B3AT U3 OpeBHA cpyOa HE3aKOH-
YEHHOTO CTpOoeHHs. Bo3pacT mociemHUX TOAMYHBIX KOJEI[ 00pa3IoB JPEBECHHBI
natupyercs 1938 r. (puc. 7). KoaddunmeHT CHHXpOHHOCTH JCHpOIIKal 00pa3IoB
npesecuHbl ¢ boibmoro ColloBelkoro o-Ba M JAPEBECHHbBI U3 Cpyda HEJTOCTPOCHHO-
ro cTpoeHus coctaBui 58 %.

Ha Gepery Oyx. Jlensnas ['aBaHb, 4yTh Jaiiblie OT Oepera U OT HEJOCTPOCH-
HOT'O cpy0a HAXOJUTCSI OTHOCUTEITLHO «COBPEMEHHOE» CTPOEHHE, KPBIIa KOTOPOTO
MOKPBITa apMUPOBAHHOHN TOJMITUIICHOBOW IIJICHKOW, OKHA 3aKOJIOUEHBI, a Ha JBe-
PSIX BUCHT 3aMOK. PsiToM JiexKat «CBEKHE» JTOCKH, CIIOKCHHBIE B IITa0CIb.
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Puc. 7. CoBMeleHHBIE ICHAPOILIKANBl 00pa3oB ApeBecuHbl ¢ Bosbiioro ConoBerKoro
0-Ba M HEJOCTPOCHHOIO CTpOeHHs Ha mobepexbe Oyx. JlensHas ['aBanp Ha o-Be CeBep-

He1il, HoBast 3eminst (kepH 7)

Fig. 7. Combined dendroscales of wood samples from Bolshoy Solovetsky Island
and the half-finished building on the coast of Ledyanaya Gavan’ Bay, Severny Island,

Novaya Zemlya (core 7)

Bbrina CAClIaHa TMOIbITKa OLCHUTL HNPUMEPHOC BpPEMA HOCTpOﬁKH JaHHOI'O

crpoenusi. CTereHb CHHXPOHHOCTH JICHIPOIIKAJIbl 00pasia JpeBecuHbl (KepH 3) u
00pa3moB apeBecunsl ¢ bompimoro ComnoBerkoro o-Ba cocrasmia 65 %. Bospact mo-
CJICZIHUX TOAWYHBIX KoJiell 00pasia ipeBecunsl qatupyercs 1991 r. (puc. 8).
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Puc. 8. CoBmemieHHble AeHApOIIKaNBl 00pa3moB npeBecuHs! ¢ bombimoro Co-
JIOBEIIKOT'0 0-Ba M JIOCTPOCHHOTO CTPOEHHs1 Ha mobepexbe Oyx. Jleasnas [a-
BaHb Ha o-Be CeBepnbrii, HoBas 3emis (kepH 3)

Fig. 8. Combined dendroscales of wood samples from Bolshoy Solovetsky
Island and a completed building on the coast of Ledyanaya Gavan’ Bay, Severny
Island, Novaya Zemlya (core 3)
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CyIecTBEHHBIE PA3IMUUs BO3pacTa JAPEBECHHBI M3 CPYyOOB Ha MOOEpPEkKbE
O0yx. Jlengnas I'aBanb (1938 r. 1 1991 r.) Mo3BOJIAIOT MPEANOIOKUTH, YTO JUIS MX
BO3BEJICHHUS y4YacTHHUKH JKcrnenuiu B 2009 T. HCIONB30BalM pa3HOBO3PACTHBIC
OpeBHa M3 TUTABHHKA, KOTOPBIE B OOJIBIITOM KOJIMYECTBE BCTPEUAIOTCS HA ¢ Oepery.

Raxnouenue

WccnenoBanus, mpoBeJeHHbIE HA apKTUYECKUX OCTPOBAX B IMEPHO]] HKCIIEIH-
K «ApKTHYeCKUi maByunii yausepcuteT — 2013y, mpencraisaior coboi dKcme-
PUMEHT 110 NPUMEHEHHIO JACHAPOXPOHOJIOTHYECKOI0 METO/a AaTUPOBAHUS TOANY-
HBIX KOJIeLl OpeBEeH M3 AEPEBSIHHBIX CTPOCHMH C LIEJIbI0 ONPEAEICHUS BPEMEHU UX
MOCTPOHKH. BBIOOP KITIOUEBHIX YYAaCTKOB B MECTaX C COXPAHMBILIEHCS HCTOPHEH HX
co3zaHus 00yCIIOBJICH MPOBEPKOH MOMYUYSHHBIX PE3yJIbTaTOB, YTO OUYSHb BAXKHO IS
MOJTBEPXKICHUS UX OOBEKTUBHOCTH.

IIpoBeneHHbIE HA OCHOBE AECHAPOXPOHOJIOTMUECKOI0 METOAA HCCIIEJOBaHUs
OTKPBIBAIOT OOJIbIIE BO3MOKHOCTHU TPH ONPENEICHIUH BO3pacTa OE3BIMSIHHBIX Jie-
PEBSIHHBIX 00BEKTOB B ApKTHKE. Ha apKTHUecKHX OCTpOBaX COXPaHWINCH OCTaTKH
JEPEBSIHHBIX CTPOEHUH, BPEMSI CTPOMTENHCTBA KOTOPBIX HEU3BECTHO. DTH «0Oe3bl-
MSIHHBI€» CBHJIETENIM OYEHb BA)KHBI /U1 BOCCTAHOBIJIEHUS UCTOPUH OCBOEHUS ApK-
TUKH U SIBJIAIOTCS HEHHBIMH 00BEKTaMU UCTOPHKO-KYJIBTYPHOT'O HACTEIHSL.

JleHApOXPOHOJIOTHUECKUI METOA ONpeNesIeHUsI BO3pacTa IPEBECUHbI CTpOe-
HUH TI03BOJISIET YCTAHOBUTH BO3MOYKHOE BPEMS MX COOPYIKEHHs, BBIIBUTH UX 3Ha-
YUMOCTh B UCTOPHU apKTHUECKUX OTKPBITHH, HEOOXOIUMOCTh U BO3MOKHOCTH pe-
KOHCTPYKLMH ISl COXPAHEHUs] U MPAKTHYECKOI'0 HCIIOJIb30BaHUS B KaueCTBE 00b-
€KTOB MCTOPUKO-KYJIBTYPHOTO HACTENNS TPY OPTaHU3AINH apKTHUYECKUX TypUCTH-
YeCKHX MapIUIpyTOB.

B pesynbraTte omnpeneneHsl 1aThl CTPOUTENBCTBA: Ha 0-Be Baiirau ctpoenue
nmarupyercst 1945 r., Ha o-Be I'ykkepa (3eminss @panna-Hocuda) — mocrpoiiku 1936 r.,
ObiBIIas Oanst Ha M. Xemanus (Hosast 3emust) — 1935 r., cpy0 n3ota (Tam xe) —
1938 r., masik (Tam xe) — 1952 r., cpy0 Ha Oepery Oyx. Jlegsnas ['aBanb (HoBas
3emitsi) — 1938 T., OTHOCHUTENFHO «COBPEMEHHOE» CTPOSHHUE (TaM Ke) NaTHPyeTCs
1991 r. Jlata cTpouTensCTBa Masika U3 UCTOPUIECKUX TOKYMeHTOB 1954 T., a matn-
pOBaHME 10 TOJMYHBIM KOJIbLIAM TIOKa3bIBaeT, 4To OpeBHa Obutn cpyOsieHsl B 1952 .
Y OHH, BEpOSTHO, OBbLIIM 3aBE3CHBI 3apaHee.
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Studies of wood in the Arctic were carried out on Vaygach Island, Hooker Island (Franz
Joseph Land) and Novaya Zemlya. During the expedition “Arctic Floating University —
20137, wood samples (cores) were taken from the buildings in key areas of the Arctic
islands. Conforming to the wood samples we constructed tree-ring series and obtained
floating chronologies, which were linked to dendroscales of standing trees with known year
of each annual ring formation. Crossdating of floating chronologies was performed as
follows. Dendroscale and floating chronology were overlapped and the synchronicity coefficient
was calculated, then the dendroscale was shifted for a year and the coefficient was calculated
again; the procedure was repeated until all possible options were checked. Visual similarity
was assessed and the annual rings of floating chronology were dated based on the results
with the maximum synchronicity coefficient, and the object was dated by the outermost
ring. The year of formation of each annual ring of the buildings logs was determined by the
dendrochronological method, resulting in assumption of the time of their construction, tak-
ing into account that it occurred a year or two after the tree felling. All the studied objects
were located in areas with preserved history of their creation, which is highly important for
confirming the objectivity of the obtained results. The dates of the buildings were deter-
mined as follows: Vaigach Island, 1945; Hooker Island (Franz Josef Land), 1936; the former
bathhouse on Cape Zhelaniya (Novaya Zemlya), 1935; timber from the pillbox, 1938; the
lighthouse, 1952; the frame on the coast of Ledyanaya Gavan’ Bay (Novaya Zemlya), 1938; a
relatively modern building on the coast of the bay, 1991. Interesting to note that according
to the obtained historical records the Lighthouse was built in year 1954, while dating by
annual rings shows that the logs were in 1952 and they were probably imported in advance.
The years for the construction research based on the use of the dendrochronological method
opens up great opportunities at determining the age of unnamed wooden in the Arctic.
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When developing promising assortments of forest woody plants, it is important to take into
account not only their growth and survival in some particular environment, but also their
respond to change in growing conditions. In this regard, the purpose of this work is to eval-
uate the ecological plasticity and stability of some poplar varieties promising for the south-
eastern part of European Russia and Ukraine using the Eberhart and Russell method. The
research was carried out on three testing sites: upland environment of the forest-steppe zone
of the Voronezh region; floodplain environment of the dry steppe zone of the Volgograd
region; and floodplain environment of the steppe zone of the Donetsk region. Five promis-
ing poplar varieties were identified and studied at each of the experimental sites. The indices
of survival, growth in height and diameter, trunk volumes, and productivity by wood stocks
and average increments are presented for each variety. Due to the average increments
change with age, the ontogeny period from 21 to 30 years was chosen for the study, during
which the average survival of poplars varies slightly. It was found that Regenerata, which is
characterized by average plasticity and the lowest stability, was the most productive of the
studied poplar varieties. It can perform high productivity only in the favorable environment.
The poplar variety Pioneer demonstrated the least plasticity. Its productivity did not vary too
much with change in growth conditions at average ecological stability. The highest plasticity
at average ecological stability was observed in the Vernirubens variety. Average plasticity
and stability were observed in poplar E.s.-38. The poplar variety Marilandica was also char-
acterized by average plasticity, and high ecological stability. The research results allow us-
ing of the studied varieties more rational in different growing conditions, with regard to their
environmental characteristics.
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Introduction

Most species of the genus Populus L. are fast-growing woody plants. In low-
forest regions of the world, poplars are the most promising species of woody plants
that can quickly fill the existing shortage of wood. That was the reason for their
wide reproduction and breeding in many countries of the world.
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Some experiments on poplar breeding were conducted in different countries,
but the first extensive practical work on hybridization of poplars for the purposes of
the pulp and paper industry was carried out by American researchers A. Stout,
R. McKee, and E. Schreiner. In these studies, 13 thousand hybrid seedlings were
obtained; 69 promising forms were selected for further testing [42].

An extensive summary report on poplar culture and breeding in the Nether-
lands, Germany and other Western European countries was presented by
G. Houtzagers [35, 36] and H. Giinther [31]. At the same time, H. Giinther gave not
only a general description of some isolated forms of poplars, in particular eurameri-
can hybrids of black poplars, but also hypothesized their origin.

Taking into account the great economic importance of poplars, the Food and
Agriculture Organization of the United Nations (FAO) created in 1947 the Interna-
tional Poplar Commission (IPC) with the tasks of comprehensive research of this spe-
cies, development of promising varieties, technologies for its cultivation and use. This
is the only tree species for which such a division of the FAO has been established.
Currently, IPC includes 38 countries, either heavily- or low-forested, but countries
with advanced economies (USA, Canada, Germany, England, France, Italy, Spain,
Japan, China, India, Turkey, etc.). Unfortunately, Russia is not one of them.

Over the years of its existence, [PC has published three large summarizing
reports on the systematics, breeding, environmental sustainability and culture of
poplars in different countries of the world, as well as on their rational use [39, 40,
41]. In addition to these reports on poplar, works on various problems were pub-
lished in different countries. It is impossible to list all of them, but some that inves-
tigate the issues of breeding and hybridization are worth mentioning. These are for-
eign publications [27, 30, 34, 45], as well as works of Russian researchers with as-
pen [6, 7], white [4, 10], black pyramidal [1, 15, 26], balsamic [2, 3, 7] and other
poplars [19, 21, 22].

In the former USSR, starting from the 1950°s—60’s, in various site conditions,
test poplar cultures were laid out. After many years of testing, promising recommend-
ed assortments were selected and even developed for different positions. So, in the
Leningrad region such work was carried out by P.L. Bogdanov [3], in the Moscow
region — A.S. Yablokov [26], in the Central forest-steppe and steppe — M.M. Veresin,
S.P. Ivannikov, S.A. Rostovtsev and A.P. Tsarev [4, 6, 13, 20], in the Volgograd re-
gion — A.V. Albensky, R.P. Tsareva and V.A. Tsarev [1, 25] in the Urals —
N.A. Konovalov [7], in Uzbekistan — G.P. Ozolin [10], in Kazakhstan —
P.P. Besschetnov [2], in Ukraine — N.V. Starova, A.P. Tsarev et al. [15, 23]. For vari-
ous purposes, such work was carried out in other regions too [13, 21, 22, 24].

However, once developed an excellent assortment requires constant updating,
due to several factors, the main of which listed below.

As civilization develops, the requirements for wood raw materials change
from time to time. Such as for instance, in recent decades, more and more woody
biomass is required for the development of bioenergy of renewable resources. In
other words, varieties and technologies that can give the maximum volume of initial
production within the shortest possible time come to the fore [33, 34]. Approaches
to landscape gardening are changing. Some places require alley planting, solitary
trees or pyramidal forms, and others require spreading and weeping forms, etc.

It is necessary to consider that during ontogenesis certain failures of varieties
show through due to the appearance of new or introduced quarantine diseases and
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pests to which local varieties are not adapted. This happened with the most heavy-
productive variety of poplar in Italy I-214. Due to its high quality it became widely
used in various countries of Western Europe (its share in the total poplar cultivation
reached 30 % and more). But suddenly there was an outbreak of a disease caused by
the pathogen Marssonina brunnea [38], which became a disaster for this poplar.
It was necessary to urgently develop work on breeding new varieties resistant to this
disease.

The varieties bred, tested and shown excellent results in one region do not
always fulfill the expectations in other regions. Thus, in the Central Chernozem Re-
gion the magnificent Italian varieties of black poplars could not withstand winter
frosts, and winter-hardy poplar hybrids bred by P.L. Bogdanov in Leningrad were
not drought-resistant [19, 24].

In accordance with the world practice, especially after the disaster of the
1960’s in Western Europe, associated with the disease Marssonina brunnea, tech-
nologies for creating poplar plantations from a set of many different varieties with
similar practical properties, but with different genotypic structure were adopted. In
particular, O. Lange [37] recommended creating plantings not from a single variety,
but from 3050 clonal varieties that are homogeneous in growth strength, ecologi-
cal stability and morphological similarity, but distinguished by genotypic compo-
sition.

Considering the above mentioned, when cultivating poplars, like other woody
and non-woody plants, it is necessary to take into account not only their productivi-
ty, but also ecological plasticity and stability. This is precisely what is missed in
many cases due to the need for long-term, and often, multi-regional research. Re-
search in this direction has relevance and novelty.

There are a number of methods for evaluation of ecological stability and plas-
ticity of plant varieties which were developed by G. Wricke [44], S. Eberhart and
W. Russell [29], G. Tai and D. Young [43], M.A. Fedin and D.Ya. Silis [18],
V.G. Potanin et al. [12]. The analysis of some of these methods conducted by No-
vosibirsk researchers V.G. Potanin, A.F. Aleynikov and P.I. Styopochkin showed
that each of them has advantages and disadvantages [12].

In our country, the method of Eberhart and Russell was often used. It was
considered in detail by V.Z. Pakudin [11] and used by different researchers for
evaluating the ecological stability and plasticity of different plants in different re-
gions [8, 9, 16]. However, for poplars it was only used in the Astrakhan semi-desert
[19]. Therefore, in this paper, we have tried for the first time to extend the applica-
tion of this method.

The purpose of our work was to evaluate the ecological plasticity and stabil-
ity of some promising poplar varieties for the South-Eastern part of European Rus-
sia and Ukraine using the Eberhart and Russell method and to determine their suita-
bility for practical use in various cultivation conditions.

Research objects and methods

To evaluate the ecological plasticity and stability, three variety testing sites
were selected. One of them located in the upland conditions of the Voronezh region
and the others in the floodplain conditions of the Volgograd and Donetsk regions.
On these sites, for evaluation of the level of ecological stability, five of the same
promising varieties were selected. Among them there are three euramerican hybrids
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of black poplars: Vernirubens (Populus % euramericana (Dode) Guinier cv. ‘Ver-
nirubens’), Marilandica (Populus % euramericana (Dode) Guinier cv.
‘Marilandica’) and Regenerata-79 (Populus * euramericana (Dode) Guinier cv.
‘Regenerata’); as well as two domestic hybrids: Pioneer (Populus pyramidalis L. x
Populus nigra L.) bred by A.S. Yablokov [26] and E.s.-38 (Populus deltoides
Marsh. x Populus balsamifera L.) bred by M.M. Veresin, who named it as Voro-
nezhsky Giant [4, 26].

In the Voronezh region research was carried out on the Semiluky populetum laid
out in 1974 by A.P. Tsarev in accordance with the methods of field testing [5, 28]. Pre-
planting preparation of soil was in the fall plowing to a depth of 30 cm. Planting was
carried out with stem cuttings of different varieties and clones of poplars; 84 representa-
tives of different sections of poplars were introduced to the site [19].

The site area was 4.6 ha, the size was 296x155 m. The soil is leached cherno-
zem (black soil). The terrain is a weak water-dividing slope to the Veduga river.
The groundwater level was 4—5 m. The forest site type is D,, according to the inte-
grated scheme of P.S. Pogrebnyak and P.P. Kozhevnikov, which means that the soil
is fertile (grey forest and chernozem) and slightly moist. Plant spacing was 5x4 m.
The experiment was carried out in 4 replications. Plot allocation in replications was
randomized. There were 6 ramets (one clone plants) on the plot. So, each clone or
variety was represented by 24 plants on an area of 480 m®. Materials of field obser-
vations of 25-year old trees were used for this site.

In the Volgograd region, the study object was pilot-production crop testing
site laid out in 1988 by R.P. Tsareva together with employees of the Podtelkovsky
forestry in the floodplain of the Kumylga River. The soil is intrazonal floodplain
chernozem-meadow layered-grained heavy loam. The area of the plot is 2.0 ha.
Planting is carried out by 1-year old rooted seedlings with plant spacing of 4x4 m.
Each variety is represented by at least two replications. Eighteen different clones
and varieties of poplar were planted on the site, 30—70 copies of each. The studied
varieties were represented as follows: Vernirubens, 49 copies; Marilandica, 31 cop-
ies; Pioneer, 44 copies; Regenerata, 38 copies; and E.s.-38, 70 copies [25]. Materi-
als of field observations of 29-year old trees were used for this site.

In the Donetsk region research was carried out on the variety testing site laid
out in 1977 by A.P. Tsarev together with employees of the Fedorovsky forest district
of the Zhdanov (now Mariupol) forestry pertaining to the Donetsk Forestry Manage-
ment Department in Urochishche Ksenevka (no. 50), located in the floodplain of the
Karatysh River. The forest site type is E,3, according to the integrated scheme of
P.S. Pogrebnyak and P.P. Kozhevnikov, which means that the soil is low-fertile (de-
graded chernozem and transitional to them slightly alkalinized loams), slightly moist
and moist. The occurrence of ground water varied from optimal (1.0-1.5 m) to com-
plete swamping. Comparative studies were carried out on the part of the site with op-
timal groundwater occurrence. The total area of the site was 1.2 ha, including the ac-
counting area of 0.61 ha (135x45 m). Plant spacing is 3x3 m. The total number of
plants was 1,215 pcs, including 675 accounting plants. The planting pattern was the
method of complete random blocks. Plot allocation on the site and the mixing of
plants on the plot were randomized. There were 3 replications. Planting was carried
out with stem cuttings 20 cm long. The number of plants in the plot was 25 pcs. Into
the test 9 clones and varieties of poplars were introduced [23]. Materials of field ob-
servations of 21-year old trees were used for this site.
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Plant survival, growth dynamics in height (at an early age using a measuring
pole, and then — using the German Blume Leiss altimeter) and diameter at breast
height (1.3 m) were established by complete enumeration of trees. Trunk volumes
were determined by volume tables for poplar [32].

Wood stock was determined by summing up the actual volumes of survived
trees of each variety or clone on each plot for each replication and converting the
resulting stock value to the area of 1 ha using the equation (1):

_ W-10,000

s
SP

w (1

where W — calculated wood stock, m’*/ha; W'— actual wood stock on the plots,
obtained as the sum of stocks on each plot, m’; S, — total area of all plots of each
variety, m?; 10,000 — area of a hectare, m?.

Standard valuation and mathematical methods as well as Microsoft Excel
program were used for data processing [5, 14, 17].

The average increments in stocks of stem wood were determined based on
these indicators. Since the stands were of different ages, the average increments in
wood stocks were used to evaluate the ecological stability. According to our data
[24], the average increments of poplars in the period of ontogenesis from 20 to
30 years vary slightly, so their use in this study is quite acceptable.

The method of Eberhart and Russell, according to which the ecological plas-
ticity and stability of the studied varieties were evaluated, uses two main parame-
ters:

- Coefficient of productivity regression for changes in environmental condi-
tions, which allows characterizing of varieties by their plasticity;

- The standard deviation of actual productivity indices from the regression
line, which characterizes the stability of productivity in different environmental
conditions.

In general, this method is expressed by the following dependency (equation 2):

Xij:)?i""’[lj"‘ dj, (2)

where X;; — productivity of the i-th variety in the j-th testing site; i=1,2,3, ..., V; j
=1,2,3, ..., n; X; — average productivity of the i-th variety for all testing sites; r; —
the regression coefficient of the i-th variety on changing of wood stock productivity
(see equation 4); I; — index of environmental conditions for the j-th testing site (see
equation 3); d;— deviation from the regression line of the i-th variety in the j-th test-
ing site.

Additional details of the method are presented in the discussion of research
results.

Research results and discussion

The average indices of survival, height and diameter of the studied varieties
in different environmental conditions are shown in table 1.
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Table 1

Survival and growth of poplars in different environmental conditions

Testing sites

Vl';?izlt?;s Survival and growth indices psoeprlr;ll;l;g’ Kumylga, . K];f)rrllz\tg(lf ?
Voronezh region Volgograd region region

Survival, % 88 79 92
Vernirubens [Height, m 31.7+0.83 24.740.74 27.0+0.32
IDiameter, cm 38.1+1.71 28.8+1.97 31.7+£0.92

Survival, % 88 77 86
Marilandica |Height, m 28.7+0.43 24.0+£0.45 26.2+0.44
Diameter, cm 40.4+1.25 27.5+1.17 30.6+1.14

Survival, % 71 89 85
Regenerata-79 [Height, m 33.6+0.64 24.24+0.46 27.3+0.37
IDiameter, cm 48.0+1.24 27.7+1.12 32.0+1.03

Survival, % 50 70 74
Pioneer  |[Height, m 33.6+0.78 24.840.63 23.1+0.37
Diameter, cm 40.5+1.99 30.6£1.65 27.8+0.77

Survival, % 100 88 98
E.s.-38 Height, m 28.5+0.25 24.5+0.36 25.5+0.24
Diameter, cm 36.6£1.05 28.1+1.04 29.6+0.48

Data on average trunk volumes, wood stocks and stock increments were cal-
culated (table 2), according to the indices shown in table 1. To evaluate the ecologi-
cal stability of the average increment using equation 2, its components were found.

Thus, the calculated average value of actual average increments of poplars in
the interval of ontogeny from 20 to 30 years (X,) for the Vernirubens variety was
28.3 m’/ha/year, for Marilandica it was 25.6 m’/ha/year, for Pioneer —
19.2 m*/ha/year, for Regenerata — 32.8 m’/ha/year and for E.s.-38 — 26.0 m*/ha/year.

Table 2

Productivity indices of poplars in different environmental conditions

Testing sites
Semiluky
VI;EI; lt?;s Productivity indices %)puletum, \I%llrggé%:& KS?)I:;\{;(I? >
oronezh : .

region region region

Trunk volume, m’ 1.39 0.62 0.83

Vernirubens [Wood stock, m’/ha 612 612 840
Average increment, m’/ha/yr 24.5 20.4 40.0

Trunk volume, m’ 1.42 0.56 0.75

Marilandica [Wood stock, m’/ha 624 539 711
Average increment, m’/ha/yr 25.0 18.0 33.8

Trunk volume, m’ 2.22 0.59 0.86
Regenerata-79 [Wood stock, m’/ha 976 634 804
Average increment, m’/ha/yr 39.0 21.1 38.3

Trunk volume, m’ 1.64 0.65 0.55

Pioneer  [Wood stock, m’/ha 410 604 445
Average increment, m’/ha/yr 16.4 20.1 21.2

Trunk volume, m’ 1.14 0.69 0.68

E.s.-38  [Wood stock, m’/ha 569 604 737
Average increment, m’/ha/yr 22.8 20.1 35.1

The index of environmental conditions for the j-th testing site (/;) is calculat-
ed using equation 3:
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LiXy  XiXiXy
Ij — V y V{n ./’ (3)

where V' — number of testing varieties, V= 5; n — number of testing sites, n = 3.

Calculations have shown that for the Semiluky populetum testing site /; =
= —0.9; for the Kumylga testing site [, = —6.4 and for the Ksenevka testing site /5 =
=+7.3.

Based on the fact that the higher index of environmental conditions, the more
favorable environmental conditions for the testing varieties, the most favorable for
poplars were the Ksenevka environmental conditions in the Donetsk region. The
average environmental conditions can be attributed to Semiluky populetum and the
least favorable for growth of poplars were the environmental conditions of the
Kumylga testing site, located in the dry-steppe zone of the European Russia.

The regression coefficient of the i-th variety for the change in the average in-
crement 7; was calculated using equation 4:

_ XXl
L= “4)

The calculations have shown that for the Vernirubens variety », = 1.466, for
Marilandica r, = 1.147, for Regenerata r; = 1.148, for Pioneer », = 0.106 and for
E.s.-38 s = 1.126.

According to the hypothesis of S. Eberhart and W. Russell, the higher regression
coefficient, the greater response of the variety to change in environmental conditions. In
other words, it has higher plasticity and responds positively on improving of environ-
mental conditions. And vice versa, the lower regression coefficient, the lower plasticity
of the variety and it less changes its productivity depending on change in environmental
conditions. In our case, the ranking has shown that the highest rank (1) was in the Ver-
nirubens variety, it had the highest plasticity. The average ranks were for the varieties
Regenerata, Marilandica and E.s.-38 (24, respectively), and the lowest (5) — for the
Pioneer variety. That is, in this case, the Pioneer variety, whose growth was less than
other poplars (most likely this is due to its lower rooting and survival), has shown the
lowest plasticity. Thus, its productivity, depending on improvement or degradation of
environmental conditions in comparison with other poplars, changed less.

Hereafter, the theoretical average increments (X;) were calculated using
equation 5:

Xy =X; + 1. (5)
They are presented in the table 3.
Table 3
Theoretical average increments of poplars in different environmental conditions
(m*/ha/year)
Testing sites
Po_plz}r Semiluky Kumylga, Ksenevka, Sum Average
varieties populetum, Volgograd Donetsk increment
Voronezh region region region
Vernirubens 27.0 18.9 39.0 84.9 28.3
Marilandica 24.6 18.3 33.9 76.8 25.6
Regenerata-79 31.8 25.4 41.2 98.5 32.8
Pioneer 19.1 18.6 20.0 57.7 19.2
E.s.-38 25.0 18.8 34.2 78.0 26.0
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As can be seen from the table 3 data and the actual average increments of the
studied poplar varieties in table 2, the average values of the theoretical and actual
increments on all testing sites are the same. However, these values may be different
for each specific testing site. The deviations of the theoretical and actual values of
the poplars’ average increments obtained in this experiment are presented in table 4.

Table 4

Deviations of the theoretical and actual values of average increments of poplars

Testing sites
Poplgr Semiluky Kumylga, Ksenevka, of SS qlE;lr od
varieties populetum, Volgograd Donetsk deviations
Voronezh region region region
Vernirubens -2.5 +1.5 +1.0 9.50
Marilandica +0.4 —0.3 —0.2 0.26
Regenerata-79 +7.2 —4.3 -2.9 78.74
Pioneer 2.7 +1.6 +1.2 10.98
E.s.-38 2.2 +1.3 +0.9 7.34

In the general case, to get the value of ecological stability variance for each
variety, the sum of squared deviations of the theoretical from the actual values is
divided by the number of degrees of freedom (equation 6):

2_ Y4
Si a2 (6)
where S,2 — variance of ecological stability for each variety.

In our case, since the number of testing sites is 3, the stability variance is
equal to the sum of squared deviations given in table. 4.

As can be seen from the table 4 data, the Marilandica variety is distinguished
by the highest stability of the average trunk wood increments in all of the studied
testing sites. The average stability of the average trunk wood increments can be at-
tributed to the following poplar varieties: E.s.-38, Vernirubens and Pioneer. The
most productive poplar variety Regenerata in all environmental conditions of the
studied testing sites showed the lowest variance of ecological stability.

Conclusion

The conducted research of a group of promising poplars on three testing sites
of the forest-steppe and steppe zone of our country allowed to establish not only
their phenotypic characteristics on survival, growth and productivity, but also their
ecological plasticity and stability.

It was found that the most productive of the studied varieties was Regenerata.
It was characterized by the average plasticity, but the lowest stability. So, it can per-
form high productivity only in the favorable environment for growth.

Poplar Pioneer, despite the fact that it was inferior in productivity to other va-
rieties, was the most plastic with average ecological stability. Its productivity did
not change too much with change in environmental conditions.

The Vernirubens variety has shown the minimum ecological plasticity with
medium ecological stability.

Average indices of plasticity and stability are noted in the poplar variety E.s.-38,
which allows it to be used in various environmental conditions.

Poplar Marilandica has demonstrated average plasticity and high stability.
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In general, the studies have shown that poplar variety testing in different en-
vironment conditions allows obtaining a more complete characteristic of them,
taking into account ecological plasticity and stability. This makes it possible to de-
termine more appropriate ways for their using in afforestation and other applica-
tions in forest management.
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OIIEHKA 9KOJIOTHYECKOM MJIACTUYHOCTHU U CTABWIBHOCTH
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IIpu pa3paboTKe MEPCIEKTUBHBIX aCCOPTHMMEHTOB JIECHBIX IPEBECHBIX PACTCHHN Ba)KHO
YUYHUTHIBATH HE TOJBKO UX POCT U COXPAHHOCTh B KAKUX-TO OJHUX YCIOBHUSIX MECTOMPOU3-
pacTaHusl, HO M pEaKklMio Ha U3MEHEHHE YCIOBUHM MecTtomnpouspactanus. Llenp nccnenona-
HUS — aHAJIM3 YKOJIOTUYECKOH MIACTUYHOCTH M CTA0OMIIBHOCTH HEKOTOPBIX MEPCIEKTHBHBIX
COPTOB TOMOJIEHN Ul I0r0-BOCTOYHOM 4acTH eBponeickoil Teppuropunt Poccun n Ykpausst
metoznom C. Dbepxapra n B. Paccena. VccnenoBanus MpoBOJUINCH B HATOPHBIX YCIOBUSX
JIECOCTEITHOW 30HBI BOpOHEKCKOH 007acTH U B MMOMMEHHBIX YCIOBUSAX CTEITHOW 30HBI Boi-
rorpazackoit u Jlorerkoit obnacreil. Ha kaxmom U3 SKCIIiepUMEHTaIBHBIX 00BEKTOB BEIICIIE-
HO W U3YYEHO IO 5 TIePCIeKTUBHBIX COPTOB TOMONeH. [1o KaxIoMy coOpTy MpHBEIECHBI TIOKa-
3aTeNH €ro COXPAaHHOCTH, POCTA B BBICOTY U AMAaMETpa, 00beMa CTBOJIOB M MMPOIYKTUBHOCTH
10 3armacaM M CpeIHUM MPHpPOCTaM. BBUAY TOro, 9To CpeHue MPUPOCTHI MEHSIOTCS C BO3-
pactom, BbIOpaH OTpe30K oHTOoreHesa ¢ 21 roma 10 30 seT, B TCUCHHE KOTOPOIrO CPeAHUMN
MIPUPOCT TOMOJIEH U3MEHSETCS He3HAUMTENIBHO. Y CTAHOBJICHO, YTO CAMBIM MPOJYKTHBHBIM
W3 UCCIIEIOBAHHBIX COPTOB SIBJISIETCA TOMOJb copTa «Pereneparay, OTaMYarONIMiics cpeaHei
IJIACTUYHOCTHIO, HO CaMOM HU3KOW CTaOMIBHOCTHI0. OH MOKa3bIBACT BBICOKYIO MPOJYKTHB-
HOCTh TOJIbKO B OJIArOMPHSATHBIX JJIsi pocTa ycioBusx. Tomonb «[InoHep» HauMeHee Iuia-
ctuueH. Ero mpoayKTUBHOCTh HE OYEHb CHIILHO BapbUPYET C U3MEHEHHEM YCIIOBUH pocTa
MIPH CpPEeTHEH HKOJIOTHUECKOW CcTaOmibHOCTH. HamOonbpmas IMIacTUYHOCTH TPU CpEIHEH
AKOJIOTHYECKOH CTaOMIEHOCTH OBLIa OTMeueHa y copTa «BeprupyOerncey». Cpemaue mokasa-
TeNH TUTACTHYHOCTH W CTAaOWIBHOCTH HAONIOJANHCh y Tomoirst copra «Ic-38». Tormons
«Mapunanauka» Takke OTIMYAETCA CPEAHEN MIIACTUYHOCTBIO, HO BBICOKOM 9KOJIOTMYECKOM
cTabmnbHOCTHIO. [lomyueHHBIe pe3yIbTaThl MCCICIOBAHNN ITO3BOIIIOT 00Jiee PallnOHAIBHO
HCIIOTH30BATh M3yUCHHBIC COPTA B PA3IMYHBIX YCIOBHAX MECTOIIPOU3PACTAHHS C YUETOM HX
9KOJOTHYECKHUX XapaKTEPUCTHUK.

/s yumuposanus: Tsarev A.P., Tsarev V.A., Tsareva R.P., Laur N.V. Evaluation of Eco-
logical Plasticity and Stability of Some Promising Varieties of Poplars // 13B. By30B. JlecH.
KypH. 2020. Ne 5. C. 119-130. DOI: 10.37482/0536-1036-2020-5-119-130

Knrouesvie cnosa: copra TOmNoNel, COXpaHHOCTh, POCT, MPOAYKTHUBHOCTh, IKOJIOTHYECKAS
IDIACTUYHOCTD, KOJIOTHYECKast CTaOMIEHOCTE, MeTo ] D0epxapra u Paccena.
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Tpaagnmonno B Poccuiickoit denepanun j1eco3aroTOBUTENbHBIC PA0OTH B OCHOBHOM TP O-
BOJITCS B 3UMHHUM NepHoA. DTO CBA3aHO C NpeodiialaHueM B JecHOM (oHJe ruromasei ¢
3a00JI0YCHHBIMU U TiepeyBlakHeHHBIME TTouBorpyHTamu (111 u IV kareropum), pabora Tex-
HUKHM Ha KOTOPBIX B TEIUIBIH MEpHOJ| T0/a 3aTPyJHEHa, a WHOTJa M HeBO3MOXkHa. PaboTta
JIECO3arOTOBUTENBHBIX MPEANPHUITHN B JIeCaX KPHUOJIUTO30HBI, XapaKTEPU3YIOMUXCA PE3KO
KOHTHHEHTAJbHBIM KIMMAaTOM, C CHJIBHBIMH MOPO3aMH B 3UMHHUII NEPUO, OCIIOKHEHA TEM,
4yTO Mpu Temreparype Hwke —40 °C JiecHbIe MAIIMHBI HE PEKOMEHIyeTCS dKCIUTYyaTHPOBATh
13-32 BBICOKOW BEPOATHOCTH IIOJIOMOK METAJUIOKOHCTPYKLUN U FUAPABIMYECKON CUCTEMBI.
IIpu »TOM B Temuislii epuos roja OOJbINAs YacTh JIECOCEK HA MEP3JIOTHBIX MOYBOTPYHTAX
CTaHOBUTCA TPYAHO NMPOXOAUMOI I TSHKEJBIX JECHBIX MamuH. [lomydaercs, 4To yo0HbII
TIEpHOJ JUTS TIPOBEJICHUS JIECO3arOTOBUTEIBHBIX paboT B Jiecax KPUOIMTO30HBI JOCTATOUYHO
HeOOoIBIION. DTO YacTO NMPHUBOAUT K HEOOXOAMMOCTH PadOTHI B TaK Ha3bIBAEMBIH MEPHO/
MEXKCE30HbsI, KOIJa TeMIIepaTypa BO31yXa CTAHOBHUTCS MOJOXKHUTENbHON M HAYMHAIOTCS
IIPOLECCHl OTTAMBAHUSI BEPXHETO CJIOSI MOYBOIPYHTOB. DTO K€ KacaeTcs U JecO3aroTOBU-
TEJILHBIX MPEANPUATHH, HE pabOTAIONMX B YCIOBHSIX MEP3JIOTHBIX ITOYBOTPYHTOB, HAIPHU-
Mep B Jlenunrpanckoii, Hosroposckoii, [IckoBckoit, Bomoronckoii oomactsx u ap. Habmro-
JaeMoe TOTETUICHHE KIIMMaTa BBI3BIBAET CYNIECTBEHHOE COKPAICHHE MEePHOAa YCTOWIHBOM
3uMHEH 3aroToBku. YacTeie mepexo sl TemiepaTypsl dyepe3 0 °C B 3UMHUM, OCCHHUN U Be-
CEHHMH TEepPHOBI MPUBOIAAT K HEOOXOAMMOCTH TaKkkKe paboTaTh B MEPHOJ MEKCE30HBS, BO
BpeMsI OTTauBaHMS MTOYBOTPYHTOB JIECOCEK. B CIIOKHBIX CE30HHO-KIMMAaTHYECKUX yCIOBH-
AX, K KOTOPBIM B TIEPBYIO OYEpe/ab CIEAYyeT OTHECTH MEKCE30HHBIC NEPHOABI B IEIOM U
HaJIMYMe BEYHON MEP3JIOTHI B YACTHOCTH, YUECTh B MATEMAaTHUECKUX MOJIEIISIX 0COOCHHOCTH
IIPOLIECCOB NMPOMEP3aHUS U OTTAaUBaHMS IPYHTA M UX BIMSHUE HA XapakTep Mpolecca pas-
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PYIICHUS BEChbMa 3aTPYAHUTENHFHO. B cTaThe MoKa3aHo, 9TO MPH pa3padOTKe TOITOCPOTHBIX
IIPOrHO3HBIX MOJEJIEH MTOKa3aTenel HMKINYECKOr0 B3auMOAEUCTBUS TPEIEBOYHON CUCTEMBI
C JIECHBIM ITIOYBOI'PYHTOM B CJIOKHBIX KIMMATUYECKUX YCIOBUSX IPOBEACHUS MEKCE3OHHBIX
JIECO3aTOTOBUTEIHHBIX PabOT ¢ IEeNbI0 MOBBIMICHUS WX HAJAEKHOCTH HEOOXOAWMa orepa-
TUBHAsl KOPPEKTHPOBKA PACUYCTHBIX MapaMeTPOB Ha 0aze ydyera (PaKTHYCCKUX OIBITHBIX
JIAaHHBIX Ha 3aJJaHHOM IIIare IHUKJIOB.

na yumupoeanusn: Pynos C.E., [Hanupo B.S., I'puropses U.B., Kynuukas O.A., ['puro-
peeBa O.U. IlporHosnas Mojaenb BO3ACHCTBHUS TPEIEBOYHOW CHUCTEMBbI Ha JIECHOM MOY-
BOIPYHT B CJIOXKHBIX CE30HHO-KIIMMaTHYeCKUX ycioBusix // M3B. By3oB. JlecH. xypH. 2020.
Ne 5. C. 131-144. DOI: 10.37482/0536-1036-2020-5-131-144

Knrouesvie cnosa: mep3nblii TOYBOTPYHT, OTTAaUBAIOLIUI IIOYBOTPYHT, JIECO3aIrOTOBKA, TPE-
JIEBOYHAs CHCTEMA, YIJIOTHEHHE TIOYBOTPYHTA, Ae(OpMaIns IIOYBOTPYHTA.

Beeoenue

OaHUM U3 OCHOBHBIX KAauECTBEHHBIX IMOKa3aTellel B3aMMOJCUCTBUSI Tpee-
BOYHOHM CHCTEMbI C MAaCCHBOM JISCHOT'O IOYBOIPYHTA SIBJISICTCS TiyOMHa Koyieu h,
JUISl IPOTHO3a U ONPEAENICHUs KOTOPOH MCHOJB3YIOT PA3IHYHbIC MOAXOAbl U MaTe-
Marudeckue mojenu [11-13].

[ToyBOTpYHT, KaK CIOXHBIA MPHUPOJHBIA aHU3OTPOIHBIA OOBEKT, TPYIHO
OTHCHIBAETCSI B paMKaxX MOJEJeH CIUIONHOW cpensl  (YOpyrow, ympyro-
TUTACTUYECKOH, BI3KOH UM MHOH). B CIIOXKHBIX CE30HHO-KIINMAaTHIECKHUX YCIOBUSX,
K KOTOPBIM B IIEPBYIO O4YCPLCAb CICAYET OTHECTU MCIKCE30HHBIC IEPHUOJILI B IICJIOM U
HaJU4Khe BEYHOU MEP3JIOThHI B YACTHOCTHU, YUECTh B MATEMATHUECKUX MOJEIISX OCO-
OCHHOCTH TIPOIIECCOB MTPOMEP3aHMsI M OTTAWBAaHUS I'PYHTA M X BIMSHUE HA Xapak-
Tep Ipolecca pa3pylieHus BechbMa 3aTpyIHuTenbHO [ 14, 16-20].

Llenb uccienoBaHus 3aKIOYaeTCs B pa3pa0dOTKE MPOTHO3HOW MaTeMaTh4e-
CKOW MOJENN MOBBILIEHHOW HaJEKHOCTU JUIsl pacyeTa MoKa3aTesled HUKINYECKOTrO
B33HMOI{CI71CTBPI$[ TpeneBquoﬁ CUCTECMbI C JICCHBIM IIOYBOIPYHTOM B CJIOKHBIX
KIIMMAaTHUYCCKUX YCJIOBHAX TIPOBCACHHA MCKCE30HHBLIX JIECO3aroTOBUTCIILHBIX
pabor.

Obvexmpl u Memoobl UCCIEO0BAHUS.

OOBEKTOM HCCIETOBAHUS SIBIISIOTCS MEP3JIOTHBIE MTOYBOTPYHTHI JIECOB KPHO-
JIUTO30HBI. VICIIOIb30BaHbl CIIPABOYHbBIC JTAHHBIC O (PU3UKO-MEXAHHUECKUX CBOM-
CTBax MEP3JIOTHBIX IPYHTOB. Pacuerhl BBIIIOJIHEHBI HA OCHOBE MEXAHHMKHU pa3pyllie-
Huil. [IpuMeHsAIMCh METO/IbI alIIIPOKCUMAIIMW YUCIIEHHBIX JIaHHbBIX.

Pesynvmamul uccredosanus u ux oocyscoenue

Oco0ble yCIIOBHS 3KCITyaTallid TPEJIEBOYHBIX CHCTEM HMEIOT MECTO IPH
MPOM3BEICHUN JIECOCEYHBIX PadOT HAa MEP3JbIX M OTTAMBAIOIIMX IOYBOTPYHTAX.
[TomeiTka pa3paboTaTh NPOTHO3HYIO MOJEIbh 00pa3oBaHUs KOJEH B TIpolecce
N-KpaTHOTO NPOXOAa TPEJIEBOYHOM CHCTEMbl, OCHOBAHHYIO TOJIBKO Ha (akThie-
ckux gaaHHbIX nokasatens hnpu N =0 (h = hg), N=1(h =h;)u N=2 (h = h,),
npennpunara B [9, 15]. [lapamerp N BBICTyIIaeT B Ka4eCTBE BPEMEHH.

Mogens mpennonaraer pemieHue JaupGEpeHIMaTbHOTO JIOTUCTHYECKOTO

ypaBHeHI/ISI HepBOFO HOprHKa (Der}OHBCTa:
dh rh
= H—h), (D
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IZie 7 — MOCTOSIHHBINA KO03((UIHUEHT MPONOPLUUOHATIBHOCTH, MOUICKALIMN Onpese-
JICHUIO U3 HaYaJIbHBIX YCIOBUM; H - MakcUMaibHas IIyOnHa KOJeu.
B nponiecce pemenust ypaBuenust (1) HalizeHa KOHCTaHTa 7' B BUJIC

—In [hz (ho— h1)] )

ho(hy—hp)1
IpH TOM HEOIpeeIeHHas KOHCTAaHTa MHTErpupoBaHus C NPMHHUMAETCS PaBHOM
ho
C =—.
H

VcranoBneHo, uto rpaduk HalineHHou Gy h(N) COIEPKUT aCUMIITO-
THYECKUH Y4acTOK, abcuucca TOYKH Hadajla KOTOPOrO 3aBUCHT OT 3HA4YeHUs hy —
HCXOIHOM IITyOUHBI KOJICH JI0 IIEPBOTO IIMKJIA IPOXOAa.

Ha puc. 1 npencraBnena tunudHasi pacuetHasi kpuBast h(N), monydeHHas B
[8] mpu caenyrommx ONbITHBIX AaHHBIX: hg =4 cM, hy =4,29 cMm u h, = 4,6 cm. lpu
aToM HaiieHnsl koHcTaHThl T = 0,0757 u C = 0,07207. nsa takux hy u C onpeneneH
napaMeTp MakCUMallbHOW riyOmHbl H = 55,5 cM, U 3Ta BeNWYMHA COXpaHSET IO0-
CTOSIHHOE 3HauYeHue mpu Jrdom N Butots 10 N = 100.

107 M
e e

50 ,/,,

10

20 /’\/ 3=-0,0003x2+0,10x%3 055

/ Ri=0,095

; P

10 ’r“

0

0 20 40 50 80 100 N
Prc. 1. 3aBHCHMOCTB TJIyOUHBI KOJICH OT KOJIMIECTBA IPOXOI0B

Fig. 1. Dependence of the track depth (h) on the number
of passes (N)

AHanu3 NpOrHO3HBIX TOKa3aTellel BeTMYMHBI A TI0 Mepe pocTa 4ucia Mmpo-
XOZOB TPEJIEBOYHOIN CHUCTEMBI MIOKA3bIBAET, YTO, BO-TIEPBBIX, OT HAYaJIbHBIX 3HAUe-
HUM 1 BIoTk 10 N = 30 mpoUCXOIUT Pe3Koe YBEJIMUYEHHUE MPUPALCHUs TI1yOnHBI

koneu (puc. 2).
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Fig. 2. Change in the ratio
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ITocie 3TOoro MOMeHTa BpeMEHH HAOMIOAIOTCS AaHAJOTHYIHBIA PE3KHi criaf
npupameHuii 10 goctmwkenus N = 80 u mocnieayromiee IaBHOE CHIDKEHUE TTPHPO-
CTa TIyOMHBI KOojeu. Bo-BTOPBIX, MOKHO MPENNOI0KUTh, YTO MOJOOHBIH TOJTO-
CPOYHBIN MIPOTHO3 NTyOUHBI KOJIeH 1Mo TpeM (akTuueckuM aanHbeM h ipu N =0, 1,
2 B y3KOM JiMana3one u3MeHeHus h ot 4 1o 4,6 cM 6e3 KOpPEKTUPOBKHU Pe3yIbTaTOB
pacyeToB MpHUBEJET K CYIIECTBEHHOMY PAaCXOXKICHHIO ¢ (PaKTHUECKHUMHU MOKa3aTe-
JSIMH h 1aXKe TIpY OTHOCHTENbHO Hebompimux N > 10.

Eme ogauM apryMeHTOM B ITOJIB3Y HEOOXOTUMOCTH KOPPEKTHPOBKH pacyeT-
HBIX JTAHHBIX SBISETCS NMPUHATOE yciaoBue H = const Ha BCeM MepHOAe U3MEHEHUS
yrcia npoxogoB N ot 0 1o 100, T. e. Ha JOCTATOYHO OOJIBIIOM OTPE3KE BPEMEHHU.

[eno B Tom, orMevaercs B [5] Ha 0a3e wccienoBaHuid [4], 4TO B MEKCE30H-
HBIE TIEPHOJBI JIECO3arOTOBOK, OCOOCHHO Ha OTTAMBAIOIINX MTOYBOTPYHTAX, IO MEpPE
YBEIMUEHHS TTyOUHBI KOJICH M YKCIIa MPOXOI0B TPEIIEBOYHON CHCTEMBI BO3pacTaeT
BJIQKHOCTh I'PyHTa MPH MPHUOJMKEHUH K BOJOHEIIPOHHMLIAEMON T'paHUIle C 30HOW
Mep3JOTHL. | TyOrHY pacnoioXeHusI YKa3aHHOHW TpaHUIbl MOKHO TPHUHSTH 3a TIIy-
OMHY pacIlONIOKEeHUs TBEPIOTO OCHOBAHMUS, T. €. 32 MAKCUMAJILHO BO3MOXKHYIO TITy-
ouny xoyien H.

Taxum o6paszom, ¢ poctoM N u napamerp H ¥MeeT TEHACHIHIO K POCTY, MIPH
STOM B CHJIY YBEIHYCHHS BIAXXHOCTH W Hecymias CriocOOHOCTh TpyHTA (BEIMYMHA
CLICTIJICHUSI U yTOJI BHYTPEHHETO TPEHUS) CYIIECTBEHHO CHIDKAeTcs [4], 4To HEu3-
0EKHO 00YCIIOBHT COOTBETCTBYIOIIIEE YMEHBIICHUE MOIYJIsl 001iel nedopmanuu E.

B nomonHeHne K cKa3aHHOMY B MEKCE30HHBIE TIEPHOJIBI TIPU OONBIITUX TEM-
MepaTypHBIX TPaJMeHTaX CBOWCTBA IMOYBOTPYHTAa BO BpeMeHH (a mapametp N B
MPEJUI0KEHHON MOJENH SBIISETCS BPEMEHHBIM apryMEHTOM) CYIIECTBEHHO MEHS-
totcsi. U3 aToro cnemyer, 4To npu 3HaunTeNnbHBIX (Oonee 10) M3MEHEHHSX MapaMeT-
pa N TpeneBouHas cucrtemMa OyJeT B3aMMOJEHCTBOBATh C OOBEKTOM, 00JIaIat0NTIM
HWHBIMHU 11O CPABHCHUIO C UCXOJHBIMUA CBOMCTBaMH.

Matremarudeckasi Mojieiib, pa3paboranHas B [5] Ha npuHIUNax GopMupoBa-
HUSI MaTPUIL IEPEXOIHBIX cocTostHM Mapkosa [8, 10], mokaspiBaeT, uTo y4er Qax-
TOpa BIHMSIHAS TEMIIEPATYPhl OKPYKAIOIIEH Cpe/bl Ha MPOIECCHl epexo/ia BOJIbI B
Jen M oOpaTHO MPUBOAMT K POCTY BAapUATMBHOCTHU MCXOJHBIX MapaMeTpoB, YTO
CHIDKAeT HaJIe)KHOCTh IMPOTHO3a KOHEYHBIX TOKa3aTeleil rTyOnHbI KOJIEeH.

Hapsny ¢ aTum mokaszaTens BIaKHOCTH MACCHBOB CIUIOIIHBIX CPEJl Pa3iidd-
HOU MMpUpOJbl MMOA BHCIIHHUM CTATHUYCCKHUM JAaBJICHUEM TaAKXKE XapaKTCpU3YCTCA
OonpiuM pazdpocom [1, 2], 9TO MO3BOISET CALNATH BBIBOJ O 3aBUCHMOCTH COCTOS-
HUSl TIOYBOTPYHTA OT KOJIMYECTBA IMKIOB B3aMMOJCHCTBUS C HUM TPEIEBOYHON
cucreMbl. OTMEYEHHBIE OCOOEHHOCTHU HWHTETpPaJIbHO MOTYT 6I)ITI) YUYTCHBI TOJIBKO
IMYyTEM KOPPCKTHUPOBKU IMPOTHO3HBIX AAHHBIX B IIPOLECCCE ONBITHON peainzanumn
pacueTHOW MOJIEIH.

Tem He MeHee moaxon [9] obmamaeT 04eBUIHBIM MTPEUMYIIIECTBOM, BHITEKA-
omuM HU3 OTCYTCTBUMA HCOGXOI[I/IMOCTI/I YCTaHOBJICHUSA CBeI[eHI/Iﬁ (6] (bl/ISI/IKO-
MeXaHUYEeCKNX CBOMCTBAX JIECHOTO IMMO4YBOI'pYyHTA, OCO6eHHO B CJIOXKHBIX KJIMMaTH-
YECKHX YCJIOBHSAX MEXKCE30HHBIX IEPHUOJIOB MPOBEICHHS JIECO3arOTOBUTEIIBHBIX
pabotr. B CBsI3M ¢ 3TUM BO3HMKAET MOTPEOHOCTH Pa3pabOTKH TaKOW MPOTHO3HOM
MOJACIIN, KOTOpass OCHOBBIBAJIACh OBI Tak)Ke Ha OIBITHBIX JaHHBIX, HO 651na OTKPBbI-
TOM /17151 BBOJIA (PAKTHUECKUX MOKazaTeNell h MpU OTHOCHUTEIHHO HEOOJBIIOM IIare
N (ue Oonee 5), T. e. oOnagana ObI CBOWCTBOM OTIEPATHBHOCTH.
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WHbIMU CITOBaMU, €CIT Ha KAKOM-TO 3Tarne (PakTHYCCKUE 3HAYCHUS TITyOHHBI
KoJIeu hy OTJIMYAIOTCS OT PAacUEeTHBIX 3HAUCHUH h B OOJIBIIYIO CTOPOHY Ha 3aJaH-
HYIO TIOTPEIIHOCTh, MOJICIb 0053aHA YYECTh 3TO PACXOXKJACHUE U BHECTH COOTBET-
CTBYIOIINE KOPPEKTHUBHI.

Crnenys npuHIHIIaM (OPMHUPOBAHUS JOTHCTUIECKOTO YpaBHEeHHS [8], Oyaem

dh
CUUTaTh, YTO CKOPOCTH a mpornecca O6p330BaHI/I$I KOJICH MPOIOPpHHUOHAIbHA BEIU-

yrHe H — h, 910 IpUBOAUT K M depeHIInaATEHOMY YPaBHEHUIO:
dh

-y = k(H = h), 3)
o011iee pereHrue KOTOPOro MPUHUMAET BHT
h=H-Ce N, 4)

JIBe Hen3BeCTHBIC KOHCTAHTHI C; U k HAXOJUM M3 HAYaJIbHBIX YCIIOBHA:
a) TIpYU OJTHOM OITBITHOM M3MEPECHHH B IPOIIECCE IIEPBOTO MTPOX0Ia HMEEM:

mpu N =0->h=0;upuN =1 - h = hy; %)

0) Tpu IBYX ONBITHBIX U3MEPEHHSX:
mpu N =1->h=hy;npuN =2 > h = h,. (6)
UYacTtHble pemieHus pH ycnoBusx (5) u (6) MpUHUMAIOT COOTBETCTBEHHO BUJ]

(H-r)"
h=H-— HT—ll; (73.)
_ _ (H—hy)N—1

h=H TERI=L (706)

BospmeMm 3a ocHOBY peuienue (7a) ¥ IMyCTb IPOU3BEICHO OJHO H3MEPEHHE
riryounsl konen hy = 0,02 M mociie mepBoOro MpPOXoJia TPEIEBOYHON CHCTEMBI MPH
OIIBITHOM 3HAYCHWH TapaMmeTpa MaKCUMaJbHOM IITyOWHBI KOJIEH 10 Hadana padoT

Hy=0,3m.
Ha puc. 3, a npencrasien rpapux 3asucumoctu h(N), a Ha puc. 3, 6 (1o
h(N+1)
AHAJIOTUU C PUC. 2) — I3MEHEHNE OTHOIIICHUS “haw) | © POCTOM N.

Amnanu3 puc. 3, @ Mo3BOJISIET CliesIaTh BBIBOJ 00 aJI€KBaTHOM XapakTepe Io-
Bejienust kpuBoil A(N), a B COOTBETCTBHUHM C PUC. 3, 6 yKe MPHU HEOOIBIIOM YHUCIIE
MPOXO0JIOB, HAaUMHasl MpakTuiaecku ¢ N = 4-5, HaOmoaeTcsi aCMMITOTHYECKOE H3-
MEHEHHUE MPUPOCTA IIIyOUHBI KOJIEH, YTO IMOATBEPKAACTCS M JAaHHBIMU IPaKTHKH.

C uenpio Ooree OnepaTUBHOTO KOHTPOJS 32 (PaKTMYECKUMHU JaHHBIMH NPH-
MEM B KauecTBe IIara M3MEHEHHUs YMCiia MpoXoJ0B 3HaueHue N = 4 U JI0oMmycTuMm,
4TO Ha 3ToM mare pakruyeckoe hy(4) = 0,073 ommmuaercs ot pacuerHoro h(4) =
= 0,072 M Goznee yem Ha 1 %. [lanHOE OTIMYME NPUMEM 32 MUHUMAJILHO JIOITyCTH-
MYIO MOTpenrHocTh Ahyy,i, onpenencHus napamerpa h.

YBenuuenue pakTHYECKOro 3HaUEHNUs hg IO CPABHEHUIO C PACUETHBIM A mpu
MOCTOSIHCTBE Beca MavyKH TPEIIOEMBIX JiecoMaTepuanoB P, MaBlieHUs B IIMHAX q U
CKOpOCTH JBWXEHUs (opBapiepa v MOXHO TPaKTOBaTh Kak OOYCIIOBJIEHHOE PO-
CTOM napamMeTpa H B CBSI3U CO CHU)KEHHEM HeCyIe CIOCOOHOCTH TTOYBOTPYHTA.

Jns onmpenenenns paxkrudeckoro Hg(4), COOTBETCTBYIONIETO U3MEPEHHOMY
3HAYEHUIO g, (4), TpeOyeTCs PENNTE TPAHCIEHICHTHOE YPABHEHHE:

(Hy@-hy)" _

h(i) (4) - H¢(4) + H¢(4)N_1 = 0. (8)
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Puc. 3. 3aBucuMocTu TiIyOMHBI KOJIeM (@) W OTHOUICHHUS
h(N+1)

h(N)

Fig. 3. Dependencies of the track depth (a) and the ratio
h(N+1)

h(N)

(6) oT gncna MPOX0I0B

(6) on the number of passes

VrouHenHoe 3Ha4YeHue Hy(4) HEOOXOMMMO yUeCTh B COOTHOIEHUH (7a) st
pacyeToB IIyOMHBI KOJieM h Ha CJeIyIolleM Miare LUKJIOB, T.€. IPU M3MEHEHHH
YHClia IpoXo/10B B nuamna3zone N = 5-8.

Pemenue (8) uncneHHBIM cIOCOOOM J]ajl0 BO3MOXKHOCTh YCTAHOBHUTDH 3HAUE-
uue Hy, = 0,32 m, yro Ha 6,7 % npesbiiuaet nuexoaHoe snavenue Hy = 0,3 m.

YMECTHO OTMETHTb, YTO MEXIy MoayleMm obOuei nepopmanun E u riayou-
HOlt H CyliecTByeT ycToitumBas KoppensimuoHHas cBsse: H = 0,4714E **° uro
MO3BOJISICT CJIENATh BHIBOJI O CHIDKEHHU MOJYIS JeOpMaIiK OT HA4aIbHOTO YPOB-
Hs Ey =1290 o E = 1205 klla, T. e. 6osiee ueM Ha 7 %. DTOT pe3ysibTaTr 00yCIOB-
JIMBAaET COOTBETCTBYIOLIEE yBEIMUYCHHE OOIIed nedopMaluu €, MNOYBOIPYHTa B
TIpoIecce BO3AEHCTBHS HAa HETO TPEIEBOUYHOM CHCTEMBI.

IIppu N = 8 mpou3BOJAT CpaBHEHHE PACUETHHIX M (DAKTUYECKUX 3HAYCHHIA
rTyOMHBI KOJIEM W NP TIPEBBIEHUN Ry, Hasl h Gosiee Yem Ha J0MyCTUMYIO MOTPel-
HOCTb ARpyi, TIOBTOPSIOT QJITOPUTM KOPPEKTUPOBKH apaMmeTpoB h, H u E nipu BbI-
MTOJTHEHUH pacdeToB Ha dtarie N = 9—-12 u T. 1.

Pacuernple u QaxTHUecKne 3HAYEHHWS yKa3aHHBIX ITapaMeTPOB B MOMEHTHI
KOPPEKTUPOBOK MPUBEEHB! B TaOmuue. 3HaueHus hy, COOTBETCTBYIOT PacyeTy 1o
tdopmyie (7a) 6€3 KOPPEKTUPOBKU TITyOUHBI KOJIEH.
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h h h AR, H H E E
N . | 1072, M I . % ~10J2, M . AH, % Kllla :
4 7,2 7,2 7,3 1,4 30,0 32,0 6,7 1290 1205
8 12,7 12,9 13,3 4,7 32,0 37,3 16,5 1205 1119
12 16,9 18,1 18,5 9,5 37,3 41,0 9,9 1119 1070
16 20,1 22,5 23,0 14,4 41,0 434 5,9 1070 1041
20 22,4 26,5 27,0 20,5 43,4 45,6 5,0 1041 1017

Ha puc. 4, a npencrasnenst 3aBucumMoctu hy, u hy (kpusbie 1 u 2 coorset-
CTBEHHO) OT YHWCJIa MPOXOAOB NNV, KOTOPHIE C BBICOKOW TOYHOCTBHIO OIHCHIBAIOTCS
napaboNuYecKuMHU yYpaBHEHHSMH, a Ha puc. 4, 6 — abCconroTHas morpemHocTs Ah

o mepe pocra N.
By 1073 M
Jig 1072, n 2) ¥=0.03587+1.8027x+0 4902
R2=0,9996

15

20

15

10
/1 $=-0,0226x%+1 7645v+0 4583
) R*=0.9997

0 4 3 12 16 N
a
Ah, %
20 *
18— y=-0,035x%0,361x-1,328 .
P R2=0985 /74/
14 /}
12
10 N
+
8
5 /’/, *
L /
2
_/c{' *
0 * T T T T T T T ]
0 2 4 5 3 10 12 14 16 1 N

Puc. 4. 3aBucumoctn riy6unsl koneu (a, 1 — hy; 2 — hy)
U MOTPELIHOCTH PAcyYeToB IIIyOMHBI KoyieH (6) OT 4mciia
MPOXOJI0B
Fig. 4. Dependencies of the track depth (a, 1 — predicted
track depth (hy); 2 — actual track depth (hg)) and the track
depth calculation error (A/) on the number of passes

Jannsie puc. 4 CBUAETENBCTBYIOT O TOM, YTO MOCIIE BTOPO KOPPEKTUPOBKH
3HavYeHui riryOuHsl kojien (N = 8§) ydeT MorpenHoCcT! pacyeToB ¢ IOMOILBIO BBOJA
B TMPOTHO3HYIO MOJIETb ONBITHBIX (DAaKTHUECKUX JAHHBIX SBISIETCS ONpaBJaHHBIM,
MOCKOJIbKY 3HaueHHss Ah YeTBHIPEXKpaTHO NPEBBILIAIOT JOMYCTUMOE 3HAueHHE
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Ah iy Tlpy goCTHOKEHUH YUCIIOM ITPox00B N = 12 mOrpenHocTs pacyeToB IpH-
ommxaerca k 10 %, a 3aTeM mpeBbIIIaeT 3T0 3HadeHue, pu N = 20 TOrpenrHoCTh
cocraisieT 20 % u Oosee. YUUTHIBATh TaKUE PACXOKIACHUS TIPEACTABISCTCS HEOO-
XOJTUMBIM,

WuTepec BhI3bIBaCT aHAIN3 MAPAOOIMYSCKUX KPUBBIX Ha puC. 4, a u 4, 6. Ec-
JIM C OTpEeJIeICHHBIMA OTOBOPKAMH MOKHO TOBOPHUTH O MPOSBICHUH aCUMIITOTHYE-
CKOT'0 XapakTepa KpUBOU hp(N ), HauuHas ¢ Hekotoporo N > 16, To i KpUBOU

hg(N) u Tem Gosee kpuBoii morperHocteit AR(N) Ha puc. 4, 6 clienaTh TaKMe Bbl-

BOJbI HE MPEJCTABISETCS BO3MOXKHBIM. boiiee Toro, mpu N > 16 umeeT MecTo Cy-
HIECTBCHHBIH pOCT mapamerpa Ah, 4TO TIO3BOJISIET 3aKJIFOUUTh, YTO MPOTHO3HEIC
JIOJITOCPOYHBIE Moenu Tipu 0oasmux N (Oosee 16) Hemb3s cuuTath 3G HEKTHBHBI-
MU 0e3 MexaHH3Ma KOPPEKTUPOBOK, XOTS aOCONIOTHBIM MPUPOCT TITyOMHBI KOJEH
UMeeT TeHACHIUIO K CHIDKEHHIO, B CBSI3H C YEM PAcTeT U HAJCKHOCTH PaCUCTOB.

B [5], Ha ocHOBe BapHaIIMIOHHOTO METO/a ONPEACICHHUS TapaMeTpOB B3aUMO-
JIEHCTBHS TPEJIEBOYHOW CHUCTEMBI C OTTAWBAIONINM TPYHTOM, pa3paboTaHa IIKalia
HECyIIeH CITOCOOHOCTH MacCHBa 10 KPUTEPHIO TITyOUHBI KOJIeH A.

YcTaHOBIIEHO, YTO BEIMYWHA A TIPH MMOCTOSHCTBE MapaMeTPOB BIAKHOCTH H
ko dunmenta [lyaccona nponopironanbHa AaBJICHUIO B IIMHAX

a
h~a [t ©)

Te a — paguyCc KOHTAaKTHOM IUIONIAJIKH, 3aBUCSAIIMNA OT Beca Madyku P U, COOTBET-
CTBEHHO, (.

C nomoupto cooTHoIeHUs (9) MpeacTaBiIsieTcs: BO3MOXKHBIM OLIGHUTH B3au-
MOCBSI3b MEK/Iy MOTPEIIHOCTIMH OTpPECTCHHUs TTyOUHBI KOJIEH U JaBJICHUS B LIH-
Hax. [IpeBbilieHne mapameTpa h Ha 3aJaHHYIO MOTPEIIHOCTh Ah PaBHOCHIIBHO Tpe-
OOBaHMIO CHIDKCHHMS AaBJICHUS B IMHAX Ha Aq.

CoBpeMeHHBIE CUCTEMBI yNpaBlieHUs (opBapIepoM MO3BOJSIOT MpH Heba-
TONPHUATHBIX YCJIOBHUAX AKCIUIyaTallMd Ha CJIA0bIX MOYBOIPYHTaX M IMPeNebHOM
MOTpYKEHUH KOJIEC B MOYBOTPYHT CHMXkKaTh q 10 20 %, B yacTHOCTH ¢ 35 1o 28—
29 klIla [6, 7]. IIpoGaema yrpaBieHHs BEJIUYMHON  BEeChMa aKTyallbHa B CBS3H C
HEOOXOIMMOCTBI0O MaKCHMAIIbHOW 3arpy3Kd W MOBBIIEHHUS 3(P(PEKTHBHOCTH 3KC-
TUTyaTalluy TaKUX JOPOTOCTOSIIIUX JICCHBIX MAIIIMH, Kak ¢opBapaeps! [3].

OKoJIornuHble MWHUHBI GopBapaepoB, ¢ HU3KUM AasieHueM (1o 10 xlla), mo-
ryT ObITh 0COOCHHO 3((EKTHUBHBIMU JJIsl YYAaCTKOB IOYBOIPYHTOB C HHU3KOH U
4Ype3BBIYAHO HHM3KOW Hecymied crnocoOHocThio V-VII karteropuii, rae riryOuHa
kosien nipesbimaet 0,3 M.

st 000ocHOBaHMSI B3aMMOCBSI3H MapameTpoB Ah u Aq BBITIOJIHEHBI HEOOXO-
JUMbIE UCCIIEIOBAHUS, PE3YIbTaThl KOTOPBIX MPECTABIEHBI Ha puC. 5.

[lo manHBIM puc. 5 cHM3UTH naBieHne Ha 10 % mpencraBiseTcs 1enecooo-
PasHbIM, €CIIM HOrpelHOCTh AR MPEBBICUT pacueTHOe 3HaueHue h Oosee yem Ha
4 %, T.e. KOT/1a UMEET MECTO YETHIPEXKPATHOE MPEBBIIICHHE IOPOTOBOI0 3HAUCHHS
Ahmin =1 %.

Ecnu obpatuthes k puc. 4, 6, TO MOKHO 3aKITFOUYUTh, YTO YHUCIIO MPOXOA0B N
Oyzer OJIM3KO K 3HAUEHHIO &, T. €. IO BTOPOH KOPPEKTUPOBKU BEJIHMYMHBI I MOKHO
OIIEpaTHBHO YNPABIISATH IPOLIECCOM B3aUMOJEHCTBUS TPEIEBOUYHOW CUCTEMBI C MOY-
BOTPYHTOM JIECOCEKH IOCPEICTBOM KOHTPOJIS JIaBJIECHUS B IIMHAX, JOMyCKas CHU-
skenue 10 10 %, B wactHocTH ¢ 35 g0 32 kxlla. MakcuManbHO BO3MOXKHOE YMEHb-
menue q Ha 20 % (c 35 mo 29 klla) mo3BossgeT OMepaTHBHO KOPPEKTUPOBATH TITY-
OuHy Kosieu B TeueHne N = 12 IUKIIOB IPOXO/I0B TPEIEBOYHON CHCTEMBI.
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Puc. 5. CooTHolleHre MEXIYy MOTPEIIHOCTSIMH OIpelie-
JICHHs TNTyOWHBI KOJICH U JIaBJICHHS B [IMHAX
Fig. 5. The ratio between the track depth calculation error
Ah and tire pressure calculation error (Ag)

Oco00 crefyer OTMETHTD CHIDKEHHE MOy iehopmanuu Eq ¢ pocToM ymc-

J1a TIPOXOJI0B, OOYCJIOBICHHOE YBEIMYCHUEM 3HAYCHUM mapamerpa Hy (IOCKONIbKY
C HUM CBsI3aHbI MIPOLIECCHI Ie(hopMaIlui TOYBOTPYHTA). Pe3yIbTaThl 3THX UCCIIEO-
BaHUI OTPaKalOT JAaHHbIC pUC. 6, HA KOTOPOM INPEICTABICHbBI 3aBUCUMOCTH OT YHMC-
Jla TPOXOJIOB Oe3pa3MEpPHBIX BEJIUYHMH: KpHUBass | — OTHOIICHHS TJyOWHBI H¢ K
HavalpHOW TiryouHe H,, KpuBas 2 — OTHOIIEHUS YTOYHEHHOTO MOAYIA JedopMma-
uun Ey k HagansHOMY E).

Hy/Hyg

Ey/Ep

e ) 3-=n=00011{§3§%355x—0=9?5
14 :
. \/Q—/
12 /

1 y=0.000152-0 019x+1 001
o .\.\ 2) R=0.008

07 T T T T .
] 4 8 12 16 N

Puc. 6. 3aBucHMOCTH OTHOLIEHUH MaKCUMaJbHbBIX
ry6un xoneu (Hy/Ho, 1) u monynedl oOmiei
nedopmarmn (Ey/Eg, 2) OT 9ncna Npoxoos
Fig. 6. Dependences of the maximum track depths
(Hy/Hy, 1) and deformation moduli (E/Ey, 2) on
the number of passes; where index ¢ means actual,

index 0 — initial

Kak BumHO M3 XapakTepa MOBEJICHUs KPUBOU | MpH JA0ITOCPOYHOM MPOTHO3E
(N >16), oTkIoHEeHUE TIIyOMHBI OT HAYaIBHOTO 3Ha4YeHUs rpeBbiaeT 40 %, a Mojy-
a5t nepopmariuu — 20 %, ITO SABJISETCS TOMOJHUTEIBHBIM U BECOMBIM apryMEHTOM B
0JIb3y HEOOXOIMMOCTH y4eTa (PaKTHIECKUX JJAHHBIX B TPOTHO3HBIX MOJICIISIX.
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[IpyarMas Bo BHHMaHHE OCOOYIO BaKHOCTh NMPHUMEHEHHs Tmapamerpa E B
pa3IMYHBIX MAaTEeMAaTHYECKUX MOJENAX MEXaHWKA KOHTAaKTHOTO pa3pyIIeHUs
CIUIOIIHOM CpeJibl, B YaCTHOCTH MOJESAX Je()OpPMHPOBAaHUS M Pa3pylICHUS OTTa-

sBIIero rpyHTa [S], Ha puc. 7 uzobpaxen rpapux dpyukiuu Eq(N).

Ey .
q_xl‘la‘

1250 .\

1200

7=0.594x2-25 52x+1291
R*=02008

1150

1100

1050

1000
0

2 4 6 g 1w 12 14 16 18 N

Puc. 7. 3aBucuMocts Momyns oO0miell medopMmanuyd OT HYHCIA

Ipoxoa0B

Fig. 7. Dependence of the deformation modulus on the number

3asucumoctu Eg or N ¢ 1OCTaTOMHON TOYHOCTHIO ONHCBHIBAIOTCS 3aTyXaro-
niei napaboJioii. [Ipu MOCTOSHCTBE NaBiCHMs B HIMHAX 3TO OOYCIOBUT COOTBET-
CTBYIOIINH POCT MOKa3aTes 00Iel OTHOCUTENBHO! AepopMaInm €, IMOYBOTPYHTA.
Pesynprathl nccnenoBanuii npouecca 00pa3oBaHus KOJICH MO3BOJIMIIHN MOJY-
YUTH JaHHBIC (PHC. 8) 0 XapakTepe M3MEHEHHs ¢ pocToM napameTpa N Oe3zpazmep-
HBIX BENMYHMH: §, — OTHOWIEHHS pacyeTHbIX 3Hauenuit h,(N + 1) u h,(N) n §; —

of passes

OTHOIIEHHs CKOPPEKTUPOBAHHBIX 3HadeHHi hy, (N + 1) 1 hy,(N).
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Puc. 8. 3aBucumocts Ge3pasmepHbIx BennuuH &, (1)

1 &y (2) oT uKcIa Npoxo108

Fig. 8. Dependence of the predicted and actual di-
mensionless coefficients §, (1) and &, (2) on the

number of passes

ISSN 0536-1036



ISSN 0536-1036 «H3BecTHs By30B. JlecHoii :xkypHam». 2020. Ne § 141

Kax BumnMm, kpuBbie 1 u 2 Ha puc. 8§ GpaKTHISCKH COBMAAIOT U UMEIOT JBa
YEeTKO BBIPAKEHHBIX YJYaCTKa: CYNIECTBEHHOE CHIDKEHHE & /10 3HaueHnid N = 6-8 u
c1ab0e aCUMITOTHYECKOE CHIKCHHE & TTPH JaJIbHEHIIeM pocTe napamerpa N.

B 3aKimo4nTeNbHOM YacTH UCCIIEIOBAHUSI YMECTHO OLEHHUThH BIMSIHAE AJTO-
pUTMa KOPPEKTHPOBKM IMPOTHO3HBIX IOKa3areield Mo (GakTUYeCKUM 3HAYCHUSIM
IyOWHBI KOJIEH Ha Ipolecc JaehopMaliiy OYBOTPYHTA MPU HAMYUKN OCTATOYHOM
KOMITOHEHTHI €, B O0IIICH BeIUYUHE £ (puUC. 9).

AE. % 1=4,55711n(x)-0 4449
15 R=0,9936

: —
12 /
10 -/

0 E 10 15 20 25 30 35 40 45 N

Puc. 9. BnusgHue umcna NpoXOAOB Ha IOTPEIIHOCTh
ornpezeseHus oo1ei aehopMalyy Mo4BOrpyHTa
Fig. 9. Influence of the number of passes on the
deformation error of soil

CornacHo puc. 9, ¢ yBenuyeHueM 4uciia npoxonoB N norpemHocts A€ npu
ompeseneHnu ooien nedopmanuu ¢ yueTom u 6e3 yuera pakTHIECKUX TaHHBIX hg,
MPAaKTUYECKN HE 3aBUCHUT OT Mapamerpa &;, KOTOPbIA W3MEHSIICS B auanazone ot 0
1m0 50 % g&y. Kak Bumgno, mpu noctmwkennu mapamerpa N = 8—10 morpemHocTs Ag
npesbimaer 10 % u, HecMOTps Ha JajbHEHIIee aCUMIITOTUYECKOE TIOBEICHHE BO3-
pacratomieit pynkimun Ag(N), pe3ynbTaThl CBHICTEIbCTBYIOT O MPAaBOMEPHOCTH
MPE/UIOKEHHOTO TOAX0/a KOPPEKTHPOBKH TPH peasn3alfi JOJATOCPOUYHBIX MO/Ie-
JIel ycTaHOBJIEHUS TIIyOWHBI KOJIEH U IIPOLIECCOB Je(opMay NOYBOIPYHTA.

Raxnrouenue

Pe3ynbTarhl BHIIOJTHEHHBIX HCCIICAOBAHUN YOCAUTEIBLHO MOITBEPKIAIOT BbI-
BOJI O TOM, YTO MPH pa3paboTKe JOITOCPOUHBIX MPOTHO3HBIX MOJIENEH MmoKa3aresen
LUKIIMYECKOTO B3aUMO/ICHCTBHS TPEIEBOYHON CHCTEMBI C JIECHBIM IIOYBOTPYHTOM B
CJIOXKHBIX KJIMMAaTUYECKHX YCIOBHSIX IPOBEIEHHUS MEXKCE30HHBIX JIECO3arOTOBH-
TEJNBHBIX Pa0OT C IENbI0 TIOBBIIICHUSI WX HAJIS)KHOCTH HEOOXOJMMa OorepaThBHas
KOPPEKTHPOBKa PACUETHBIX MapaMeTpoB Ha 0Oa3e yueTa (PaKTHUECKHX OIBITHBIX
JAaHHBIX Ha 33JaHHOM IIare IUKJIOB.

CIIMCOK JIMTEPATYPBI / REFERENCES

1. Kamapos B.K., Cronés B.C., Pamvkosa E.H., I'epacumos IO.FO. Bnusiuue dopsap-
JIEpOB Ha JiecHble OUBO-TPYHTHI // Tp. neconmk. dak. [lerpl'y. 2012. T. 9, Ne 2. C. 73-81.
[Katarov V.K., Syunev V.S., Ratkova E.I., Gerasimov Y.Y. Impact of Wood Forwarding on
Forest Soils. Trudy lesoinzhenernogo fakul teta PetrGU [Resources and Technology], 2012,
vol. 9, no. 2, pp. 73-81].



142 «M3BecTus By30B. JlecHoii xxypHam». 2020. Ne § ISSN 0536-1036

2. Kosanesa H.B., Kamapoe B.K., Pamvkoea E.H. VlccnenoBanue BIMSAHUS LIMKIOB
«3aMOpaXMBAaHNE — OTTAWBAHUE» HAa XaPaKTCPUCTHUKH JIECHBIX ITOYBO-TPYHTOB, UCTIONb3Ye-
MBIX TIPH CTPOHTEIBCTBE JICCHBIX JOPOT // AKTyaJbHBIC HAallpaBICHHUS HAYYHBIX HCCIIEIOBA-
auit XXI Beka: Teopus u mpaktuka. 2014. T. 2, Ne 3-3(8-3). C. 176-180. [Kovaleva N.V.,
Katarov V.K., Ratkova E.I. “Freezing and Defrosting” Effect on Characteristics of Forest
Soils Used in Forest Road Construction. Aktual 'nyye napravieniya nauchnykh issledovaniy
XXI veka: teoriya i praktika, 2014, vol. 2, no. 3-3(8-3), pp. 176—180]. DOI: 10.12737/4221

3. Ilpaoxkun B.M. Bo3nelicTBHe HKOJIOTMYHOM INIMHBI Ha nouBy // BectH. Boponex.
roc. TexH. yH-ta. 2011. T. 7, Ne 3. C. 198-200. [Pryadkin V.I. Influence of the Harmless
Tire on Ground. Vestnik Voronezhskogo gosudarstvennogo tekhnicheskogo universiteta
[Bulletin of Voronezh State Technical University], 2011, vol. 7, no. 3, pp. 198-200].

4. Poman JLT., Hapanos M.H., Komos II.U., Boroxos C.C., Momenxo
P.I", Yepracos A.M., Imeiin A.1., Kocmoycos A.H. [locobue 1o omnpeneneHuro pu3uKo-
MEXaHUYECKUX CBOUCTB MPOMEP3AONINX, MEP3JIBIX W OTTAHBAIOIINX JUCIEPCHBIX TPYHTOB.
M.: KOV, 2018. 188 c. [Roman L.T., Tsarapov M.N., Kotov P.I., Volokhov S.S., Motenko
R.G., Cherkasov A.M., Shteyn A.L., Kostousov A.l. 4 Guide for Determining the Physical
and Mechanical Properties of Freezing, Frozen and Thawing Dispersed Soils. Moscow,
KDU Publ., 2018. 188 p.].

5. Pyoos C.E., Llanupo B/, I'pucopves U.B., Kynuykas O.A., I pucopvesa O.H.
Oco0eHHOCTH B3aMMOJICHCTBHS TPEJICBOYHOI CHCTEMBI C OTTaMBAIOIIUM OYBOTPYHTOM //
Jlecnoii BectHuk / Forestry Bulletin. 2019. T. 23, Ne 1. C. 52—61. [Rudov S.E., Shapiro
V.Y., Grigorev 1.V., Kunitskaya O.A., Grigoreva O.I. Interaction Features of Skidding Sys-
tem with Thawing Soil. Lesnoy vestnik [Forestry Bulletin], 2019, vol. 23, no. 1, pp. 52-61].
DOI: 10.18698/2542-1468-2019-1-52-61

6. Cionés B.C., Kamapos B.K. Bo3neicTBie NpoueccoB JECO3aroTOBOK Ha JIECHYIO
cpeny CeBepo-3amagnoro peruona P® // Tp. necommxk. daxk. [letpl'yY. 2008. Ne 7. C. 120-
121. [Syunev V.S., Katarov V.K. Wood Harvesting Processes Impact on the Forest Envi-
ronment on the North-West of the Russian Federation. Trudy lesoinzhenernogo fakul teta
PetrGU [Resources and Technology], 2008, no. 7, pp. 120—121].

7. Cionés B.C., Kamapos B.K. OcobeHnHocTH (popMupoBanust HHOPACTPYKTYPHI Jie-
cocek // Tp. necourk. ¢pak. [Terpl'Y. 2010. Ne 8. C. 151-152. [Syunev V.S., Katarov V.K.
Features of Forming the Infrastructure of Cutting Areas. Trudy lesoinzhenernogo fakul teta
PetrGU [Resources and Technology], 2010, no. 8, pp. 151-152].

8. Cronés B.C., Konosanos A.Il., Cenusepcmog A.A. CpaBHeHHE 3((HEKTUBHOCTH
TEXHOJIOTHH JIECO3arOTOBOK Ha OCHOBE JKCIEPTHOTO aHanm3a // YdeH. 3am. Ilerposas. roc.
yH-Ta. Cep.: EctectB. m TexH. Hayku. 2008. Ne 3(94). C. 89-93. [Syunev V.S., Konova-
lov A.P., Seliverstov A.A. Comparison the Effectiveness of of Logging Technologies Based
on Expert Analysis. Uchenyye zapiski Petrozavodskogo gosudarstvennogo universiteta. Ser-
iva: Estestvennyye i tekhnicheskiye nauki [Proceedings of Petrozavodsk State University.
Natural & Engineering Sciences], 2008, no. 3(94), pp. 89-93].

9. Ciwonés B.C., Pamvrosa E.M. Metonuka MpOTHO3UPOBAHUS BO3JIEHCTBUS Jieco3a-
TOTOBHUTEJILHBIX MAIIMH Ha TIOYBOTPYHTHI B MEXKCE30HHbIEe Nepro/ibl // YdeH. 3ar. [leTpo3as.
roc. yu-ta. Cep.: EcrectB. m TexH. Hayku. 2012. Ne 6(127). C. 70-74. [Syunev V.S,
Rat’kova E.I. Methods Prognosticating Harvesters” Impact on Soil during Transitional Sea-
sons. Uchenyye zapiski Petrozavodskogo gosudarstvennogo universiteta. Seriya: Estestven-
nyye i tekhnicheskiye nauki [Proceedings of Petrozavodsk State University. Natural & Engi-
neering Sciences], 2012, no. 6, pp. 70-74].

10. Cionée B.C., Cokonos A.Il. TlpuMeHeHne JIOTUCTUUECKOTO MOAX0/1a K PELICHUIO
3aj1a4 yNpaBJIeHHs JIeCO3arOTOBUTEIILHBIM NPOU3BOJICTBOM // ANbTEpHATUBHBIE UCTOYHUKH
9HEPruM B TPAHCIIOPTHO-TEXHOJIOTHYECKOM KOMIUIEKCE: POOJIEMbl M IEPCIICKTHBEI PaIHo-
HanpHOTO Hcmonb3oBanus. 2016. T. 3, Ne 1. C. 447-452. [Syunev V., Sokolov A. Use of a
Logistical Approach to the Wood Harvesting Planning Performance. A/ ternativnyye isto-
chniki energii v transportno-tekhnologicheskom komplekse: problemy i perspektivy ratsion-




ISSN 0536-1036 «H3BecTHs By30B. JlecHoii :xkypHam». 2020. Ne § 143

al’nogo ispol’zovaniya [Alternative Energy Sources in the Transport-Technological Com-
plex: Problems and Prospects of Rational Use], 2016, vol. 3, no. 1, pp. 447-452].
DOI: 10.12737/17771

11. Finnegan J., Regan J.T., de Eyto E., Ryder E., Tiernan D. Healy M.G. Nutrient
Dynamics in a Peatland Forest Riparian Buffer Zone and Implications for the Establishment
of Planted Saplings. FEcological Engineering, 2012, vol. 47, pp. 155-164. DOI:
10.1016/j.ecoleng.2012.06.023

12. Gerasimov Yu., Katarov V. Effect of Bogie Track and Slash Reinforcement on
Sinkage and Soil Compaction in Soft Terrains. Croatian Journal of Forest Engineering,
2010, vol. 31, no. 1, pp. 35-45.

13. Grigorev M., Grigoreva A., Grigorev 1., Kunickaya O., Stepanova D., Savvinova M.,
Sidorov M., Tomashevskaya E., Burtseva 1., Zakharova O. Experimental Findings in Forest
Soil Mechanics. EurAsian Journal of BioSciences, 2018, vol. 12, iss. 2, pp. 277-287.

14. Ivanov V.A., Grigorev 1.V., Gasparyan G.D., Manukovsky A.Y., Zhuk A.Yu.,
Kunitskaya O.A., Grigoreva O.I. Environment-Friendly Logging in the Context of Water
Logged Soil and Knob-and-Ridge Terrain. Journal of Mechanical Engineering Research
and Developments, 2018, vol. 41, no. 2, pp. 22-27. DOI: 10.26480/jmerd.02.2018.22.27

15. Kleibl M., Klva¢ R., Lombardini C., Porhaly J., Spinelli R. Soil Compaction and
Recovery after Mechanized Final Felling of Italian Coastal Pine Plantations. Croatian Jour-
nal of Forest Engineering, 2014, vol. 35, no. 1, pp. 63-71.

16. Manukovsky A.Y., Grigorev 1.V., Ivanov V.A., Gasparyan G.D., Lapshina M.L.,
Makarova Yu.A., Chetverikova 1.V., Yakovlev K.A., Afonichev D.N., Kunitskaya O.A.
Increasing the Logging Road Efficiency by Reducing the Intensity of Rutting: Mathematical
Modeling. Journal of Mechanical Engineering Research and Developments, 2018, vol. 41,
no. 2, pp. 35-41. DOI: 10.26480/jmerd.02.2018.36.42

17. Rudov S., Shapiro V., Grigorev 1., Kunickaya O., Druzyanova V., Kokieva G.,
Filatov A., Sleptsova M., Bondarenko A., Radnaed D. Specific Features of Influence of
Propulsion Plants of the Wheel-Tire Tractors upon the Cryomorphic Soils, Soils, and Soil
Grounds. International Journal of Civil Engineering and Technology, 2019, vol. 10, iss. 1,
pp. 2052-2071.

18. Valera D.L., Gil J., Agiiera J. Design of a New Sensor for Determination of the
Effects of Tractor Field Usage in Southern Spain: Soil Sinkage and Alterations in the Cone
Index and Dry Bulk Density. Sensors, 2012, vol. 12, iss. 10, pp. 13480-13490. DOI:
10.3390/s121013480

19. Wasterlund 1., Andersson E. Increased Harvesting Operation Using Adapted
Ground Pressure to Soil Conditions. /7th International Conference of the International So-
ciety for Terrain Vehicle Systems. Blacksburg, VA, ISTVS, 2011, pp. 521-527.

20. Zhuk A.Yu., Hahina A.M., Grigorev L.V., Ivanov V.A., Gasparyan G.D., Manu-
kovskii A.Yu., Kunickaya O.A., Danilenko O.K., Grigoreva O.I. Modelling of Indenter
Pressed into Heterogeneous Soil. Journal of Engineering and Applied Sciences, 2018,
vol. 13, iss. 8 SI, pp. 6419-6430. DOI: 10.36478/jeasci.2018.6419.6430

A PREDICTIVE MODEL OF THE IMPACT OF THE SKIDDING SYSTEM
ON FOREST SOIL IN SEVERE CLIMATIC CONDITIONS

S.E. Rudov', Candidate of Engineering; ResearcherID: AAC-9563-2020
ORCID: https://orcid.org/0000-0002-9900-0929

V.Ya. Shapiro’, Doctor of Engineering, Prof.; ResearcherID: AAC-9658-2020
ORCID: https.//orcid.org/0000-0002-6344-1239

LV. Grigorev’, Doctor of Engineering, Prof.; ResearcherID: S-7085-2016,
ORCID: https.//orcid.org/0000-0002-5574-1725

O.A. Kunitskaya®, Doctor of Engineering, Prof.; ResearcherID: AAC-9568-2020
ORCID: https.//orcid.org/0000-0001-8542-9380




144 «M3BecTus By30B. JlecHoii xxypHam». 2020. Ne § ISSN 0536-1036

O.1. Grigorevd’, Candidate of Agriculture, Assoc. Prof.; ResearcherID: AAC-9570-2020
ORCID: https://orcid.org/0000-0001-5937-0813

'Military Academy of Communications named after Marshal of the Soviet Union
S.M. Budyonny, Tikhoretskiy prosp., 3, K-64, Saint Petersburg, 194064, Russian Federa-
tion; e-mail: 89213093250@mail.ru

?St. Petersburg State Forest Engineering University named after S.M. Kirov, Institutskiy
per., 5, Saint Petersburg, 194021, Russian Federation; e-mail: shapiro54vlad@mail.ru,
grigoreva_o@list.ru

Yakut State Agricultural Academy, sh. Sergelyakhskoye, 3-y km, 3, Yakutsk, 677007, Rus-
sian Federation; e-mail: silver73@inbox.ru, ola.ola07@mail.ru

In the Russian Federation logging operations are traditionally carried out in winter. This is
due to the predominance of areas with swamped and water-logged (class III and I'V) soils in
the forest fund, where work of forestry equipment is difficult, and sometimes impossible in
the warm season. The work of logging companies in the forests of the cryolithozone, charac-
terized by a sharply continental climate, with severe frosts in winter, is hampered by the fact
that forest machines are not recommended to operate at temperatures below —40 °C due to
the high probability of breaking of metal structures and hydraulic system. At the same time,
in the warm season, most of the cutting areas on cryosolic soils become difficult to pass for
heavy forest machines. It turns out that the convenient period for logging in the forests of
the cryolithozone is quite small. This results in the need of work in the so-called off-season
period, when the air temperature becomes positive, and the thawing processes of the soil top
layer begin. The same applies to the logging companies not operating in the conditions of
cryosolic soils, for instance, in the Leningrad, Novgorod, Pskov, Vologda regions, etc. The
observed climate warming has led to a significant reduction in the sustained period of winter
logging. Frequent temperature transitions around 0 °C in winter, autumn and spring necessi-
tate to work during the off-season too, while cutting areas thaw. In bad seasonal and climatic
conditions, which primarily include off-season periods in general and permafrost in particu-
lar, it is very difficult to take into account in mathematical models features of soil freezing
and thawing and their effect on the destruction nature. The article shows that the develop-
ment of long-term predictive models of indicators of cyclic interaction between the skidding
system and forest soil in adverse climatic conditions of off-season logging operations in
order to improve their reliability requires rapid adjustment of the calculated parameters
based on the actual experimental data at a given step of the cycles.

For citation: Rudov S.E., Shapiro V.Ya., Grigorev [.V., Kunitskaya O.A., Grigoreva O.I.
A Predictive Model of the Impact of the Skidding System on Forest Soil in Severe Climatic
Conditions. Lesnoy Zhurnal [Russian Forestry Journal], 2020, no. 5, pp. 131-144. DOI:
10.37482/0536-1036-2020-5-131-144

Keywords: frozen soil, thawing soil, logging, skidding system, soil compaction, soil defor-
mation.
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CesepHsrii (Apkruueckuit) dhenepanpusii yauBepcuteT uM. M.B. JlomonocoBa, Hab6. Ce-
BepHOit [IBuHEI, 1. 17, . Apxanremnsck, Poccus, 163002; e-mail: d.myasishchev@narfu.ru,
d.shostenko@narfu.ru, serebrennikov.a@edu.narfu.ru

B coBpeMeHHBIX YCIOBUAX MPOCMATPUBACTCs TEHACHIUS CO3/aHHS YHHUBEPCAIbHOM Tpak-
TOpHO# 0a3bl TsAroBoro kiacca. C MO3MIMM MPOU3BOAMTENSI TAKMX TPAKTOPOB, BCE OUCHb
LIeJIeCO00pa3Ho U JIOTHYHO: MUHHMMH3HMPYETCS KOJIMYECTBO YHH(UIMPOBAHHBIX Y3JIOB U
arperaToB, CHM)KA€TCsl HOMEHKIIATYPHBIA CIMCOK KOMIUIEKTyromuX. OHaKO 3TO IpueMiie-
MO JI0 ONPEIETICHHON CTENeHH, KOTOpasi OrpaHIMYCHA TEXHOJIOTUYECKUM IUIeH(OM s co-
3/1aBa€MOr0 TpakTopa M crenu(ukol ero mpuMeHeHus. B craTbe paccMmarpuBaroTcsi Hop-
TaJBHBIA JECOXO03SIHCTBEHHBIN TPAKTOP TATOBOTO Kiacca 6 kH, nMmerommuit pazHOOOpa3HBIi
nuieiid paboynx OpraHoB M MAIlUH, a TAKKE TPY30BYIO IIATPOPMY Ha 3aIHCH MIaApHUPHO-
COCIMHEHHOM CEKLUU, U TPY30BOU PEKUM JIBUKCHUS arperara o CIy4ailHOMy MUKPOIPO-
¢wro moJ KosecaMu B KoJiesix. Pemaercs 3a1a4a cTaTUCTHYECKOM IMHAMUKK. B kadecTBe
BBIXOJTHOTO TIpoliecca CTpouTca Hu3o0pakeHue Jlammaca uis 4acoBOrO pacxoja TOIIMBA
JIBUTATEJIEM TPAKTOpPa, B KA4ECTBE BXOJHOTO Ipolecca Moxaenupyercs JlamiacoBo m3obpa-
JKEHHE BHEIIHErO CIYYaifHOrO BO3AEHCTBUS OT MuKpompo¢mis mo komesm. [Ipum stom
oTIpeziersieTcst epeaTouHast (pyHKIMS 4acOBOTO pacxo/ia TOIINBA, KOTOPAs MO3BOJISET NPH
3aJJaHHOM MHKPOIPO(HIIE 10 KOJESIM OLEHHUTh CIIEKTPAIBHYIO INIOTHOCTH YAaCOBOTO PACXO0-
Jla TOIUTMBA TPAKTOPOM M AUCHEPCHIO YacoBOTO pacxona. C MCTHONb30BaHHEM KOPPENAIH-
OHHOM TEOPHH CIY4aWHBIX IPOLIECCOB OIIEHMBAETCS MAaTEeMAaTHYECKOe OXKHIAHHWE 4acOBOTO
pacxojia TOIUIMBA MPU TPAHCHOPTHBIX PabOTaX M MOSIBISAETCS BO3MOXKHOCTh PEIICHUS ONTH-
MU3AIMOHHOM 33/1a4i — BBIOOpA TaKMX HIMH XOJIOBBIX TEJEKEK, IIPH KOTOPhIX o0OecreunBa-
€Tcd MUHMMYM JUCIIEPCHHM U MaTE€MaTH4eCKOro OXHMJIaHHsS 4acOBOI'O PACXOAa TOILIUBA
TpaHCIIOPTHOTO arperara. CUTyalMOHHasE KOMOWHAIUS CBOAWTCA K TOMY, YTO C POCTOM
paanyca IIUH, C OJHONW CTOPOHBI, IPOUCXOAUT YBEIMYEHNUE BBICOTHI IIEHTPA TAKECTU arpe-
rara, 4To CIocOOCTBYET MOBBIIICHHIO YaCOBOTO PAcxXoja TOILUINBA, HO, C JPYTOH CTOPOHHI,
yYBEJIHUEHHE pajnyca IMIMHBI CHIKAET KOI(D(MUIIMEHT CONMPOTHBICHHUS KAYCHHMIO Kojeca U
pacxon ToruBa. Takum oOpa3oM, MMeeTcs 3aJada JUCKPETHONW ONTHMM3ALUU — BBIOOpa
KOHCTPYKIIMH IITUHBI, IPU KOTOPOl MUHMUMHU3HUPYIOTCS YHEPTeTHUECKUE 3aTPaThl UCCIIeaye-
MOTO TPAHCIOPTHOTO arperaTta.

Jna yumupoeanus: Mscumes J1.I'., llocrenko J[.H., CepebpennnkoB A.B. [Torpednenne
TOIUIMBA TIOPTAJIBHBIM JIECOXO3SHCTBEHHBIM TPAKTOPOM C yYETOM CTOXACTHUECKHX (haKTo-
pos // 13B. By30B. JlecH. xypH. 2020. Ne 5. C. 145-154. DOI: 10.37482/0536-1036-2020-5-
145-154

Kntouesvie cnoea: MOPTAIbHBIN TPAKTOP, MUKPONPO(dMIIb, pacxo] TOMINBA, MEepPeaaTouHas
(yHKINSA, ONTHMHA3AIHUSL.

Beseoenue

B COBPEMCHHOM JICCHOM XO3SHUCTBE HIIHUPOKO MPUMCHAOTCA MaHOFa6apI/ITHLIC
TPAKTOPbI PA3JINIHBIX 3aBOZLOB—HpOI/I3BO,Z[I/ITCHGI>i. Onu CYHIECTBCHHO OTINYANOTCA
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[0 LIEJIOMY PSAY MapaMeTpoB U KOMIIOHOBOYHBIX pelieHUil. MHOrue jecoxossii-
CTBEHHBIE TPEANPUATHS OCHAIMICHBI HEOOXOIWMBIMH MAaOradapuTHBIMHA (MOIII-
HOCTh 110 15 kBT, TsaroBeii kmacc 6 kH u MeHee) TpakTopamMu U CaMOXOIHBIMH
IIaCCH.

Brimensercss psig MamoraOapuUTHBIX TPAaKTOPOB M TPAKTOPHBIX CaMOXO/I-
HBIX IIAaCCH, KOTOPHIE BHICTYIIAIOT B Ka4eCTBE JIECOXO3SHCTBEHHBIX. Hampumep,
M3 YHClla KOJIECHBIX TPAKTOPOB B MEPEUYCHbD JIECOXO3IMCTBEHHBIX MOYKHO BKITIO-
YUTHh TPakTOp Bnagmmupckoro tpaktopHoro 3aBona TJI-28 (TAroBelil Kiacc
6 xH, konecHast opmyna 4x4) ¢ MAPHUPHO-COUICHEHHONW XOJ0BOM YacCThIO U
ero anaior — tpaktop TJI-30 (TsroBeiii kiacc 9 kH, konmecHas dopmyna 4x4),
M3TOTOBJISEMBIA Ha 3aBoae UM. B.A. ManpimeBa. O6a TpakTopa CXOXKH IO KOM-
MMOHOBKE W HMCIOJIB3YIOTCA ISl TPEIEBKH IPEBECHHBI OT PYOOK yXoJa pasHOro
BHJIa, a TaK)K€ B arperare ¢ pasiIM4YHBIMH JIECOXO35HCTBEHHBIMM MAalllMHAMH U
opyausiMH. BakHBIM JOCTOMHCTBOM OJTHUX MAIIHMH SBJISETCS LIAPHUPHO-CO-
YJIeHEeHHAs KOHCTPYKIIUS PaMbl, 9TO 00ECIIEYNBAET MOJOKUTEIbHBIE YKCILTyaTa-
IIMOHHBIE CBOWCTBA — BBICOKYIO MPOXOJWMOCTh W MaHEBPEHHOCTH MAIWHHO-
TPAKTOPHOTO arperata Ha MIACCH, ONTHUMAJIbHOE HCIOJIB30BaHUE IUPOKOIPO-
(GUIBHBIX IIWH HU3KOTO JAaBJICHHs. DTO MMEET OIpejaelsioniee 3HauYeHUE s
3KOJIOTMYECKON COBMECTHUMOCTH XOJIOBOM CHCTEMBbl MAlIUH W JIECHBIX IOYB.
K orpunarenbHbIM KadecTBaM TPAKTOPOB OTHOCHTCS TO, YTO OHH MPEACTABISAIOT
13 ce0s TOIBKO TATOBBIE MANIMHBI U HE UMEIOT BO3MOKHOCTH MEPEBO3HUTH TPY3bI
0e3 mpuiena WKW JAOMOJTHUTEIHHOTO OOOPYIOBaHMS, HANPUMEpP KaHATHO-
YOKEPHOU CHUCTEMBI WJIM 3aXBaTa JJIsl IepeMeIleHHs adex.

CwmexsbM ¢ TpakTopamu T-28 u T-30 mo A0CTOMHCTBAM U HEAOCTATKAM SIB-
JseTCsl ManorabapuTHeIA KonecHbId TpakTop T-25AJI (taroserit kmacc 6 xH, ko-
necHast ¢popmyna 4x4), KOTOPBIA O CPaBHEHHWIO C HUMHU 00JIaaeT BaKHBIM TIpe-
UMYIIECTBOM — MUMEET OOJBIIION arpoTeXHUYECKHi MpocBeT. JJoCTOMHCTBO TI000-
HOTO KOHCTPYKTHBHOTO pEIIEHUS — BO3MOYKHOCTh MOHTa)Ka TEXHOJOTHYECKOTO
o0opymoBaHus O] KOpITycaMH TosiypaM TpakTtopa. Kpome Toro, ero 3aaHsst cex-
U MOKET 000pYyIOBaThCS TPY30BBIM Ky30BOM, BO3MOXKHO caMOCBasbHBIM. [lo-
TEHIIHAIEHO ATO TIO3BOJISIET MCIOJIB30BaTh KOMIIOHEHTHI PACCMATPHBAEMBIX TpaK-
TOPOB U WX TEXHOJOTHYECKUE NUICH(BI IS BHITOJHEHUS CHEUPUISCKUX JIECOXO0-
3STMCTBEHHBIX MEPONpPUATHH MO 00paboTKe KyCTapHHUKOBBIX KYyJIBTYp B JIAHJ-
nraTHOM CTPOUTENBCTBE, MPU MPOBEACHUH PaboT B MEXKILYPSAbIX JIECHBIX TUTOM-
HUKOB, ITIEPEBO3KE MAJIOTa0APUTHBIX TPY30B.

Obvexkmol U Memoobl UCCAe008AHUS

Ha xadenpe TpaHCTIOPTHO-TEXHOJIIOTHYECKUX MAITUH, 000PYAOBAHUS U JIOTU-
ctuku CeBepHOro (ApKTHYECKOT0) (eiepalbHOro YHUBEpCUTETa BEAYTCS Hay4HO-
MCCIIEIOBATENIbCKUE U OIBITHO-KOHCTPYKTOPCKUE PadOThl O CO3JaHUIO Majorada-
PUTHOTO JIECOXO3SIICTBEHHOTO OPTAJIBHOTO IAPHUPHO-COWIEHEHHOTO TPAKTOpa, a
TaKXe TeXHoJormdeckoro nuierda st vero [10, 12, 18]. YeTpoiicTBO U KOHCTPYK-
s ATOTO 00pa3Ila-KOHIENTa HHTEPIPETUPOBAHBI HH(OOPMAIIMOHHBIM COJICPIKAHM-
eM 1 (OTOMJLTIOCTPALMEH ero TPAaHCIIOPTHOM KoMIuieKTauuu (puc. 1).
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Puc. 1. Jlecoxo3stiicTBeHHBIH MHHHU-TpakTOp-KoHIENT AJITU-CADY
C KOMIIOHCHTAMH TEXHOJIOTHYECKOTo nuieiida: 1 — CHIoBOH MOMIYIb;
2 — MOJyJb PYYHOIO yIpaBieHUs; 3 — rpy30BOil Ky30B YHHMBEpCalb-
Horo mpuiena; 4 — chepuvecKuil JUCKOBBIA COIIHHK CESITKH;
5 — miyr; 6 — GOpoHKa cesIkh; 7 — BbICEBAOLIEe YCTPOUCTBO J1abu-
PHMHTHOTO THMA; 8 — OTIOPHBIN KATOK CESUTKH; 9 — IEMEHT KPETUICHHSI
HaBeCHBIX opyauii; 10 — 00KoBOH (IpaBblii) Basl 0TOOpa MOIIHOCTH
Fig. 1. Forestry minitractor — concept of ALTI-NArFU with compo-
nents of the technological trail: 1 — power module; 2 — manual opera-
tion module; 3 — cargo body of the multipurpose trailer; 4 — spherical
disc opener of the seeder; 5 — plow; 6 — seeder harrow; 7 — labyrinth-
type seeding device; 8 — seeder track roller; 9 — fastener of mounted
equipment; 10 — side (right) power take-off

CrnemyeTr OTMETHTh, YTO TOpTaIbHasi KOMIIOHOBKA XOJIOBOH CHUCTEMBI B CIIe-
MUPHUUECKUX YCIOBUSX JIECOXO3SHCTBEHHBIX MUKPONpOQUIeH HA MyTH JABHKCHUS
OyZeT OKa3bIBaTh CYIIECTBEHHOE BIMSHUE HAa SHEPTo3aTpaThl (PacxXo/1 TOIDIHBA) IS
nepeMenieHnst Tpakropa. [Ipraem mosiokeHue NEHTpa TSHKECTH arperaTa, CBs3aH-
HO€ C KOHCTPYKIIMEH MOpTaia U KOJEC XOJ0BOH CUCTEMbI, Oy/IeT OCHOBHBIM BJIMS-
FOIIUM KOHCTPYKTHUBHBIM (DAKTOPOM TpH MPOYMX paBHBIX ycioBusax. [loatomy pe-
IIeHHEe 3a]]a91 OLEHKM pacXoja TOIIMBA TPAKTOPOM B 3aBUCHMOCTH OT KOHCTPYK-
THUBHBIX MTAPAMETPOB €T'0 XOJ0BOW CUCTEMBI B YCIOBHUSX CIy4allHOTO MUKpoTpodu-
JISl IyTH aKTYaJIbHO.

Lenp nccnemoBanus — pa3paboTKa METOAMKH OIEHKH TOTTMBHOW SKOHOMHUY-
HOCTH TMOPTAJILHOTO JICCOXO3SIMCTBEHHOTO TPAKTOpa B CTOXAaCTHYECKHUX YCIIOBHUSAX
AKCIUTyaTallHH.

Jiig petieHus: TaHHOM MTPOOJIEMBI HCITONIB30BAIMCH METO BT 00IIei [1, 2, 7]
craructudeckoit [8, 11, 15] nuHaMUKH MOOMJIBHBIX TEXHOJIOIMUYECKUX MAIIIKH.

B cBsi3u ¢ Tem, 4TO TOCTaBJICHHAs 3ajlaya PeliacTcs B MEPBOM IPUOIHIKE-
HUU, OBUTU MPUHSATHI CIEAYIONIIE OOIINE JOMYIIEHUS:

JIMHAMUYECKAsl CUCTEMA SIBJISIETCA CTAI[MOHAPHOU JIMHEWMHOM;

WCCIIEeTyeTCs PSIMOJIMHENHHBIN YCTAaHOBUBIITHIICS PEXKUM JBHIKCHUS;

OTCYTCTBYET ITPOJIOJbHBIN YKIOH OMIOPHON MTOBEPXHOCTH JIBHIKEHUS;
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MIpH IBW)KEHUW HAOJIIOMAaeTCsl CTOXaCTUYECKHU TIOTIEPEYHBIA YKIIOH IO OCSM
XOJIOBOUM CHUCTEMBI;

KOJIeca XOJ0BOM CUCTEMbI HICATH3UPYIOTCS KaK a0COIFOTHO KECTKHE,

TPaKTOP HE UMEET YNPYTroi MOJBECKHU.

PaccmarpuBaeTcss IBMKEHME HIAPHUPHO-COUJIEHEHHOTO IMOPTAJIbHOIO JIECO-
X03sICTBEHHOTO TpakTopa (4K4) B pexxuMe TpaHCIOPTUPOBKU HEKOTOPOTO Ipysa.
OO0BeKT, KOTOPBIH MEPEBO3UTCS, PACTIONOKEH B Ky30B€, CMOHTHPOBAHHOM Ha 3a]l-
Hel (1o XoIy ABMDKEHMsSI) CeKIUM Imaccu. McxoaHas pacueTHas cxema Jjisl ocie-
JIYIOIIUX BBIKJIAJOK MpECTaBiIeHa Ha PUC. 2.

Puc. 2. Pacuernas cxema maccu: L — Kojes
KoJiec cekmui maccu, M; Q) u O, — Bec Tie-
penHen u 3anHen cekuui Tpakropa, H; Py u
" Py, — KacarelibHasl CHJIa Ha IEPeJHEM Ipa-
BOM U TIepeJIHEM JIEBOM KoJiecax Tpaktopa, H;
Py3; m Pys; — KacaTelbHas cuja Ha 3aJHEM
[IpaBOM U 33JJHEM JIEBOM KoJiecax TpakTopa, H

Fig. 2. Computational model of the chassis:
L — wheel track of the chassis sections, m; O;
and Q, — weight of the front and rear sections
of the tractor, N; Pyy; and Py, — tangential
force on the front right and front left wheels
of the tractor, N; Py3; and Pys; — tangential
Bl force on the rear right and rear left wheels of
the tractor, N

YacoBoii pacxop TtommBa G, (Kr/4) ABUraTeis BHyTPEHHETO CrOpaHUsl MpH-
BoJla MamuHkI [3, 4, 19]:
36000 o C
G, =, (M
nT,

rae O, — UMKJIOBas Mojada, Kr o, — yIJoBas 4acToTa BPAlIEHHs KOJIEHYaTOro
BaJIa JBUTaTes, C C, — YHMCIIO0 NMIMHJPOB; T — APXUMEIOBO YHCIIO; T, — TaKT-
HOCTB JIBUTATEJIS.

OddexTuHblil kpyTsammii MmomenT M, (H-Mm), pasBuBaeMslil paccMaTpuBa-
€MBIM JIBUTATEJIEM, MIPEACTABUM B BUJIE CIICAYIOIIETO COOTHOIICHUS:
M = 10°H,C.0,m, ,

e

2
T,

rae H, — Hu3WIas TEMIoTa cropanus Tommea, kJLK/kr; 1, — 3dekTuBHbIN K0d(-
(GUIMEHT MOJIE3HOTO JICHCTBUS IBUTATEIIS.
BripasuM u3 (2) NMKIOBYIO ojady O, uepe3 M, ¥ MOJACTaBUM pe3ylbTar B

dopmyny (1), Torma

G - 3,60,M, . 3)
N4,
s uzyvaemoro ciyvas
Me = ﬂ, (4)
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rae P, — kacatenbHas cuia Ha Kosecax Tpaktopa, H; R — paauyc koneca, M i, —

nepeaaToyHoc 4YucCjIO TPaHCMUHCCHU, T]Tp — KOS(l)(bI/IHI/ICHT MOJIC3HOI'O ACHUCTBHUSI

TPAHCMHCCHHU.
C y4eTOM H3JI0KEHHBIX BBIIIC MPEAMTOCHLITIOK

PK :PK171+PK172+PK31+PK32' (5)
Cnaraemble MpaBOM 4YacTH COOTBETCTBHs (5) MPOWUTIOCTPUPOBAHBI BBINIEC Ha
puc. 2. Ha puc. 3 npezncrasnena pacueTHas cxema JUlsl BUJia CHEpEar Ha OCh TPAKTOPa.

Puc. 3. PacuerHas cxema CUCTEMBI «MHUKpPO-
PO IIF—KOMIIOHOBKA TTOpTanay: T. 4 U T. A
MHTEPIPETUPYIOT ONOpPY MPaBOro M JEBOTO
(o xomy MammHBEI) Koyiec; L — Koies Koiec
ocu; X; u X, — cllydailHble BEJIMYHUHBI BBICTY-
OB WJIM BIIaJIMH MUKPOIIPO(QUIS MYTH O KO-
nesiM koJiec; (; — mMacca i-i CeKLIMU TPAaKTopa;
0.1 O, — HOpMalbHas peakuus OMOPHOMH

HOBEPXHOCTH 110 COOTBETCTBYIOLIMM KOJecaM

6optoB nmoprana (1— npasoro, 2 — nesoro), H;

Lyr — BbICOTA MOJIOKEHMS LEHTPa THKECTH

CeKIIMM OTHOCHUTEIBHO YCIOBHOH ONOPHOU
oBEpXHOCTU A—A M

Fig. 3. Computational scheme of the micropro-

file — straddle layout system: point 4 and point p B

A* interpret the support of the right and left (in

the machine’s direction) wheels; L — axle X,1

wheel tracks; X; and X, — random values of HY1€6011 YpOGeHL MUKPONPOPUIR
peaks or valleys of the microprofile of the path

along the wheel tracks; O; — weight of the i-th

section of the tractor (II — front, 3 — rear); O,

X

and Q,, — normal response of the support

surface on the corresponding wheels of the

sides of the straddle (1 — right, 2 — left), N;

Lyr — height of the position of the center of

gravity of the section relative to the conditional
supporting surface 4-4*, m

BBuny maneix 3Hauenuit X; u X, (puc. 3), JOMyCTUMO MPEANOI0KHUTh, YTO
TEKYIIUH CIydaiHbIi yroJl B MonepeyHoro HakjoHa YCIIOBHOM OCH KOJIEC TIOPTAJIOB
TpakTopa
X, - X,

Bsinp="2 ©)

IIpennonoxum, uro L = Lyr 0o cekuusMm maccu Tpakropa. C ydeToMm 3T0ro
J0IIYyHICHUA UMEEM

(7

“ .

. L
01 0,50, +0, Sm(B)%

01z 0,50, ~0,sin(p) . ®)
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KacatenpHyro cuity Ha Kosiecax npaBoro P,

1 ¥ eBoro Py, 0oprta TpakTopa

MOXHO npenctaButh kak P, =Q0,.f; B, =0,,f,T1e [ — CeKlus TPaKTopa;

f— k03 (HUIMEHT CONPOTUBIICHHS KAYSHUIO KOJIEC TPAKTOPA.
IIpencraBuM B pa3BepHyTOM BHE ypaBHeHHE (5):

Py = Q’ﬂ'l(0’5+Sin(B)%j+QmLO’S_Sin(B)%jﬁ-QM[QS—#—SiH(B)%J X

L
Xf+0,» [0,5 —sin(B)%j f. 9)

VYpaHenue (9) oTpakaeT KOMIIOHEHT TSTOBOTO OajlaHCca HCCIEIyeMOro
TPaKTOPHOTO arperaTa ¢ y4eTOM OTOBOPEHHBIX Bhllle nomymeHuil. Ilpu stom
CTPYKTypa pacupeiesieHns] Peakuruil Omop arperaTta NpeicTaBlieHa B CTAaTHKE, 0e3
yueTa CTOXaCTHUECKOT0 XapaKkTepa MUKpOIpouiis myTu amwxkenus [17, 22].

Beenem B ypaBHenue (9) mapamerp APB(f) — Tekyliee cliydyailHOe U3MEHEHHUE
yria B opu IBHKEHHM TPaKTOPHOTO arperara mpH CllydyailHOM H3MEHEHUM mapa-
MeTpoB MuKporpoduisi X; u X;. B pesynbrare Bce ciaraeMbie npaBoit yactu Gop-
Myl (5) u (9) npeacraBuM B 00IIIEM BUJIC:

APK(t):(o,SQ,. +0, sin(AB(t))L”T]f, (10)

L

rae APg(f) — Tekyiee ciiydyaifHoe U3MEHEHHE KacaTelIbHOM CHIIBI TATH Ha KoJjiecax
CEKIIMH i ¥ COOTBETCTBYIOIMX OOPTOB Ha MOPTAJIAX TPAKTOPA ;.

[TpumenuB k dhopmyne (10) nmpeodpazosanne Jlammaca 5, 15, 21], momyanm
n300pa’keHue B ONEPaTOPHOM BHJIE:

1 LLIT Bo
PK(S) Q 2s+ L [B§+s2j /> (i
rie s — nepemenHas Jlamaca (oneparop nuddepenuupoBanus); By — MaTeMaTHue-
cKoe oxwuanue yria 3, paxa (puc. 3).
B acriekte cTaTUCTHYECKOW NUHAMUKU JIAHHBIA PE3yabTaT CHPABEIIIUB JJIs
BCEX OMOpP PaccMaTpPUBAaEMOro TPAKTOPHOTO IiaccH, T. €. JlammacoBo u3o0pakeHune
Pi(s) cymmapHoOii KacaTenbHOH CHIIBI TATH (5) MOKHO MPEICTABUTH KaK

o1 L[ By
PK(S)_QK 2S+ L (B(Z)'Fszj f7 (12)

rac QK — IIOJIHag Macca TPAKTOPHOTO arperara B UCCJICAYEMOM PCIKUME, H.

Peszynomamet uccredosanus u ux oocysxcoeHue

Crnenyer OTMETHTh, YTO MaTeMaTHUYECKOE OXWAaHUE [3) UMEeT Herocpe/l-
CTBEHHYIO 3aBHCHMOCTb OT MaTeMaTHUYECKUX OKUIAHUH Xjp U Xp9 00O3HAYEHHBIX
BBIIIE CITyYalHHBIX XapaKTepPUCTHK MUKponpoduis X; u X,. DTa 3aBUCHMOCTH Clie-
JIyeT U3 TIPUHATOTO COOTBETCTBHS (6):

B, ~ X5 =Xy
0 .

7 (13)



ISSN 0536-1036 «H3BecTHs By30B. JlecHoii :xkypHam». 2020. Ne § 151

B kaudecTBe BXOZHOIO Ipolecca MpH IBIKEHUHM KOJIEC 0 MUKPONpoduIio
MOJT MX KOJISSIMH L1eJIeco00pa3Ho MPHUHATH TeKyIlee clydaiiHoe N3MEHEHHUE MPOoLeC-
ca AX(¢) pazHocTH cy4ailHBIX U3MEHEHUH mporieccoB AXy(7) u AX (7).
OCHOBBIBasICh Ha JOIYIIEHUH, IPUHATOM TP 0OOCHOBAHUH BBIpaKeHUS (6),
U C YYETOM pHC. 3, ITOJIy4yaeM
AX(1) = AXo(1) — AX,() = L tg(AB()). (14)
[Ipeobpasys mo Jlammacy qaHHOE COOTHOIIEHHUE, C YIETOM MaJbIX 3HAYCHHN
TEKYIIUX YIJIOB [ 3alMIIeM BHEIIHEe BO3MYIICHHE OT MUKPONPOQHIS MyTH JBU-
YKEHHUSI MOOMJIBHOTO arperara:
X(s)=L(B—°j. (15)
S
Hcxons w3 M3BECTHBIX TOJIOKEHUH TEOpUU CIydalHbIX QyHKuui [4, 6, 13],
MOJIyYHMM II0CJIE€ IPOMEXKYTOUHBIX MPeoOpa3oBaHUN MEpeAaTouHyo (QYHKUUIO Tu-
HAMHYECKOH CHCTEMBI «4acOBOW PacxoJl MOPTAIBHOTO TPAKTOPa — MUKPOIPO(UIb
IIyTH 10 KOJIESIM KOJIEC TOPTAJIOBY B MPEAIIOIOKEHNH €€ JINHEHHOCTH:

2 2
R(s)_ L(B; +5” ) +2sLB,
T YEK 2(p2 | 2
X (s) 20 (B5 +57 )B,
OCHOBBIBasICh Ha MOJOXKCHUSX MpeoOpazoBanus Jlamnaca ¥ ¢ y4eTom mpa-
BUJI JICCTBUS HaJl KOMIUICKCHBIMH 4YHCIaMH, 3aBUCUMOCThL (16) mpeobOpa3yeM B

KBaJIpaT MOJYJISl YACTOTHOW XapaKTEPUCTUKH (aMIUIUTYIHO-4aCTOTHON XapaKTepH-
ctuku — AUX) paccMaTprBaeMoil TUHAMHYECKOW CUCTEMBI:

5 22L@a%yum%%2
G =C .
6.0 =% =5 —B3) By

B dopmynax (16) u (17) umeeTcsi COMHOXKUTENb — HEKOTOPBIA COOCTBEHHBIH
napameTp CUCTEMBI:

G, (5)=C (16)

(17)

Co 3,6coK.BRf , (18)
nAH, i,

a TarKke TEKyIIas YrjaoBas 4acTOTa PacCMaTPHBAEMOTO CIIEKTpa MCCIESIYEMOM TH-

HaMUYECKOH CHCTEMBI ®, Pajl/C.

Bwi6oowi

1. HaiiienHast aHanMTHYeCKas aMILTUTYHO-4aCTOTHAs XapaKTepUCTHKA T03-
BOJISIET OLICHUBATh YACOBOW PacXo]l TOIUIMBA U3y4YaeMbIM TPAKTOPHBIM arperaToM B
TPAHCIIOPTHOM PEKUME TIPH 33JaHHBIX MIPOCSKTHBIX M KOHCTPYKTUBHBIX IMMapaMeTpax
W yCIOBHUSX JKcIuTyaranuu. HeoOxoanMa KOCBEHHAs! DKCIIEPUMEHTAIbHAsI OICHKA
MaTeMaTHYECKOTO OXKWIaHWs yria [y B BHIE 3aBUCHMOCTH OT MaT€MaTHYECKHUX
oxuaaHun Xio 1 Xpo psAMbIX ITyTH X| U X, 110 KOJIESM KOJIEC IOPTAJIOB TPAKTOPHOTO
arperara.

2. C mo3uiuu CTaTHCTUYECKON TUHAMUKU MOOWJIBHBIX MAIIUH aMILUIATYTHO-
yacToTHast Xapaktepuctuka (17) mo3Bonser Il 3aJaHHBIX MapaMeTpOB TPaKTopa
MIPU U3BECTHOW CIIEKTPAITLHOM IIOTHOCTH TIPOIIecca U3MEHEHUS yTiia B 1 Ha OCHOBE
TeopeMbl Bunepa—Xomnda [5, 8, 20] olleHnBaTh CIEKTPATBHYIO IIOTHOCTH, @ B UTO-
re U IMCIEPCUI0 YaCOBOTO PAacXo/a TOIUIMBA MUCCIIEAYEMBbIM TPAKTOPHBIM MOPTaIb-
HBIM maccu. MaTeMaTndeckoe OKMAaHWEe Pacxoja TOTUIMBA HAaXOAWUTCS PAacYeTHO-
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SMIUPUIECKH Ha OCHOBE KOPPEIAIMOHHON TEOPHH CITyYalHBIX MPOIECCOB MyTEM
OTIpeICNICHNs] MHTErpaia UMITYJIbCHON XapaKTEPUCTHKU TIEPEXOAHON (PYHKIIUU UC-
CIeyeMON JMHAMHUYECKON CUCTEMBI.

3. Crenyet y4ecTb, 4TO JJIs MOPTAITBHOTO TPAKTOPa BEChMa BAYKHBIM SIBIISICT-
csl BBIOOp TaKOro mapamerpa, Kak BbICOTa MOJOXKEHHs LIEHTPA TSDKECTH OTHOCH-
TEJILHO YCJIOBHON ONOPHOHM MOBEPXHOCTU Ly, KOTOPBIN 3aBUCUT KaK OT Ha3Haue-
HUS MaIlIUHBL, TaK ¥ OT €€ KOHCTPYKIINHU, HAIPUMEpP OT paauyca KOoJec.

4. AHanu3 npejIcTaBICHHBIX BBIIIE MATEMAaTHUYCCKUX PACUCTOB YKA3bIBACT HA
TO, YTO IPHU CO3JAHHH HCCIEAYEMOro 0O0bEeKTa HEOOXOJUMO OOECIECUHUThH TaKylo
xapaktepuctuky (17), KoTopass JODKHa MHHHMH3HPOBATH JHUCIIEPCHIO YaCOBOTO
pacxojia TOIUTUBA MIPU CIAYYaHHOM BHEIIHEM BO3JICHCTBHM MUKPOMPOQUIIS HA Ma-
mHy. [Ipu 3TOM MMeeTcss HEOJHO3HAYHOCTh BIIMSIHUS KOMIIOHCHTOB XOJIOBOW CH-
CTEMBI, B YaCTHOCTH IIMH KOJIEC: YBEIWYCHNE pajuyca IUH (IIPH MPOYNX PaBHBIX
YCIOBHSX), C OJHOH CTOpPOHBI, IPUBOJUT K BO3PACTaHMIO HapameTpa Ljr M, Kak
cnenyer u3 opmyiibl (16), K POCTY YacOBOrO pacxoja TOIUIMBA, C JPYrod — Kak
u3BecTHO [9, 14, 16], cHmkaeT K03 PHUIHEHT f, a 3HAYUT U YaCOBOW PacXo]l TOTLIH-

Ba (cM. hopmyue (9), (18)).
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Currently, there is a tendency for creation a cross-functional tractor line of drawbar catego-
ry. Everything is very practical and consistent from the perspective of the producer of such
tractors. The number of modular units and assemblies is minimized, and the list of compo-
nents is reduced. However, all this is acceptable up to a certain limit, which is outlined by
the technological trail of the tractor being created and the specifics of its application. The
article deals with a straddle forestry tractor of drawbar category of 6 kN. It is assumed that
the tractor has a variety of trains of working bodies and machines, as well as a cargo bed on
the pin-joint section. The cargo mode of the unit’s movement is examined by a random mi-
croprofile under the wheels in tracks. The problem of statistical dynamics is solved. As an
output process, a Laplace image is drawn for the hourly fuel consumption of the tractor en-
gine. As an input process, a Laplace image is drawn for an external random action from the
microprofile along the tracks. Herewith, the transfer function of the hourly fuel consumption
is determined, which allows to estimate the spectral density of the tractor’s hourly consump-
tion and the dispersion of the hourly consumption for the given microprofile of the tracks. In
addition, using the correlation theory of random processes, one can estimate the mathemati-
cal expectation of the hourly fuel consumption during transport operations. In the final anal-
ysis, it is possible to solve the optimization problem. Namely, the choice of such undercar-
riage tires, which provide a minimum dispersion and mathematical expectation of the hourly
fuel consumption of the transport unit. The situational combination comes down to the fact
that an increase in the tire radius on one side increases the height of the center of gravity of
the unit, which increases the hourly fuel consumption. On the other hand, an increase in the
radius of the tire contributes to a reduction in the coefficient of rolling resistance of a wheel,
and hence a decrease in fuel consumption. Thus, there is a problem of discrete optimization,
namely, the choice of a tire design, in which the energy costs of the transport unit are mini-
mized.
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a Straddle Forestry Tractor in Consideration of Stochastic Factors. Lesnoy Zhurnal [Russian
Forestry Journal], 2020, no. 5, pp. 145-154. DOI: 10.37482/0536-1036-2020-5-145-154

Keywords: straddle tractor, microprofile, fuel consumption, transfer function, optimization.

IMocrynuna 13.12.19 / Received on December 13, 2019




ISSN 0536-1036 «H3BecTHs By30B. JlecHoii :xkypHam». 2020. Ne § 155

MEXAHUNUYECKA ObPABOTKA JIPEBECHHbI
U JPEBECUMHOBEJIEHUE

VK 674.05:620.16
DOI: 10.37482/0536-1036-2020-5-155-165

MOJNPUTIMPOBAHUE JPEBECHUHbBI
JJIS1 CO3JAHMSA NOJUIMITHUKOB CKOJIB)KEHUA
JIECOIMTPOMBIIIVIEHHBIX MAIIINH

I A. lunrowuna, Kano. mexu. HayK, oou.; ResearcherlD: H-1699-2019

ORCID: https://orcid.org/0000-0002-2422-0919

ILT. ITvipuxos, 0-p mexu. nayk, npogh.; ORCID: hitps://orcid.org/0000-0003-2338-7458
E.A. ITam¢punos, 0-p mexn. nayk, npogh.; ResearcherlD: H-1866-2019,

ORCID: https://orcid.org/0000-0002-1522-7246

AA. [lanunok, acnupanm

B.B. Kanycmun, acnupanm; ResearcherID: AAT-1199-2020

ORCID: https://orcid.org/0000-0002-5207-172X

BpsiHCKHMIT TOCYy#apCTBEHHBIN TexHHMYeCKHd yHHBepcuteT, O0-p 50 mer Oxts0ps, n. 7,
r. bpsiack, Pocens, 241035; e-mail: rector@tu-bryansk.ru, pyrikovpg@mail.ru

Hcnonb3oBanue MOIU(DUIMPOBAHHONW JIPEBECHHBI B PA3NIMYHBIX I1apax TPEHUs JIECONPO-
MBIIIJICHHBIX MAlIMH M TEXHOJOTHYECKOTO0 000PYZI0BaHUSI BO MHOI'OM OOYCIIOBJICHO BBICO-
KHMH II0Ka3aTeISIMHA €€ N3HOCOCTOMKOCTH, HU3KUM KO3(D(UIIMEHTOM TPEHHS M XOPOIINMHU
JUCCUNATUBHBIMU XapaKTEPUCTHKAMU. [10N0KHTEIbHBIE CBOMCTBA KOMIIO3UIIMOHHBIX MaTe-
pHATIOB JOCTHUTAIOTCS IPHU HCIIOJIB30BAHUM TEXHOJOTHH OOBEMHOTO MOIU(DUIIMPOBAHUS H
HUMITTAHTUPOBAHMS aHTU(GPUKIMOHHBIX W TEIUIONPOBOASIINX 3JIEMEHTOB, a TaKKe ITyTeM
(opMHPOBaHUS KOMITO3UTa U3 U3MEIbYCHHON JPEBECHHBI C J00aBICHHEM MOJU(PUINPYIO-
KX MPHUCAIOK U 00BEMHOTO apMHUpOBaHus. Pacmmpenne cepsl NCroib30BaHs KOMITO3HU-
IIHOHHBIX MaTEPUAJIOB B KOHCTPYKIHUAX Y3J0B C (PPUKIIMOHHBIMH MapaMu CKOJIBKEHHS Je-
JIaeT HEOOXOJMMBIM TPOBEICHHE HCCIEIOBAaHUN MX pabOTOCIOCOOHOCTH M YCIOBHH (op-
MHUPOBaHMUS BBICOKOTO YPOBHSI TPHOOTEXHMUYECKHX MapaMEeTPOB: M3HOCOCTOHKOCTH, aHTH-
(PUKIMOHHOCTH, TEIUIOCTOMKOCTH U T.J1. HepocraTtouHocTh MH(MOpMAaLK O BIUSHUU (ak-
TOPOB, 00eCIeunBaIOIUX (YHKIMOHAIbHBIE XapaKTEPUCTUKU MaTepHaIoB Ha OCHOBE Jpe-
BECHHBI, B TOM YHCJIC TETJIONPOBOIHOCTH U BUOPOTOTIIOIICHHUS, CYIIECTBEHHO OCJIOKHSIET
pelIeHne psiaa KOHCTPYKTOPCKUX M TEXHOJIOTHYECKHX 3a7ad IpH pa3paboTKe W W3rOTOBIIE-
HUM TIOAMINITHAKOBBIX y3JI0B. [103TOMY Hesblo paboTHI SBIAJIOCH MCCIIEAOBAHUE YCIOBHH
KOHTAKTHOIO B3aMMOJIEHCTBUS TOAIIUIHUKOB CKOJNBXKEHHUS U3 JPEBECHO-METAIUIMYECKHX
KOMITO3MIIHOHHBIX MaTE€PHAJIOB C YYETOM PEOJIOTHUECKHX 3(P(EKTOB, a TakkKe BbIpAOOTKa
IyTel ynpaBiIeHUs UX TPUOOTEXHWYECKUMH IapaMeTpaMu 3a CUET U3MEHEHHSI CTPYKTYPBI,
cocTaBa 1 (pa30BOT0 HAMOJHHUTENS. I 3TOT0 pa3paboTaHbl MOJIENHN MOIIUITHIKOB Pa3HBIX
TUTIOB, MO3BOJISIONINE CO3/1aBaTh BO BTYJKaX M BKJIABIIIAX PETIIaMEHTHPOBAHHOE HAmps-
JKEHHO-JleopMalMOHHOEe cocTosiHue. MccnenoBanus paboTOCIIOCOOHOCTH TOJIIUITHUKOB
MTO3BOJIMJIM OTMETHTH CYIIECTBEHHOE NMPOSBICHNE BUOPOTACSIINX CBOICTB MPH HCIIOIB30-
BaHUH B COCTaBE KOMIIO3MTA M3MEIBUEHHBIX (PPaKIHif, HAXOIAMINXCS BO B3BEIICHHOM CO-
crossauy. IloBBITICHHBIE aHTH(PUKINOHHBIE CBOHCTBA JOCTHUTAIOTCA HPH MOANU(HUIMPOBA-
HUHU JAPEBECHHBI JJIEKTPOJUTHYECKONH MENBI0, a TEXHOJIOTUYHOCTh M3TOTOBJIEHUS BTYJIKH
TIOJIIIUITHIKA — IIPU (POPMHUPOBAHUN HEMOCPEICTBEHHO HA MECTE YCTaHOBKM OHOpHL. B oT-
J4re oT OOJBIIMHCTBA MPUMEHSEMbIX aHTU(PUKIIMOHHBIX MAaTepHAJIOB APEBECHHA BTYJIOK
COXpaHsIeT CTA0MIBHOCTh CTPYKTYPHI B YCIOBHAX 00BEMHOTO CKaTHs P OTPUIATEIIBHBIX
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U TIOJIO’KUTEIIBHBIX TEMIEpPaTypax, a MPOLECcChl H3HOCA, MPOTEKAIONINE Ha KOHTAKTHBIX I10-
BEPXHOCTSIX PEBECHO-METAIMIECKUX TOJIINIHAKOB, COMPOBOXKIAIOTCS YIUIOTHEHHEM
Marepuana BTynIku. [locienyromee pa3pylieHHE HOCHT HMPEHMYIIECTBEHHO YCTaJlOCTHBIN
XapakTep, THAIUUPYEMbI THHAMUAKOM KoJieOaHMi 1 BO3MYIIICHUH CHCTEMBI, TOATOMY Ba K-
HOM 4acThlO JAJbHEHIINX MCCIIEAOBAHUH SBISETCS OLEHKA PElaKCallMOHHON CIIOCOOHOCTH
JIPEBECHO-METAJUIMYECKUX KOMIIO3UTOB TP yJapHO-BHOPAIIMOHHOM HAarpy>KeHHH C OITH-
Mu3aluen uX CoCTaBa Mo JAHHOMY KPUTEPHIO.

s yumuposanusn: Iumomuna [.A., Tleipukos I1.T., [Tamdunos E.A., Jlanmmok A.S.,
Kanyctun B.B. MoaupunupoBanne ApeBeCHUHbI ISl CO3JaHUS MOIIUITHUKOB CKOJIBKEHHS
JIecONpoMBINUIeHHBIX MamuH // W3B. By30B. JlecH. xypH. 2020. Ne 5. C. 155-165. DOI:
10.37482/0536-1036-2020-5-155-165

@unancuposanue: Ilpoext «VccnenoBaHue M CO3JaHUE IMOIINITHUKOB CKOJIBXKEHUS IMO-
BBIIIEHHOH M3HOCOCTOMKOCTH Ha OCHOBE APEBECHO-META/UINYECKHX KOMIIO3HUIIMOHHBIX Ma-
TEpHaNoOB» B paMKaX TOCYZAapCTBEHHOro 3amaHmss MmuoOpHaykn PO  (mpoekt
Ne 9.10677.2018/11.12).

KflfO'-le@ble coeda. TpI/I6OTeXHI/I‘IeCKI/Ie nmapaMeTpbl, MaT€praibl HA OCHOBE APEBCCUHBI, DJICK-
TPOJIUTUYCCKOEC MCIHCHUC, I/I3HOCOCTOI7[KOCTI>, TCIJIONPOBOJAHOCTDH, HAIPAKCHHOC COCTOS-
HHUC.

Beeoenue

[epcriekTHBa MCIIOTB30BAHUS B KOHCTPYKIUSX JIECOMPOMBIIIICHHBIX MAlINH
¥ TEXHOJIOTHYECKOTO 000PYIOBaHUS Y3JI0B M KOHCTPYKTHBHBIX JIEMEHTOB C (PPHK-
IUOHHBIMU IapaMH CKOJILKCHHUSA ACJIACT aKTyaJIbHbIM NPOBCIACHUEC I/ICCJ'ICIIOBaHI/Iﬁ
X paboTOCIOCOOHOCTH ¥ BBIPAOOTKY ITyTEW €€ MOBBIIICHHS 3a CUET CO3JaHMs HO-
BBIX KOHCTPYKIHUI M TEXHOJIOTHYECKUX OCHOB 00OECHEUYECHUS BBHICOKOTO YPOBHS MX
TPUOOTEXHUUECKUX MapaMETPOB: M3HOCOCTOMKOCTH, aHTU()PUKIIMOHHOCTH, TEIUIO-
CTOMKOCTH ¥ T.1. Pa3pOo3HEHHOCTh U HETONHOTA CBEICHHI O BIUSHUN (DaKTOPOB Ha
TEeXHHYECKUE CBOMCTBA MaTEpPHAIOB Ha OCHOBE JIPEBECHHBI B COUETAHUH C HEOOXO-
JMMOCTBIO KOMITIEKCHOTO obOecriedeHus (PyHKIMOHATIBHBIX XapaKTEPUCTUK, B TOM
YUCJIC TCIIOMPOBOAHOCTHU U BI/I6pOFaC$IIIII/IX CBOﬁCTB, CYIIECTBECHHO OCJIOXKHAKOT
pelIeHue psaa MpoeKTHO-KOHCTPYKTOPCKHX M TEXHOJIIOTMYECKUX 33/1a4 IIPU MX pas-
pabOTKe U M3TOTOBJICHHH.

[Tpu sTOM mpencTaBisieTcs: MePCIeKTUBHBIM OCYIIECTBICHUE ITyOOKOro MO-
TUQHUIIMPOBAHUS UCTIONIE3YEMOH JIPEBECHHBI B XO/I€ MTOMYYCHUS! aHTU(PPUKIIMOHHBIX
KOMITO3UIMH, K YUCITy KOTOPBIX OTHOCSITCSI CJIOMCTasi U U3MEIbYCHHAs JPEBECHHA B
KOMITJIEKCE C Pa3HOT0 poOja METAUTUYECKUMH U HEMETAIUTMYECKUMHU COCTAaBJISIO-
UMHU: CTaJlb—OpPraHOBOJIOKHMHT, 0J'IOBO—Me):[B—aJ'IIOMPIHHI7]; OJIOBO—IIWMHK—CBUHCII,
KaIpoJIOH—(TOPOIIACT—AMOKCHIHAS CMOJIa—CTallb, MOJIUTETPAPTOPITUICH-MEb,
OpoH3a—Te()IOH—CBUHEL; YIIePOA-KepaMUIECKUMU KOMIIO3UTaMH; KOMITO3HTaMU
Ha OCHOBE Meau—oyoBa-Tpadura, MeIU—0J0Ba—XpPOMa—HHUKENS; CBHHIIOBO-
OJIOBSTHUCTBIMU OpOH3aMH, (TOpOIUIaCTaMHt, CEPHIMUA U aHTU(PPUKIMOHHBIMU UyTY-
HaMH, a TaKkKe pa3HOro pojia MOKPBITHAMH (IUCYIb(PHUIOM MOIHOIeHA, TpaduTOM 1
t.a.) [, 5, 11].

Bwmecte ¢ TEM, IIpU 6OJ'II)HIOM CIIEKTPEC IMOJIOKUTCIIbHBIX CBOWMCTB 2TUX MaTe-
pHAaJIOB, MCIIOIb30BAHUE MX B MPOMBIIIICHHOCTH, B YACTHOCTH IPH U3TOTOBJICHUH
TMMOAUIIMITHUKOB CKOJIBXKCHUA, CYHICCTBEHHO OI'PaHMYMBACTCA HEAOCTATKOM I/IH(bOp-
MaIiy, MO3BOJISIONIEH Ha3HAYAaTh MX ONTHMAIbHBIE COCTAaB M CTPYKTypy. 3HA4H-
TEJIHYIO CJIOKHOCTH TaKKe€ BHOCHT OTCYTCTBUE CBEICHUH Ui BbIOOPA 3(hheKTHB-
HBIX IporeccoB (HOPMHUPOBAHU, BKIIOUAs MEXaHHYECKYyI0 0OpabOTKy, B CBS3HU C
HEJOCTATOYHON CTOMKOCTBIO IIPUMEHSIEMBIX PEXYIIUX UHCTPYMEHTOB.
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Crenyer 3aMeTHUTh, YTO HUCIOJIb30BAHUE IPEBECHHBI B KaueCTBE aHTH(PHK-
LUOHHOTO MaTepHaja B HNOALIMITHUKAX CKOJbKCHMS MPEICTABISIETCS BO3MOXKHBIM
MIPEUMYIIECTBEHHO B MOAN(HUIIMPOBAHHOM COCTOSHUH, TMO3BOJISIOIIEM 00ECIeYnTh
HeoOXoAMMBIC MEXaHHYeCKue u Tertodu3ndeckue cBoiicta [4, 11]. IIpu sTom u3
aHaJM3a UX MPOU3BOJCTBA CIEIYET OTMETUTh OIPAHUYEHHBIN 00beM MH(POPMALH,
Kacarolnics acreKTa MPOSKTUPOBAaHUS aHTU(PPUKLIIMOHHBIX MaTEepUATIOB 110 KPUTe-
puro nemMndupoBaHus U TUHAMUYECKOH cTa0uIbHOCTH [2, 3].

B otnmune ot G0JBIIMHCTBA NPUMEHSAEMBIX aHTU(PUKLIMOHHBIX MAaTECPUAIIOB
JPEBECHHA BTYJIOK COXpaHSET CTa0MJIBHOCTH CTPYKTYpPHI B YCJIOBHUSX OOBEMHOIO
CKaTHs TIPU OTPHULATEIbHBIX W MOJOXKHUTENbHBIX TeMmepaTypax (—80 mo 150 °C),
YTO BBIPAXKAETCS B MCKIIOYEHUH PA3yHNpPOYHEHHUs 3a CUET IUIaCTU4ecKoi aedopma-
LUK B CyXOM COCTOSIHUM U YIPYIOH — BO BJIQXXHOM (BBILIE IPeeiIa THIPOCKONNY-
HOCTH).

OO6nanast 3HAYUTEIILHON 3IaCTUYHOCTBIO MIPU CKATHUHU NIPH HOBBILICHUH TEM-
MepaTypbl U BIAXHOCTH, JPEBECHHA 00JIETaeT HIEPOXOBATOCTU IIOBEPXHOCTH Baja,
YBEIMUUBAsI TEM CaMBIM (PaKTUYECKYIO IJIOMIAAb KOHTAKTA.

[Iporneccrl n3HOCA, MPOTEKAONIUE HA KOHTAKTHBIX IMMOBEPXHOCTAX JPEBECHO-
METAJUINYECKUX MOAIINITHUKOB, TAKKE BBIPAKAIOTCS B MHULUUPYIOIUXCS KojeOa-
HUSX ¥ BO3MYIICHUSX TUHAMUYECKOTO Xapakrepa [12] u compoBOKAAIOTCS YILIOT-
HEHUEM MaTepHaja BTYJIKH C €ro MOCeIyIoUM pa3pylieHueM, peuMyIleCcTBeH-
HO yctanocTHOro xapakrepa. CymectBeHHbIM (10 20...30 % OTHOCHTENBHO MEepBO-
HaYaJIbHBIX 3HAYCHUI) KOIEOAHMSIM BIIQKHOCTH Jake MOAU(DUIIMPOBAHHON ApeBe-
CHHBI COITYTCTBYET HUKIMYHOCTH MPUPAOOTKHA U CIOXKHOCTH COXpPAHEHUS YCIOBHI
B3aMMO3aMEHSIEMOCTH TP MOHTAXKE U IKCIUTyaTalluy OIop.

Tem He MeHee BOJIOKHHMCTasl CTPYKTypa APEBECHHBI CIIOCOOHA AWMCCHUIINPO-
BaTh PHEPTHUIO KOJIeOaHUH, IepealonIyocsi B 00beMe KOMITO3UTa MEXK/y BOJIOKHA-
MH, a TAKXKE CIOSIMH paHHEH (MEeHee TUIOTHOW) U Mmo3AHeH apeBecunsl. [Ipudem me-
KPEMEHT KoJjeOaHMl MMEET MAaKCHUMyM B CIOSIX, XapaKTEPU3YIOIIUXCS MEHbLINM
3HaYEHUEM MOJYJISl YIIPYTOCTH.

[TosTOMY 1IENBIO MCCIIEAOBAHMS SIBISUIACH BBIPAOOTKA MYTEH YIpaBJICHUS
YCIIOBUSIMH KOHTAKTHOTO B3aWMOJCHCTBHUSI BTYJIOK W BKJIQJbIIICH MOALIMITHUKOB
CKOJIB)KEHHUSI C YYETOM pEOJOrM4eckux 3(QeKTOB, BO3HUKAIOMIUX B APEBECHO-
METAINTHYECKUX KOMITO3UIIMOHHBIX MaTepHuajax, C IOCJIEAYIONEel MMOATr0TOBKOM
pEeKOMEeHIaIHid 10 POPMUPOBAHUIO UX CTPYKTYPHI, Pa30BOro coctaBa M aHTHPPHUK-
LUOHHBIX CBOWCTB M IO YCJIOBHSIM TEXHOJOIMYECKOH OIKCIUTyaTallMOHHON
MTO/ITOTOBKH.

Obvexmul u Memoobl UCCAeO08aAHUA

MHoroo0pa3sue mnpeaiaraeéMbiX KOHCTPYKTHBHBIX PELICHUH IOJIIHITHIKOB
CKOJIBXKEHUSI, IPUHATHIX B KAa4eCTBE OOBEKTOB HCCIIEIOBAHUS, CTPYIITUPOBAHO B
YCTBIPE OCHOBHBIC PA3SHOBHUJIHOCTU: MNOAIIMITHUKW CKOJIBKCHUA JIMHEWHOrO THIIa
(POJIMKHU JIGHTOYHBIX M LEMHBIX TPAHCIIOPTEPOB, MBIl COSAUHUTENBHBIX MY(T,
MOJI3YHBI TIPECCOB, JIECONMMIBHBIX paM, JUCKH 3yOuYaThIX KOJIEC, CalbHUKOBBIC
YIUIOTHCHUA, YINIOTHUTCIIBHBIC KOJIbIIA KOMHpeCCOpOB); HOAIIMUITHNKU CKOJIBXXCHUS
chepuueckoro THma (MApHUPHI KaplaHHBIX Tiepeliad, HacOCOB, KOMIPECCOPOB),
HCTIOJb3yeMble NMPH HEOOIBLINX CKOPOCTSIX B IMPUCYTCTBHU OCEBOW HArpyskd, KO-
ne0aHnii ¥ TePeKOCOB BaJIOB; MOAIIMITHUKN CKOJILKEHHS YIOPHOTO THIA (OIOPHI
ITOBOPOTHBIX CTOJIOB, OIOPbI MAHHUITYJIATOPOB, BKJIAABIIIN BaJIOB pe]l}/KTOpOB), BOC-
MPUHUMAIOIINE MTPEUMYIECTBEHHO PaJnalbHbIe CHIIBI, U OCeBbIe (YHOPHBIC) MOJ-
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[IUITHAKA, PACCYUTAHHBIE Ha BOCIIPHUATHE B OCHOBHOM OCEBOTO YCHIIHS, PhIYa)KHBIC
MTOAIIUAITHAKY (3JIEMEHTHI TIOJIBECKH aBTOMOOMJICH W TPaKTOPOB), BOCIIPHHUMAIO-
[IUE 3HAYUTENIbHBIC paguaibHble U ABYXCTOPOHHUE OoceBble yeunus [8, 10].

DKcITyaTanusl TaKuX MOANIUITHUKOB JIOJDKHA O0ECTIeYMBAThCS B HIMPOKHX
nmuana3onax temreparypHoro (ot —70 mo +150 °C) m mexanmueckoro (mo 1,0
KI/MM” — TOJIATHAKA) HATPYKEHHS [PH OKPYXKHBIX CKOPOCTAX Bama 10 5 M/C 1
3HAYUTEIILHOW HECOOCHOCTH, B YCIIOBUSX TPAHMYHON CMa3KH, KHJIKOCTHOTO U Ta30-
BoTO TpeHwu: [7, 9].

C y4eToM OTMEUEHHOro, pa3paboTaHa HOBash KOHCTPYKIIHS TOJIITHITHUKOB
CKOJIBXKEHUSI, TPEAIOararlas H3rOTOBJICHUE BTYJIOK W3 MOJAU(DHUIIMPOBAHHON
AIIEKTPOIUTHYECKON MENBI0 IPEBECHHBI C MOCIEAYIONUM THYTheM U (pOopMHpOBa-
HUEM B HAX TEXHOJOTHYECKUX HAMPSDKEHUH CKATHSI (CM. PUCYHOK).

{36 ]

_ 36
Cxema (hopMHPOBaAHHUSI BTYJKH IOJIIMITHUKA C TEXHOJOTMYECKUMH OCTATOYHBIMHU HArpsi-
JKeHHUsAMU: [ — mTu(TOBaHNE 3aTOTOBKM B BUHTOBOW KaHABKE MMyaHCOHA; 2 — (HOPMHUPOBAHUE
BTYJIKH ITPH HAaBUBKE 3arOTOBKH; 3 — KaTMOPOBKA OTBEPCTHUS
The scheme of formation of a bearing sleeve with technological residual stresses: / — pin-
ning a workpiece in a spiral flute; 2 — formation of a sleeve when winding on a workpiece;
3 — hole calibration

B pa3zpaboTranHoM criocobe obecrieunBaeTcsi M3rOTOBIICHHE BTYIIKH ¢ (hOpMU-
PYEMBIM YPOBHEM HAIPSDKCHHOTO COCTOSHHMSI CKATHSI 33 CUET MOJIINPECCOBKU M 3a-
HEBOJIMBAHUsI 3arOTOBKU B (popMe OpycKa IpH ee pa3MelIeHHH B 1a3axX pe3bOsbl Mmy-
AQHCOHA MEXKJ/y BHYTPEHHEW MOBEPXHOCThIO OOOWMBI M IMOCIIEAYIOIIEM BBEPTHIBA-
HUM MTyaHCOHa B 000iiMy. IIpu 3TOM pasHuIa MeX1y Hapy HBIM TUAMETPOM ITyaH-
COHa W BHYTPEHHEH MOBEPXHOCTHIO OOONWMBI COOTBETCTBYET HOMHHAIBHOW TOJI-
IIMHE BTYJIKW; IIyaHCOH M3TOTaBIIMBACTCS MO TPEX3aXOJHOH CHHpaiy B BUJE yCe-
YEHHOTI0 KOHYCa, OCHOBaHHWE KOTOPOrO IPH IOJHOM 3aBEPTHIBAHUU B 000HMY
obecreunBaeT pacyeTHOe PaJMaIbHOE JIAaBICHHE MOANPECCOBKH, a BUTKU Pe3bObI B
CCYCHUH UMEIOT F€OMETPHIO TPATICLIEBUAHOTO KINHA.

21}15[ YBCIMYCHUS TCIUJIOMPOBOAHOCTHU IMOJUIMITHMKA JAPEBECHHA BTYIJIKH,
npe€aHasHauCHHaA JId NpPEeCCOBaHUA, IMOABEPracTcCs MO]];I/I(bI/II_H/IpOBaHI/HO MEABKO B
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xoze 31nexTponusa. Ilepen MomupuuupoBaHUEM 3aroTOBKU BTYJIKH BBIMAUUBAIOTCS
B INIMLEPUHE, [I0CTIE YEro IOMELIAI0TCS B PE3ePByap C alleTOHOM U BBIAECPKUBAIOT-
cs 20 4 mon nmasneHuem 1,5 atm. [locie 3TOoro crnemyroT BBIAEPIKKA 3arOTOBOK B
JIEKTPOJINTE B TEUEHUE HECKOJIBKHUX CYTOK U 3JIEKTPOJIN3, B XOA€ KOTOPOIO B pa3-
BETBJICHHBIX AHATOMUYECKUX MUKPOOOBbEMAaX JPEBECUHBI BOCCTAHABIMBAETCS MEb.
O6pasyromumecs: B X0/ie IEKTPONIN3a MeIHbIE CTPYKTYPHBIE COCTaBIISIOLINE KOMIIO-
3HUTa 00ECIeYNBAIOT TEIUIOOTBO/] C TIOBEPXHOCTU TPEHUSI «BAJI—BTYJIKa» 110 HAINpaB-
JICHUIO K HApy>KHOW 000¥Me TO/IIIHITHHKA.

WcnpiTanust BTYJIOK MOJMIMITHIKOB HA W3HAIIMBAHHUE MTPOBOJMIUCH IPH YHC-
e 060poTOB Bana B auanasone oT 300 10 900 Mun '. B KauecTBe KpUTEpHs, Orpa-
HUYMBAIOIIETO MPOJOJDKUTEIBHOCTD 3KCIICPUMEHTOB, IPUHUMAINCH IPU3HAKK (-
(bexTa 3aKIMHUBAHUS Baja MIPU JOCTIXKEHUH YPOBHS SHEPronoTpedaeHus IBUTaTe-
1151 0,95 % oT HOMHHAILHOI'O 3HAUYCHUS.

TerronpoBogHOCTE 00pa3ioB uccienoBanack mo 'OCT 21523.3.2-93 «/Ipe-
BecrHa MOIU(UITUpOBaHHAs. MeTol OnpeAeNieH s TeTIIONPOBOAHOCTI; KOd(pu-
nueHT TpeHust — no [OCT P 55951-2014 «/IpeBecuna moauduipoBansas. Meton
orpe/ieNieHHsT U3HOCOCTOWKOCTH U KOA(PPUIIMEHTA TPEHHUSDY; COCTaB MPOILYKTOB H3-
HAIMBaHMUS Ha TOBEPXHOCTSAX TPECHUS BTYJIOK YCTAHABIMBAJICS IMPH IIPOBEACHUU
penTreHocnekTpanbHoro anaiausa (PCA) corilacHO TUIIOBBIM METOJUKAM €ro pea-
JU3alMK; KOHTPOJIb TEMIIEpaTypbl B OONACTH TPEHHS B XOJE HUCIBITAHUH OCy-
LIECTBIISUICS TEPMONapO.

Peszynomamer uccredosanus u ux oocysxcoenue

Hexkoropsle cpaBHUBaeMble NapaMeTpbl PacCMATPUBAEMBIX IOAIIUIIHUKOB
CKOJILKEHUSI TPUBEICHBI B TAOJIHIIE.

HapaMeprl MOAINUITHUKOB CKOJILKCHHUSH, MPOIIESAIINX HCIIBITAHUSA
Imo ¢cxeme «BTyJIKa—MeTa.]'IJIH‘-IeCKHfI BaJ»

[ToamMmHUK U3 MPECCOBAHHOM .
IIpennoxeHHbIi
Mokazarens Z[peBeCPIHLIVC HaHOKpHCT?J'IJ'IH'-Ie- TTOIIATTHITK
CKOH LIeTITI0NI030H
1 HUKEJIEBbIM HOKPBITHEM [6] (cu. pcynox)
[LI0THOCTB, KI/M’ 1400 1450
Bnaxuocts, % 2 2
Conepxanue, %: 5 B
HUKeJIs
MeH — 37
TemmonpoBogHOCTh, BT/(M-K) 16 48
Koapduuunent tpenus
npu P = 3,5 MIla, v=1,0 m/c 0,05 0,02
M3noc, mxM Ha 10 ThIC. M IyTH 40 22
I[OHYCTI/iMaﬂ TeMIieparypa B 30HE 160 185
tpenus, °C

VYiyunienue aHTH(QPUKIMOHHBIX CBOMCTB Mapbl TPEHUS! «BTYJIKa—Bal» IMPH
MPUMEHEHUH B KadyecTBE BKJIAJBIIIA IPEJIAraeMoro JpeBeCHO-METAINIECKOro
aHTU(PUKLIMOHHOTO KOMIIO3UTa OCHOBAHO Ha SIBJICHUHM M30MPaTEIbHOrO MEePeHoca.
Conepxanue Menu B Moau(pUIMpOBaHHOW JpeBecuHe B KonuuecTse 10 40 % obec-
MEYMBaET TeIUIoNpoBoAHOCTh mopsyika 370...400 Br/(m-K), uro BnonHe nocrarou-
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HO ]ISl OTBOJA TeTIa M3 30HBI TPEHHUS U YIyUIIeHUS aHTU()PUKITUOHHBIX CBOWCTB
Ha OCHOBE OTMeUYeHHOT0 d(h(PekTa.

W3 MHOTOUYMCIICHHBIX pabOT B 00JIACTH TPUOOJIOTMH W3BECTHO, YTO M30Mpa-
TEJBHBIN MEPEHOC B Pe3ybTaTe MPOTEKAHUS XUMHUYECKUX M (U3NKO-XUMHUIECKHIX
MIPOIIECCOB MPUBOJIUT K aBTOKOMIIEHCAIIMH M3HOCA W CHW)KCHHIO TPEHUs, oOecre-
YHBACT MPEOXPAHCHUE TIOBEPXHOCTU TPEHUSI OT OKHCIEHUs Oiaronmapsi oopa3oBa-
HUI0O BOCCTAHOBUTEIHLHOM CMAa304YHON CpeAbl, OCAKICHUIO MPOAYKTOB H3HOCA B
30HE KOHTaKTa W ()OPMUPOBAHHIO TUICHOK, YMEHBIIAIOIINX TPEHUE U YCHUITMBAIOIINX
3aIUTy MOBEPXHOCTEH OT M3HOCA. M30upaTenbHbIli IEpeHOC HAOII0IACTCsI B MMape
TPEHUSI «MEIHBIN CIUIAB—CTajby, YTO COOTBETCTBYET, B YACTHOCTHU, CTPYKTYypE Ma-
Tepuaja BTYJIKH pa3pabOTaHHOTO MOAITUITHAKA CKOJIBKEHUS.

DakTOpOM, CTUMYIHPYIOMNM (HOPMHUPOBAHNE TPAHWUYHOHW TUICHKH, BBITIOJN-
HSIOUICH aHTU(PPUKIIMOHHYO (PYHKIIMIO, SIBJISETCS THMAPOCTATHYCCKOE JaBIICHUC B
JpeBecHHe, obOecreyrBaeMoe IPEIBAPUTEIHHO CO3AaHHBIMU TEXHOJIOTHYECKUMHU
HANPsDKESHUSIME BO BTYJIKE.

JlecTpyKuus rpaHUYHOMN IUIEHKH, IPOUCXOAIIAsl B pe3ysbTaTe acTallHOHap-
HBIX PEKUMOB PaOOTHI MOJIIMITHAKA, IIPUBOJIUT K PE3KOMY BO3PACTAHUIO IPaIUCH-
Ta TeMIIepaTyphl HA KOHTAKTHBIX TMOBEPXHOCTAX. B 3THX ycrmoBHsX BakKHO obecrie-
YUTh COCTOSIHUE CTPYKTYPBI BTYIKH, XapaKTEPHU3YIOIICeCs MOBBIIICHHON TEIIo-
MIPOBOJIHOCTHIO.

W3HammBaeMbIMU CTPYKTYPHBIMH COCTaBIISIONIMMHA APEBECUHBI OKA3bIBAFOT-
Csl TTIABHBIM 00pa30oM CTEHKH KJIETOK, B KOTOPHIX OCHOBHYIO MEXaHHYECKYIO CO-
CTaBJISIONIYIO PEaIM3yIOT AJIACTUYHAS M BBICOKONPOUYHAS Ha pa3pblB LEJUII0I03a U
XPYNKHUI 1 IPOYHBIN HA CKATHE JINTHUH COBMECTHO C TICKTUHOBBIMH BEIICCTBAMH.

B obnactu BenmuumH cOMMKEHUS, COOTBETCTBYIOIINX HACKHIIIIEHHOMY KOHTAaK-
Ty, C POCTOM TEeMIIEpaTyphbl TPEHUS MIPOUCXOAUT Pa3MITUCHUE JIUTHUHA C TIOBBIIIIE-
HUEM ero ImiacTu4HocTH. KoylouaHas CTPyKTypa CTEHOK KIIETOK CIOCOOCTBYET
aMop(hHOMY BHEIPEHHIO JIMTHUHA B MEXMUIICIUISIPHBIE TIPOCTPAHCTBA, BCIIE/ICTBHE
YEeT0 UMEET MECTO POCT IUIOTHOCTH CTPYKTYPHI JI0 KPUTHUECKUX 3HaUYeHUH. DakTo-
POM, TOPMO3SIIIUM JaHHBIN MPOLIECC, SABISACTCS MOIUDUIIMPOBAHUE JPEBECUHBI ap-
Mupytomiei ¢aszoil (HampuMmep, MEKTPOIUTHUECKA BOCCTAHOBJICHHBIMH METalla-
MH); TP 3TOM OCHOBHAas Macca APEBECHHBI, 00pasys B XOJ¢ W3HAIIMBAHHS CETh
MUKPOCKOMTUYECKUX KAHAJIOB, TI0 KOTOPBIM IUPKYJIUPYET CMA30YHBIA MaTepuan u
YHOCSITCSI IPOJYKTHI M3HOCA, obecrieunBaet 3pdexT nprupaboTKH.

Bonokaucras cTpykTypa KIETOYHBIX CTEHOK — Makpo(QHOpHILUT MpesoTBpa-
HIaeT MonajaHue CBOOOJHOTO U 00pa3yrolerocs: BCIEACTBUE JECTPYKIUH [EIITIO-
JI03bl a0pa3uBa B KOHTAKTHYIO Cpely, B PE3yJIbTaTe Yero OH MPEHUMYIIECTBEHHO
MIAPYKUPYETCS B TIOJIOCTH METIKUX KaIHJUISIPOB.

[Ipu B3aUMOJEHCTBUM C METAUIMYECKUM BAJIOM OTMEYAeTCS WHTEHCHUBHOE
W3HAIIMBAHUE BKJIQJBIINICH, YTO, IMO-BHIUMOMY, OOYCIIOBJICHO pPa3pbiBOM CBS3H
IEJUTIONO03HBIX MAaKpPOMOJIEKYJI C TMOBBIIIEHHEM TEMIIEPATypPhl BBIIIE JIOTYCTHMBIX
3HaYEHWH OJMHAKOBO ISl TOPOJT Pa3HOW TUIOTHOCTH. Y UUTHIBAS, YTO B KOHTAKTHOMN
30HE HAXOIATCS TEMUIIEIUTIONO3b], IUTHIHH U ITEKTHHOBBIE BEIIECTBA, TIPU Pa3PhIBE
xumudeckoi cBsizu O-H, B3anMopeicTByroIIe ¢ MOAU(PUKATOPOM CMa3KH, oOpa-
3y€TCsl BHICOKOOPUEHTUPOBAHHBIN I'PAHUYHBIA CMa304YHBIA CIIOM.

Jns npenoTBpanieHust AeCTPYKIUN IPEBECUHBI TaBJICHUE U CKOPOCTh JOJIK-
HbI OrpaHUYMBaThCs 3HaueHusMu: P < 3,5 MIla u v < 3,0 m/c (npu Temmieparype B
KOHTaKTHOH 30He okoio 150 °C).
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OpmHako TIpW 3TOM JaHHBIE MapaMeTphl OKa3bsiBaroTcs B 7—10 pa3 OGombiie,
4eM y OOJBINMHCTBA aHTH(PPUKIIMOHHBIX MaTepUaIOB, YTO COTJIACYETCS CO CBele-
HUSIMU, [TPUBEICHHBIMU B HccienoBanuu [1]. Takum oOpa3oMm, crabmibHas padboTa
MTOIIUITHAKOB M3 TUIACTH(HUIIMPOBAHHON JPEBECHHBI 00ECTIeUNBACTCS TIPH YAEIb-
Hoit Harpy3ke P = 10 Mlla u okpy>xHO# ckopocT Bana v < 1 M/c (B KauecTBe Ipu-
Mepa: AJs BTYJIOK U3 APEBECHO-CIIOUCTHIX M1acTUKOB P < 35 Mlla n v < 8 m/c).

[IprMedaTensHON MPU STOM OKa3bIBACTCS BIArOMOTIIOMIAIONIAsl CIOCOOHOCTD
JPEBECHHBI, TIO3BOJISIONIAs peann3oBaTh 3(P(exT camocmaspiBaHUS (B YCIOBHUSX
3aTpyIHEHHOM MAacllono/iaud, a TakKe MPH Harpy3kax, TpeOyIOIMX MPUMEHEHHUS
TBEPJBIX CMAa304HBIX MaTEPUAIOB), YTO HAXOJUT MOJATBEPIKICHHE TaKKe B paboTax
[2, 13-16, 18, 19]. AHaTOMHUYECKHE COCTABJIAIONINEC APEBECHUHBI (KIICTKH, TIOPHI,
COCY/Ibl) U UX MHUKPOCTPYKTYpa BBICTYMAIOT B POJHM KOJUIEKTOPOB CMa304HOM cpe-
nbl. Brara (B JaHHOM ciydae Maciio) IpH ONpeelIeHHON TEXHOIOTHUECKON MOJTro-
ToBKE [17] 3amonHAET MOpPHI KIETOK W YBIAKHSAET UX CTEHKH C WHTEHCHBHOCTHIO,
3aBUCAIIEH OT HANpaBICHUS BOJOKOH, MOPOJBI APEBECUHBI, MOJIOKEHUS B CTBOJE
(s1po, 3a00JI0HB).

[TpuHMMast BO BHUMaHHE, YTO COCY/BI B ApeBecHHe cocTaBistoT oT 10 % (6e-
pes3a) u 10 56 % (ymma) obmiero ee o0bema; BosokHa JuoOpropma — ot 36 % (numa)
no 75 % (Oepes3a) odbema; y nyba jimuHa cocyaoB 3,6 M, muametp 0,03...0,5 mwm,
a 00beM cocynoB ot 7 1o 43 % (is KpyImHOCIOWHOM JpeBecuHbl yda oT 6 10
10 %, mist MmenkocIoitHOH (3a06010HHOM) — 10 40 % 001Iero ooremMa), MOKHO OXKH-
JaTh, YTO JAPEBECHHA 00J1a/laeT BEChMa BBHICOKHM ITOTECHIIMAIOM B pealu3amnud d¢-
(beKTa caMoOCMa3bIBaHUs. HpI/I 9TOM €€ 3aroToBKa AJId IIOJAUIMITHUKOBBIX BKJIaIAbI-
el JOJDKHA MPOBOAMTHCS C yYETOM OCOOCHHOCTEH (OPMHPOBaHUS aHATOMHYE-
CKHX COCTaBIISIONINX B BET€TATUBHBIN U MIOCTBETETATHBHEIN ITEPHOJIBI.

B mpouecce nepenaun ycuius CO CTOPOHBI Basla MOJIIMITHUKA BCIICACTBUE
yIpyroi nedopmManuy IpeBeCHHBI MacIoNoAaya Ha MOBEPXHOCTh TPEHUS TIPOUCXO-
JIUT 32 CUET KAMMUIAPHOTO CMAaYyMBaHUsI MPO3EHXUMHBIX JTMTHU()UIINPOBAHHBIX BO-
JIOKOH TMOpH(OpMa, BHITTOIHSONIET0 MEXaHHYECKYIO (DYHKIIHIO, «OKEITATHHO3HBIX)
HCHI/IFHI/I(i]I/IHI/IpOBaHHBIX KIIETOK M COCYJOB, BBIINOJHAIOMIUX BJIArOIPOBOAAIINYIO
(hyHKIIMIO, CO CTOPOHBI TEXHOJOTHYECKOr0 MacisHOoro kanana. [Ipm Bo3HMKHOBe-
HUU MaKCHMaJIbHOTO JIaBJICHHS B IICHTPE MYTM KOHTAaKTa IPH HATrPYKEHUH BKJIIa-
JIbITIA CO CTOPOHBI BaJjia B Tpejiesiax yrila OXBara co3aaeTcsl 0071acTh CHKUMAIOIINX
HaIIpsKEHUH, & B TOPU30HTAIBHOM IUIOCKOCTH — PaCTArMBAOIINX, B KOTOPOM Ka-
MUTAPBI THOprQOpMa, HAXOASIINECS B 30HE, HAIPUMED, PEABAPUTEIHHO CO3/IaH-
HBIX (TEXHOJOTMYECKMX) HaNpsHKeHWH CXKaThs, BOCCTAHABIMBAIOT IEPBOHAYAIb-
HyH (ecTecTBeHHYI) (opMy, YEeM CO3JA0T MPEANOCHUIKH JIJIs  OO0JICrdeHHs
MAacJIOTO/IaYH.

B ycrnoBusix JXUAKOCTHOTO TPEHUs COYETaHHWE B KOHTAKTHON 30HE ITOAIIUII-
HUKa a0pa3uBHOM COCTABIISIONICH, Maciia, TIPOYKTOB U3HOCA JPEBECHHBI M METaJl-
JIMYECKOTO Bajia M 00Pa3yIONUXCS B PE3yNbTaTe XMMHUYECKUX IMPOIECCOB TPETHY-
HBIX (a3 TPUBOANT K 0OpPa30BaHUIO HA TIOBEPXHOCTH BTYJKH U Balla 0COOBIX KOH-
BEPCUOHHBIX CTPYKTYP, COCTaB KOTOPBIX SIBJIACTCS OTIIMYHBIM OT CTPYKTYP MaTepu-
aJIOB MIPUHATONW Maphl TPEHHS. DTO CYIIECTBEHHO M3MEHSET 3aKOHOMEPHOCTH W3-
HaIlIMBAHUS U OKa3bIBACT BIMSHUE HA PECYPC MOJIIIHITHUKA.

HabnronaeTcs crnocoOHOCTh APEBECHHBI YACPKUBATD B CTPYKTYPE TPOTYKTHI
W3HAIIMBAaHMWs, ITOBbIIIAA UX KOHOCHTPAILUIO HAa MTOBEPXHOCTAX TPCHUSA U 06pa30131)1-
Basi IPU 3TOM XUMHYECKH CTAOWIIBHBIE CTPYKTYPBI B PE3yJIbTaTe Peakiui ¢ MOJIH-
¢ukaTopamu cma3ku. OTMEUEHHOE MPUBOAMT K JOCTHKEHUIO KPUTHYECKOTO YPOB-
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HSl TEMIIepaTyphl, 00YCIOBINBAONIETO HA M3HAYAFHO 33/IaHHBIX PeKUMaX paOOTHI
CXBaTHIBAaHUE TOBEPXHOCTEW, B OCOOCHHOCTH B JWAINa30HE Y/ENbHBIX JTaBICHHUH
TPaHUYHOTO TPEHHS, U B CBS3HM C 3THM TpeOyeT YTOUHEHMs MPOEKTHBIX 3HAUYCHHI
CKOPOCTH U JaBJICHUS.

B pesynprare nmposenenns PCA mneHTHOUITPOBAINCH COCTAB U KOHIICHTpPA-
UM DJIEMEHTOB Ha MOBEPXHOCTSIX TPEHHs OOpa3lOB BTYJIOK MOALIMITHUKOB B
HAYaJIbHOM COCTOSIHHH, a TaKKe B IpOLEcce MPOBEACHUS TPUOOTEXHUYECKHX HC-
MBITAHUI HA W3HALLIMBAHKUE B YCIOBUAX IPAHUYHOIO UM )KMJIKOCTHOTO TPEHUS], B TOM
YHCIIe ¢ MPUCYTCTBUEM abpa3uBa.

[Tpu MomuduIMpOBaHUK TPEBECUHBI AyOa B 3JIEKTPOJIUTE HA OCHOBE ITMAHU-
JIOB OTMEYaeTCs] HECKOJIBKO MOHIKEHHAas KoHIeHTparus Menu (63,2 %), mo cpas-
HEHHUIO C KPeMHE(TOPUCTHIM 3JIEKTPOIIUTOM, a TakKe HEKOTOPHIH MPUPOCT COAEp-
skaHus xkenesa (5,32 %).

W3 mony4eHHBIX TaHHBIX BHUJIHO, YTO AJIEMEHTHBIA cOCTaB 00pa3IoB B o0ia-
CTU MOBEPXHOCTU TPEHUS XapaKTEPU3YETCs CONEPKAHUEM XKeje3a, MeIU, KPEMHUS
u nuHka. [Ipuuem, cpaBuuBas pe3ynastathl PCA 10 ¥ mocie ucHbITaHUM BTYJIOK,
YCTaHOBJICHO MOBBIIICHHOE COZICPKaHME KeJle3a B CTPYKType Marepuana o0pasios,
YTO, MO-BUAMUMOMY, CBSA3aHO C HACBIIICHHEM MOBEPXHOCTHOTO CIOS JPEBECUHBI
MPOAYKTaMU U3HOCA IPU KOHTAKTE CO CTAIBHBIM BaJIOM.

Jns Bcex MOAMQUIMPOBAHHBIX COCTOSHUIA 00pa3loB JIPEBECHUHBI, TPOIIE/-
LIMX UCHBITAHUSI, YCTAHOBJIEHO CYIIECTBEHHOE CHI)KCHHE KOHUEHTPALMH HUKEs,
KaJlys, KaJblus, XpOMa U CBUHLA. MOXHO MPEANOI0KUTh, YTO MPU HOBBILICHHBIX
TeMIepaTypax M JaBJIEHUSAX B KOHTAKTHOM 30HE MHHULUHPYIOTCS MPOLIECCHI B3au-
MOJIEHCTBUSI aTOMOB yKa3aHHBIX 3JIEMEHTOB C MOJIEKYJIaMH CMa3KH, B pe3yJbTaTe
4ero 00pasyroTCsl TPEeTHUYHBbIE COSAMHEHUs, (POpMHPYIOIIMe KOHBEPCHOHHBIE TLIe-
HOYHBIE CJIOH.

Ha cranuu ucnbITanuil, npeAmecTBYONeH NoTepe MOAMIUITHIKaMHA paboTo-
CIOCOOHOCTH, TIPOCIIEKHUBACTCS pa3pylieHHe CTPYKTYPHI TOBEPXHOCTHBIX CIIOCB,
MIPUHUAMAIOIIEe XapaKkTep ONM3KHi K yctanoctHoMmy. OOpa3yromuyecs: Ha TOBEPXHO-
CTH MHKPOTPEUIMHBI CIIOCOOCTBYIOT OTJICJICHHIO HEKOTOPBIX 00BbEMOB Marepuala,
XUMUYECKUNA COCTAaB KOTOPOro MPEACTABICH MPOIYKTAMHU PEAKLUA CMa3Kh C KHC-
JIOTaMH, IPOAYKTAMHU W3HALIMBAHUS U AJIEMEHTAMH, BXOJSUIUMHU B COCTAB ApEBe-
cunbl. O0naas MOBBIIIEHHONW TBEPJOCTHIO M OCTAaBasiCh Ha IMOBEPXHOCTAX KOHTAK-
Ta, OHU WHUIUHUPYIOT MPOIECCHl pa3pyIIeHNs, XapaKTepU3yIoIruecs: pe3Ko Bo3pac-
TarOIIEe NHTEHCUBHOCTBIO Pa3BUTHUA.

Buisoowi

1. PaspaboTtana HOBasi KOHCTPYKIIMS IMOJIIMITHUKA CKOJIBKEHUS, MMEIOIIAs
bopMy BTYIKH, U3 MOJUPHUIIMPOBAHHON DIICKTPOJUTHYCCKON MEIBIO JPEBECHHBI,
OTJIMYAIOINASICS TEXHOJIOTMYEeCKH (POPMUPYEMBIM YPOBHEM HAMPSDKEHUS CHKATHSL.
Tako# MOAMMITHUK O0JIaJaeT MOBBIIICHHBIMU TPUOOTEXHUYECKUMH ITapaMeTPaMH:
HU3HOCOCTOWKOCTBIO, TEIIOCTOMKOCTHIO, HU3KUM KO3 HUITMECHTOM TpEHHS.

2. DKCIIEpUMEHTAIILHO YCTAHOBIIEHO, YTO B YCIOBHUSX KHUJIKOCTHOTO TPEHUS B
pe3ynpTaTe XUMHUYECKHX IPOIECCOB HA MOBEPXHOCTAX BTYIKH M3 MOAU(DUIINPO-
BaHHOW JIPEBECHHBI M CTAJILHOTO BaJia MIPOMCXOJUT 00pa30BaHUE OCOOBIX KOHBEP-
CHOHHBIX CTPYKTYp, COJEpIKAIUX KeIe30, Mellb, KPeMHUH W IMHK. JTO CyIie-
CTBEHHO W3MEHSET 3aKOHOMEPHOCTH HM3HAIMBAHUS M CIOCOOCTBYET MOBBIIICHUIO
paboTOCTIOCOOHOCTH TTOAIIUITHUKA.
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3. CrabwibHas paboTa TOMITUITHUKA W3 MOAU(DHUIMPOBAHHON IPEBECHHBI
obecnieunBaeTcs pu yaenabHoU Harpy3ke P = 10 MIla u okpy»HOW CKOPOCTH Basa
v < 1 M/C B PUCYTCTBUM KHJKOCTHOH CMa3Ku. B yCIIOBHSIX IpaHUYHOTO TPEHUS
TeMmIeparypa pe3ko BO3pacTaeT, UTO MOXET MPUBECTH K CXBATHIBAHUIO TTOBEPXHO-
CTel M BBIXOJy U3 CTPOS y3JIa TPEHHUSI.
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The use of modified wood in different friction pairs of timber machines and processing
equipment is largely due to its high wear resistance, low coefficient of friction and good
dissipative characteristics. The positive properties of composite materials are achieved by
using technologies of volumetric modification and implantation of antifriction and heat-
conducting elements, as well as by forming a composite of crushed wood with the addition
of modifying additives and three-dimensional reinforcement. The expansion of the scope of
using composite materials in the designs of units with sliding friction pairs necessitates car-
rying out research on their performance and formation conditions for high level tribotech-
nical parameters: wear resistance, antifriction, heat resistance, etc. Lack of information on
the effect from the factors providing the functional characteristics of wood-based materials,
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including thermal conductivity and vibration absorption significantly complicates the prob-
lem analysis in design and technology when developing and producing bearing joints.
Therefore, the purpose of this work was studying the conditions of contact interaction of
plain bearings made of wood-metal composite materials, allowing for rheological effects,
and developing the ways of control their tribotechnical parameters by changing the struc-
ture, composition and phase filler. Models of bearings of different types, which allow creat-
ing a regulated stress-strain state in sleeves and liners, were developed for these purposes.
Research of the bearings performance made it possible to find vibration-damping properties
when using suspended crushed fractions in the composite. Increased antifriction properties
are achieved in the process of wood modification with electrolytic copper, while the manu-
facturability of a bearing sleeve is achieved when the support is formed directly at the instal-
lation site. Unlike most of the used antifriction materials, the bushings wood maintains the
stability of structure in conditions of volumetric compression at negative and positive tem-
peratures, and the wear processes occurring on the contact surfaces of wood-metal bearings
are followed by the compaction of the sleeve material. The subsequent destruction is pre-
dominantly of fatigue nature, initiated by the dynamics of vibrations and disturbances of the
system; therefore, an important part of further research is the assessment of the relaxation
ability of wood-metal composites under shock-vibration loading with optimization of their
composition according to this criterion.

For citation: Pilyushina G.A., Pyrikov P.G., Pamfilov E.A., Danilyuk A.Ya., Kapustin
V.V., Modifying Wood for Creation Plain Bearings of Timber Machines. Lesnoy Zhurnal
[Russian Forestry Journal], 2020, no. 5, pp. 155-165. DOI: 10.37482/0536-1036-2020-5-
155-165

Funding: The research is carried out under the project “Research and Creation of Plain
Bearings of Increased Wear Resistance Based on Wood-Metal Composite Materials” within
the framework of the state assignment of the Ministry of Education and Science of the Rus-
sian Federation (project No. 9.10677.2018/11.12).

Keywords: tribotechnical parameters, wood-based materials, electrolytic coppering, wear
resistance, thermal conductivity, stress state.
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W3BecTHO, YTO O HEKOTOPHIM BHEIIHUM IPU3HAKAM MOKHO OIIPEAEINTh BO3PACT JIepeBa U
ycCioBuA €ro Mnpou3pacTaHus. K stum IMpU3HAKaM OTHOCATCSA KOJIMYECTBO I'OAUYHBIX CJIOCB
Ha TIOTIEPEYHOM Cpe3e CTBOJIA JIePeBa, MPaBUIBHOCTh T€OMETPHYECKOH (POPMBI ITHX CIIOEB.
Coer cTBOJIA CBUICTEILCTBYET O TOM, TJI€ BBIPOCIIO 3TO JIEPEBO: B 3aryIIEHHOM JIPEBOCTOE
WM Ha OTKPBITOW MecTHOCTH. OBanbHas (popMa ceueHH CTBOJIa CBOMCTBEHHA JEPEBBSIM C
HECUMMETPUYHON KPOHOHW JTMOO BBIPOCIIMM IO/ HAKIOHOM K ropuzonty. Ha ¢opmy ceue-
HHUI CTBOJIOB JCPEBLECB OKA3bIBACT BJIMAHUEC MOIIHOC BHCIIHECC BOSI[CﬁCTBI/IG B BUJIC I'OCIIO O~
CTBYIOIIICH BETPOBOM Harpy3ku. B oTBeT Ha BHEIIHME BO3/ICHCTBUS B MPOIIECCE POCTA Jepe-
Ba ()OPMHUPYETCSI €r0 CTBOJI, KPOHA U COOTBETCTBYIOMIASl 3TOMY BIMSHHIO IPOYHOCTH TPH
CTaTHYECKOM M3THO€ M C)KaTHM BJIOJb BOJIOKOH APEBECHHEL. Pe3ynbTaToM B3ammopaeHcTBUS
9THX (PAKTOPOB SBILIFOTCS pa3Mepsl, (hopmMa 1 MECTOTIOJIOKEHHUE AAPOBOH U 3a007I0HHON 30H
B CTBOJIaX JIEPEBBEB, OT KOTOPHIX 3aBHUCAT IPOYHOCTD, INIOTHOCTH, PACIIOIOKEHHE 1e(PEKTOB
JIPEBECHHBI, YTO OTpa)kaeTcs Ha KauecTBE M3JENMN M3 Hee U MPOILecce MX IKCIUTyaTalluH.
EnuHBIM KpUTEpHEM OLIEHKH BIMSHHS HMPUPOJHBIX OCOOCHHOCTEH NPEeBECHHBI HA Ka4eCTBO
Y TIPOYHOCTb JICPEBSIHHBIX CTPOUTEIHHBIX KOHCTPYKIUI aBTOpaMu BEIOpaHO (opMupyrolie-
ecsl B TIPOIecce POCTa JePEeBhEB Ha4aIbHOE HANpPsHKEHHE, BETMYMHA KOTOPOTO MOYKET OBITH
00BEKTHBHO OIIEHEHA 0 pazMepam U (popMe SAPOBON U 3a00JOHHON 30H CEUSHUH CTBOJIOB.
Pa3zmeps! 1 popMa 3TUX 30H MOTYT OBITH M3MEPEHBI IMyTeM CKaHupoBaHMA. Cxema pachu-
JIOBKM OpeBEH JJOJDKHA BBHIOMPATHCS C UCIIOIB30BAHHEM COOTBETCTBYIOMINX KOMITBIOTEPHBIX
MpOrpamMM, KOTOpPBIE IO3BOJIIOT IOJy4aTh BBHICOKOKAYECTBEHHBIC ITHIIOMATEpPHUANIbl KOH-
CTPYKIIMOHHOTO Ha3zHaueHMs. Llenb mccinenoBanms — 000CHOBATH CBSI3b (DOPMBI 1 Pa3MepoOB
OBAJIBHBIX CEYEHUH CTBOJIOB JIEPEBHEB C Pa3BHBAIOIINMHUCS B TPOIECCE POCTa HAYaIbHBIMU
HaNpsOKEHUSIMA M TIPOYHOCTBIO JIPEBECHHBI TPH PACTSDKEHHU, CXKATHH BIOJb BOJOKOH U
CTaTUYeCKOM HM3THOe.

Mna yumuposanun: I'nyxux B.H., Uepubsix A.I'. OG0cHOBaHME OBAILHOCTH (HOPMBI ceve-
HHI CTBOJIOB JIEPEBBLEB IIPU MX pocTe ¢ HakiIoHOM // W3B. By30B. JlecH. xypH. 2020. Ne 5.
C. 166-175. DOI: 10.37482/0536-1036-2020-5-166-175

Knrouesvie crnosa: mpenen MPOYHOCTU JIPEBECHHBI, CTATUCTHUECKUN M3THUO, WM3THOAIOIIMIA
MOMEHT, JICPEeBSHHBIC KOHCTPYKIIMH, HANPsHKEHHO-Ie(OpMUPOBAHHOE COCTOSIHUE, Hadallb-
HOE HaIlpsDKEHHE, CMEIICHHE TICHTpa sIpa.

Beeoenue

Kax yxe oTMeuanoch B M3BECTHBIX paboTax oTedecTBeHHBIX [1, 25, 7-10] u
3apyOexHbIX [17-19, 21] uccnenosareneli, GopMUpoBaHUe CTBOJA JIepeBa MPOKUC-
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XOJUT B OTBET Ha BHelTHHE BIusHUSA. [loj neiicTBremM Beca CTBOJIA M KPOHBI, aTMO-
cepHBIX OCaZKOB W KPUTHYECKOW BETPOBOW HArpy3ku (opMupyeTcs Hamboiee
MpoYHas Hecymas 4acth ctBona [6, 11-13, 15, 20]. M3BecTHO, YTO mpH mpouspac-
TaHWU JIEpPeBa B 3aTyIIEHHOM JIPEBOCTOE CEUEHHUS CTBOJIOB OJNM3KHU K MPABHILHOMY
KpPYyTy ¥ CTBOJ SIBJISIETCS MPSMBIM CTEPKHEM PABHOTO CONMPOTHBIEHUS, Y KOTOPOTO
3a00J0HHAs YacTh CEYEHHs MPEICTABISET COOOM KOJIBLO, a SAPOBas OvepucHa
OKPYKHOCTBIO. B Takux citydasix HayaubHble HAIIPSHKEHUS paclpeieNieHbl B 00beMe
CTBOJIA TIO 3aKOHY 1Mapaboionia COOTBETCTBYIOIIEH CTETIEHN W COOTHOIIIEHNE MEXK-
Ny Tpe/ieiaMu MPOYHOCTH MPH CTATUCTUYECKOM M3THOE U CKaTHU BJIOJb BOJIOKOH
HECJIO)KHO ONMCaTh MAaTEMAaTUYECKU. DTO MO3BOJIAET MCCIEN0BATh paclpeseiieHue
HavYalbHBIX HANpPOKEHUH W Jedopmaruii M3runda MUIOMaTepuanoB MPH PacKpoe
MAJIOBOYHUKA U PEIIATh PSIIl 3371249, IMEIOIINX MTPAKTHIECKOe 3HAUCHHE.

OnHako ocTaeTcss HEMaJlo BOMPOCOB, TpeOyrommx oTera. [lmioBounnk Ha
MPAKTUKE YacTO MPEJCTaBIsIeT COOOM WCKPUBJICHHBIE OpEeBHA, B 3HAYUTEIHHBIX
Mpeieax U3MEeHseTCs UX cOer, pa3Mephl SApOBOI U 3a00J0HHOM 30H. YacTo 1meHTp
SIIPOBOM 30HBI CMEILEH OTHOCHTEIHHO M€OMETPUUYECKOTO IIEHTpa CEUYEeHUM, U OHU
HUMEIOT OBaNIbHYIO (hopmy. OcTaeTcss HEM3BECTHBIM, KaK BIHSET (OPMHUPYIOIIAsCS B
Mpollecce pocTa JepeBa OBaJbHOCTh €0 CEUEHUH Ha MPOYHOCTH JIPEBECHHBI MPH
CTaTUCTUYECKOM M3rH0e W C)KaTUH BJOJb BOJIOKOH, HA MPOJOIBHYIO MIOKOPOOIICH-
HOCTb IMWJIOMATCPHUAJIOB IPU PACKPOC MHUIIOBOYHHKA W CYIIKE, B KaKUX CIy4dasix B
CTBOJIaX JepeBhEB HaunWHaeTcs (hOpMHUPOBAHUE KPEHEBOW JPEBECHHBI, KaK pacipe-
JIeJIEHBI HaYallbHbIC HATIPSOKEHHS B CTBOJIAX JEPEBHEB C €CTECTBEHHOW KPUBU3HOM
WIM TPOM3PACTAIOIIUX C HAKIOHOM K TOPU30HTY, KAaKOB MEXaHHU3M BO3BpaTa
HaKJIOHEHHOTO B IIPOLIECCE POCTa CTBOJIA JIEPEBA B BEPTHKAIBHOE MOJIOKEHUE. DTH
W Jpyrye BOMPOCH MMEIOT HAYYHBIH W MPAKTUYECKHA WHTEPEC, a OTBET HAa HUX
KpoeTcs B 00bsicCHeHHH (DOPMUPOBAHUSI CTBOJIOB JICPEBHEB C TO3MIIMNA OCHOBHBIX
MPUHIHUIIOB OMOHUKH KaK CTepKHEH paBHOro conportusneHus [9, 10].

Lenp nccnemoBanus — 000CHOBATH CBSI3b (DOPMBI U pa3MEPOB OBAIBHBIX Ce-
YeHHI CTBOJIOB JIEPEBHEB C Pa3BUBAIOLIMMIECS B TIPOIECCE POCTa HaYaIbHBIMHU
HaIMpsOKCHUAMU U MPOYHOCTHIO APEBECCUHBI IIPU PaCTKCHHUU, C)KATUW BIOJIb BOJIO-
KOH M CTATHYECKOM H3THOE.

Obvexmul u Memoobl UCCAeO08aAHUA

B usBecTHo# padoTe Hemenkoro yuenoro H. Kiibler [17] cymmapHoe Harpsi-
YKEHHE He TOJbKO 3HAUYMTENIbHO MPEBHIIIAeT HayaJbHOE HaIPsKEHUE, HO U OTpHUIla-
TEJILHO B OJTHOW M3 YacTel ceueHust ctBojia. [loatomy Takoe ceuenue nmeet hopmy
oBaJla TIPYU HAJIWYUH IKCIEHTPUCHUTETA SIIPOBOM 30HBI. DTO MOJATBEPKIAET Hallle
MIPENIOJIOKEHUE O B3aMMOCBS3H PACIIOJIOKEHHUS SIIPOBOI 30HBI C pacmpesiesieHueM
HayvaJbHBIX HAPSHKCHUH B CEUCHUSIX CTBOJIOB JIEPEBBEB.

B cootercTBHM ¢ pa3paboTaHHOI HaMU [2] METOJMKON MOYXHO BBEIYUCITHTH JKC-
TpeMaJIbHOE HaIlpsHKEHHE B CHKATOM YacTH CEYEHUs] U HaWTHU COOTHOILEHHE MPEEsIoB
MPOYHOCTHU JPEBECHUHBI MIPU CTATUCTUUECKOM M3rM0e U CKATUH B/IOJIb BOJIOKOH.

Ecnu nepeBo mpouspactaeTr B 3arylieHHOM JPEBOCTOE U 3aIIMIIEHO OT KpH-
THYECKOTO BETPOBOTO HAIOpa KPOHAMH COCEHHX JICPEBBEB, TO €ro cTBOI (GopMu-
pyeTcst PSIMbIM M KPYDJIBIM ¢ HeOoibIuM coerom. LleHTp sapoBoit 30HBI varie
BCEr0 COBIAJAET C TEOMETPUUECKUM LIEHTPOM cedeHHsl cTBoia. B padore [5] npu-
BeJICHa METOJMKA ONPEENICHUs] OTHOCUTEIBLHOTO pa3Mepa pOBOH 30HBI M 3aKOHA
pacrpe/ielieHHsI HAaYaJIbHBIX HAPSDKEHUH 110 00beMy CTBOJIA.
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B npsiMmoM cTBoJIe NiepeBa HavYaIbHBIC HANPSDKECHHSI BO3HUKAIOT OT JCHCTBUS
(m3uko-xumudeckoro ¢akropa [2, 7, 14, 16] u OymyT pachpeneneHsl Mo 3aKoHY
napaboyionja COOTBETCTBYIOIICH CTENEHH B 3aBHCHMOCTH OT pa3MEpOB SIIPOBOU
30HBI. 3a7ava SBIBICTCSI OCECUMMETPUIHOH (puc. 1).

Oz Op 1 = O

YV RY!

8}
8]

SnpoBas 30Ha

3a60710Hb

Puc. 1. TTonokeHue s,IpOBOIA 30HBI B IPSIMOCTOSIIIEM (@) U HAKJIIOHHO pacTyiueM () nepeBe:
—R, +R — paauyc ceueHHMs CTBOJA JepeBa C IOABETPEHHONW M HABETPEHHOH CTOPOH;
Or — HallpsHKEHUE HA TIOBEPXHOCTH CTBOJIA; Gy — HAYAJIbHOE HANPSDKEHUE B BOJIOKHAX Jiepe-
Ba; Ry — panuyc siipoBoid 30HBL, Ry; U Ry — paauychl B KpallHUX TOYKax siAPOBOW 30HBI B

IJIOCKOCTHU I[GﬁCTBPIiI FOCHOZ[CTByIOH.[Cﬁ Be’I‘pOBOﬁ Harpysku, O — HaIPsXKCHHUC I/I31"I/I6a;

C o
() — MAaKCUMAaJIbHOE CKHUMAIOMICC HAIIPSAKCHNUE B CCUCHUN CTBOJIA, BBI3BAHHOEC BETPOBOU

max
Harpy3Koid M Maccoil CTBOJIa JiepeBa; O, — HaIpsHKEHHE B CEYEHUH CTBOJIA NPU M3THOe
JiepeBa OT BETPOBOM HArpy3KH; Oy — CyMMAapHO€ HANPSKEHHE OT BETPOBOM HAIPY3KH;

-R +R o o o
GZ . GZ — HaIPsDKCHUE OT BETPOBOM HArPY3KHU C INMOABETPCHHOU UM HABCTPECHHOMU CTOPOH,
€ — DKCHCHTPUCHUTET

Fig. 1. The position of the core zone in the upright (a) and inclined (6) tree: —R, +R — radius
of the tree trunk section from the leeward and windward sides; G — trunk surface stress;
Oy — initial stress in wood fibers; R, — radius of the core zone; Ry, and R, — radii at the ex-
treme points of the core zone in the plane of the prevailing wind load; 65 — bending stress;

Ggax — maximum compression in the trunk section caused by wind load and tree trunk
weight; G, — stress in the trunk section under bending by wind load; oy — total stress from
wind load; GiR ,GER — wind stress on the leeward side and the windward side;

e — eccentricity
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[Ipu pacnpeneneHuy, HanpuMep, MO 3aKOHY Napadosona BTOPOH CTEIEHU
(puc. 1, a) pyHKIMS HAUAIBHBIX HATIPSHDKEHUH UMEET CIIey IO BU:

o, =kr’-c,, 6]

20,

ra¢ o,— HaA4YaJlbHOC HANPsDKCHUC B NCHTPEC CCUYCHUA CTBOJIA, k2 2?,

[2];

}’2 = Z2 + y2 s 'y Z, Yy — KOOPpAWHATHI 1O COOTBETCTBYIOLIUM OCSM.

B HakmonHo pactymiem nepeBe (puc. 1, 6) K Ha4adbHBIM HANPSHKCHUSM B
ocecUMMETpHUIHOH 3amade (1) moO6aBUTCS ITOCTOSTHHAS COCTABIISIFOINAS HATIPSKCHIS
IpH U3rude CTBOJA OT €ro COOCTBEHHOM MAacChl C yYeTOM MacChl KPOHBI H aTMO-
cepHBIX 0CATKOB!

s, =k2r2+%z—00, 2)

IJIE G ; — MAKCUMAJIbHOE HANPSKEHHUE M3rM0a B IJIOCKOCTH HAKJIOHA CTBOJIA.
B 00oux cimyyasx cyMMapHOE HaIPsSKEHHE Oy Ha IOBEPXHOCTH CXKATOH 30-

HbI OCTACTCA pacCTATrMBAIOIINM.
Pa3mepsr s1poBoil 30HBI B 000MX TpUMEpax MOYKHO HaWTH U3 ypaBHeHu# (1)
u(2):
B OCECUMMETPUYHOM 3aa4e
R, =—-0,707R; R;, =0,707R [2],
rae R — paauyc cedeHus CTBOJIa JEPEBA;
MIPU HAKJIOHE JIepeBa QYHKIMIO CyMMapHOTO HaNpsDKEHHS MpupaBHsieM K 0:

(e}
kyR; +%Ro -0, =0, 3)

rae R, — paguyc aapoBOM 30HBL
OTcroz1a moTy4nuM:

i 2
Rm:E _Oar _ 1% | Lg]. 4)
4 G, o,
R_ 2
R,=—|-2e& || % | g (5)
4 o, o,

B paccMOTpeHHBIX ciydasix B 4aCTH CEUSHHS CTBOJIA C MOJBETPEHHON CTOPO-
HBI (puc. 1) HavallbHBIC HANPSHKCHUSI C YUETOM HAMpPSHKEHUsST U3rnda OT cOOCTBEH-
HOTO Beca He MepexosiT HyJeBOe 3HaYCHUE M OCTaroTcs pactarusaromumu. Ceve-
HUE CTBOJA (hOpMHUPYETCsl OJIM3KUM K KPYTIIOMY.

[IpakTruecku TO ke caMoe MPOUCXOJIUT B PACTYIIEM HAKJIOHEHHOM JepeBe,
€CIIM B IUIOCKOCTH €ro HaKJIOHA JIeHCTBYET IOCHOJCTBYIOIIAS BETPOBasi Harpys3ka
(0, — HampspKeHUe n3ruda OT BETPOBOM HArpy3KH).

Ecim CYMMAapHOC HaIPsKECHUC GZ B 30HC CXKaTHuA OT Z[eﬁCTBPIH BeTpOBOfI

Harpy3ku (puc. 2, @) nepexouT HyJIEBYIO OTMETKY U CTAHOBUTCS C)KUMAIOILUM, TO
HauynHaeT JOPMHUPOBATHCS OBATBHOCTH CEUEHHS, 3a CUET MOSIBJICHHUSI KOTOPOH B Iie-
PUPEPUITHBIX TOYKAX CEYCHHUs C TOABETPEHHOW CTOPOHBI (pHC. 2, 6) HANPSHKSHUS
CKaTHs YMEHBIIAIOTCS J0 TEX MOp, TOKa CYMMapHOE HalpsKEHHE BHOBb HE CTaHET
PaCTSTHBAIOIIUM.
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Puc. 2. Pacnpenenenue HayalbHbIX U CYMMapHbIX HaNpPsDKEHUN B CIydasx
OJIMHAKOBOTO (@) ¥ HEOAMHAKOBOTO (0) HANPaBJICHHUS T'OCIOJCTBYOIIETO
BETpa M HAKJIOHA CTBOJIA JAEPEBA: z; — KOOPAWHATA TOYKH ¢ MaKCUMaJIbHBIM
CKUMAIOIINM HAMPSDKEHHEM; G,g — HAlpsDKCHHE B TTOBEPXHOCTHOM CIIOE
CTBOJIA JIepeBa P U3rnOE BETPOBON HATPY3KOH
Fig. 2. Distribution of initial and total stresses in cases of the same (a) and
different (6) direction of the prevailing wind and inclination of the tree
trunk; z, — coordinate of the point with the maximum compression;
o,z — stress in the surface layer of the tree trunk under bending by wind load

Pesynomamor ucciedosanust u ux o6cysxcoenue

B Ta6J'II/ILIe MPUBCACHBI PACHYCTHBIC 3HAYUCHUA PaANyCOB H,Z[pOBOﬁ 30HbI B

IJIOCKOCTH HAKJIOHA CTBOJIA JIEPEBA MPHU Pa3HBIX COOTHOLIECHUIX Gﬂ, MOATBEP-
S
JKaaromuye (akT CMENIeHUs IeHTpa SIPOBOM 30HKI 110 OTHOIICHHIO K TeOMeTpHhYe-
CKOMY LICHTPY CEUYEHUN CTBOJA.
C yBennyeHHEeM HaKJIOHA CTBOJIA SAPOBasl 30HA CMEIIAETCsl OT TeoMeTpuye-
CKOT'O 1IEHTpa CEYEHHUs B CTOPOHY 30HBI CokaTus. Jljisi BETBeW nepeBa, pacTylIux
MEPIEHANKYIISPHO OCU CTBOJIA, XapAKTEPHO OTHOILICHUE

Oar =1,
Gy
Ecmun 510 oTHOMIEHNE OObIe 1, TorAa BeTBH OyIyT NMETh HAKJIOH BHU3, CO-
JiepKaHNe KPEHEBOW JPEBECUHBI U OBAJHHYIO (DOPMY CEUCHUSI.
Kak BUIHO M3 TaHHBIX TA0JIUIIBI, C YBEIUUYCHUEM HAKIIOHA CTBOJIA K TOPH30H-
Ty Tpees MPOYHOCTH APEBECUHBI MPU CIKATUH BIOJb BOJIOKOH HECKOJIBKO BO3pac-
TaeT 10 OTHONICHHIO K MPEe/eTy MTPOYHOCTH MPH CTaTHCTHYeckoM u3ruode. [lo pas-
paboTaHHON HaMHM METOJHKE [5] MOXKHO BBIYHCIHTH HAYalbHbIC HANPSDKCHHS B
000 Touke 0oO0beMa CTBOJA MPH JIPYTHUX 3aKOHAX WX paclpelesieHus], n3ruoaro-
II1ME€ MOMEHTHI 10 KPOMKE U TUIACTU BBIMUIMBAEMbIX U3 CTBOJIA MUJIOMATEPUANIOB, a
TaK)Ke WX TPOJIOJIBHYIO TOKOPOOICHHOCTD, MOSBIISIFOIIYIOCS TIPH PACIHIOBKE H T10-
CIEYIOLIEN CyIIKe.
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Pasnycel siApoBoii 30HBI IPH PAa3THYHBIX COOTHOLIEHUSIX HAYAIBHBIX HANIPSKEHUI
M HalpsiKeHU n3ruda npyu HaKJIoHe JiepeBa

(&)
OTHOILICHHE HATPSKCHHS H3rHOA K HAYANBHOMY HAIPSIKCHHIO — o
ITapamerp Gy
0,1 0,2 0,3 0,4 0,6 0,8 0,9 1,0
Pammyc
SITPOBOH 30HBI:
Ror 0,733R |-0,758R | -0,786R | —0,814R | -0,873R | -0,935R | -0,967R| -R
R, 0,6825R | 0,659R | 0,636R | 0,614R | 0,573R | 0,535R | 0,517R R/2
Koopnunara

skerpemaibhoit | —0,025R | —0,050R | —0,075R | -0,100R | —0,150R | -0,200R | —0,225R | —0,250R

TOYKH Z;

OTHoIIeHHE TIpe-
JIETIOB TPOYHOCTH
npu cratuueckom | 1,9975 | 1,9900 | 1,9770 | 1,9610 | 1,9139 | 1,8520 | 1,8160 | 1,7780
HM3ruoe U CKaTUU
BJI0JIb BOJIOKOH

Bo3moxken ciydaii, korja cyMMapHOe HalpsDkeHue B nepudepuitHoi 30He
CEUeHHS C IMOJIBETPEHHOH CTOPOHBI HAKJIOHEHHBIX M MCKPUBIICHHBIX CTBOJIOB CTa-
HOBHTCS TIOCTOSIHHO CKMMAIOIINM. J{J1s1 COXpaHeHUs! )KU3HECTOMKOCTH CTBOJIA MPO-
UCXOIUT IepepacnpeiefiecHUe MOCTYIUIEHUS] MUTATEeNIbHbIX BELIECTB TakUM 00Opa-
30M, 4TOOBI epudepuiinbie (3a00I0HHAsI 30HA) YACTH CEUCHHUSI UCTIBITHIBAIU pac-
TSOKCHHE B MPOAOJLHOM HANpaBICHUHM. B 3THX 4acTAX ceueHHs YBEIMYMBACTCS
LIMPUHA FOAMYHBIX CJIOEB 3a CUET U3MEHEHUS TOJIILIMHBI CTEHOK KJICTOK, U CEUCHHE
IIOCTEIICHHO CTAaHOBUTCS OBAJbHBIM, TaK KaK B IIJIOCKOCTH Iox yriaoM 90°k pac-
CMaTpHUBAaEMON IJIOCKOCTH TAKOT'O YCUJICHUS HE IIPOUCXOIUT.

Taxum 00pazom, IpU HEKOTOPBIX COOTHOLIEHMAX MOIYOCEH 3IuIMIica Hampsi-
xKeHust BT. 1 u T. 1 (puc. 3) J0IKHBI OBITh paBHBIMU APYT APYTY, T. €. IPU IPOUUX
PaBHBIX YCIOBHSX OyIyT paBHBI APYT APYTY U OCEBbIE MOMEHTBI CONPOTHUBIICHUS
Kpyra u 3JUIuIca.

T . T . a a

a o
Puc. 3. ®opmbl cedeHHil cTBOJAa JepeBa NPU PaBHOBEIHMKHUX
CyMMapHbIX HalpsDKEHHSAX B TOoukax | W 1’ Ha KOHType mpu
KpPaTKOBPEMEHHBIX (@) W JUIMTENbHBIX (0) Harpyskax (mpu
packaurnBaHMU JiepeBa OT IIOPHIBOB BETPa)

Fig. 3. Shapes of sections of a tree trunk with equal total
stresses at points 1 and 1’ on the contour under temporary (a) and
constant (6) loads (when a tree sways under the gusts of wind)
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W3 storo caenyert, 4to
3 2
R =ab, (6)
3 o
riae R — paauyc S5KBUBAJIEHTHOTO CEYEHUST; a, b — JUIMHBI MOTyOoCcel CTBOJA.

Ecnu paccmarpuBaercst mpsMOCTOSIIITAN CTBOJI A€peBa ¢ CHMMETPUYHON KPO-
3
(v _ _ 9 _
HOH, TO b=R,, a= 5 R, , T. e. momyocu OyIyT OJMHAKOBBIMH, a IPU OTCYT-
CTBUU BHEIIHETO HECUMMETPUYHOTO BO3JICHCTBHUS CEUYCHUE CTBOJIA OYJIET NPaBUIb-
HBIM KPYTOM.
Ecnu u3BeCTHO COOTHOLIEHUE MOIYOCEH AIIIUIICA, UMEEM:

R,=a’b. (7)

ITo HaiimeHHOMY paAmycCy Kpyra MOKHO YCTaHOBUTH BUJ (DYHKIIMU HadaTh-

HOTO HaHpH)I(eHI/ISI 1 UCCICO0OBATH BCINYHUHBI I/ISFI/I68,IOH_II/IX MOMCHTOB U HpOFI/I60B

HI/IJ'IOMaTCpI/IaIIOB oT )Z[CI71CTBI/I$1 HadYaJIbHBIX HaHpH)KGHI/II‘/'I, BO3HHUKIINUX B CTBOJIC J1€-
Pp€Ba B Ipouecce €ro pocra.

ITpu 5TOM, 3Has pee NPOYHOCTH P CKATUU BJIOJIb BOJIOKOH Gy , MOKHO

YUCIICHHO PEIINTh 33734y IO ONpPEACTICHUIO DKCICHTPUCHTETA SAPOBOH 30HBI H
HAYaJIbHBIX HAIIPSDKCHUH B IPpeBECHHE JIMO0 00paTHYIO 3aj1auy.

Takast 3ajjaua penieHa HaMy BIIEPBBIE U MOXET OBITh pealln30BaHa MpH pas-
paboTKe KOMITBIOTEPHBIX TEXHOJOTHH PAacKpos MIJIOBOYHHKA W3 JFOOBIX MOPOJ
JIPEBECHHBI B LIENAX MOJTYYCHHS BBICOKOKAYECTBEHHBIX MUIOMATEPUAIIOB JIJISl U3TO-
TOBJICHHSI JICPEBSIHHBIX CTPOUTENBHBIX KOHCTPYKIMA. OTHOIICHHE MaKCUMAaJIbHBIX
HaNpsOKEHUH B IBYX 3a7a4ax (C SJUTMIICOM M KPYroM) JIOJDKHO OBITh paBHO 1, T. e.
4M, [4M,
na’b/ mR’
MEHTBI OT BETPOBOM Harpy3ku B Toukax 1 u 1’ (puc. 3)).

3anaBasi pa3NUUHbIE OTHOLICHMS /7, MOKHO BBIYHCIHTH pazMepbl MOIyOCei
AILTUTICOBUIHOTO ceueHus a u b (puc. 4):

R R

=1 umn nR. =a’h,rne n=M,/M, (rne M, u M, — usrubaroutie Mo-

Puc. 4. ®opma cedeHuil BeTBeil nepeBa U

€ro CTBOJA: a@ — UCXOJHAs; 6 — MPH HAKJIOHE

C pacrpe/eneHiHeM HadaJbHbIX HAIPSIKCHUN
o apadoJIoNIy BTOPOH CTEIICHH

—

Fig. 4. Shape of sections of the branches of a
tree and its trunk: a — initial; 6 — when
inclined with the distribution of the initial
stresses over a paraboloid of the 2nd degree

n=1;a=b=R,;
n=2;b=R,; aszﬁ;
n=15; b=R; a=a¢l,5R=1,225R.
C npyroii CTOpOHBI, P CKAHUPOBAHUU TOPIIEBOI'O CEUCHUSI OpEBHA MOXKHO
ONPEEIIUTh SKCUEHTPUCUTET AJIPOBOM 30HBI, COOTHOILICHUE HANpsHKEHUN B Kpai-
HUX HanOoJiee HAIPSHKEHHBIX TOYKAX CEUYCHHs, 3aKOH WM3MEHEHHUS HavajbHbBIX

HaHpH)KeHI/Iﬁ n HUCCICO0BATh (l)OpMoyCTOfI‘II/IBOCTB U OPOYHOCTH BBIMMUIINBACMBIX
IMUJIOMaTCpraIoB IMPU CTATUCTUICCKOM M3THOE U CIKATUH BJ0JIb BOJIOKOH.
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[NosBsromasics mpy HaKIOHE TUOO eCTeCTBEHHOW KPUBHU3HE CTBOJIA HECHM-
METPUYHOCTh CYMMapHOTO HAIpPsDKEHUS CIIOCOOCTBYET BBITIPSIMICHHIO CTBOJNA
BO3BpaTy €ro B BEPTUKAILHOE TMOJIOKEHUE B MpoIiiecce pocTa (cM. puc. 1, 2). Dtomy
MTOCTETIEHHOMY TIPOIIECCY «IIOMOTAeT» TOABICHHE OBANBHOCTH CEYEHHUN CTBOJA IO
TeX TOp, TIOKa CyMMapHOE€ HalpsDKeHWE TPU pacKadMBaHWH JEpPEBa OT BETPOBOM
HaArpy3KH He IPUMET OCECUMMETPUYHYIO CXEMY.

Ecnu Bokpyr sepeBa, BRIPOCILIETO B TYCTOM JIPEeBOCTOE, yOpaTh COCEIHUE Jie-
pEBBs, TO CTBOJ TAKOTO JepeBa OyJeT He TOTOB K TOMY, YTOOBI COMPOTHUBISATHCS
M3MEHUBIINMCSI BHEIIHUM BO3JICHCTBUSM. ODKCTPEMalbHOE HANPSHKCHHE CIKATHS
HECKOJIbKO YBEIIMYUTCS IO OTHOILICHHIO K HANPSDKEHUIO pacTsbKeHus (cM. Tabu. 1).
[Ipu ouepeaHOM BHEIITHEM BO3ACHCTBUU BEPXHsISA YacTh CTBOJIA ¢ KPOHOM TIpHOOpe-
TeT HeoOpaTuMylo nedopMaIiio M3ruda 3a CYeT TOSBICHHS CKJIAJ0K CMATHS B
C)KaTOM 30He, YTO MPOWJLTIOCTPUPOBAHO B padore [1].

Buvi6oowi

1. BriepBble MpeayioskeHa METOJMKA ONPEACIICHUs MOMyOCel OBAJILHOTO Ce-
YEeHUs CTBOJIA JIEPEBa IIPU €r0 POCTE C HAKIOHOM.

2. Pe3ynbpTaThl TEOPETUYECKUX HCCIIEOBAHUN HE MPOTHBOPEYAT OIBITHBIM
HaAOJIOACHUSIM, A JIMIIb TOATBEPXKIAIOT IIPEAION0KEHUE O TOM, YTO B CTBOJIC AEpe-
Ba B IPOLIECCE POCTA PA3BUBAIOTCS HAUYAJIbHBIE HANIPSHKEHUS, SIBJISIOIIMECS T1aBHOM
MPUYMHON 00pa30BaHUsI OBATBHOCTH CEUCHUH.
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It is known that it is possible to determine the age of a tree and the conditions for its growth
by some external features. These features include the number of annual layers on the tree
trunk cross section, the correct geometric shape of these layers. The stem taper indicates
where this tree grew: in an overstocked stand or in open areas. The oval shape of the cross
sections of the trunk is common to the trees with irregular crown or grown inclined to the
horizon. A powerful external action of a prevailing wind load influences on the cross sec-
tions shaping of tree trunks. Trunk, crown and corresponding cross-breaking strength and
compression resistance along the wood fibers of a tree are formed in response to all external
influences during its growth. The collaborative effect of these factors is the size, shape and
location of the core and sapwood zones in the tree trunks, on which the strength, density,
and location of wood defects are dependent, and which affect the quality of wood products
in-service. The authors chose the initial stress formed during the tree growth as a uniform
criterion for assessing the influence of the natural features of wood on the quality and
strength of wooden building structures. The value of which can be fairly estimated by the
size and shape of the core and sapwood zones of the tree trunks cross sections. The size and
shape of these zones can be measured by scanning. The log sawing pattern should be select-
ed using appropriate computer software that allow obtaining the high-quality sawn timber
for the construction purposes. The research purpose is to develop a method for determining
the size and shape of the core and sapwood zones of the tree trunk sections that have a natu-
ral curvature and grow vertically or with an inclination to the horizon; and what is more, to
substantiate the connection between the shape and size of the tree trunk oval sections with
the initial stresses developing during growth and the wood strength under tension, compres-
sion along the fibers and static bending.

For citation: Glukhikh V.N., Chernykh A.G. Reasoning of Tree Cross Sections Oval Shap-
ing while Growing with an Inclination. Lesnoy Zhurnal [Russian Forestry Journal], 2020,
no. 5, pp. 166—175. DOI: 10.37482/0536-1036-2020-5-166-175

Keywords: wood ultimate strength, statistical bending, bending moment, timber structures,
stress strain behavior, primary stress, core shifting.
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B Hacrosimee BpeMst MaTepuaibl U3 JPEBECHOBOJOKHUCTHIX 1M0JTy(haOpUKaTOB HAlUIX IIH-
pOKOE ITPUMEHEHHE B IOMOCTPOCHUH B Ka4ECTBE KOHCTPYKIIMOHHBIX, OTAEIOUHBIX U U30JIs-
IMOHHBIX. Kak moka3an aHanu3 pe3yabTaToB MHOTOUUCIICHHBIX UCCIIEIOBAHUM, CBIPhEM IS
UX TPOU3BOCTBA CIIY’)KUT TEXHOJOIMYECKas LIela U3 OTXOJ0B AepPeBOOOPAOOTKH, KOTOpast
MOJBEPraeTcsi THAPOTEPMUIECKONW 00paboTKe U JalbHEHIIEMY Pa3MOJly B JMCKOBBIX HOXKe-
BBIX Pa3MaJbIBAIONIMX MAIllMHAaX B JIBE CTYNEHH. 3HAUMTEIbHAs] SHEPrOEMKOCTh IMpoliecca
MPOU3BOJICTBA JIPEBECHOTO BOJIOKHA OOYCJIOBJEHA HE TOJBKO HCIIOJIb30BAHUEM 2-CTYIICH-
4aToro pasMoia, HO M IPEOJOJICHHEM THIPOJINHAMHYECKOTO CONPOTHUBICHHS BOIHOH cpe-
IIbl, TJIE OCYIIECTBIIETCS pa3Moi. B Xoje pemeHns 3a1ady pacIIMpeHUsl ChIPhEBOIl 0a3bl
JUISL TIPOM3BOJICTBA JIPEBECHOBOJIOKHHUCTOTO MOy (hadpHuKaTa W CHIKEHHS SHEPrOEMKOCTH
mporecca pa3Mosa ObUT UCCIEOBaH Pa3MOJ IMIEHBl U3 HOPYOOYHBIX OCTATKOB B a3pOAMHA-
MHUECKOH cpefie Ha MOJCPHU3NPOBAHHON INIAaHKO-KPECTOBOI MenbHuUIE. [IpoaHanu3upoBa-
HBI 0OCOOCHHOCTH 3TOT0 Mpoliecca U AaHa OIEHKa ero 3()(heKTUBHOCTH. Y CTaHOBIICHO BIIHSI-
HHE TPOJIOJKUTEIILHOCTH BBIIIEPKKH IIETbI U3 TOPYOOUYHBIX OCTATKOB B PaCTBOPE YKCYCHOM
KHCJIOTHI, BEJTMUMHBI PabOYero 3a3opa M yriia HaKJIOHa MepeaHel IpaHu HOXKa Ha CTETCHb
nomoJia 1 (ppaKkiMOHHBIN TOKa3aTeNb KayecTBa 1omosa apeBecHoi macchl. [TosyueHs! cTa-
TUCTUYECKO-MaTeMaTHYeCKHE ypaBHEHHS, OMHCHIBAIOIIME HCCIEAYEeMBI Tpouecc, W Io-
CTPOEHBI Tpaduyeckue 3aBHUCHMOCTH, JIJIsI KOTOPBIX BBIMOJIHACTCSA CIEIYIOIIEe OCHOBHOE
TpeOOBaHNE: IKCTIIEPUMEHTAIBHBIC TOYKH B COBOKYIMHOCTH JOJDKHBI PACIIONaraThCsl 10CTa-
TOYHO OJIM3KO K KPHMBBIM. /laHHBIC ypaBHEHUs MO3BOJISIOT MTPOTHO3MPOBATH KAYECTBO JIpe-
BECHOBOJIOKHHCTOM Macchl B 3aBUCHMOCTH OT YCTAHOBJICHHBIX PEKMMOB ITPOIIECCca pa3Modia,
a TaKKe MPU N3BECTHBIX 3HAYCHUSIX TEXHOJOTMYECKHX W KOHCTPYKTHBHBIX IAapaMeTpoB
pa3MaibIBaloIIel yCTAaHOBKH OMNpEAENATh ee nokasartend. [loareepxnena 3¢ ¢GexTHBHOCTD
npolecca MoJTy4eHHs JPEeBECHOBOJIOKHUCTOTO Moiry(habprukara B a3poAMHAMUYECKON cpese
13 MIETIBl, IPOM3BEACHHON B pe3ynbTaTe nepepaboTky MopyOOUHBIX OCTATKOB (BETBH, BETKH
U Cy4bsl) B MOOMIIBHOM pyOUTEIbHON MaIlIuHe.

Jna yumupoeanus: 3e1psiHoB M.A., Mensenes C.O. MozaenupoBaHue MpoIeccoB Moyye-
HUS JIPEBECHOBOJIOKHUCTHIX MOMy(haOpHKaToOB B IEISIX PACHIMPEHUS CHIPbEBOM 0a3bl Jeco-
NPOMBILUICHHBIX npeanpusituii // U3B. By3oB. JlecH. xypH. 2020. Ne 5. C. 176-183. DOI:
10.37482/0536-1036-2020-5-176-183

Q@unancuposanue: VlccnenoBanue BBINOIHEHO Npu nojjepxkke rpanra Ilpesunenta PO
JUTSL MOJIOABIX YYCHBIX — KaHauaatoB Hayk MK-1902.2019.6; npoekr «Pa3paboTka 1 BHE-
penue 3QQPEeKTUBHON TEXHOJIOTHMH KOMIUIEKCHOW TepepadOTKH JIECOCEUHBIX OTXOJ0B)» MpO-
BeJIeH ITpu noaepskke KpacHospckoro kpaeBoro oH/1a HayKu.

Knouesvie crosa: GpuOpmILIsILIS, CTETICHb TIOMOJIA, IIIENa, BOJIOKHO, MOPYOOUHBIE OCTATKH, Ma-
TeMaTHIEeCKast MOZIENb, Pa3MOJL.
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Beeoenue

B cBsi3u ¢ Tem, 4TO MOTPEOHOCTH B JPEBECHOM ChIPbE ITOCTOSHHO BO3PACTaET,
aKTyaJIbHBIM CTAQHOBUTCS BOIIPOC O KOMILJIEKCHOM MCIIOJIb30BAHUU JPEBECHHBL.
VY noBneTBOpeHre MOTPEOHOCTH JiepeBonepepadaThIBAIOIINX MPOU3BOACTB B CHIPHE
JIOJDKHO OCYILECTBIISITHCS KaK 32 CUET SKOHOMHOT'O, TaK W HauboJjee MOJHOro Hc-
M0JIb30BaHUs JIpeBecHbIX pecypcoB [1, 7-9, 20]. K ocHOBHBIM HampaBiIeHUSIM pas-
BUTHSI JIECHOTO KOMIUIEKCA OTHOCAT YBEJIMYCHHE IPOLIEHTA HCIIOJIb30BaHMS BCEH
npeBecHOM Macchl. C 3TOH IeTbI0 HEOOXOIUMO JalbHEHIIEe COBEPIICHCTBOBAHUE
CTPYKTYpBI TPOU3BOJICTBA JIECHOH M JepeBOOOpadaThIBAIOICH MPOMBIILICHHOCTH,
TEXHOJOTMUYECKUX MPOIIECCOB MPOU3BOJCTBA IIEMBl, APEBECHOBOJIOKHUCTHIX IUIUT,
(baHepsl, KapTOHA U APYTUX 3aMEHUTENeH nuioMarepranos. OQHUM U3 IPUOPUTET-
HBIX HalpaBJICHUHN SBISIETCS IPOU3BOACTBO APEBECHOBOJIOKHUCTOTO 10Ty (hadbpuKa-
Ta U3 JIECOCEYHBIX OTXOJIOB B BUJIE CYUbEB, BETBEH U BepUIMHOK. OJHAKO TpaJHIIU-
OHHBIE TEXHOJOTHHU Pa3MoJia M CYIIECTBYIOIIEE pa3MabIBarolee 000py10BaHUE HEe
[O3BOJISIIOT HOJIYYUTh IPEBECHOBOJOKHUCTBIM MOy(habpHKaT U3 3TUX OTXOAOB C
TpeOyeMbIMH Ka4eCTBEHHBIMH XapaKTepucTUKaMu [2—06].

Obwexmul u Memoobl UCCAeO08AHUA

Jns pacipeHus ChIpheBO 0a3bl MOMYUYSHHUS! APEBECHOBOJIOKHUCTOTO IMOJY-
(habpukara u moBbIIeHHs 3()(PEKTUBHOCTH TIpoIecca pa3Moiia OTXOJ0B PACTUTEIhb-
HOTO TPOHMCXOXKICHUS B J1a0OpaTOpHM JieconepepadaThlBAIOILEH LEIUII0I03HO-
OyMa)XKHOW M XMMHUUYECKOHM TexHosornu apeBecunbl Gumana Cuol' TY B r. Jlecocu-
Oupcke OblIa pazpaboTaHa KOHCTPYKIHSI TUIAHKO-KPECTOBOM METBHUIIBI, TIO3BOJISIO-
el OCYLIECTBISATh IMPOLECC HOXKEBOIO pa3Mojia B a’pOAMHAMUYECKOH Cpeje.
Ha pa3moibHy!0 yCTaHOBKY MONYYEHO MONOKUTENbHOE pemeHue No 2673858
«Y CcTpOHCTBO AJIs pa3Mosia WENbl B A3POJUHAMUYECKOU Cpeliey.

Pa3zmonbHas kaMepa ycTaHOBKH (puc. 1) BBIMOJIHEHA U3 CTOWKUX K KOPPO-
3UM U a0pa3suBHOMY M3HOCY KOMIIO3MIIMOHHBIX MaTepHaloB. BBuay KOHCTpYK-
TUBHBIX OCOOEHHOCTEH KaMephl, OTIIMYAIOLUINX €€ OT COBPEMEHHBIX JMCKOBBIX
pasmansiBatonux mamuH [10, 14, 16], npomecc pa3Mosa MpoTeKaeT B YETHIPEX
3oHax (I-IV) 6e3 mpucyrcTBusi TexHWueckod Bojabl. B 3ome Il pasmon ocy-
LIECTBIISIETCS. B padoyeM 3a30pe MEXIy HOKaMU poTopa W HOXKaMH pHUQIIECHOH
IJIaHKK cTatopa. [IpoucxoauT MHTEHCHBHOE BO3/CHCTBIE HAa BOJIOKHHUCTBIH I10-
nyQadpukar, KOTOpOE COMPOBOXKAACTCS pa3JaBiMBaHUEM, PE3aHUEM, MSATHEM U
TpeHueM. B cexTope Mexay HOXXamMu poropa (30Ha I) ApEeBECHOBOIOKHHCTAS
Macca MepeMelInBaeTcs 3a CUeT CHJI TPEHUsSl U LEHTPOOEKHOW CHIIBI, YTO CIIO-
coOcTBYeT (HUONMIUIMPOBAHUIO IpeBecHOro BosiokHa. B 3one I, pacnonoxeHn-
HOHM y OCHOBaHHUSI HOXKa POTOpPA C HOXXEBBIMH OTBEPCTHSIMH, MPOUCXOIUT Gub-
PUILTHPOBAaHKE JIPEBECHOTO BOJOKHA OJIarojapsi OCTPhIM 3yObsiM B HOKEBBIX OT-
BEPCTHSIX, B MEKHOKEBBIX siuciikax pudJieHbIX miaHok (3oHa IV) — pubpumm-
poBaHHe, BBIPABHMBAHHE I'€OMETPHUYECKHMX Pa3MEpOB BOJIOKHA M pa3jelicHUuE
JIPEBECHOBOJIOKHUCTON Macchl 0 QpakuusM Onaronapsi HOKEBBIM OTBEPCTHSIM.
3ona IV sBisieTcs 3aBepiiarolieid, Mpu 3TOM JAPEBECHOBOJIOKHUCTHIN 10Jy(had-
pHUKAT, UMEIOIIHNHA TpeOyeMble TeOMETPUUIECKUE pa3Mephl, TPOXOJIUT Yepe3 HO-
KEBbIC OTBEPCTHSI M TOKUIACT PAa3MOJIbLHYIO KaMepy.
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Puc. 1. Pa3MospHas kamepa IUTaHKO-KPECTOBOM MENBHHIIBI (@) C yKa3aHHEM 30H pa3MoJia
(6): 1 — xopmyc pa3MoJIbHOW Kamepbl; 2 — pudieHas IUIaHKa crtatopa; 3 — HOXK pOTOpa;
4 — KOpIIyC COCTaBHOW TapHHUTYpPBI POTOpa; 5 — BaJ pOTOpa; 6 — NPUKUMHAS IUIAHKA;
7 — HOKEBBIE OTBEPCTHS CENapaTOPOB HOXKEH pOTOpa; 8§ — HOXKEBBIE OTBEPCTHS CEapaTOPOB
pudnenoii mnanku; [-IV — 30HbI
Fig. 1. Grinding chamber of a cross-bar mill (a¢) with an indication of grinding zones
(6): I — grinding chamber body; 2 — stator corrugated bar; 3 — rotor knife; 4 — housing
of the composite rotor set; 5 — rotor shaft; 6 — clamping bar; 7 — knife holes of the
rotor knife separators; § — knife holes of the corrugated bar separators; [-IV — zones

B wmccnenoBaHusX MCIONB30Baiach COCHOBAs IIeMNa, MOMyYeHHAsh U3 TMOopy-
OOYHBIX OCTATKOB B BHUJIC BETBEH, CyUheB M BEPIINH. J[TMHA ¥ TONIIMHA MIETIHl Baph-
upoBanuchk B nuanazoHax 10...35 MM u 3...5 MM COOTBETCTBEHHO, YrOJl cpe3a Co-
craBsin 35...55°, maccoBast 10t KOphI M THUIM He mpeBblmana 15 u 5 % coorser-
CTBEHHO.

Ha ocHoBanmm aHanmm3a pe3ysbTaTOB TEOPETHUYECKHX W DKCIEPUMEHTATLHBIX
uccienoBanuii [11-13, 15, 17-19] noBsllieHre PeakIMOHHONW CIIOCOOHOCTH JipeBe-
CHHBI U 0CJIa0JICHNE MEKBOJIOKOHHBIX CBSI3EH JIOCTUTATUCH HE TPAIUIIMOHHO 32 CUET
THIPOTEPMHUYECKON 00pabOTKH IIETIBI MapoM, a TIOCPEICTBOM IPEIBAPUTEIHHON 00-
pabotku 1ensl 70 %-M BOJHBIM PacTBOPOM YKCYCHOHM KHCIOTHI MPH TEMIIEpaType
55...60 °C.

OCHOBHOH METOJ| TIOJYYEHHUsSI CTAaTHCTUYECKH-MATEeMATHYECKOTO OTHCAHUS
HCCIIeyeMOro Tpoliecca — aKTUBHBIH MHOTO()AKTOPHBINA SKCIIEPUMEHT C HCITOJB30-
BaHueM B-ruiana Broporo mnopsijka [4, 5]. B xadecTBe BXOAHBIX (DaKTOPOB ObLIH
BbIOpaHbI: BeJIMUMHA pab0Yero 3a3opa (z), yroyi HakjoOHa NepeAHel rpaHu Hoxa (y),
MIPOOJKUTENBHOCTD BBIJICPKKH IIETIBl B BOJHOM PacTBOPE YKCYCHON KHCIIOTHI (T),
BBIXOJIHBIX MapamMeTpPOB — OCHOBHBIC KaUeCTBEHHBIC IOKa3aTeNd JIPEBECHOBOJIOK-
HUCTOW MAacChl: CTeleHb rmomosta japeBecHor Macchl (JIC), gppakinoHHbIN MoKa3a-
Tenb kauecTBa momomna (Fr).

Br160p OCHOBHBIX XapaKTepUCTUK MOJEJIeH, COrJIacHO MpOTrpaMMe KCIepu-
MEHTAIBHBIX HCCIICOBAHHHN, IPEJICTABIICH B BHJIE (DYHKIIMOHATHHON 3aBUCUMOCTH

ACFr=f(z,v,7). (D
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Ha ocHoBaHWM mpenBapUTEIbHBIX SKCIEPUMEHTOB OBUIH MPHHSATHI CIEYIO-
e WHTEPBAIBI BaphbHUPOBAaHUSA BXOAHBIX mapamerpoB: 0,2 < z < 0,6 mm; 30° <
vy <50° 10 <t <30 mun.

Peszynomamor uccredosanuil u ux oocyscoenue

B pesynpTare 00pabOTKH SKCIIEPUMEHTANBHBIX JTaHHBIX C TPUMEHEHUEM CO-
BPEMEHHON HKCIEPUMEHTAIBHON M JabOpaTOPHO-U3MEPUTEIbHON 0a3bl Ha COOT-
BETCTBYIOILIEM YPOBHE METPOJIOTHUECKOTO 00eCIeUeH s NCCIIeAOBAaHUN TIOTy4EHBI
YpaBHEHUS, ONMCHIBAIOIINE N3MEHEHNE IPUPOCTA CTETICHN ITOMOJa M (PaKIIHOHHO-
ro mokaszaTelisi KauecTBa IMOMOJIa OT TEXHOJOIMYECKHMX M KOHCTPYKTHUBHBIX Mapa-
METPOB pPa3MalIbIBAIOIEH MAIIUHBI:

JAC=21,59-0,25y — 2,2z + 1,951+ 0,44yz — 0,19z1 —

— 0,31yt — 0,59y~ 0,34z* — 0,097%; 2)
Fr=33,97 + 0,31y — 2,1z + 1,93t + 0,34yz — 0,09zt — 0,16yt —
— 0,17y 0,422* + 0,03 . 3)

Pacuetsl moaTBepAnIIH, 4TO Bee KOIP(GUIIMEHTH PETPECCHOHHBIX ypaBHEHUH
3Ha4YMUMBI. IIJ'IH HarjJsAAHOCTH U 60.]'[66 TOJTHOM OLICHKH BJIMSHHA UCCICAYCMbIX (1)21[(-
TOPOB Ha KayeCTBEHHBIC ITOKA3aTEeNN JPEBECHOBOJIOKHUCTOTO MOy(adpukara, 1mo
ypaBHeHUsM (2) u (3) MOCTPOSHBI MMOBEPXHOCTH OTKIIMKA, KOTOPHIE IEMOHCTPUPY-

0T UX 3aBUCUMOCTL OT KOHCTPYKTUBHBIX W TCXHOJIOITMYCCKHUX IapaMCTpPOB IUIAHKO-
KPECTOBOW MEITLHUIIBI (pHC. 2).

L\ RG AR
SUONOW SMALRLD
LUONOL IRBURLD

A

W24
B <24
<23
B <22
<21
B <20
B <19
<18

Puc. 2. 3aBUCHMOCTB CTENIEHM MOMOJA JApeBeCHOBOJIOKHHUCTON Macchl (JIC) oT mpomomku-
TEJIBHOCTH BBIJICPIKKH (T) IIENBl B BOAHOM PacTBOPE YKCYCHOM KHCIJIOTBHI M yIJia HaKJIoHa ()
TIepeIHeH TpaHu HOKa poTopa (@) M OT BEIMYHHBI pabodero 3a3opa (z) u yria HakioHa (y)
TepeIHeH TpaHu HOXKa poTopa (0)
Fig. 2. Dependence of the grinding degree (JIC) of wood pulp on the time of chips exposure
(T) in an acetic acid aqueous solution, the angle of inclination (y) of the front face of the
rotor knife (a) and the size of the working gap (z) and the angle of inclination (y) of the front
edge of the rotor knife (6)

Kax BunHo u3 puc. 2, @ u ypaBHeHUd (2), IPH yBEIWYCHUH BPEMEHU BBI-
JIEP’KKN LIETNBI B BOJHOM pacTBOPE YKCYCHOW KHCJIOTBHI MOBBIIIAETCS CTENEHb I0-
MoJia Macchl. DTO 00YCIIOBIIEHO T€M, YTO MpH OoJiee IUTEIbHON BBIIEPKKE HICIbI
B BOJHOM pacTBOPE YKCYCHOM KHCIIOTHI BO3pPAcCTaeT IJIACTUYHOCThH JIPEBECHHBI.
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B nanpHeiiiem npy MexaHHYECKOM BO3JICHCTBHH Ha APEBECHHY 00pasyeTcsi 00Ib-
10€ KOJIMYeCTBO MeNouu. Tak, mpH BEIIEPKKE MIETIH B BOJHOM PAacTBOPE YKCYCHOM
KucaoTel oT 18 1o 20 MuH cTenenb nomojia Macchl gocturaet 20...22 JIC u umeer
TEHCHIINIO K YBEIIMYCHUIO TIPH 0OJiee MPOIOHKUTEIHHON BBIIEPIKKE.

Ha rpaduke, npeacraBineHHOM Ha puc. 2, 6, BUTHO, YTO MPH yMEHBIICHUH
BEJIMUMHBI pabovyero 3a3opa HaOJIONACTCS TCHJICHIMS K POCTY CTEICHH IOMOJa
Macchl: ipu padodem 3azope 0,3...0,4 MM 3HAUYCHHUE MOKA3aTEJs CTEIICHU MOMOJIA
Maccel gocturaet 20...22 J1C.

[Ipu yBenuyeHun yria HaKJIOHA NIEPEHEH TpaHU HOXKa POTOpa CTEINEHb I0-
MOJIa MacChl BO3PACTAET U JOCTUTAET CBOETr0 MakcuMmanbHoro 3Hauenus 20...21 JIC
mpu v = 35...41°.

AHanm3 rpaduKoB, TPUBEACHHBIX HA PHC. 3, ¥ ypaBHEeHHUs (3) mokaszai, 4To ¢
POCTOM TPOJIOKUTEIIBHOCTH BBIZICPKKH IICTIHI B BOJHOM PacTBOPE YKCYCHOW KHC-
JIOTHI ¥ YMEHBIIICHHEM BEIMYMHBI pad0ovyero 3a3opa Bo3pacTaeT (paKIHMOHHBINA T10-
Ka3aTelb KauecTBa IIOMOJIa IPEBECHOBOIIOKHUCTOTO TOoTyhadpukara.
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Puc. 3. 3aBucumocts ¢pakiuonHoro cocraBa (Fr) nApeBeCHOBOJOKHUCTONW Macchl OT MPO-
JIOJDKUTENTBHOCTH BBIICPKKHU (T) ILIETBI B BOJHOM PAacTBOPE YKCYCHOM KHCIOTHI M yria
HakJioHa (y) MepelHel TI'paHW HOXa poTopa (@) W OT BENWYMHBI pabodero 3azopa (z)
U TIPOJIOJDKUTEITFHOCTH BBIICPKKH (T) MICTBI B BOJHOM PACTBOPE YKCYCHOM KUCITIOTHI ()
Fig. 3. Dependence of the fractional composition (Fr) of wood pulp on the time of chips
exposure in an acetic acid aqueous solution and the angle of inclination (t) of the front face
of the rotor knife («) and on the size of the working gap (z) and time of chips exposure ()
in an acetic acid aqueous solution ()

Takum 00pa3oM, 4eM JIoJIbIIIe [IeTa BhIICP)KUBACTCS B BOJHOM PacTBOpE YK-
CYCHOM KHCJIOTHI M MEHBIIIE BEJIMYMHA Pabovero 3a3opa, TeM OoJIblIe JPEeBECHOBO-
JIOKHUCTBIM 10iTy(paOpuKaT CONEPKUT IPEBECHOHM NMbUIM M MEJOYH, YTO, B CBOIO
ouepeab, YBEIMUMBAECT 3HAYeHHE (HPAKLHMOHHOIO IIOKA3aTelsl KauecTBa IOMOJIA
Mmacchl. C pocTOM yIJia HaKJIOHA K MepeHel rpaHu HOXKa poTopa 3HaueHue (pak-
LIIOHHOI'0 II0Ka3aTessl KauecTBa IIOMOJIa Macchl BO3pACTae€T U JIOCTUraeT MaKCH-
ManbHOro — 35..36 T ipu y = 35...41°. C nasibHENIINM yBEIMYEHUEM yTJiia HAKJIOHA
nepegHel rpaHyd HOXa POTopa 3HaueHue (PaKIOHHOTO MOKa3aTelsl KauecTBa I0-
MOJIa Macchl YMEHBIIIAETCH.

AHanm3 pe3yabTaToB MCCIEI0BaHUI MOKa3ajl, YTO ONTHMAIbHBIMU TEXHOJIO-
TMUYECKUMHU IIapaMeTpaMu IIpoliecca M0JyYeHUs IPeBECHOBOJIOKHUCTOrO 1oy dao-
pUKaTa SBISIOTCS: BPEMsI BBIEPKKH B PaCTBOPE YKCYCHOW KUCIOTHI — 18...20 MuH,
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BenmurHa padodero 3azopa — 0,3...0,4 MM, yron HaKJIOHA MEepenHel TpaHnu HOXKa —
35..41°.
Buisoowt

1. CrarucTudecko-MaTeMaTHYeCKne ypaBHEHHS W TpadpuuecKue 3aBHCHMO-
CTH, OIMCBHIBAIOLIME MPOLIECC pa3MoJia IIETbl U3 OTXO/0B JIECO3arOTOBOK B MJIAHKO-
KpPECTOBOH MeNbHUIE, HAf0T BO3MOXKHOCTH IPOTHO3MPOBATH IOIyYECHHE Kade-
CTBEHHOTO JPEBECHOBOJIOKHUCTOIO MONypadpuKkaTa B 3aBUCHMOCTH OT IPEIIIO-
JKEHHBIX PEKUMOB Ipoliecca pa3Moa.

2. YCTaHOBJICHBI ONITUMANBHBIE PEKUMHBIE MMapaMETpPHI, MO3BOJISIONINE BbI-
MyCKaTh JIPEBECHOBOJIOKHUCTBIN T0y(hadpHuKaT, UMEIOIIHI HanOObIIINE 3HAYCHHS
KaueCTBEHHBIX TOKa3aTelell W TPUTOTHBIA /IS NajdbHEWUIIero WCIOIB30BAaHUS B
MIPOU3BOICTBE KOHCTPYKIIMOHHBIX, OTJCIOYHBIX U U30JIALIMOHHBIX MaTEPHAIIOB.
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Currently, materials made of wood-fiber semi-finished products are widely used in house
building as structural, finishing and insulating materials. According to the results analysis of
numerous studies, the raw material for their production is technological chips of woodwork-
ing waste. While production, the chips are subjected to hydrothermal treatment and further
grinding in disk knife grinding machines in two stages. Significant energy consumption of
the wood fiber production process is driven not only by grinding wood chips in stages, but
also by overcoming the hydrodynamic resistance of the aqueous environment, where grind-
ing is carried out. The process of grinding wood chips, made of from chopping residues, in
an aerodynamic medium on an upgraded cross-bar mill was studied in order to solve the
problem of expanding the raw material base for the production of a wood fiber semi-
finished product and reducing the energy intensity of the grinding process. The features of
this process were analyzed and its effectiveness was assessed. The influence of the exposure
time of wood chips of chopping residues in an acetic acid solution, the size of the working
gap and the angle of inclination of the front edge of the knife on the grinding degree and
fractional quality of wood pulp grinding was determined. Statistical and mathematical equa-
tions, that describe the studied process, were obtained, and the graphical dependencies are
constructed. The following basic requirement is fulfilled for the dependencies: the experi-
mental points for a total should lie quite close to the curve. These equations allow predicting
the quality of wood pulp depending on the set modes of the grinding process; as well as de-
termining the quality indicators of wood pulp with known values of the technological and
structural parameters of the grinding machine. The efficiency of the process of obtaining the
wood-fiber semi-finished product in an aerodynamic environment from wood chips pro-
duced as a result of chopping residues (branches, twigs, etc.) processing in a mobile wood
chipper, is proven.

For citation: Zyryanov M. A., Medvedev S.O. Modeling the Production Processes of Wood-
Fiber Semi-Finished Products Aimed at Expansion of the Raw Material Base of Forest En-
terprises. Lesnoy Zhurnal [Russian Forestry Journal], 2020, no. 5, pp. 176-183. DOI:
10.37482/0536-1036-2020-5-176-183
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TexHUUCCKUE JTUTHUHBI 00pa3yrOTCs U3 MPUPOIHBIX JTUTHUHOB IPH XUMHUYCCKOW WIIH OUO-
XUMHYECKOH TIepepaboTKe paCTUTEIBHOTO ChIpbs. C MOMOIIBI0 MOTU(PHUKAIIMY U3 JTUTHHHOB
MO>KHO TOJIy4aTh IEHHBIC MPOJYKTHI, B TOM YUCJIE MOHOMEDHI, MOJUMEPHBIE MaTepUAIbl U
KOMIO3UTHI. [[pUBOSTCS pe3ynbTaThl HCCIEAOBAHNS HUTPOBAHUS THIPOIU3IHOTO IUTHUHA B
pasIUUHBIX ycloBUSX. Llenb uccnepoBaHuss — TMOMYyYEHHUE HUTPOBAHHOTO THIPOJIU3IHOTO
JUTHUHA ¢ MAaKCUMAaJIbHBIM BBIXOJIOM U MaKCHMaJbHBIM COJICpPIKaHUEM a30Ta, I03TOMY HHT-
POBaHUE TMPOBOIIIN C TIOMOIIBIO A30THOM KUCIOTHI B CPEJe «BOJa — alPOTOHHBIA PacTBO-
purenby (1,4-muokcaH, TUMETWICYTB(GOKCHI, TeTparuapoPypaH, TuMeTwiIhopMaMusI, are-
TOHUTPWI). B KadecTBe HUTPYIOMIETO pearcHTa Takke OBUI MCIOJIh30BaH allcTHITHHTPAT,
KOTOPBIH SBISETCS CMEIIAaHHBIM aHTHIPUIOM a30THOW M YKCYyCHOW KHCiOT. [loaTomy pac-
XOJ] YKCYCHOTO aHTHUAPHU/IA IIPH CHHTE3C alleTHIIHUTpaTa OBLI B3ST C YIETOM BOJBI, IPUCYT-
CTBYIOIIEH B KOHIICHTPUPOBAHHON a30THOM KHUCIOTE. ANETHIHUTPAT MOTYYIaJIH C TOMOIIBIO
peaKkIMu YKCYCHOTO aHTMApU/a U KOHLUEHTPUPOBAHHON a30THOM KUCIOTHI MPU KOMHATHOM
temrieparype B Teuenue 30 MuH. B oTimuue OT a30THON KMCIIOTHI alleTHIIHUTPAT SIBIISIETCS
MSTKHM HUTPYIOIIAM pearcHToM. HuTpoBaHue MpOBOAMINA B YyCTAHOBKE ¢ OOPATHBIM XOJIO-
JIUIBHUKOM Ha KHITALIEH BOASTHOW OaHe B TeueHwue 2...5 MUH (HUTPOBAaHUE a30THOM KUCIO-
Toi) miu 1...60 MuH (HUTpOBaHHUE aneTHIHUTpaToM). Ilo 3aBepuIeHMH peakIuu HUTPOBA-
HUS TIPOJYKTHI OBUTH BBIJIECIICHBI, POMBITH AUCTHIIHPOBAHHONW BOJOW WM BBICYIICHBI IO
MIOCTOSTHHOW Macchl 0e3 HarpeBaHUs. [Ipn HUTpOBaHWH a30THOW KHCIOTONH MaKCHUMAaJbHBIN
BBIXOJ] HUTPOBaHHOTO THAponu3Horo juranHa (83...101 %) mocturaercs ¢ MCIONB30BaHH-
€M JHMOKCaHa, alleTOHUTPWIAa W TeTparuapodypaHa, a MaKCHMAIEHOE COJEPKAHHE a30Ta
(4,3...4,5 %) — ¢ ucnonp3oBanueM |,4-muokcaHa, aneToHUTpmia. [IpuMeHeHHe TUMETHII-
Cynb(hOKCHIA U JUMETHI(OpMaMuU/Ia TIPHBOIAT K CHIDKCHHIO BBIXOZA MpoaykTa 1o 23...35 %,
K MEHBIIEMY COJEPKaHUIO B HeM a3oTa 1,3...3,9 % 1 MOBBIIIICHHOMY COJEPKAHHUIO KUCIIO-
poJia, 4TO yKa3bIBAET Ha MPOTEKAaHWE HE TOJIHKO HUTPOBAHHS, HO W JCTOJMMEPHU3ALUU U
OKWCJIMTEIHHBIX TIpeBpamieHuid. [Ipu HUTpOBAaHUHU AIETHIHUTPATOM pEaKIUs MPOXOIUT B
TedyeHue 1...3 MuUH, Ipu 3TOM B TpoayKTe conepxurcsa a0 4,7 % azora. Ha MK-cekrpax
HUTPOBAaHHBIX THAPOJIU3HBIX JJUTHUHOB MOSBIISIFOTCSI HOBBIE TTOJIOCHI TOTJIOMIEHUs ipu 1555
1 1710 cM ™', 06ycIIOBIeHHbIE HATHUHEM KApOOKCHIBHBIX H HUTPO-IPYIIIL.

Jna yumuposanus: Jlaxmanos JI.E., Xa6apos IO.I'., Bemnsxos B.A., Exy6xanos M.P.
HutpoBaHue TUApOTU3HOTO JHTHHHA B BOJIHO-alPOTOHHBIX cpexax // M3B. By3oB. JlecH.
KypH. 2020. Ne 5. C. 184—192. DOI: 10.37482/0536-1036-2020-5-184-192
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Kniouesvie cnosa: I‘I/I,Z[]I)OJII/ISHBII\/'I JIMTHUH, HATPOBAHUE, alIPpOTOHHBIC PACTBOPUTEIIN, a30THASA
KHCJIOTa, alC€TUJIIHUTPAT.

Beseoenue

JIurHuH sIBIsieTCS BTOPBIM HanOojee pacipoCTpaHEHHBIM MPUPOJHBIM Opra-
HUYECKUM MAaTEpUaJIOM U CUHUTAETCS OJHUM W3 MEPCHEKTHBHBIX BO30OHOBISEMBIX
pecypcoB. TexHn4ecKne JIUIHUHBI MOJIyYatoT U3 IPUPOAHBIX JUTHUHOB IPU XUMU-
YEeCKOH MM OMOXMMHUYECKON mepepaboTKe pacTUTEIBHOTO ChIPbs. M3 HecKombKux
NECATKOB MHWJUIMOHOB TOHH TEXHHUYECKUX JMTHUHOB (B OCHOBHOM CyJb()aTHOTO)
[19], obpazyrommxcs Mpu XUMHUIECKOH 1 OMOXUMITYECKOH repepaboTKe, B Ka4eCTBE
TOBApHOTO MPOAYKTA HCIONB3YIOTCS MeHee 2 MIH T [22]. JIUTHUH MOXeT HalTu
MpUMEHEHUE B KadecTBe: MPEeKypcopa, U3 KOTOPOro MOJy4aroT HU3KOMOJIEKYJISp-
HbIE TIPOAYKTHI [12], B TOM Uncie BaHWIWH [25]; CBA3YIOIIETO, SMYyIbraTopoB [23];
MMOBEPXHOCTHO-AaKTHUBHBIX BEIIECTB [7]; COPOCHTOB TsKEIBIX METAIIOB [16]; xena-
THUPYIOLIUX areHToB [5]; CyCIeHIupYIOMX NECTUIUIbI BEIIECTB U KOHIUIIMOHEPOB
mouBkl [15]; perynstopoB pocrta pactenuit [11] u ap. Huskmii ypoBeHs» HedHEpre-
THYECKOTO KOMMEPYECKOTO HCIOJIb30BaHNUS HMPOMBILUICHHBIX JIMTHUHOB OOBSCHS-
eTCs COBPEMEHHOW TEXHOJIOTHEH Cynb(aT-1eNTI0I03HOT0 POU3BOACTBA U OTYACTH
HEOIPEENICHHOCTBIO CTPYKTYPhl U HEMOCTOSIHCTBOM (DYHKLIHMOHAJIBHOTO COCTaBa.
BwMmecTe ¢ TeM B HacTos1iee BpeMsi HHTEpeC K pa3paboTKe HOBBIX METOI0B MOAU(H-
Kallul TEXHWYECKUX JIMTHUHOB, TMOJIYYCHUIO HOBBIX MaTEpUaliOB HE CHWXKACTCS
[10]. 3a mocnenuue 10 ner omybnukoBano Gonee 80 0630poB U MOHOTpadwHii, MO-
CBSILIEHHBIX BONpPOCaM OHMOXMMHH, CTPOCHMS, CBOWCTB, XMMHH, MOAU(DUKALUKN U
WCIIOJIb30BaHUS JIMTHUHOB.

[To criocoGHOCTH pacTBOPSTHCA B BOJHBIX pacTBOpax JIMTHUHBI MOKHO TTOJ-
pas3fenuTh Ha 3 IpyMIibl: BOJOPACTBOPUMBIE, PACTBOPUMBIE B BOAHBIX PacTBOpax ¢
orpaHMueHHOl oOsiacTbio pH M mpakTHUECKH HEpacTBOPUMBIE B BOJHBIX PacTBO-
pax. IlepBas rpynma npejcTaBieHa JUTHOCYIb(HOHOBBIMU KUCIOTAMH H CylbhoMe-
THUJIMPOBAHHBIMU IPOU3BOAHBIMU HATPOHHOTO M CyJb(aTHOro JUrHUHOB [8]. Bro-
past — JIMTHUHBI PACTBOPHMBIEC B BOJHO-ILEJIOUHBIX PACTBOPAX (HATPOHHBIA M CYJIb-
¢datubiii) [13]. TpeThst — CHIIBHO KOHJICHCHPOBAHHBIC JIMTHUHBI, HAIPUMEP THUAPO-
nu3nelit muraud (1J1) [14, 17].

C noMo1IbIo pa3IMYHbIX METOA0B MOAM(DUKALIUK U3 TUTHUHOB MOXKHO T10JTY-
4aTh MOHOMEPBI, IOJIMMEPHbIE MaTtepuanbsl 1 koMno3utsl [9]. Ilpu moanpukammn
JUTHUHOB MPOBOJIST KOHJCHCAIMIO C 00pa3oBaHWEM HEPACTBOPUMBIX MPOJYKTOB,
HU3MEHSIOT MOJIEKYJIIPHYIO Maccy BIUIOTH JIO TOJYY€HHs MOHOMEPOB WJIM BBOJSAT
HOBbIE (DYHKIIMOHAJIbHBIE TPYIIIIbI.

OnHUM 13 METO/0B MOAM(UKAIMH JIMTHUHOB SIBISIETCSI PEAKIMsl HUTPOBA-
HUS, TIPU KOTOPOH TPOMCXOJIUT JIEKTPOPUIbHOE 3aMelIeHHe aTOMOB BOJOPO/a
apoMaTHYECKOTO KOJblla [6]. HuTpoBaHWe OopraHM4YecKuX COSAMHEHUH — yIOOHBIH
WHCTPYMEHT, TaK KaK HUTPOCOETUHEHHS UCIIONB3YIOT B KAUECTBE MPEKYPCOPOB MPH
CUHTE3€ OPraHMYeCKHUX COEJAMHEHHUH pPazIMYHBIX KJIACCOB MJIM KaK KOHEYHBIE MPO-
nyktel [20]. s HUTpOBaHUS MpUMEHsETCsl OOJIBILIOE YMCIIO PEareHTOB: a30THas
KHCJIOTa, CMECh @30THOW KUCIIOTHI C CEPHOM MJIM JPYTUMH KHCIOTaMHU, OKCHJIBI a30-
Ta, HUTPAThI Pa3JIMYHBIX METAJUIOB (AJIFOMUHUS, MEJH, JKele3a, IMPKOHHS, MarHusi,
BUCMYTa, HaTpPUsl), OPraHUYEeCKUE HUTPHUTHI, HUTPOMOYEBHHA, CMEIIAHHBIC aHTU]I-
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PUABI a30THOW M OPTaHWYECKHX KHUCIOT, XJIOPHCTHIA HUTPHI W COJH HUTPOHHS
(TeTpadropbopar HUTpOHUs) [24]. A30THAS KHUCIOTAa B PEAKIIMH C JTUTHHHOM BBI-
CTyHaeT Kak HUTPYIOUIHIA areHT. B To ke BpeMs OHa SIBJISIETCS OKUCIUTEIEM U OKa-
3BIBACT OOJIBITIOE BIMSHUE HA JIMTHOIICIIIIONO3HEIC MaTepuaisl [2, 3]. B 3aBucumo-
CTH OT yCJIOBHI a30THAas KUCIIOTa MOXKET BBICTYIATh B KA4eCTBE CJIA00TO MITH CHITh-
HOT'O OKHCJIUTEIIS.

AUCTHIHATPAT — MSTKHHA HUTPYIOIIUH PEareHT, SBISETCSI CMEIIaHHBIM aH-
THAPUAOM a30THOM KHCJIOTHI M YKCYCHOTO aHTHAPUAA. ETO MOKHO CHHTE3MPOBATh
13 MIPOU3BOAHBIX YKCYCHOM KMCIIOTHI B COOTBETCTBHUM ¢ cxeMoii [18, 211]:
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HacTo HUTPOBAHUE COIMPOBOYKIAETCS OKHUCIHUTEIbHBIMU IMPEBPALLCHUSIMU U
CUJIBHOW JenoJIMMeEpU3aleil Turanaa. HutpoBaHue JIMTHUHA a30THOM KUCJIOTOM B
BOJ/IHO-TaHOJBHOMN CpeJie BHI3BIBAET TITYOOKYIO JACTIONMMEPH3AINIO M UCIIONB3YeTCS
B KOJIMYECTBEHHOM aHAJIU3E JJIsI OTIPEJIETIEHUS XOIOLEIITI0I03bI.

Lenp uccienoBaHusi — U3YYEHUE BO3MOKHOCTHM HHUTPOBAHUS THUJIPOJIU3HOIO
muravHa (['J]) mpy MUHUMATEHOM pa3pyIIeHHH TOJIUMEPHOW MaTPHUIIBI TS TIOTyde-
HUS IPOJIYKTa C MAKCUMAJIbHBIM BBIXOJJOM U MAKCUMAJIBHBIM COJIEP’KaHUEM a30Ta.

Obvexkmol U Memoobl UCCIe008AHUS

[Ipu mpoBeneHNM HUTPOBAHUS B Ka4eCTBE PACTBOPHUTENICH ObUIM HCIIOJNB30-
BaHbl (kBam(pukanusa x.4.): 1,4-mUOKCaH (IUOKCaH), JAUMETHICYIb(OKCHT
(AMCO), mumerundopmamun (JAMDA), terparunpodypan (TI'D), aneronnTpun
(ALIH), I'JT KupoBckoro Omoxumudeckoro 3aBojia. Ilepen BoImosHEHHEM dKCTIEpH-
MEHTOB JIMTHUH MIPEABAPUTEILHO ObLII OCBOOOXKIEH OT BOJO- M 3(UPOPACTBOPUMBIX
BEIIECTB M (PaKLMOHUPOBAH, UCIIONIB30BaIN (pakuuio pazmepom 0,5...1 mm. Dre-
MeHTHBIH coctas (%) ucxoanoro I'JI: N (0,2), C (62,4), H (6,8).

Hurtposanue I'JI mpoBoamin B ycTaHOBKE C OOPAaTHBIM XOJIOAMIBHUKOM
Ha BOJASHOW OaHe B TEUEHHE 3aJaHHOIO0 BPEMEHH. B ciiyyae HUTpoBaHMS a30T-
HOUM KHCJIOTOW B peakIMOHHYIO K010y nomeranu 0,5 r ['JI u peareHT, KOTOpHIi
TOTOBWJIM MTyT€M CMEIIeHHs 2,5 MJ a30THOW KHUCIOTHI KOHILEHTpauuei 65,8 %
¢ 10 mu pactBoputens. [Ipu nutpoanuu ['JI aueTUIHUTPATOM B pEaKLIMOHHYIO
koj0y nomemtanu 0,7 r ['JI u peareHt, KOTOPBINM TOTOBWIMA U3 5 MJI JIMOKCAHA W
2,4 M pacTBOpa aleTUIIHUTpaTa. ALETHWJIHUTPAT CHHTE3UPOBAIM U3 KOHIICH-
TPUPOBAHHOM a30THOH KHCIOTHI U YKCYCHOI'O aHTHAPHUJA, B3SITHIX B 00BEMHOM
cootHomeHnn 1:3,5 coorBerctBenHo [18]. Ilo 3aBepumieHMHM peakiuum ocanok
HuTpoBanHoro ['JI otnensuin BakyyM-QUIbTPOBAHUEM, MIPOMBIBAIH BOAOHU, CY-
LTI 10 TIOCTOSHHOW MaccChl B BaKyyM-3KCUKATOpPE U ONPEJIEISAIN BBIXOJ OTHO-
CUTENIBHO Macchl ucxoauoro I'JI.
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UK-cnekTpsl ucxogHoro u HutpoBaHHoro I'JI 3amuceiBanu Ha MK-@ypee
crekrpodoromerpe FTIR-8400S (Shimadzu, SImonus) B auama3zoHe BOJTHOBBIX UH-
cen 600...4000 cM ' ¢ MCIIONB30BAaHUEM TIPUCTABKH HAPYIIEHHOTO MOJHOTO BHYT-
pennero otpaxkenns MIRacle™ ¢ mnpmsmoit w3 cenenmma mmHKa (Pike
Technologies, CIIIA). DnemenTHbI# cocTaB Obu1 onpenener Ha CHNS-ananm3aTope
EuroEA-3000 (EuroVector, Utanus).

Peszynomamer uccredosanus u ux obcysxcoenue

HutpoBanne apomMaTH4eCKMX COCAMHEHUN B OCHOBHOM IPEJCTABISET CO-
0ot peaknuio 3JIEKTPOMHUIBHOTO 3aMEIICHUs, B KOTOPOH aKTUBHOW YaCTHIICH
SIBISIETCA KAaTHOH HUTPOHHS, OOpa3yIoONIMICSA B pe3yibTaTe MPOTOIUTHUECKUX
NIpEBPALICHUN:

ANEVAN WA
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KoHmeHnTpamnus KaTHOHA HATPOHUS B PEAKIHOHHOW Cpeie 3aBUCHUT OT MHO-
rux QakropoB. B pacTBopax a30THOW KHCIOTHI ¢ KOHIEHTpauuei menee 95 % xa-
TUOH HUTPOHUS HE OIMPEACTIACTCA. Pa36aBJ'ICHHLIMI/I pacTBOpaM MOXXHO HUTPOBATH
AKTHBUPOBAHHBIC AJICKTPOHOJOHOPHBIMU TPYIIIAMH apOMATHYECKHE COCINHEHHS.
PaBHOBecue crBUraeTcsi BOPaBO B CMELIAHHBIX PACTBOPAX a30THOW M CHIIBHBIX
kuciot (cepHast, pochopHast).

[Tpn HUTPOBAaHHMM TBASIMIGHBIX 3BEHBEB JMTHUHA B 3aBUCHMOCTH OT HAaJH-
9usl CBOOOJHOW WM JTEPHU(PUIMPOBAHHON (EHOIHHON THIPOKCHUIBHON TPYIIIIBI
peaxiys NPOUCXOAUT B MOJIOKECHUU 5 I 6 COOTBETCTBEHHO:
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B BBINOMHEHHBIX paHee HCCIeNOBaHHAX [4] ObUIO YCTAHOBJIEHO, YTO IPH
autpoBanuu ['JI a30THON KKCIOTON B BOAHO-AHOKcaHOBOMU cpene mpu 100 °C mpo-
WCXOIHT MpakTHUecKH TMoiHas aenoiumepusanus 1JI B tewenne 15...30 mun. B
MIPOAYKTaxX HAKaIJIMBAIOTCS HE TOJBKO HUTPONpPOon3BoaHbIE ['J], HO M CHIIBHO OKHC-
nenHble. [loaTomMy Al TOCTMIKEHMS MOCTABICHHOW LETH OBUIM OCYIIECTBIICHBI
IKCIIEPUMEHTHI, B KOTOPHIX HUTPOBaHHE MPOBOMIN B TeueHue 2...5 muH. Kpome
TOro, OBUIO OIIGHEHO BIMSHHE BHUJIA alpOTOHHOTO pacTBOpuTeNsi. Pe3ynbraThl
npeacTaBiIeHsl B Ta0. 1.



188 «M3BecTus By30B. JlecHoii xxypHam». 2020. Ne § ISSN 0536-1036

Tabnumna 1

Bausinue ycsoBuii HuTpoBanus I'JI a30THOM KMCJ10TOIl HA COCTAB M BBIXO/ IIPOAYKTOB

PaCTBOpI/ITeJ'IE; e | DJeMeHTHBII cocTaB, % BKiIa KHCIT OpOOZ[a AO™
Hassanue | ¢ N| C |H| O NO,-rpymm %

Tnokcan | 2.21 2 92 |43 |46,0 |53 |44,4 14,1 13,8

oeatt | = 5 | 83 [ 4545755 | 443 14,8 13,7

2 46 | 3,2 147,2]6,0 | 43,6 10,5 13,0

AMCO 147,00 513 115 [42.0 | 6.9 | 49.8 13 192

2 68 | 4,0|472|5,5]433 13,1 12,7

AM®A 37,60 5 35 12,8458 |6,3|45,1 9,2 14,5

2 100 | 2,7 | 50,9 | 6,2 | 40,2 8,9 9,6

1o 7,39 5 97 |3,6 | 48,8 | 5,8 | 41,8 11,8 11,2

2 101 | 4,5 | 45,6 | 5,3 | 44,6 14,8 14,0

ALH 37,40 5 99 | 4,5 |44,6 | 5,2 | 45,7 14,8 15,1

* ok sk
€ — IWDJIEKTpHUYECKas MPOHUIaeMocTh; W — Bbixox HutposanHoro I'JI, %;  AO — pa3Hu-
1a B coaepkanuu O B HUTpOBaHHOM U ucxogHom ['JI, %

Kak BumHO U3 Tabn. 1, mpu mcronb3oBannu anokcana U AIIH HuTpoBanme
I'JI a30THOM KHCIIOTOM MPOUCXOAUT OYE€Hb OBICTPO M TOCIE 2 MHH PEaKIIUU CONep-
’KaHue a30Ta B mMpoaykrax gocturaeT 4,3...4,5 %, yBenudeHue mpoaoKUTEIbHO-
CTH PEaKLMH A0 5 MUH IIPAKTUYECKU HE BIUSIET Ha 3TOT HoKa3atenb. [Ipu 3ToM BbI-
X0 npoxykToB coctasisier 83...101 %. Bbixox mpoayKTOB HUTPOBaHUS IIPHU HC-
nosib3oBaHuM ALIH He 3aBHCHT OT MPOJOIKUTENBHOCTH, B TO BpeMsl Kak B clydae
JUOKCaHa BBIXOJ CHIbKaeTcs npumepHo Ha 10 %. Jlonst kuciaopoaa B 3J1€MEHTHOM
cocTaBe MPOAYKTOB HUTPOBAHUS 3HAYUTENHHO OoibIe, yeM B ucxomHoMm ['JI. Dta
BEJIMUMHA CKJIAJBIBAETCS M3 KUCIopoaa ucxomHoro I'JI, kucimoposa HUTPOrpynn U
KHCJIOPOJ1a, 00YCIIOBJICHHOTO IPyMIIaMH, 00pa3yIOMIUMHCS 338 CYET OKUCIUTEIbHBIX
MPOLIECCOB.

Oka3zanoch, 4YTO MNpPU HUTPOBAHMU B BOJHO-TMOKCAHOBOW M BOJIHO-
ALETOHUTPWIBHON CcpeZiax MPUPOCT COAEPKaHUS KUCIOPOJa B MPOIYKTaxX peak-
UM TPAKTHUYECKHU IOJHOCTHIO OOYCIIOBIEH KHCIOPOAOM HHUTporpymm. B To
Bpems kak HuTpoBanue B JIMCO u JIMDA compoBOKIAETCS OKUCIUTEIHLHBIMA
npespamieHusiMu. [Ipumenenne TI'® okazanocy mMeHee 3QPEKTUBHO ISl MOIY-
YEHHUS! BBICOKOHUTPOBAHHOTO HPOAYKTA, OKUCIUTEIbHBIC NMPOLECCH MPAaKTHYE-
CKH He npoucxoadar. [lo-Buagumomy, pa3iuuus B pe3yibTaTaX HUTPOBAHUS MOX-
HO OOBSCHUTH BIMSHHEM AMAICKTPUUECKON MPOHUIIAEMOCTH PAaCTBOPUTENIEH, 3a
uckimoueHrnem ALIH. JIns OLEHKH OKHCIMTEIBHBIX HPOLECCOB OBbLI BBHIYMCIEHA
pa3HHIa MEXAY COAEpKAHWEM B MPOAYKTaX PEaKIUU KUCIOPOAa, BXOIAIIETO B
coctaB HuTporpymi. [Ipumenenne IMCO u [IM®DA npu HUTPOBaHUHU IPUBOAUT
K CHJIBHOW JeTOJMMepU3allii B IepBble MUHYTHI peakluu, IpyU 3TOM COJEpKa-
Hue azora gocturaet 1,3...4,0 %.

B nanpueiitiem nutpoBanue I'JI mpoBoauwnu anermwiHutpatom. M3BecTHO,
YTO alETHIHNATPAT SBIISETCS MATKUM HUTPYIOIIUM PEareéHTOM, KOTOPBIA HCITONIb3Y-
eTcsl TIPU CUHTE3€ Pa3InYHbIX HUTPOCOCIMHEHHH, B TOM 4YHCJIEC HHUTPOPECHOJIOB.
Hutposanue npoBoguinu B Teuenue 1...60 mun (Tadm. 2).
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Tabnuma 2

DJIeMeHTHBIH cOCTaB U BbIX0J HUTPoBaHHOro I'JI Npu HUTPOBAHUHU ALETUIHUTPATOM

Ne IIpotomxuTeTbHOCTH Boixox nutpoannoro I'J1, DJIeMEHTHBINA cocTaB, %

B HUTPOBAHUsI, MHH % N C H O

1 0 100 0,2 62,4 6,8 30,6
2 1 103 4,7 50,5 5,1 39,7
3 3 101 4.6 49,0 53 41,1
4 15 99 4.5 48,9 52 41,4
5 60 97 4.4 494 5,1 41,1

Kak BugHO n3 Tabi. 2, aleTWIHUTPAT NPAKTUYECKU HE OKAa3bIBAeT JEIOJIU-
Mepusyromero BiausHus Ha ['JI, Tak kak Beixoa HutpoBanHoro ['JI O1m30k K Macce
ncxoxnoro ['JI. HurpoBanue mpoxomuT OBICTPO W yxke depe3 | MUH comepikaHue
a30Ta JIOCTUTAeT MAaKCUMaJIbHOM BennuuHbl 4,7 %. YBenudeHue conepKaHus Kuc-
J0pojia 00yC