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Cnoeo Kk yumamenam

YBakaeMblld 4MTaTENb, HACTOSIIMM BbINTYCK «BectHuka Mapl TV» B cepun
MOCJIETHUX €r0 HOMEPOB SIBJISIETCS HE COBCEM OOBIYHBIM. B HacTosIMi BBITYCK
BOIIUI CTaThbU €BPOIEHCKUX U OTEUECTBEHHBIX YUCHBIX, IPUHUMABIINX y4acTHE B
MEeXAYHapoaHOW KoHpepeHIH «MexayHapoJAHOE COTPYIHUYECTBO B JIECHOM
cekTope: Oalanc 00pa3oBaHus, HAYKUA U MPOU3BOJICTBA», COCTOSABIIECHCS 3-5 HIOHSA
2009 B Momkap-One B pamkax EBpomeiickoro mpoekta IB_JEP-26038-2005
TRAN-CB-FOR «TpeHuHr, pacmupeHre MexAyHapOIHOIO COTPYAHHYECTBA U
pa3BuUTHE MOTEHIHANIA JUI YCTOMYMBOIO Jieconoib3oBanus B [loBomksey. Kpome
TOT0, pPEeJaKIMOHHAsI KOJUIETHS >KypHaja U OpPraHU3alMOHHBIA KOMHUTET KOH(e-
PEHIIMM pEeIInu ONMyOJIMKOBaTh CTAaThU €BPONEHCKUX YYEHBIX Ha aHTJIUHCKOM
s3bIKe, HEe Tprlerast K MepeBoay Ha PyCCKUN A3BIK.

Xouercs OTMETUTD, YTO B KOH(PEPEHLIUU IPUHSIIN y4acTHE BEAYIIHE Clielna-
JIUCTBl MUHHUCTEPCTB JieCHOTO Xo3saicTBa IloBomkpa P®d, nexansl jecoxo3sii-
CTBEHHBIX BY30B, YYEHBIE M IMPENOJABATEIN U3 YHUBEPCUTETOB U TEXHHUKYMOB
Poccun, npencraButenu yHuBepcuTeToB XenbCUHKHM (DuHISHAMS), ApUCTOTENS
(I'peuust), BOKY (Asctpus), Hpesznena (I'epmanus), Ilagyn (Mranus), Hanwo-
HaJIbHOTO JIECHOTO YHHUBEpcUTEeTa YKpauHbl, TalIKeHTCKOrOo MHCTUTYTa MppHra-
uuu 1 Menropanuu (Y30exkucrtan), ['ocy1apCTBEHHOTO arpapHOro YHHUBEPCHUTETA
Monnasun u JIecHOro Hay4HO-HMCCIIEOBATENBCKOrO MHCTUTYTa BeHnrpuu. Kon-
¢bepeHuus nposoauiach npu noanep:xkke EBponeiickoit komuccuu no obpazona-
HUIO U KylbType, EBponeiickoro nuncruryra neca (Ounnsuaus), MexayHapoiHo-
ro coro3a JjecHblx HayuHblx opranuzauuii (IUFRO), nporpammer ®@ynOpaiita
(CIJA), MunuctepcTBa JiecHOro xo3stiicrsa Pecybnuku Mapuit Di1, Mapuiicko-
ro TOCyJapCTBEHHOI'O TEXHUYECKOTO yHUBepcurera. KpoMe Toro, B pamkax KoH-
(depeHunu ObLT NPOBEACH ceMuHap-coBemanue «MHrerpanus yueOHBIX 3aBele-
Hui jecHoro mpoduis [IpuBomkckoro denepanbHOr0 OKpyra il COBEPIIEH-
CTBOBaHMUSI HAyYHOTO, METOJMYECKOT0 M KaJpOBOro oOecreyeHus: yCTONYHMBOIrO
YIPaBJICHUS JECaMm».

[lo pe3ynbTaTaMm IUIEHApHBIX U CEKUMOHHBIX JOKIAJA0B KOH(EpPEHLHH s
nyOnukanuy ObUTH BbIOpaHbl Hambosee MHTEPECHbIE U aKTyajbHble padoThl. B
MPEI0KEHHBIX CTAThAX OTEUECTBEHHBIX M €BPONENUCKUX YUYEHBIX 3aTparuBaroTCs
poOiIeMbl: INI0OATBFHOTO MOTEIVIEHUS U OMOJIOTMYECKOM MpPOAYKTUBHOCTH Jiec-
HBIX HaCaXJIEHHH, 9KOJOrM4eCKOr0 MOHUTOPHUHIA, aJbTEPHATUBHBIX UCTOYHUKOB
SHEPruM JUIsl JECHUYECTB, TOPOJICKHUX JIECOB, IJIAThl 3@ HEJPEBECHBIE MOJIE3HOCTH
neca B Wtanuu, miaHUpOBaHUS pOCTa U PEAKIMH JIECHBIX HACAX/IEHUN B YCIIOBHU-
X U3MEHEHMsI KiumaTa B [ 'epMaHuM, 5KO-UHHOBALMK U 00y4eHUs, MEXyHapOI-
HBIX IIPOEKTOB B 00J1aCTH JIECHOTO XO03sIiiCTBA.
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Tewmbl uccienoBaHul, paccMaTpUBaeMble B JAaHHOM BBIIYCKE KypHaua, MoJ-
YEepKHUBAIOT OOLIHOCTh MHTEPECOB W BOIPOCOB, KOTOPHIE BOJHYIOT JIECOBOJOB
BCEro MHUpa, pelaTh KOTOpble, TaK WIM MHaue, npuaercs BceM BMecte. [loatomy
MEXAYHApOJIHOE COTPYJHUYECTBO B OOJIACTH JIECHOTO XO34WCTBA, B3aWMOIIOHU-
MaHHE PACTYLIUX YTPO3 MEHSIOIIEroCs KIMMaTa, COBMECTHBIE HAY4YHbIE HCCIIENIO-
BaHMs, 00y4YeHHE/IepeoOyIeHUE CIECIHAIUCTOB SIBISIOTCS KIIOUEBBIMH MOMEH-
TamMu Ha Takux BcTpedax. KomiektuB Mapuilckoro rocy1apCTBEHHOIO TEXHUYE-
CKOTO YHUBEPCHUTETA, aKTUBHO Y4acTBYsS B MEXIYHapOJHOM COTPYIHUYECTBE C
BEIYLUIUMHU €BPOINENHCKUMHU JIECHBIMU BY3aMHM, MpPOJOJKAET paboTy MO MHTErpa-
MU B o01eeBporelickoe 00pa3oBaTeIbHOE IPOCTPAHCTBO U MOBBIIICHUIO aKaJe-
MHUYECKOM MOOUIILHOCTH CTYAEHTOB M TperojaBaTeicii. YdacThe B MPOEKTax
Temnyc mo3Boamio koyieKkTuBy Mapl TV ynyumuTs maTepuaibHyto 6a3y, MOBbI-
CUTh KBAIM(UKAIMIO CBOUX COTPYIHUKOB 3a PyOEKOM U aKTUBHO y4acCTBOBATh B
¢dopmupoBanuu jgecHor noauTuku B IloBowkbe P®. Ilpurnamaem Bac o3HaKo-
MUTBCS C pe3yJibTaTaMu Hallleld paboThl U BKIIOYUTHCS B padOTy KOHCOPLIMYMA.

Koopnunarop mpoekra
TEMPUS IB_JEP-26038-2005
9. A. Kyp6anos
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JIECHOE XO3SIMCTBO

VK 630%611 (450)

10. II. /lemaxoe, 3. A. Kypoanos,
C. A. /lenucos, JI. C. Mouikuna

JECHOE XO35IiCTBO UTAJIUA

Hpu@e@em)z cBeOdeHUsl 0 1ecax U 1eCHOM X03slcmee Hmafmu, JlecosoccmaHosiieHuu,
Na1aHMAayuUOHRHOM J1ecosvblpaiu6anuil, ()6])@6006]?(16077’17(6 U pekpeayuoHHOM UcCnojlb3oea-
HUU.

Knrwueswie cnosa: necroe x03ﬂzlcm60, ynpaejieHue jecamu, JleCHble nianmayuu, ecmecmeeH-
Hble Jleca, jlecoeoccmaHosiierue, 06]966006[%160”’[7((1, 6u0pa3H006pa3ue, PEKpeayuoOHHOE UCNOJlb-
306aHUe J1ecoe.

Jleca Utanun 3anumarotr 10,4 miH. Ta, 59% u3 HUX TopHBIE U 36% pacroioKeHbl Ha XOJIMax,
5% mpencTaBieHbl JiecaMd Ha PaBHUHHBIX TEPPUTOPHUSX, B ToM uucie 3% B KadecTBE MPOU3BOA-
CTBeHHBIX TuaHTanuii. COCTaB W MPOWU3BOMUTEIBHOCTh JIECOB, MX (PYHKIIMOHAJIbHOE Ha3HAYCHUE
OTPEEISIOTCS MHOTUMH (haKTOpaMH, HO OCHOBHBIMHU OCTalOTCSl 0COOCHHOCTH penbeda U KImMara.

Oxo10 80% Tepputopun Utanum 3aHMMaloT ropbl, UX npearopbs u xonMel. Ha ceBepe Bo3-
BBIIIAIOTCS AJIBITBI, KOTOPBIE COCTOSIT M3 MHOXKECTBA TOPHBIX MacCHBOB M XpeOTOB, pa3JeleHHBIX MO-
MepEeYHBIMU U MIPOIOIBHBIME JoNMHaMu. Hamboree BBICOKMM SIBIISIETCS 3alaHbli MacCUB, C BBICO-
YaWIMMHU TTOKPHITHIMU JIEAHUKAMHU BepiinHaMu Anbil: Mon6nan (4807 M), Monrte-Poza (4634 wm),
Uepsuna (4478 m). Ha Tepputopun ceBepHbBIX MPOBUHIUN BBICOTHI cocTaBistoT 2000 M, a B 3amaHbBIX
npuMopckux paorax — 10 1000 m.

Uranesackue peku kopoTtkue. Tonbko B CeBepHoi MTanuu cymecTByeT pa3BuTasi CHCTEMa PEK ¢
KPYTJIOTOJIMYHBIM TUTAaHUEM JITHUKOBBIMH TAIBIMH BojaMHu. [1o4TH Bce OHUM MpHHAIISKAT K Oacceii-
Hy pexu Ilo.

B pesynbrare BeITAHYyTOCTH ropuctoro penbeda Mrammu va 1100 kM ¢ ceBepa Ha [T ee KIMMaT
CHJIFHO BapbHPYET: OT YMEPEHHO TEIIOro JI0 XOIoIHOTro. TeMmnepaTypa 3UMOi B HEKOTOPBIX TOPHBIX
JONMMHAX omyckaercs 10 MmuHyc 35°C. B ropax 4yactel oOMJIbHBIC CHeromaabl. CHEropast JMHUS HAXO-
mutcst Ha BeicoTe 2800-3200 M. MakcumanbHOE KOIU4decTBO ocankoB (1o 3000 MM) moydaroT BO-
CTOUYHBIE CKIIOHBI 3araJHbIX AJIbII, IEPEXBATHIBAIOIINE BIIa>KHBIC BETPHI.

Jleca Utanuu n3-3a pasnnuuil KnumaTta, MOACTUIAIOIIUX [TOPOA U CUIIBHO MEPECEUEHHOIO TOPH-
croro penbeda CYHIECTBEHHO Pa3IMYalOTCS MO0 CBOCH CTPYKTYypE MEXKIY OTJEIbHBIMH paiioHaMHU
CTpaHbl, YTO 3HAYUTEIBHO YCIOXKHSIET YIpaBlIcHUE UMH, TaK Kak TpeOyeT B KaXJIOM U3 HHUX Cyry0o
crenuuuecKux MoaX0I0B.

Ha meppumopuu cmpansi evideneno namo npupoonvix 304. Ha paBHHHAX pacrpoCTpaHEHBI IIH-
POKOIIMCTBEHHBIE Jieca, Ha ATICHHWHAX U OCTPOBax — Jieca U KyCTAPHUKU CPEAU3EMHOMOPCKOrO THIIA.
Ha mob6epexxbe Mranuu u B ropax 10 BeicoThl 500-800 M Haj ypOBHEM MOpS TSHETCS MOSC BEYHO3E-
JICHBIX JIMCTBEHHBIX JIECOB M KYCTapHUKOBBIX 3apocneil [1]. JlecHass pacTHTENBHOCTH 3TOTrO Mosica
CHJIHO M3MCHEHa WHTCHCHUBHBIMHU BBHIPYOKaMU, MMOKapaMH U BHEJPEHHEM KYIbTYP XBOWHBIX MOPOJI,
TOIOJNICH W 9BKAIMIITOB. JTO BTOPUYHEIC Jieca, MPEACTaBICHHBIE BEYHO3EICHBIMU KyCTapHUKaMH W
HEBBICOKMMH JEPEBbSIMH: KAMEHHOT'O M IPoOKOBOro Ay00B (Quercus ilex, Q. suber), ducramku (Pis-

© Hemakos 1O. I1., Kyp6anor 3. A., erucos C. A., Momkuna JI. C., 2009.
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tacia lentiscus, P. terebinthus), 3eMISTHUYHUKA KPYITHOILIOAHOTO (Arbutus unedo), Bepecka IpeBOBH/I-
Horo (Erica arborea), naBpa onaropomnoro (Laurus nobilis), nepxunepea (Paliurus spina-christi),
nananuuka (Cistus monspeliensis), nukoit Macinuabl (Olea europaea ssp. sylvestris). Mectamu coxpa-
HUJIUCH €CTECTBEHHBIC oIy HHxupa (Ficus carica) n kapaukoBoit nanbsmsl (Chamaerops humilis).

Ha ckmonax rop na Beicote 500...1400 M TSHETCS TMOSIC JICTHE-3€JCHBIX JINCTBEHHBIX JIECOB, TJIE
MPOU3PACTAIOT BEICOKOIIPOM3BOJUTENbHBIC TyOOBbIe, KalITAHOBBIE U OYKOBBIE HacaxIeHus. B nyOpa-
Bax mpeoOiagaroT ayo mymucTeiid (Quercus pubescens), ckanbhblii (Q. petraea) u aBctpuiickuit (Q.
cerris). B HanOouee BiIaKHBIX MecTax ceBepa Mramuu pacripocTpaneH ay0 uepemdatsiil (Q. robur), a
B cyxux — ay0 rycroit (Q. frainetto) n kpynHoueyidateiii (Q. macrolepis). Yacto BcTpeuarorcs: Oyk
eBpornelickuit (Fragus sylvatica), kineH ocTponuCTHBIN (Acer platanoides), sBop (4. pseudoplatanus),
siceHu: Oenblit (Fraxmus ornus) M KpyrinonuctHeid (F. rotundifolia). Ilpumecs 00pa3yroT B3 MpoOKO-
Bbill (Ulmus suberosa), mepmassiii (U. scabra) u 6epect (U. carpmifolia). KamTaHoBsie jieca mpe-
CTaBIICHbI IPEUMYILECTBEHHO MCKYCCTBEHHBIMU HACAXK/ICHHUSIMU KalllTaHa 0JaropoHOTo, BBIpAIINBa-
€MOT0 pajiil TII0JIOB. ByKoBBbIe jieca Mo cOCTaBy Kak YHCTBIC, TaK H C YYAaCTHEM XBOWHBIX MTOPOJI: €U
eBpomneiickoli (Picea abies), nuxtel Oenoit (Abies alba). B nonune pexu [1o coxpaHUIMCh APEBOCTOU
U3 obXu uyepHolt (Alnus glutinosa).

B nranpsackux Anpnax Ha BeicoTe 1400...2000 M Ha ypOBHEM MOPS CYIIECTBYET IMOSIC TOPHBIX
XBOWHBIX JIECOB, COCTOSIIIMX M3 YUCTHIX MM CMEIIAHHBIX JPEBOCTOEB COCHBI OOBIKHOBEHHOU (Pinus
sylvestris), enmu eBpoIeiiCKON, MTUXTHI OENIOW, TMCTBEHHUIIBI eBporeickon (Larix europaea), K KOTO-
pBIM HHOT/Ia TIpUMenIMBaercs: Oyk. HacaskaeHus: XxapakTeprus3yroTcss BBICOKOH MPON3BOUTEIBHOCTHIO.
3amac cTBONOBOH apeBecuHbl coctasiser 600...800, a B psge ciydaes gaxe 1000 m/ra. CocrostHue
JIecoB, KaK MPaBHIJIO, XOpoIlee, HO KOe-TJle OHH MOBPEXAAIOTCs KopoenoM Turorpadom (Ips typo-
grafus), BeTpoBajlaMi U CHSKHBIMH JIABUHAMH. BepXxHIOIO IpaHuIly jeca B ceBepHOi MTamuu oOpasy-
10T HU3KOPOCIIbIE TMCTBEHHUYHUKH, EIbHUKH, COCHSIKH MIIH 3aPOCITH COCHOBOT'O CTJIAHUKA.

Teppurtopus Wranuu paznensercs va 20 obnactelf, KOTOpPbIE MOIPA3IEISIOTCS, B CBOIO 04Yepeb,
Ha 93 npoBuHIMH, BKITovyatomre 8000 KOMMYH, Kaxkaas M3 KOTOPBIX MMEET CBOM JTEMOKPATUIHO U3-
OupaeMblii MyYHHIIUIIATUTET, 3aKOHOJATEIBCTBO, OIO/KET M CBOIO TONHUIIUIO, OCYIIECTBISIET YCTONYH-
BOE yIpaBJICHHE BCEMH MTPUPOJAHBIMU U TPYAOBBIMH pecypcaMu Ha CBOEH TEPPUTOPUH, THOKO codeTast
MPEUMYIIECTBa KOJUIEKTUBHON M 4acTHON (popMBbI COOCTBEHHOCTH B JIOCTH)KEHUHM HAMBBICIIETO COIIH-
anpHoro 3 dekra. Jleca, nyra, a TakKe IPEANPHUATHS 110 TepepabOTKe MPOMYKIIMH CETHCKOTO U Jiec-
HOT'O XO3HCTBA SIBJISIOTCS COOCTBEHHOCTHIO KOMMYH, TIPUHOCS ONPECTICHHBINA TI0X0M, KOTOPBIA HIeT
HE TOJBKO Ha COZCp)KaHHE armapara yIpaBJICHHs U OJIarOyCTPOHCTBO HACENICHHBIX ITYHKTOB, HO M
pacrpenensercss Ha COllMaIbHBIE HYXKIbl. KpoMe TOro, KaXkKaplii 4ieH KOMMYHBI MTOJTy4aeT OT 3TUX JI0-
XOJIOB OIpE/eTeHHbIC TUBHICH/IBI, JaKe HE YYacCTBYSl HANpPSAMYIO B KOJJICKTUBHOM TpYyZE, a OCY-
IIIECTBJISIS CBOM OM3HEC B chepe TOPTrOBIM M YCIYTr Ha OCHOBE YaCTHOW COOCTBEHHOCTH. YJICHOM KOM-
MYHBI YeIOBEK CTAHOBUTCS, IIPOXKMB Ha e€ Tepputopun He MeHee 20 Jer.

MHoroo6pa3ue BBITIONHSEMBIX JiecaMy (PYHKIHHA Perylupyercsi TMHOKHM YIpaBJIeHHEM JIeCaMH Ha
YpOBHE POBHHINK ¥ KOMMYH. OCHOBHOW MPOOIEMOi JIECHOTO YIIpaBJICHHS SBISIETCS YacTHasl COO-
cTBeHHOCTh. COrjlacCHO HTANbSHCKOMY 3aKOHOJATENbCTBY, HACIEICTBO JEIMUTCS B PaBHBIX JOJAX
MEKAY HacleqHruKaMu. [103TOMY OT TIOKOJIEHHS K MTOKOJIEHUIO UIET IPOOJICHNE YACTHBIX JIECOB (cero-
TTHS yoKe MHOTHE UMEIOT Jieca Ha riomaasx menee 1 ra). B 2007 roxy cssimie 60% JiecOB OTHOCHIIOCH
K 4acCTHO#M coOcTBeHHOCTH. OcTajIbHbIC Jieca MPUHAICKAT KOMMYHAM (MYHULIUIIAIATETAM).

[IpeobmanaroT mopocieBbie HU3KOCTBONBHBIC HacaaeHUs. Ha JT0Ir0 BEICOKOCTBOJBHBIX HAaCaXk-
nenuii npuxomutcs 40% necos. O6IMIA 3amac APEBECHHBI B JIecaX COCTAaBIACT 354 MIIH. M’, a BO3-
MOJKHBIH 00BEM TOANYHOrO JTECOMONb30BAHMS — OKOIO 14 MiIH. M°, (haKTHUIeCKHil 00BEM Teco3aroTo-
BOK B MOCJIEIHME T'OIbI cocTaBisier 11 MITH. M. CoBCTBEHHBIE 3aTOTOBKH JIPEBECUHBI TTOKPBIBAIOT
npuOm3uTenbHo 60% MOTPEOHOCTH CTPaHBI, IOATOMY €KErolHO B MTanuio BBO3UTCS OKOIIO 5,5 MIIH.
M® JIe10BO#l ApeBecuHbl i Gomnee 0,7 MITH. M” IPOBSIHOI. DKCILTyaTAlIMOHHbIE JIeca 3aHUMAIOT Goree 5
MJTH. T4, U3 KOTOPBIX XBOWHBIE COCTABISIOT 21%. JIuCTBEHHBIE J1eca COCTOST B OCHOBHOM U3 IIEHHBIX B
XO035HCTBEHHOM OTHOIICHHUH ITOPOJ IepEBheB: 1y0a, KamTana u Oyka.

Ynpasienne jJecamu Utanum ocyiectrisercs yxe oonee 300 yier. Bo MHOrHX ciydasx TOKY-
MEHTBI JIECOYCTpOicTBa coxpaHwinch Oonee yem 3a 200-nmetHuil cpok. B Hactosiiee BpeMs cyiiie-
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CTBYET ONpeielicHHas TApPMOHHUSI OTHOIICHUH 00IIecTBa ¢ MPUPOJIOH, TOCTUraeMas 38 c4eT KOMIUIEKC-
HOIro YyIpaBJICHUA HNPHUPOAOIIOJIB30BAHUEM Ha YPOBHC MYHHUIIUIIAJIHUTCTOB. I/IHI/IHI/IaTI/IBa IIPUHATHA
YIIpaBJICHYCCKUX peIHeHI/Iﬁ HUACT B OTOM ClIyda€ HE CBCPXY, a OT yHIpaBJICHHUA KOMMYHBI, 3aUHTEPECCO-
BAaHHOT'O HE TOJBKO B COXpAaHCHUHN CBOUX NPUPOAHBIX PECYPCOB, HO U MPEYMHOXCHNU HUX JI1 CBOUX
MOTOMKOB. JlecHOe X0341CTBO B KOMMYHAX JIaBHO BEACTCS HA OCHOBE JICCHBIX TUIAHOB, KOTOPBIC pa3-
pabaThIBAIOT HEMOCPEACTBEHHO CAMH K€ CIEIUAINCTHl MyHHIIUNIATUTETOB. JIeCHBIE MIaHbI ImepecMar-
puBatoTcs Kaxkapie 10 JIeT U mociie X YTBEPXKICHHS MapJaMEHTOM MYHHUIIMIAIUTETa MPUOOpETaroT
(hopMy 3aKOHA, 3a BHIMOIHEHWEM BCEX TYHKTOB KOTOPOTO BEAETCS CTPOTHH KOHTPOIIb.

Esxeronueiii 00beM 3aroTOBKH JPEBECHHBI 110 CTpaHe cocTaBiseT nopsaka 70% Tekylero mnpu-
pocta. COOTHOIIIEHHE «3ar0TOBKA : PUPOCT» — camas Hu3Kas B EBpore. Bromkernoe puHaHcupoBa-
HHUE 1eCOX035IMCTBEHHBIX pa60T B I'OCyAapCTBCHHEBIX JICCAaX MUHHUMAJIBHO.

YucneHHOCTh ITaTa pabOTHU-
KOB JIECHOI'O XO3SIICTBA B KOMMY-
HaX COMOCTaBUMa C TPESKHUMH
POCCHUUCKMMM JECHUYECTBaMU. Tak,
B KoMMyHe Magnifica, rae neca 3a-
HUMarOT OKoyio 13 ThIC. ra (Jecu-
CTOCTh  TEPPUTOPHH  COCTABIISICT
65%) u mpoxxkuBaer okojio 20 ThIC.
YEIOBEK, YIpaBJIEHHE JIECHBIM XO-
351ICTBOM OCYILECTBIISIIOT TPU Be-
IYUIMX CIEIHalluCTa C YYCHBIMH
creneHsMd M 9 wuHCIEKTOpoB. Ha
JIETHUH nepuoa  AOIMOJIHUTEIBHO
HaHUMAIOT 4YCETBIPEX HHCIICKTOPOB
[0 KOHTPOJIO 3a cOOpoM rpuOOB.
KouTtpons 3a lecoHapymmTensIMu
JIOTIOJTHUTENILHO BEAECT BOOPY)KEH-
Hasi TOCYJapCTBEHHas JieCHasl IO-
nunusa  (puc.l), OCYIIECTBISFOIIAs
[aTpyJIUpPOBAaHUE TEPPUTOPUU HIIH
BBIC3XKAIOIIAs HAa MecTa 10 CHTHa-
J1aM HaceJeHHs.

BuipamuBanue 1esioBoii JpeBecuHbl B MTamuu conpsbkeHo ¢ mpoOieMol 0oibIIoro Koiude-
CTBa HHU3KOCOPTHOM JPEBECHHBI, KOTOPYIO JaeT TOPOCIIEeBOH JieC, TOATOMY B CTPaHE Pa3BHUTO IUIAHTa-
IIUOHHOE JICCOBBIPAIIIBAHUE.

I[nanTanuoHHOEe BHIPAIIMBAHUE JAPEBECHHBI JIJIsI 00ECIeUeHHsI IIeIUTION03HO-0yMaKHON TPo-
mbiuienHocty (LIBIT) ctpanbl Havanoch emie 10 BTOpOoi MUPOBOH BOiHBI B 1920-e roasl, Koraa craiu
CO3/IaBaTh JIECHBIC TUIAHTAIMU Tomojeld. B Hacrosimiee BpeMsl <«ISCHBIMHU IOJISIMH» TOTOJNEH TMpel-
craBienbl 3% snecoB. Ouu narot 50% kauecTBeHHOM AenoBoi apesecunsl s LIBIL. B ocHoBHOM 3T0
YepHBIH aMepUKaHCKUN TOMoJb, K Bozpacty 10...14 ner uMeromuii cpenquuii tuamerp 35 cM u 3amac
apesecunbl 330 M/ra (pa3Merenne 5x6, 5x7, 6x6 m). OCHOBHAs 3aJ1a4a Ha TAKOM IUIAHTALIMH — MOy~
yuTh OpEeBHO JUTMHOW 4 M NpH auamerpe He MeHee 35 cM. [ImaHTanmm co3maloTcsi KIOHUPOBAHUEM U
CO3JaHHUEM YHCTBIX 110 COCTaBy HaCﬂ)K)IeHPIfI, HO IIpHU 3TOM BO3HUKACT MHOI'O HpOGJIeM. HpOI/ICXO]IHT
MaccoBbI¢ 3a00IEBaHMsI U PAa3MHOXKECHUE BPEAUTENCH TOIONIEH, BCIECACTBHE YEro BHIHYKIEHHO POBO-
JISITCSL aKTUBHBIE MEPBI 110 XUMHUYECKOH 3ammTe. B cBs3M ¢ 3THM (epMephl, 3aHIMAIOIIECS BBIPAIIH-
BaHUEM IUIAHTAIMI TOMOJNEH, OTKAa3bIBAIOTCS OT MPOU3BOJICTBA JPEBECHHBI U MEPEXOAAT Ha CEIbCKO-
XO35IICTBEHHBIE KYJIBTYPBI.

Perienre Bo3HUKIIEH MPOOIEMBI CErOMIHS PEIIACTCS CO3JAaHUEM IUIAHTALMN CMEIIaHHBIX JIPEBO-
cToeB. B YCIOBUAX 6JIaI‘OHpI/I$ITHOI‘O KiIMMaTa U IIOYB IUIAHTAllMU CO3Jar0TCd M3 CMCECU APCBCCHBIX
nopol. B cocraBe Takux ruiaHTanui y4actByioT 10 10 npeBecHbIX BHIOB. Bce oHM UrparoT pasHyro
POJIb B MMPOLIECCE BbIpalllUBaAHUA NPCBCCHUHBI. TaK, I‘peHKI/Iﬁ Op€X, BUIIHA, SICCHb, KJIICH ABJIAIOTCA IIC-
JIEBBIMH, JPEBECHHA KOTOPBIX OleHMBaercs Goree e B 1000 eBpo 3a 1 M’. ComyTcTByIOLIIE MTOPO-
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Jibl (TOTIOJIB, WBA, OJbXa YepHas M KpacHas), a TaKkKe KyCTapHUKH, OTTEHSIOIINE CTBOJM IJIaBHBIX IO-
PO, AIOT B MPOIECcCe YXOJIOB 3a TNIABHOW MOPOJOH JOMOIHUTENBHYI0 Ouomaccy juis tormiusa. O6o-
pOT pyOKH IeNIeBbIX Mopoa gocturaer 40 jier, Toraa Kak comyTcTByomux 5...15 ner (80/300 wmr./ra).
B nepBbie 2...5 ner 3a MIaHTaMOHHBIMHU TI0CAIKaMH TPOBOJIATCS PYOKH yX0Jia ¥ MOJUB. B KoHEUHOM
HTOre JIOJDKHBI OBITH MOJIy4EHBI IEPEBbsI TJIABHOW MOPOJIBI C AuaMeTpoM cTBoja 40 cMm Ha 1/3 ero BhI-
COTHI.

Ha coBpemMeHHBIX MPOMBINIIEHHBIX MIAHTAIUSAX KYJIbTHUBHPYETCS 0Koi0 60 BHIOB 3BKANUIITA U
COPTOBBIC TOIOJISA, CPEIMHUIN TOJUYHBIN MPUPOCT HACAKICHHIA KOTOPBIX MPH 000poTe pyOku 7—12 jeT
cocraBmsier 8...20 M°/ra (uHoraza 1o 50 m°/ra). TomoneBbie «IONS» B HOMMHE pekd 110 3aHHMAOT
TIoMmas 0KONo 83,4 ThIC. Ta U fatoT 60% 3aroToBKM ToBapHO# apeecuHs! (1,8 MitH. M), OcTanbHble
40% 3aroraBnuBaroTcs B jiecax. B mepcnekruse, k 2050 rogy okono 75% npeBecHHbI OyneT 3aroras-
JIUBATHCS Ha TUTAHTAIHX.

B necax ecTecTBEHHOr0 MPOMCXOKAEHUs PYOKH MPOBOISAT B OCHOBHOM BBIOOPOYHBIE, YTO T103-
BOJISIET OTKA3aThCsl OT UCKYCCTBEHHOTO JiecOBOccTaHoBIIeHHS. OTOOp JepeBbeB B pyOKy MPOBOJIST pa-
OOTHUKH JIECHOTO OTJIENIa MYHUIIUIIATUTETOB, HAHOCS, KaK 3TO MPHUHITO U B Poccuu, kiieliMo Ha 3arec-
K{ Y OCHOBaHHSI CTBOJIA M Ha BbICOTE 1,3 M OT mielku KOpHs. UHTEHCHBHOCTH BEIOOPKH JIEPEBHEB CO-
crasisier 15...20%, cpoku nosropsiemoctr — 15...20 ner. OTBeneHHbIE Uil pyOKH JENSHKH BBICTAB-
JISIIOTCSL HA AyKIIMOH, CTApTOBasl IIeHa Ha KOTOPOM 3aBHCUT OT MHOTHX (DAKTOpPOB: CIIpOCa Ha JIPEBECH-
HY, TPaHCIIOPTHON JOCTYITHOCTH y4YacTKa, KadecTBa Jieca. KommdecTBO MpeTeHeHTOB 4acTO COCTaB-
nsier 5...7, HO B psJe cllydaeB 3asiBOK Ha ayKIMOHBI BOOOIIE HE TOAAETCs U3-32 OTCYTCTBHS CIpoca.
JlecoBnazienblibl BBIHYXKIEHBI B 3TOM Cllydac BHOBb OOBSIBISIT ayKIIMOH M CHHIKATh CTAPTOBYIO IIEHY
Ha JensHKy. JKecTkas moneHHas miaTa Ha JPEBECHHY OTCYTCTBYET U IIEHY OMpezeNsieT phIHOK. 3aro-
TOBKa Jieca BEJETCS aKKypaTHO C COOJIOIGHUEM Mep 10 COXPAHEHHUIO TOIPOCTa M LENOCTHOCTH T104-
BEHHOT'O MOKPOBA, YTO CAENaTh B TOPHBIX YCIOBUSAX KpalHE CI0XKHO, HO TEXHUYECKH OCYIIECTBUMO.
JpeBecuny TpemIOIOT COPTHUMEHTAMHU BO3IYIIHO-TPEIEBOYHBIMU ycTaHOBKaMH. CKIaIupoOBaHUE Be-
JIeTcst BJIONb JOpor ob1ero nonb3oBanus. Cydbs M BEpIIMHHHUK UCIIONB3YIOT Ha JpOBa WK Nepepada-
THIBAIOT Ha HIENY C TOMOIIBIO MEPEBIKHBIX PYOHIBHBIX YCTAHOBOK.

CrutomHple pyOKH TPOBOJISAT-
Csl JIUIIb TaM, TJIe APEBOCTON HMe-
0T Cephe3HbIe MOBPEXKJIEHHUS BET-
pOM, CHErom, OOJIE3HSIMHU H BPEIIH-
TensaMu. JlecoBnmaaenbIlsl U Jiecosa-
TOTOBUTEIH OOJBIIOE BHUMaHHE
VIENAIOT cepTu(UKaluu CBoeH Je-
SITENbHOCTH, TPOBOAS €€ MO ABYM
cxemam: [laneBponetickoii u FSC.

JlecoBoccTanoBienue. Jlec-
HbIE KYJIBTYpHI, TJIABHBIM 00pa3oM
XBOMHBIC, MIUPOKO CO3JaBAIKUCH
JUIIb B TIOCIIEBOGHHOE BpeMs U
OKa3aauch He3(PPEKTUBHBIMU H3-32
BBICOKOM CTOMMOCTH  CO3JIaHHS.

I'yctota co3maBaeMbIX KyJabTyp

ObLTa BO MHOTHX CIly4dasiX H30bI-

TOYHOM, a JIECOBOJICTBEHHBIE yXO-
bl B HUX HE MPOBOJMIINCH, YTO IMPHBEIO B HACTOAIIEEC BPEMsI K CHW)KEHHIO XKH3HECIIOCOOHOCTH
HACaKICHU 1 BOSHUKHOBEHHUIO B HUX 04aroB KOpHEBOW ryOku. OIIMOKH HAINMX KOJUIET UTaJbsHIICB
CETOJTHS MOBTOPSIOT J1ecoBOIBI B Poccun [2, 3].

VYcnoBus Uit BO30OHOBJICHUS €M XOPOIINE U TOApPOCTa €€, KaK MPaBHiio, BIOJTHE JOCTATOYHO
JUTSL BOCIIPOM3BOJICTBA Jieca TOCie 3arOTOBKU JpeBecuHbl. Jleca, He OTHOCSIIMECS K TMPOU3BOICTBEH-
HBIM TJIAaHTALKAM, BOCCTAHABIMBAIOTCSA 3a CYET MojapocTa. VMCKycCTBEHHOE JIECOBOCCTAHOBJICHHE B
Wtanuun mpoBOIAT NUIIb B UCKIIOUMTENBHBIX CIIydasx (MacCOBBIE BETPOBANbI, CHETOJIOMBI, MOBpeE-
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XKJIeHHs OOJIe3HSIMH U HACEKOMBIMH). VICIoNb30BaHNE TEXHUKNA Ha KAMEHUCTBIX TOPHBIX CKJIOHAX He-
peHTabenbHo U CoKHO (puc. 2). s 3amuThl cakeHIeB OyKa OT TUKUX KOMBITHBIX KUBOTHBIX HC-
MOJIB3YIOT TOKPBITHE U3 CHHTeTHYeckor ceTku. Kak mpaBmiio, AenaroT CMEIIaHHbIE HEr'ycThle eJI0BO-
OyKOBBIE MTOCA/IKA BPYYHYIO, UCIIONB3YsI KPYITHOMEPHBIE CaXKEHITBI.

Wranus — oquH U3 KpynHeRmuxX B MUpPe 1epeBooOpadoTYnkoB (puc. 3) U IPOU3BOIUTENIEH Me-
6enu. JlepeBooOpabotka coctasisier 3...4% ot BBII Urtamuu. [lepepabotka apeBecuHbl TiyOOKas
npakTrdecku Oe3orxonHas. Pa3BuTa BropuuHas nepepaboTKa APEBECHBIX OTXOOB, BKIIOYAs CTAPYIO
MeOenb 1 ap. B meno uaer Bcé: kopa, BETBH, ONMKJI U IaXKe 30j1a 1Mocie cxxuranus B Tornkax TAC oTxo-
JIOB J1epeB000padoTKu. JlepeBooOpabOTKOM B CTpaHe 3aHUMAIOTCS AaBHO, 4TO ObLIO CBSA3aHO CO CTPO-
UTEITHCTBOM TOPTOBOI'0 M BOGHHOTO (I0Ta Ha Bep(ax KPYMHBIX KyleuecKnx ropoaoB Benenuu u ['e-
Hyn. Bea CeBepnas Wtamus Haxomwnach MOJ BIMSHHEM M TOKPOBHUTEIHCTBOM 3THX TOpPOJIOB-
TOCYAapCTB W TOCTABIIsUIa UM OOJNBIIOE KOJIMYECTBO JPEBECHHEI. Jlec jonroe Bpemst ObUT OCHOBHBIM
HCTOYHUKOM JI0X0Ja KuTtenel 3Toi yactu Utanuu. J[peBecruHa ucnoyib30Bajach TakKe JJIsl COOpYKe-
HUS JIOMOB, KOTOPBIC B CEIbCKOM MECTHOCTH ObLIH, Kak U B Poccuu, nepeBsHHbIMU. B cOBpeMeHH Ot
Urtanuu cenbckue noma CTpOSTCA M3 KaMHs, HO OTHOIIEHHE K JIEPEBY, IIHMPOKO MCIOIB3YEMOMY BO
BHYTPEHHEH OT/IENIKE ITOMEIIECHHH, Y )KUTENIEH OCTAIOCh MO-NPSKHEMY JTFOOOBHO-TPEICTHBIM.
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Puc. 3. 3acomoerennasn u nepepabomannas opesecuna 8 KommyHe Asuazo

B necax mmpoko BemeTcs 3aroToBKa HeApeBeCHO# MPOAYKIUM: MPOOKU (€KEromHo OKOJIO
14 ThIC. T), I0AOB chemoOHoro kamTaHa (280...290 TeIC. T), *)enmyneit myb6a (100 TwIc. T), ceHa
(650...700 TBIC. T), a TAKXKE OPEXOB, TPUOOB U JICKAPCTBEHHBIX pacTeHui. [Jis cOopa 3THX MPOIYKTOB,
BEJIMYHHA KETOTHOTO U3BATUS KOTOPBIX CTPOTO JIUMUTHPYETCS, HEOOXOAMMO 00s13aTeIbHOE HATNINE
JUIEH3UN WIH BPEMEHHOI0 pa3pelieHts, BhIJaBa€MOro Ha IJIATHOM OCHOBE OTIENaMH JIECHOTO XO-
31iCTBa MyHHUIIMTIAIIUTETOB. B HEKOTOPBIX peruoHax CTpaHbl Jyist Jr00UTeNnell cooupars rpuObl BBEe-
HBI DK3aMEHBI, MMOI00HBIE OXOTMUHIMYMY B Poccun. CTOMMOCTh paspemieHus uis coopa rpuboB oj-
HOMY Y€IOBEKY M3 YHCIa HEMECTHBIX XHUTeJIel B TEUeHHE OJHMX CYTOK COCTABIISET MOpSJKa 5 eBpo
(TakoBa jxe crouMocTh B MarasuHe 100 T cymieHsix Oenbix rpu0oB). [Ipu 3TOM HeEb3sl MPEBBIIIATH
HOpPMY, KOTOpasl COCTaBJISIET i COOpIIMKa 1 Kr TpuOOB OJHOI'O BHJA WIIM K€ 2 K IpuOOB pa3HbIX
BuJ0B. KoHTpONb 32 cOOpOM MPOAYKTOB MOOOYHOTO TOJIE30BAHHS JIECOM, KOTOPBIA OCYIECTBISIOT
Kak paOOTHHKH JIECHOW OXpaHbl MYHHIIMIAIUTETOB, TaK M TOCYJApPCTBEHHAS JIECHAs MOJHIIUS, JI0-
BOJILHO cTporuii. B WTanuu, k ToMy ke, OOJIBIIMHCTBO IPask/aH 3aKOHOIMOCTYIIHO. Jloxox oT Heape-
BECHOH MPOYKITHH Jieca B 3...5 pa3 BBIIIE, UM OT MOJIb30BAHUS IPEBECHHOM.

Buonoruyeckoe pasHooOpa3ue, Kak W pa3HOOOpa3ue NPUPOAHBIX YCIOBHHA M JaHIMIa(TOB,
oueHb Benuko. B Mranuu Toipko pacTeHuid HacuuThiBaercs okono 5800 BumoB (78% Bcero BHIOBOTO
pa3HooOpasus EBporibl). OqHUM M3 XpaHHUTENEH 3TOr0 pa3Hoo0pa3us sBIAETCS CTapeHInii OOTaHM-
yeckuit can EBponsl, mpuHamiexamuid Yausepcutery [agyu. Komnekuuto pactenuii Hadanu GopMu-
poBaTh B 16 Beke. BBUy OrpaHUYEHHOCTH TUIOIIAIN Cajld, MCKIIOUUTEIBHO OCpPeXHO HCIOIb3yeTCs
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KaXIpl canTuMeTp 3emud. Kaxmoe pacrenue
HMMeeT ITUKETKY C Ha3BaHHEM M KpPaTKUM IOsICHE-
HUEM, B TOM YHCJIE U JUIS CIIA00BUISIINX.

Borara u ¢dayHa cTpaHbl, B COCTaB KOTOPOIi
BXOJAT OJIATOPOJHBIA OJIeHb, KOCYJs, CepHa, a
TaKske MHOTMe BH/bI, BCTpe4aluiuecsi B poc-
cUIiCcKHUX Jiecax: Oypblil MeaBeab, 3afll, JHCA,
riyxapb, terepeB u Jp. IlpaButenbctBo WTanuu
yaensier O0NbII0e BHUMAHUE COXPAHEHUIO OMOJI0-
THYECKOTO pa3HooOpasusi. B crpane coznmanbl
HAIIMOHAJIbHBIE TMApKK M 3aIIOBEIHUKH OOIIeH
miomaaeio 6onee 200 ThIC. ra, OPraHU30BaHHO U
eNIeHANPaBIeHHO MPOBOJUTCS paboTa Mo BOCIH-
TaHUIO OEpPEeKHOTO OTHOIICHUS HWTANBSHIIEB K
MIpHUpOJIE.

PexpeanmonHoe ucno/jib30BaHMe JIECOB KaK

COLIMAJIBHBIA (pakTOp W OWM3HEC Pa3BHUTHI MPAKTH-

YEeCKH TMOBCEMECTHO. [l YacTHBIX cOOCTBEH-
HUKOB Ha JIeC Yallle BCEro BHITO/IHEE 3aHUMATh-
Csl peKpealioOHHBIM HCIIOJIb30BaHUEM, YeM 3a-
TrOTOBKOW JApeBecuHbl. B nr0o0oM ciydae gact-
HBIM Jlec — 1eneBoi jgec. DKOHOMUYECKas BBI-
rofia sIBJsieTCA 371eCh OCHOBOW JJISl PEIIEHUs O
HaIpaBJIeHUH HCIOIb30BaHUS Jieca, MHAUE «3a-
4yeM 3a00THTHCS O TOM, YTO HE JIaeT JT0XO0?».

Poib HeApeBCHOW NPOMYKIMH i COO-
CTBEHHBIX HYXJ HacelIeHHUS HACTOJIbKO BBICOKA,
YTO UCTOIH30BAHHE YACTHBIX JIECOB TOJIBKO IS
cOopa rpulOoB, B TOM YKCJIE 0CO00 MOYUTAEMBIX
Tprodeneli (ruara 3a HUX ocolast), SAroj, Kali-
TaHa ChenoOHOro (JenuKaTec, MyKa M XOpOIIO
XpaHALMCA JKeM), TIPOTYJIOK U OXOTHI, TPH-
HOCUT UX BIAJeIbIIaM JIOXOJbI, OIIYTHUMO Ipe-
BBIIIAIONINE TPUOBUIL OT 3aTOTOBKH JPEBECH-
Hbl. CTOMMOCTH 3KOJOTHYECKH YHCTBIX MpPO-
JIYKTOB, COOpaHHBIX B JIECY, BBICOKA U LIEHUTCS
HacelleHHeM. 3alllUTHBIE YCIyTH Jieca OLeHHU-
BalOTCA TakKXke BbICOKO. Tak, J0XOMbI OT JIECOB,
3aIMIIAIOMIMX BOABI, OLlEHMBaOTCA B 133 goii-
nmapa ¢ rektapa npotuB 104 momurapoB mpu uc-
MOJIb30BAaHUU ITHX JKE€ JIECOB IPH 3aroTOBKE
nIpeBecHHbl. Bo MHOrMX MyHHIMIAIHTETaX
Utanuu cymiecTBYIOT HeOONbIINE MPHUPOJHBIE
MapKy, KOTOpBIE CIYyXaT peKpearOHHBIMU
oObekTaMu (pHC. 5) U TEPPUTOPHSIMH, TIE Op-
raHM30BaHO HEHABA3UMBOE  DKOJOTHYECKOE
MPOCBEIIEHNE HACEIEHNUS BCEX BO3PACTOB, JET-
CKH€ TI03HaBaTEeNbHbIE MJIONIAKU B MECTaxX OT-
JIBIXa B JiecaX KOMMYH, Iie 0co00e¢ BHUMaHHE
yaensierca HKOJMIOTMYeCKOMY BOCIHTAHMIO Jie-
Tel (puc. 5, 6).
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OnpiT UTanmmu mo paliMoHAIPHOMY HCTIOIB30BAHHIO PECYPCHOTO MOTEHIIHANIA JIECOB U YCTOWYHU-
BOMY YIIPaBJICHHIO JIECHBIM XO3SIICTBOM WICHBI POCCHUCKOHN aeneranuu [4] mIaHupyroT IMHAPOKO HC-
MOJIb30BaTh B MPOU3BOJICTBEHHOM U MPENOIaBaTENbCKON AEATEIIBHOCTH.

Cnucox numepamypol

1. Byxwmwinos, A. /. Ilpupona mupa. Jleca / A. 1. Bykmrsinos, b. W. T'pomes, I'. B. Kpbuios. — M.: Mbicis, 1981. —
316c.

2. Pomanos, E. M. CocrostHne u npobiemMsl BocrponsBojictBa JiecoB Poccuu / E. M. Pomanos, H. B. Epemun,
T. B. Hypeesa // Becrauk MapI TV . Cepus «Jlec. Dxonorust. [Tpuponononszoanue», — 2007. — Nel. — C. 5-14.

3. Epwmonenxo, A. A. CuTyarsi ¢ JIeCOBOCCTAaHOBUTEIBHBIME paboTaMu B cyobekTax Poccuiickoit deneparmu, npo-
onemel W myru pemenus / A. A. Epmonenko // http://www.rosleshoz.gov.ru/media/appearance / [B HWureprere]//
http://www.rosleshoz.gov.ru/. — ®I'VII «Pocnecundopr» u komnanueir Meroa.py npu ydactun Arentcrsa "Crparer”. — 25
¢espans 2009.

4. Kypbanos, 3. A. MapI'TY B roctsix y crapeiimero yansepcurera EBponet / 9. A. Kyp6anos // Bectaux Mapl'TV.
Cepus «Jlec. Oxonorust. [Ipupononons3oBanue». — 2008. — Ne 1(2). — C. 91-94.

Cratbs noctynuia B penakiuro 22.01.09.
Yu. P. Demakov, E .A. Kurbanov, S. A. Denisov, L. S. Moshkina

FORESTRY IN ITALY
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and recreational use are given in the article.
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H. Fischer & S. Wagner

SILVICULTURAL RESPONSES
TO PREDICTED CLIMATE CHANGE

Increased concentrations of greenhouse gas emissions are causing a general warming of the
global climate and altering the conditions for life on Earth. Changes in climate will likely have a
considerable impact on forest structure and its resilience. The range of tree species, the interspe-
cific competition and the interaction between species may alter. The paper compiles and summa-
rizes already existing knowledge about observed and projected impacts of climate change on for-
ests and likely responses of trees and stands with special respect to Germany and reviews silvicul-
tural options for management on stand level to adapt forest stands to climate change.

Key words: climate change, silviculture, impacts on forests, biomass, forest manage-
ment strategies, forest conservation.

Introduction. Over the last century, global mean surface temperature has risen by about 0.6 °C
[1]. Although not unprecedented, this rate of warming is likely to have been the greatest of any centu-
ry in the last thousand years. Data collected over the past 150 years by 188 members of the World Me-
teorological Organization (WMO') lead to an unmistakable conclusion: the observed increase in glob-
al surface temperatures is a manifestation of global warming. It has accelerated particularly in the past
30 years. Notably, the current period is one of exceptionally rapid warming [2].

Changes in climate variability and extremes of weather events have received increased attention
in the last decades. By now we know that climate is continuously changing, with some periods com-
paratively stable, and others with great variation [3]. There is a number of factors that drive climate
variability (changes in Earth's orbit, changes in solar output, sunspot cycles, volcanic eruptions, and
fluctuations in greenhouse gases and aerosols). These factors operate over a range of time scales but,
when considered together, effectively explain most of the climate variability over the past several
thousand years. The global warming has been attributed to both natural and human forcings, that is
undeniable, but most of the warming observed over the last 50 years is caused and attributable to hu-
man activities [4]. The recent changes in climate can only be explained when the effects of increasing
atmospheric concentrations of greenhouse gases are taken into account. But understanding changes in
climate variability and climate extremes is made difficult by interactions between the changes in the
mean and variability [5].

It is not our intent to figure out possible causes for the current situation more in detail. In this con-
text we would like to refer to the relevant publications of the IPCC [6]. Simply essential is the fact that
the scientists have evidence for the climate changing and that we do not longer have a controversy dis-
cussion among experts. Therefore silviculturists must be aware of the implications of climate change
in order to establish stands being adaptable, sustaining health and productive in the future.

Uncertainty in predicting.

A) Uncertainty in predicting the most likely scenario

Globally averaged surface air temperature likely increases during 21% century under different
scenarios. Figure 1 shows the time-series of globally averaged annual mean surface air temperatures
from all the IPPC-experiments [6]. Compared to the temperature at the end of 20th century (years
1990-1999, black curve), the surface air temperatures at the end of 21st century (years 2090-2099) is
predicted to increase by 3.7, 2.5 and 1.5°C under the A2, A1B and B1 scenarios, respectively. Fur-
thermore, the surface air temperature keeps increasing even under the stabilized radiative forcings be-
yond year 2100 at all the greenhouse gases stabilization levels. Under the overshoot scenarios, the glo-

© Fisher H. & Wagner S., 2009.
' The specialized agency of the United Nations and authoritative voice on the state and behaviour of the
Earth's atmosphere
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bally averaged surface air temperature decreases to almost the same level as the Bl level. The A2,
A1B and B1 scenarios show respectively 3.7, 2.5 and 1.5°C. The surface temperature keeps increasing
even after the greenhouse gas concentration (GHQG) is stabilized, and it takes very long time for cli-
mate system to be stabilized (fig. 1 and 2).
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Fig. 1 and 2. Time-series of globally averaged annual mean surface air temperature (left)
and GHGs concentration profiles used in numerical experiments (right); (mod. IPCC, 2007)

Even if these and other climate forecasts seem to be better and better - intensity and frequency of
disaster occurrences are still open and interaction with other dynamical environmental factors are
doubtful (see C).

B) Regional climate scenarios for Germany: downscaling from global scale to local scale

In principle, the simulation of climate scenarios is performed at global scale using a global circu-
lation model because atmospheric system is a single system. Even though there are efforts towards de-
veloping custom-fit climate scenario at global scales, most of today global climate models still gener-
ate future climate scenarios at large grid size of several hundred kilometres.

In contrast, performing silvicultural strategies in principal is a task on stand level. Therefore,
downscale process to get information regarding climate change at specific locations for specific forest
sites is required for the assessment of climate change impact. Up to now the regional climate models
are even more uncertain, the more the smaller the scale is. Up to now we cannot await an accurately
fitting climate model on local scale. Nevertheless, an adaptation of climate planning data in forestry is
needed, i.e. climate zones (= update).

Anyway, we will never have a model predicting extreme single weather condition on the scale of
a forest stand. Ergo the situation of uncertainty will be a long-lasting basic condition for the manager
responsible for local forest stands.

C) Interactions are doubtful

In addition to climate change a dramatic increase in nitrogen inputs over the last century has re-
sulted in major changes to the German ecosystems including changes in plant species dominance and
diversity, increases in plant productivity and altering conditions of site-specific competition for natural
regeneration of trees. Such changes are comparable in scale to those of increased temperature and
CO,. The clearing of forests, draining of wetlands and the cultivation of forest soils for agriculture
lead to significant increases in atmospheric CO, as organic carbon in the soil and above ground bio-
mass was decomposed [7]. Although ecologists acknowledge the importance of these changes, a thor-
ough understanding of interactions between nitrogen deposition and global change and the mecha-
nisms responsible are lacking [8].

D) changes in interspecific competition

Another uncertainty regards the outcome of interspecific competition. The evaluation of every to-
day’s interspecific competition has a limited significance for future conditions because the today’s
analysis is retrospective in every time.

E.g: the response to warming temperatures is typal. As a result, new interspecific relationships are
likely to develop where species with life cycles responding to temperature interact with species con-

13



Becmuux MapI'TV. 2009. Ne2 ISSN 1997-4647

trolled by photoperiod [9, 10]. Some investigations show, that the competition between evergreen
plants (like Rubus fruticosus) and beech seedlings alters under the conditions of climate change be-
cause longer growing seasons are advantageous for the photosynthetic potential of competing vegeta-
tion [11].

Likely environmental changes and potential Ecosystem responses. Most models agree that the
warming will be greatest over eastern Europe in winter and over western and southern Europe in
summer. In northern Europe the increase in temperature is similar in all seasons. The temperature
changes are coupled with increases in mean annual precipitation in northern Europe and decreases fur-
ther south.

According to the results of Christensen et al. [12] the temperature changes are coupled with an in-
crease in mean annual precipitation in northern Europe and a decrease further south. Regarding ex-
treme events, the yearly maximum temperature is expected to increase more in south and central Eu-
rope than in northern Europe. In central, southern and eastern Europe, the summer warming will be
more closely connected with higher temperatures on warm days than with a general warming while
much of the warming in winter is connected with higher temperatures on cold days [13].

Under many climate change scenarios, increased temperature and increased frequency of summer
drought may result in more stressful forest environments owing to, among other reasons, an increased
evaporative demand combined with limited soil moisture [14]. But intensity and serious consequences
depend on the site! Namely the more the site is continental the more serious the consequences are.

The predicted environmental changes will meet established forest ecosystems. Under some pre-
dictive scenarios, changes in climate may occur that will exceed the capacity of existing forest tree
populations to adjust physiologically and developmentally. Actual impacts will depend upon the phys-
iological adaptability of trees.

A) Direct ecosystem responses: vitality of tree species and outcome of interspecific competition

The range of European forests is limited primarily by climate, either through moisture availability
or through temperature (both, absolute amounts and seasonal distributions) [15]. Each tree species has
a more or less specific geographical distribution that is related to its range of adaptation to the forest
site. Thus, the climate factors predefines where and how forests grow and determines resp. limited tree
species composition. Likely affects of increased moisture stress include reduced growth and produc-
tivity and decreased economic value of forest stands.

But our forests are likely to be widely more impacted by the predicted changes in climate. The
pace of these changes could overcharge trees and stands in their adaptability. The effects will be a
complex of biophysical factors. The potential ecosystem responses to climate change affects physiolo-
gy, phenology, range and distribution, and abundance of species [16].

Trees of the same species adapted to gradual climate change have an advantage. There will be a
selection within the gene pool already existing. Less flexible individuals will die off.

Changes in climate exceeding the tolerance range will cause readapting interspecific competition.
Fig. 3 exemplifies this phenomenon for common tree species in Germany: The wet Alnus-dominated
sites (its natural range) will almost wither, the very wet sites get adaptable for Beech, and Pedunculate
oak will be displaced. On the other hand Common beech will likely become less important on semi-
dry sites (for the benefit of Pedunculate oak).

In addition to the already existing site spectrum we will probably identify sites specifics never
found before. Beyond the oak range there will be extreme dry conditions (especially in continental ar-
eas and on soils with low water retention) eligible for Robinia pseudacacia.

This change of tree species is combined with an alteration of vitality parameters (like increase of
growth, susceptibility, etc.). Decreasing vitality of a tree species may compensate lacking growth of
another. With respect to soil humidity we will notice a differing sequence of the considered tree spe-
cies. Fig. 4 points out the response of tree species when environmental factors are changing. Tree spe-
cies close to their biological limits (in terms of temperature and moisture) will be more sensitive to
climate change than tree species near the middle of its ecological optimum. In consequence of dry
spell there will be no decrease in dominance of Locust but an adverse balance for Beech (and its re-
generation).
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The Beech response to temperature regime and water availability seems to be significantly affect-
ed by intraspecific competition as Cescatti & Piutti highlighted [17]. When competition is strong, trees
show a high sensitivity to water balance whereas, at low competition level, trees react positively to

high temperatures.
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Fig. 3 and 4. Vegetative vitality (e.g. growth) of different tree species plotted against site humidity (left)
and against temperature within growing season of the site (right). The axes are standardized

In general, tree species with high climate amplitude probably will be more robust (such as Com-
mon oak and Birch trees). Norway spruce will turn out to be a problematical tree species, especially on
sites with potential risk for dry spell (sites with small thickness in upper soil, warm and south inclina-
tion sites with high radiation, compressed soils with stannic properties or temporarily anoxia (for de-
tails see (D) Vitality of single trees and stands). An alternative to Norway spruce management is the
mixture with/or the establishment of pure Douglas fir of adapted provenance. In case of decreasing vi-
tality of spruce Douglas fir might compensate growth deficit. Douglas fir is known as a tree species
comparably tolerant to dry spell (fig. 5).

Douglas fir/ Spruce
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Water availability

Silvicultural management in a changing environment is a crucial research task which needs inves-
tigation objectives and techniques convenient for new arising problems. Exempli gratia the ability to
natural regeneration! It is evident that we have to look more in detail to the tree specific demand on
climate and soil. It would be not enough to focus on growth and vitality of the old stand. Already ex-
isting mature stands may be good adapted to climate change and may abound in vitality. But tree spe-
cies communities, single plant species or genotypes may be poorly adapted to future climate condi-
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tions if you go more in detail in single steps of their life cycles, for example resulting in lacking safe
sites for natural regeneration, increased risk of regeneration failures, altered trajectories of forest
growth, development, and productivity. A long run adaptation of trees should consider all parts of the
life cycles: pollination, flowering, fructification, seed/fruit dispersal, and germination in specific safe
sites, establishment of seedling and growth of the young tree [18, 19]. We have to ask if the new local-
ities ensure well-balanced factors and resources for the young tree or whether we have to postulate
high resilience against stress-induced or competition-induced mortality.

Another monitoring with regard to Germans most important broadleaf tree species arouses our
suspicion that combination of environment factors will probably change in future. Schmidt [20], (fig.
6) could support an increasing frequency of masting during the last 20 years in beech. We do not have
any final explanation for this phenomenon. It is expected, that global change (periodical higher tem-
perature in the early summer before the mast) could be responsible for this generative beech potential.
Perhaps there are additional influences by the atmospheric deposition of nitrogen promoting the gen-
erative capacity of beech stands.

Another important facet affects the biomass distribution of trees under the terms of global warm-
ing: An interesting long term study in Russia [21] highlights shifting allometries in tree compartments
in changing environment. In areas where summer temperatures and precipitation have both increased,
a general increase in biomass is primarily a result of increased greenery, rather than roots and stem. In
areas that have experienced warming and drying trends, greenery has decreased, and both roots and
stems have increased. It is most likely that this is a tree specific feature and that we have to assume
specific capacities for the adaptation to changing environment.

Of course, addressing questions of root and rhizosphere function in the field is difficult and vexed
with problems and uncertainties. Thus, this study once again stresses the importance not to disregard
the subsurface reaction of tree vitality and to have a look more in detail into the fine roots of stand de-
velopment. Ecosystem-level observations of root and soil processes as influenced by global change are
beginning to emerge [22]. Unquestionable a deeper understanding of root dynamics is critical to de-
scribe the integrated response of forest ecosystems to global change.
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Fig. 6. Masting of Beech (nuts/m? at Géttinger Wald site
from 1981 to 2004 (1984 no data available. Schmidt, 2006)

B) Indirect ecosystem responses

Climate change affects the temporal and spatial dynamics of pest species, influencing the fre-
quency, intensity and consequences of outbreaks as well as their spatial patterns, size and geographical
range. Warmer temperatures will make mountain forests in middle and South Germany more suscepti-
ble to disturbances and large-scale pest attacks from bark beetles (Ips typographus and Pityogenes
calcographus) [23].

Coevolved relationships between hosts and their pests probably will be disturbed, hosts will come
in contact with novel pathogens and herbivores, and changes of species composition of communities
are to be expected. With climate change, non-native species from adjacent areas may cross frontiers
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and become new elements of the biota. Examples include thermopile species that have recently ap-
peared in South Germany. E.G. the expansion of highly thermopile, Mediterranean pathogen species is
expected, as well as an increase of pathogenicity of fungal endophytes in drought-stressed trees. In the
southern part of Germany there are already pests of Mediterranean fungi on a variety of tree species
like Acer pseudoplatanus (Cryptostroma corticale [24]) and Aesculus hippocastanum never present
before.

Case study ‘Brandenburg’. Most of the studies emphasise regional variability of climate
change. A focus on landscape level in Germany shows that climate change will vary between the dif-
ferent federal states. The driest region in Germany is the north eastern state of Germany (federal state
‘Brandenburg’. In this region low precipitation condition (areas lower than 500 mm per year) is aggra-
vated by the predominance of sandy soils with low water-holding capacities and by the lack of sub-
stantial amount of water inflows to the region. Currently, forestry in Brandenburg relies mainly on
Scots pine stands; simulation results show that there is little chance for improved conditions at current
sites even under optimistic projections of climates [25].

Reduced water availability would result in substantially reduced yields and has profound effects
on populations of invertebrate pests (mainly insects like pine moth, pine looper). An increase in the
frequency and severity of summer droughts would be expected to lead to an increase in the number of
fires and pine stands affected in those years.

The actual tree species dominance with Scots pine in vast areas effects another problem in con-
nection with water balance in the soil. Degree and persistence of soil water repellency depend on con-
tent and distribution of soil organic matter, foremost thickness and morphology of humus layer [26].
In general, the effect is stronger for dry soils and decreases with increasing moisture content. Beyond
soilspecific “critical’ water content, water repellency vanishes and soils become wettable. Under Scots
pine stands (extenuate under Norway spruce) we usually find typical vertical humus disintegration
with an accumulation in the humus layer and a loss in the upper mineral soil. The result is raw humus
or raw humus like moder. This condition intensifies the hydrophobic structure and the infiltration be-
haviour of the soil. In case of extreme precipitation most of the water will be a surface run of [27].
This phenomenon will likely be different in mixed stands where we usually find better humus forms
[28, 29].

Uncertainty vs. authority to act. Scientists agree that natural disturbances are likely to increase
in frequency and intensity in response to climate change during this century [6]. Even though we can-
not be certain about the specifics of change: forestry should not wait until absolute certainty arises,
which will likely never be the case anyway! Even though there is uncertainty there are already chang-
es; it is incidental that future environments will be different from present (achieved in chapter 2).

Because novel ecological conditions can cause severe and long-lasting environmental damage
even with large economic costs, ecologists must identify possible environmental climate and ecosys-
tem shifts and must develop a pro-actively forest ecosystem management [30].

Millar et al. [31] postulate an integration of adaptation strategies (actions that help ecosystems ac-
commodate changes adaptively) and mitigation strategies (actions that enables ecosystems to reduce
anthropogenic influences on climate). This makes sense for overall plans. In our paper we only focus
on the adaptation strategies. It includes resistance options to protect highly valued functions of forest
ecosystems, sustainability and resilience respectively response options by transforming the condition
of already weaken ecosystems.

Strategies for coping with uncertainty. Initial condition of forest stands.

Mainly beginning in the 19™ century Scots pine (Pinus sylvestris) or Norway spruce (Picea abies)
plantations were established in most of the German states which had originally been dominated by de-
ciduous trees. At present, forest management in all German states is changing. Changing demands of
society, an enhanced level of ecological understanding and the conviction that climate change de-
mands specific stand structure and tree species composition have given an impetus to a lively discus-
sion and intensified research regarding the improvement of these secondary Norway spruce and Scots
pine stands [32]. In the sense of a sustainable forest management in Germany these vast areas covering
pure coniferous stands are currently converted to semi-natural and structured deciduous and mixed
forests.
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Besides the ecological aspects [33], mixed stands are widely believed to be potentially more pro-
ductive than monospecific stands [34], which may be due to complementarity (tree species may differ
in their crown morphology, shade-tolerance, in height and diameter dynamics, rooting depth and/or
phenology) and/or to facilitation (positive interactions and feedbacks such as synergism and symbio-
sis). Ecosystems and societies are not static, but both are continually changing. This change may be
slow and gradual, but it may also be dramatic and swift. For the purpose of this paper the strategies to
cope with uncertainty can be grouped under three major headings:

1. Management strategies in order to assure specific services in the next century

I1. Management strategies in order to absorb uncertainty

III. Management strategies to cope with the trend of dynamics

1. Management strategies in order to assure specific services in the next century. In times of
site and climate change with constant and unchanging consideration of current forest services in the
future (e.g. harvest profit®) forest conversion is needed. It is the sum of silvicultural strategies to im-
prove horizontal structure by introducing other tree species (e.g beech or oak) in more or less pure co-
niferous stands (fig. 9).

Forest conversion focuses the objective of forest services. The current horizontal stand structure
is changed in medium-term by readapting stocking grades and/or adjusting thinning regime. Both
strategies e.g. can affect diminishment of water availability. The introduction of tree species is an ad-
aptation of stands by long-term. And it is important to consider every recent and essential information
of site investigation when arranging tree species regeneration. In case of decreasing vitality of the old
stand the alternative tree species might compensate growth deficit. But decreasing stocking grades
could implicate one problem highly visible: Adverse effects can be decreasing stock volume, danger
of wind throw and grass competition. And last but not the least the management of mixtures is deli-
cate, time consuming and expensive.

II. Management strategies in order to absorb uncertainty. All discussed uncertainties like cli-
mate change in space and time, response of tree species and its antagonists, increasing intensity and
frequency of disturbances, and unsure future marketing situation could be weekend by a management
strategy focussing on sustainability issues.

In particular this means (A) conservation or regeneration of site productivity, (B) biological di-
versity (in particular of key-species), (C) long lasting ability to (natural) regeneration of stands, (D) vi-
tality of single trees and stands.

(4) Conservation or regeneration site productivity. Site productivity is secured by choice of site
adapted tree species (site investigation on small scale is necessary) in particular with intensive root
system in mixed stands as possible, avoidance of soil cultivation and disturbances and no nutrient
leaching (harvest without clear cutting systems).

Humus layer. The organic substance can be seen as an integrated indicator for site capability. In
order to guarantee nutrient cycles the spacious presence of litter material easy to mineralize is essen-
tial. This calls for managing with suitable tree species or convenient mixture. Since more than 100
years we are informed about the effects of tree species litter material on humus ecology. New findings
are published referring to changes in humus form and soil organic matter distribution caused by forest
conversion [35]. The advanced planted broadleaf trees like Beech, Sessile oak and Lime affect a new
steady in carbon stock after during the decades of forest conversion. Especially lime and beech pro-
mote a comparably intensive integration of organic material in the mineral soil (fig. 7).

Besides the choice of tree species certainly there are other elements within the forest ecosystem
promoting the integration of humus layer. With few exceptions the herbaceous ground vegetation af-
fects the humus ecology in a positive way. The significance of sunlight and (derived) temperature in
forests is remarkable. Litter material reacts differently but immediately to changes in light intensity
and temperature [36]. In this chain of events there is also the complex, yet important role of man: the

2 Although timber harvest is a complex interaction of ecology, forest operations, business, law, taxes, mar-
keting and negotiations. It has both short and long term consequences for the stand and the forest landowner.
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radiation situation in stands should not be to dark, we have to choose suitable thinning regimes and
cycles (see D).

Intensity of
Carbon-stock Al disturbance’ Il
in humus layer
[in %]
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Forest conversion

I
I New steady state
Sessile oak

Beech

20%]
Steady state
10%

Lime

0
40 70 120 ...... t(age)
Pure stand Mixed stand Pure stand
(Scots pine) Scots pine / beech (Beech or oak or lime)

Fig. 7. Carbon-stock in humus layer [in %] during the decades of forest conversion
from a pure Scots pine stand to broadleaf stands of sessile oak (Quercus petraea),
beech (Fagus sylvatica) and lime (Tilia cordata)

(B) Biological diversity

Spatial structure and forest planning. Small-scale spatial structure and variability are characteris-
tic features of forest soils and are of ecological importance for biological diversity. A few investiga-
tions show that predictability of the vegetation and the edaphic environment, at spatial distances rele-
vant for the vegetative and generative fitness of plants, is essential for survival and diversity [37]. For-
est planning has to consider these differences in site potential by establishment of different tree spe-
cies. In addition a variety of harvesting and thinning techniques (single cutting systems up to small
clear cuts) are as well indicated.

Deadwood. The importance of deadwood has been identified for biological diversity in particular.
Deadwood is typical of a natural forest, in which the reserves of deadwood amount to 50-400 cubic
metres per hectare. Managed forests have only a tenth of this quantity of deadwood reserves; the aver-
age is 12 cubic metres, and in mountainous areas only 5 cubic metres [38]. Many species of Fauna and
Flora depend on decay, so if nature conservation is an aim, which it should be in any sustainable man-
aged forest, leaving deadwood is vital for the survival of these decomposers.

And finally horizontal mixtures are strongly recommended (diverse structure with different small
aggregations) to assure buffer action between tree species involved with respect to increment and de-
crease competition problems between tree species with different ecological requirements.

‘Nativeness’. The concept of nativeness or hemeroby which is the evaluation of the dependency
of ecosystems on direct human interference was applied to get an objective idea how natural the for-
ests are [39]. It compares present vegetation with a reference vegetation/system, which can be pristine
vegetation or present potential natural vegetation (PNV). However, it is nearly impossible to find pris-
tine vegetation on the earth, especially in the developed regions with a long human history. On the
other hand, PNV is very hypothetical. In the past the PNV had been very often used as an indicator for
close-to-nature-forest-management. We think that the concept has to be modified when adaptability
and climate change are discussed.

Warming ‘creates’ new impulses for the evolution of the forest ecosystems and thus, reorganizes
their development. Hence, we hypothesize that the “present state” of forest vegetation or the present
vegetation communities under the present site conditions is deviated from its undisturbed state in spe-
cies composition and functioning of ecosystem in any case.

In fact, species choice may need to be extended. Using a variety of sources of native species in
combination with introduced species is appropriate. Valuable but ‘non-native’ broadleaved tree spe-
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cies currently less considered in some regions may come to play an important role in future forests
(like Castanea sativa, Jugland regia, Sorbus domestica and others).

(C) Long lasting ability to (natural) regeneration of stands. As a result of climate change fre-
quency and intensity of storm events are predicted in central Europe which are the most important nat-
ural disturbances affecting stand structures of both natural and managed forests. On the cleared areas
with intensive soil-surface disturbance (removal of the damaged wood) the species composition
changed towards pioneer herb vegetation to pioneer forest species like Betula pendula, pubescens,
Sorbus aucuparia, Populus tremula, Larix decidua [33]. In this situation an extensive participation of
these pioneer tree species in every stand development phases is important due to its limited dispersal
potential [40]. The comparison between Birch and Beech exemplifies the significant differences be-
tween two dispersal strategies in Fig. 8. Paying attention to maximum distances should be secondary
important for preservation of genetic transfer between individuals.

(D) Vitality of single trees and stands

Provenances and vitality. Because forest trees are genetically adapted to their local climates, local
seed sources are generally recommended for artificial regeneration. However, these recommendations
assume that climates are stable over the long-term. Because of local adaptation, the health and produc-
tivity of planted and native forests may decline in global warming. Therefore, it is becoming increas-
ingly clear that the foresters must consider future climates when choosing seed sources for their silvi-
cultural strategies. We suggest increasing the diversity of reproductive material at higher levels than
currently in order to increase the adaptation capacity of the regeneration. Provenances need to be test-
ed at the limit of their ecological range; it is important to understand the physiological basis for re-
sponses [41, 42].

Dense of litter [g/m?]

0 'y L al

0 50 100 150

distance to tree [m]
= Birch
**** ! Beech

Fig. 8. Density of seeds in dependency to distance value:
Beech = 50/m? Birch = 1500/m?)of mother tree (standardized to maximum density

Norway spruce and vitality. Norway spruce is an economically important, but relatively drought-
sensitive tree species that might suffer from increasing drought intensities and frequencies. Gaul et al.
[43] conclude that even periods of mild drought significantly increase fine root mortality and the asso-
ciated input of root-derived C to the soil organic matter pool in temperate Norway spruce forests. Ad-
ditionally an increasing Spruce area does not correspond to predicted wind events as one major cause
of natural disturbances in Germany. We have to reflect our experiences with tree species in oceanic
distribution (such as Norway spruce).

Thinning regime and vitaliy. Canopy structure, which can be defined as the sum of the vitality,
sizes, shapes and relative placements of the tree crowns in a forest stand, is central to all aspects of
forest ecology and dynamics. On the one hand, the canopy structure sets the light environment experi-
enced by individual trees, which is known to be a primary determinant of their growth, mortality and
fecundity. On the other hand, competition for canopy space drives the growth rates, densities, and size
distribution of canopy trees [44]. The ability to be responsive to thinning activity is typal and belongs
to tree species. This so called plasticity is acknowledged to be important in forest ecology [45] if one
is interested in thinning regime at a particular time.
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The key to understand the dynamics of individual tree stability is the process of density-
dependent competition for canopy space, and hence light [46, 47]. In these models, complex light-
tracing algorithms are used in combination with crown allometries to calculate the degree of shading
for different individuals. Growth and vitality are then functions of the level of light incident on each
individual. And in forestry it has long been recognized that crown percentages and h/d-ratio are im-
portant predictors of the growth and vitality of individual trees.

Forest conversion and forest improvement. Two strategies for increasing the resilience of stands
and making them more adaptable to climate change are order of the day within forest administration in

Germany (fig. 9):
I Forest conversion = Forest services I

Initial situation im%illgi‘,cg Egﬁi{,g{zﬁts r){lgt)ure Possible final situation
Readapting stocking grades
A A A A Adjusting thinning regime R A A
| | | | Advance planting . |
Underwood planting Broadleaved and/or
Pure coniferous stand mixed stand

| Forest transition - sustainability |

Initial situation Silvicultural strategies to Possible final situation
Improve vertical structure

A Acceptance of natural disturbance AO
Consideration of site locality 4 | ?
Regulation of mixture ?I 4

Selective cutting system
Continuous forest management

One-layered stand Multi-layered stand

Fig. 9. Silvicultural strategies to improve forest stands
that are poor in structure in order to make them more resilient against consequences of climate change

Forest Conversion (change in tree species composition) of secondary coniferous stands into pure
or mixed broad-leaved forests usually e.g. by advanced artificial regeneration and

Forest Transition (change in vertical structure) of pure structured stands in multilayered stands,
e.g. by moving from an even-aged to an uneven-aged forest stand and changing the rotation period (or
even to strive to a continuous cover management).In contrast to radical forest conversion (as discussed
in /) forest transition with the objective of sustainability definitely makes sense. A continuation and
extrapolation with special attention to climate change might be a solution of different problems.

II1. Management strategies to cope with the trend of dynamics. The dynamics of environmental
factors is contradictory to management strategies which are statically determined; but nevertheless, the
foresters have to decide on the planning period. Three time horizons for planning may be distinguished
(fig. 10); focussing on

A. the beginning of the period (classic idea of constant conditions)

B. the end of the period (“panic scenario’)

C. the middle of the period

Promising techniques to cope with the trend in dynamics are strategies of uneven aged forests
with a mixture of tree species vary in growth rhythms and dynamic:

e pioneer crop (Birch above Oak, Alder above Beech);

e advanced planting (Oak under Pine, Beech under Spruce);
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e natural regeneration under old stands (Oak, Rowan berry under Pine);
e temporarily mixtures (Spruce in Beech).

2000 2100

Vitality of stands +

Fig. 10. Three time horizons for forest management planning
(adapted from Profft & Frischbier, 2008)

Subsumption and Conclusions.

¢ Forest conversion with the objective of forest services implies the knowledge to adapt the tree
species to climate change. In particular Spruce will not meet the future demands of timber production
on each site (decreasing growing potential, lower mean life span of stands). We have to initiate man-
agement with productive tree species resilient against climate change (Douglas fir, Oaks).

¢ Stand management — regulation of mixture, regulation of stock density, promotion of individ-
uals with high growth capacity — is in high demand. We have to modify conventional strategies or we
have to develop new management strategies by objective-orientation.

¢ We can manage in a comparably extensive way when organizing our stands with the objective
of sustainability. Forest conversion with the objective of optimising forest services is an intensive in-
terference in the ecosystem. Situation is easier when looking at forest transition with focussing on sus-
tainability.

e Forest transition with the objective of sustainability is a long-needed and practised strategy in
many forest districts. Climate change should provoke renunciation of ,euphoria of forest-conversion".
It demands a great deal of new ecological knowledge.

e Humus cycles have to be closed and they should be efficient in order to assure biodiversity,
the potential of natural regeneration, or vitality of tree species. These are elements of management
strategies in case of uncertainty (both, ecological and economical).

e We have to safeguard a variety of tree species with different ecological demands. We need
mixed stands with pioneers and tree species resilient against climate change and disaster occurrence.

e More than in the past an improved monitoring systems is needed for identifying future re-
search priorities. In order to reach these goals forest scientists require regional analyses, case studies
and compared alternatives instead of a general consensus. The development of management responses
to be implemented when new changes occur.
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PAYMENTS FOR ENVIROMENTAL SERVICES:
A COMPARATIVE ANALYSIS OF SOME ITALIAN EXPERIENCES
IN THE FORESTRY SECTOR

On the basis of the existing theoretical background and by means of three explanato-
ry-exploratory case-studies chosen amongst the few experiences present in Italy, the pa-
per seeks to analyse the potentials and challenges in different organisational PES (pay-
ment for environmental services) models applied to the provision of forest services in the
country, with a special focus on tourism-related environmental services. The analysis
shows that the markets for the various forest services have different drivers, sizes and
levels of maturity. Performances in effectiveness, efficiency and equity are also highly
variable. Strengths, weaknesses, opportunities and threats for new private and mixed pri-
vate-public initiatives need therefore to be further explored before assessing the true po-
tential for implementing PES in Italy.

Key words: payment for environmental services, multifunctionally-oriented forestry,
innovations, forest policy, case studies.

Introduction. With the strong competition on the global markets for timber products, and the
globalisation of forest issues and the related policy context where decisions are taken, forest entrepre-
neurs are constantly reducing their market power in influencing prices and factors allocation. Southern
European forest owners are affected, more than in other areas, by long-standing structural problems —
highly fragmented forest estates, exposure to natural hazards (fires, difficulties with natural regenera-
tion), low market access — all factors resulting in low levels of profitability for wood production. On
the other hand, the demand for Non Wood Forest Products and environmental services has grown rap-
idly in the last decades, highlighting the need for a more multifunctionally-oriented forestry but also
fuelling conflicts amongst the different objectives and stakeholders [1—4]. Finally, timber and forests
are nowadays perceived not only as important natural resources, but also as part of the historical and
cultural heritage of one country [5] and this in turn broadens the number and the type of stakeholders
involved in the decision-making processes [6—8].

In this complex scenario, new forest policy instruments are needed that can remunerate in an effi-
cient way those forest owners and managers providing forest collective values and conserving forest
multifunctionality. Moving away from the traditional ‘command and control’ approach, these instru-
ments should be soft and participative, characterised by an innovative multi-relationship environment
and inspired by a bottom-up approach. In other words, they should embody the most-advocated shift
from ‘government’ to ‘governance’ in the management of forest resources [8-9].

In recent years, research on environmental and forest policies has rapidly progressed, and a full
set of new and different tools has been proposed in order to achieve multi-functional forestry objec-
tives in a sustainable manner [10-11]. Among these tools, the so-called Payments for Environmental
Services (PES) have received a great deal of attention, and many applications and case-studies are now
available, especially in developing countries [12—15]. The rationale behind PES is the commoditisa-
tion of public goods by means of market creation, in which beneficiaries/consumers directly pay the
producers for the product or service provided. The idea looks quite simple and appealing in its theoret-
ical formulation, but several key-issues need to be resolved before PES can be considered effective
and efficient tools for sustainable forest management. Within this context, this paper seeks to under-
stand what are the key-factors making PES a successful income-generation opportunity for forest ent-
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repreneurs/landowners. The study focuses on Italy, a country where these schemes have so far been
scarcely applied and timber production is often no longer the main source of income for forest managers.

PES: basic concepts. In the international literature, the most-acknowledged definition of a PES
scheme is probably that of Wunder (2005) [16], also reported in Engel et al. (2008) [17], whose pillars
are the identification of a well-defined environmental service, the voluntariness of the transaction, the
existence of both buyers and sellers (at least one each) and the continuity of the provision in time.

One crucial point in the definition is what is considered as an environmental service. Most au-
thors (see for example Landell-Mills & Porras 2002) [14] include in the list: C-sequestration, biodiver-
sity conservation, watershed protection and influence on water regimes, landscape beauty, and bun-
dled services. The reference to the ecosystem instead of to the environment, adopted for example by
the Katoomba Group (2008) [18], may restrict the field of application of PES schemes even more.

According to both these definitions, recreation can be strictly considered neither an ecosystem nor
an environmental service. This perhaps partially explains why only a few case-studies of PES in Eu-
rope and no case-studies in Italy have been reported in the very recent review by Wunder et al. (2008)
[15], despite several examples of ‘environmental-recreational’ services being available [10, 19]. Rec-
reation is indeed one of the most important products of a multifunctional silviculture, where it is joint-
ly produced — and therefore intimately bundled — with other public goods and services [20-21]. Omit-
ting it from the family of environmental services would cut out several possibilities for implementing
PES in forestry, at least in an Italian context, and this is the pragmatic reason why, in this paper, the
broader definition for PES proposed by Mantau et al. (2001) [19] is adopted.

The basic structure of a PES scheme encompasses the activation of a mechanism ensuring the
flow of payments from beneficiaries to providers [13]. This needs to be backed by a clear identifica-
tion of the service traded, also in term of the economic value of the benefit marketed, which is crucial
but sometimes difficult to be estimated. The suppliers and the buyers of the service need also to be
clearly defined, in terms of both responsibilities and rights. In fact, the implementation of PES
schemes often requires a context of full allocation or assignment of property rights, where rights hold-
ers are entitled to claim the price for the environmental good produced.

Conceptual and methodological framework. A good deal of the PES literature concentrates on
different PES taxonomy. A comprehensive classification framework — called the PES Matrix— has re-
cently been produced by the Katoomba Group (2008) [18]. This framework arranges PES schemes in-
to three main categories, mainly based on the type of payment mechanism: Compliant, Government-
mediated and Voluntary. In addition, other criteria based on market features like size, participants,
shapers and service providers are used to classify the PES schemes. Nevertheless, it stands to reason
that one of the key-aspects for differentiating PES schemes is the level of involvement of public au-
thorities with respect to the private actors in PES markets creation.

In this paper, the institutional arrangements and organisational models linked to different roles of
Governments in markets - according to different economic theories [22] and to the abovementioned
PES Matrix - are considered to have a very pivotal role in the design of successful PES schemes.
Therefore, a classification focused mainly on the role of the public institutions in creating, supporting
or controlling the markets for PES has been developed (Table 1). According to this classification,
three main organisational models (with two additional sub-models) suitable for describing the institu-
tional frameworks for PES implementation in Italy have been identified. These models can be system-
ised as: 1) the Government has a direct role (‘Direct control’); ii) the Government has an indirect role
(‘Indirect control’ and ‘Allocation of property rights’); iii) the Government has no significant role
(‘Contextual control’). Hereafter, the organisational models fitting into the Italian context are briefly
described:

1. Direct role - Direct Control: market creation occurs under direct control by public institutions
of the rules and the correct functioning of the market mechanism, e.g. through Cap-and-Trade pro-
grammes, where public institutions identify market agents and emission caps. According to the Ka-
toomba Group’s classification, these are compliant schemes, in which the entrance by agents is man-
datory. Examples include the C-offsets initiatives implemented under the Kyoto Protocol rules (activi-
ties under the European Trading Systems and the Clean Development Mechanism — CDM — and Joint
Implementation — JI — projects) or the Biodiversity-offsets initiatives like those under the Habitat and
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Birds Directives of the EU [23]. Payments can occur through direct payments between public authori-
ties and the services’ providers or through intermediary-based transactions, and sometime are connect-
ed to the use of public incentives.

2. Indirect role - Indirect Control: public institutions play a general role in defining the principles
regulating the market (i.e. services, actors, rules and payment mechanisms); in such a way, they per-
form an indirect control on the market and the various players, acting mainly as mediators. The Italian
administrative system being strongly based on decentralisation, major responsibilities in decision-
making and policy implementation in the forestry and several other sectors, such as water supply, are
given to the Regional authorities. This means that once the general rules have been established at State
level, the details for their implementation are left to the local authorities (i.e. 21 Regions and Autono-
mous Provinces). This situation results in different local institutional and legal frameworks for PES
schemes implementation. One example in Italy is the possibility of endorsing PES-type schemes for
tap water provision services, regulated through the National Act on the Integrated Water Cycle (LN
36/1994). This assigns the power to the Regional authorities to implement rules at local level through
which public/private water services providers can charge additional water tariffs from final users to be
transferred back to forest owner or managers. The role of Government here is to ensure the enforce-
ment of the contract between the parties and to monitor property rights [22]. Direct payments (com-
moditised through best management practices contracts) or intermediary-based transactions are in-
cluded as payment mechanisms. Public funds may be used.

3. Indirect role - Allocation of property rights: the Government acts mainly through the assign-
ment of property rights to landowners, so that ‘public’ or ‘common’ goods are transformed into private
goods and commercialised. The PES scheme is voluntarily implemented by the environmental ser-
vice’s providers, while the buyers only enter the market if they are interested in the good offered. As
in the previous one, the role of public authorities might be ‘to develop regulations and environmental
certificates for controlling volumes of resources’ [22]. This is the case, for example, for recreational
activities linked to hunting or non-wood forest products (NWFPs) harvesting (e.g. wild mushroom
picking), conditional upon the purchase of licences and permits, whose profits should go to the land-
right holders. Besides allocating property rights, the Government sometime acts in a similar fashion to
the ‘cap-and-trade’ programmes, for example setting ceilings or quotas for permits (mainly on the ba-
sis of assuring a sustainable use of the resource). Payment mechanisms include only private transac-
tions.

4. No significant role - Contextual control [22, 25]: the Government prefers soft interventions (or
no interventions) that should direct and support economic activities rather than regulate them. Thus, it
uses only weak informational tools, playing an educational and promotional role, based on distributing
information to market agents and stakeholders. The implementation of the initiatives is entirely volun-
tary. The transactions are private and occur through either direct trade (over the counter payments, sale
of access tickets), as in the case of tourist recreational activities, or through the sale of eco-labelled or
certified products and services.

Although the compliance criterion is not the main classification key, the models are consistent
with the Katoomba group’s payment types (2008) [18]. In fact, they partially match the classification
proposed by the PES Matrix, where the ‘Direct control’ of Government in establishing PES schemes
corresponds to the ‘Compliant’ mechanisms, the ‘Indirect control’ corresponds to the ‘Government-
mediated’ and finally the ‘No significant role’ category refers to the ‘Voluntary’ mechanisms. The de-
scribed organisational models show a decreasing degree of compliance going from the ‘Direct control’
model down to the ‘No significant role’ one.

To conclude, the proposed framework highlights that public institutions can have different roles
in PES schemes implementation, progressing from simply an informational function to a more com-
plex and greater responsibility in setting up the market, up to the direct control of market agents and
transactions. In any case, Governments are never absent from the PES scenario.

Based on the conceptual framework developed in Table 1, three paradigmatic case-studies on dif-
ferent organisational models have been identified and selected in the Italian context.

The first case-study — based on an indirect control model — concerns the drinking water supply
service in two Italian regions: Piedmont and Emilia Romagna (the only two Regions where this PES
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tool has been put in place so far). The second case-study — emblematic of an allocation of property
rights model — deals with the recreational activities associated with wild mushroom gathering, special-
ly focused on a rural market located in the Apennines. The third and last case-study considers the pro-
vision of recreational services in tree-canopy walks (usually called ‘Adventure Parks’ in Italy) that
have appeared recently in several mountain areas.

No case-studies have been selected for the remaining two types of organisational models. As re-
gards the model where Government has direct role, no initiatives have so far been implemented in Ita-
ly, as the European Trading System does not allow the exchange of C-sink related projects while
CDM and JI projects are not allowed to be implemented in Italy. As regards the model where Gov-
ernment has a weak informational role in certification and labelling initiatives, no case-studies have
been selected. The Italian experiences regarding the involvement of public authorities in forest man-
agement certification initiatives are quite unusual [24] and therefore cannot be considered paradigmat-
ic examples to analyse for the purpose of this paper.

According to [25], our case studies can be labelled as exploratory-explanatory case studies. The
first one - ‘Water tariffs’ - has been investigated mainly by means of internal documents and a review
of current legislation. The other two — ‘Wild-mushroom permits’ and ‘Adventure Parks’ — have been
investigated by collecting data through an internal document review and semi-structured interviews of
local stakeholders, including private landowners and entrepreneurs, visitors and local public authori-
ties. The investigatory approaches are based on a methodology formalised by Marshall et al. (2006)
[26].

Table 1

A classification of some PES schemes in Italy focused on the role of public authorities
in diverse organisational models

Role. of the pub PES mechanisms Application to the forest sector Examples in Italy
lic sector
L Lo C-offsets (CDM and JI projects un-
o . Purchase of emission li- . . .
= 1. Direct . der Kyoto Protocol rules) or Biodi- | Practical experiences not yet
0 cences and permits, some- . . ) .
9] control . . . versity-offsets projects (Nature available in Italy
£ time with public funds
a 2000 Payments)
. Best Management Practice Tarlffs on drinking waler provision Water tariffs in Piedmont
2. Indirect . . services as a compensation for best s
k) contracts, sometimes with . . . and Emilia Romagna Re-
° control . forest practices implemented in the .
I~ public funds gions
s water catchment area
o - -
5 3 A”O S elling and purchagmg of Mushrooms, truffles and other Wild-mushroom picking
c cation of | licences and collection per- . . . i .
= . . NWFPs harvesting permits, hunting | permits in several mountain
property | mits for controlling volumes .
. licences areas
rights of resources
. Adventure Parks; environ-
Direct trade of PES between . . dventure atks, enviro
. . Tourist-recreational, soft-adventure, | mental education services;
o providers (usually private . o .
o . cultural, educational activities, C- peri-urban forests or planta-
= businessmen) and buyers of . . . .
= . . Offsets in the voluntary market tions selling C-credits on the
S | 4. Contex- | the environmental services
S8 voluntary market
& tual - -
s Corporate Social Responsi- . .
Yy control it N . . Several private, public and
@ bility-related initiatives, Certification of forest management . .
P . . community-forests certified
such as selling of eco- based on Sustainable Forest Man- . .
=z : according to SFM standards;
labelled or certified prod- agement (SFM) standards .
. NWFPs labels of origin
ucts and services

Profiles of the case studies. Water tariffs. According to the general provisions of the National
Act 36/1994, the mechanism enforced in the Piedmont Region (Regional Law - RL 17/1997, RL
16/1999 and Decree 38-8849/2008) implies that a 3 to 8% share of the income from the water tariff
(collected by the Public Water Authorities) is transferred back to the Mountain Communities, i.e. to
consortia of Municipalities in the mountain areas. These, in turn, have to invest the funds in projects
aimed at ‘maintenance and conservation of the mountain areas’. In 2007, 18.5 thousand Euros were
collected, meeting 54% of the total budget spent for ‘hydro-geological and watershed management’ —
this however may mean hydraulic works on the river banks or beds and not necessarily on forest
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maintenance. Fewer details are available for the Emilia Romagna Region, due to the more recent im-
plementation of the scheme (defined with RL 25/1999). The mechanism is similar to that operating in
Piedmont, however here the share of the water tariff to be used for forest management is 6%o. The
rules in this case specify that at least 50% of what should go to mountain areas is used strictly for for-
est maintenance. Regulation of water regimes, reduction of soil erosion and other hydro-geological
risks are the main goal of this scheme. The rationale is to pay forest owners and managers for main-
taining stable upland forests; the beneficiaries are the lowland communities who enjoy improved pro-
tection against floods.

Wild mushroom permits. Wild-mushroom picking is regulated by law, mainly with the purpose of
ensuring that mushroom harvesting activities are sustainable and do not have a too strong negative im-
pact on other components of the forest ecosystem. National Act 352/93 establishes the general frame-
work, on the basis of which the Regional Governments set up detailed regulations for their territory.
Forest landowners are free to collect as many mushrooms as they want or need from their land with no
restrictions, while all the other pickers are subjected to the purchase of daily, weekly or monthly per-
mits and to daily caps (usually 2 kg of mushrooms per day per person). The permits are sold by the
Local Authorities, Mountain Communities or by the single Municipalities. Permits are usually cheap-
er, or even free, for local residents, and more expensive for visitors. The specific explanatory example
for this organisational model comes from the area of Borgotaro in the Apennines [27]. Here, the price
for a daily picking permit ranges between 6 Euros (for residents) and 15 Euros (for non residents),
while a six-months permit costs between 67 Euros and 150 Euros. About 36 thousands permits were
sold in 2005; assuming an average of 10 Euros per permit, the yearly revenue totals 360 thousand Eu-
ros. In Borgotaro this money is used by the local forest owners’ associations for forest conservation
and management including forest practices aimed at increasing mushroom yields, making it an effec-
tive mechanism for forest maintenance.

Adventure Parks In Italy, Adventure Parks are a relatively new product in the panorama of the
structured tourist and recreational facilities linked to forests and mature trees. They have been created
in the last five years, following the development path of similar structures existing in France since the
beginning of the 1990’s. An Adventure Park is a series of acrobatic trails built on high tree trunks,
with ropes and wires attached to different trees. In their conception, Adventure Parks are similar to the
American Challenge Courses or to the Canopy Walks existing in some tropical forests, but their aims
include educational, developmental, and recreational goals.

According to a recent study [28], there are now about 70 similar structures in Italy, mostly located
in mountain areas with high tourism vocation. It is difficult to estimate the overall market in terms of
visitors number, since they vary widely according to the location. Visitors to an Adventure Park usual-
ly buy a ticket to gain access to the park and a ticket costs 10 Euros on average. Assuming around 8
thousand visitors per year, with an initial investment of 250 thousand Euros and annual management
costs of 30 thousand Euros, the breakeven point of the investment is reached after the fifth year of op-
eration. The link with the PES mechanism lies in the provision of a recreational service strictly con-
nected with the presence of the trees, and the net revenues from the Park should serve the maintenance
of the forest in which the activity is based.

In table 2, besides the type of service produced and the payment mechanism, three other im-
portant features of the case-studies are analysed and compared, namely the market drivers, market size
and level of market maturity.

The market drivers responsible for the development of the three PES schemes are rather evident:
provision of basic services accompanied by an increased awareness of the urban population towards
water quality for the water tariff case-study, demand for forest recreation for the other two, along with
interest in traditional local food in the case of the wild-mushroom permits. What is rather different
among the three case-studies is the market size. For the water tariffs, the market is large, being all the
households and businesses in the two regions (and potentially in all the country). The size of the mar-
ket for mushroom permits is of medium importance at local level, while Adventure Parks are related to
scattered niche markets. For the last two there is a potential for increasing the market size. As regards
the wild mushroom permits, at aggregate (national) level the role is already not so marginal: the Italian
Statistical Office estimates 3,300 tons of wild mushrooms harvested in 2005; assuming that 80% is
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collected by permit-paying pickers, with an average price of 10 € permit” and quantity of 2 kg picker™
day™', the total value of the permit sales is 13.2 M€ yr’.

Finally, the level of maturity also differs widely amongst the three: the experiences of implement-
ing PES schemes linked to water tariffs are so far at a very pioneering and immature stage. Mushroom
picking has a long tradition in Italy, with consolidated experiences, based on a well-structured and ma-
ture market. Adventure Parks are a totally new business activity, characterised by high requirements

for innovation and technical capacities.
Table 2

Profiles of the case-studies under analysis
Sources: Regione Piemonte 2008 (unpublished data), Pettenella et al. 2008, Loreggian 2008

‘Water tariffs

Wild-mushroom permits

Adventure Parks

Type of Environ-
mental Service pro-
duced by the forest

Regulation of water regimes
(quality, quantity and regu-

Recreation through the
picking activity

Recreation through
an open-air sporting activity

Payment mechanism

users) are used by service
suppliers (forest landowners
or managers) for forest
management aimed to ser-
vice provision

or managers) through sale of
permits and paid by end-users
(mushroom pickers) are used
for  forest  conservation/
maintenance

and traded through larity of flows)

PES scheme
Payments (tariffs) from | Payments received by service | Service’s suppliers (forest
beneficiaries (water end- | suppliers (forest landowners | owners or managers) are di-

rectly paid by the end-users
for forest management specif-
ically oriented to provide the
service

Market drivers

Provision of basic services
like water; increased aware-

Increasing demand for forest
recreational activities and for

Opportunity  for  business
based on an increasing de-

ness of urban population | local traditional foods and | mand for recreation in forests
towards water quality specialities
Market size Large Medium Niche
Level of market | Young: pioneer experiences | Mature: long tradition in Italy, | Young: total innovation, un-
maturity consolidated experiences der development

Results and discussion. Following Pagiola (2002) [13] the performance of the three case-studies
under analysis can be assessed thorough different criteria, in particular (Table 3):

o the effectiveness of the scheme in achieving the desired levels of provision of the service, and
in turn its capacity to contribute towards the conservation of forest resources

o the effectiveness of the scheme to generate revenues for the providers, also in terms of regular-
ity over time. This is considered one of the most attractive features of PES schemes, especially if
compared with the long lapse of time for forest revenues to materialise or with the uncertainty of pub-
lic subsidies to silviculture. By creating new chances for landowners to keep them in forestry and
avoid abandonment, this aspect can also ultimately contribute to the scope of resource conservation

o the efficiency, that is to say the capacity of the scheme to achieve the desired level of results
with the minimum level of expenditures. This can be measured in terms of opportunity cost of the
foregone land use [13], in a wide economic framework that also considers the role and extent of trans-
action costs, both public and private

o the equity, referring to the capacity of the scheme to involve all those who are eligible and en-
titled to take part in it. This is a crucial aspect in the light of the innovative participatory approaches
underpinning modern rural development.

In general, the effectiveness of the PES scheme in the provision of strict environmental services —
like regulation of water regimes — is site-specific and difficult to ascertain and measure. The forest ar-
ea under the scheme could be used as a first proxy for the extent of service provision. However, we are
mainly dealing with already existing forests, where the additional effects of the schemes on improving
forest conservation are hard to single out since they depend on forest management practices (what the
PES scheme pays for), but also on other forest characteristics like forest cover and soil type and on
environmental factors like climate, especially rainfall. In the case of recreational services like mush-
room picking activities and Adventure Parks, the effectiveness in terms of level of service provided is
more easily identifiable and generally higher than with water services. However, whenever the recrea-
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tional activities implemented by the PES scheme cross the forest sustainability threshold, the provision
of environmental services — sensu stricto — can be seriously threatened.

Table 3
The three case-studies in the light of the performance criteria adopted
Water tariffs Wild-mushroom permits  |Adventure Parks
. . . -, \Variable . .
Effectiveness in service provision (depend on many factors) High High
Effectiveness in income generation |[Low Variable (from high to low) High
Efficiency Low (high transaction costs) | Low (high transaction costs) High
Equity in benefits distribution Low Variable (potentially very high) | Generally low

Effectiveness in income generation is also diverse within the organisational models under exami-
nation. For water tariffs, the scheme in place in the Piedmont Region has so far generated funds to
meet only 50% of the total needs, showing a low effectiveness. For the wild mushrooms permits, the
effectiveness depends both on the capability of local landowners to enforce the mushroom property
rights regime so as to raise money through the sale of permits and the general ability of the scheme to
generate local wealth through networking and marketing initiatives, of which Borgotaro is a good ex-
ample. Finally, Adventure Parks have shown good results in income generation, given the relatively
short payback periods. Measuring the efficiency of the scheme means evaluating whether it is worth-
while running it, in other words assessing whether the benefits it produces are higher than the costs to
achieve those benefits. In PES schemes, this balance can be strongly affected by transaction costs,
which could be approximated by the number of actors involved in the schemes on both sides: public
(institutions) and private (e.g. number of landowners). Organisational models implying a relatively
large number of intermediate steps between providers and beneficiaries, or a large number of small es-
tates — like for example the water tariffs and wild mushroom schemes — have high transaction costs
and therefore low efficiency. On the contrary, where fewer actors are involved, like in the case of Ad-
venture Parks, and agreements are directly negotiated between the landowner and the concessionary,
transaction costs can be significantly reduced and a higher level of efficiency can be achieved.

Finally, the equity criteria is met when the scheme has the capability to achieve, directly or indi-
rectly, a fair distribution of benefits to the members of the local community, resulting in turn in an
higher social acceptability and thus reducing the risks of conflicts for the use of natural resources. Dif-
ferent issues can be at the basis of lack of equity; the gaps in the scientific understanding of the cause-
effects relationships can be one important source of unfairness, as is happening for water tariffs in Ita-
ly. The case-studies have shown that the decision on the amount of payment due and on who are the
final recipients has been so far only a mere political matter, with no consideration on the true value of
the service provided. This might lead to unfair discriminations, based on local interests and lobbies.

For the other two case-studies, providing essentially a recreational service to tourists, the equity
of the scheme is related to their ability to trigger other income-generating activities through territorial
market initiatives. The organisational model put in place in Borgotaro is a very good example of this,
being based on a network involving ‘not only forest-based small and medium-size enterprises but also
other institutional, economic and social actors’, proving to be ‘not only economically viable and less
risky, but also equitable in distribution of benefits, and effective in stimulating the local economy as a
whole’ [27]. For their essentially private nature and the infancy of the business, Adventure Parks are at
the moment less capable of generating multiplier effects, however they may do so in the future when
turning in a well-known attraction of an area.

Conclusions. The analysis on the features and performance criteria of the three case-studies
shows that the Italian experience in the application of PES schemes is still at its debut and this is at the
root of the wide variability of some crucial factors for PES development, namely:

i. the size of markets, which varies largely from niche-medium for recreational services to large
for water services

ii. the level of maturity of markets, which is rather different depending on the service: while
schemes for water services can be considered pilot experiences, those for recreational services show a
relatively higher market maturity and better market stability, implying lower entrepreneurial risks;
however, allocation of property rights sometimes appears to be problematic in this case
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iii. finally, the involvement of local communities, which is also significantly varying, and when it
occurs, requires shared objectives and commitment to capacity building. The innovative participatory
approaches underpinning modern decision-making processes related to natural resources uses and
environmental/social conflicts management might positively contribute in this key-aspect of PES
schemes implementation. Some other preliminary conclusions can be drawn from the analysis.
Looking at the three organisational models embodied by the case-studies — e.g. the ‘Indirect control’
(water tariff), ‘Allocation of property rights’ (wild-mushroom permits) and ‘Contextual control’
(Adventure Parks) - it appears that higher effectiveness and efficiency performances can be associated
to those organisational models where the role of public institutions is softer. Still, there are at least two
good reasons why this finding must be treated with caution. First, it is clearly affected by either the
immaturity of the schemes (e.g. in the case of water tariffs) or the imperfectness of the implementation
tools design (i.e. wild mushroom permits regulation was conceived with different purposes to those
related to a PES scheme implementation). Secondly, even if the involvement of public institutions
might increase transaction costs, such involvement might be important in order to guarantee or to
improve both the environmental sustainability of the initiatives and the fairness in the schemes’
benefits distribution.

To conclude, it is rather early to draw a final balance of the scattered Italian experience in the
application of PES schemes. This overview is intended to contribute towards the provision of a first
methodological framework for further analysis and research in this field, highlighting some of the
crucial issues in PES design and application. The preliminary findings of this case studies’ analysis
almost substantiate the international literature contents and point out that the design of successful PES
schemes is based on a well-balanced mix of essential requirements. These requirements include,
amongst others: clear understanding of the cause-effect relationships at different scales, proper
stakeholders’ involvement, positive entrepreneurial attitude and networking capacity, capacity
building, minimisation of transaction costs, clear governance mechanisms and transparent decision-
making processes with soft Governments interventions, communication and green and territorial
marketing initiatives. Only well-designed PES schemes have a good potential for generating revenues
in the forest sector and, ultimately in the conservation of forest ecosystems and landscapes.
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URBAN FORESTRY
INNOVATIONS IN SCIENCE-PRACTICE COLLABORATION

The demands of modern, urbanising society require major changes in forestry and
other types of natural resource management. More cross-sectoral, participatory, multi-
disciplinary approaches have been called for, as well as better integration between sci-
ence, policy and implementation. The concept of urban forestry offers an interesting ex-
ample of innovation in forestry to meet current challenges. This article draws upon ex-
amples from urban forestry related to scientist-practitioner networking, knowledge bro-
kers, and decision support, with the aim to provide inspiration for enhanced science-
policy-public linking in forestry at large.

Key words: urban forestry, forest science, urbanisation, international projects, inno-
vations.

Introduction. The demands of modern, urbanising society require major changes and perhaps
even a paradigm shift within forestry and other types of natural resource management [1]. More cross-
sectoral, participatory, multi-disciplinary approaches have been called for. With its strong rural roots,
forestry runs the risk of losing its relevance if it cannot find ways to contribute to these broader ap-
proaches to serve urban societies.

In a lead article in the The Forestry Source, the monthly newspaper of the Society of American
Foresters (SAF), former SAF President John Helms (2003) [2] makes an attempt to identify a set of
core values defining the common base of forestry and uniting professional foresters in a changing so-
ciety. Helms mentions, for example, the recognition that forests are a fundamental source of global
health and welfare and the fact that forests must be sustained through simultaneously meeting envi-
ronmental, economic, and community aspirations and needs. But also mentioned by Helms are core
values related to foresters’ dedications to sound forest management and conservation and to serving
land owners as well as society by providing sound knowledge and professional management skills.
Contributions like this to the discourse about the ‘core’ and future of forestry show that the profession
is struggling to define a strong and distinct common basis. Obviously forestry’s societal relevance is a
key aspect in the debate.

The discussion about forestry’s societal relevance also affects forest science which has tradition-
ally been catering specifically for forestry practice. As complex problems in society increasingly re-
quire broader, cross-sectoral and multidisciplinary approaches, forest science also needs to reconsider
its role. Forest science needs to produce theories and knowledge that are of relevance also within a
broader land use and natural resource management context. It has been argued that if forest science
will not live up to this challenge, it could gradually loose its relevance [3].

If forest science is to produce theories, approaches and knowledge relevant to meeting societal
problems and challenges, it may need to move closer to its customers, e.g. to land use and natural re-
source policy-makers, but also society at large. International organisations such as the International
Union of Forest Research Organization’s (IUFRO) have taken up this challenge, for example in identi-
fying and promoting ways to strengthen the science-policy interface in forestry [4].

Research should be geared towards having policy relevance and ideally research needs are (at
least to a large extent) defined together with policy makers and other ‘customers’. Moreover, research
outcomes need to be properly ‘translated’ and packaged for use in a decision making and societal con-
text. Janse and Konijnendijk (2007) [5] extend the science-policy interface to a ‘science-policy-public’

© Konijnendijk C. C., 2009.
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interface, thus recognising the need for forest science to serve policy-makers as well as the public at
large.

In the improved links between science, policy and society, the group of scientists and policy-
makers should be extended beyond the limited field of forestry. The role of forests in the climate
change debate, for example, shows that forestry is only one of the fields with an interest and role to
play.

Urbanisation is another driver of greater policy-science and cross-sectoral collaboration related to
forests. This article looks at “urban forestry’ as promising example of innovation regarding forestry,
e.g. in terms of focus of actual societal needs, involving a wide range of disciplines and professions,
and greater focus on policy-science collaboration. The latter aspects with be the particular focus of this
article.

The emergence of Urban Forestry.

The concept of urban forestry was developed in response to the demand for more integrative,
problem-oriented approaches to taking care of city trees and other green space. It has its roots in prac-
tice, as North-American green management practitioners dealing with e.g. Dutch Elm Disease called
for integrated approaches to better deal with the challenges of modern cities.

Miller (1997) [6] has defined urban forestry as “an integrated, city wide approach to the planting,
care and management of trees in the city to secure multiple environmental and social benefits for ur-
ban dwellers”. A more elaborated definition was provided by Grey and Deneke (1986) [7], who stress
urban forestry’s “multifaceted” character, as it deals with woodlands, groups of trees, and individual
trees where dense conglomerations of people live, involves a wide variety of habitats, and is con-
cerned with a great range of benefits and problems. Later, definitions in e.g. Europe have built on this
approach [8], although the definition of what urban forestry encompasses different between Europe
and North America (table 1).

The strengths of the concept of urban forestry include its being:

- integrative, incorporating different elements of urban green structures into a whole (the ‘urban
forest’), and ranging from technical to strategic dimensions of natural resource management;

- strategic, aimed at developing longer-term policies and plans for urban tree resources, con-
necting to different sectors, agendas and programmes;

- inter-/multidisciplinary, involving experts from natural as well as social sciences;

- participatory, aimed at developing partnerships between all stakeholders;

- aimed at multiple benefits, stressing the economic, environmental and socio-cultural goods
and services urban forests can provide; and urban, i.e. recognising and valuing rather than combating
the challenges posed by urban societies and urban environments [9].

Urban forestry has gradually gained following among scientists and practitioners across the
world, including Europe. Here, an important role in the promotion urban forestry was played by initia-
tives such as COST Action E12 ‘Urban Forests and Trees’, a network of more than 100 experts from
22 European countries financed by the European Cooperation in the field of Science and Technology
[9].

In addition, several international and national research programmes and projects have been car-
ried out and the launch in the year 2002 of a new peer-reviewed journal, Urban Forestry & Urban
Greening, strengthened urban forestry as a field of scientific interest. This also shows, however, that
initial urban forestry networking in Europe was primarily science-driven, with limited involvement of
policy makers and practitioners. This in contrast to North America, where through involvement of fed-
eral and state governments in policy, science and implementation, a strong policy/science interface has
been created within urban forestry.

Still, in spite of its short history, European urban forestry has generated some good examples re-
lated to strengthening the policy/science interface. Three categories of these good practices are dis-
cussed here: networking between scientists and practitioners, the role of knowledge brokers, and the
role of science in support decision-making. The definitions of Urban Forestry in North America and
Europe are presented at table 1.

Networking between scientists and practitioners.
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The first example refers to networks of scientists, policy-makers and practitioners involved in ur-
ban forestry. The European Forum on Urban Forestry (EFUF) was set up on the initiative of the Inter-
national Union of Forest Research Organisations in 1998 [9]. The event, which changes location/city
every year, provides a meeting place for practitioners, scientists and educators involved with the plan-
ning and management of urban forests, from woodland to urban parks and street trees. Participants

come from across Europe, as well as from other parts of the world.
Table 1
Urban forestry definitions in North America and Europe (from Konijnendijk et al., 2006).

North America

Europe

All woody and associated vegetation in and around
dense human settlements, ranging from small communities
in rural settings to metropolitan areas. Traditional focus on
street trees.

Highly multidisciplinary. Arborists have been more
prominent than in Europe.

Urban forestry provides multiple goods and services.
Environmental services have been given increasing focus

‘Broad’ definition similar to North American ap-
proach. ‘Narrow’ definition focuses on woodland in and
near urban centers (managed for amenity values), based
on town forestry tradition.

Highly multidisciplinary. Foresters have played an
important role from the town forestry perspective.

Urban forestry provides multiple good and services.
Social services have been prioritised (recreation, health).

(e.g., air pollution reduction, climate moderation).

Every year, the EFUF takes up an actual theme within urban forestry, such as financing, public
involvement, partnerships, education and training, or management innovations (see Table 2). The first
edition of the EFUF was held in Wuppertal, Germany, in 1998. The 2009 EFUF, held in Arnhem,
Netherlands was the 12th Forum. It focused on the theme of how to promote ‘green city values’
through an urban forestry and partnership approach [10].

Table 2
Themes of the twelve editions so far of the European Forum on Urban Forestry
Year City (or region) Country Theme
1998 | Wuppertal Germany i1;/([)1r111t1p1e—use of town forests in international compar-
1999 | Aarhus Denmark Communicating urban forests
2000 | Budapest/ Gyarmatpuszta Hungary Paying for urban forestry
2001 | Durham United Kingdom Partnership-led regeneration
The urban forests - between dreaming and doing; the
2002 | Trondheim Norway dynamics of developing the experiential quality of
urban woodland
2003 | Arnhem and Flanders Netherlands and Belgium | Educating the urban foresters
2004 | Stockholm Sweden Urban woods - to be used by everyone
2005 | Celje Slovenia Urban forests: a different trade mark for cities and
forestry
2006 | Florence/Vallombrosa Ttaly Urban forestry: bridging cultures, disciplines, old atti-
tudes and new demands
2007 | Gelsenkirchen Germany New forests after old industries
2008 | Himeenlinna Finland Z"t(i);zst recreation and tourism serving urbanised soci-
2009 | Arnhem Netherlands 1IlJer;)an forestry — Working together for green city val-

One major objective of the EFUF has been to ‘team up’ policy-makers and managers together
with scientists involved in research and development of relevance for urban forestry (Figure 1). These
scientists thus have had the opportunity to disseminate their findings directly to the right (and Europe-
an) audience. On the other hand, policy-makers and managers have had the chance to identify some of
the most pressing issues they would like to see studies. During the first twelve years of its existence,
the Forum has contributed to important exchange of knowledge, experience and research questions be-
tween the participants.

The role of knowledge brokers. The second innovation example deals with so-called ‘knowledge
brokers’ in urban forestry. Reviews have shown that quite a lot of relevant research is ongoing within
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urban forestry — but often research results do not reach decision-makers, e.g. because they appear in
scientific literature not read by policy makers [11]. For research to become policy relevant, it needs to
be ‘packaged’ in a form which is digestible to decision makers and managers.

An important role here can be played by so-called ‘knowledge brokers’ [12], institutions that take
the role of ‘translating’ and disseminating research findings relevant for e.g. urban forestry.
Knowledge brokers operate at the interface between science and policy/practice. On the one hand they
translate research findings into a digestible form for decision-makers and managers, while on the other
these knowledge brokers help practitioners to better express their research needs.

Communicating and Financing Urban

Woodlands in Europe

Procesiegs o the Ind and 11 RO Buropen-  crem 88 Urber F oreatry

Awtuss, Dwevrark, 4.6 May 1999
Grammatpuasta Busapest, Mgy, 912 May 2000

Fig. 1. The European Forum on
Urban Forestry has brought together
researchers and practitioners to e.g.
discuss research needs and findings.
Here are the proceedings from the
EFUFs in Aarhus and Budapest (left)

4. IVFRO Evropfki forwm o wrbanew gozdaritvu . R
to. - 1. wl 505, (e, Sovania and Celje (right)

The success of knowledge brokering in the United States can serve as positive example. The
USDA Forest Service, through regional urban forestry research stations, undertakes and disseminates
relevant research [13]. Many of the States also employ urban forestry coordinators and/or extension
services that have the dissemination of state-of-art knowledge as primary objective.

European examples of knowledge brokers have included the National Urban Forestry Unit
(NUFU) in the UK, which was unfortunately dissolved several years ago, primarily due to lack of pub-
lic funding. NUFU was set up in 1995 as an independent organisation championing the need for inte-
gration of tree planting, conservation and management with different agendas, such as health, land rec-
lamation, built development, heritage, and education [11]. NUFU has been initiating and carrying out
research based on needs expressed by the urban forestry sector. It has also supported a large number of
local and regional urban forestry projects aimed at providing multiple societal benefits through tree
and forest planting and management. But arguably its main merit has been acting as a link between
policy-makers, practitioners, interest groups, and the scientific community. It produced, for example, a
series of good practice booklets in which results of relevant research are summarised in a highly ac-
cessible way.

Presently, the UK Commission for Architecture and the Built Environment, the government’s ad-
visor on for example public space issues, has taken over part of NUFU’s role. It has issued, for exam-
ple, a series on interesting publications on green space planning and management issues, including
‘manuals’ on how to develop better, sustainable and multifunctional urban green spaces [14], (figure 2).

Support to sound decision making. The third and final example concerns the role of science in
providing information and tools for sound decision-making in European urban forestry. A key im-
portant role of science is to provide credible, value-neutral, relevant and accessible knowledge for de-
cision making, as well as decision-support tools [4], [15]. In forest science, for example, a strong tradi-
tion of developing sophisticated models to assist forest management and silvicultural decisions exists.
Decision-support systems at policy level are of more recent date. Examples of these are the various
criteria and indicator (C&I) schemes.

Within urban forestry, various projects funded by the European Union have resulted in tools for
integrating state-of-art information in decision-making. Moreover, better ways of incorporating the
preferences and demands of local residents have also been sought.
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An example of the latter was the so-called NeighbourWoods project, aimed at the development of
innovative tools for the planning and management of urban woodlands in urope. The project devel-
oped a series of ‘tools’ to enhance decision-making, for example by better collaboration between
woodland managers, policy makers, interest groups and local residents [5]. In a case study in Helsinki,
for example, a tool for ‘social mapping’ was developed and implemented. Researchers supported the
city’s green space managers by mapping the preferences of local inhabitants for nearby green areas.
Through GIS-analysis, it has become possible to identify those green areas that are appreciated for
particular reasons, as well as areas that are facing problems [16].

The government's advisor on architecture, urban design and public space
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Fig. 2. The UK Commission for Archirecture and the Built Environment’s ‘space’
(http://'www.cabe. org. uk/about/cabe-space) section acts as knowledge broker in e.g.,
green space planning and management

Other examples of international projects aimed at enhancing science-policy(-management) col-
laboration include the GreenKeys project financed under the so-called Interreg Programme [17]. This
partnership between local authorities and scientists from Central Europe prepared, among other, a
manual for the development of green space policies. In a bilateral collaboration (‘twinning’) project
between Denmark and Malaysia to support sustainable forest management, decision-support in urban
forestry was one of the central components [18]. For a local forest reserve near Kuala Lumpur under
high urbanisation pressure, for example, an assessment was made of the various benefits and costs in-
volved with the alternatives of forest conservation versus transformation of the area into a housing ar-
ea. The analysis showed that benefits of keeping the forest in terms of e.g., timber, non-wood forest
products, carbon sequestration, recreation and tourism, and higher real estate prices were higher than
the benefits of selling the forest off for housing development.

Conclusions. As described, urban forestry as a relatively new approach to dealing with the de-
mands of urbanising societies provides some interesting examples for strengthening the science/policy
interface in forestry and green space management at large. Urban forestry is on the ‘cutting edge’ of
urbanising natural resource management. From the start, it has had a clear problem-solving focus. Its
operating in dynamic and high-pressure urban environments makes close links between different dis-
ciplines and fields, as well as between science, policy and the public a necessity.

As forestry at large is facing the challenge of staying relevant in rapidly changing society, urban
forestry’s lessons can be very useful. The policy-science(-public) innovations described in this paper,
related to networking between scientists and practitioners, the involvement of knowledge brokers, and
information support to decision-making, are all highly relevant to forestry, and also already applied
here and there. Still, the good practices described above are not widespread and further development is
needed.

Finally, another important lesson from urban forestry is that forestry needs to embark — more than
it has done so far — on strategic alliances with other disciplines and professionals.
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C. C. Konuutnenouiix

I'OPOJACKOE JIECOBOJACTBO: THHOBAIIMA
B COTPYJHUYECTBE HAYKHU U IPAKTUKHA

Cospemennoe ypbanusuposannoe obuecmeo mpebyem nepemen 8 1eCHOM Xo35ticmee u Opyeux hopmax
YApagaeHus npUpoOHbIMU pecypcamu. B nacmosiyee spems cyujecmeyem HeobX00UMOCHb 8 PACUIUPEHUU
MEHCCEKMOPATLHBIX, MHOZONIAHOBLIX NOOX0008, A MaKdice AyHuiel C6A3U HAYKU, NOIUMUKU U NPAKIMUKU.
Konyenyusa 20po0cko2o 1ecogoocmea npeonazaen UHMepecHvlll npumep UHHOBAYUIl 6 IECHOM XO3Stcmae,
0mMeeUAWUX MPebOBAHUIM COBPEMEHHOCHIU.

Knrouesvie cnosa: 2opoockoe necosoocmeo, nayka o nece, ypoanuzayus, MexicOyHapoOHble NPOEKmbl,
UHHOBAYUU.

KOHUHHEHTUHK Cecuns C. — mpodeccop KOHCANTHHTOBOH (upMbI Byckeiin u JlaTckoro neHrpa
neca, napmmadra W IUIaHupoBaHus, YHuBepcurer Komenrarena, [lanus. E-mail: cecil@woodscape-
consult.com.
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1O. I1. /lemakos, M. I'. Caghun, A. E. Cmoixos

N3MEHEHUSA KJIMMATA U COCTOSIHUA JIECOB
PECIIYBJIMKH MAPHH 3JI B XX CTOJIETUA

Ilposeden ananuz mMHo2ONEMHUX OAHHBIX NO OUHAMUKE CPeOHell MeCAYHOU meMne-
pamypul 8030yxXa u Cymme 0caokos, padudibHO20 200UUHO020 NPUPOCA 0epesbes U NPo-
dykmugnocmu opesocmoes. Ilokasano, umo 3a nociedHue nONBEKA CYUeCmeeHHO NOGbl-
CUNACH NPOOYKMUBHOCIb CPEOHEBO3PACHHBIX U NPUCNeBAIWUX OPeBoCmoed OCHOBHBIX
necoobpasyowux nopoo Pecnyboruxu Mapuii 9n. Oyenka HenocpeoCmeeHH020 GRUSHUSI
KAUMAMUYECKUX USMEHEHUll HA COCMOsHUE U NPOOYKMUBHOCMb JIeCO8 CONPANCEHA CO
MHOSUMU MEMOOUYECKUMU MPYOHOCHISIMU.

Knwueevie cnosa: usmernenue Kaumama, npodykmueuocmb J1ecoes, KCMJZOd)uJZbele
HaceKkomble.

BBenenue. B Hacrosmiee BpeMsa BceMHpHas CeTh METEOPOIOTHYECKUX CTaHIMM OTMeYaeT yBemu-
YEHHE CPEIHErOJ0BOM TeMIIepaTyphl BO31yXa MPAKTUYECKH HA BCEM TEPPUTOPUM HAIUEH IJIAHETHI.
[TpryrHaM ¥ MOCIEACTBUSAM 3TOr0 (PEHOMEHA, TIPU3HAKH KOTOPOTO YK€ HaMeTHIUCh ¢ 70-x rogoB XX
BEKa M PE3KO MPOABHINCH B IOCIEAHEE NECATHIIETHE, MOCBSIEHO B HACTOAIIEE BPEMs MHOXKECTBO
nyonukanmii [ 1-10]. X aBTOpBI CUUTAIOT, YTO TI00aBHOE MOTEIJICHHE KIIMMaTa, KOTOPOE CBSI3aHO C
yBenuueHneM B atMocdepe koHreHTpanuu CO, U Apyrux MapHUKOBBIX Ta30B, IPUBOJHUT K M3MEHE-
HUIO KOJIMYECTBA M MPOCTPAHCTBEHHOTO paclpeneleHHs BBIMAJAIONINX OCAJKOB, YTO, B CBOIO OdYe-
pellb, OTpaXkaeTcsl Ha MPOAYKTHBHOCTH PACTUTEIHLHOTO MOKPOBA M COCTOSHHM BCEH OMOTHI. Y CTaHOB-
JICHO, YTO XapaKkTep M3MEHEHHsI KIIMMaTa U Peakiusi Ha Hero OMOThl HEOMHAKOBBI B Pa3IHYHBIX MTPH-
poaHbIX 30HaX 3emud [11]. DTo monokeHWE CBHIACTEIBCTBYET O HEOOXOAMMOCTH OIEHKH MPOUCXO-
JSIIIX U3MEHEHHI Ha PETHOHAILHOM, a 3aTeM Ha TJI00aJIbHOM YPOBHSIX.

Henw Haieit paboThl 3aKII0YaIACh B IPOBEACHUN aHAIM3a MHOTOJICTHEH JMHAMUKH METEOPOJIO0-
THUYECKUX YCIIOBHH Ha Tepputopuu PecriyOnnkn Mapuit D 1 OlleHKe BIUSHUS IPOUCXO/SIINX H3Me-
HEHUU Ha COCTOSTHUE JIECOB.

Matepuaj u MeTOAMKA UccAeA0BaHUIil. VICXOAHBIM MaTepraaoM JUTsl IPOBEACHUS aHaINu3a U3-
MEHEHHil KIMMaTa SABIIAINCH JaHHbIC HAGIIONCHUH THIPOMETEOpONIOrHyeckuX craniuuil «Momkap-
Omna» u «Haptacy 3a mepuoxn ¢ 1899 mo 2008 rr. [l OIEHKH BIUSHHS TPOUCXOISIINX W3MCHEHUI
KJIMaTa Ha COCTOSHHE JIECOB OBLTH TPUBJICUEHBI JaHHBIE 10 TUHAMUKE PaJHaIbHOr0 IpupocTta doee
450 nepeBbEB COCHBI B PA3NIUYHBIX THIAX JIECOPACTUTENBHBIX YCIOBUM, MaTepHalbl €KErOAHBIX yUe-
TOB JIPEBOCTOEB Ha 17 MOCTOSHHBIX MPOOHBIX IUIOMIAJAX, a TaKKe OQHUIMAIBHBIE CBEICHUS O TOCY-
JIapCcTBEHHOM yueTe JiecHoro ¢onna. I[Ipu o0paboTke MaTepralia MCIOIL30BAIMCh CTaHIAPTHBIC Me-
TOJIBI MATEMATUYECKOW CTATUCTHKH.

PesynbraThl HccieqoBanuii U MX o0cy:kaeHHe. AHAIN3 MHOTOJIETHUX PSIIOB METEOpPOIOTHde-
CKHMX JIAHHBIX TI0Ka3aJl, 4YTO M3MEHEHUS TEeMIIepaTyphl BO3AyXa Ha TeppuTOpuH Mapuilt D1 uMerT Te
ke 00IIre 3aKOHOMEPHOCTH, YTO U B Jpyrux peruonax Poccum [12—15]. Tlorennenue BTOpoit momo-
BHHBI XX BEKa 3aTparuBacT TOJIBKO 3UMHUE MecsIbl (puc. 1), 0coOeHHO (eBpalib, CPSIHSIS TEMIIepa-
Typa KOTOPOro HapacTaer co ckopocThio +5,1°C 3a cronerue (Tabmn. 1). BpeMeHHOI TpeH T oKa3aTes
B TETUJIBIN TepHOJl To/1a PaKTHUECKA OTCYTCTBYET, a C UIOJIS 110 CEHTAOPh MMEET JIaXKe OTPHIIATENbHYIO
HanpaBiieHHOCTh (70 -1,5°C 3a cronerue). ['omuunble QuyKTyaluu TeMIepaTypsl BO3ayXa B TOAY BO
MHOTO pa3 MePeKphIBAIOT BEIMYUHY BPEMEHHOTO TpeHIa: pa3Max konedanuit cocrasmser 12,3°C ans
3uMHUX MecsIeB u 6,0°C mis geTHux. Psaapl mMHAMUKHA CpeqHei TeMIepaTyphl BO3AyXa Kaxao0ro Me-
csira caabo cBs3aHbl MKy co00H. [1ooKUTENBHBIE AaHOMAIHN OTHOT'O MECSIIa YaCTO TEPEKPHIBAIOTCS

© Hemakos 0. I1., Cadun M. I'., CmbikoB A. E., 20009.
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OTPpULIATCIIbHBIMHA aHOMAJIMAMU APYToro. KaKOﬁ-HHGO PUTMHUYHOCTH B U3MCHCHHAX IIOKA3aTCIA HE
O0HapyKeHO, U ero TMHAMHKA TPECTaBISET cOO0M MpaKTHYeCKH OECCBSI3HBIN OebIil IIyM ¢ pa3Mbl-
TBIM CIIEKTPOM.
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Puc. 1. Junamuxa cpeoneii memnepamypul 6030yxa no I'MC «Howxap-Onay
6 sumnuti (A) u remnuti (B) cez3onvl 200a
Tabnuma 1
IMapamerps! ypaBuenus Y = a-X + b JinHeiiHOr0 TpeHa H3MEHEHHUs CPeHell MeCSITHONH TeMIepaTyphl BO3AyXa 1o
I'MC Homkap-Ouna 3a mepron ¢ 1926 mo 2008 romst (X, =1900T.)

3HaueHue apaMe€TpoOB YpaBHEHUSI 110 MECALIaM
IapameTp
I Il 11 v \Y VI VII | VII | IX X XI XII
a 0,037 | 0,051 | 0,039 | 0,037 | 0,011 | 0,006 | -0,001 | -0,015| -0,003| 0,011 | 0,004 | 0,041
b -15,0 | -15,6 | -8,5 1,5 11,0 | 16,0 18,5 17,4 10,5 2,7 -4,0 | -12,7
R2 0,042 | 0,095 ] 0,108 | 0,101 | 0,016 | 0,006 | 0,000 | 0,045 | 0,003 | 0,018 | 0,001 | 0,062
= 350 1 y=0,392x + 170,681
= 300 R>=0,019
& 250 - /\/\ /\/\
i
e Al LA
8 P RN \/J V
sl
e 100 A
LE)\. 50 T T T T T T 1
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Puc. 2. Jlunamuka cymmol 0caokos 3a maii-agzycm

W3menenust cyMMbl 0caikoB B Tuaporepmuueckoro kodp¢unuenta (I'TK) Taxke uMeroT TeH-
JICHIIMIO K HEOOJIBIIIOMY BO3PACTaHHIO, OTHAKO FOJUYHbIC (DIYKTYaIlMU 3HAYCHUH TOKa3aTeel 3Haun-
TEIHHO MEePEKPHIBAIOT BETHUMHY TpeHa (puc. 2, 3).

i aHanmM3a MUHAMMKH TOAMYHBIX paJHabHBIX MPUPOCTOB OBLIM BBHIOpaHBI HauOoOJIee CTaphic
JICPEBbsI COCHSKOB, ITPOM3PACTAIONIMX Ha BEPXOBBIX 00s10Tax Maputiickoro [lonechs. JlaHHBINH 00BEKT
M3Yy4eHHUs ObUT BBIOpAH MOTOMY, YTO, BO-IIEPBBIX, MHOTHE MAaCcCHUBBI COCHSIKOB C(DarHOBBIX IPaKTHUe-
CKHM HE 3aTPOHYTHI XO3AWCTBEHHON NEATENbHOCTBIO. 3/IeCh HEPEAKO BCTPEUAIOTCS IEPEBbI B BO3pacTe
10 300-320 ner. Bo-BTOpBIX, APESBOCTOM B 3TUX OMOTOMAX, HAXOAACh B KpaiHE JKECTKHX YCIIOBHSIX
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CYIIECTBOBAHUs, YYTKO PEAarpyrOT Ha U3MEHEHHE MapaMeTpoB Kiumara. [l aHanmu3a ObUTH B3SThI
KepHbI Y 146 nepeBbeB, MPOM3PACTAIONIMX B CEMH Pa3IMYHBIX OOJIOTHBIX MAacCHBaX, PacIiONOKECHHBIX
Ha TeppuTopun 3amoBeaHuka «bonpimas Kokmaray, CTapoXmIbCKoro 1 BUSUMBIPCKOTO YIaCTKOBBIX
JiecHUYeCTB. B 00111el ci10HOCTH u3MepeHo 0osiee 22 ThICAY FOIUYHBIX KOJIEIL.

20 y = 0,002x + 0,889
5 R>=0,015
o 1,6 A
1 J ?
g 2 A A AL L d Y
= 08 vvv VVVV V‘!\/VV\[U v V\
0,4 -
0,0 T T T T T T 1
1925 1935 1945 1955 1965 1975 1985 1995

T'on

Puc. 3. ﬂuH(l,MuKa 61a2000ecneyeHHOCMu eezcemayuorHHo20 nepuoda

Ananu3 nudpoBoro MaTepuaia mokasai, YTo OJHO3HAYHO MHTEPIPETHPOBATH MOJyYCHHbBIC TaH-
HBIC CIIO)KHO. DTO CBSI3aHO C TEM, YTO MOMYJISIUN JEPEBHEB OUEHH HEOMHOPOIHBI IO XapaKTepy -
HaMHUKH{ PaJyaIbHOTO MPUPOCTA ClIararoliux ux ocodei [16—18], 4yTo nposiBiseTcst B pa3HOi OTBETHOM
PCaKIMU Ha TOAMYHBIC KOJICOaHMs MEeTeoyCaoBHi (Tabm. 2, 3).

Tabnuma 2
XapakTep pa3;ioKeHHsI 001Iel TUCTIePCHH IIMPHHBI TOAMYHBIX KOJIEN IepeBbeB COCHBI
Ha BepxoBbIx 0os10Tax Mapuiickoro Ilosnechbsi Meskay pasjau4HbIMU (paKkTOPAMH
Jons Britaza paxTopos, %
HasBanue 6omnora SHEprus pocra TIOTOJTHBIE YCIIOBUS 0COOEHHOCTH Orpesox
prus p IHBIC BPEMEHH
Jiepesa roza peakiuu JiepeBa
1. WntomkuHo 14,0 14,4 71,6 1850 -1988 rr.
2. be3pIMsIHHOE 33,9 12,7 53,4 1905 -2005 rT.
3. Busumbsipckoe 15,0 21,5 63,5 1814 -2007 rr.
4. Kpachbslii Sp 26,2 19,5 54,3 1915 -2007 rr.
5. Kynneickoe 14,4 37,3 48,4 1892 -2007 rr.
6. M3u-Kyn 9,3 39,5 51,2 1916 -2005 1T
7. Terépkuno 6,0 52,3 41,7 1900 -2006 1T.
Tabnuma 3

Martpuna k03 pHuneHToB NApHOil KOPPEIANHMH MEKAY PSJIaMH IHPHHBI TOAWYHBIX KOJIEH JePEBbEB COCHBI
B Pa3JIHYHBIX OMOTONAX Ha BepX0BbIX 0o10Tax Mapmiickoro Ilosechs

Hassanue Gonora 3Ha‘-1'eHI/ISI CTATUCTUYECKUX TOKa3aTenen™
N M, min max S A E

1. WntomkuHo 595 0,149 -0,584 0,888 0,284 0,145 -0,523
2. be3pIMsIHHOE 190 0,175 -0,449 0,789 0,258 0,013 -0,525
3. Busumbsipckoe 66 0,195 -0,208 0,708 0,196 0,144 -0,264
4. Kpachbslii Sp 91 0,237 -0,517 0,777 0,289 -0,830 0,451
5. Kynneickoe 36 0,380 -0,070 0,761 0,195 -0,211 -0,194
6. U3n-Kyn 190 0,432 -0,136 0,862 0,203 -0,063 -0,458
7. Terépkuno 276 0,397 -0,106 0,925 0,233 -0,028 -0,684

ITpumeuanue: N — o0lee YuciIo 3HaUSHUI KOIPPUIIEHTOB Koppersiuuy, IT; M — cpeaHee apupMeTHIecKoe 3Haue-
Hue KO3 PUIMEHTa KOPPEISALMI; min, max — MUHAUMAIIbHOC W MaKCUMAJIBHOE €TI0 3HAUCHUSI; Sy — Cpe/lHee KBaIpaTHYeCKOe
OTKJIOHEHHE BEJTMYKHBI KO puienta koppessauuu; A, E — ko3 GUIHMEHTbI aCHMMETPHH U dKCIIECCa.

XapakTep pocTa ApPEBOCTOEB B KaXKJOM M3 OOJOTHBIX MacCHBOB TaKke cyrybo crenupude, o
4eM CBHUJICTEIbCTBYIOT 3HAUCHUS KO (OUIIEHTOB KOPPEIALIUU MEXKITY PSIaMU YCPEIHEHHBIX JaHHBIX
(tabmn. 4), mamenstommuecs ot -0,345 no 0,837. CuiibHee BCEro OTIIMYAIOTCS OT APYTHX OUOTOIOB Ape-
BOCTOM, TIpou3pacTaromue B Oonorax bessiMsanHoe n Busnumbspckoe, ciararonye OTIelbHBINA Kila-
crep. HanbGonee npubnikeHsl K reHepalTu30BaHHOMY BPEMEHHOMY Psily 3HAUCHHH IIMpPUHA TOIUY-
HBIX KOJIEIl JPEBOCTOEB, Mpou3pacraroiux B CTapoXuIbCKOM JiecHH4ecTBe (Oomora MmomkuHO,
Wzu-Kyn u Terépkuno).

42



ISSN 1997-4647 Jlec. Dxonoeus. Ilpupooononvzosanue

Tabnuma 4
Marpuua k03GpuIHEeHTOB MAPHOI KOPPEJSIIIMH MEKIY YCPeTHEHHBIMHI PSIAMU 1IN PHHBI
TOIUYHBIX KOJIE COBOKYITHOCTH JePeBbEB COCHBI B PA3JIMYHBIX OHOTOMAX

3HaueHns1 KO3()(GUIHUESHTOB KOPPEISIIMI MEXK Ty OHOTOIaMH
Hassarme Gozora No 1 Ne 2 N3 Ne 4 N5 Ne 6
1. MiromkuHO 1,000
2. be3pIMsIHHOE 0,378 1,000
3. Busumbsipckoe -0,275 -0,180 1,000
4. Kpachbslii Sp 0,577 -0,127 -0,345 1,000
5. Kynneickoe 0,651 0,250 -0,264 0,582 1,000
6. M3u-Kyn 0,810 0,248 -0,082 0,516 0,630 1,000
7. TerépkuHo 0,622 -0,173 -0,104 0,666 0,620 0,837

AHanu3 MHIUBUAYATBHBIX U TCHEPAIM30BAHHOTO PSIOB THHAMUKH PaTdaIbHOTO MIPUPOCTA Jepe-
BBEB MOKa3aJl, YTO OTKJIOHEHUS 3HAYEHHI IIMPUHBI TOAUYHBIX KOJIELl OT CPEIHETO YPOBHS WM Bpe-
MEHHOIr'0 TPEH/Ia BO BTOPYIO MOJOBUHY XX CTOJETUA U MPEIUIECTBYIOIIMI NEPUOJI CYIIECTBEHHO HE
pasnuyaroTcs Mexy coboit (puc. 4). Tak, kK mpuMepy, BEIMUYMHBI IPUPOCTA, COIIOCTABUMBIC C COBpE-
MEHHOW CTajuel NIeNpeccuu, U3 KOTOPOW JPEBOCTOM YK€ Hadalld BBIXOJIWUTh, oTMedainuch B X VIII-
XIX Bekax. B nuHaMuke reHepalii30BaHHOIO Psijia YETKO BBIJEISAETCS JBa IJIaBHBIX PUTMa C MEPHUO-
noM 104 u 52 ropa, a Takxke psg 6ojee MeNKuX (pHC. 5), OOBSICHSIONMX B LEIOM 0Koiio 60% ucxo-
HOM qucriepcuu mokasarens. Kakoi-1n0o JoCTOBEpHOM CBSI3U JUHAMUKH IIPUPOCTA ¢ XOJI0M TeMIIepa-
TYpbl BO3JyXa pa3HbIX MECSIEB Ir0/la, UMEIOIIUM K TOMY K€ pa3jMyHyl0 PUTMHUKY, BBISIBUTh HE yja-
JIOCh.
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Puc. 4. Junamura 200utno2o paouanbHo2o npupocma 0epedbes COCHbL Ha 8ePX0BbIX 6OI0MAax
Mapuiickoeo [onecwsi: A — naubonee cmapoe depeso 6 6onrome « Lmowrunoy,
b — eenepanusosannvii psio 3navenuil no 7 buomonam

HeonHOpOMHOCTE MOMJIALMKA COCHBI IO XapaKTepy pocTa CIararolux MX oco0el MposBIseTcs
HE TOIIBKO B JPEBOCTOSX, T/ BOSHUKAIOT KOHKYPEHTHBIC OTHOIICHHS MEXKIy HHIMBHIyyMaMH 3a
KU3HEHHOE MPOCTPAHCTBO, YTO OTPAXKAETCSl, HECOMHEHHO, Ha BEIMYMHE UX TEKYIIEro NpUpocTa, HO U
MIPH OJJMHOYHOM IPOU3PACTaHHU JIEPEBhEB. Takue yCIOBHS CIOXKUINCH, B YACTHOCTH, Ha c(parHOBOM
crraBuHe 03. Komeep, pacnonoxenHoro B 3anoBenHuke «bonbimas Kokmaray, rae peakius 1epeBbeB
HAa U3MEHEHUE YCIIOBHI Cpe/bl, TaK e KaK U B IPYTUX OMOTOIAX, MPOSBIUIACH TO-Pa3HOMY, UTO Jie-
Jaer mpoOIeMaTHYHON caMy MOCTAHOBKY BOMPOCa O JETEPMUHAIMU JHUHAMHUKH WX MPHPOCTA XOIAOM
TOJILKO OJJHMX METEOpOJIOrHUecKux mnapamerpoB. OOIeil yepToii xapakrepa JUHAMHUKH pajdalibHOTO
TOIMYHOTO MIPUPOCTA JIEPEBBEB B JAHHBIX YCIOBUSX, Kak ObLJIO paHee HAMH TIOKazaHo [16], sBusercs
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OTCYTCTBUEC YCTKO BBIPAXKEHHOI'O BO3PACTHOI'O TPCHAA U HAJIUYNE JJIMTCIIBHBIX IIEPUOAOB ACIPECCHUU,
CMCHAIOMIUXCA OYCHb KOPOTKUMH, HO JOBOJIHHO MOIITHBIMU (1)333MI/I OKCIIPECCUMH. Ha n3menenns kiu-
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Puc. 5. [lepuodocpamma cenepanuzo8anno2o psoa paouaibHO20 npu-
pocma depesbes CoCHbL Ha 8epxoeblx boromax Maputickoeo [lonecws
Ha ompe3ske gpemenu ¢ 1800 no 2007 ee.

MaTa BO BTOpOW mojoBuHE XX
CTOJIETUSI JIEPEBBSl PEarupoOBaAIH
XOTSI U HEOJAMHAKOBO, HO B II€JIOM
MTOJI0KUTEIBHO.

B necHrix OumoreoneHosax,
pacHojIOKEHHBIX HE Ha 0OoNoTax,
a B Oonee OJIATONPUSATHBIX dJIa-
(UYECKUX YCIIOBHUSX, XOJ Paju-
aJBbHOTO  TPUPOCTA  JICPEBHEB
YCJIOXKHEH HE TOJIHKO HEOIUHAKO-
BOM peaklMell MX Ha TOJUYHBIE
W3MEHEHHUSI METEOPOTOTHUECKUX
rapaMeTpoB, HO U HAIMYHUEM YeT-
KO BBIPAKEHHOTO BO3PACTHOTO
TpeHa, BETUYMHA KOTOPOT'O0 HE-
IOCTOSIHHA, a TaKKe BIHSHUEM
JIECOXO3SIMCTBEHHON  JICSITEIIBHO-

ct. Bee 310 erie Oosiee 3aTpyaHsAET pelIeHUe 3a7add O BIMSHUU TEKYIIUX M3MCHEHHMH KiIMMaTa Ha
COCTOSTHHE JIaHHBIX JPEBOCTOEB M JaXKe JielaeT MpoOJIeMaTHIHOW caMy ee moctaHoBKy. OOmei yep-
TOI AVHaAMUKH pagruaJIbHOTr0 rOAUYHOI'0 IMPHUPOCTa ACPEBLEB B NAHHBIX YCIOBUAX SABJISACTCA HAJIUYNC
aneproINICCKUX Pe3KuX (PIyKTyallnii BeIWYMHBI MOKa3aTels 0e3 YeTKO BBIPaKEHHBIX MEPUOJIOB €T0
JIETIPECCHH U DKCIIPECCUH, COITPOBOXKIAIOIINXCS CMEHOH PEKUMOB YACTOTHI H aMIUIUTYbI KOJIEOaHHH.
Bo BTOpoii monoBuHe XX CTONETHS MHACKC PaJdaibHOTO MPUPOCTa U3MEHSIICS BOJHOOOPA3HO ¢ Ie-
puoaom oxoio 40—45 ner. @a3a CHIKEHUS TOKa3aTels, HayaBmasicsa B 1953 roxy v 3aBepiivBIIascs B
1973, cMmeHnnnach BHOBb (a3oii mogabeMa, 3akonumBieiics B 1989 rony (puc. 6). B Hacrosiiee Bpems B
OONBIIMHCTBE COCHAKOB Mapuit Dn oTMedaeTcs AenpeccHst pocTa.
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Puc. 6. I'enepanuzosanmwiii psio UHOEKCO8 PAOUATLHO20 NPUPOCMA
0epesbes 8 COCHAKAX TUUAUHUKOBO-MUUCIIBIX U OPYCHUYHUKOBbIX
Pecnybnuxu Mapuii On, nocmpoentviii
no oannvim 25 npoorsix niowaoe u 300 modenvHbix Oepesves

[IpoBenennrie Hamu uccinenoBanus [18—20] mokazanu, 4TO B MEPUOABI €r0 JEMPECCUH BEIUYNHA
€CTECTBEHHOI'O OTIIaJIa JIEPEBbEB B COCHAKAX ObLIa OYEHb Malia, a B TIEPUOJIBI IKCIIPECCHH PE3KO BO3-
pactaina, nocturas B psjae ciaydaeB g0 100-300 sk3./ra 3a rox (puc. 7), 4TO COCTaBIIAIO, B 3aBUCUMO-
CTH OT TYCTOTHI JpeBoctoeB, 10-18%. YckopeHuro ormana JIepeBbEB B ITH MEPUOIBI 00OCTPEHHS
KOHKYPEHTHOH OOpbhOBI CIIOCOOCTBOBAIU KCHIO(HIbHBIC HACEKOMBIC, HAan0OJIee aKTUBHBIM BHIOM
CpeIM KOTOPBIX SBJIJIACh COCHOBAs BEpIIMHHAS cMoyieBKa Pissodes piniphilus Hrbst. CesizaHo ju
BO3HHKHOBCHHE BCIBIIIKH MAacCOBOTO Pa3MHOXKEHHUS 3TOTO BPEOUTENs, KOTOpas ObLia JOBOJBHO
MOIITHOW, HO HEMPOAOIKUTENBHON, C TEKYIIIMMHA U3MEHEHUSAMHU KiuMarta? Bpsin M, MOCKONbKY 3Mu-
30MYECKUE OYaru CMOJIEBKM BO3HHMKaIM nepuogudecku B XIX—-XX Bekax B pas3IMUHBIX PErMOHAX
Espomner [21-23]. Ha Tekyliiee COCTOSHUE JIECHBIX OMOreOI[EHO30B BIUAIOT HE MEIJICHHBIC U3MCHEHHUS
KIIMMaTta, K KOTOPBIM OHM MOTYT TIOCTEIIEHHO aJanTHPOBAThCs, a MOTOJAHbIC aHOMAIIMU HU3KOH o0ec-
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TIEYCHHOCTH, T.€. BO3HUKAIOMME 3—4 pasa 3a CTOJETHE, HapyIIAIIe TOME0CTa3 U HaJ0ITO BBIBOIS-
ITME X U3 COCTOSIHUSI paBHOBecus [24, 25].

HccnenoBanus mokasajid, 4to HauOo-
300 — B155-65-netine Jiee CHJIBHO M3MEHHIIOCH BO BTOPOM IIOJIO-
250 1 870-80-neTHue BUHE XX CTOJNETUA COCTOSHHE HE COCHS-
@75-85-neTHne KOB, a €JIbHUKOB, TUIOMIA/lhb KOTOPHIX CHU-
3WJIach 3a 9TO BpeMs Ha 68,8 Teic. ra. Oco-
OCHHO CHJIbHO CHHM3HUJIACh ILIONIA/Ib CIIENBIX
Y TIEpEeCTOMHBIX JApeBocToeB (B 6,1 pasa), B
KOTOPBIX TIEPUOAMYECKH BO3HHKAIN OYaru
MAacCOBOTO pa3MHOXKEHHUS KOpoeda THIIO-
rpada (puc. 8). CBsi3aHO U WX BO3HHKHO-
Puc. 7. Junamuxa omnaoa oepesvbes 8 3a2yujennvblx cocHs-  BEHHE C TEKYIIUMH H3MEHEHHUSAMH KIIMMa-
Kax 6pyCHu'—tHuK06blx 6 nepuod IKcnpeccuu uxpaduaflbﬂoeo Ta? OTHIOIIB HCT, HOCKOHBKy OHH HEOOHO-
npupocma u maccogozo pasmuodcenus Pissodes piniphilus KPaTHO BO3HHMKAJIX U B IporwioM [26, 27].
Hrbst Yeenuuenne konnentpanuu CO, B at-
1500 - - Mochepe M MEUIEHHOE, HO HEYKIOHHOE
1200 4 YBEIMYCHHEC TEMIIEpaTypbl BO3IyXa B
. OoJIBIIICH Mepe OTpaXkaercsi, KaKk CUYMTAIOT
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§9°° ] uccnenosareny [28-32], Ha H3MEHEHUH
2 600 - HPOAYKTUBHOCTH JIPEBOCTOEB, a HE Ha Be-
300 1 JUYNHE KpaiHe HEMOCTOSHHBIX IOKa3aTe-
0 [l__ ‘|:|‘[|‘|]‘u‘ -~ _H” ‘ ‘I]‘n‘u‘u‘u‘u‘u“_mnﬂ‘ Jiel TEKYIIEero TOAWYHOrO MPHPOCTa WIIH
1975 1980 1985 1990 1995 2000 2005 ornaza aepesbes. Haubonee noaxoasmmmu

WHIUKaTOpaMH JaHHBIX W3MEHEHHUU SBIIS-
FOTCSl CPETHEBO3PACTHBIE U MPHCIIEBAOIINE
JPEBOCTOM, TaK KaK OHM MeHee BCero moj-
BEpraloTcsi XO34WCTBEHHOMY BMeEIATENb-
cTBY [29]. AHanu3 opHUIMAIbHBIX JAHHBIX TOCYJAPCTBEHHOTO y4era JIECHOro (OHAa IOoKa3al, 4To
MPOAYKTUBHOCTh JPEBOCTOEB 3TUX BO3PACTHBIX KaTETOPHil 3a BTOPYIO MOJIOBHHY XX Beka BO3pocia
Ha 59-89 M’/ra, wn B 1,3-2,2 pasa (puc. 9). OcoGEHHO CHIBHO MOBBICHICS CPEIHHIT 3arac CTBOIO-
BOi JIpeBecHHbI B Oepe3Hskax. [IMHAMUKy TPOJYKTUBHOCTH JPEBOCTOEB Mapuii DI MOKHO armpok-
CHMHUPOBATh HAOOPOM CIIEIYIONMX YPaBHCHHIA:

T'on

Puc. 8. Jlunamuxa nrowaou ouazos kopoeda munozpaga 6
envruxax Mapuii On

- CpeHEeBO3PACTHBIX JAPEBOCTOECB!
M = 134,6:0,575- {1 —exp[- (t —1953)/26,23)]} + 1); R*>=0,85;
Mg = 147,610,631+ {1 — exp[— (t —=1953)/27,05)]} + 1); R*=0,89;
M =74,7<1,192-{1 — exp [~ (t -1953)/15,51)]} + 1); R*=0,93;

- IPUCTIEBAIOIINX IPEBOCTOEB!

M = 165,2:(1,069- {1 —exp[- (t —1953)/97,85)]} + 1); R*=0,93;
Mg = 184,9(0,313-{1 — exp[— (t —=1953)/16,03)]} + 1); R*=0,78;
M; = 122,2:0,871-{1 — exp[— (t —1953)/20,57)]} + 1); R*=0,92;

e M — 3amac cTBooBoii apeBecunbl B cocHsikax (C), enpuukax (E) u 6epesnsikax (B), M/ra;

t — KaJIeH1apHbIH TO/I.

Ananmu3 rpaduKOB W ypaBHEHHH TOKa3bIBaeT, YTO 3alac CTBOJIOBOHM JIPEBECHHBI B OEpe3HsKax
yKe JIOCTHT CBOErO IIPeJiesa, COCTABIISIONIEro B CPEIHEBO3PACTHBIX JPEBOCTOSX 74,5 M’/ra, a B TIpu-
crieBaromuX — 122,2 M’/ra, ¥ JanbHEHIIEro ero yBeIHdeHHs OKHAATh, BEPOSTHO, He cienyer. To ke
CaMO€ MOXHO CKa3aTb B OTHOUICHHHU IMPUCICBAIONINX CIIBHUKOB, 3aI1aC APEBOCTOA B KOTOPBIX CTaGI/I-
nusupoBaics B 1973 roxy Ha cpenneit ormerke 184,9 M°/ra. IIpoayKTHBHOCTD K€ COCHAKOB U CPEJi-
HEBO3PACTHBIX €JIbHUKOB MPOAOJIKACT IOKa YBCINYNBATHLCH.

Cronp BBICOKOE TOBBIIIEHHE MPOAYKTUBHOCTH JIPEBOCTOEB, HEMPOIIOPIIMOHATIBFHOE POCTY TEMIIe-
paTypsl BO3lyXa 3a MOCIEAHUE TONIBEKa, HElIb3sl OOBSACHUTH TOJIBKO M3MEHEHHEeM Kiumara. bonee
S3Ha4YMMBIM ABJIACTCA, HAa Halll B3IJIAA, YBEIIMYCHUC KOHICHTpAlU B aTMOC(bepe C02 " IIPOMBIILICH-
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HBIX BBIOPOCOB, KOTOpBIE MPH CYIIECTBYIOMIMX J103aX OKAa3bIBAIOT OJNAarONpHUsATHOE BO3JCHCTBHE Ha
pacTeHus B BUJE BHEKOPHEBOW M KOPHEBOM MOAKOPMKHU JIEMEHTaMH MHUTAaHUA (COETMHEHHM a30Ta, K
MpHUMepY, BhINIAAaET Ha TeppuTopru Mapuii D1 Bcero okoso 5 Kr/ra B roq).

29 - 1,8 1
w0l A . . B
3] —%— COCHSIKH g b
E 1.8 4 —0— EJlbHUKHU E
© —e— BepesHsaku Y14
o6 epes3 o b
5 1,4 1 E
2L E 121
=2
1,0 102~ ; ; ; ; ‘ 1,0 8= ‘ ‘ ‘ ‘ ‘
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TF'on l'on

Puc. 9. Uzmenenue npodyxmusnocmu cpeonego3pacmuwix (A) u npucnesarowux opesocmoes
(B) Pecnybnuxu Mapuii 91 omnocumenvro yposus 1953 2o0a

OmnpezneneHHoe BIMSHUE OKa3blBajla U JIECOXO3AHCTBEHHAs AEATENbHOCTh. Tak, 00beM OTIycKa
JPEBECUHBI Ha KOPHIO TI0 BCEM BUJAaM MOJIb30BaHMS YMEHbIIWICA B Mapuit 91 3a 310 Bpems B 4,6 pa-
3a (¢ 4,553 10 0,987 MiH. M> ). OCOGEHHO PE3KO CHU3MIICS 00BEM 3arOTOBKH JAPEBECHHbI IPU PyOKax
rinaBHoro nons3oBanus (puc. 10). O6beM 3aroTOBKH APEBECHHBI MPH PyOKax yxoJla BapbUpOBall He-
3HAYUTENLHO U 0€3 SBHO BBIPAKCHHOW TEHJICHIIMU K POCTY MM CHUKECHUIO, a MPH MPOYUX PYyOKax,
Cpelr KOTOPBIX Ipeobiaaliy CIUIOIIHBIC M BBIOOPOYHBIE CAHUTAPHBIE, M3MEHSIICS IIMKINYCCKU: OJMH
MUK BOJIHBI nipuinencs Ha 1958 ron, a nqpyroi — Ha mocnenoxapubid 1973 roa.
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Puc. 10. Juuamuxa omnycka neca na kopuro 6 Mapuii O 3a nociednue 50 rem

[ToBbIlIcHHE TPOM3BOAUTENBHOCTH JIPEBOCTOCB B PE3yJbTaTe CHUXKCHHUS OOBEMOB 3arOTOBKU
JPEBECUHBI TIPOMCXOANT, 110 HAIIEMy MHEHHUIO, Yepe3 U3MEHEHHUE MUKPOKIMMATa U YPOBHS TPYHTO-
BBIX BOJ] B ITPUJICTAIONIMX K JIECOCEKaM HaCaXKICHHI, a TaKkxkKe dyepe3 Apyrue kaHanbl. Kaxaas BepyOka
npecTaBiIsIeT co00l KOHIICHTPAIMIO BPEIHBIX JUIS Jieca Ooprann3MoB. HebnaronpusrHoe Bo3elicTBrE
BBIPYOOK Ha OKpPY>KarOIHe HACAXKICHHUSI POJ0IDKAETCS JUTUTEIFHOE BPEMSI H TTOKa €Il C1a00 U3y4eHO.

BrIBOALI.

1. TenmeHuuu r100aIBLHOrO MOTEIUICHUS KJIMMAaTa, OTMEUCHHBIE MHOTHMH HCCIICAOBATCIISIMU,
TIPOSIBIISIIOTCS. ¥ HA TeppUTOpHH Mapuii J11.

2. TNorenneHne MPOUCXOAUT TOJILKO B 3MMHHE MECSIIbI, 0COOCHHO B (heBpaje, CpemHss TeMIiepa-
Typa KOTOPOro HapacTaeT co ckopoctbio +5,1°C 3a cronerve. BpemeHHOW TpeH[ MOKa3aTess B Tel-
TBIH Teprof rofa GakTUYeCKH OTCYTCTBYET, a MO HIONIO0, aBIYCTY U CEHTSAOPIO MMEET Ja)Ke OTPHIIa-
TENbHYIO HampaBiaeHHOCTh (10 -1,5°C 3a cronerue).

3. ToguuHble QUIyKTyalluyd TEMIIEPATyphl BO3JyXa BO BCE MECSIIBI T'0/Ia BO MHOI'O Pa3 MepPeKphI-
BaIOT BEIMYMHY BPEMEHHOI'O TPEHA: pa3Max Koyiebanuit coctapiser 12,3°C i 3MMHHX MECAICB U
6,0°C njis J1eTHHX.
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4. Psapl TMHAMUKH CpeHEl TeMITepaTyphl BO3AyXa Mo MecsiaM ciabo CBsI3aHbl MKy COOOI.

5. Kako#-nm160 pUTMHYHOCTH B TOANYHBIX QIIYKTYAIHSIX TEMIIEPATyphl BO3ayXa He 00HAPYKEHO.

6. CyMMBI OCaJIKOB M THAPOTEPMHUYECKAN KOIPPHUIMEHT MMEIOT TEHICHIUIO K HEOOIBIIOMY
BO3PACTaHUIO, OJIHAKO U 3/IeCh ToJMYHbIE (DIYKTyalluu 3HAYCHUH IMOKa3aTenedl 3HauYuTeNbHO Iepe-
KpBIBAIOT BEJIMYMHY BPEMEHHOTO TPEHIA.

7. OtleHka BAMSHUS U3MEHEHUH KIIMMAaTa Ha COCTOSHUE U MPOIYKTUBHOCTH JIECOB COIPSKEHA CO
MHOTHMH METOJMYECKUMH TPYTHOCTSIMU, CBSI3aHHBIMU C Pa3iWYHMsIMU OTKJIMKA Ha BHEIIHUE BO3JICH-
CTBHS KaK OTJACIbHBIX JEPEBHEB, TAK U JAPEBOCTOEB B IeiioM. Kakoi-In0o T0CTOBEPHOM CBS3M IUHA-
MUKH paIMILHOTO MPHPOCTA JIEPEBBEB C XOJIOM TEMIIEPaTyphl BO3yXa Pa3HbIX MECSIIEB roja, uMe-
IOIIMM Pa3NIMYHYI0 PUTMHKY, BBISIBUTH HE YIalloCh.

8. 3a mocneanue 50 €T CymeCTBEHHO MOBBICHIACH MPOLYKTUBHOCTh CPEIHEBO3PACTHBIX U MPH-
CIIEBAIONINX JPEBOCTOEB OCHOBHBIX Jieco0Opa3yromux mopoa Mapwuit Dn, oHaKo MPOU30MLI0 3TO HE
TOJILKO 32 CUET M3MEHEHHUs KIMMaTa, HO M 3a CHeT JPYrux (aKTOpPOB, POJIb KOTOPHIX OCTAETCS MOKa
MaJIOM3Y4Y€EHHOM.
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CLIMATE CHANGE AND FOREST CONDITION IN MARI EL
IN THE PREVIOUS CENTURY

There had been done the analysis of long-term data on dynamics of atmospheric factors, radial annual
growth of trees and forest stand productivity. It is proved that during the last half of the century the middle-
aged and maturing forest stand productivity of dominant species in Mari El has increased considerably,
though it happened not only due to climate change. Estimation of climate change influence on state and for-
est productivity is closely linked to many methodical difficulties.

Key words: climate change, forest productivity, xylem bugs, forest stands.
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A. W. Bitter, C. Hertel

PLANNING OF TARGET FOREST TYPES UNDER
CLIMATE CHANGE

As a consequence of the forecast global climate change and the resulting shift of site types,
the optimal mixture of tree species and the planning of target forest types is of increasing im-
portance. The procedure yields a stand-level optimisation of tree species mixture allowing for
manifold restrictions which can be formulated at the level of stands, site type clusters or growth
districts, as well as for protected areas or entire enterprise.

Key words: global climate change, stand-level optimization, target forests, tree growth simu-
lation.

Overall view of the method. The production of goods in forestry is characterised by extraordi-
nary long production periods. A convenient selection of the tree species can guarantee the essential
safety in the production. To find an optimal solution for the choice of tree species is considered as a
major target of systematic forestry. At the moment, forestry is confronted with several changes, on the
one hand in regard to environment, and on the other hand to social and ecological demands. As a reac-
tion of the prognosis concerning climate change and the resulting rejection of the assumption of stands
offering constant conditions, a prudent choice of the tree species is of particular importance. To assess
the influence of climate change this study focuses on the scenario A1B of the International Panel on
Climate Change (IPCC). Comparing the years 1980/1999 to the period 2090/2099, the annual average
temperatures are supposed to increase by 1.8 degrees. This scenario can be considered as a moderate
one, in which forestry can adapt to with the help of forest conversion [1 - 3]. Moreover, the aim of an
adapted choice of the tree species is not only to avoid risk, but also to take the firms’ profit situation in
account.

Hence, the planning of target forest types for a forest enterprise helps in reaching a decision of the
long-term targets concerning the forest stand. The purpose is to reveal specific types of tree species for
each stand, which are the optimum in terms of site and climate adaptability and economical profitability.
The target forest is derived by means of an optimisation approach, which mathematically formulates an
extremum problem and takes few of other side conditions into account.

The input parameters of the model are site information, tree suitability and the results of growth
simulations and their resulting contributions to the profit. A number of individual sites, which provide
comparable growth conditions for trees, are fitted together, to so-called ‘site clusters’. The tree species
suitability for each site cluster was rated in a tree species suitability table according to Aldinger &
Michiels [4].

Restrictions on several levels can be taken into consideration for the optimisation of forest
management. Strategic targets such as a certain percentage of broadleaves can be taken into account on
the level of the whole forest enterprise. Restrictions resulting from protection areas or valuable forest
biotopes can be included for certain areas of the enterprise. Thus, target forest planning is an iterative
process considering the conditions of the stand, the suitability of the tree species and the estimated profit
for the tree species, to achieve a stable future stocking with maximized profit.

Course of the method. The planning of target forest types, as a sustainable element of a long-
term regulation of forest development, is oriented on the site that is taken into consideration using the
site cluster.

This study focuses on the forest district Eberswalde that covers an area of 40,185 hectares. Certain
site information has been categorized by means of the soil type and can be assessed via a detailed data
base.

All in all, a number of 450 soil types was taken into account. Combining those with seven several

© Bitter A. W., Hertel C., 2009.
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growth districts and three climate levels, respectively, (Tm [medium dry], Tt [dry] and Ttt [very dry] was
added later on) leads to around 1,000 different site type areas. Assigning these circa 1,000 variations to
ten defined fertility levels (poor to fertile) and 15 defined humidity levels (T..5 “very dry” to O..1 “very
swampy”) results in 85 site clusters with areas of 0.05 hectares up to more than 5,000 hectares. Only 35
main clusters contain an area of above 100 hectares.

The so-called ‘site cluster’ composes
different site types providing comparable
silvicultural possibilities, risks and growth
expectations as well as similar natural
vegetation types. With the aid of the site
cluster, the evaluation of the ecological and
economical potential of the forest
enterprise is feasible [5].

Tree species suitability table. To
ensure the choice of tree species being
adapted to the site, the tree species are
evaluated in regard to their suitability. Such
an evaluation was performed for each site
cluster focusing on the criteria of
competitiveness, soil conservation, safety,
capacity as well as climate change
sensitivity according to a modified and
amplified approach by Aldinger and
Michiels [4].

The evaluation was done on a scale of
0 to 3, with one being below average and
three being above the average in respect of
the criteria (figure 2). At zero no evaluation
was possible. The evaluation is entered in a
tree species suitability table, which is
supplemented by an overall assessment on
a scale of “unsuitable”, “sparsely suitable”
and “possible and suitable”. Finally, a
ranking is added at the site cluster which
characterises the tree species as main or
secondary ones and gives a maximum
proportion for each species.

Optimisation of the target forest
type. To obtain an ideal achievement of
targets and constraints on both, the level
of the single stand, and for the whole for-
est enterprise, the model utilises a linear
optimisation approach. Linear optimisa-
tion is an iterative process, which can be
described as a systematic trial of several
combinations, identifying the most fa-
vourable one [6].

The aim of the present optimisation
approach is also to display the financial
consequences of the choice of tree species.
This is assured with the help of an
objective function, which formulates an
extremum problem based on the expected
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periodic incoming payment and payout of the specific tree species combination. The land expectation

value is maximised. Especially, attention is paid to the defined restrictions. As described above, those
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Fig. 4. Studying of the scenarios
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can be effective on the level of the whole
enterprise or for certain parts of it, but the
restrictions may also be formulated for single
stands. The monetary evaluation of the tree
species is based on ideal types of growth
development according to the growth
simulator BWIN.

Each intervention in the development is
monetarily evaluated according to its point in
time and with various input interest rates.
Thus, it is possible to calculate a capitalised
value for each tree species (figure 3).

Results of the target forest planning are: a
stand-specific tree species recommendation,
detailed data about future tree species
distribution on the area of the forest enterprise
and the expected benefits.

Scenarios and results. To formulate a
scientifically sound target forest planning for
the forest district Eberswalde, various scenar-
ios have been formulated. Those can be seen
in figure 4.

Especially, numerous protection areas are
a characteristic feature of the landscape
mentioned above. Hence, the scenarios are
paying attention to them to a different
intensity.  Restrictions  were  generally
formulated according to the relevant
prescriptions. All scenarios were calculated for
the two alternatives (a) and (b), whereby
alternative (a) represents the site conditions
under the influence of climate change (Sla to
S3a) and alternative (b) depicts the present site
conditions (S1b to S3b).

Figure 5 demonstrates the changing tree
species distribution resulting from the different
scenarios. Obviously the share of the Douglas
fir is strongly dependent on the amount of
protection areas taken into consideration.

Subsequently figure 6 reflects the
monetary results of the various scenarios. In
contrast to the present stocking, which has a
calculated land expectation value of -1,041
€/ha, the optimised stocking has a positive
land expectation value of 2,289 €/ha, although
all kinds of protection areas are taken into
account. Both figures are based on the
consideration of an input interest rate of 1 per
cent.

Scenario S1 reflects a situation without
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any restrictions due to protection areas. Compared to the prior described scenarios and results a stocking
with a land expectation value of 9,821 €/ha could be established hereby. Thus, considerably high costs
become obvious regarding the protection areas.

Moreover, the

influen f lim
LEV[ €/ha] uence of a climate
- - change adapted
Interest rate considering CC without CC planning can be seen.
1% 2% 3% 1% Compared to the
S1 - without protection status 9.821 | -856 | 2.493 11.947 planning without
S2 - nature + landscape protection areas 6.925 -1.569 2.824 7.938 regard to climate
- : change the benefits of

S3 - nature + landscape protection+Natura 2000 sites 2.289 -2.071 -2.709 5.191 .
an adapted planning
S4 - current stocking -1.041 -3.416 -3.514 -1.041 are generauy lower
|input administrativ.costs 125 €/ha/a L (Sla to S3a). So the
Fig. 7. Result regarding the land expectation value difference in  land

expectation value
between alternative a (considering climate change) and alternative b (without climate change) in scenario
3 is only 2,902 €/ha. However, the influence of protection areas as a consequence of political decisions is
much more important.
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IJIAHUPOBAHUE JECOHACAXKJIEHHUI B YCJOBUSX MEHSIIOLIETOCS KIUMATA

Bcredcmsue npoenozupyemozo 2n06anbHo20 usmMeHeHus KiuMama u 6 pe3yibmame cMeHbl YCaosuil me-
CMONPOU3PACMAHUA CIMAHOBUMCS AKMYANbHOU ONMUMU3AYUS CMEUAHHO20 COCMABA U NIAHUPOSAHUe YeTe-
8bIX Jeconacadxcoenull. IIpoyecc nAaHUpPOSAHUA BbIPAXCAEMCS 6 ONMUMU3AYUU COCMABA CMEUAHHbIX
Hacaxcoenutl, 0onycKanwezo pasiuitble 0ZPAHUYeHUs Ha YPOGHE HACANCOEHUL, YCIO8ULl NPOUSPACMAHUA,
Kamez2opuil 3auumnoCcmu, RPeOnPUsMus 8 YeIoM.

Knrouegvie cnoga: enobanvroe usmenenue KiumMama, ONMUMUsayus yposHeii 0pegocnoes, yeiesvie je-
ca, Mooenuposamue OpesecHo2o NPUPOCma.
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TEXHOJIOT'UU U MALIUHBI JIECHOTI'O AEJIA

VK 630.587:621.311
H. U. Troxoe

BO3OBHOBJISIEMAS SHEPTETUKA 1 JIECHOE XO3SIMCTBO
JJIAA YCTOUYUBOI'O BYAYIIEI'O

Paccmampusaromes 6onpocvl ycmotiuugozo pazeumust dHepeemuxy Ha baze 60300-
HOBJILeMbIX UCIOYHUKO8 dHepauu. Tloxazana neobxooumocms nepexooa K HO8bIM MeXHO-
no2usim 80300H081eMOl IHepeemuku. ObOCYHCOarOmes NPuMepsbl KOHKPEMHbIX MeXHOL0-
2ULL: UCNONBL30BAHUS OUOMACCHL U KOMOUHUPOBAHHO20 NPE0OPA3Z06AHUSL CONHEYHOU dHEp-
2uu 0J1s1 0OHOBPEMEHHOU 2eHepayu AeKMpPU1ecKoll IHepeuu U menid.

Knrouesvie cnosa: sozobnoensemas JHepeemuKa, 6MOMCZCCCZ, COJIHEeYHble KOJIIeKmopbl.

Beenenue. [Ipobaembl pa3BuTHs Bo300OHOBsIeMol 3HepreTuku (BD) u coBepiieHCTBOBaHUS pa-
OOTBI JIECHOTO XO03siCTBA BO MHOTOM aHAJIOTHYHBL. B ycioBusX, korja MacimTaObl aHTPOIIOTEHHOTO
BO3/ICHCTBUS HA OKPYXKAIOIILYIO CPelly TOCTUIIIHM TaKUX pa3MepoB, YTO IO YIPO3y TOCTABIICHA KU3HB
HAa TUIAHETe, OXpaHa OKPYKaIolIei cpeibl ¥ paroHAIbHOE TIPUPO/IONIOIH30BAHNE BEIXOAT HA TIEpe/I-
HUM MJ1aH. Y cTOWYUBOE pa3BuTHe BD U IECHOTO X035iCTBA SIBIISIIOTCS BAXKHEHIITUMHU HAITMOHATBHBIMU
1 MEKTOCY/IapCTBEHHBIMHE 3aJIa4aMH, YCIICITHOE PEIICHNE KOTOPBIX HEpa3phIBHO CBS3aHO ¢ obecriede-
HUEM BBICOKOTO YPOBHS MPOECCHOHATBHON OATOTOBKH CIEIUAINCTOB B IAHHON 00IacTH.

HoBblif 3Tan npupoononbp30BaHus TpeOyeT HOBBIX METOI0B MPUMEHEHHUST BRICOKMX TEXHOJIOTHH,
COBPEMEHHOM BHICOKOABTOMATH3MPOBAHHON M 3KOJIOTUYHOW TEXHHUKH, OPTraHH3aIMOHHBIX CXEM U pe-
cypcocOeperaronmx TEXHOJIOTHI U HCIIOIBb30BaHIE BO30OHOBIISIEMBIX PECYPCOB.

Lesanb padoThbl — paccMOTPETh BO3MOXKHBIC ITYTH YCTOWYHBOTO Pa3BUTHSI DHEPTETUKH, TIEPEX01 Ha
BO300HOBJISIEMbBIE PECYPCHI, aHATN3 U pa3paboTKa KOHKPETHBIX TEXHOIOTHH.

Heo6xonumocTh K nepexoay Ha yCTOHYHBBIE TEXHOJOTHH. TpaIUIIMOHHAS SJHEPTETHKA, BKITFO-
Yasi aTOMHY0, 0a3upyeTcs Ha UCKOMAaeMbIX HCTOYHUKAX dHepruu. K coxalleHni0, MHOTHMH SKOHOMHU-
CTaMH HTHOpUpYETCs TOT (akT, uTo HeTh SABIAETCS HE BO3OOHOBISIEMBbIM pecypcoM. MHBecTopam
y)Ke ceiiuac CTAaHOBUTCS MOHSATHO, YTO 0€3 3HAUNUTEIILHOI0 COKPAIICHHsI 00bEMOB MOTPEOJICHUS HEPTH
B Ommkaiiime roabl (Ha3plBaloT cpokd B 5—10 jeT) MUpOBOI ypoBeHb JOOBIYM JOCTHTHET CBOETO
MaKCHUMyMa.

K upe3BbIuaiiHo BaXKHOMY 3aKITIOUCHUIO — TOCTHKEHUIO a0CONOTHOTO MaKCUMyMa TIOTpeOIeHu s,
Briepsbie niputien M. Kunr Xa66ept (Dr. M. King Hubbert), reonor, KoTopsiii ClIpOrHO3UPOBAIT BEHU-
YHHY O0O0BEMOB HE(TEAOOBIYH, UCIONB3YsS HCTOPHUYECKHE JaHHBIC W OICHKH JIOKa3aHHBIX 3aIlacoB.
Eme B 1956 romy, OCHOBBIBAsICh Ha MeOJIOrMYECKUX M3bICKAHHIX, Xa00epT MMoKa3aj, YTO YPOBEHb JI0-
ob1un B CIIA mocturder ceoero makcumyma B 1970 roay [1]. @akTuyecku eMy yaaioch penckas3aTh
MepBbIi dHepreTuueckuil kpusuc (Xadoept ommoOcs nuib Ha 4 roja — B 1974 1. MOSBHINCH MPU3HAKU
CHIDKEHUs TOOBIYM HEeTH U TIOCIENyIONHiA PocT 1eH). boiee Toro, oH CporHO3MpoOBal, YTO MUPO-
BO# ypoBeHb 00beMOB HeTeq00BIUN JOCTUTHET MakcuMyMa npumepHo k 2000 roay (puc. 1). Pazym-
HO€ HCIONB30BaHUE HMCKOIMAEMBIX PECYpPCOB IMOJAPa3yMeBaeT, YTO NpU (PHUKCUPOBAHHOH CTPYKType
MPOM3BOICTBA U MOTPEOJICHUS peCypCHas PeHTa HaIpaBisgeTcs He B (PMHAHCOBBIA ()OHI, a Ha pPa3BH-
THE TEXHOJIOTUH, UCTIONB3YIONIMX BO30OHOBIISIEMBIE PECYPCHI, H, TEM CaMBIM, 3aMEIIAIONINX B MPOU3-
BOJICTBE Hcue3aromuii pecype [2]. Ilepexon k BO30OHOBISEMOI SHEPreTHKE MEPEBOIUT SHEPIETUKY B

© TroxoB U. U., 2009.
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KJIAaCC BO30OHOBJISIEMBIX pecypcoB. Takoi MOIX0J JaBHO HMCIIONB3YETCS B JIGCHOM XO3SIMCTBE, TIC
OTIpe7IeNIeHHAasl 9acTh JIOXOJO0B OT BEIEHUS JIECHOTO XO3SMCTBA PACXOMYETCsl Ha MOIICPIKKY JIECOIH-

TOMHHKOB.

Koraa HacTynuT nNuk npovsBoACcTBa MUPOBOM HedTH:
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Tak, HCIONB30BAaHUE APEBECHBIX
OTXOZOB JUIA TONy4eHHUs TOIUIMBA
MpHUAAeT JIECO3aroTOBUTENFHOMY MpO-
W3BOJICTBY OE30TXOIHBIH XapakTep H
noBbImaer 3(QpQeKTHBHOCTL Mep IO
oxpaHe Mpuposl. BoBneuenue B TOMN-
JMUBHBIN OajaHC JIeCONPOMBINUICHHBIX
MPEANPUATHN JAPEBECHBIX OTXOJIOB —
3¢ deKTHBHOE MepomnpHsTHe Mo cOe-
POKEHHUIO IS OyaylMX TOKOJICHUH
TOPIOYHX MCKOMAEMBIX.

B smBape 2009 roma mpaBUTENH-
ctBo PD mpunsino nporpamMmy pasBu-

THSl albTEPHATHBHON SHEPreTHKHU, KO-
TOpasl TpearoiaracT yBEIHYCHUE ee
nond B dHeproOanmance crpanbl. Co-
TJIACHO PACTOPSDKEHUIO, HAa TIEPHOJ JI0
2020 roma ycTaHaBIMBAIOTCS CIIENYIO-
e 3HAYCHMsI [IEeEeBhIX ToKa3arteeil o0beMa MPOU3BOACTBA U TIOTPEOICHUS IEKTPUIESCKON SHEPTUU
C UCIIONIb30BAHHUEM BO30OHOBIISIEMBIX HCTOYHHUKOB DHEPTHH (KpOME THIIPO3JIEKTPOCTAHIIUN yCTaHOB-
JICHHOM MOIIHOCTBIO Oosiee 25 MBT): B 2010 romy — 1,5 %; B 2015 roay — 2,5 %; B 2020 roay — 4,5 %.

Bbi60op nepcnekTUBHBIX TexHoJioruii BJ. OcHoBHbIMU TexHONMorusaMu BD mia Poccun moryt
cTaTh KOMOMHHPOBAaHHBIC CHCTEMBbI, pabOTaloNie HA Pa3IMYHbIX MEPBUYHBIX UCTOUYHHKAX: YHEPTUU
OroMacchl, COITHIIA, BETpa M SHEPTUU MAaIIbIX BOAOTOKOB. OCOOCHHO MHOT'O HOBBIX TTOIXO0/I0B pa3paba-
THIBAETCS B HCIOJNB30BAaHHH DHEPTUM OMOMAcChl M COJNHIA. PaccCMOTpHM HEKOTOpbIE TPUMEPHI UC-
MOJIb30BAHUS DTHX PECYPCOB.

Bornblioe 3HaueHKWE Ui aBTOHOMHOI'O dHEPrOCHAOXKEHHUS UMEET TEXHOJIOTHUS epepaboTku Ouo-
MAacChl, paCTUTENBHBIX U JPEBECHBIX OTXO/0B, TOp(a B KHUJIKOE TOILTUBO U T'a3 TIOCPENCTBOM OBICTPO-
ro nuponu3a. [lo nanaeiv akagemuka PACXH Crpebkosa . C., B Poccun cambie Gonblive JIeCHbIE
pecypebl (21% MHPOBBIX JIECHBIX IUTOIIANCH) ¥ 0kojao 30 MJIH. ra HeoOpabaThIBAEMBIX 3EMEIbHBIX
Yromuii, KOTOpble MOXKHO HCIIOJBb30BAThH IMOJI MOCAIKH OBICTPOpACTYIIEH pacTUTENBHON Macchl, U ¢
3THX IJIOA el moy4yars npu nepepadorke 150—-200 MITH. TOHH XKHJIKOTO TOIUIABA.

DHepreTHyYecKre YCTAaHOBKH, HCIONB3YIOIIUE OMOMAacCy, MOTYT JIaThb CTOJNBKO >K€ JHEPTHUH,
CKOJIbKO BCE aTOMHBIE AJIEKTPOCTAHIIUM Poccru, M OHM MMEIOT MOYTH HYJIEBbIE BHIOPOCHI JMOKCHIA
yIJIepoa U Cephl, T.€. SBISIOTCS KOJIOTHYECKH YHCThIMU. [lodydeHue u ucroib30BaHue 3TOro Ouo-
JIM3ETBHOTO TOIJIMBA HA CENe TO3BOJNUT IOMOIHUTH dHEPTOOaTaHC CENbCKUX MPEINPUITHIA U Peruo-
HOB W B 3HAYUTENBHOM Mepe CHU3UTHh 3aBHCUMOCTH OT IEHTPAIM30BAHHBIX 3aKYIOK HCKOMAEeMOro
ToIiMBa M 3jekrposHepruu [3]. Ilpumep ycraHoBkH, pa3paboranHoii B BUDCX mnpuBomutcs Ha
puc.2. Beicokumu TeMIamMu BO BCEM MHPE Pa3BUBAIOTCS CONHEYHO-dHEpreTudeckue TexHonoruu. Co-
racHo mporuozam, k 2020 romy okosio 50 000 MBt (50 I'BT) ¢orosnekrpuueckux cucreM Oyner
YCTaHaBJIMBATHCS ©XKETOHO, T.€. B IBA/IATH Pa3 OOJBIIE 10 CPABHEHHIO C YCTAHOBJICHHOW MOIIHOCTBIO
2538 MBrT B 2007 rony. K 2010 roxy oxosno 400 mpou3BOACTBEHHBIX JIMHUN B MHpE, TIPOU3BOIAIINX,
o MeHbIned Mepe, | MBT coHEUHBIX 3JIEMEHTOB B Tojl, OyJIeT YCTAHOBJICHO BMECTO MPUMEPHO CTa
muauid B 2007 Tomy, T.e. MPUMEpPHO B 4eThIpe pasza Oombine, yeM ceituac (http://www.nanowerk.
com/news/newsid=8294.php).

HecMotpst Ha 3penocTh B BBICOKOE COBEPIICHCTBO (POTOIIEKTPUUECKUX TEXHOIOTUH «B YHCTOM
BUJIC», T.€. TOIBKO TEXHOJIOTHI TeHEepallly dJIEKTPUUYECTBA, a TaKkKe (PaHTaCTHYECKUE TEMITbI pOCTa
(hOTO3IEKTPHYECKOM TPOMBIIIIEHHOCTH — 0K0o 30—40% B roj, mpoao/KaeTcs MOMCK HOBBIX TEXHH-
YECKUX PEICHUH, CBA3aHHBIX ¢ (POTOdIEKTpHUECKHM IPe0oOpa30BaHUEM COTHEUHOH SHEPTHH.
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dotodnekTprueckoe Tpeodpa3oBaHHe
(D) comHeyHOU ZHEPTHU B AIIEKTPUUEC-
KyIO CYIIECTBYET OKOJIO MOIyBeKa, MpHIeM
cHayaja ObUIM pa3pa00TaHbl TEXHOJOTHH
JUIST KOCMHUYECKMX NpUMEHEHHIl, a 3aTeM
y/aJI0Ch CYIIECTBEHHO CHHU3UTH CTOMMOCTH
(OTOINEKTPUUECKAX TEXHOIOTHHA 110 TpPHU-
eMJIEMBIX YpPOBHEW JUIs HMCIONb30BAHUSA B
Ha3eMHBIX YCTaHOBKax. B kauecTBe mpume-
pa UCTIONIb30BaHMUs TAKOW YHEPTUH Ha puc. 3
nmoka3aH jgom jecHuka (CILIA). Takue ¢do-
TOIICKTPHUYECKHE MOAYIHA  OOCCIeUnITH
okoio 7900 kBT wac »JEKTpOPHEPTUU 3a
2005 r.

PBIHOK CONMHEYHBIX TEIUIOBBIX CHUCTEM
TaKKe pa3BUBAETCS MOPA3UTEIbHBIMU TEM-
namMu. TONBKO €BPOMEHCKHII PBIHOK COJ-
HEYHBIX TEIIOBBIX cucTeM BhIpoc B 2006 T.
Ha 47%, TpeBbICUB BCE OXUAAHWUS U J0-
CTUTHYB yCTAaHOBJIEHHOW MomrHocTH 2,1
I'Br TemoBoit momHocTH (3 MHUIHOHA
KBa/IpaTHBIX METPOB COJTHEUHBIX KOJUIEKTO-
poB). ConHeuHbIE KOJUIEKTOPBI MOTYT IIPH-
MEHSTHCS MPAKTUYECKH BO BCEX MPOIleccax,
WCIOJNB3YIOMKX Teruio. Kosiekropsl MOryT
OBITH JKUAKOCTHOI'O WJIM BO3IYIIHOTO THIIA
B 3aBUCHUMOCTH OT BHJa IHUPKYJIHUPYIOLIETO
Yyepe3 HUX TEIUIOHOCUTENS.

TerutoBoe mnpeobpazosanue (T) con-
HEYHOM SHEpruH M3BECTHO M MCIIONb3YyeTCs
Puc. 3. [lom necnuxa co écmpoennvimu na Kpviuie omo- HCIIOBCKOM € JABHUX BPCMCH, XOTA Hayq:

snexmpuueckumu modyasmu (CILIA) Hble METOJBl HCIOIB30BAHUSI COMHEYHOM

SHEPTUU CTalH pa3padaThiBaThCS OTHOCH-

TenpHO HemaBHO. B 1741 romy M. B. JIoMOHOCOB TpeiIOKMI MHOTOJIMH30BYIO COTHEUHYIO Iedh (Ka-

TONMPHUKO-TUONITPHUSCKUH 3a)KUTaTeIbHbIM MHCTPYMEHT), a (paHiry3ckuii ¢pusuk [lynse B 1837 romy
co3J1aN MpruOOp AT OTpeIeIeH s SHEPTHU TPUXO/IIET0 COTHEYHOTO H3TydeHUSI.

HoBplii momxoxa cBsi3aH ¢ KOMOMHUPOBAHHBIM MTPEOOpPa30BaHUEM COJTHEUHOM dHEpPruu. MoTodnek-
TPUYECKOE U TEIUIOBOE IMpeodpa3oBaHKe COMHEUHOHN 3Hepruu (POT) ocyiiecTBiseTcs B €UMHON MH-
TErpUpPOBAHHOMN CHCTEME, B KOTOPOW OJHOBPEMEHHO UCTONB3YIOTCA U (DOTORTIEKTpHUECKasl TeHepalus
ANEKTPUUECTBA, ¥ TIONyYEHHE TeIjia OT COMHEYHOH »Hepruu. PaspaboraHHas B TEUEHHE MOCICIHHX
HECKOJIbKUX JIECATHIICTUH Teopus (OTOINEKTPUUECKOro 3¢dexrta B MOIYNPOBOAHUKAX C p-II-
MEpEexo/IOM TO3BOJISIET B TIEPBOM MPHONMKEHUU ONMUCATh XapaKTEPUCTUKU COJTHEYHBIX SJIIEMEHTOB
(CD3), 00BsicHUTH peanbHO nonyuaembie 3HaueHus KI1/] 1 yka3aTh myTH MX IOBBIIICHUS.

B kmaccuueckoit Teopum BonbTamiiepHas xapakrepuctuka (BAX) CD, To ecTh 3aBUCHMOCTB
HanpspkeHus: U Ha BBIBOAAX OT TOKa J B IEMH, OMHUCHIBACTCS BBIPAKECHUEM:

J,—J
U=AkT-1n ¢

q Jo
rzie J — MIOTHOCTH BBIXOXHOIO TOKa (oTompeodpasoBaters, A/cy’;
J¢ — IIIOTHOCTH (hOTOTOKA, TIPOMOPIIMOHATBHAS HHTEHCHBHOCTH COTHEYHOIO M3TyYCHHS, T1aJar0IIero
Ha TTOBEPXHOCTH (hoTONpeobpasoBaTens, A/cM’;
Jo — MIOTHOCTP OOpPATHOrO TOKAa HACHINICHHS, OMNpenessieMas CBOWCTBAMH HCXOIHOIO TIONY-
IIPOBOJHMKA M TEXHONOTHEH H3rOTOBIECHHS (oTompeodpasoBarers, A/cm’;

lilﬂ"&
>

y -
L
A
e

é’
TN\
“,“‘—.

Puc. 2. Obwuii 6u0 ycmanosku 0Jist ROAYYEHUSL HCUOKO20
U 2a3000pazno20 MONIUBA (C1ea), NPOU3BOOUMETLHOCHIL
0,5 m/cymru u ouzenv-cenepamop (cnpasa) 1eKmpuyecKor
mowHocmuio 20 kBm

+1|-J-R (1)
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R — BHyTpeHHee AJIEeKTpHYECKOE CONMPOTHBIICHUE, MPEMSTCTBYIONIEE MPOTEKAHNUIO TOKA B CTPYKTYpe
(dotonpeoOpa3oBaTeist U Yepe3 OMHUCCKHUE KOHTAKThI, OM;
A — mapamerp xkpuBu3Hsl BAX, o.e. be3pazmepnsiii mapamerp kpuBu3nsl BAX A onpezaensiercst cBoi-
CTBaMH p-TI-Tiepexojia ¥ 00bIYHO UMEET 3HAUYCHHS OT 1 (I MaeabHOrO P-I-Tiepexoaa) Ao 3;
k — mocrosiHas Bombrmana, k=1,3810% /K ;
T — pabouas Temmeparypa ¢oromnpeodpasosarens, K;
Q — 3apsia sekTpona, q = 1,602:10™"° Ko
Beipaxxenne niua BAX (1) 3aBUCHT OT TeMIiepaTyphl HE TOJIBKO SIBHO, HO M YEPE3 BEMYUHEI Jg 1 J,.
MakcuMmanbHas MomHocTh CO onpenernsiercs mo napamerpam BAX crnenyromum o0pa3om:

PeIZUxx'qu'g (2)

rae Uy — HampsiKeHHUe X0JI0CToro xoa, B;
{ — KO3 PUIIMEHT 3aTIOTHEHHSI BOJbTAMITEPHON XapaKTEPUCTUKH.

Hanpsoxenue xomocroro xona CO takxke sBisieTcst QYHKIMEH OT TEMIIEpaTypbl U ONpPEAeIseTcs
CJICIYIOLIMM 00pa3oM: AKT

qu
U, =""—In| =2 +1 3)
q J,

HpI/I MaJIbIX KOHIECHTpAIUAX COJTHCUHOT'O MU3JTYUYCHHUSA MOXHO CHHUTATh, YTO BECIIMYMHA Uxx nu3Mme-
HACTCA NPaKTUYCCKU JIMHEMHO C YBCINYCHUEM TEMIICPATYPHI.

AkT “

AkT

Nzmenenue popmer BAX nipu noseimennu temnepatrypbl CO BUIHO Ha puc. 4.
14

3,0

~ Nt
(S S N

0 0,1 0,2 0,3 0.4 0,5 0,6 0,7 U B

Puc. 4. Brusnue paboueii memnepamypor CO na ¢popmy 6016mamnepHoti XxapaKxmepucmuxu
(1 — BAX npu memnepamype 75 °C, 2 —npu 50 °C, 3 —npu 25 °C, 4 — npu 0°C)

Koagduiment nonesnoro aericteus CO onpenensiercs Kak OTHOIICHHE MAKCUMaIbHON 3JICKTPH-
YeCKOM MOIIHOCTH, CHUMAEeMOH ¢ equHHIEI Iomand CO, K HHTEHCUBHOCTH MMAAAIONIEro COJTHEYHOI0

mnyaenus Ec: n = Py 5)

C yderoMm Beipaxkenwii (2, 3, 5) Beipaxenue st KIT/] MoxXHO 3amucaTh CIEAYIOIIM 00pa3oM:

u.-J,-
o Vatterl AT S (e ©
EC q EC JU

W3 BBIpaXKEHU# CIEAYeT, YTO BEIHYMHA 1) TTAJAeT ¢ POCTOM Temreparypsl CD MpHOIH3UTETBHO
Ha 0,3% Ha rpagyc. Tem cambim, oxnaxkaas CO, moxuo nosicuth KIT1 horosanekrprueckoro mpeoo-
pa3oBaHus, HO 0OJIee CYIIECTBEHHBIH 3()(EKT MOXKHO MOJYyYUTh, €CJIU UCIOIb30BaTh OTBOJUMOE OT
CD rtemno. s tunuunbix 3Haduenuit KITJI CO cocraBiser okono 15%, ocranabHas (Ooblnas) 4acTh
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COJTHEYHOW 3HEPTUU IpeBpaliaercs B Temao. B enunoit uaterpupoannoit ®OT cucreme MoxkeT ocy-
HIECTBIIATHCS T.0. T€HEpalrs U dJeKTpudecTBa, U Temia. [Ipu ycranoBke ®OT cucteM Ha KpbIIIE WIH
dacane TpeOyercst MeHbIIasl IUIOLIA/b, YeM, €CJIM OBl Mbl YCTAaHABIUBAIM OTACIBHO (POTOIEKTpHUUE-
CKUH MOAYJb U PSIOM TEIJIOBOW KOJIIIEKTOP.

- | A EE e e e AT R R A S R I'naBHbIC HIEH, TONOKCHHBIC B
F @ e, of oregen
w:‘(fg’:%’;ﬁi m OCHOBY TAaKOro MOAXOJAa W 3allu-
H jar) time zone -
' mieHHele  coTpyaHukamu  BHUOCX
70° s poccuiickumMu mateHTamu [4]: wuc-
] I~
s 5 MOJIB30BAHUE JIBYXCTOPOHHHX COJI-
il A ENyRNE HeuHbIX 3nemMenToB ([JCD); mcrnonsb-
e
£ e N é ’> T\ {7’% ’\/\ §>”~ 30BaHME HEM300paKAIOMMX Mapado-
: /AN T T TR 7N JONMJIMHAPUYCCKUX  OTPa)Karomnx
g AR B NN KOHI[CHTPATOPOB;  HCIIOJb30BaHHE
- AT/ \ CTEKIIONAKETOB, 3aIIOTHEHHBIX
F <4 o o o
: “7(/< / \//\\r A 8 / Y \Xi" HEUTPAIbHON OXIAKIAIOMIEH KHI-
20t \[/ XNV KOCTBIO JIJISI TEPMETU3AIMN U OTBOJA
o INS \ Teria OT COTHEYHBIX JIEMEHTOB (T.€.
EANAVAVAY/ \VAN \\)\\ ] 0e3 MpUMCHEHHS TPaJUIUOHHBIX
5
Sl e e e e B a0 aas sae  TUIACTHKOB THIIA YTHUJICHBHHHJIALICTAT

East <—— Solar Azimuth ——> West

win teanap (KOTopele OOBIYHO Jie-
rpafupyroT noj aevcreueM YD us-
ny4yenust). [Ipumenenue JCO c ma-
PpaboNOMIIMHAPHUECKUMHI  OTpaXka-
IONIMMH  KOHI[EHTPAaTOpaMH O3B0~
9q JIAE€T yBEIUYUThH YIOJl «3PEHUSA KOH-
HEHTpaTopa» U JaeT BO3MOXHOCTb
MPOEKTUPOBaTh CTallMOHapHbBIE (0e3
cnexenns 3a CoMHIIEM) UM KBa3u-
i cTallMOHapHbIe (C KOpPpEKIHeH ™o
! yIJIy B 3aBHCUMOCTH OT BpEMEHH
: roga) cucrteMbl. bmaromaps mpume-
"""""" HEHHIO CTEKIIONAKETOB C ONTHYECKH
Mpo3payvyHoil 5 XAMHUYECKU
HeiitpanpHOl K JCD XKUAKOCTHIO
JUIL  YIy4IIEHWs TEMIIEPaTypHOIO
pexuma padotel JICO U 0TKazy OT MaTEpHAIIOB Ha OCHOBE TUIACTHKOB CPOK CITY’KOBI COTHEYHOTO MO-
JyJisl MOYKET ObITh yBenuueH 10 30—50 Jier.

Pa3mepn! KoHIIEHTpaTOpa ONpeAesUIUCh U3 pa3MepoB IpruemMHoro moxynst ¢ JACO miomaznsio 10
x 10 cm® B kommuectse 10 mryk. JlanHa napaGoIonuIHHApHYecKoro orpaxares 1,33 M 6biia 6oIb-
e, yeM juinHa nenodku CO (1,02 M ¢ yderoM 3a30pOB MEXKIy 3JIEMEHTaMH), YTOObI 00ECIIEUUTH MO-
najiaHue CBETOBOI0 MsITHA MpH cMerieHur CONHIIa B HEKOTOPOM JTHAIa3oHe Mo YacoBOMY yIity. 3ame-
TUM, YTO IpHU pasMCIICHUU BAOJIb KO3bIpbKa 34aHHUA CUCTEMBI, COCTO;IHIefI U3 NACHTUYHBIX MO):[yHeﬁ
0e3 3230pOB MEXIly HUIMH, TpeOOBaHUE K YBEIUYCHHIO JUTMHBI OTPa)kaTells 0 CPAaBHEHHUIO C JUTHHOU
nenodkd CO mpeabsBiIIeTCS TOJIBKO K KpasM CHCTEMbI. PacdeT yrJioB, OrpaHUYHUBAIONIMX PaboTy
KOHIICHTpATOpa B 33J]aHHOM JMaria3o0He, MPOBOMIICS C YYETOM YrioBoro nonoxkenust Comnna. Yrio-
Boe nonokeHre CoHIIa B 3aBUCHMOCTH OT BPEMEHHU TOJla H CYTOK Opalioch M3 JuarpaMmbl (puc. 5),
reHepUpyeMoil Ha BeO-caliTe JlabopaTopuu 1o coiHeuHoMy MouutopuHry (http://solardat.uoregon.edu)
kadenpsl pusuku yausepcutera mrara OperoH.

[MocTpoenune mapaboMOMUIHHAPHYECKOTO IPO(HIIS OTpaskaTeNs MPOBOIMIOCH rpaduIecKu ¢ mo-
MOIIBIO PEHCIINHBI U HEPACTSHXKUMON HUTU B COOTBETCTBHH C puC. 6. ONMH U3 KOHIIOB HUTH 3aKpel-
qsercs B Gokyce pericimapl O, APyrod Ha BEpXHEM KOHIIE peHcHIMHBL. [Ipyu cMelIeHUH perCIIMHBI
BJIOJIb TOPHU3OHTAILHOTO HAIPABIICHUS KapaHIAIl, CKOJB3SIMUNA BAONb peiicimubl (T. B), pucyer ma-
paboiny ¢ pokycHbM paccrosareM OF. 3atem nmapabosia pa3BopadvBajiach Ha 3aJaHHBIN aniepTypHBII
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yroil ¥ K Hell JOpHUCOBBIBAIACH OKPYXKHOCTB. [loydeHHbIH ipoduis nepeHocuscs Ha (haHepHbBIE JIH-
CTBI TONIIUHON OK0j10 10 MM M BBIpe3aJics JICHTOYHON MHION. YeThipe BhIpE3aHHBIX (haHEPHBIX MPO-
(WIS COEMHSUTACH C TOMOIIBIO AFOMUHHUEBBIX HANPABISIOMNX, (OPMHPYS KapKac OTpaskaTens, Ha
KOTOpBIN 3aTEM KpENUJICS TOHKUW METAJUIMYECKUM JIMCT, CIY)KaIUi MOUIOKKOW I OTpa)karolei
ieHkH (puc. 7). Merannu3upoBaHHas MJIeHKa, HaIpUMep, MPOU3BOoACTBa Komnanuu 3M (mpencraBu-
TENBCTBO €CcTh B Poccun), HakiienBanach Ha MOJUIOKKY Kak OObIYHAs KIIESIasl MIICHKA THIIA «CKOTY».

-

Tox K3 B 3aBHcHMOCTH 0T yria noabema ConHua

(c HaYaJIOM OTCYeTa OT KacaTelbHON B KpaifHel Touke HHKHEH MOJTOBHHBI

oTpaxkares)
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Vron nogsema ConHlia (¢ HaYaIo0M OTCUYETa OT KacaTelbHOM B KpaifHel Touke

HH)KHEH ITOJIOBHHBI OTpaxaTells) , Tpajl.

Puc. 8. YVenosvie xapaxmepucmuxu (3aeucumocmu moxoe
KOpOmKo2o 3amvikanusi om yana noovema Coanya

U A3UMymanbHO20 yana)

3aBucumocTh Toka K3 ot asumyTanbHoro yria
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Puc. 9. YVenoswvie xapaxmepucmuxu

Puc. 7. FOpuS’OHmaJleOe U 6epmuKaibHoe UCNOoJIHEeHUe COJIHEeYH020 KOHYeRmpamopa

B kagectBe nmpumepa Ha puc. 8 u
9 mpuBOmATCS JBE OCHOBHBIC YTIIO-
BbIC XapaKTEPUCTUKU (3aBHCUMOCTH
TOKOB KOPOTKOT'O 3aMBIKAHUS OT yriia
nogbemMa CoJNHIIA M a3WMYTaJIBHOTO
yria).

[IpoBanm B XapaKTepUCTHKE Ha
puc. 8 oOBsACHSICTCS TEM, YTO pa3Mep
CTEKJIONaKeTa JJIsl TPOBEPKU pasiIy-
HBIX BapHAHTOB OXJIAXKICHUS ObLI
HECKOJIbKO OoJibIlle, YeM pa3Mep
JC3 u ipu niepexoe ¢ ITUIEBOH MMO-
BEPXHOCTH MPHEMHHKA Ha THUIBHYIO.
CBeToBOE TATHO HA Kpato MPUEMHUKA
YaCTUYHO TPOXOJMIIO Yepe3 CTEKIIO-
maker, He momagas Ha JICD. Drtoro
CHIDKEHHS MOXKHO H30eXaTh IJIO0T-
HBIM pa3MElIEHHEM IEMOYKH CKOM-
MyTrpoBaHHbIX C3O. AcuMMmerpud-
HOCTh XapaKTEepUCTHKH Ha puc. 9
0OBSICHSICTCS TEM, YTO TpaBas U Jie-
Bas BETBU OBbLIM M3MEPEHBI B pa3HBIX
yCIoBUsX (C OONBIIMM BPEMEHHBIM
WHTEPBAJIOM MEXIy U3MEPEHHSIMH H
Mpd HE CHUMMETPHUYHBIX YCIOBHSIX
OCBCILCHUSI C OOKOBBIX CTOPOH —
BOJIN3U CTEHBI 3/1aHUS).

BozaymHoe oxnaxaeHune okasza-
JIOCh TIPOCTBIM U 3PPEKTUBHBIM (T10-
TOK BO37yXa TOABOAMJIICS OT BO3-

JIYIIHOW MarucTpaiu). BomsHoe oxiaxkaenue TpeboBasio Ooliee TIIATEIHHON repMETH3AIH, HO BaXK-
HEC C TOYKU 3PCHUA HCIIOJIB30BAaHUA B IPAKTUYCCKUX CUCTEMaxX IJId NPECABAPUTCIBHOI'O0 IMOJOrpeBa
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Bojabl. CHcTeMa ToKa3ajia XOPOIIYI0 pad0TOCIOCOOHOCTh ¢ OOOMMHU THIIAMHU OXJIQXKICHHUS, SIBJIICTCS
MPOCTOH B M3TOTOBJIICHWH, He TpeOyromel crenuansHoro odopynoBanus (JCO mocramusirorest Gpup-
MaMI/I-I/I3FOTOBI/ITeJI$[MI/I). Bce pa60TBI MOT'YT BBITIOJIHATLCA B OGBI‘IHBIX MCXaHNYCCKUX MAaCTECPCKUX.

BuiBoabl. [ yCTOHYMBOrO pa3BUTHS DHEPTETHKH HEOOXOJMMO TEPEXOJUTh Ha BO30OHOBIIsIE-
MbI€ TEXHOJIOTHH, TAKHE KaK MCIOIb30BAaHUE YHEPTUH OMOMACCHI, HCIIOIb30BAHUE CONIHEYHOW dHEp-
run. KoMOMHUpOBaHHOE (OTOINEKTPUUYECKOE M TEIJIOBOE MpeoOpa3oBaHHE CONHEYHOW HSHEPTUU
(®IT), xoTOpPOE OCYIIECTBISETCS B €AMHOW MHTETPUPOBAHHOM CHUCTEME, SIBIISECTCS TEPCIIEKTHBHBIM
HaIrrpaBJICHUEM HUCITIOJIb30BaHUA COJIHEUYHOH OHEPruu.

Baxxabim pE3YIbTaTOM OIIMCAHHOI'O OOT mnmoaxona sSBJIACTCA IMOBBIIICHUE CYMMApHOI'O BbLIXOa
COJIHEYHO-PHEPTeTHYECKUX CHCTEM, U, COOTBETCTBeHHO, uX KII/I, BKitoUast KoreHepaiuio dJeKTprye-
CTBa W TEIUIa TIPU OJHOBPEMEHHOM CHIDKEHHUH TpeOyeMoH ruiomamu. B ciiyuae HeoOXOIUMOCTH B
OOT conHEUHO-IHEPTETHYECKUX CHCTEMax C KOHIICHTPATOPaMU B COOTBETCTBUU C MPHOPUTETAMH T10-
TpeduTeneil MoXKeT OBITh MPEIyCMOTpEHa TeHepanus dJISKTPUIECTBa, TElja M X0J0/a — TPUreHepa-
nust. [eHepannio xonoza 1enecoodpa3Ho OCYIIECTBIATh B )KapKUX paloHaX, KOTJia MUKH JKapKoH Mo-
TO/IbI COBIIAJIAIOT C YBEITMUEHHEM TIOTPEOHOCTEH B XONIOIE.
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generation electricity and heat are discussed.
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SCIENTIFIC ATELIERS:
A TRANSDISCIPLINARY PARADIGM OF INTEGRATING
RESEARCH AND TEACHING ON ECO-INNOVATIONS

1t is widely acknowledged that transformation of a society towards a sustainable pattern de-
mands an effective collaboration of all stakeholders and intensive knowledge exchange within a
well-known triangle academia-business-society. Skills and competences for dealing with highly
complex and ill-defined problems have to be developed in order to effectively cope with sustaina-
bility challenge. Atelier as a specific form of transdiciplinary case studies occupies a fitting place
in this variety of educational eco-innovations aimed at sustainability learning. Atelier paradigm,
ontology, methodology and management are examined.

Key words: eco-innovations, sustainable development, scientific ateliers, multidisci-
plinary study, ecological economics.

Introduction. Radical shift in civilization development paradigm, caused by threatened state of
the enveloping and sustaining global ecosystem [1] served as a motive to rethink nature and quality of
human development in general and economic growth in particular. Aroused paradigm of sustainable
development challenged humanity and forces it to reconcile conflicts between environment, society
and economy. But the first of all it challenged modern science, dominate scientific picture of the world
designed under the strong impact of the reductionist approach.

The fact that the mechanistic worldview predetermined the first scientific picture of the real world
resulted in considering a motion as a movement but not as a change, and therefore things were treated
as unchangeable. Unchangeable physical bodies (sometimes called objects) without history and possi-
bility to develop, their behavior when they are subjected to forces or displacements, outlined scope of
the science substantiated classical scientific paradigm.

Standing in contrast to Descarte’s scientific reductionalism synergetics [2—3], an interdisciplinary
science explaining the formation and self-organization of patterns and structures in open systems far
from thermodynamic equilibrium, proves that such world-view is only a part of the whole true about
the real world. Ludwig von Bertalanffy’s general systems theory (1936) [4] embraced by synergetics,
created an interdisciplinary framework demanded by post normal science [5—6].

Non-linearity, self-organization and evolutionism feature ecological-economic systems. Urgency
in decision-making, uncertainty of facts, impossibility for experimentation because of sample size of
one requires new interdisciplinary instruments for tackling aroused challenges [1].

The shift in scientific paradigms supposes a formation of relevant innovative educational models,
which combine different sciences concepts and frameworks as well as academic and traditional
knowledge. To fill this gap in education for sustainable development a transdisciplinary case study
(TCS) model was designed to facilitate knowledge exchange between science, policy and everyday
practice in a straightforward and comprehensive way.

The paper is aimed to examine the paradigm of scientific atelier as a transcfisciplinary approach
to education for sustainability.

Scientific ateliers as an example of transdisciplinary case study. Transdisciplinarity can be
defined as an integration of values and knowledge from society into the production of scientific
knowledge [7]. In contrast to multidisciplinarity and interdisciplinarity, it does not limit itself to link-
ing different scientific paradigms, but in addition to the integration of stakeholder and expert
knowledge and values, the problem determines the appropriate tools and methods, not the discipline
[8].

Note that multidisciplinary study involves researchers from different disciplines to investigate a
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problem from these disciplines perspectives and provide several non-integrated findings developed us-
ing different methods and concepts, which contribute to and cover all the breadth of the problem under
consideration (fig. 1).

However interdisciplinarity assumes integration of scientific perspectives, concepts and tools to
obtain a single coherent understanding of the problem. Participatory approach brings together different
stakeholders, like academia, business, local population etc. Peculiarities of recent forms of knowledge
production are presented in Table 1.

Level of society A
involvement

Transdisciplinary

All stakeholders research

Academic Disciplinary Multidisciplinary Interdisciplinary
Research Research Research
stakeholders
Ll
Low Higher Level of sciences
integration

Fig. 1. Transdisciplinary research in relation to other forms of knowledge production

One of the first transdisciplinary case studies (TCS) in Europe was undertaken at the Institute of
Human-Environment Systems Natural and Social Sciences Interface at the Swiss Federal Institute of
Technology in ETH Zurich in 1994 (Eidgendssische Technische Hochschule). Nowadays European
universities arrange a lot of transdisciplinary case studies. Gained experience of innovative teaching
was discussed at a symposium on “Transdisciplinary Case Study Research for Sustainable Develop-
ment” (Helsinki, June, 2005) and is highlighted in the International Journal of Sustainability in Higher
Education (2006) [7]. Applying transdisciplinary case studies as a mean of organizing sustainability
learning becomes an effective and popular form of mutual learning by doing and it allows academia to
implement developed findings in real world conditions.

In the United States, the Gund Institute for Ecological Economics (GIEE) has pioneered the sci-
entific atelier, a self-designing, collaborative process for solving real world problems. Ateliers are de-
signed to integrate insights across disciplines and institutions, as well as research, learning, and ser-
vice. This approach brings students and faculty from several disciplines together with a broad cross-
section of stakeholders in problem-focused, adaptive, workshop settings, frequently in countries that
are less developed or undergoing transition to a market economy. The ateliers focus on a particular re-
search topic and produce a variety of publications ranging from academic journal articles with practi-
cal policy implications that represent a new transdisciplinary synthesis of the problem to grant pro-
posals and policy papers. The approach assumes “peer-to-peer” interactions among the participants,
and all participants share the common goal of addressing the chosen research topic from their particu-
lar perspective and sharing their own learning about other perspectives.

Atelier organizers typically choose the research topic in collaboration with a local partner and as-
semble a number of component resources that are available for use during the course. These resources
may include lectures on specific topics, computer modeling hardware and software, reference data and
literature, and training in collaborative problem solving. Research is problem-driven rather than tool-
driven, but an effective workshop requires that appropriate tools be available. Some of the Gund Insti-
tute's experience with TCS is presented in Ecological Economics: A Workbook for Problem-Based
Learning [9].

The main advantages of ateliers include [7]:

» Building researchers', students’ and stakeholders’ capacity for real-world problem solving;

= Creating new knowledge with practical applications for both academia and society;

=  Stimulating students to generate new knowledge and to prepare for future professional lives;

» Developing a new educational model integrating conventional lectures with field-based teach-
ing and internet-based education;
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= Facilitating dialogue and mutual understanding among academia and community, and among
stakeholders within a community;
* Improving communication, knowledge dissemination, and collaboration between academia

and society as a whole.
Table 1
Synopsis of recent forms of knowledge production

Form of knowledge Features of the form

production
Disciplina = Object of research lies within a particular science scope
Reslgarchry = Well-defined academic research methods are used in research

= Development of new knowledge or theory within specific discipline

= A research task (real-world problem) relate to several sciences
= Each scientific group

— Works within own framework

— Uses own methods for research

— Provides own scientific picture

= Result of research consists from several distinctive perspectives
= Lack of discipline cooperation and data exchange

Multidisciplinary
Research

= A real-world problem relate to several sciences
Interdisciplinary | = Integration of framework, data, research methodology (redrawing scientific map)

Research = Result of research is single integrative framework which provide a holistic view of the problem
and way of its solving

= A focus on a real-world problem

= Ensures co-learning and collaboration among academic and non-academic stakeholders (encour-
agement of traditional knowledge)

= A problem under consideration dictates a research methodology

= Applying of participatory approach to interdisciplinary research

Transdisciplinary
research

As our experience suggests simply implementing an atelier in local community induces a flow of
benefits both for academia (papers, monographs, further researches) as well as social (new level of
stakeholders’ collaboration, knowledge dissemination, perception of own connection and responsibil-
ity for changes toward sustainability) etc.

According to Scholz et al. (2006) [7] the core patterns of TCS theory are: ontology, epistemolo-
gy, methodology and project management conceptualization. We present the atelier paradigm follow-
ing this framework and using example of a particular atelier.

Ecological Economics and Sustainable Forest Management Atelier. As an illustration of a
particular atelier we will use one of the latest ones, which dealt with ecological economics and SFM.
Last autumn GIEE and the Institute of Ecological Economics (IEE), Ukrainian National Forestry Uni-
versity (UNFU), applied the atelier approach to tackle problems on a way of transition forest manage-
ment toward a sustainable pattern. The international atelier ‘Ecological Economics and SFM in the
Ukrainian Carpathions’ took place in Lviv and Transcarpathian regions in fall of 2007.

UNFU is one of the Ukrainians leaders in the field of greening curriculum. This process was orig-
inate under several Tempus Tacis projects namely P_JEP02169-95 ‘Natural Resource Economics’
(NARECO), JEP_T 10255-96 ‘Environmnent and Nattural Resource Economics’ (ENARECO) and
D CP-20575-1999 ‘Dissemination ENARECO’ (DENARECO).

Together with Universities of Freiburg (Germany), Gent (Belgium) and Padova (Italy) we devel-
oped one and a half year master program aimed to prepare high-level specialists in field of society
transformation towards sustainability. Each EU University provided scientific expertise in relevant ar-
eas and training.

The main peculiarities, that differ ENARECO master program from a plenty of newly established
programs in the field of sustainable development, are:

= The basic theme for all classes is the question how economic and societal demands can be
rendered compatible with the requirements of conservation and careful use of natural resources.

» The teaching contents of the course are not limited only to concentrating on the theory of envi-
ronmentally friendly economics, but attempts practically illustrate principles of the various sectors of a
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political economy. Hence students are expected to become experts, capable of implementing the prin-
ciple of sustainable development in practically all-relevant areas of economy and society.

= The central concern of the program is a practice-oriented education.

» The new study program is open to graduates from different fields. It is not restricted to econ-
omists, but open to geographers, law students, forest scientists, ecologists and others [11].

It has to be mentioned here that Ukraine now establishes own economic system, which is being
transformed from a centralized to a market one. In the mainstream of these much-needed changes are
questions of building a proper property system to enhance natural capital of the country; one of the
main components of it consists of forests. Ukraine has a low percentage of forest cover and an overall
deficiency of forest resources [12]. Value of forest resources and forest ecosystem functions is very
high. At the same time forests are located over the territory in a very irregular way: in steep zone for-
est cover is 1.32 million ha (5.4 %) and in the Carpathian it is 2.08 million ha (36.7 %) accordingly.
Forest of Carpathian region habitats a lot of endangered species, high biodiversity features Carpathian
forests [13—14].

In the same time permanent bias toward harvesting forest over maintaining natural capital drives
revenue-searching decision-makers to destructive natural resource management despite high depend-
ence of local population on such ecosystem services as water supply and water regulation. The urgent
and vital question is how to balance business and environmental interests in a market system being de-
veloped, how to make compatible meeting primary needs with achieving sustainable development
standards.

The atelier brought together scientists and students from US, Sweden and Ukraine, forest experts
and entrepreneurs, local community representatives and environmental NGOs for the sake to highlight
challenges, obstacles and drivers toward implementing SFM in conditions of transition economy.

Methodology. The basic principle in ateliers is that the problem being addressed determines ap-
propriate methods, not disciplinary boundaries [8]. While ecological economic ateliers typically define
problems at least partially from the perspective of three critical issues—ecologically sustainable scale,
socially just distribution, and economically efficient allocation—the specific problem still determines
the specific method for addressing each of these issues. Nonetheless, there are a number of general
methods such as problem decomposition, analysis, synthesis, brainstorming, communicating, web-
based teaching, and backward planning that are broadly applicable in most ateliers [7, 10].

The problem specific methods are by nature the most interesting and the most difficult to describe
generically. Possibilities include deep interviews, focus groups, and questionnaire development; rapid
ecological assessment techniques (e.g. of stream ecological integrity); quantitative techniques like sta-
tistical analysis and valuation of ecosystem services; policy analysis; and advanced computer based
systems modeling. Participants choose the most relevant methods for a specific case study or for the
facet of that case study they choose to address.

The EE and SFM in the Ukrainian Carpathians atelier brought together scientists and students
from the US, Sweden, and Ukraine, forest experts and entrepreneurs, local community representatives
and environmental NGOs. Thus prevailing in university teaching classical model ‘sender-receiver’
(Fig.2) was substituted by new integrative model (fig. 3) of stakeholders’ co-learning [15—16].

Fig. 2. ‘Sender-receiver’ model of teaching

Knowledg
database

Students

The expertise of the various academic participants proved highly complementary and was effec-
tively integrated with local knowledge and ability. For example, one group used relevant software to
examine services generated by local forest ecosystems, identified ‘stakeholders’ preferences regarding
these services using conceptual content cognitive mapping techniques, and examined those prefer-
ences by means of non-parametric statistic analysis [17]. Changes in landscapes were traced from a
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historical perspective using previously compiled databases. Atelier results may take many months to
be finalized, and EE and SFM in the UC results are still being written up.

Atelier Management. An atelier per se is an important and multifaceted scientific event and nat-
urally it demands relevant managerial efforts. Usually web-based courses and an appropriate spade-
work help a lot to participants to use a precious field time in the most effective way. Main stages of
the aforesaid atelier are: (1) Spadework, (2) Atelier, and (3) Final work.

Problem-solving team

Stakeholder
Stakeholder

Stakeholder

Academia

Fig. 3. Model of interactive problem-based mutual learning

The Spadework stage involves:

1) Choosing a problem, 2) Crystallizing atelier idea, 3) Announcing atelier, 4) Panel lecture on
scientific environment regarding a case study, 5) Familiarization with a case study, 6) Enrolling stu-
dents, 7) Selecting scientific team, 8) Developing relevant net, 9) Designing atelier web-site,
10) Building appropriate internet-based curriculum, 11) Self-regulated learning.

The Atelier stage assumes: scientific conference, field trips, discussion with stakeholders, team
learning, stakeholders interviewing, data collection, team discussion, scientific expertise, preparing
draft of recommendations, discussion of further investigation, debates on future publications, prelimi-
nary preparation (questionnaire, techniques, database etc). The final work contains: research, recom-
mendations for a real world problem solving, papers, books, publication of main results on a web-site,
conference.

Talking about above-mentioned atelier in Ukrainian Carpathians it is worth to mention that all
preparations were done by faculties and students of GIEE and IEE. This phase of atelier development
induces a lot of academic contacts both personal and institutional. Common search of relevant sources
in periodical press, monographs, e-space brought benefits for both sides and resulted in a huge volume
of relevant publications. When resources are available, preliminary visits can be quite useful; for ex-
ample GIEE scientists visiting the IEE delivered a series of lectures on ecological economics, and IEE
scientists visiting the GIEE presented a panel on Bioconservation Trends in Eastern Europe).

Atelier realization demands some special skills from its managers to ensure suitable and accepta-
ble field-trip logistics, efficient use of a precious field time, relevant data collecting, comprehensive
interviewing and numerous and fruitful discussions with stakeholders. Without any doubts we can say
about an important role of the final stage. Accurate documentation, illustration and concluding home
research will make an atelier constructive and creative. Dissemination of atelier participants’ findings
among all participants, stakeholders (especially out of academia) will bring a lot of benefits to com-
munity first of all.

Atelier findings. Ateliers as a form of TCS have a lot of outcomes. They can be organized in
three groups: educational, scientific and social. Addressing the first group — educational benefits sev-
eral items should be mentioned [17]:
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= Innovation form of sustainability teaching is pioneered /updated;

= Self-regulating sustainability learning is originated / improved,;

= Cross-institutional knowledge exchange is facilitated,;

= Sustainability capacity-building curriculum and didactics is enriched,

= A fruitful blend of academic lecturing, problem-based learning and internet-based education;

» Interdisciplinary and collaborative teaching model for mutual academia and society learning is
designed and implemented.

Viewing ateliers’ result from a scientific perspective we have to mention following:

=  New approaches, tools and techniques usually accompany conceptualized case study of specif-
ic phenomena caused by human activity in ecological-economic systems;

= Scientific knowledge are complemented by knowledge of a society, community and / or stake-
holders;

= Strengthen relations between university education and science. It should be mentioned here
that in former USSR an university education was decoupled from pure scientific research, hence the
question of establishing strong links among them pays special attention from the Ukrainian Ministry of
Education and Science.

And indeed, the last but not the least — social benefits, the third pillar of the sustainable develop-
ment:

= Communities involved in atelier development obtain a powerful surge of knowledge, ideas,
scientifically-grounded recommendations toward implementing eco-innovations in business, profes-
sional and personal environment;

=  Communities established links to academia;

= Creative and fruitful polylogue among stakeholders was originated,;

» Students familiarized themselves with a real-world problem and community capacity-building
methodology they will face throughout those future careers;

» Institutions and communities improved cross-cultural relations.

Conclusions. Basic premises of evolving paradigm of post normal science [18] are: investigated
phenomena are evolutional, context- and values dependent and hence decisions are subjective and I1-
luminate, dialog and co-operative learning are essential. Under these conditions new style of behavior,
policy and teaching is demanded. An atelier methodology as an advanced form of TCS approach to re-
al-world problems solving is needed to help society as whole and to community in particular to tackle
sustainability challenges.

Indeed, such science-intensive decade, to be proposed by an atelier, which combined international
conference, panel lectures and discussions, field trip and group work, brought a sharper insight of a re-
al-world problem, improved existing model of problem-based interactive learning and enrich it
through concrete examples of community capacity-building activity, induced a plenty of further re-
search, papers and other inter- and transdisciplinary and cross-cultural exchanges. It helped local
stakeholders to understand real character of existing problems, possible scenarios and trends of their
development, instruments and arrangements for dealing with such problems according to the sustaina-
ble development strategy.

As we are convinced now ateliers, TCSs are essential part of education for sustainable develop-
ment on the whole and in approaching SFM in particular. Weak links between practice and forest re-
search could be mentioned as one of subjective limitations on the way of dissemination of new
knowledge [19], especially knowledge on eco-innovations, processes that contribute to sustainable de-
velopment.
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6Cex 3AUHMEPECOBAHHBIX CHIOPOH U UHMEHCUBHO20 OOMeHa 3HAHUAMU MedcOY HAYKOU, 6usHecom u obuye-
cmeom. s peuienusi BOnpOCo8 o CROACHbIM NPoObIeMam mpeGyIomcs 3HaHUs U KOMIEMEHMHOCb, Ymoobl
apdexmueno omeeuamov Ha 6b1306bl cospemennocmu. Hayunvle nabopamopuu agnsiomcs cheyuduueckor
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E. B. Xaumemupoea, U. E. bepeman, A. @. Ypazoea

HCCJEJOBAHUE BUOJOTHYECKOM MPOAYKTUBHOCTHU HACAXKJEHUM 1O
TPAJMEHTAM ABPO3ATPS3HEHUMN: METOJJUYECKHWIA AHAJIN3 U IEPCIIEKTUBBI

Ananuzupyiomesi Memoovl KOAUHECMEEHHOU OYeHKU OU0I02U4ecKol NPOOYKMUGHO-
cmu HacadicoeHull no epaduenmam asposazpasuenut. Ilokaszanuvl npumepsl HApyUWeHUs.
NPUHYUNOE NAAHUPOBAHUSI IKCHEPUMEHMA, OMMeUeHa HeBO3MONCHOCHb €20 UOedTbHOU
peanuzayuu npu papadomre HeHoMeHOI0SULeCKOl MOOeU, KOMOpas ORUCHI8And Ovl
UBMEHeHUsl 8 IKOCUCMEMAX UMNAKMHO20 pauloHa. [Ipednosicen memoo oyeHku cmenexu
3aepsA3HeHUsl N0 NOKA3AMENI0 NPOOYKMUSHOCIU X60U 0epesd.

Knwuesvie cnosa: qbumoxwacca, npodykmueuocmb J1eCo6, 3acpPA3HEHUEe IKOCUCMEM,
COCHaQ, I’lCllZi’l-.MO@@/lb, NPOMbBLULIIEHHbLE NOJIIOMARMbL.

BBenenue. B Hacrosiee BpeMsi BBIIIOJHEHO MHOI'O MCCIEAOBAHUM MO U3MEHEHUSIM 3KOCUCTEM,
HUCIIBITBIBAIOIINX Z[eﬁCTBHe IIPOMBIINUICHHBIX BLI6pOCOB. Xots MEPCICKTUBHOCTL aHaJIM3a 3aBUCUMO-
crelt «103a-3QPeKkT» Ha SKOCUCTEMHOM YpPOBHE, JAIOIIMX MPSIMOM BBHIXOJ Ha MPOOJIEeMY yCTOHYHBO-
cTH, ObLTa JEKIapupoBaHa eile B cepeauHe 1970-X, Ha HACTOSAIIMKA MOMEHT MUMEIOTCS JIUIIb CAUHUY-
HBIC IIOIBITKHU UX ITOCTPOCHHA. HpI/I‘H/IHbI 9TOT'0 BBITCKAIOT M3 MNPUKIIAAHOI'O XapaKTepa 6OHBHII/IHCTBa
MOJJOOHBIX UCCIIEIOBAHUHN U, KaK CIIEICTBHUE, — HEMOCTATOYHOI'O KOJIMYECTBA IKCIIEPUMEHTAIbHBIX TO-
YCK I aACKBATHOI'O MPEACTABICHHA TPACKTOPUHN PCAKIMUU 3KOCHUCTEMBI, BKIIOYCHHA B aHAJIWU3 HE-
IIOJIHOT'O CIICKTpa KOMIIOHCHTOB, HApPYIICHUA CHHTOIITHOCTH PETHUCTpAlWU IapaMETpPOB OHOTBHI U CO-
ACpKaHUA TOKCUKAaHTOB.

Jns pa3paboTrku mpoOieMbl HEOOXOAMMBI COOTBETCTBYIOIINE AKCIICPUMEHTAIBHBIC MMOJUTOHBI.
B unpeane takoll MOJWTOH JOIDKEH MPENCTABIATh TEPPUTOPHUIO, B TIpeeNiaX KOTOPOH KPYIMHBIN JIH-
TenbHO nAedcTByomui (mopsaaka 50-80 jer) To4eyHBIH MCTOYHHMK 3MHCCHH TOJUTIOTAHTOB «IIOTPY-
JKeH» B (DOHOBYIO (T.€. Majo 3aTPOHYTYIO XO3SHCTBEHHOM NEATEILHOCTHIO) cpeny. OOImuMpHbIe Ipo-
cTpaHCTBa (DOHOBOM Cpeabl Ypaia B COUCTAHUHM C HAJMYMEM KPYIHBIX JIMTEIBHO MECHCTBYIONUX HC-
TOYHHUKOB BBI6pOCOB Aal0T YHUKAJIbHYIO BO3MOXHOCTE 3aHUMATHECA SKCIICPUMCHTAJIbHBIMU paGOTaMI/I
C LENBIMU SKOCHCTEMaMH Ha YPOBHE TEPPHTOPHANILHBIX KOMIUTekcoB. Ha Ypaie onnum u3 Hanbonee
HMHTCHCHBHBIX HMCTOYHUKOB TOKCHYHBIX BI)I6pOCOB B aTMOC(l)epy ABJIACTCA MCEACIITIAaBUJIBHOC MPOU3-
BOJICTBO, B yacTHOCTH, CpenHeypaibckuii MenermaBuiabHbii 3aBoj (CYM3) B CBepitoBCKOi 001acTH
u 3A0 «Kapabammenb» B UensOnHCKO# obmacT.

HccnenoBanre n0KaIbHOTO BO3ACHCTBHS HA OMOTY HEOOXOIMMO JUIS ONPENeNIeHHs €ro Harpas-
JICHHOCTH WM BEIMYHMHBI dPPEKTOB, UCCIIEAOBAHNS 3aBUCUMOCTEH «103a-3¢¢dekT». B kauecTtBe cTpec-
coBOro (pakropa paccMaTpuBaeTcs MHOTOJETHEE adpPOreHHOE IOCTYIUIEHHE TOKCHYHBIX MHKPODIIe-
MEHTOB OT MCTOYHHKA MPOMBIIIICHHBIX BBHIOPOCOB, (OPMHUPYIOIIEE KPYITHYIO TEOXHMUYESCKYIO aHO-
Manuto. CTerneHb NpOosiBIICHHS aHOMaJIMK SKCIIOHEHIIMAIBLHO YOBIBAET C yIaJIeHHEeM OT ee 1eHTpa (¥c-
TOYHHUKA OJOMHCCHH TOKCI/IKaHTOB) U, COOTBETCTBCHHO, Ha O3KOCHUCTEMbI HAKJIAABIBACTCA TI'PAAWCHT
HaArpy3KH.

W3 17 Hanbonee N3BECTHBIX HA IUIAHETE MOJIMTOHOB MO MPOOIeMaTHKE 3arpsi3HEHUH YKOCUCTEM
HET HU OJIHOTO, TJI¢ OBl B ITOJIC 3PCHUS UCCIICOBATEIICH MOMAIN BCE IPYIITLI OMOTHI (IPEBOCTOM, TPaBO-

© VYcomnsues B. A., Bopooeitunk E. JI., Xantemuposa E. B., beprman U. E., Ypaszosa A. ®@., 2009.
67



Becmuux MapI'TV. 2009. Ne2 ISSN 1997-4647

CTOi, TI0YBa, MOYBEHHAs1 )ayHa W Jip., Bcero 15 rpymnm). bonee Toro, HM OJMH MOJHUTOH HE COOTBET-
CTBYET MOHSTHIO HJCATBHOTO dKCIIEPUMEHTA, TPEOYIONIEero, Kak MUHUMYM, TIPOCTPAHCTBEHHOH OJHO-
poaHocTd (HOHOBOM Ccpeibl, KOTOpas Oblia OBl OOecIeueHa 0 Havyaia JeHCTBUS HCTOYHHKA BRIOPOCOB
Ha BCEH TEPPUTOPHHU €ro MOTEHIMAIBHOro BiaustHuUs [1]. [IpuMEHNUTENHHO K PaCTUTEILHOMY TIOKPOBY
— 9TO anpropHasi OHOPOJAHOCTh DKOTOIA U (PUTOIIEHO3a Ha BCel UcclenyeMol Tepputopun. B peanb-
HOM DKCIEPUMEHTE 110 OLIEHKE BIIMSHUS 3arps3HEHUN HA PACTUTENBHBINA MMOKPOB, B YACTHOCTH, Ha €r0
OMONIOTMUECKYIO MTPOAYKTHBHOCTh, MBI UMEEM COBMEHICHHBIA 3((EKT MPUPOTHBIX (PAKTOPOB H BO3-
JeWCTBYS TIOJUTFOTAHTOB, COOTHOLIIEHUE MEX/TYy KOTOPBIMH HEM3BECTHO. [Ipyu OlleHKe BIMSHUS a’po3a-
TpSA3HEHHI Ha JIECHYIO 3KOCHUCTEMY HanboJee BaXKHA PEaKiMs ee OCHOBHOTO dudukaTropa — Hacaxk-
JIeHWs1, BBIpaKEHHAs! TIOKa3aTeleM ero OMONIOTHYECKOW MPOAYKTUBHOCTH. [10 yCIOBHIO HI€abHOTO
SKCTIIEpUMEHTa HEOOXOANMO HE TOJBKO MOI00paTh HACAXKICHHS, OJHOPOAHBIE 1O CBOCH CTPYKTYpeE,
onpesensieMoil BHIOBOH, BO3pACTHOW U MOP(OJIOTMYECKONH M3MEHYHBOCTHIO HA MOMEHT Hadala K-
MEpUMEHTA, T.€. JI0 Hauania JeHCTBH NCTOYHHKA BBIOPOCOB, HO U (YTO COBCEM HEBBIMTOTHUMO!) o0ec-
MEYUTh OJJMHAKOBOCTh TPAEKTOPHH WX MPEIICCTBYIONIEr0 pa3BUTHA. [I0CKONBKY B peabHOM JKcIle-
pUMEHTE BCE 3TO HEBO3MOXHO, €JMHCTBEHHOE, YTO OCTAETCS — MPOBO3TIACUTH TPUHIIUI «ITPE3yMII-
LM €CTECTBEHHOCTH» [2], M y4eT «EeCTECTBEHHOI'0» BapbUPOBAHHUS CTPYKTYpPHl HacCaXJAECHUI B MM-
MAKTHOM paiioHe 00eCIeYnTh MyTeM DIIMMHUHALIMN BUIOBOM M BO3PACTHON M3MEHUYMBOCTH M KOPPEKT-
HOro Habopa JOCTATOYHOTO KOJMYECTBA IMOBTOPHOCTEH, OXBATHIBAIOIINX IOJHBIN CIIEKTP MOp(QOJ0-
THYECKOM M3MEHYMBOCTH. YeM penpe3eHTaTHBHEE COBOKYITHOCTh MPOOHBIX IUIOMIAZEH, TeM MpoIlie
BBIWICHUTHh AHTPOIIOTCHHYIO OOYCIIOBIICHHOCTh HaOIIOJaeMBbIX M3MEHEHUH 110 TpajueHTy 3arps3He-
HUI OO0 MPENCTaBUTh BBISBICHHYIO COBOKYITHYIO 3aKOHOMEPHOCTh B BHJE HEKOTOPOTO dMITHPHYE-
ckoro 00o0menwus [1]. PaccMOTpUM HECKONBKO THIWYHBIX SKCIICPHUMEHTOB, B Pa3HOW CTEIEHH YIO0-
BIICTBOPSIONINX MTPEACTaBICHHUIO 00 uaeae.

MeTtoauueckuii aHaau3 M3MeHEeHHs] OMONMPOAYKTHBHOCTH HACAXKIEHUH MO TIpagueHTam
aspo3arpssHenuii. [Ipocreiimas cuTyanusa UMEET MECTO MPU HCCIIEIOBAHUN M3MEHEHUS XapaKTepu-
CTHK JIOBOJILHO MPOCTHIX B CTPYKTYPHOM OTHOILICHHH SJIEMEHTOB 3KOCHCTEMBI - HAIPUMED, KHBOTO
HarnouBeHHoro nokposa (JKHII) u mopcTuiky MO rpafveHTy 3arps3HEHUIl COCHOBBIX M OEpe30BBIX
HacaxkJeHui B okpectHOCTAX 3AO «Kapabammensy (Tabdm. 1).

Taonuma 1
H3menenne xapakrepuctux 2KHII u noacTH/IKM B COCHOBBIX H 0epe30BbIX HACAKICHHUSAX
10 TPaiMeHTy 3arpssHeHnii or npeanpusaTns «Kapabammens» [3]
CocHa Bepesa
Paccrosmme ®duromacca | Tommuua 3arac mou- Paccrosmme duromacca | Tommuua 3armac mou-
OT UCTOYHH- OT HUCTOYHH-
JKHIT, MOJCTHIKH, CTHIJIKH, JKHIT, MOJCTHIKH, CTHJIKH,
Ka 3arpsi3He- 2 Ka 3arpsi3He- 2
Kr/ra cM Kr/M Kr/ra cM KI/M
HUS, KM HUS, KM
472 111 6,8+0,25 6,62 4,7 91 4,7+0,18 6,45
5,5 310 6,0+£0,19 7,43 6,4 113 4,0+0,22 5,62
6,6 349 5,0+£0,28 7,46 8,5 514 1,9+0,17 2,72
8,3 433 3,2+0,19 4,79 13,1 678 1,6+0,10 2,28
13,8 693 3,9+0,20 6,56 17,5 613 2,24+0,15 1,76
32,0 515 3,6+0,17 5,13 31,0 553 2,24+0,18 1,74

B nanHOM ciyuae 3aKOHOMEPHOCTH CHIDKEHHWs Ham3emHoW ¢uromaccel JKHIT u yBenuueHus
MOIIIHOCTH U 3araca MOACTHIIKY 110 Mepe MPUOIMKEHNsT K UICTOYHHKY 3arps3HEHUH OYEBUIHBI U 00Y-
CIIOBJIEHBI, CKOPEE BCEr0, OJHUM JIMIIb BO3ACHCTBUEM IOJUIFOTAHTOB. B HECKOIBKO MEHbIIEH cTere-
HU, HO JIOCTaTOYHO 3aKOHOMEPHO aHAJOTHYHOE MU3MEHEHUE TONIIUHBI U MAcChl OJCTUIIKA B COCHO-
BBIX MOJIOAHSKAX MO rpajueHty 3arpsizHeHnit or CYM3 (tabun. 2). BrionHe 3akoHOMepHA U CTATUCTH-
Yyeckn 0e3yKOpH3HEHHA TakkKe TUHAMUKa COJlepaHus )Topa B JMUCTBE JIEPEBLEB 10 TPaAUEHTY (TO-
pHCThIX 3arps3Hennid oT [loreBckoro kpuonmuToBoro 3apojaa B CeeputoBckoi obmactu (Tabm. 3). bo-
JIEC CJI0)KHAa B MCTOAMYCCKOM OTHOHICHWH OIICHKA BJIMAHUA IMPOMBINIJICHHBIX a3p03arp513HeH1/1171 Ha
OHMONIOTMUECKYI0 TIPOJLYKTHBHOCTD JIECHBIX SKOCHUCTEM. PaccMOTpHM citydail, Korja mpoayKTHBHOCTb
Cepuu JIpeBOCTOEB (OPMHUPOBANACH MO ACHCTBHEM NPHPOAHBIX (HPAKTOPOB 0 BO3pacTa CHENOCTH, U
JIMIIb B ITOCJICAHUE I'OJAbI HAa X BJINAHHUEC HAJIOXKNJIICSA aHTpOHOFeHHLII‘/‘I (’paKTop B HCKOTOPOM I'paICHTE.
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[TomoOHBIN ASKCIIEPUMEHT C 3a-

Tabnuua 2 ’ .
KJIJKOW CepUH MPOOHBIX IUIOMIAACH B

H3meHenne XapaKTepHCTHK MOACTHJIKH 10 TPAJIMEHTY 3arpsA3HeHMIt

COCHOBBIX MOJIOTHAKOB, Mpuieratoumx k CYM3 [4] CIIE/IBIX COCHSIKAX CEBEPHOM TAWIH MO
okasatess PaccTosHUE OT HCTOYHMKA 3arpssHenns, kv | [PAAMEHTY 3arps3HCHUI OT Ta30BBIX
22404 | 7,0+1,6 | 11,0+2,0 25,0 (akesoB, 00pa3yIOIIMXCS MPU CIKUTA-

Tommuza mopctwiky, cM | 5,9+41,1 | 7,1+40,7 | 3,740,3 1,8 HUHU TIONMYTHOTO Tra3a Ha He(Temo0bl-
Macca noncruiky, T/ra | 46,1439,8 | 39,142,6 | 44,4+18.5 8,4 ye, ObLI TpOBEAGH B  XaHThHI-

MaHCHICKOM aBTOHOMHOM OKpyre. B cocTaB MpomyKTOB CropaHusl MOIYTHOTO Ta3a B (pakelmbHBIX
ycraHOBKax BxozsT [9] oxucek yriaepona (72%), yraesonopoasl (17%), cepructsiit anruaput (6%),
caxa (4%) n oxuciel azora (1%). Takum oOpazom, TOmOOpaH psiJ OJHOBO3PACTHBIX OTHOBHIOBBIX
JPEBOCTOEB, T.€. UCKIIIOYEHA BO3PACTHAS M BUAOBas U3MEHYMBOCTH. HO penpe3eHTaTUBHOCTh Ha4alb-
HOI MOP(OCTPYKTYpPBI APEBOCTOEB, UMEIOLIEH MECTO Mepe]] 3aIlyCKOM aHTPOIIOTeHHOro (haKkTopa, He-
W3BECTHA, U PEATM30BaHHAs CXeMa DKCIIEPUMEHTa He OblIa BepOoITHOCTHOH [2]. dakenbHbIe yCTaHOB-

K1 OBUIH 3aITyIlleHbl CPABHUTENFHO HEABHO U B pazHoe Bpems: B 1981, 1986 u 1991 rr.
Tabnuna 3
H3menenne conep:xanus cBo00AHOr0 ¢propa B JHCTBIX Oepe3bl 0 TPAJAUEHTY 3arpsA3HEHHI PTOPHCTHIMHA
coeHeHUAMH OT I10J1eBCKOro KPHOJIMTOBOIO 32BO/A M0 CE30HAM IoJa, MI/KI CyX0ro BelecTsa [5]

Paccrosinue Bpewmst or6opa rmpob aucTheB
OT UCTOYHHKA 1988 r. 1989 r.
3arpsi3HEHUS, KM Becna Jlero OceHb Becna Jlero OceHb
2,5 63,3+4,4 47,0+1,0 473,3+£37,8 55,0£1,0 111,6£3,3 151,7€1,7
4,0 26,3+1,8 21,3+0,8 396,7+3,3 41,0£1,5 70,7+1,9 72,7+1,3
9,0 9,0£0,5 9,0+0,7 29,9+0,9 29,3+0,7 18,8+0,6 27,0+0,6
30,0 1,1+0,5 2,0+0,2 3,4+0,7 12,0+0,0 10,0+0,0 17,7+0,9

Takum 00pa3oM, Mepuoji OTPHLIATETHLHOTO BO3JEHCTBUS Ha JIPEBOCTOM OXBATHIBACT JIUIIb MMO-
cnegaue 7—17 ner xu3nu 100—124-1eTHUX COCHSKOB, K TOMY K€ MMENAch CyIIeCTBEHHAs pa3HHUIIA B
JUTUTEITBHOCTH STOTO BO3JCHCTBUS Ha TpWIeramonme K QgaxeiaaM JIPEeBOCTOU. XOTS MPOCICKUBACTCS
HEKOTOpasi 3aKOHOMEPHOCTh B M3MEHEHHUH NPOIYKTUBHOCTH M (DPAKIIMOHHOW CTPYKTYPHI (PUTOMACCHI
JPEBOCTOCB 110 TPAIUCHTY 3arps3HeHus (Tadi. 4), HEBO3MOXKHO YCTAHOBUTD, B KAKOW CTEIEHU TH U3-
MEHEeHHMsI 00YCIIOBJICHBI BIUSHUEM (haKeIOB M B KaKOH — MCXOJHBIMU (T.€. J0 3amycka (akelioB) pas-
JTUYUSME MOPQOCTPYKTYPHI APEBOCTOEB 110 HA3BAHHOMY TPA/IMEHTY. BHOXMMUS BIHSHUS MPOIAYKTOB
CropaHus raza Ha JIPeBOCTOM HE MCCIIE0BAJIach, a MOCKOJIBKY CHEXHBINA MOKPOB U >KUJKHE OCAJKU
ucnapstotces B pamuyce 200-250 M ot TpyObl dakena [9], cHMKEHUE TMPOJYKTUBHOCTH COCHSIKOB B
HampaBlieHHH K (akenbHO# ycTaHoBke ¢ 240 mo 100 M MoeT ObITh O0YCIIOBJICHO MOHUKCHUEM HX
BIIAroo0ecre4eHHOCTH.

Tabnuna 4
H3meHenne TakcaMOHHBIX NMOKA3aTe el U CTPYKTYPhI A0COJIIOTHO CyX0ii GUTOMACCHI IO TPAHEHTY

3arpsi3HEHUH JTMIIAHMKOBBIX COCHAKOB Va Kj1acca 60HHTeTa, MPHJIEraloINX K ()aKeTbHBIM YCTAHOBKAM
B paiione HegTenodbran XMAO [9]

TMokasatess PaccrosiHue oT (haxesbHOH yCTaHOBKH, M

100 230 240 250 300 400
Bospact npeBocros, JieT 124 115 124 124 100 115
CpenHsis BbICOTA, M 14,6 10,6 11,2 14,0 11,9 10,4
Cpennuil quaMeTp, cM 24,8 12,4 14,9 20,6 13,6 14,5
Yucio CTBOJIOB, 9K3/Ta 293 1571 1221 595 1556 1551
3amac, M°/ra 143 111 167 144 160 185
duTomMacca CTBOJIOB, T/Ta 50,4 49,5 79,6 68,5 76,1 75,3
duromMacca BeTBeEM, T/Ta 5,32 5,47 6,63 9,79 4,83 5,34
duTomMacca XBOH, T/Ta 1,87 5,92 4,02 5,07 4,09 4,47
Hanzemnas ¢uromacca, 1/ra 57,6 60,9 90,2 83,4 85,0 85,1

BeposTHOCTHast cxema JKCIIepUMEHTa OTCYTCTBOBaja U B pabote B. O. Brnacenko ¢ coaBropamu
[10] (Tabmn. 5). Borpeku noruke 31ech NPOUTHOPUPOBAH JIaXKe MPUHIUIT THITMYHOCTH BBIOOPKH. 31eCh
Ha TIEPBBIX TpPeX OOBEKTaxX MO Mepe yIalleHHs OT MCTOYHHKA 3arps3HEHHH COOTBETCTBYIOIIErO CHU-
JKEHUSI BEJTMUUHBI Oajia MOBPEKIACHUS aCCUMIISIIMOHHOTO anmnapaTa U MpoIeHTa e oIHalul BO3-
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pacTaroT MOJIHOTA U 3amac apeBoctos. Ho mpu panpHeWIeM yaajaeHHH W COOTBETCTBYIOIIEM CHIKE-
HUHW YIIOMSIHYTOrO MHJAEKCA M IPOIICHTa Ie(OIHaIMK MOJIHOTA M 3aIlac APEBOCTOSI PE3KO CHHMIKAIOTCH,
cooTBeTcTBeHHO Ha 46 1 40% 10 OTHONIEHHIO K JAPEBOCTOIO ¢ Oonbliei crenenbto nedomuarun. Oue-
BHJIHO, YTO TAKOE CHUXCHHE MPOMYKTUBHOCTH YCIOBHO HEMOBPEKICHHOTO ApeBocTos (MHIeke 1,86;
nedonuanmst 19%) 1o cpaBHEHHUIO O Cl1a00 MOBPSKIACHHBIM (MHAEKC 2,59; nedonuarus 28%) HUKaK
HE CBS3aHO C TOBPSKIAIOIINM JCHCTBHEM IOJUIIOTAHTOB, a SBIACTCS PE3yJIbTATOM HEKOPPEKTHOrO
mo100pa 00bEKTOB MCCIICIOBaHUS.

Jasiee, nbITasCh CBS3aTh CTEICHD Ae()ONMAIIMY KPOHBI C MAcCOW XBOM, aBTOPHI HE MOILIH IO IMy-
TH YCTAHOBJICHHUS HA3BAHHOTO KOJHUYECTBEHHOI'O COOTHOIICHHS HEMOCPEACTBEHHO Ha CBOMX 00BEKTax
MyTeM B3SATHS MOJC/IBbHBIX JIEPEBBEB, a MO3aMMCTBOBAIM ONMYOJIMKOBAHHOE YpPaBHEHHE 3aBUCHUMOCTH
MacChl XBOU JIepeBa OT €ro AnaMeTpa U HECKOIBKUX TaKCAIIMOHHBIX MTOKasartenei apesocros [11]. Oto
ypaBHEHHE 00BACHIO 94% W3MEHYMBOCTH MAacChl XBOM JIEPEBa B COCHSIKAX, OJHAKO BCE 3TH COCHSIKH
HaxOJWJIMCh B OJHOM W TOM K€ 30HE YMEPEHHOr0 3arps3HeHus, a B. 3. BinaceHko ¢ coaBTOopamu dKc-
TPaIoJIMPOBAJIM YPAaBHEHUE HA COCHSKH PA3HOM CTCIICHHU 3arpsi3HECHHS, OTJIMYAIOLIMECS 10 CTCICHH
nedomuanym Ha 50%. EcTecTBEeHHO, MONyYEHHBIE UIMU TAKUM CITIOCOOOM 3HAUEHHUsSI MAaCChl XBOH CPEJI-
HEro JiepeBa 0 I'PaUeHTy 3arPsS3HEHUs OBTOPHIIM YITOMSHYTYIO 3aKOHOMEPHOCTh M3MEHEHHUS Po-
JNYKTUBHOCTH JPEBOCTOEB, HUKAK HE CBS3aHHYIO C 3arpsA3HEHUsAMU (TOCIeqHe CTpOoKU Taoi. 5). Ecre-
CTBEHHO TaK)Ke, YTO PACCUUTAHHBIC TAKMM CIIOCOOOM IMOKAa3aTe/Id MAacChl XBOM HUKAK HE KOPPEIUPY-

10T C TIPOLIEHTOM JAedonraiuy.
Tabnuna 5
PesysbTaThl HCCIe10BaHHST MOP()OCTPYKTYPHI COCHOBBIX IPEBOCTOEB 110 IPAAMEHTY 3arpsisHEHH I
ot KpacnoypaJjbckoro npomysia [10]

JKu3HEHHOE COCTOSIHME APEBOCTOEB
ITokazarenb CHIIBHO TI0- cpenHe moBpe- ciabo noBpe- YCIIOBHO HETIO-
BPEXKICHHBII JKJICHHBIH JKJICHHBIH BPEXKICHHBII
Bospact npesocros, et 110 85 100 80
Knacc 6oHuTETA 111 11 1T 1T
Wunexc noBpexieHus1, 6an 3,45 2,63 2,59 1,86
Hedonmarnus, % 49,8 25,5 28,4 18,9
CpenHsis BbICOTA, M 22,5 22,0 25,0 28,5
Cpennuil fuaMeTp, cM 25,0 32,2 38,1 28,1
[10Ma 1 CeYeHHiA, M>/ra 17,2 28,3 41,5 27,0
3amac peBocTos, M/ra 165 295 526 313
Macca XBoU CpeiHero aepeBa, Kr 7,52 15,2 17,1 6,97
AHanornyHa cHUTyanus Ta6nuua 6

H3menenue TakcaMoOHHBIX MOKA3aTe el U TEKYIEro MPUPOCTa APEBOCTOEB
TI0 TPaIMEeHTY 3arPsA3HEHNI COCHOBBIX HACAKICHHI, TPHJIETral0IINX
K Puaxckomy cynepdocharnomy 3asony [7]

IIprU OLICHKE BJIUSAHHA adpo-
3arpsi3HEHUl oT PHkcKoro
cynepdocarHoro 3aBoja,
OCHOBaHHOro B KoHIE XIX

PaccrositHue oT HCTOYHHKA 3arpsA3HEHUs, KM

IToka3aTenb

1,75 1,25 3,0 3,0 3,75
CTOJICTHA, Ha TIPOAYKTUB- |Bospacr apeBocTosl, JIET 85 85 85 85 85
HOCTb 85-JIETHHX COCHSIKOB CpenHsis BbICOTA, M 10,9 15,6 23,2 16,0 20,6
(Ta6j1_ 6)_ Bcee nacaxneuus |Cpennuit nnamerp, cng 29,0 25,0 33,9 25,0 31,3
IPOM3PACTAIOT HA THIMY- [LMIOWAab CeueHuii, w'/ra . 183 | 105 | 179 | 184 | 313
Hoi Texynmii mpupocT 1o 3amacy, M /ra 1,3 1,4 2,7 2,5 4,6

CPEIHENOA30IUCTON
nmouse B TUne jieca Pinetum hylocomiosum. OgHaKo BEpOSTHOCTHAs CXeMa JKCIIEPUMEHTa, KaK U B
HNpEenpLAYIIMX CIIydasiX, IPOUTHOPUPOBAHA, U 110 IPAJAUEHTY 3arpsi3HEHUN 3aJI0)KEHO, PYKOBOJICTBYSICh

MPHHIIUIIOM «THITUYHOCTHY, 110 OJTHOM MPOOHOM 10 6e3 TOBTOPHOCTEH.

Onno W3 HamOoyiee TONHBIX HCCIENOBaHMW (UTOMAacChl M €€ TOAMYHOH TPOAYKIMHA KaK B
HAJ3eMHOM, TaK U B TOA3EMHOHN cdepax, TOCTATOUYHO aJIeKBATHOE B METOJANYECKOM OTHOIICHUH, OCY-
IIIECTBICHO B elbHUMKaX Ha Koiabckom CeBepe, B OKPECTHOCTSX koMOuHaTa «CeBepOHHKEIbY» [8].
HpI/IHaZUIe)KHOCTB N3y4a€MbIX CIIBHUKOB K KYCTApHUYKOBO-3CJICHOMOIIHOMY THUITY MNOATBEPKIACHA
reo00TaHMYECKUMH ONMHUCAHMSIMA MOHYETYHJIPEI 0 Hadayna AesiTedbHOCTH KomOuHaTa. [IpoGHBIE
TUTOIIA/IA TIPEACTABIISIOT COOOM CTaguy TEXHOTEHHOW TpaHc(OpMaluu eNbHUKOB, 00YCIIOBIICHHBIE
pa3IMYHBIM YPOBHEM 3arpsi3HEHHs BbIOpocaMu komOuHaTa (Tabn. 7). B maHHOM ciydae 0JTHOTO reo-
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0O0TaHUYECKOrO OMUCAHHS TEPPUTOPUH, IJie BIOCIEACTBUN OBUTH 3aJI0KEHBI MTPOOHBIE TLIOIAIH, He-
JOCTaTOYHO JUIsi 00ECTICYeHUsI YHCTOTHI OMBITa. BO-TIepBBIX, MaJOBEPOATHO, YTO YYACTKH re000TaHHU-
YEeCKOro ONMUCAHMsI U MOCTEAYIONIeH 3aKIa Ky MPOOHBIX IJIoaneld ObUTH OJHU U Te jKe. Bo-BTOphIX
(1 9TO OONIEe CyNIECTBEHHO), BEPOSTHOCTHASI CXEMa IKCIIEPUMEHTA, KaK M B MPEIBIAYIINX CIyYasx,

MIPOUTHOPHUPOBAHA.

Tabnuma 7

H3meHenne TakcaMOHHBIX NOKA3aTeJIeil, a0COTIOTHO CyXO0i (PUTOMACCHI
u ee FO}IH‘IHOﬁ NMPOAYKIMH IO 'PATUEHTY 3anﬂ3H6Hﬂﬁ €JIBHUKOB, MNPUJICTaI0IIHAX

K KomOuHaTy «CeBepoHuKeIb) [8]

TokasaTess PaccTostHie OT HCTOYHMKA 3arpsI3HEHHST, KM
7 20 35 Oxkorto 100
Tun neca BOPOHHEHOE 3J1aKOBO- 3€JICHOMOIIIHO- | KYyCTapHHY-
N KyCTapHHY- KYCTapHHYKO- | KOBO-3€JIEHO-
(coBpeMeHHBII) penkonecbe N N N
KOBBIT BBII MOILHBII
CpenHsis BbICOTa, M 6,2 11,7 9,2 8,1
CpenHuil fuaMeTp, cMm 10,2 19,1 16,4 13,7
Yucio CTBOJIOB, 9K3/Ta 70 450 490 933
I[Liowazs cedenuit, M>/ra 0,9 11,9 13,6 16,3
duromacca, 1/ra:
- CTBOJIOB 0,89 31,3 28,7 39,3
- BeTBEH 0,16 5,38 5,40 8,57
- XBOU 0,07 2,38 3,65 4,47
- HaJ3eMHas 1,12 39,10 37,75 52,30
- TIOAA3EMHAs 0,26 9,34 9,01 12,48
- oOmras 1,38 48,44 46,76 64,78
I"ognunslii npupoct ¢uromaccsl, T/ra:
- CTBOJIOB 0 0,10 0,14 0,27
- BeTBEH 0 0,26 0,28 0,33
- XBOU 0,03 0,50 0,45 0,51
- HAJ3EMHOMN 0,03 0,86 0,87 1,11
- TIOA3EMHOMN 0,01 0,21 0,21 0,32
- o0rmeit 0,04 1,07 1,08 1,43
Tabnuma 8

H3meHenne TaKkCAaMOHHBIX NOKA3aTe el U a0COTI0THO CyXoi (PHTOMACCHI
TI0 TPajIMEeHTY 3arPsi3HEeHNI COCHOBBIX MOJIOHAKOB, npuierarommx k CYM3 [6]

TMokasatess PaccTostHue OT HCTOYHMKA 3arpsI3HEHHsI, KM
2,24+0,4 7,0+1,6 11,0£2,0 25,0
Bo3spact npesocros, et 40 33 33 38
CpenHsis BbICOTA, M 8,3£3,8 13,2+0,9 12,7£2,3 16,5
CpenHuil [uaMeTp, cMm 9,1£34 11,742,2 11,4420 16,4
Ywucio cTBOJIOB, THIC. 3K3/Ta 2250+212 3553+1236 3084+1205 1796
I[Liowans cedenuit, M>/ra 15,049,3 33,9+4.9 33,5+4,1 36,2
3anac, m°/ra 85+76 230+37 225+38 300
duTomMacca CTBOJIOB, T/Ta 44,6+38 77,9£29 104,4+20 118,5
duromacca BETBEH, T/Ta 6,1+2,8 9,7£5,5 11,3£2,3 11,4
duTomMacca XBOH, T/Ta 3,6+0,1 5,4+2.9 6,2+0,7 4,6
Hanzemnas ¢uromacca, t/ra 54,2442 86,3£37 121,8+21 134,4

B wnambonee morn-
HOW Mepe BEpPOSITHOCT-
Hasi CXeMa OJKCIepu-
MEHTa pealn30BaHa B
rpajieHTe  3arpsi3He-
Huit or CYM3 B coc-
HOBBIX MojogHskax Il
Kiacca BO3pacTa, Ko-
TOpBIE TPOU3PACTAIOT B
OJIHUX W TeX Ke dia-
(HUYECKHX  YCIOBHSX
(tabm. 8). B atom ciy-
yae oOecrieueHa OfIHO-
POMHOCTH DKOTOMA U
¢durorieHo3a Ha Bce
HCCIIEYEMOU  Teppu-
TOPUH, DIUMHHUPOBA-
Ha BUJIOBast M BO3pPAcT-
Hast W3MEHYMBOCTb
HacaxxaeHuil.  bonee
TOrO, MPEANPHHSTA
TMOMBITKA Y4eCTh MOp-
(onornaeckyro u3-
MEHYMBOCTh COCHSIKOB
MyTeM 3aKlaJKu He-
CKOIIbKMX  TPOOHBIX
IUIOIIAACH Ha Ka)IIOM
W3 BBIOPaHHBIX YpOB-
Hel 3arpssHeHHs. K
COKAIICHUIO,  Kax[ast
W3 HHUX 3aJI0KEHa He
METOAOM  CIIy4alHOU
BBIOOPKM B TIpelernax
HEKOTOPOTro, OJHOPO/I-
HOrO TO JIeCOpacTH-
TENBHBIM  YCIIOBUSIM
y4acTKa, a 1o TOMY ke
MPUHIAITY «TUTAYHO-
CTH».

OnucanHas cu-
Tyalusi, CBsI3aHHAs CO

CXEMOM 3aKJIaJKH IKCIIEPUMEHTA B COCHsIKaX K BOCTOKY oT CYM3, (akTHYeCKH MOBTOPHIIACH IIPH 3a-
kiajzke B 1989 r. Haie#t cepuu mpoOHBIX IUIOMIAACH B €IOBO-ITMXTOBBIX APEBOCTOSX O MPATUCHTY 3a-
rpsi3HEeHU B 3amagHoM HampasieHuu or CYM3. Ho B gaHHOM ciy4yae OIeHKa OMOIPOTYKTHBHOCTH
HaCaKJICHUM 110 TPaJUCHTy 3arpsA3HEHHM Obljla HE OXHOPA30BOM M KOHEUHOM, KaK B MPHBEICHHBIX
BBIIIIE PUMEPAX, a OCYIIECTBIIIACH TEPHUOJUICCKI Ha MPOTSHKEHHIH ITOCIETHUX ABYX JACCATUIICTHH.
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Merozapl ornpeaeiacHust GUTOMACCHI M €€ TOJUYHOr0 MPUPOCTa U3JIOKEHbI paHee [12]. Ha kaxmom
yIAJIEHUH OT 3aBOjia OBLIO 3aJI0KEHO 1O MATh MPOOHBIX TUIoMaeH pasMepom 25%25 m. [IpuBeneHHbIe
B Tabm. 9 u 10 mudpoBbie 3HAUCHUS SABISIOTCS PEIBAPUTEITLHBIMH.

Tabnuma 9
TakcanmoHHast XapaKTePUCTHKA APEBOCTOEB HA MPOGHBIX MJIOMIAASX
Paccros- [lepuon N
tite ot uer. | Habmo- Homns xB.| Bospacr | Knace | Cpennsist | Cpennuit Yucno Hnoma}ilb 3amnac zpe-
sarpssme- | senuit B cocTa- | nApeBo- | OOHM- | BBICOTA, | AMAMETp, | CTBOJIOB, cevieHIl, BoCToOA,
? Be, % | cros, eT| Tera M cM 9K3/ra M/ra m’/ra
HHSl, KM rOJIbI
1989 88+6,0 | 67+8,5 11T 16,4+0,6 | 18,4+1,2 | 15684285 | 41,3+4,0 376+28
4 1998 86+7,4 | 7784 11 17,3£2,1 | 21,3£5,2 | 7234233 | 23,9453 205+66

2008 | 88+7,7 | 86+8,6 | I | 18,843,7 | 23,0456 | 11814585 | 42,144,5 | 405+50
1989 | 82496 | 46421 il 15,8+0,7 | 16,6£1,4 | 2250320 | 48,9+10,6 | 474160
7 1998 | 79+62 | 56422 | 1 16,6£0,2 | 18,140,4 | 1226101 | 31,6£3,1 | 320+81
2008 | 72477 | 66+22 | 1 19,0£0,0 | 23,061,9 | 1155153 | 47,5t4.8 | 52347
1989 | 61+17,0 | 65433 | I | 17,000,6 | 16,6+1,2 | 20194831 | 42,5£11,4 | 283+73
30 1998 | 88+11,0 | 75+3,2 | I | 18,5:0,8 | 19,0+1,8 | 874+190 | 27,146,5 | 24362
2008 | 93+102 | 8532 | I | 20,3+0,8 | 23,041,5 | 1104262 | 45,4+10,9 | 448+100

Taxum 00pa3oM, Bce peasibHbIE KCIEPUMEHTHI 10 BBISBICHUIO BIUSHUS MOJUIIOTAHTOB HA IPO-
TYKTUBHOCTb JIECHBIX 9KOCHCTEM, B OOJIbIIEH MM MEHBIIEH CTENEeHH BBITOIHSIIOTCS C OTKJIOHEHHSIMU
OT UJACaIbHON CXEMBI 3aKJIaJKU. IIONMHOCTBIO YITH OT 3TOr0 MOKA HE MPEICTABISETCS BO3MOKHBIM.

Ta6numa 10 Ecmm mpunepxuBath-

IIpeasapuTenbHbIe pe3yJIbTaThl HCCIEA0BAHNIT MOP(OCTPYKTYpPHI 4 BCPOATHOCTHOM  CXCMBI

1 GHONPOIYKTHBHOCTH APEBOCTOEB 10 IPANenTy 3arpsizHennii CYM3* OKCIICpPUMEHTA, BKIaA 3a-

IpsBHSIONMX (pakTopoB B

Paccrosnue or| Ilepuon ®duromacca, T/ra
UCT-Ka 3arpsi3- HabJioIeHHuiA, . . M3MEHEHUE  OMONPOIyK-
HEHHS, KM rombI CTBOTIOB BETBCH XBOH HABEMHO! | ryggocTH 110 TpajIMenTy
a) guromacca dpakumii peBocTost paccesHus  TIOJUTIOTAHTOB
1989 | 12771102 | 2430430 | 1977423 | 17078%15.1 | yoyer GbITh B MOXOBHBIX
4 1998 | 70655210 | 14,9813 | 11,9314 | 97,56222.9

ClIy4asx BBIIBJICH Ha ypo-
2008 136,09+15,9 | 23,09+3,5 19,27£2,5 | 178,45+18,7

1989 | 162505541 | 43.50212.3 | 40.6913.8 | 24671280, | BHE OMIHpirieckix 0606-

7 1998 109,52427,0 | 29,12+4,7 | 27,44+7,0 | 166,08+38,6 | ICHHH IPH yCIOBHN yCTa
2008 179,5215,8 | 45,76+4,0 | 4520+4,1 | 270,48+233 | BUIOBOI, BO3PAaCTHOH H

1989 118,00+29,5 | 31,0149,0 | 18,51+5,0 | 167,52+42.4 | MOp(OIOrHYecKOi HN3MEeH-

30 1998 92,78+22,8 | 19,36+4,4 | 12,4142,9 | 124,54+30,0 | YMBOCTH JPEBECHOTO Iie-
2008 4,55+1,2 1,110,3 2,55+0,6 8,2142,1 HO34.
6) rofMYHBIN PUPOCT (HUTOMACCHI IPEBOCTOSI Hamu  npeampunsTa
1989 3,08+0,4 0,78+0, 1 4,27+0,4 9,02+0,9 N
4 1998 232+0,4 | 0,49+0,04 | 2,50+0,5 5,3120,9
2008 4,03:0,4 | 0,73%0,1 | 43120, 9,06£1,0 | AOBAHIL 10 BIMAHHIO
1989 6,78+2,1 1,27+0,3 7.26+2,2 15,3044,6 | @dposarpssHeHuii Ha OnO-
7 1998 4,56x1,0 0,84+0,1 4,87+0,9 10,28+2,0 MPOAYKTUBHOCTb  JIECHBIX
2008 7,36+0,6 1,27+0,1 7,77+£0,7 16,41+1,4 HacaXIeHui ¢ Oosnee HU3-
00 [I99 | s | 002 | Usas0d | sopsrt | Noro YPORIL opramais
,8620, ,69+0, ,5420, ,09+1,
2008 455¢1,2 | 111203 | 2,5560,6 | 8,212, coodmectsa — ¢ ypoBHA
*[IpencraBieHsl CpeTHHAE 3HAYCHNS £ OIHMOKa CPETHETro, 00061/1’ T.C. /iepeBa kak oc-
yYeTHas €IMHUIA — NPOOHAs TLIOMAb, N=5. HOBHOI'O CIPYKTYpHOI'O

KOMITOHEHTa HacCaKIEHUsI.
Bo3MOKHBIE METO/IBI SKCTPAIIONIAIMH TTOTYICHHBIX Ha YPOBHE OCOOH 3aKOHOMEPHOCTEH Ha YPOBEHb 1ICHO-
3a TIOKa He paccMaTpHUBaIOTCS.

Henab, 3a1aun, 00bEKTHI U1 METOABI MccjeqoBaHuA. [Ipy MMPOKO MPaKTUKyeMOH OIleHKe To-
BPEXIAIOIIEr0 BO3ACHCTBUS 3arpsA3HEHUN Ha JEpeBbs Ha OCHOBE BHU3YalbHBIX MPU3HAKOB OCTAETCA
HEN3BECTHBIM COOTBETCTBYIOIIEE CHUKEHHE IMOKazaTened MX MPOXYKTUBHOCTH B KOJIWYECTBEHHOM
BbIpakeHnH. OHUM U3 JOCTATOYHO MH(OPMATHUBHBIX KONMYECTBEHHBIX IMOKa3aTelel SBISETCS Mpo-
TYKTUBHOCTh aCCUMMJISIIIMOHHOTO ammapaTa JepeBa, BbIpaKeHHas OTHOUICHHEM TOJAWYHOI0 MPUpPOCTa
¢duToMaccel k Macce XBoM (JTUcTBHI). Hanpumep, B ycnoBusix JIMTBBI OBLTO YCTaHOBJIEHO, YTO 11O MEpe
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IIPHOTIKEHNs K 3aBOJly a30THBIX ynoOpeHuii B Monase ¢ paccrostaus 15 kM (KOHTPOJIb, OTCYTCTBHE
BHU3YyaJbHBIX MPU3HAKOB JIErpajalrn) A0 8§ KM MPOAYKTHUBHOCTh XBOM COCHBI, BBIpa)KEHHAsl OTHOIIe-
HHEM 00bEMHOT0 MPUPOCTa CTBOJIA K Macce XBOM, cHkaercs Ha 30% [13].

B Hamem ucciaenoBaHuM MOAX0, pealn30BaHHbIN B padote [13], Momupunuposad. BMmecto 00b-
€MHOT'0 TIPUPOCTa UCIIONB30BaHBI JIBe (PH3MOIOrHYecKH O0YCIIOBIICHHBIE M 3HAYUTENBHO JIerde MOJTy-
YyaeMble XapaKTEepUCTUKH IO ceueHus aepesa. OHa U3 HUX MpeENCTaBiIeHa IIJIOMIAIbI0 CEUSHUS
CTBOJIa Y OCHOBaHUS KPOHBI JIepeBa, COCTOSIIEH TOTHOCTHIO U3 BOAOMPOBOAAIICH 3a00710HH, KOTOpAs
XapaKTepu3yeT BJIAroo0ECleYeHHOCTh M TOTCHIUANBHYIO MPOAYKTHBHOCTh XBoH [14]; BemuumHa
TUTOIA/IA BOJONPOBOJISIICH 3a00I0HH MOYKET OBITh MPOIIE H3MEPEHa Ha BBICOTE TPYH, HO BU3YaJbHO
Ha 3TOM YPOBHE OHA BBIPAXKEHA HE Y BCeX NopoA. Bropas npeacrapiisieT TEKYIIUNA TOAUYHBINA IPUPOCT
TUTOIIA/IA CEYEHHsI CTBOJIA HA BBICOTE TPYIH KaK XapaKTEPUCTUKY (aKTHUECKOH MPOMYyKTHBHOCTH
XBOU, T.€. CTEIIEHH peasn3aliy YIIOMSHYTON MOTEHIIHATIbHONW MPOAYKIIMOHHON BO3MOXKHOCTH.

TpagunuonHble (U3NOIOTMYECKHE METOBI ONpEAENCHUS MPOAYKTHBHOCTH XBOHW, BO-TIEPBBHIX,
OYeHb TPYJOEMKH U TIO3TOMY HE TO3BOJISIIOT TONYYHUTh KOJTMUYECTBO HAONIOJACHUH, TOCTATOYHOE JIIS
CTaTUCTUYECKH JIOCTOBEPHOTO BBIBO/IA, U, BO-BTOPBIX, HE MOT'YT 00ECIIEUNUTh CTATHCTUYECKON HE3aBU-
CHMOCTH BBIOOpOK. Harlie ucciieioBanme ocymiecTBIsIeTcs] Ha KOJTMYECTBEHHOM OIEHKE MTPOJTYKTHBHO-
CTH aCCUMHJISIIIMOHHOTO arapaTa 110 COOTHOIICHUIO KOCBEHHBIX XapaKTePHCTHK KCHIEMHOro U (io-
SMHOI0 TpaHCIopTa JiepeBa. BeaeacTBrue mpocTOTHl M Maloi TPYJIOEMKOCTH BBITTOJTHEHHUS YIOMSHY-
THIX U3MEPEHUI OHWU MOTYT OBITh MOJTYYCHBI B KOJIUYECTBE, JOCTATOYHOM ISl CTATUCTHYECKU JIOCTO-
BEPHOT'0 BHIBOJ/Ia, @ MHOTO(AKTOPHBIA METO/ aHAJIM3a TO3BOJISET UCKIIOYUTD BIMSHUAE OMOTHYECKHX
(aKkTOpPOB M BBISIBUTH CTCIEHb BO3JCHCTBUS JIMIIb aOHOTHUYECKHX (DAKTOPOB (3arps3HEHUI) Ha Mpo-
OYKTUBHOCTh aCCHMUJISILIMOHHOTO armaparta JiepeBa.

Panee Hamu ObIIO yCTaHOBJIEHO, YTO OIEHKA MPOAYKTUBHOCTH aCCUMHJISIIMOHHOTO amapara Jie-
PEBBEB O] BIMSIHUEM 3arpsi3HECHUM Ha OCHOBE Main-moaenu [14] mpuBOAUT K CYIIECTBEHHOMY OCTa-
TOYHOMY BapbHpOBaHWIO Macchl xBou [11]. Bbuto BBICKa3aHO MPEANONOKEHHE, YTO MPUYHMHA 3TOTO
KpOeTcsl B HeYYTCHHOM 3 dekre (10dMHOro TpaHCIoOpTa: MalI-MOIENIb OMMCHIBACT JIUIIb MMOTCHIU-
aIBbHYIO TIPOAYKTUBHOCTH XBOH, OMTOCPEIOBAHHYIO IUIOMIAAbI0 CEYEHUSI BOJOMIPOBOAAIIEH 3a00I0HH, a
peanuzanys 3TON MOTEHINH ONpPEAeNsIeTcs MPU MPOUYNX PABHBIX YCIOBUAX KOJTUYECTBOM OTIIOKEHHBIX
B JiepeBe acCUMWIATOB. TakuM oOpa3oMm, sl KOPPEKTHOW OIEHKH MPOAYKTUBHOCTH XBOH HEOOXO/IH-
MO BKJIIOYaTh B PErPECCHOHHYIO 3aBHCUMOCTH 00a OMpeAessIFomuX GpakTopa, T.e. JUaMeTp WU ILI0-
I[a/lb CEYEHHSI CTBOJIA Y OCHOBAHUS KPOHBI (KaK XapaKTePUCTUKY KCHIEMHOTO TPaHCIOPTa) M TOANY-
HBIA TIPUPOCT TUIONIAN CEYEHHS CTBOJIA HA BHICOTE IPpyAU (KaK XapaKTEepUCTUKY (PIIOIMHOro TpaHc-
ropTa).

HccnenoBanre Ha3BaHHON 3aBHCHMOCTH BBITIOJTHEHO Ha JBYX OOBEKTaX, COOTBETCTBEHHO B COC-
HfAKax ¥ enbHHUKaX. B mepBoM ciydae 3To cocHAku CpeaHero Ypajia, BXOJSIIME B 30HY YMEPEHHOT O
3arpsizHeHust (knaccupukanus B.B.@omuna [15]) B okpectHOCTIX CYM3, a Takxke cocHsku Typraii-
ckoro nporuba (hoHOBast 30Ha); BO BTOPOM cliydae — eJIOBO-IIMXTOBBIE JpeBocTon Cpennero Ypana,
BXOJISIIIME B TPU 30HBI 3arpsA3HEHUH 110 UX TPaJueHTy K 3amany or CYM3.

Ha mpoOHBIX miomajsx mo cOOTBETCTBYIONIEH Meroauke [16] Ha MOAETBHBIX JEPEBBIX OBLI
MpoBeNleH KoMILIeKC paboTr ¢ ompenenenneM Maccel xBou (Pf, kr), muamerpa cTBoia y OCHOBaHUS
kponbl (Dbc, cM), TOAMYHOrO IMPUPOCTA ILIOMIATH CEUEHHs CTBONA HA BBICOTE TPymH (Zg, CM’) U Tro-
JIMYHOTO 06EMHOTO TPUPOCTa CTBONA (ZV, M), CPEIHUX 3a TIOCIeHHE MATh JeT. Konnuectso B3s-
TBIX MOJICNILHBIX JIEPEBBEB: COCHBI B Typraiickom mporude — 127 Ha 13 mpoOHBIX TUIOMIAIX, COCHBI Ha
Cpennem Ypane — 250 Ha 35 npoOHBIX IIOMIAJMX, €M — B KaXKI0H M3 HA3BAaHHBIX TPEX 30H 10 7 Je-
peBbeB, Bcero 21. Jlns paitona CYM3a ucronb30BaHbl JaHHBIE 0 TPEM y4acTKaM, PacloioKEHHBIM B
30 kM k 3amafy ot 3aBoja ((poHoBas 30Ha), B 7 kM (OydepHas-2) u B 4 km (OydepHas-1).

Pe3yabTaThl M MX aHAJAM3. DKCIIEPUMEHTAIILHBIC IAHHBIE MOJICIILHBIX JIEPEBbLEB 00pa0OTaHbI 110
MporpaMMe MHOTO(aKTOPHOTO PErPECCHOHHOT0 aHAIN3a, U TIOIY4YeHbI MOJICIIH:

— 1 cocHbl  InPf= -3,540+0,163X+1,307InDbc+0,615InD+0,340InZr+

+0,121(InZr)(InD)-0,205(InZr)(InDbc)+0,020(InZr)(Dbc)’ ; R* = 0,957 (1)
rae D — nuamerp cTBONa Ha BBICOTE TPYIU (CM) U Zr — FOAUYHBIN paaualbHBIA MPUPOCT CTBONA (MM)
Ha BBICOTE TPYyJIH, CPEAHUH 3a TMOCIENHUE TIATh JIeT; 00a B IAHHOM ClTydae B COBOKYITHOCTH XapakTe-
PHU3YIOT BETHYUHY Zg);
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— s enu InPf = -2,935+0,0401X,+0,0665X,+1,636InDbc+0,471InZg; R*= 0,954. 2)

Jnst cpaBHEHHS TPOJYKTUBHOCTH XBOU B Pa3HBIX 30HaX 3arpsi3HeHus B ypaBHeHus (1) u (2) Obutn

BBeZICHBI (PUKTHBHBIC MepeMenHbIe [17]. [IpunsaTel ux obo3HaueHus st cocHbl: X = 0 — mus Typraii-

ckoro nporuba, X = 1 — mist Cpennero Ypana; mwist enu Cpeanero Ypana: X; = 0, X, =0 — KOHTpOJIb;

X;1=0, X,=1 — O0ydepnas 30Ha 1; X;= 1, X,= 0 — Oydepnas 30oHa 2. PeaynbraTel TabynupoBanus (1) u
(2) mpeacrarnensl B Tabm. 11 u 12.

Tabnuna 11

H3menenne NpogyKTHBHOCTH XBOM* cocHbI Typraiickoro nmporu6a n Cpeanero Ypajia B 3aBHCHMOCTH 0T JHAMeTpa
CTBOJIa Yy 0CHOBaHMs KpoHbl (Dbc), imamerpa (D) 1 roiM4Horo paauajbHoro npupocra Ha seicore 1,3 M (Zr)

Cocna Typraiickoro nporuda | Cochna Cpennero Ypana
Dbc, cm lonuuHbli pajiaibHbIH IPUpOCT (MM), CpeIHUIT 3 HTocleIHUE S5 JIeT
0,2 | 1,8 3,4 0,2 1,8 | 3,4
D=24cm
8 1,4/1,08 4,1/3,31 - 1,7/0,89 4,8/2,82 -

12 2,3/0,65 7,2/1,88 10,0/2,56 2,7/0,56 8,4/1,61 11,7/2,19
20 3,6/0,42 15,0/0,90 22,6/1,13 4,3/0,35 17,6/0,77 26,6/0,96
D=40cm

8 1,8/1,40 5,8/3,90 - 2,1/1,20 6,9/3,28 -

12 2,8/0,90 10,2/2,22 14,7/2,90 3,3/0,76 12,0/1,88 17,3/2,47
20 4,5/0,56 21,3/1,06 33,3/1,28 5,3/0,47 25,1/0,90 39,3/1,09
D =56 cm
8 2,1/1,67 7,4/4,63 - 2,4/1,46 8,6/3,98 -
12 3,3/1,07 12,8/2,68 - 3,8/0,93 15,1/2,27 -
20 - 26,8/1,28 - - 31,6/1,08 -

* Tepnas wndpa B Tab. 11 u 12 — Macca XBOH, Kr'; BTOpast 1(pa — MPOLYKTHBHOCTh XBOH, CM /KT

Tab6unuma 12

H3menenne npogykTuBHOCTH XBOH ejii CpenHero YpaJja B 3aBHCHMOCTH OT
AMaMeTPa CTBOJIa y OCHOBaHUsA KpoHbI (Dbc) n rogmyHoro npupocra nome-
PE4YHOro ceyeHHUs CTBOJIA HA BbIcOoTe 1,3 M 110 IpailueHTy 3arpsi3HeHUI

IIpn cpaBHEHUM Macchl
XBOH COCHSIKOB JIBYX PErHoO-
HOB OYEBHUJHBI CYIIECTBEH-
Hple pazmauus  (t=3,8>2,0):

Dbc, | T'oguuHblif IpUPOCT NONEPEUHOr0 CEYEHUs! CTBOJIA Ha BeIcoTe 1,3 M, oM’
oM 1 | 3 | 3 | 10 | 15 npyu (QUKCHPOBAHHBIX 3HAYE-
Bybepnas 30ma 1 HUSAX JTUAMETPOB U MTPUPOCTOB
8 1,7/0,587 2,9/1,050 3,6/1,376 5,0/1,986 6,1/2,462 CTBOJIa Macca XBOM B COCHA-
20 7,6/0,131 12,8/0,235 | 16,3/0,307 | 22,5/0,444 | 27,3/0,550 Kax Ypama Ha 17-18% BbIIIIC,
32 16,4/0,061 | 27,6/0,109 | 35,1/0,142 | 48,6/0,206 | 58,9/ 0,255 yeM B Typrae, a ee MpoayK-
Bydepuas 3ona 2 THBHOCTH (OTHOIIIEHHE TIPH-
8 | 1,7/0603 | 2,8/1,078 | 3,5/1413 | 49/2039 | 59/2527 | pocra mmomamm  ceuenms
20 | 7470135 | 12,5/0241 | 158/0316 | 22,0/0455 | 26,6/0,564 | crpoma k Macce XBOW) HAMPO-
32 [ 160/0062 [ 269/0,112 | 34,2/0,146 | 474/0211 | 573/0.262 | 1yp coorercrBenHO HUKE

8 1,6/0,62 2 (/Dlo I;Z];aﬂ 30Ha4(/K ?Tpom) 47/2,12 (cm. Tabu. 11).

,6/0,627 771, 3, ,470 ,7/12,122 5,7/2,630 W3BECTHO, UYTO B KecT-

20 7,1/0,140 12,0/0,251 | 15,2/0,328 | 21,1/0,474 | 25,5/0,587
KHX YCIIOBHSIX IIpOM3pacTta-

32 15,4/0,065 | 25,8/0,116 | 32,8/0,152 | 45,5/0,220 | 55,1/0,272

HUA (TOXWYHBIE OCAJKH CO-
craBistoT B Typrae 250-270, a Ha cpennem Ypane — 470-510 MM) IPOTYKTUBHOCTH XBOH HIKE, YEM
B ONTUMAIBHBIX, T.C. JUIS OTJIOKCHUSI MUHUIIBI MPUPOCTa CTBONA TpeOyercs OONbIIas acCUMHIUPY-
fomas Macca. MBI MONYYHITH MPOTHBOMONIOXKHBIH PE3yJIbTaT, KOTOPBIH MOXKET OBITH O0YCIIOBJIEH OT-
HOCHUTEIBHOM OJM30CThI0 HCTOYHUKOB MPOMBINUICHHBIX 3arpsi3HEHUH Ha CpeHEeYpaTbCKUX O0BEKTaX,
XOTSI IPU3HAKOB JICTPaalliyl XBOM W JIPEBOCTOEB MPH MPEABAPUTEIFHOM BH3yaIbHOM O0CIEIOBaHUN
He ObUTO BBISBIEHO. MOXKHO CUMTATh, YTO B YPAIBCKHUX COCHSAKAX, PACIIOJIIOKEHHBIX Ha PACCTOSHUU
10—15 KM OT UCTOYHHMKA BBIOPOCOB, BBISBJICHHOE CHUYKCHHE IPOAYKTUBHOCTH XBOM 10 CPABHEHHIO C
cocHsikamu Typrast 0ObsICHSICTCSI BpETHBIM BO3/ICHCTBHEM BHIOPOCOB HAa aCCHMUIISIIIOHHBIN anmapar.
Tax e OTCyTCTBOBaJIM BHU3yalbHbIC PA3JINUHs B OXBOCHHOCTH JIEPEBLEB €M 110 TPAJANEHTY 3arps3He-
Huil. Tem He MeHee, cyas 1o Tabn. 13, HaOmoAaeTcs HEKOTOPOE MOBBIIICHHE MAcChl XBOH U, HATPO-
TUB, CHIDKCHHME €€ IIPOAYKTHBHOCTHU I10 Mepe NMPUOIMKEHUS K HCTOYHUKY 3arps3HCHHUN IPU YCIOBUHU
OJTHUX M TeX )K€ 3HaUCHMH Kak KcuiieMHoro (Dbc), Tak u ¢ioamuoro (Zg) TpaHcrnopra y J1epeBheB.
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KonnuectBenHyto OIleHKY M3MEHEHUS MPOITyKTUBHOCTH aCCUMMJISIIIOHHOIO anmapaTa JIepeBbeB
MO TPAJUCHTY 3arpsS3HEHUH MOXKHO BBITIONHUTH M 0€3 JIOBONBHO TPYAOEMKOTO OINpPEICNICHUS MacChl
XBOM, OIPAHUYMBIINCH U3MEPEHUEM JICHIPOMETPUUYECKUX ITOKA3aTeNel, XapaKTepU3yOIUX KCHIIEM-
HBII ¥ (IO3MHBINA TpaHCIOpT JepeBa. [lokaxem 3To Ha nmpuMepe enu. PaccunTanbl ypaBHEHUS:

InZg = -0,278 -0,0602X -0,278X,+2,232 InDbc -0,829InA; R’= 0,933; 3)
InZv = -0,0278 -0,0013X, -0,240X,+2,776 InDbc -1,259InA; R*= 0,953. 4)

Bce koHCTaHTBI MpH AEHAPOMETPUUYECKHX TMEpEeMEHHBIX B ypaBHeHUsAX (1)—(4) 3HauMMBl Ha
ypoBHe tos. Bo3pact mepea A (Jier) BkitodeH B (3) u (4) ¢ Henbl0 HEUTPATU30BaTh €r0 BIUSHUE Ha
3aBHCHUMOCTb TIPUPOCTA OT TUaMeTpa BoAONpoBoasmiel 3abomonn Dbec.

Pesynbratel TabynupoBanus ypaBHenuit (3) u (4) npu 3amanaoM Bo3pacte A = 90 ner (Tabn. 12)
CBHJICTEIBCTBYIOT O 3aKOHOMEPHOM CHW)KEHHH MPHPOCTa TUIOMIAN CEYEHHUS U 00BEMHOTO MPUPOCTa
MIpH OHOM M TOW e BEIMYMHE JMaMeTpa CTBOJNA Y OCHOBAHMS KPOHBI PaBHOBEIHKUX JIEPEBHEB €U
o Mepe MPHUOIMKEHUST K HCTOYHUKY 3arps3HeHHs, COOTBETCTBEHHO Ha 32 u 27%.

Tabnuna 13
3aBUCHMMOCTb F'OAUYHOI0 NPHPOCTA MJIOLIAAN CEYEHUS] HA BBICOTE IPYIH (CMZ) (nepBasi nugpa) ¥ rOAUYHOIO

00bEMHOI0 IPHPOCTA CTBOJIOBOI APEBECHHBI eJIN () (BTOpast nu(pa) OT AMaMETPa CTBOJIA Y OCHOBAHUS KPOHBI
B Bo3pacre 90 jieT no rpasiMenTy 3arpsi3HeHnst

JluameTp CTBOJIA y OCHOBaHHS KPOHBI, CM
Som! 8 12 16 20 24 28
BydepHas | 1,42/0,9 3,52/2,6 6,68/5,8 10,99/10,8 | 16,51/18,0 | 23,29/27,6
Bydepras 2 1,77/ 1,1 437/33 831/7.4 13,67/13,8 | 20,54/22,8 | 28.98/35,1
®oHOBas 1,88/ 1,1 4.64/33 8,83/ 7.4 14,52/13,8 | 21,82/22,9 | 30,78/35,1

3akuouenue. VccnenoBanusi BO3ACHCTBHUI MPOMBIIUICHHBIX MOJUTFOTAHTOB HAa OMOMPOTYKTHB-
HOCTbH JIECHBIX 3KOCHCTEM B HACTOsIIEE BPEeMsl CONPSHKEHBI C TPYIHOCTAMHU ydeTa UCXOAHBIX (T.€. 110
Havaja JISHCTBUS MOJUTIOTAHTOB) XapaKTEPHCTUK HMX BO3PACTHOW, BUIOBOH U MOP(OIOrHYECKOM
cTpyKTypbl. [IpeanoxeHHbIid METO/I OIIEHKH Ha3BaHHBIX BO3JCHCTBUI Ha Oojee HU3KOM YpPOBHE Opra-
HHU3aLUH PACTUTEIBHOIO MUPA, YPOBHE OCOOHM C YyUETOM €€ OMOCPEIOBAHHBIX (PM3MOJOTMYECKHX Xa-
PAKTEPUCTHK, C IMOCIEAYIOIIEH SKCTPANOISIUEN BBIIBICHHBIX 3aKOHOMEPHOCTEW Ha YPOBEHb LIEHO30B
MOXET 0Ka3aThCsl MPOYKTHBHBIM, 0COOCHHO Ha JIOMOPOTOBBIX YPOBHSIX 3arps3HEHUSI.
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E. V. Khantemirova, I. E. Bergman, A. F. Urazova

STUDYING FOREST BIOLOGICAL PRODUCTIVITY ALONG INDUSTRIAL POLLUTION
GRADIENTS: METHODICAL ANALYSIS AND OUTLOOKS

Methods of quantitative estimating of forest biological productivity according to air pollution gradients
have been analyzed. Some examples of breach of experiment design principle are shown, impossibility of its
“ideal” realization when creating some phenomenological model capable to describe change of ecosystems
on impact region has been marked. A method of the pollution degree estimating when using a tree foliage
productivity index is proposed.

Key words: biomass, forests productivity, contamination of ecosystems, pine-tree, payp-model’, indus-
trial pollutants.
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YK 630*5: 630*17 + 582.795
A. K. I'aboenxaxos, A. A. Apcnanos, M. P. Cumoukoe

BUOINMNPOAYKTUBHOCTb HCKYCCTBEHHBIX IPEBOCTOEB
JIMIIBI MEJIKOJINCTHOM BAITIKAPCKOI'O TIPEYPAJIbSA

U3zyuenvl 3anacvl HAO3eMHOU PUMOMACCHL U 200UMHOU NPOOYKYUU NO GPaAKyusim
JlecHbIX Kynvmyp aunsl meaxoaucmuou III-VII knaccos éospacma. Ilpugedenvl pecpeccu-
OHHble YPABHeHUs 3a8UcuMocmeti OUONPOOYKYUOHHBIX HOKA3ameiel 0epesbed Om Npous-
gedenus keaopama ouamempa Ha 8blComy.

Knwuesvie cnosa: ghumomacca, npooyKmueHOCMb 1€C08, TUNA MEAKOIUCTIHAS, TeC-
Hble KYIbmypbl.

BBenenue. duromacca J1IeCOB — MHTETPajbHBIN IMOKa3aTeNb, OMPEACISIONIMI AKOJIOTHYECKYIO
MPOAYKTUBHOCTD JIECHBIX 3KOCHCTEM, HCIIOIb3YEMBIH B IIESIX IKOJIOTMYECKOr0 MOHUTOPHHTA, OIIEHKH
YIIIepOAOACTIOHUPYIONIEH CIOCOOHOCTH JIECOB, MOJICTUPOBAHHS MPOJYKTHBHOCTH, YCTOHYUBOTO Be-
JICHUs1 JIECHOTO X03sicTBa U ap. [1-5]. JlecHbIe KynbTYpbl OTIHYAIOTCS OONbIICH MPOIYKTUBHOCTHIO
MO0 CPaBHEHHIO C €CTECTBCHHBIMU HACaXJICHHSIMH, OJIHAKO MX OMOJIOrHYecKas MPOMyKTHBHOCTh U3Y-
YyeHa KpaiiHe cnabo [6]. Hanbonee mmpoko B nHuTEpaType OCBEIICHB B OTHOLICHUH OMOJIOrHYECKOi
MPOAYKTUBHOCTU KYJIBTYPhI XBOHHBIX [6—9 1 np.]. ccnenoBanus 1mo onpeneneHno GuromMacchl u ro-
JUYHOM MPOTYKIINH AEPEBHEB U APEBOCTOEB JIUITBI METKOIMCTHON MaJOYHCICHHBI U MOCBSILEHBI U3Y-
YEHUIO €CTECTBEHHBIX JHIHAKOB [8, 10—-16 u np.]. [lyOnukanmii 0 GHONOTHYecKON MPOITyKTHBHOCTH
HCKYCCTBEHHBIX JPEBOCTOEB JIUIIBI MEKOIUCTHON Majo [17].

Lesan padoThI — BBISBUTH OCOOCHHOCTH HAKOIUICHUS (PUTOMACCHI U MPOAYLIUPOBAHMS OpraHuye-
CKOI'O BELIECTBA KyJIbTYPaMH JIMIIBI MEJIKOJUCTHOU B ycnoBusx bamkupckoro IIpenypanss.

MeTtoauka U 00beKThI HcCIeq0BaHMi. 3akianka npooHbIx miomazier (I1I1), onucanue aecHBIX
KYJIBTYp, BBIYMCIICHHE TAKCAIIMOHHBIX MMOKa3aTelleid, pyOka MOJENbHBIX JIEPEBhEB, CTATHCTHYCCKAsS
00paboTKa MaTephalioOB MCCIIEAOBAaHHI MPOBENEHBI 00MIeNpUHATEIME MeTogaMu [18—-20]. Meroauka
onpeseNeHns] HaJl3eMHOM (pUTOMACCHl M TOAWYHON MPOAYKIIMHM MPUBEACHBI B MpenbIaymield padoTe
[10]. 3amac ¢uTOMacChl IPEBOCTOSI PACCUUTAH IO JAHHBIM 7—8 MOJEIBHBIX JCPEBHEB HA MPOOHYIO
TUIOIA/Ib, OTOOPAaHHBIX B CPEAHUX PAAax KyJIbTYp METOAOM HalpaBIeHHOH BHIOOPKH (110 OHOMY Jie-
pEBY Ha CTyIEHb TONIIMHBI) H CIY4YaiiHO B Mpefenax crynenu. HagzemHas ¢putomacca no ¢ppakmusm
orpenieneHa HermoCPeCTBEHHBIM B3BEIIMBAHMEM, a TOIUYHASI MPOAYKILHUS — PAacdeTHBIM ITyTEM, BCE
MOKa3aTelln MPUBEIEHBI K a0CONIIOTHO CYXOi Macce.

Wzyuensr siecHpie KynpTypbl Junbl MmenkonuctHou (Tilia cordata Mill.), mpowmspacratomme B
OmatoBckom (ITIT 1-3), Bux-Kapamammackom (I1114), Kapabamckom (TII15) n bupckom (I1I16)
YYaCTKOBBIX JIECHUYECTBaX, OTHOCAILIMECS K 30HE HIMPOKOIHCTBEHHBIX JIECOB JIECHOM M JIECOCTEITHOM
MOJ30H B npefenax Pycckoii paBHuHEL Penbed pacnonoxenus [T poensiii (Ha 1116 ¢ HeGonbmmM, 10
10°, yKJIIOHOM Ha 3araj), MOYBbI OMPEICICHbI KaK TEMHO-CEphIE JICCHbIE TI0 MEXaHHMYECKOMY COCTaBY
TSOKENOCYTIIMHHUCTRIE. JIeCHbIe KyJbTypbl CO3JaHbl 2-JETHHMH CESHIAMH Ha BbIpyOkax. KymbTypsl
psnossie, Ha [1I11 u 3 mmpuna mexaypsauit 3,0 m, mar — 0,7 M, cMemieHne B psiax ciaydaiinoe: Ha I1I11
B KayecTBE COIYTCTBYIOIMX BHUJOB IOCAKEHBI siceHb oObikHOBeHHbIH (Fraxinus excelsior L.), Bsi3
rnagkuii (Ulmus laevis Pall.), knen octponucthbiii (Acer platanoides L.); Ha I1I13 — Gepe3a mymmcras
(Betula pubescens Ehrh.). Ha III12 cxema nocanku 2,5%X0,8 M, cMelIeHUE MOPOJ CIOKHOE: MEPBBIA U
TPETH psiji — JIUIA MEITKOJMCTHAS, YeTBEPTHIN psiji U3 Oepe3bl MyIIUCTOMH, B MSATOM PSIY B CIy4aifHOM
MOpAZKE 4epenyroTca Oepesa IMyIIMCTas U JIMMA MEJIKOIHMCTHAs, BO BTOPOM U IIIECTOM psy ObLI
nocaxker Oapxat amypckuit (Phellodendron amurense Rupr.). B Hacrosmee Bpemst Ha I1I12 ocramuck
SIMHUYHBIC SK3EMIUTSPBI OapXaTa aMypCKOro, Ha MECTE KOTOPOTO MOSIBUIICS U Pa3poCccsl CaMOCeB SICEHS

© l'abnmenmxakos A. K., ApcinanoB A. A., Cutaukos M. P., 2009.
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OOBIKHOBEHHOI'O U Bsi3a Tiajkoro. JlecHsle KynbTypbl Ha [1[14 co3fgaBanvchk MOCEBOM psijia >Kemyaen
ny6a ueperryatoro (Quercus robur L.) u uepe3 2,5 M mocaikoi psjma 2-JIETHHUX CESHIICB JIMIIHI,
KOTopbIe B psiny yepe3 0,7 M uepenoBanuck ¢ akanuei xentoit (Caragana arborescens L.). J1y0 Bbiman
nocie Mopo3oB 1979 r., mosiBuiicst camoceB 6epesbl mymmcToi. JlecHsie kynbTypsl Ha [1I15 psgoBeie
mo Oopo3mam uepe3 2,5 M, mar nocaiakud 0,7 M, JuIa dYepeayeTcs C akalMed MKEITOW, eCTh
€CTECTBEHHAs IPUMECh Oepe3sl, uepeMyxu o0bikHOBeHHOM (Padus racemosa G.), my0a mopociaeBoro u
Bsa3a. Ha III16 cxema mocamku 1,5%0,7 M, KymbTypbl PSJIOBbIC, UMEETCsl MpUMeECh Oepe3bl U Bsi3a
€CTECTBEHHOT'O TIPOUCX OXKIICHUSI.

Heperbs aunsl Ha 1111, 3, 4 u 6 UMeEOT NMPSIMOH, MaJIOCOSKUCTBIA, BBHICOKO OYMINCHHBIA OT
Cy4beB CTBOJM (6—9 M) ¢ BbIcoKo noaHsTOM KpoHoi. Ha I1I16 kpoHbI nepeBbeB HEOONbIINE BCIEACTBHE
y3kux mexaypsauid. Ha TII12 u 5 y GonpimHcTBa M BhicoTa rtamba cocrasmser 3—4 m. Yacte
JIepeBbEB Ha MPOOHBIX TUIOMIAJIX 00pa30Balii MOPOCIIEBhIE THE3/1a ¢ 2—5 CTBOJIaMH Pa3HOTO BO3pacTa.

[oapoct orcyrcrByer, nomiecok Ha I1I11 — rycroii u3 nemmusl oosikHOBeHHOH (Corylus avell-
ana L.), ma II[12 u 3 — penkuii, npencraBieH psaOUHON OObIKHOBeHHOW (Sorbus aucuparia L.),
yepeMyxoil OOBIKHOBEHHOHN U OepeckiieroMm OopomaBuaThiM (Euonymus verrucosa Scop.), Ha T1I16 —
penkuii, mpeacTaBieH ManuHoW  oObikHOBeHHOH  (Rubus idaeus L.). Tum  ycnosuit
MECTOIpOM3pacTanus HacaxaeHuii coorserctByer C, (III12, 4-6) u [, (IIII1, 3). >Kusoit
HATIOYBEHHBIN IOKPOB HCCIENOBaHHBIX KyInbTyp OeneH, (Ha II[I6 — mpakTH4YecKd OTCYTCTBYET)
BcTpevaroTcst Kpanuea apynomuas (Urtica dioica L.), cHbITh 00bIKHOBEHHAs (Aegopodium podagra-
ria L.), Boponuii rna3 (Paris quadrifolia L.), 0yapa mmomesunnas (Glechoma hederacea L.),
rpaBwiaT ropojackoii (Geum urbanum L.) u apyrue Bunsl. JlecHas moACTHIIKA TUIOTHAS, MAJIOMOIITHAS.

TakcannoHHast XapaKTepUCTHUKA JAPEBOCTOEB MpuBeeHa B Tabmuie 1. KynbTypbl pa3BuBaroTcs mo
I-III wmaccam Oonutera mo mkaie M. M. OpioBa, BBICOKO- H CPEIHEIOIHOTHBIE 11O
BcrioMorarenbHoi Tabnuie I[Ipemypanbckoro yecocrenHoro paiioHa [21]. M3ydaemble apeBocTon
CYILIECTBEHHO OTJIMYAIOTCS MO TPOJYKTHBHOCTH Ja)Ke INpH OJIM3KOM BO3pAacTe M OTHOCHUTEIBHON
nonHoTe (IT11-3).

Taonuma 1
TakcanmoHHbIE MOKA3aTeJN KYJIbTYP JUMbI MeJIKOJIMCTHOH HA MPOOHBIX MJIOMIAASX
Ne 11po06- Cpennue ITon"ora
N Yucno
HOU CocraB Bospacr, Knacc abcoitoT- 3amnac,
h, | D3, CTBOJIOB, OTHOCH- 3
IJI0I11a- JIPEBOCTOS JIeT OoHuTEeTA 1 Hast Mra
M cM 9K3.ra 2 1 TeNbHAas
I MTa
1 7JIn2B+b ex Sc, Kn 69 19 24 11 649 27,92 0,7 248
2 5JIn5B+BX, Slc en B 70 18 20 111 567 21,62 0,6 203
3 7JIn3ben B 67 23 22 1 586 27,37 0,6 280
4 8JIm2b + ], 57 18 22 11 946 37,42 1,0 342
5 6JIn2B24p + Tn, B 25 11 13 1 1503 18,35 0,7 100
6 9JInlb ex B 42 16 15 1 1366 25,90 0,8 206

HNuTepnperanusi pe3yJbTATOB MCCJIEJ0BAHMIl. YuyacThe JEpeBHEB DPA3TUYHON TOJIIMHBI B
o0pazoBaHnu (HUTOMACCHI PEBECHOTO sipyca HE OJJMHAKOBO: Macca JIPEBECHHBI CTBOJIOB, OTHOCSIIIMXCS
K crynenn 20 cMm B 3—4 paza Gonblie, 4eM y JepeBbeB AUaMeTpoM 12 cM, a BeTBEeW U JIUCThEB — B 2—8
pa3. Macca BeTBeil M JHCTBBI 00JIalaeT 3HAYMTEIHLHON H3MEHUYMBOCTHIO, OOYCIOBJICHHOH CTENEHBIO
pa3BUTHS KPOHBI B CBSI3M C MX pPa3HbIM IIEHOTHYECKUM IOJIOKEeHHeM B apeBocToe. Ilokasaremu
(uTOMACCHI U TOAMYHOU MPOIYKIMH MOJIEIBHBIX JIEPEBHEB B OTHOCHTENBHBIX BEMYMHAX OT 0OmIeH
Macchl BappHpyOT Manio (8—45%). JlocToBepHBbIC KOPPENISIMOHHBIC 3aBHCHMOCTH HE OOHApPY)KCHBI.
Nmerorcss Wb HE3HAYMTENBbHBIC TEHJCHIMH CHIDKEHHUS JIONMW (UTOMACCHl CTBOJIOB, TOAWYHON
MPOMYKIIUK CTBOJIOB M BETBEH MpHU OJHOBPEMEHHOM TOBBIIICHHH (UTOMACCHI KPOHBI M TOAWYHON
MPOAYKIIMM JIUCTBBI C YBEIMYEHHEM €CTECTBEHHOW CTYNEHHM TOJNIIMHBL 3]1eCh CKa3bIBaeTcs
TEHEBBIHOCIIMBOCTh BHUIA. B cpemHem moneBoe ydactue (pakuuii HagzeMHON (uTomacchl (TOIMYHON
MIPOYKITNH ) MOJICTBHBIX JEPEBHEB UMEET CIIEMYIOIIEe COOTHOIICHHE: IpeBecuHa — 63 (42), xopa — 22
(15), BetBu — 14 (17) u nuctra 2 (27) %.

B kavecTBe apryMmenTa (hyHKIUH JUTS BhIpaBHUBAHUS OHONPOAYKIIMOHHBIX MOKa3aTeNneil MpUHST
«BHJIOBOIT IIMTHHIPY» — MPOM3BEICHNE KBAAPATa TMAMETPA CTBONA HA ero BBICOTY (d /). JlaHHBI mo-
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Kazatelb JJIsl BCEX MOJIETbHBIX JIEPEBHEB BBICOKO KOPPEIUPYET CO BCEMU (paKiusMu GUTOMACCH (OT
0,868 — ms BerBeit 10 0,983 — I IpeBECHHBI CTBOJIOB) M ronuyHou npoaykiuu (ot 0,830 — mis ko-
pe1 ctBonioB A0 0,911 — mns nmuctBbl). Pe3ynbraThl perpecCMOHHOTO aHajin3a 3aBUCHMOCTH BEIHYUH
(buTOMACCH M TOMYHOM MPOAYKIIMK MOJCTBHEIX fepeBbes (Y) oT d°h (M) B MCCIIEIOBAHHBIX KYJIbTY-
pax mpencTaBieHbl B TAONHUIIE 2, 10 JAHHBIM KOTOPOM MOXHO CYJIUTh O BBICOKOH 3HAYMMOCTH IIOJY-

4eHHBIX ypaBHeHuH (0<0,05), kpome dpakuuii roquuHON MPoAyKIUK Kopkl cTBOOB [1I15 1 6.

Tab6unuma 2

CraTHcTHYeCKHe XapaKTepUCTHKH YPABHEHHI perpeccud BUAa Y=a(d’h)" nast BbIPABHUBAHUSA
OMONpPOAYKIMOHHBIX NOKa3aTeJeii qepesbes (Y)

duromacca, Kr ToygHast MPOIYKIHS, KT
INokasza- )
CTBOJIBI KpOHa CTBOJIBI lai, M
TeNH BETBH
JpeBecuHa | Kopa BETBM | JIMCTBSI JpeBecuHa | KOpa
[Ipo6Guas rmromanps Nel
a 123,8900 35,2566 20,8059 3,6445 4,6790 1,3315 2,2163 200,868
b 1,1396 0,7409 1,2098 1,3603 1,1045 0,7059 0,8408 1,3603
F 160 9 40 96 44 7 28 97
R’ 96 58 86 94 88 51 82 94
Se 0,165 0,441 0,348 0,252 0,305 0,487 0,291 0,252
Em 0,107 0,252 0,228 0,194 0,228 0,341 0,207 0,194
[Ipo6Guas rurontagp Ne2
a 115,3880 42,2572 22,1879 3,7897 3,6584 1,3398 1,6940 203,608
b 1,0226 1,1674 1,2972 1,0104 0,7360 0,8809 0,7196 1,0104
F 572 113 75 86 76 53 50 86
R’ 99 95 92 93 93 80 89 93
Se 0,104 0,266 0,362 0,265 0,204 0,292 0,248 0,265
Em 0,064 0,209 0,283 0,198 0,116 0,185 0,172 0,198
IMpobuas momags Ne3
a 107,5510 46,2665 11,6243 2,3770 4,3566 1,8741 0,9745 121,005
b 1,0384 1,0862 1,7923 1,6812 0,9557 1,0036 1,2192 1,6812
F 88 126 36 15 58 72 21 15
R’ 94 95 86 70 91 92 77 70
Se 0,204 0,179 0,549 0,809 0,231 0,217 0,488 0,809
Em 0,152 0,120 0,351 0,581 0,174 0,157 0,356 0,581
[Ipo6Gras mrontans Ned
a 113,6640 31,3319 30,0465 4,0323 5,6047 1,5449 2,1406 80,8379
b 1,0632 0,8706 1,3147 1,3422 1,2115 1,0191 0,9089 1,2665
F 196 103 68 96 134 60 31 107
R’ 96 94 91 93 95 89 81 95
Se 0,197 0,223 0,414 0,356 0,272 0,343 0,421 0,318
Em 0,116 0,157 0,286 0,237 0,210 0,247 0,283 0,195
IMpobuas momags Ne5
a 112,7390 37,6950 50,3174 4,4042 10,6492 3,5602 4,5525 497,6060
b 1,0467 1,0018 1,0863 0,8077 0,9334 0,8884 0,7737 0,8077
F 213 62 32 38 8 5 43 38
R’ 97 91 84 86 52 38 87 86
Se 0,103 0,182 0,275 0,189 0,484 0,588 0,169 0,189
Em 0,074 0,125 0,226 0,125 0,338 0,395 0,114 0,125
IMpobHas momags Neb
a 128,4530 24,1144 13,7035 2,3287 5,4886 1,0304 1,5786 55,6438
b 0,9790 0,6384 0,7317 0,938 0,7731 0,4325 0,7039 0,9380
F 387 82 52 14 8 2 29 14
R’ 98 93 89 68 54 20 82 68
Se 0,114 0,161 0,233 0,584 0,629 0,631 0,299 0,584
Em 0,091 0,106 0,166 0,425 0,415 0,364 0,203 0,425

*/ a1 b — KO PUIHEHTbI PErpecCHOHHOr0 ypaBHeH s; F —3HauMMOCTh ypaBHEHHs 110 kpurepuio duirepa; R? — kodddui-
€HT JieTepMHUHALMY, %; Se — cTaHapTHast omuoOKa ypaBHeHus; Em — cpenusisa abcomrorHas omubka, lai — riomazs JMCToBOI

TIOBEPXHOCTH.
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BripaBHeHHBIE 3HAYEHUS OMOMTPOAYKIIMOHHBIX ITOKa3aTeleil ¢ UCIOb30BaHUEM YPaBHECHHN U Ya-
CTOTHOE pacIpesieiieHrue JIEPEBhEB MO CTYMEHSIM TOJIIWHBI TO3BOJIMIIN PACCUUTATh (PUTOMACCY U TO-
JAYHYIO MTPOAYKIIHMIO JpeBocToeB (Tabmnuia 3). duromacca CTBOIIOB M3YUCHHBIX JIMITHSIKOB U3MEHSIET-
cst o1 39 110 132 T.ra”’, B TOM umcie Kopsl — oT 10 10 41 T.ra”’. duToMacca KpoHs! cocTaBiser 10— 32
T.ra’, B TOM umcie auctbeB 1,3-3,9 r.ra”. Toamunas npoxykuus Bapsupyer ot 5,1 go 12,3 T.ra”. A6-
COJIIOTHBIC 3HAaueHHs (PUTOMACCHI U TOJMYHON TMPOAYKIUHU 1O (PpakiusiM UCCICTOBAHHBIX KYIBTYD
JIUTIBI 3aBUCAT OT MX MOJHOThI. COOTHOLICHHUS OTACIbHBIX (pakiuii B o0IIeH 10j1e UMEIOT ONM3KUE

3HA4YECHUS U TaK)KE 3aBUCAT OT IIOJTHOTHI.
Tabnuna 3
BuonpogyknnonHbIe MOKA3aTeM IPEBOCTOEB MPOOHBIX ILIOIMA e
(B yncJMTeIe — Macca, B 3HAMeHaTeJ1e - IPOLEHT)

Ne mpoGHo# CtBON Kpona Viroro
IIOMAH | peBecHHA | Kopa BCETO BETBHU JINCTBA | BCETO
duromacca, Tra’

1 92.87 22,62 115,49 16,18 3.09 19,27 134,76
68,92 16,79 85,70 12,01 2,29 14,30 100,00

) 59.24 23.17 82.41 13.07 1.94 15,01 97.42
60,81 23,78 84,59 13,42 1,99 15,41 100,00
3 91.48 40,64 132,12 18,82 3.44 22.26 154,38
59,26 26,32 85,58 12,19 2,23 14,42 100,00
4 102,19 27.46 129,65 28,52 3.86 32,38 162,03
63,07 16,95 80,02 17,60 2,38 19,98 100,00

5 28.68 10,16 38.84 12,18 1.56 13,73 52,57
54,53 19,33 73,86 23,16 2,98 26,14 100,00

6 71,74 17,00 88.74 8.99 1,33 10,33 99.07
72,42 17,16 89,58 9,08 1,34 10,42 100,00

TOfMYHas IPOIYKIMS, T.IA TOI

| 3.45 0.86 431 | 147 | 309 | 456 | 887
38,90 9,70 48,59 16,57 34,84 51,41 100,00

> 173 0.66 2.39 0.80 1.94 2,74 5.13
33,72 12,87 46,59 15,59 37,82 53,41 100,00

3 3.52 1.56 5.08 0.94 3.44 4.38 9.46
37,21 16,49 53,70 9,94 36,36 46,30 100,00

4 5.19 1.38 6.57 1.88 3.86 5.74 1231
42,16 11,21 53,37 15,27 31,36 46,63 100,00

5 3.15 L12 4.27 170 1.56 3.25 7.52
41,81 14,82 56,64 22,57 20,80 43,36 100,00

6 3.50 0.87 4.37 1.06 1.33 2.39 6.75
51,78 12,88 64,65 15,63 19,72 35,35 100,00

CpaBHeHHE TTOYYEHHBIX JTAHHBIX OMOMPOMYKTHBHOCTH KYJBTYp JIMITBI MEITKOJIMCTHON € TOKa3a-
TENSIMH MTOPOCJIEBBIX JTUIMHAKOB [10] mpu OMU3KKX BO3pacTax M MOJTHOTaX MOKAa3bIBAET, YTO HAKOILIE-
HUE PUTOMACCHI B U3yYEHHBIX KYJIbTYpaX HECKOIBKO HUXKE, OJIHAKO MPOYIIHPOBAHNE OPTraHHYECKOTO
BeriecTsa nocie 5S0-tu jer Beime (cM. puc. Ha c. 81). CienoBaTebHO, KYJIbTYPBI JUIIBI KMEIOT 00JIb-
IIMH IPOAYKIHMOHHBIN MOTEHIMAN, BO3PACT KOJIMYECTBEHHOM CIIEIOCTH Y HUX HACTYIIAET MO3KE, YEM
B MOPOCIIEBBIX JUITHAKAX.

Macca nHCTBEB W MX ITUIONIAJb MO3BOJISIIOT OICHUTH MPOAYKIHOHHYIO CIOCOOHOCTH JIICTOBOTO
anmapaTa Kak JepeBhEB pa3lMuHOro paHra, Tak U Bcero apeBoctos. [IpomykunonHast 3peKTHBHOCTh
JMCTOBOH MOBEPXHOCTH JIEPEBbEB (OTHOIMICHUE MOANYHON MPOIYKIMH K TMCTOBOH TTOBEPXHOCTH) HMEET
TEHJICHIIMIO K CHIDKCHHIO C YBEIIMUCHWEM pAHTOBOTO MX TOJOKEHUS B JpEBOCTOAX. JlaHHas
3aBUCUMOCTh ciabas (koddduuueHt koppemsiuu —0,38), HO JOCTOBEpHas, YTO TaKKE SBJSICTCS
CIICJICTBUEM TEHEBBIHOCIMBOCTH JIUIBI MENKONUCTHOU. [IpoaykimoHHas 3(¢GEeKTUBHOCTh JHCTOBOH
IOBEPXHOCTH IpeBOCTOEB (y, T.ra’), MpM MX CyMMAapHOH OJHOCTOPOHHEH IUIOMAMM JHCTOBOIL
noBepxHoctu B 17,05; 10,04; 17,51; 7,58; 17,61 u 3,18 ra.ra”’ coorBerctBenHo uist 111 1-6, 3aBrCHT OT
uX Bospacta (X, 1er): y = -0,0033 x* + 0,3073 x - 5,1654 (R* = 0,95). «PaGOTOCIOCOGHOCT» JTHCTBBI
npeBocToeB Hanbosee 3G dekTuBHA B BO3pacTHOM mepuon ot 40 10 55 JeT.
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BuonpoayKuoHHbIe 110Ka3aTeIn eCTECTBEHHBIX (CBETIIbIC 3HAKH) M MCKYCCTBEHHBIX JPEBOCTOEB (3AIUTHIC 3HAKH) JIUIIBI
MEJKOIUCTHOM: A) — puromacca; b) — ronnunas npoxykuus; ¢ — Bcero; O — CTBOJBI; A — KpoHa

BuiBoabl. Takum 00pazom, Ha OHONPOAYKIIMOHHBIE MTOKA3aTEllM H UX CTPYKTYPY CYIIECTBEHHOE
BIIMSIHIE OKa3bIBAET I'yCTOTA CO3/1aBAEMBIX JIECHBIX KYJIBTYp, CBSI3aHHAS CO CXEMOIl ITOCaI0YHBIX MECT.
[ponykunonHas 3(h(HEeKTHBHOCTH JTMCTOBOM TOBEPXHOCTH JIPEBOCTOCB CYIIECTBEHHO MEHSIETCS C BO3-
pacroM. Haxoruienne ¢uTomMacchl B M3y4EHHBIX KYJIbTypax HWXKE 1O CPaBHEHHIO C MOPOCIEBBIMHU
JUHSIKAMH, HO POAYIUPOBAHNE OPTaHUYECKOT0 BEllecTBa UMM Tocie SO-TH JIeT BhIIIIe.
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BIOPRODUCTIVITY OF ARTIFIVIAL TILLET FOREST
IN THE BASHKIRIAN CIS-URAL REGION

The above-ground phytomass stocks and annual production according to the III-VII age class artificial
small-leaved lime forest fraction were studied. Regressive equations of bioproductive tree indicators de-
pendences from the square of diameter on the height product are resulted.

Key words: biomass, forests productivity, Tilia-cordata, regressive analysis.
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MNPOCTPAHCTBEHHO-BPEMEHHAS UBMEHYUBOCTD
OCHOBHBbBIX IAPAMETPOB ®OHOBOI'O SKOJIOI'MYECKOI'O
MOHUTOPUHI'A JEPHOBO-IIOA30JIUCTBIX
IOYB JIECHOM ONIBITHOM JIAYHM PTAY-MCXA

Ilpedcmasnenvt pe3yrbmamsl KOMNJIEKCHO20 (DOHOBO20 IKOIOSUHECKO2O MOHUTNO-
PUH2A IECHBIX 0EPHOBO-NOO30JUCHBIX HOY8 HA 0COO0 OXPAHAEMOU NPUPOOHOU Meppumo-
puu 8 npedenax mezanoauca Mockgvl. Yecmanognenvl 3aKkoHOMePHOCMU RPOCHMPAHCIGEH-
HOU UBMEHYUBOCU (DYHKYUOHUPOBAHUSL NOYE NO OCHOBHLIM dNEMEHMAM Me3openveda u
UX BPEMEHHOU USMEHYUBOCIU 8 MeYeHUe NEPUOO08 Becemayu 08YX KOHMPACHHBIX Jem.

Knroueswie cnosa: sxonozuieckuii MOHUMOPUHS, NOYBbL, JECHbIE HACANCOEHUS, NPO-
cmpaHcmeeHHoe pacnpeoeienue.

Beenenmne. IIporiecchl aHTPONIOTeHHON JIerpalaliii OKpYy)Karollel cpensl Hanbonee HHTEHCUBHO
MPOSIBIISIIOTCST B ypOAHU3UPOBAHHBIX paiioHax [1-5]. [ns 3amUThl 1 palliOHATEHOTO MCIIOIh30BAHUS
OKpYKaroIlel Cpeabl BBLACISIOTC 0c000 oxpaHsiemble npupoanbie Tepputopun (OOIIT), dopmupy-
IOIIME AKOJIOTMYSCKUI KapKac YCTOMYHMBOrO Pa3BUTHS IPUPOIHO-TEXHOI'eHHOro Janamadta [6, 7].
Kpynneiimmii B Bocrounoit EBponie Meramonuc MockBa pacronaraer nenbiM psgaom jecHsix OOIIT,
BBITIOJTHSIOMNX (PYHKIMU «IETKUX CTONUIBD. OJHUM H3 Haubojiee WHTEPECHBIX M3 HUX SBISETCS
Jlecnas ombitHas maya PITAY-MCXA (JIO[), umeromas Gonplioe MpUPOAOOXpAaHHOE 3HAYCHHE W
JUINTENTbHYIO MICTOPUIO UCCIIEIOBAHUIN pAla aHTPOIIOT€HHO U3MEHEHHBIX dKocucTeM [8—14].

[ToyBeHHO-3KOIOTHYECKUH MOHUTOPUHT IMOJPa3yMeBaeT CUCTEMHbIC HAOIIONCHHS 32 COCTOSHU-
€M TIOYB C OIEHKON W MPOTHO30M MX MPOCTPAaHCTBEHHO-BpEMEHHBIX M3MeHeHwui [15-20]. Obs3aTens-
HBIM 3JI€MEHTOM TOpPOJACKOI'0 M PErHOHAIBHOTO MOYBEHHO-IKOJIOTHYECKOI0 MOHUTOPUHTA ABISETCA
6a3oBbiii MoHUTOpHHT OOIIT, KaK KOHTPOIBHBIX 00BEKTOB JUTS COOTBETCTBYIOMIECH TeppuTopuu. [1pn
3TOM 0c000€ BHUMaHHE JIOJKHO YACIIThCS (POHOBOW MPOCTPAaHCTBEHHON M3MEHYMBOCTHU MOYB, KOTO-
pasi UMeeT BaKHOE 3HaUYCHHE JIIsi 000CHOBAHHOW MHTEPITPETAIIMN PE3yIbTaTOB MOHUTOPHHTA.

Hean maHHOM paboTHI cOCTOSIIA B MPOBEICHUN KOMIUIEKCHBIX MOHUTOPHHTOBBIX HCCIICIOBAHHUN
nepHOBO-TI0A30MUCTHIX TTouB JIO/[ ¢ BBISBIEHHEM 3aKOHOMEPHOCTEH MPOCTPAHCTBEHHOW M3MEHYHBO-
CTH M BPEMEHHBIX M3MEHEHUH OCHOBHBIX (YHKIMOHAIBHBIX TPYII JUATHOCTUYECKHX IMapaMeTpoB
MOHHUTOPHUHTA.

O0bexThI U MeToABI HccaeaoBanuil. JIO/[ 3anHuMaeT roro-3amagHyio 4acTb 3eMJICTIOIb30BAHUS
PTAY-MCXA umenn K. A. TumupszeBa B CeBepHoM okpyre MockBel. [1o HCXOIHBIM MPUPOAHBIM
YCIIOBHSIM OHa BXOIUT B IOKHYIO TMO/30HY CMEIIAHHBIX XBOIHO-IINPOKOINCTBEHHBIX JiecoB. Teppu-
TOpHUS CIOKEHA YETBEPTHUUHBIMHM OTJIOKEHUSMH, C TOJCTHJIAHWEM IOPCKHMH TJIIMHAMH MOILTHOCTHIO
20-22 M. MopeHHBIH CYTIIMHOK JIBYYJICHHOTO CTPOSHHUS SIBJISIETCS OCHOBHOM MOYBOOOpa3yromiel mo-
ponoii. B moHMXKEeHUsIX OTMeuaroTcs (IIIOBHOTIISIIIUATBHBIC OTIIOKEHHS, JTOKAIBHO — MAJOMOIIHBINA
MOKPOBHBIN CyrnuHOK. [Tnomane J{aun uMeer BUJ BRITSIHYTOIO C CEBEpO-3aliajia Ha F0r0-BOCTOK MHO-
rOyrojibHUKa MaKCHMAIbHOM JUTMHOM 2,8 KM U IMUpPHUHOH 1,6 KM.

Hentpanpayto yacts JIO/] 3aHUMAaeT MJIOCKUH BOAOPA3ACIbHBIN X0JIM, MOP(OJIOTHS €ro CKIOHOB
KPYTH3HOM 2—3° MEHsIETCS B 3aBHCHMOCTH OT 3KCIIO3UIMH: CEBEPHBIM, BOCTOUHBIN M CEBEPO-3aIiaIHbIN
CKJIOHBI TIPSIMOJIMH GIHBIE, I0XKHBII CKIIOH UMEET CIa00BOTHYTYIO (hOpMY, OCIOKHEHHYIO JIOKOMHAMH,
MOHWXeHUsIMH 1 3ananuHamu [11, 12]. [Ipeobnanaromumu nouBamu Ha tepputopun JIO sBisroTcest
JIEPHOBO-TIO30JIUCTHIE, Pa3TUYAIOIINECsS 10 BBIPAXXEHHOCTH JEPHOBOIO, MOJ30JUCTOrO U TJIEEBOTO
MPOIIECCOB, TPaHyIOMETPUICCKOMY COCTaBY IOYB M MMO4YBOOOpa3yromux mopox [13, 14].

© Bacenes U. 1., Packarosa T. B., 2009.
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B ocHOBe HammX MOJIEBBIX HAOIMIOACHHUHA JEKHUT MCCICAOBAHHUE IPEACTABUTEIBLHBIX KIFOYEBBIX
yuactkoB (KnY). [Ipu ux BeiOOpe MBI ONMMpaMCh Ha paHee 3aJI0KEHHYIO TpaHcekTy [13] mouBeHHO-
sKojormueckux uccnenoanuii — Kiny Ne 1,2,3. B npojoimkeHuH TpaHCEKThI HAMU OBUTH 3aJI0)KEHBI
Ky Ne 4 1 5 Ha mpOTHBOMONIOKHOM (FOT0-3aI1aTHOM ) CKJIOHE MOpEHHOT0 XonmMa (Tadi. 1).

Tab6unuma 1
JK0JIOrHYecKas XapaKTePUCTUKA KIIYeBbIX YYACTKOB HCCJIeI0BAHUI

Kitouesoii yuacrok (KinY)
Iapametp
1 2 3 4 5
IomomBa npsimoro | CpelHsisi 4acTh MPSIMOro Cpennsist yacth nosiororo | ITopomiBa mosororo cia-
Pesmbed KOPOTKOro c¢J1aboroKa-| KOpoTKoro ciiabornokaro-| BepumHa Mo- ¢11a60BOrHYTOrO CKJIOHA | GOBOTHYTOr'O CKJIOHA I10-
Toro ckiiona CB skcno-| ro ckiona CB skcno3u- | peHHOro xoima noBblIeHHON aiuHbl FO3 | BbleHHO#H 1umHbI FO3
6370007048 oUuHn OKCITO3HIINH OKCITO3MIINH
1 M . IokposHsIit cy- DJroBHOrISLMATIBHBIE
HUTOJIOT U OPE€HHBIU CYT'JIMHOK IJIMHOK HA MOpEHE OTJIOKEHHS
3 TEn HO/30JICTHIC
Z| moarumn JIEPHOBO-T10/I30JIUCTHIC TOBEPXHOCTHO-
= JIEPHOBO-10/I30JIUCThIC
OT'JICCHHBIC
JIMMHSAK CIIOKHBII GHSIK C JIMIIOH CocHsk
CocHsik Oyapo- Ay . CocHsIK
Tun neca . O0COKOBO- CIIOXKHBIN Oyapo- . IIMTOBHUKOBO-
LU TOBHHUKOBBIN o “ Pa3HOTPaBHO-OCOKOBBIN .
LU TOBHHUKOBBIN KOIIBITCHEBbIN OCOKOBBIH

K1Y saxnamsBanuch pasmepom 40x40 M, rae u3ydaincs (HTOLEHO3 M MOYBEHHBIH MOKPOB. B
HEHTPE YYacTKa 3aKJIaJbIBAIMCh OMOPHBIE pa3pesbl, MPOBOIMINCHL MOP(HOTreHETHIeCKUE ONUCAHUS U
PSKUMHBIC HAOMIOECHHUS, OTOMpaIUCh 00pas3ilbl sl aHaM3a B jjabopaTopuu. [yl onpeneieHus mpo-
CTPAHCTBEHHOW M3MEHUMBOCTH aKTYAIBHBIX CBOWCTB MOYB 3aKJIaJbIBANCH MPUKONKHU. [loneBoe omnwmca-
HUE U OIPeIeIICHUE MOYB TIPOBOINIIOCH 110 OOIIENPUHATEIM MeToarKaM [21] u knaccudukamnuu [22].

[TouBeHHBIE PEKUMBI HCCIIEOBAINCH MyTEM €KEMECSYHBIX HAaONIOJICHNH B BEreTallMOHHBIX Ce-
3oHax 2006 roma (24.1V;23.V; 27.VI; 25.VII; 28.VIII; 10.X) u 2007 roma (31.V; 27.VI; 27.VII;
28.VIII; 25.1X). O6mmiast cxemMa MOJNEBBIX PSKUMHBIX HAONIOJICHUH BKIIIOUANA ONpEIeIeHre TeMIlepa-
TYpBl TOYBBI BBITSDKHBIMH TEPMOMETpPAMH, BJIAKHOCTH IOYBBI — TEPMOCTATHO-BECOBBIM METOJIOM,
IJIOTHOCTH CJIOXEHMS MOUBBI — OypoBbIM MeTonoMm Kaunuckoro [23]. B nabGopaTtopuu onpeaesiu
cojiepkaHue o0Iiero yriepojaa no TIOpHHY, aKTyalbHYI0 U OOMEHHYIO KHCIOTHOCTH MOTEHIIHOMET-
pHYECKH, THIPOIUTHYECKYIO KUCIOTHOCTh TI0 MeToay Kamnmena pH-merpudecku, cymMMbl 0OMEHHBIX
ocHoBaHuil MetonoMm Kanmnena-I'mibkoBuIa, comepikaHue MOABMKHBIX (opM docdopa onpeners-
1 (HOTOKOIOPUMETPHUUECKHM METOJIOM C aCKOPOMHOBOM KWCIIOTOW, Kallusi — Ha IJIaMEHHOM (OTO-
Metpe [24]. UccnenoBanus OMOIOrHYECKOW aKTHBHOCTH TOYB BKIIIOYAIA ©KEMECIIHOES ONMPEACICHHE
netonozonuTraeckoit aktuBHocTH (IIJIA) m «apixanus» moussl. M3yuenue 1IJIA mpoBomguiock ar-
TUTHKAIMOHHBIM MeToIoM. CpOK SKCIIO3HMIIMK XJIOMYaTOOyMaKHOW TKaHHW B TOYBaX COCTABHJI OJIUH
Mecsll. «J{pIXxaHue» MOYBbI UCCIIEN0BAIOCH a/ICOPOIIMOHHBIM METOJIOM B Mojudukanuu KapnadeBcko-
ro [25]. Jms cucremaTusanuu pe3ynbraToB MoHUTOpUHTa JIOJ] BCe OCHOBHBIC JUArHOCTUYCCKUE T1a-
pamerpst (O/IIT) ObuTH pa3OUTHI HA YETHIPE TPYIIITBI PA3HOU MEPUOMYHOCTH HAOIOICHHIA: a) O0a30BbIe
— abCONIOTHO WJIM YCJIOBHO CTAOMJIbHBIC Ha TEPHOJ HAOIIONCHHUI; 0) OTHOCHUTEIBLHO CTaOWUIbHBIC —
KakK MPaBHUJI0, MOTYT CYIIECTBEHHO M3MEHAThCS 3a 5—10 Jier; B) TMHAMHYHBIE — CYIIECTBEHHO MCHSI-
FOTCS OT TO/Ia K TOy; T') PeKUMHBIE — BBICOKO TMHAMUYHBI B T€4eHHE OJHOro rojaa (puc. 1)

Basosbie AN OTHocuTenbHO cTabunsHbie AN
&) Me30ocTpyKTYpa MOYBEHHOT0 MOKPOBa a Mopdonorus mous
& OcHOBHbIE NO4YB000OPA3YIOIINE MOPOIBLI N & Tun Jeca, cOCTaB IPEeBOCTOSI
& Tloka3zarenu reomopdoioruu (KpyTH3Ha, v |.5 Coaep:xaHue OPraHM4ecKoro yriepoaa
¢opma, JIMHA ¥ IKCIO3HIHS CKJIOHOB) THN NOACTHIIKH

Pexumnbie AN OvHamuunbie AN

a Bu1askHOCTB NOYBBI & pH Box, pH con
& I1;10THOCTD CJI0JKEHU S a CymMma 00MEHHBIX OCHOBaHMI
a TemnepaTypa mo4Bbl K (] TuapoauTHYecKast KHCJIOTHOCTH
& ;f{lmxanue» MOYBBI a CTeneHb HACHIIEHHOCTH OCHOBAHUSIMH
a €JIITI01030JIMTHYECKAsl AKTHBHOCTh a Conep:xanue moaBHKHbIX dopm K un P

Puc. 1. Brox-cxema ouaenocmuueckux napamempos (H{I1) monumopunea JIO/]
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Pe3yabTaThl HccIe10BaHUI

1. AHanu3 0a30BBIX MNapaMeTPOB MOYBEHHO-IKOJOTHYECKOr0 MOHUTOPUHTAa. MOHUTOPHHTO-
BbIc HAOJIOJICHUSI TMPOBOIMIINCH HA TPAHCEKTE, Y3JIOBBIM 3JIEMEHTOM KOTOpoi sBisiercss Ky Ne3,
PACIIONOKEHHBIN Ha BHIMOIIOKEHHOW BEPIIMHE MOPEHHOTO X0nMa (Tadd. 2).

Kny No2 u 1 3anokeHbl Ha CPaBHUTEIHHO MPSMOM CITa00MOKATOM KOPOTKOM CKJIOHE MOPEHHOT'O
xonma ceBepo-BocTouHO (CB) sxcnosumuu. Kiny Ne2 3amokeH B cpefHel 4acTh CKJIOHA KPYTHU3HOM
okouo 3°, Ky Nel HaxomuTcs Ha ero moJIoniBe, KOTopasi IepexouT BO (PIOBHOTISIINATILHYIO Teppa-
cy. Kny Ne4 m 5 3anokeHbl Ha MPOTHUBOIIOJIOKHOM ITOJIOTOM CKJIOHE TIOBBIIIICHHOW JJIMHBI IOTO-
zanaanoi (FO3) skcno3uinu: B cpeiHei YacTu CKIIOHA c1ab0BOTHYTON ()OPMBI M Ha €ro MOJIOIIBE.

CornacHo «Knaccudukanuu u nuardoctuku mouyB CCCPy [25], mouBbl IpSMOro KOPOTKOr'o Clia-
6orokaToro ckiona CB skcrosunmu U Bogopa3AeibHON YacTH MOPEHHOTO XO0JIMa OTHOCSTCS K MOJI-
TUITY ACPHOBO-IIOA30JMCTBIX IIOYB TUIIA IMOA3O0JHCTBIX II0YB. ITouBBl momOroro CHaGOBOFHYTOFO
CKJIOHA TIOBBIIICHHOW UMHBI KO3 sKCmo3unmm — K TOATHITY JAEPHOBO-TIOA30JIMCTHIX TTOBEPXHOCTHO-
OIVICCHHBIX TI0YB THIIA TIOA30IUCTHIX MMOYB (Tabd. 2).

Tab6unuma 2

HO‘lBeHHO-FeﬂMﬂpq)OJIOFPI‘IECKZIS[ XaPAKTePUCTHUKA KIIOYEBbIX YHACTKOB

Ky Penbed Haspanue (moxTun u TMI) 1 MOP(HOreHETHYECKOe CTPOCHHUE NPOQ IS IIOUBEI
oJo1Ba npsiMoro ko- | CpenHeiepHOBast TITyOOKOIIO30/1MCTast IOBEPXHOCTHO-Cl1aborieeBaTas J1erkoCyriMHU-
1 | pOTKOro ciabornokaTroro | cras rnousa (IOATHI JEPHOBO-IIOA30IMCTHIX MOYB THIIA MOA30IMUCTHIX 1104B): O, -Alg -
CB ckiiona ATA2;5" - A2 (s - A2734-A2 41— T A2Bss - Bygo- BCa,
CpeIHss 4acTh MPSMOTo CpenHeniepHOBast IIyOOKOIIO30MCTas JIETKOCYTIIMHICTAs 1104Ba (TMIOATHI IEPHOBO-
2 KOPOTKOro ci1abomo- TOJ[30JIUCTBIX T10YB TUIIA MOI30JIUCTHIX MOUB):
katoro CB ckitona Oiy—Aly— AlA2)5— A2°3 — A274— ITA2Bsy— Bl g8 — B2120)
BEPILIHA MOPEHHOTO CpenHeniepHOBast IIyOOKOIIO30MCTas JIErKOCYTIIMHUCTAs 1104Ba (MOATHI IEPHOBO-
3 XonMa HOJ[30JIUCTBIX T10YB TUIIA MOI30JIUCTHIX MOUB):

Oir-Aly - ATA26 - A2’ 1130 - A2 (peaa -ITA2 (50 51 ~-A2Bso- Blog- B2y 120,

CPpEaAHAA 4acCTh I10JIOrOro Cna60;[epHOBa5{ FJ'ly60KOl'IOI[3OJ'II/ICT3.5{ TIOBEPXHOCTHO-OI'NICCHHAs JICTKOCYIJIMHUCTas

ciabosoruyroro 03 1o4Ba (IIOATHIT ASPHOBO-MOA30IMCTHIX TOBEPXHOCTHO-OTJIEEHHBIX [I0YB THIIA MO/130-
4 CKJIOHA TIOBBIIIICHHOM JIUCTBIX TOYB):
JJIMHBL 045 —-Alc—A2Al, (2)28 — A2” g4l HAT”(g)so *AzB(g)ss*Bl(t)g 92— Bz(t) 120)
MOIOIIIBA I10JIOrOro cia- CrnabonepHoBas TITyOOKOIOA30IHCTas TOBEPXHOCTHO-OTJICCHHAS JISTKOCYTIIMHHUCTAsT
6oBoruyroro KO3 ckiona 1o4Ba (IIOATHIT ASPHOBO-MOA30IMCTHIX TOBEPXHOCTHO-OTJIEEHHBIX [I0YB THIIA MO/130-
5 TTOBBIIIICHHON JUTHHBI JIUCTBIX TOYB):

O34—Aly— ALA2y10 —A247 — A2 36 — IIA2B 47— Bl g 50— B2 () 120

**  ray0MHA HIOKHEH IpaHUIIbl TOPU30HTOB MHHEPAIbHOMH YacTh mpodHIIs,
*** Hayas0 BTOPOrO JMTOJIOTMYECKOro HaHOCA B IIPEEIaX eAUHOr0 MOYBEHHOTO MPO(UIISL.

BaxxHO OTMETHUTH JOMHHHUPYIOILYIO POJIb B ME3OCTPYKTYpE IMOYBEHHOT'O MOKPOBa ()OPMBI, KpY-
THU3HBI M JUTHHBI CKIIOHOB. boliee BITayKHBIM U «XOJIOIHBIMY) OKa3aJICs TOJIOTHI CIaOOBOTHYTHIM CKIIOH
MOBBIIICHHOW JJTMHBI, 3aHATHIA JIEPHOBO-TTOJI30JIUCTEIME TOBEPXHOCTHO-OTJICCHHBIME [TOYBaMHU, He-
CMOTpS Ha €ro HanboJee «TEeIyIoy» Fro-3anaJaHyro skcno3uiuio. [1o Bceil BUIUMOCTH, IMEHHO YCIIO-
BUSI IOBEPXHOCTHOW JIPEHUPOBAHHOCTH ONPEACISIIOT CTPYKTYPY IMOYBEHHOTO TIOKPOBA B YCIOBHX Xa-
pakrepuoro s JIOJ] cnaboBeIpaskeHHOTO Me3opernbeda.

2. AHAJIN3 OTHOCUTEJBHO CTAOMJIBHBIX MapaMeTPOB MOHUTOPHHTA. VccienoBaHHbIe IEpHO-
BO-TIO/I30JIUCTHIC TIOYBHI XapaKTEPU3YIOTCS 3HAUNTEIBHBIM Pa3HOOOpa3neM.

Ha BepimHe MOpeHHOT0 XoliMa Pa3BUT HanOoJiee TIONHO BhIPAXKEHHBIN IPO(HIIL JepHOBO-TIale-
BO-TIOJI30JIUCTON TIOYBBI C MAJIOMOIIHOM MOJICTHIIKOW MOJIEp, XOPOIIO Pa3BUTHIM 3€PHUCTO-KOMKOBA-
THIM TYMYCOBO-aKKYMYJISITUBHBIM TOPH30HTOM M XOPOIIO BBIPAKEHHBIM JIIIOBUAILHO-AKKYMYIISITHB-
HBIM TOpHU30HTOM AlA2 MIMTYaTO-KOMKOBATOW CTPYKTYpHI. [lon30/m1cThie TOPU30HTHI, KaK MPaBuiIo,
CTpYKTypHpoBaHbl Ha 2-3 moxropusonta: A2’ (f)— A2”(f)c— A2°”(f)g (puc. 2). Bepxuuii mnoaropu3oHT
sBIIsieTcsl Hanbosee BHIPAKEHHBIM, B CPEIHEM IOATOPH30HTE OTMEYAIOTCs cladble MPU3HAKH KOH-
TAKTHOTO OTJICCHUS ¥ MHOTOYHCIICHHBIC JKENE3UCThIe KOHKPEIMH, HIKHUHA IOJrOPHU30HT OTrJIecH.
[Toussl CB ckiioHa XapaKTepU3YIOTCs MAJIOMOIITHBIMU JIECHBIMHE TTOJICTHIIKAMH THIIA MOJIEP, XYK€ BbI-
PaKEHHBIMH TYMYCOBO-aKKyMYJISITHBHBIM ¥ 3ITIOBHAIbHO-aKKYMYJISITHBHBIM TOPH30HTaMHU (Oolbliee

85




Becmuux MapI'TV. 2009. Ne2 ISSN 1997-4647

KOJIMYECTBO MPHUCHINKH), B HUKHEH YacTH (pOpMHUPYETCsl TIeeBaThlil MOA30IUCThIN Tropu30HT. C ycio-
BUSIMH YBII&KHEHUS M XapaKTEPOM JIEPHOBO-II0/I30JMCTOrO CYyONPOGHIIS XOPOILIO COIacyeTcs COCTaB
W CTPYKTYpa JecHOoro ¢guromneHo3a (tadm. 3).

o 1 =z B 4 S HpeBoctou Ha BO-
Al a1 a1 a1 a1 .
Y 1182 oo arn [N 4182 SO a1a2n  JIOpaA3fielie U B CpeaHen
a2g a2 A2K1h a2g gactu CB ckmoHa ¢
a2
A PO s PY Hanbosee TIOJIHO BbI-
o Az e A2the M2 paKCHHBIMA TyMYCO-
< RAZ 09 - BO-aKKyMYJISITUBHBIMHU
228 A28 B1 MY,

&0 | g1 | Biftlg ] TOpU30HTAMM XapakKTe-
_ _ 81 _| o b pu3ylTCs Ipeodiana-
80 % / B2 HHEM IIUPOKOIUCT-

B2 2
3 / | B2 _/// B2y _ // Bom // BEHHBIX TI0poa  (Iyo,
\ 4 Z 7z 77 7 JuMa, KIEH), MPOeK-
Puc. 2. Cxema mopoeenemuuecxkoeo cmpoenus nous 5 kmouesvix yuacmrog JIO] THUBHBIM - ITOKPBITHEM
45-55%  mnpeumyie-

CTBCHHO HEMOPAJIBHOI'O TPABOCTOA U OGHHBHBIM IMHUPOKOJIMCTBCHHBIM ITIOAPOCTOM.

[ouBsl Gonee Bnaxknoro FO3 ckioHa OTHOCATCS K MOJATHITY JAEPHOBO-TIOA30IHCTHIX TIOBEPXHOCT-
HO-OTJIECHHBIX ITOYB. OTH IIOYBEI XapaKTCPU3yrOTCAd MOIIHBIMHA OTopq)OBaHHBIMI/I IIOACTHUJIKU THIIA
MOp, TYMYCOBO-aKKyMYJISITHBHBIN U DIUTFOBHAIbHO-aKKyMYJISITHBHBIN TOPU30OHTHI IPUOOPETAIOT MPHU-
3HaKH OTJICCHUS U MIOTEYHO-TYMYCOBBIX MOpQoHOB. B HIkHei yactu FO3 ckiloHa Moa30IuCThIi TOpH-
30HT CTAaHOBUTCA rieeBaThbiM. COOTBETCTBEHHO ImoyBaM, 31€Ch HpeO6JIaZ[aIOT YaCTUYHO YIHCTCHHBIC
COCHJAKH C INHMPOKHM pPaClpOCTpaHCHHUEM MCEPTBOIOKPOBHBLIX W OCOKOBBIX IAapLCilI, MOHHUXCHHBIM
MPOEKTUBHBIM TIOKPBITHEM HeMopallbHO-0opeanbHoro TpaBoctos (30—40%), MOHMKEHHBIM M PEIKUM
Y4aCTHEM B IMOAPOCTC HIMPOKOJIMCTBEHHEBIX ITIOPOI.

Tabonuma 3
XapaKTepuCTHKA JIeCOHACAKIEHHI KIIIYEBbIX Y4aCTKOB

Ne KnY - pensed

KpaTKaﬂ XapaKTCPUCTUKA U TUII J'IeCOHaca)KZ[eHI/Iﬁ

1 — nozpomBa npsAMo-
ro KOpOTKOro cnado-
nokaroro CB ckioHa

CMeraHHOe cl10kHOe 110 (hopMe Hacak/IeHue ¢ npeobiagaHueM B | sipyce COCHBI U JIUIIBL,
BO II — stumibl 1 Gepesbl; MOIECOK NPeCTaBlIeH PIOUHOM, YepeMyXoi, 6epeckIeToM U JICINHOM,
OTMEYaeTcsl 3HAUMTEIBbHbIH MOAPOCT JIUIIBL; NIPOSKTUBHOE NOKphbITHE TpaBocTod 50%, pacTu-
TeJIbHASI acCOLManus OyApO-IIUTOBHUKOBASI.

Tun neca: CocHax 6yOpo-uumosHUKO8bIL

2 — cpenHsAs YacTh
MPSIMOTO  KOPOTKOT'O
cmaboriokatoro  CB
CKJIOHa

JIuctBeHHOE CIIOXKHOE 110 (hOpME HacaXKJICHHE C IpeodiIaJaHieM KICHOBO-IUIIOBBIX JPEBO-
croeB B | sipyce (Ipu ydacTue COCHBI), KJI€Ha, MBI U Bsiza Bo Il sipyce; momecok mpencraBiieH
4epeMyXxoi, psOUHOM, )KUMOJIOCTBIO U JICIHOM, OTMeYaeTcsl 3HAUMTENbHbIN MOIPOCT KIICHA, Bs-
3a W JIMIBI; NPOEKTUBHOE MOKPBITHE TpaBocTost 45-50%, pacTuTenbHas accolMalyst OCOKO-
[IMTOBHUKOBASL.

Tun neca: JIunNHAK CLOANCHBLL OCOKOBO-UWUMOBHUKOBIU

3 — BepIIMHA MOpEH-

JIuctBeHHOe cioxkHOe IO (opMe HacaxkaeHHe ¢ mpeobnmaganueM B I sipyce mydoBoO-

Hojororo  cnaboBo-
rayroro O3 ckiona
OBBIIIEHHOHN JJIMHbI

HOT'0 X0JIMa JIMIOBBIX JAPEBOCTOEB IPH ydacTHe COCHBI, BO I Apyce — KileHa U JIUIIBI; TIOJIECOK NPEACTaBIICH
PSIOMHON M KalITaHOM, OTMEYaeTcsi OOMIBbHBIH IOAPOCT KJIE€HA U JIUIIBI; IPOSKTUBHOE MOKPHITHE
TpaBocTos 50-55%; pacTuTenpHas accoluarys OyIpo-KOIbITEHEBas.
Tun neca: /[yonsx ¢ aunoti ciodicHbvlii 6y0po-KonblmeHHesbll
4 — cpemHsii yacTb CMeraHHoOe CII0XHOe 110 hopMe HacaxaeHue ¢ rpeodnasanueM B I apyce cocHbl u Gepessl,

Bo Il — yumel ¥ BsI3a; MOUIECOK TIPEICTABIIEH YePEeMYXOH, PSIOMHOW, CBUIMHOM U JICIIUHON, OT-
MeUaeTcsl 3HAUUTENIFHBIA MOIPOCT JIMIBI U Oepe3bl; MPOSKTUBHOE MOKpHITHE TpaBocTost 40%;
pacTuTenpHas acCoLMalysl pa3HOTPaBHO-OCOKOBAsL.

Tun neca: CocHAK pazHOMPAGHO-0COKOBbII

5 — mojomBa IIOJIO-
roro ciaaboOBOTHYTO-
ro lO3 ckiona mo-
BBIIIEHHOM JTMHEI

CmMemanHoe cnoxHoe 1o (Gopme HacaxueHue ¢ npeodnaganueM B I sipyce cocHsl, Bo 11
spyce — Bsi3a U KJICHA; [OJUIECOK IPEJCTABICH YePeMYXOi, PAOMHON, CBUINHON U JICIIMHOH, OT-
MEYAETCs HE3HAYUTENBHBII MOAPOCT JINIIBI; IPOEKTUBHOE MOKPBITHE TpaBocTos 30%, pacTUTENb-
Hasl acCOLMAIMs IUTOBHUKOBO-OCOKOBASI.

Tun neca: CocHsK WumMOBHUKOBO-0COKOBbILL

BakHO MOAYEpKHYTh HAJIMYME JOCTOBEPHBIX PA3NIUYMKA B COJACPKAHUU OPTaHUYECKOTO BEIIECTBA
B MOYBaxX Y4aCTKOB, KOTOPBIC MPOCISKUBAIOTCS 10 ropuzoHTa A2 (Tabn. 4). B mouBax ucciaemyeMoit
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TPAaHCEKTHI HAOIIOJAETCsl 3aKOHOMEPHOE BO3pACTaHUE COJIEPKAHHUS OPTaHUYECKOro BelecTBa (mepe-
THOMHOTO THMA) MPH JABMKEHUH OT BEPIIMHBI BHU3 TI0 NOJIOroMy ciaboBorayromy ckiony FO3 skcro-
3UITUH C IEPHOBO-TIOI30TMCTHIMU TTOBEPXHOCTHO-OTIICCHHBIME mouBamu (2,81—4,76—7,52).

[Toussl Ha CB ckIloHE XapaKTEepU3YIOTCSl CYIIECTBEHHO 0oliee HU3KUM CO/Iep’KaHHUEM OpraHHye-
ckoro C (2,81—>1,28—1,45). MsI cBsi3pIBaeM JaHHBINA (aKT ¢ pa3InyreM B cocTaBe GpUTOIeHO3a.

Tabnuna 4
XHMHYecKHe NOKa3aTeu JepHOBO-N0A30McThIX o4B JIO/I (n=5)
I'ny6una C opr, % P,O4 | K,O
I'opusont obpasua, 1o KupcaHoBy, MI/ KI' 104BBI
cM M | c M | c | M | c
CpenHeepHoBast TITyOOKOIOA30MIHCTas TOBEpXHOCTHO-cliaborieeBaras mousa (K 1)

Al 0-6 1,45 0,74 20 0,63 93 0,56
Al1A2 6-15 1,28 0,66 12 0,17 82 0,60
A2 30-40 0,25 0,13 11 0,14 61 0,21
A2B 45-55 0,32 0,16 5 0,56 69 0,58
B 70-80 0,26 0,13 4 0,26 76 0,40

CpennenepHoBast TITyOOKOIOA30MIHCTas JIerkocyrauaucras nousa (Kiny 2)
Al 0-4 1,28 0,66 29 0,17 80 0,90
Al1A2 4-15 0,51 0,35 13 0,22 62 0,54
A2” 30-40 0,27 0,14 11 0,68 52 0,47
A2B 40-50 0,20 0,10 5 0,36 58 0,41
Bl(t)(g) 70-80 0,19 0,15 4 0,14 64 0,26

CpennenepHoBast TIyOOKonoA30MKCcTast Jterkocyraunucras nousa (Kiny 3)
Al 0-4 2,81 1,10 38 0,33 97 0,54
Al1A2 4-10 1,00 0,51 24 0,16 85 0,42
A2”(f)c 30-40 0,31 0,16 19 0,28 67 0,43
A2B 50-60 0,18 0,09 8 0,38 73 0,51
Bl 80-90 0,33 0,17 5 0,24 81 0,31

CrnabonepHoBas TITyOOKOIOA30JIKCTasi HOBEpXHOCTHO-orieeHHas mousa (Kiny 4)
Al 0-6 4,76 0,94 45 0,19 106 0,81
A2Alh(g) 6-28 1,26 0,65 20 0,22 99 0,80
A2’g 30-40 0,28 0,14 13 0,26 78 0,57
A2B(g) 50-60 0,25 0,13 7 0,47 82 0,51
Bl(t)g 80-90 0,20 0,16 6 0,16 87 0,31
CnaboznepHoBasi Ii1yOOKOIOI30IMCTas IOBEPXHOCTHO-OrIeeHHas nousa (Kny 5)

Al 0-4 7,52 1,90 40 0,13 109 0,75
Al1A2h 4-10 2,20 0,98 33 0,29 94 0,83
A2’g 25-35 0,25 0,13 27 0,27 82 0,54
A2B(g) 40-50 0,23 0,15 9 0,14 86 0,42
Bl(t)g 70-80 0,26 0,20 4 0,17 90 0,14

ConepxaHue MOABMKHBIX (opM (ochopa ¥ Kamus B ucciaeayembix mouBax JIOJ[ Huzkoe
(Tabmn. 4), 9TO B 1IETTOM XapaKTEPHO IS JIECHBIX JIGPHOBO-IIOI30JUCTHIX oYB [19]. B mpexenax TpaH-
ceKThl cozepxanne P,Os B TyMycOBO-aKKyMYJIASTHBHOM TOPU30HTE BapbupyeT oT 20 10 45 MI/Kr mnou-
BBI, K;O — ot 80 10 109 MI/KT ITOYBEL

3. AHaIU3 IMHAMUYHBIX MapaMeTPOB MOYBEHHO-IKO0J0IMYecKOro MOHUTOpUHra. Paccmar-
pUBaeMble MOYBBl XapaKTEPU3YIOTCS 3HAYUTEIBHOM MPOCTPAHCTBEHHON M3MEHYMBOCTHIO U BpPEMEH-
HOW JTMHAMUKOW MOKa3aTeNell KUCIOTHOCTH (Talu. 5). 3Ha4eHUs] KHCIOTHOCTH W3y4aeMbIX IOYB, KaK
MIPaBMJIO, HE BBIXOASAT 3a IpeJeNbl HHTEPBAJIOB CUIIBHOKUCIBIX 3HAYEHUH aKTyalbHOH KHCIOTHOCTH
(PHzox = 4,09...4,97), 04eHb CHJILHOKHMCIIBIX 3HAYCHUNM 00MEHHOU KMCIOTHOCTH (PHeon = 3,49...4,00)
Y BBICOKHX M OYE€Hb BBICOKUX 3HAYCHUH THIPOTUTHIECKON KucaoTHOCTH (3,72...15,50).

AxXTyanbHas U OOMEHHasl KUCIOTHOCTH XapaKTEPU3YIOTCS Y3KHMMH WHTEpPBAJIAMH MPOQUIBHON
n3MeHunBocTH (B mpenenax 0,5). MakcumanbHasi IpOCTpaHCTBEHHAS NUPPepeHIInaMs XapaKTepHa
JUIA aKTyaJbHOW KHCIIOTHOCTH, TJI€ OTJIMYHS MEXAY Pa3HBIMH KIIOYEBBIMH y4acTKaMH B Ipezenax
oxHoro roga moryt gocturars 0,5...0,6 pH ¢ MakcuManbHBIMH 3HAYEHHUSMU KUCIOTHOCTH AJIS T1O-
BEPXHOCTHO-OTJICEHHBIX JIGPHOBO-TIO/I30JIUCTHIX TOYB. BhIsSBICHHAs BpeMeHHAs AMHAMHKAa OOMEHHOM
Y TUAPOTUTHYECKON KUCIOTHOCTH He3HauuTenbHa. OTMEUaloTCsl CyIIeCTBEHHbBIE BpEMEHHbIE U3MEHe-
HUS aKTyaJdbHON KHCIOTHOCTH: BeTHYUHBI pH,,, TOUB B 3acynuiuBeiid rox Ha 0,2...0,5 eauHuns! Hu-
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JKe, YeM B TOJ HOPMaJbHOIO YBJIa)KHCHHMs. YCTaHOBJICHA 3HauMMas oOpaTHas koppensuuu (-0,60)
Mekay pH 1 BIaXHOCTBIO B MIPEIENax JIByX CE30HOB.

Ananutnyeckue JaHHBIC OTpaXar0T CUJIbHYIO HCHACBIIICHHOCTH OCHOBAHUAMH pacCcMaTpuBac-
MbIX 1104B (Tabim. 5). Ciaemyer oTMETHTb, YTO YeM 0oJiee qPEHUPOBAHHBIN YUACTOK, TEM BBIIIC yUaCTHE
IMHUPOKOJIMCTBCHHBIX OPOA B COCTABE APCBECCHOI'O paCTUTCIBHOIO ITOKPOBAa U HEMOPAJIbLHBIX BHUI0B B
HaINOYBEHHOM MTOKPOBE — TEM BBIIIE COAep)KaHKEe B MIOYBE OCHOBAHMM: MMojomBa ciabosorayroro 03
CKJIOHa — CpeHss 4acTh cinaboBorunyToro O3 ckimona — mogomBa cinabonokatoro CB ckiona —
BEpIIMHA MOPEHHOT0 X0JIMa — CpeHsis YacTh ciabonokaroro CB ckiona.

Tabnuma 5
DHU3UKO-XUMHYECKHE 0KA3aTeH JePHOBO-N0A30UCThIX To4uB JIO/ (n=4-6)
ny- pH Box pH con V., %
[MouBa/Kny OuHa, 2006 2007 2006 2007 2006 2007
M M c M G M G M G M M

CpenHeiepHOBas 0-6 4,87 0,13 4,68 0,21 3,81 0,13 3,87 0,41 33,0 32,0
rIIyOOKOIT0 130~ 6-15 491 0,17 4,78 0,13 3,78 0,17 3,83 0,31 30,1 30,1
JICTas OBepX- 30-40 4,92 0,22 4,72 0,10 3,81 0,14 3,91 0,23 34,5 32,1
HOCTHO-CJ1a00- 45-55 4,97 0,26 4,66 0,16 3,68 0,16 3,72 0,54 42,5 41,5

rneearas/ KnV1 | 70-80 4,81 0,23 4,70 0,15 3,58 0,17 3,62 0,36 55,2 56,4

0-4 4,69 0,18 4,35 0,13 3,91 0,23 3,81 0,22 37,9 36,0

CpennenepHoBast 4-15 4,64 0,28 4,27 0,26 3,85 0,22 3,75 0,20 40,5 39,3
rIIyOOKOIT0 130~ 30-40 4,70 0,18 4,45 0,13 3,89 0,25 3,85 0,25 39,1 39,9
mucras /Kty 2 40-50 4,79 0,67 4,50 0,12 3,76 | 0,19 3,79 0,42 41,2 38,2

70-80 4,81 0,14 4,33 0,29 3,61 0,20 3,67 0,17 56,7 53,8
0-4 4,58 0,38 4,13 0,17 3,68 0,19 3,77 0,19 33,8 33,6

CpennenepHoBast 4-10 4,61 0,20 4,29 0,37 3,62 0,17 3,85 0,29 31,8 31,9
IIyOOKOII0 130~ 30-40 4,65 0,54 4,32 0,22 3,75 0,15 4,93 0,19 29,9 29,8
macras /Ky 3 40-50 4,76 0,23 4,40 0,15 3,68 0,17 4,00 | 0,14 40,0 39,5

80-90 4,63 0,13 4,38 0,28 3,63 0,13 3,91 0,46 56,0 58,3
CrnabonepHoBast 0-6 4,55 0,14 4,08 0,13 3,66 | 0,14 3,70 | 0,34 28,3 26,6

riuybokornon3onu-|  6-28 4,58 0,27 4,09 0,19 3,62 0,19 3,61 0,31 26,5 25,7

cras noBepxHoct-| 30-40 4,61 0,16 4,19 0,22 3,68 0,14 3,73 0,29 30,5 29,6

HO-OTJICCHHAS 50-60 4,53 0,33 4,25 0,11 3,58 0,12 3,65 0,23 31,4 29,0
/Kny4 80-90 4,55 0,24 4,30 0,15 3,50 | 0,13 3,55 0,15 57,3 58,7
CrnabonepHoBast 0-4 4,53 0,14 4,16 0,26 3,63 0,34 3,62 0,23 20,5 20,0
rayookornonzonu-|  4-10 4,65 0,12 4,14 0,24 3,60 | 0,09 3,58 0,13 21,9 21,3
cras noBepxHoct-| 30-40 4,67 0,38 4,29 0,15 3,61 0,13 3,67 0,36 22,5 22,1
HO-OTJICCHHAS 40-50 4,59 0,66 4,33 0,13 3,50 | 0,09 3,53 0,33 31,6 33,0
/KirY5 70-80 4,65 0,12 4,44 0,14 3,49 0,13 3,49 0,29 43,8 43,8

4. AHaau3 peXUMHBIX NAPAMETPOB MOYBEHHO-IKOJOTHYECKOr0 MOHMTOpHMHra. M3yuenme
MPOCTPAHCTBEHHOW W3MEHYMBOCTH M CE30HHOW JMHAMUKH MapaMeTPOB, XapaKTEPU3YIOMIUX TOYBEH-
HBIE PEXHUMEI, TIPOBOJIUIIOCH C LIENBIO OMPENCICHUS YKOIOTHIECKUX OCOOCHHOCTEH TEKYILErO COCTOs-
HUs 1104B. ['0/1bI HAOIOAEHHH MO CBOMM IOTOAHBIM YCIIOBHSIM CYIIECTBEHHO OTIMYAINCH JIPYT OT
npyra. KonnuectBo ocaakor ¢ anpeis mo oktsiops 2006 roga (441 Mm) OIM3KO K CpEeTHEMHOI OJICTH -
My IOKa3aTeIio 3a TOT ke nepuop (440 MM), U MX pachnpeneneHue OblII0 OTHOCHUTEIBLHO paBHOMEP-
HbIM. KonnuecTBO ocazkoB, BBINABIIMX 3a mepuoa HaOmoaeHuii 2007 roga (Maii — ceHTIOpB), ObLIO
Ha 30% HIbKe HOPMBI (3aCyLIUTUBBIN TONT), U pacrpe/esieHne NX ObUT0 04eHb HEPAaBHOMEPHBIM.

B Bereranmio 2006 roga ¢ HOpMaNIbHBIM XapakTepOM YBIAXXHEHHS MaKCHMalbHasi BIA)KHOCTb
MOYBBl OTMEYallach B ampelie B pe3ysibTaTe CKBO3HOTO NMPOMAayWBaHHS MPU CHEroTasHUH. B koHIe
WIOHA BJIQXKHOCTH BCEH TONIIM MOYBHI cHMXkaercs (Ha 5—20% oT Macchl MOYBHI), 1OCTUTas MUHUMAIb-
HOT'O 3HAa4YCHUs 3a nepuoa Habmronennid. K KoHITy JieTa BIa)XXHOCTh TOYBBI MOCTEIEHHO MOBHIIIACTCS.
B 3acynumssrii 2007 rog BiakHOCTH MOYBHI Bcex Kty B cpemaeM B 1,5 pasza ke, uem B 2006 roxy.

BrnaxxHocTh 1MOUYB Ha BOJOpa3Jielie XapakTepu3yeTcss Hauboliee BHICOKOW TMHAMUKOW 3a Mepro/y
HaOIo/IeHHi. B 3acynuinBoM To/1y OTHOIIEHWE MaKCUMAIIbHBIX U MUHUMAJIbHBIX 3HAUYCHUH BIIAXKHO-
cru B cinoe 0-20 cM gocTHrino 5 Ha (oHE MOHMKEHHOTO COJEPKAHUS BIIard. B BEpXHUX T'yMycOBO-
AKKyMYISITHBHOM W aKKyMYJISITHBHO-3JIIOBHAJIbHOM TOPU3OHTaX CpPEIHUE 3HAYEHUS BIAXKHOCTH B 2
pasa BbIlIE, YeM B JJIOBHANIbHON yactu npodwist. Ha rioyoune 40—60 cm (ropuzontsl A2B u B) co-
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Jiep KaHue BJIard B TIOYBE CYIIECTBEHHO CHM)KACTCs M OTMEYaeTcst Oosiee cTabMIbHOE ee TIOBEJICHUE C
MeEHbIIIeH aMIUTUTy0M KoneOanuid. Ha momomiBe CkiIOHa BJIAXKHOCTH MOYBHI B 1,2...1,5 pasa Bbiie
BIIAXKHOCTH TIOYBBI Ha Boziopaszzeie. Hanbonee 1 yCTOHYHMBO BIIaXHBIMU Ha MPOTSHKEHUHU BCETO TEpH-
ola HAOJIOICHUH SIBJISIFOTCS JIEPHOBO-TOJI30JIMCTHIC TIOBEPXHOCTHO-OTJICCHHBIE MOYBBI COCHSIKOB Ha
103 cxnone. Coneprxanne Biaru B cioe 0—20 cM, kak mpaBuio, He omyckaercs Hmxke 35% mms roga
HOpMAaJIbHOTO yBIaxHeHus u 20% i 3acyIIIMBOTO Ui CKIOHOBOro ydactka u 43% wu 25% s
HOPMAaJILHOTO M 3aCYIIUTHBOTO T'oJla COOTBETCTBEHHO Ha mojouise. Haubonbimue paznuyus ¢ IpyruMu
y4acTKaMU OTMEYalOTCs B YCIOBUAX 3aCyLUINBOTO rojia.

NuTerpanbHoil XapaKTepUCTUKON BOIHOTO pEXKHMMa TOYB SIBJIAETCS BIaro3amac MX BEPXHUX To-
pu3oHTOB (Tabn. 6). IlouBbl MCCIEMyeMBIX YYACTKOB XapaKTEpU3YIOTCS 3HAYMTEIBHOW MPOCTpaH-
CTBEHHOM M3MEHYMBOCTHIO BECEHHETO BJIaro3araca: Ha MOJIOIIBE UCCIIEyEMbIX CKJIOHOB OH YCTOWYH-
Bo B 1,4 — 1,5 pa3a BhlIllie, 4eM Ha BEpIIMHE X0iMa. B Tox HOPMaIBHOTO YBIAXKHEHUS pa3HUIlA MTOCTE-
MIEHHO CHIKaercs 10 1,25 K KOHIly JIETHEro Mepuojia, B clydae 3acylUIMBOTO roja — OHa Hao0OpOT
PE3KO BO3pacTaeT M B TEUEHHE BCEro JIETHEr0 U PAaHHEOCEHHET O IMEepHO/I0B BBIAECPKUBACTCS B IIpee-
nax 2 — 2,5. BaxxHo oTMeTUTh O0JbIIIOE 3HAYCHNE Ha TIEPBBIN B3TJISIIl HE OYCHb 3HAYMTEILHON Pa3HH-
bl B KPYTH3HE, POJOIBHON hopMe H JimuHe nuccienyeMbix ckionoB FO3 u CB akcmosunum: Bnarosa-
rac MeXay WX aHaJOTMYHBIMU 3JIEMEHTaMH, Kak mpaBuio, Bapsupyer oT 10 1o 30 MM B BepxueMm 50
CM cJI0€.

Ta6auuna 6 Ce3oHHBIE pa3IHuus

Junamuka 3anacos Bjard B 0-50 cm caoe noussl Ky JIOJL (vm) IJIOTHOCTH TIOYBBI COXpa-

] 2006 2007 HSIOTCSA 10 TiayOuHBI 20—
K \Y% A% VI VI v VI VI | VII IX 30 cm. B roxg HopmasibHO-
1 | 1546 | 1604 | 1515 | 1594 | 146,1 | 87,9 | 86,5 | 70,0 | 107,2 | FO YBJIQKHCHHI Ha BCCX
2 | 1281 | 1182 | 1353 | 1341 | 13,1 | 648 | 684 | 623 | 71,5 | K1Y © Mad no mionp ot-
3 | 1149 | 1442 | 1326 | 1286 | 1083 | 592 | 430 | 42,7 | 420 | Meuaercs obwas Tensen-
4 | 1463 | 1398 | 1369 | 1349 | 1665 | 888 | 784 | 86,1 | 1189 | "1 K DASyIUIOTHEHIIO =
5 [ 1636 | 1773 | 1788 | 1656 | 1554 | 1107 | 1055 | 99,8 | 1029 | B cpeanem wa 10%. B as-

rycre HaOIoMaeTcs
yiiotHeHue Ha 3—4%, 1o cpaBHEHUIO ¢ HioyieM. B Oolee 3acylumBEIiA TOXl OT Masi K MIOHIO Ha BCEX
KnV miotHOCTh yBenn4miach, a K CEHTAOpIO HaOMronaeTcsi He3HaYUTENbHOE ee CHIbKeHne. [louBa B
Gonee 3acyLUTHBBI IO OKa3alach cyliecTBeHHO mioTHee (Ha 0,1-0,2 r/cM’). MBI CBSI3bIBaEM Bpe-
MEHHBIE U3MEHEHHS TIOTHOCTH MOYBBI C CE30HHBIM PEKUMOM BIAKHOCTH (T2006 = -0,43, 12007 = -0,53)
Y aKTUBHBIM Pa3BUTHEM KOPHEBBIX CHCTEM PACTEHHI JIETOM.

[Moussl KnY xapakTepu3yrOTCsl CpaBHUTEIBHO BBHICOKOW OMOJIOTMYECKOW aKTUBHOCTHIO. Makcu-
MyMblI Beiienenus CO; B TOA HOPMaJbHOTO yBIIQXXHEHUSI IPUXOAATCS Ha HIOHb—HIONb. B anpene u ok-
TAO0pE OTMEYAETCs pe3K0oe CHIDKEHHE MHTEHCUBHOCTH «JIBIXaHHs» IMTOYBBL. B 11e710M, B T0J] HOpMaJIbHO-
ro yBIaXHEHHS HauOolee aKTHBHOE «JIbIXaHHWE» IOYBBl OTMEUaercss B COCHsSKax Oynxpo-
umToBHUKOBOM (K1Y Nel), muroBauKOBO-0cOKOBOM (K1Y No5) u nmumHsIKEe 0COKOBO-IIIUTOBHUKOBOM
(KnY Ne2), xkoTtopbie XapaKTepU3ylOTCs Hanboee 0JIaronpUsATHBIM COYETaHUEM TEIJIOBOIO M BOJHOTO
pexxuMoB. B 3acynumBeiii Tox MakcumanbHag smuccus CO, oTMedaercs B Mae, Jajiee B TEUEHUE ce-
30HA OHA CHHYKAETCS U JIOCTUTAET B aBI'YCTE - CEHTA0pE MUHUMAJIHHBIX 3HAUCHHH.

BrisBnennaa cesonHas auHamuka BbiaeneHus CO, BO MHOIOM, OIpenensercs H3MEHEHHSIMHU
TeMIIepaTypsl U BIAXXHOCTH MOYBHI (puc. 3). B ycaoBusX roga HOPMaabHOTO YBIAXKHEHUS TUMHUTHPY-
oMM (aKTOpPOM SIBJISIETCSl TEMIIEpaTypa, B YCIOBUSX 3aCYIDIMBOTO T'0a JIHUMHUTHPYET BIAKHOCTb
1mouBbl. C MHTEHCUBHOCTBIO «JIbIXaHHA» MOYB XOPOIIO KOPPETHPYET IEIUTI0I030IUTHYECKas aKTHB-
HocTh (LJTA), xoaddunmenT koppensuun Mexry Humu cocrasisier 0,89. Hanbomnbielr akTHBHOCTBIO
00J1a/1al0T TYMYCOBO-aKKYMYJIITUBHBIE H aKKyMYJISITHBHO-DIIIOBHANIbHBIE TOPH30HTHI. Hanbornee BbI-
cokue nokaszatenu [[JIA BBIsSBIEHBI B COCHSKAaX pazHOTPaBHOOCOKOBOM (KiyY Ned4) u mmToBHHKO-
Bo-ocokoBoM (Kit NeV5) (mo 27,8% B ropuzonte Al). B To xe BpeMsi, 1epHOBO-IIO30JIUCTHIC ITOY-
BBl HEMOPAIbHBIX JIUMHAKA U AyOHSKA ¢ JUIMOHN (y4acTKu 2 U 3) XapaKTepu3yloTcs HauOomiblien
ycroiunocThio L[JIA 3a mepuon Habmronenuit (BapbupoBanue okoiio 25%). B ycinoBusix HemocTa-
TouHoro yBiaxueHus B 2007 rogy mateHcuBHOCTH L[JIA HIKe Ha BceX MCCIEAyEeMBIX ydacTKax,
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4TO, MO-BUIUMOMY, CBA3aHO C I[e(bI/I]_[I/ITOM BJIard B IMOYBC IJIs L CIUIIOJIO30pasjiararoumx MHUKpOOp-
TaHHU3MOB.
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Puc. 3. 3asucumocmo smuccuu CO; ¢ nousbl om 61a4CHOCMU HOYBbL 8 3ACYULIUEHILL 200 (A)
U Om MmemMnepamypuvl NoY6sl 6 200 HOPManLHO20 yenadxchenus (b)
BriBOaBI.

1. CpaBHuTENnBHO-TeOrpaduueckuii aHaIM3 0a30BbIX MTAPAMETPOB MOHHTOPHHTA TTOKA3aJl UX 3HA-
YUTENBHYIO0 TPOCTPAHCTBEHHYIO AU depeHINannIo Ta)ke B YCIOBUSAX CIA00BBIPaXKEHHOT'O pelbeda
Jlecnoti onbiTHOM maunn PCAY-MCXA. B yciioBusx mepexoaHoro tumna jJanamadTa (Mexay Ipupo-
HBIMH 30HAMH TaWTW M IMUPOKOJIMCTBEHHBIX JIECOB) Ja)K€ HE3HAYUTENIbHBIC U3MEHECHUS KPYTH3HBI
ckioHa (Ha 1-2°), ero ¢opMslI (¢ MOYTH POBHOIO J0 ciaaboBoruyroro) u aauHsl (¢ 200 mo 400-500 m)
MPHUBOMIAT K KAYECTBEHHBIM M3MEHEHUSIM JIOMUHUPYIOIINX JEPHOBO-TIOJ30JMCTHIX TIOYB, PEKUMOB HX
(YHKIIMOHUPOBAHUS U THIA Jieca (HeMOpaJIbHbIC TUITHAKA U HEMOPAIIbHO-00peaIbHBIE COCHSIKH).

2. OTHOCUTENIFHO CTAaOMIBHBIA TOKa3aTelb COJCpP)KaHUS OPraHMYECKOro yriiepoja B IMOYBax
JIOJI xapaktepusyercsl CYIIECTBEHHOW MPOCTPaHCTBEHHOW M3MEHYHMBOCTHIO, B 3HAUMTEIBHOM Mepe
00yCJIOBJIEHHONH OCOOEHHOCTSMH penbeda U pacTUTEIbHOCTH. Ha moiorom cinaboOBOrHYTOM CKJIOHE
103 skcno3unum 3HAYUTENPHON JUTMHBI OTMEYAETCs TOCeIoBaTeIbHOE HapacTaHUe COep KaHMs Tie-
PErHOMHOT0 OPraHMYECKOT0 BEIIECTBA C MAKCUMYMOM Yy TOJIOMIBHI CKiIoHA (2,81—4,76—7,52). Ilou-
BBI TIPSIMOT'O KOPOTKOTO ci1abonokaroro ckioHa CB 9Kkcro3uiuy OTIu4atoTcsl MOJIEp TUIIOM TOACTHII-
KU M NOCTENEHHBIM CHMKeHHeM cozepkanus Co, BHH3 10 CKIoHY (2,81—>1,28—1,45) ¢ onHoBpe-
MEHHBIM 00€/IHEHHEM ITOPOTHOT'0 COCTaBa JAPEBOCTOS U TIOAPOCTA.

3. PaccmaTpuBaemble TOYBBI XapaKTEPU3YIOTCA 3HAYUTEIHHOW MPOCTPAHCTBEHHO-BPEMEHHOMN
W3MEHYUBOCTBIO TIOKa3aTeneil KucnorHoctd. Hanbonbinas nuddepernnanis xapakTepHa i akTy-
aJTBHOM KHICIIOTHOCTH, TZIe OTAWYHS pa3Heix KnY B mpemenax omHoro roga moryt gocturats 0,5-0,6
pH ¢ MakcuMyMOM KHCIOTHOCTH JUIsI TTIOBEPXHOCTHO-OTJIEEHHBIX JAEPHOBO-TIOA30MUCTHIX MOYB. 3Ha-
YEeHUS aKTyaJbHOM KHUCIOTHOCTH MOYB (BeMHYMHBI pH,,, ) B 3acynumuBeiii rog Obimn Ha 0,2-0,5 enu-
HUIBI HAXKE, YEM B T'OJl HOPMAJILHOTO YBIIQ)KHCHHS.

4. PexxuMmHbIe HAONIOMEHUS MMOKA3aJd BBICOKYIO IPOCTPAaHCTBEHHO-BPEMEHHYIO AuddepeHiia-
IIUIO BJIaXXHOCTH To4B. Hambomnee BHICOKUM M YCTOMUYMBBIM BJIAaro3anacoM XapaKTEepU3YIOTCS TOYBBI
103 cxiona. MuHMMaIBHBIN TOCTYIHBIN Biaro3anac xapakTepeH Ul MMOYB BEPIIMHBI X0JIMa U Cpel-
Heit yactu CB ckiona. [Tpu Maneix ykinoHax (1o 3°) ¢opma, kpyTu3Ha U JJIMHA CKIIOHA OKAa3bIBAIOT
Ooree cyIecTBEHHOE BIMSHHUE Ha MOYBEHHBI MUKPOKIUMAT, YEM €ro SKCIIO3UIIHSI.

5. TlouBBI HcCIEIOBAHHBIX KITIOUYEBBIX YYaCTKOB XapaKTEpU3YIOTCS CPABHUTEILHO BEICOKON OHO-
Joru4eckoil akTuBHOCTHIO. Ce30HHad auHamuKa BbaeraeHus CO, BO MHOTOM ONpeAessieTcss u3MeHe-
HUSMH TEMIIEpaTypbl M BIaXXHOCTH TOYBEI. B yCIIOBHSX rojja HOPMalbHOTO YBIQXKHEHHS JTUMUTHPY-
omuM (pakTopoM sBisiercs Temmeparypa (R’= 0,52), B YCIOBHAX 3aCyIUIMBOTO IOJA JMMHTHPYET
BJIQXHOCTH 110uBHI (R*=0,51).

6. Hannuue KOTMYECTBEHHBIX 3aBUCUMOCTEH U JIOTHUECKU 00BSICHUMBIX B3aUMOCBSI3EH MEXTy
OTHOCHUTENFHO CTaOWIBHBIMHU, JUHAMHYHBIMUA U PEKUMHBIMHU MapaMeTpaMid MOHHTOPHHTA MO3BO-
JISIET TPOBOJUTH 0O0OOCHOBAHHYIO SKCTPATIOJISIIIUIO PE3YJIbTATOB «TOUYEHHBIX» PEKMUMHBIX HaOI0Ie-
HUH Ha aHaJOTMYHBIEC 2JIEMEHTHI JIaHAmadTa U IPOTHO3UPOBATH H3MEHEHHUS TIOYB U YKOCHCTEM.
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SPATIAL-TEMPORAL VARIABILITY OF THE MAIN CHARACTERISTICS
OF BACKGROUND ECOLOGICAL MONITORING OF SOD-PODZOLIC
SOILS IN THE PILOT FOREST RUSSIAN STATE AGRICULTURAL
UNIVERSITY - MOSCOW AGRICULTURAL ACADEMY

This paper presents the brief description of results of complex ecological monitoring of forest sod-
podzolic soils at the protected preserve area within Moscow megapolis. Special attention is concentrated on
the established regularities of soil functioning spatial variability within principal elements of mesorelief and
its temporal dynamics during main vegetation periods of two contrast years.
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D. Karamanolis

EVALUATION OF FOREST ECOSYSTEM FOR WATER
AND WOOD PRODUCTION

The aim of this work was to study the process of producing wood and water from the
University Forest of Taxiarchi Chalkidikis with the help of multiple decision support, part
of which was the pairwise comparison method and to find which forest units are valuable
for each of these processes. Based on this aim the University Forest was divided into 15
zones of four forest units. Afterwards, the criteria factors of influencing the process of
each production were named and their relative weights were estimated with the help of
this method. These relative weights show the importance of the factors for each produc-
tion. For wood production, the rank importance is land (0.550), aspect (0.180), relief
(0.155), elevation (0.078), forest species (0.037), forest production precipitation (0.601),
vegetation (0.224), geological substratum (0.116) and relief (0.059).

Key words: wood and water production, weight, analytic hierarchy process AHP,
multiple decision support.

Introduction. It is generally accepted that forest is one of the most significant sources of life and
one of the most important sources of energy. Therefore, its management needs special care. What will
the forests be like in the future? What kinds of products, services and experiences will they supply?
What kind of activities will be executed in the future? These are the questions which were studied by
the specialists, foresters and environmentalists and led to the improvement of the section of forest
management. Forest management can be defined as a medium and macro-term forest plan at the level
of one or more forest utilizations. This forest plan which takes into account ecological, economical,
operational and social views ensures the benefit of forest [1]. Forest management is aimed at maintain-
ing the sustainability of forest exploitations.

Natural ecosystems are in the center of interest, on the one hand, because much more products
and services are required from them, and on the other hand, because the sensitivity of the public opin-
ion related to the protection of the environment has significantly increased. This situation needs the
development of one successful structure of management of those ecosystems, which in order to be ful-
filled demand sufficient and reliable information [2]. All these lead to the complex value of the use of
forest and to the multiple purposes of forestry. This multiple operation describes the modern forestry
[1]. The purpose of this work is to study two forest uses, the wood production and the water produc-
tion at the borders of the University Forest of Taxiarchy of Chalkidiki. These two procedures of pro-
duction will be surveyed at the forest sections of this area with the help of the method of multiple de-
cision support, in order to find the rank of importance based on their weights related to these proce-
dures of productions and to find which production is superior against the other on those sections in the
forest. The next step will be to map these weights and also the areas where one production is better
than the other using the ArcGIS program.

Area of interest. University forest of Taxiarchi of Chalkidiki geographically situated on the
south and southwest aspects of the mountain Cholomonta in prefecture of Chalkidiki. Its area is 58.62
km® where the 3.45 is communal area which is not under the responsibility of the forest inspection.
The climate of the area can be described as terrestrial Mediterranean with short, warm and dry sum-
mers and moderate winters. According to Koppen, it belongs to the subtype of Csb [3]. The larger per-
centage of the area is covered with limestone and mica schist. The grounds are oxide, and its depth
varies between 5 and 100 cm. The dominating forest species are Quercus conferta and Quercus
dalechampii [4].

© Karamanolis D., 2009.
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Materials and methods. The data for the study of the productive procedures of wood and water
which were used refer to the stands, the elevation, the slope, the basic rock, the constitution and the
depth of the ground, as well as the percentage of canopy. This data was also used for the management
plan of the area during the period 2002-2011, the current increase of the growing stock per stand.
Moreover, the map of the forest sections of the University Forest was used, which is divided into 15
zones of four sections. The study of the production procedures creates a problem of multiple decision
support. At the beginning, the criteria-factors which influence the production of wood and water were
determined. The next step is to account their relative weights and the following step is to find out the
weights of zone, in order to discover their significance

Multiple criteria decision support.

General. The problems of multiple criteria decision support involve a set of alternative solutions
which are estimated based on conflicted and disproportional criteria. Criterion is a general term which
consists both the term of characteristic/feature as the term of goal. Characteristic is a countable quanti-
ty or quality of a geographical integrity or the relationship between the geographical integrities. The
goal is the appearance of the desired situation of the system which is under control [5]. A problem of
estimation of multiple criteria can be faced through the following steps: a) Definition and composition
of the problem, b) Generation of the alternatives, c) Choice of a set of evaluation criteria, d) Identifica-
tion of the preference of the decision maker e) Choice of total preference [6].

Multiple criteria decision support in forest management.

For sustainable management of forest due to the current demands, the correct plan and the organi-
zation of actions which will be applied to the forest are necessary. In order to make this possible, the
evaluation and the estimation of a suitable management way is necessary. One way to implement this
is via Multicriteria Decision Aid (MCDA) [6].

Methods of estimating criteria. The methods of estimating the criteria can be categorized as fol-
lows: ranking, rating, pairwise comparison and trade-off analysis [5]. In this paper, the third method
was used for estimating the weights. The pairwise comparison method was developed by Saaty in
1980 in the frame of Analytic Hierarchy Process (AHP) [7—8]. This method includes comparisons be-
tween pairs in order to formulate a ratio table and employ an underlying scale with values from 1 to 9
to rate the relative preferences between two criteria or two objects.

Pairwise comparison method. The pairwise comparison method involves the following: a) crea-
tion of pairwise comparison matrix, b) evaluation of criteria weights, ¢) examination of consistence ra-
tio [5].

Criteria weights are accounted for each of the factors, with the next step being to account the
weight for every alternative solution for these factors [8].

Results. Two forest uses were studied in the University Forest of Taxiarchi, namely the wood
production and the water production. For this purpose, the forest sections were divided into fifteen
(15) zones of four sections each and some general characteristics were accounted and estimated for
these. In order to find out these characteristics, the description sheets per stand and the details from the
management plan of the period 2002-2011 were used, including the elevation, the slope, the aspect,
the forest species, average increase and the canopy. The separation of the zones was done because
consistency check can be done for a maximum of fifteen criteria since the Ratio Index (RI) comes
from tables with this specific number of criteria. Wood production in the forest depends on several
criteria factors such as the ground, the aspect, the relief and the forest species [9—10]. The pairwise
comparison method was applied and table 1. was formed.

Table 1 Computation of the criterion
Pairwise comparison_of the factors which influence weigh?s. This step involves the fo.llowmg
wood production operations: (a) sum the values in each

column of the pairwise comparison ma-

G(;(::Le(;mn Grolund Elevgltlon Asrs)ect Reélef For. sgemes tr%x; (b) divide each element in t'he ma-
Elevation 0125 1 0333 | 025 2 trix by its column sum (the resulting ma-
Aspect 0.2 3 1 2 5 trix is referred to as the normalized pair-
Relief 0.2 4 0.5 1 5 wise comparison matrix), and (c¢) com-
For. species | 0.125 0.25 0.2 0.2 1 pute the average of the elements in each
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row of the normalized matrix, that is, divide the sum of normalized scores for each row by 5 (the
number of criteria). These averages provide an estimate of the relative weights of the criteria being
compared (Table 2 operations a,b,c) Using this method, the weights are interpreted as the average of
all possible ways of comparing the criteria. As we can see, the criterion weights are 0.55, 0.077, 0.18,
0.156 and 0.037 for the ground, elevation, aspect, relief and forest species respectively.

Estimation of the consistency ratio. In this step we determine if our comparisons are con-
sistent. It involves the following operations: (a) determine the weighted sum vector multiplying the
weight for the first criterion (ground) times the first column of the original pairwise comparison ma-
trix, then multiply the second weight (elevation) times the second column, the third criterion times the
third column of the original matrix, finally add these values over the rows; and (b) determine the con-
sistency vector by dividing the weighted sum vector by the criterion weights determined previously
(see table 3).

Table 2
Determining the Relative Criterion Weights.
Operation Criterion Ground Elevation Aspect Relief For. species
Ground 1 8 5 5 8
Elevation 0.125 1 0.333 0.25 4
Aspect 0.2 3 1 2 5
2 Relief 0.2 4 0.5 1 5
For. species 0.125 0.25 0.2 0.2 1
Sum 1.65 16.25 7.033 8.45 23
Ground 0.60 0.49 0.71 0.59 0.35
Elevation 0.075 0.062 0.047 0.030 0.17
b Aspect 0.12 0.18 0.14 0.24 0.22
Relief 0.12 0.25 0.071 0.12 0.22
For. species 0.075 0.015 0.028 0.024 0.04
Sum 1 1 1 1 1.00
Weight
1 2
Ground (0.60 +0.49 +0.710 + 0.590+0.350)/5 = 0.55
c Elevation (0.075 +0.062 + 0.047 +0.03 +0.170) /5 = 0.077
Aspect (0.120+ 0.180 + 0.140 + 0.240 + 0.220) /5= 0.180
Relief (0.120 + 0.250 + 0.071 +0.120 +0.220)/ 5 = 0.156
For. Species (0.075+ 0.015+ 0.028 +0.024 +0.04) /5 = 0.037
Sum 1.00
Table 3
Determining the Consistency Ratio
Criterion Operation (a) Operation (b)
Ground (0.55)*(1)+ (0.077)*(8)+(0.180)*(5)+(0.156)*(5)+(0.037)*(8) = 3.15 3.15/0.55=5.73
. (0.55)* (0.125)+(0.077)*(1)+(0.180)* (0.333)+(0.156)*( _
Elevation 0.25)1+(0.037)*(4)=0.39 0.39/0.077=5.06
Aspect (0.55)*(0.2)+(0.077)*(3)+(0.180)*(1)+(0.156)*(2)+(0.037)*(5) = 1.02 1.02/0.180 =5.67
Relief (0.55)*(0.2)+(0.077)*(4)+(0.180)*(0.5)+(0.156)*(1)+(0.037)*(5) = 0.67 0.67/0.156=4.29
For. Species (0.55)*(0.125)+0.077)*(0.25)+(0.180)*(0.2)+(0.156)*(0.2)+(0.037)*(1)=0.19 0.19/0.037=5.13

Now that we have calculated the consistency vector, we need to compute values for two more
terms, lambda (L) (eigen value) and the consistency index (CI). The value for lambda is simply the av-
erage value of the consistency vector:

A =(5.73+5.06+5.67+4.29+5.13) / 5=5.176

The calculation of CI is based on the observation that A is always greater than or equal to the
number of criteria under consideration (n) for positive, reciprocal matrixes, and A = # if the pairwise
comparison matrix is a consistent matrix. Accordingly, A — 7 can be considered as a measure of the
degree of inconsistency. This measure can be normalized as follows:
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ClI=(A—n)/(m-1)=(5.176 - 5)/ (5 1)=0.044
The CI term, referred to as the consistency index, provides a measure of departure from con-
sistency. Further, we can calculate the consistency ratio (CR), which is defined as follows:

CR=CI/RI=0.044/1.12=0.039

Where RI is the random index, the consistency index of a randomly generated pairwise compari-
son matrix. This index is given and depends on the number of elements being compared. The con-
sistency ratio (CR) is designed in such a way that if CR<0.10, the ratio indicates a reasonable level of
consistency in the pairwise comparisons; if, however, CR > 0.10, the values of the ratio are indicative
of inconsistent judgments. In such cases one should reconsider and revise the original values in the
pairwise comparison matrix. In case of our problem, the estimations which were done had a suitable
consistency ratio as CR = 0.039 <0.10, a precondition which must be fulfilled.

In the same way, the method was applied for the case of water production. Water production in
the forest depends on four factors, namely the climate-precipitation, the relief, the ecological substra-
tum and the vegetation [11],[12]. Precipitation involves the destructive factor on the geological sub-
stratum, whereas vegetation (where it exists), acts protectively. Relief has a compromise regulative in-
fluence. The geological substratum of the watersheds is represented by the rocks they consist of
(Stefanidis, 1991). In table 2, the comparison of the factors which influence water production is illus-
trated.

Table 4 From Table 4, the weights of

Pair wise comparison of the factors which influence water production the criteria were derived with their

values being : precipitation 0.601,

pr:;lgt(:;?on Preaplltatlon Vege;atlon Geol. sué)stratum Re;lef vegetation : 0.224 geological sub-
Vegetation 0.25 1 3 4 stratum : 0.116 and relief : 0.059.
Geol. substratum 0.167 0.333 1 3 The estimations which were done
Relief 0.143 0.25 0.333 1 had a suitable consistency ratio as

CR =0.065 < 0.10, a precondition which must be fulfilled.

Afterwards, the weights of zones were accounted for each of the factors influencing the produc-
tion of wood with the help of the pairwise comparison method. At the end, a weight was accounted for
each zone for the wood production. For these purposes, the weight criteria of wood production were
multiplied by the corresponding weights of zones for each case which resulted from the pairwise com-
parison and the resulting products were added. (the greater the weight, the greater the importance).
Later the account of the criteria weights influencing the water production, the weights of zones were
accounted for each of those factors. At the end a weight for each zone was found, which described the
procedure of water production. Those weights reveal the rank of importance in this form of produc-
tion.

Discussion. The pairwise comparison method reveals the rank of importance of the zones for
each productive procedure. The values of zone weights for the wood production ranged from 0.031 to
0.138. The value 0.031 belongs to zone 9, followed by zone 6 with the value 0.035, next zone 10 with
0.040, zone 14 with 0.044, zone 5 with 0.045, zone 7 with 0.048, zone 3 and 8 with 0.053, zone 13
with 0.071, zone 4 with 0.072, zone 2 with 0.077, zone 15 with 0.086, zone 11 with 0.095, zone 12
with 0.112 and, finally, zone 1 with value weight equal to 0.138.

On the other hand, the ranked importance for water production is as follows: zone 7 (0.034), zone
6 (0.036) zone 9 (0.038), zone 15 (0.04), zone 8 (0.05), zone 5 (0.051), zone 10 (0.055), zone 14
(0.059), zones 1 and 11 (0.064), zone 12 (0.092), zone 2 (0.094), zone 14 (0.1), zone 4 (0.101) and fi-
nally zone 3 (0.122). From weight values, it is obvious that zone weights don’t differ so much between
wood and water production. Another point is that for the same production procedure, the weights don’t
have a great range in both cases; particularly, two of the zones (3 and 8 for wood production, and 1
and 11 for water production) have the same value. The reason for this may be that the area of interest
is small and in this occasion both the factors influencing wood production as the factors influencing
water production can not change a lot. Another reason for this is that pairwise comparison method is a
subjective method to a great extend.
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These weights can be mapped (Fig.) in order to show the participation of zones in the wood and
water production. This can be done by the program ArcGIS using zones and either wood weights or
water weights as vectors. Moreover, if the weights of wood and water production were compared in
the same zone, the conclusion derived is that some weights can be higher than the others and this
means that this zone is more important for water or wood production depending on which weight is
higher. This logic thought can help to find which zones are more important for wood production (these
zones being 1, 7, 8, 11, 12 and 15) and which zones are more important for water production (these
zones being 2, 3, 4, 5, 6, 9, 10, 13 and 14). These results can be mapped to show the areas which favor
wood production and which favor water production. 32.62% of total area is more advantageous in
wood production and the 54.49% is more advantageous in water production.

Conclusions. Multiple criteria decision support is necessary for
forest management. The pairwise comparison method which
was used here for the estimation of weights is very significant,
because it takes into account all the factors which influence the
problem under consideration and gives an overall value
(weight) for their description. These values allow an easier
comparison between the factors and help to resolve the com-
plexity of forest ecosystems. The factors which influence the
production of wood (in rank of importance) are land, aspect, re-

Scale 1:50000 lief, elevation and (finally) forest species. On the other hand,
Communal wood water production is influenced in rank of importance by precip-
area itation, vegetation, geological substratum and relief. Zones 1, 7,

I
=

8, 11, 12 and 15 have a greater value weight for wood produc-

Water area .

tion, whereas zones 2, 3, 4, 5, 6, 9, 10, 13, and 14 have greater
Evaluation of wood value for water production. The zones which promote wood
and waterproduction production occupy the 39.62% of the overall area of University

Forest of Taxiarchy and the zones which have bigger participation in water production occupy 54.49%
of the overall area.
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/. Kapamanonuc

OIEHKA BO,Z[OOXPAHHOI?'IUI/I BUOINPOAYKTUBHOM ®YHKIUU
JJECHOU 5 KOCUCTEMBI

IIpogedena oyenxa 60000xXpanholi GYHKYUU U NPOU3B00CMEA OPEBECUHbl YHUBEPCUNEMCKUMU 1eCAMU
Taxcuapxu XankuOuKu ¢ UCHONb308AHUEM MHOJICECMEEHHO20 NOOX00d NO npuHamulo peutenuil. B ceasu ¢
SmuM yHusepcumemckuil iec 6vli pazoenen Ha 15 30H, O KOMOopwlXx onpeoenenvl Kpumepuu u CmeneHsb ux
6AUAHUS HA MU npoyeccyl. sl npou3so0cmea Opegectbl alCHbIM KpUmepuem agusiomcs 3emis, Cimopond
ceema, penveqh, GbICOMAa MeCmHOCMU, Opegechas nopood.

Kniouegvie cnosa: 600noe npouzsodcmso dpegecunvl, 8ec, AHATUMUYECKUL NPOYECC Uepapxuul, MHO-
Jrcecmeen bl NOOX00 K NPUHAMUIO PeUleHUl.

KAPAMAHOJIUC Jlumumpuyc — nipoeccop, YHuBepcuter Apucrorens B CanoHukax, (akyibTer
JIECHOTO XO3SIHCTBA M OKPYXKAIOIIEH Cpe/ibl, 1ab0paTopHys JIECONOIb30BaHUS U JUCTAHIIMOHHOIO 30HIMPOBa-

nust. E-mail: karam@for.auth. gr.
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JATBI. COBBITHUSA. KOMMEHTAPHUU

Pe3oronus

Mescoynapoonoii konghepenuyuu «MedxcOyHapooHoe cOmpyoOHUYECHE0 6 1eCHOM CeKmope:
. bananc odpazosanus, HAQyKu U KPOU3B00CHIBA»
r. Momkap-Ona 5 uronsa 2009 r.

B pabore mMexayHapoqHOH KoH(EpEeHIMH, MPOBOAMMONW B paMKaxX MEKIyHApOJHOTO IPOEKTa
IB JEP-26038-2005 Temnyc «Tpenune, pacuiupenue mexcoyHapooHoz0 COmMpyoHu4ecmea u pas-
eumue NOMEHYUAana OnA yCmouuueo20 neconoav3osanun ¢ Ilosonicver, NPUHLIN ydacTue BeLy-
1K€ CIEUaTUCThl MUHUCTEPCTB JiecHOro Xo3siicTBa [loBomkbst Poccuiickoit denepannu, AeKaHbl Jie-
COXO3SIMCTBEHHBIX BY30B, yU€HBIE U TPENoJaBaTeNl U3 YHUBEPCUTETOB U TeXHUKyMoB Poccuu, mpen-
CTaBUTEIN YHHMBEpPCUTETOB XenbCHHKH (Duunsuaus), Apucrorens (I'peums), BOKY (Ascrpus),
Hpesnena (I'epmanms), [laxyn (Mranus), HarmoHanbsHOTO JIECHOTO yHHBEpCHTETa YKpawHbI, Tari-
KEHTCKOTO MHCTHTYTa UppHUrauuu U Menuopanuu (Y30ekucraH), ['ocyiapcTBEHHOI'0 arpapHoro YHH-
BepcuteTa MongaBuu 1 JIecHOro Hay4HO-HCClIeI0BaTeIbCKOT0 HHCTUTYTa Benrpun.

Kondepentus npoBoaniack npu noaaepxkke Epporieiickoil KOMHCCHU TT0 00pa30BaHUIO U KYJIb-
Type, EBpormelickoro MHCTUTyTa Jeca, MEXIyHApOIHOIO COK3a JIECHBIX HAy4YHBIX OpraHU3allui
(IUFRO), nporpammer @ynopaiita (CIIA), MunucTrepcTBa JiecHOro xo3sictea Pecniyonnku Mapwuii
O, Mapuiickoro TocyJapCTBEHHOTO TEXHHYECKOro yHUBepcuTeTa. B paMkax KoH(epeHIHH ObLn
MPOBEJIEH ceMUHap-coBemanne «MHTerpanus yueOHbIX 3aBeIeH i JiecHOro npodmist [IpruBomKcKoro
(enepaabHOTO OKpyra Ui COBEPIICHCTBOBAHHS HAYYHOTO, METOANYECKOTO M KaJpoBOro obecreue-
HUS yCTOWYMBOTO YIIPABIICHUS JIECAMUY.

Ha nnenapHbIX 3aceaHusx ObUIM TPENICTABIICHBI JOKIA/IbI TI0 HAPABICHHUSM:

e B3ammojelicTBue By30B [IpuBomKCcKoro ¢enepaibHOr0 OKpyra MpH Mepexojie Ha MHOTOYpOB-
HEBYIO TIOATOTOBKY CIIEIIUAIUCTOB JIECHOT'O TIPOQHIIS,

® MEXKIyHapOJHOE COTPYIHHYECTBO B JIECHBIX By3aX,

e po0JIeMBl HHTETPALIMHU JIGCHOTO X03siicTBa cTpaH Epomnetickoro Coro3sa,

® [UIAaHMPOBAHHUE JIECHOT'O XO34HUCTBA U JIECOBOJICTBEHHBIEC PEIICHNS B YCIOBHUSIX MEHSIOIIErOCs
KJIMMarTa,

® JKOHOMHYECKHE aCIeKThI TPOOIEM YCTOWYHBOTO YIIPABIICHHS JIECAMH,

® OMBIT MPOBEJCHUS MPOEKTOB TeMITyc IpyruMu By3aMHu.

CeKIMoHHbBIE JOKIaabl OBUIM TIOCBSIIEHBI BOMPOCaM: OMOJOTHYECKOH MPOIYKTHBHOCTH JIECOB,
KaJpOBOM M HAayYHOU MOJUTHKE B 00JACTH YCTOWYMBOTO YIPABJICHUS JIECAMH, COBPEMEHHBIM TEXHO-
JIOTHSIM y4eTa JIECHBIX PEeCypCOB, TOPOACKHUM JIeCaM, OLIEHKE U MapKETHUHTY JIECHBIX YCIYT.

VYdacTHUKH KOH(EpPEHIIMH OTMETWIIH, 4YTO 3a Tpu roja mpoekta Temmyc IB_JEP-26038-2005
YHUBEpCUTETaMU-NIapTHEpaMy W opraHu3anusMu (XenbcuHku, Apuctorens, boky, [lanys, [pe3nen,
MapI'TV u woodSCAPE consult) ynanock 1oOHThCS 3allJlaHUPOBaHHBIX pe3yibTaToB: 114 cnennanm-
cToB JiecHOTro X03siictBa [ToBomkbst u npenonaBateneit Mapl TY mponun nosblieHne KBainuduka-
uy; B Mapl TV npoBezieHbl 6 MEXKTyHapOJHBIX CEMUHAPOB U 3 BUPTYyaJbHBIC BUJICOKOH(EPEHINH C
YYIaCTHEM EBPOICHCKUX KOJUIer; 51 COTPYAHMK JIECHOTO XO3SHMCTBa (B TOM YHCIIE MUHHUCTPHI U 3aMe-
CTUTEIM MUHHUCTPOB JIEMapTaMEHTOB JIECHOro Xo3siicTBa Pecriyonnku Mapuii 91 u Hukeropoackoit
obnactn), npenofasarenyd Mapl TY mponu cTaxxupoBKy B Y HUBepcuTeTe XelnbCUHKH (DHHISHIS),
Hpesnenckom TexundeckoM yHuBepcutere (I'epmanus), Yuusepcurere 1. [lagys (MUranus), YHausep-
cutere r. Canonuku (I'penusi) u B lanum npu noanepkke KoMraHuu Byackeiin KoHcalT; opranuso-
BaHO coo0mecTBO (network) crenuanucToB JeCHOr0 XO03iWCTBa MO BompocaM mpoekta; B Mapl TV
CO3JaH 3aJ BHJCOKOH(DEPEHINH, KOTOPbI Ha CEroAHSIIHUN JIeHb OCYIIECTBISIET BUICOKOH(DEpeHII-
cBa3b ¢ Byzamu EBpombl, CIIIA u Uspawmns; npenogaBatensmu Mapl TY moarorosiensl 16 HOBBIX

98



ISSN 1997-4647 Jlec. Dxonoeus. Ilpupooononvzosanue

KypcoB B 00JIACTH COBPEMEHHOTI'0 JIECOBOJICTBA C YYETOM OIBITa €BPOIEHCKUX CTPAH VIS MEepernoaro-
TOBKH CITEI[HAIIIICTOB JIECOXO35MCTBEHHOTO TPOMU3BOJICTBA; U3AaHO 12 yueOHBIX MOCOOMI KaK B OOBIY-
HOM OyMakHOM opMmaTe, Tak U B BUJIE e-leaning KypcoB, BBUIOKEHHBIX Ha cepBepe Mapl TV Bcero B
MPOEKTE YUaCTBOBAIU 42 POCCHICKUE U €BPOICHCKUE OpraHu3aliy; pa3paboTaH yueOHBIN MIaH Kyp-
COB TIEPEMOATOTOBKY CIIEIUANHUCTOB JIECCHOTO X03iWCTBA NpH MHCTHTYTE JONOTHUTENHHOTO mpodec-
CHOHAIILHOTO 00pa30BaHusl.

O3HaKOMUBIIMCH BO BpeMsi ME&KIyHapOIHOH KoHDepeHun ¢ pakynbTeToM «JlecHOro xo3gicTBa
W DKOJIOTHM», €r0 KaJIpOBBIM MOTEHIINATIOM, YIeOHOH W HAyYHOU JeATeIbHOCThIO, MEXKyHAPOIHBIMU
CBSI3IMH W CBSI3bIO C TIPOM3BOJICTBOM, YYACTHUKH KOH(EPEHIIUH MOJOKUTEIBHO OIEHWIH padoTy
KowiektuBa Mapl TV B HampaBieHUH KaJIpOBOIO U HAYYHOI'O CONPOBOXKJIECHHUS YCTOMYHMBOIO YIpaB-
JeHus necamu B Poccuiickoii @enepanui.

Yuacmnuku xongpepenyuu npunanu pewenue:

1. Co3nmath necHoii 0Opa3oBaTebHbIN Kiactep Ha 6a3e Mapl TV, B KOTOPBII BOMIYT JIeCHBIE BY-
3Bl M TEXHHKYMBI, a TAKKE JIECOX 035 ICTBEHHBIE MPeANpUsTHS [10BOIKbS.

2. Koncopuuymy npoekta TeMiryc mpoJoibKuTh paboTy MO Pa3BUTHIO MEXIYHAPOIHOW pabOTHI
C TIPUBJICYCHUEM JIOTIOTHUTEIBHOTO YMCIIA BY30B JIECHOTO PO HIIs, clienaB yrnop Ha pa3BUTHE Maru-
CTEPCKUX MPOrpamMM U MPOEKTOB B 00JIACTH KO-WHHOBAITHIA.

3. Jlna obecriedeHHs YCTOHMYMBOTO JIECOMOIb30BAaHMS M BOCHPOM3BOJCTBA JIECHBIX PECYPCOB
Poccun HE0OX0MMO TIPOIOTKEHHE MTOMCKA JIECOBOJICTBEHHO- U SKOJIOTHYECKH d(PPEKTUBHBIX TEXHO-
JIOTUil €CTECTBEHHOI'0 BO30OHOBIICHHS JIECOB.

4. HeobxoauMo yaenuTh ocoboe BHIMaHHE €CTECTBEHHOMY BO30OHOBIICHHIO OCHOBHBIX JIECO00-
pa3yIomuX MOPOJ C LEIbI0 MOBBIIIEHUS X YCTOHYMBOCTH. B TO ke BpeMs IIefieBOe BBhIpAIIUBaHUE
MEITKOTOBApHOH JPEBECUHBI C KOPOTKUM 000POTOM PYOKH JOJKHO ONHUPAThCs HA TIAHTAIIMOHHOE XO-
35IUCTBO.

5. Jlu1st TIOBBILIIEHUS] KQ4eCTBa HAYYHBIX MCCICAOBAHUNA B POCCUIICKHX By3ax HEOOXOIMMO pa3BU-
BaTh MEXKJYHAPOIHOE COTPYAHUYECTBO, OOMEH HJESIMH U COTPYAHUKAMHU B PaMKax HayYHBIX MPOEK-
TOB C 3apyOeKHBIMH By3aMH. [IpocuTh 3apyOeKHBIX KOJJIET MO MPOEKTY y4acTBOBATh B COCTAaBE DKC-
MEPTHBIX KOMUCCHI O OLIEHKE MPOrPaMM POCCHUICKHIX BY30B.
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AHTJIMUCKUU SI3BIK JJISI CHELIIMAJIMCTOB JIECHOI'O XO3SMICTBA

Bsinuio u3 medatn yueGHoe mocodue T. B. Tokapesoit «English for forestersy (HMorkap-Ona:
MapI'TV, 2008. — 220 c.), KOTOpO€ YCHENUIHO UCIONb3YETCs MPH MOATOTOBKE CIEHANINCTOB JECHOTO
XO03SUCTBA K MEKAYHAPOAHOMY OOIIECHHIO.

AKTYaNbHOCTh TaKOTO TIOCOOMSI CBsI3aHA C PACHIMPEHHEM MEXTYHAPOIHBIX KOHTAKTOB, IJI€ OCO-
0oe BHUMaHUE yJIENsAeTCs aHTIUICKOMY SI3bIKY KaK S3BbIKYy MEXKIyHApoaHOro obmeHus. CrernuanucTel
necHol oTpacnu Poccuu Bce akTUBHEE CONCHCTBYIOT HAIAXKMBAHHMIO HAYYHBIX CBs3CH 3a pyOemoM,
MPEICTABIISS HAILy CTPaHy B ME&XKIYHAPOJHBIX MTPOEKTaxX, KOH(PEPEHIMIX U CUMIIO3UyMaX.

BBuay OTCYTCTBHS COBpEMEHHBIX Y4EOHWKOB AHTJIMICKOTO S3bIKA, PACKPHIBAIOIINX OCHOBHBIC
TEHJICHIINW Pa3BUTHA JIECHOTO XO3SHCTBA B MHUPE, OCIOXHSIETCS TIOATOTOBKA CTYICHTOB JIGCOXO3SIH-
CTBEHHBIX (DaKyIIbTETOB BY30B.

YueoHoe nmocobue «English for foresters (AHMIMACKHUI A3BIK IS CHELMAIMCTOB JISCHOTO X0351H-
CTBa)» MPHU3BAHO CHOCOOCTBOBATH MPHOOPETEHHIO CTYJCHTAMH KOMMYHHKATHBHOW KOMIICTEHIIUH,
YPOBEHb KOTOPOW IMO3BOJNUT UCIONB30BATh AHTIMUCKUI S3BIK KaK B MPOQECCHOHATBHON JeTeNbHO-
CTH, TaK U JUIS [Ieied caMooOpa3oBaHMUsI.

Martepuanbl 1Jisi CO3JaHus MOCOOHsi COOpaHbl aBTOPOM BO BpEMsl MPOXOXKICHUSI CTAXKUPOBKU B
Yuupepcutere Xenbcunku (Qummstaans), YHuBepcutere Apucrorens (I'pemus) u B mporecce yda-
crus B npoekte TEMITYC. TekcThl U WILTIOCTPAIlUH, TIPECTABICHHBIC B TOCOOMH, B3ATHI 3 KypHa-
JIOB M KHHT, U3JJAHHBIX 32 PyOeKOM, HHTEpHET-caliToB. OCOOEHHOCTBIO MOCOOUS SIBIISIETCS HCIOIB30-
BaHUE HH(POPMAIIUK O COBPEMEHHOM COCTOSTHUH JIECOB, MPOOTIEMax U MEPCIIEKTUBAX Pa3BUTHS JIECHOM
orpaciu B Oumisiaauu, CLIA, ['epmannn, ABctpun, ['pertun, Poccun u npyrux crpaHax.

JlaHHOE TIoCcOOME BKITIOYAET KOMIUIEKC YIPaKHEHUH M 3aJlaHui, 00ecIeunBaIONIuX MPodeccro-
HAJIBHO-OPUEHTHPOBAHHYIO HHOSI3BIYHYIO TIOJrOTOBKY 00y4aeMbix. Ocoboe BHUMaHUE yensercs pa-
00Te C COBPEMEHHBIMH TEPMUHAMH, HCIOIB3YEeMBIMH B JiecHOW oTpaciu. [locobme criocobcTByeT
(OpMHPOBAHUIO HABBIKOB YTEHHS W TMOHMMAHUS CIENUAILHON JTUTEPATyphl HA aHTJIMICKOM SI3BIKE,
pacCIIMPEHHUIO CJIOBAPHOTO 3araca Mo CIEHaIbHOCTH, Pa3BUTHI0 KOMMYHUKATUBHBIX HABBIKOB B Ce-
pe npodecCHOHATLHOIO OOIICHHS.

B pesynbrare sKcriepEMEHTAIBLHON Pa0dOThl MOTYYEHO TOATBEPIKACHUE, UYTO MOCOOUE SBISIETCS
3G (GEKTUBHBIM CPEICTBOM TOATOTOBKH CIEIHMAIHMCTOB JIECCHOTO XO3SHCTBA K MEKIYHAPOJHOMY CO-
TPYAHUYECTBY.

[TocoOue umeer rpud YueOHO-METOIUIECKOro 00bEIUHEHHSI 110 00pPa30BaHUIO B 00JIACTH JIMHT-
BHCTHKM MUHHUCTEPCTBa 00pa3oBaHus M Hayku Poccuiickoit denepaliui U peKOMEHIOBAHO B Kaue-
CTBE y4eOHOro MoCcoOMst AJIsl CTYIEHTOB, O0YYAFOIIUXCS 10 JIECOXO3SHCTBEHHBIM U JIECOTEXHUYCCKUM
creanbHoCcTsIM. OHO TIpeIHA3HAYEHO JUTS 00YYEHUS CTYJICHTOB M acCIIUPaHTOB JIECOXO3IHCTBEHHBIX
(aKkyJIbTETOB BY30B, a TAKXXE CIICLUAIUCTOB JICCHOI'O XO3SMCTBA, W3YyUYaOUIMX AHTJIMHCKUM SI3BIK C
y4eTOM MOTPEOHOCTEH B JaHHOM npodeccuoHaabHoH chepe.

J. A. Kypbanos
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NHOOPMANUSA 111 ABTOPOB

Penakims sxypHana «BecTHuK MapuiicKoro rocy1apcTBEHHOTO TEXHHYECKOr0 YHUBEPCHTETA MPUHIMACT K ITy0-
JIMKAIMU CTaTbHU, COOTBETCTBYIOIUE POGUITIO n31aHus, 00beMoM He Oosiee 15 cTpaHuLl, BKIIOYas PUCYHKH.

Crathsl TOJDKHA COJEPXKATh TOJIBKO OPUTHHAIBHBIN MaTepuall, OTPaXKAIOIMH Pe3yIbTaThl 3aBEPIICHHBIX UCCIIe-
JIOBaHHMH aBTOpa, paHee He IyOINKOBABIINXCSL.

K meuaTtu npHHUMArOTCS MaTepHAIbl, KOTOPbIEC HE OMyOJIMKOBAHbI U HE IIEPEaHbl B IPYTHe peaakiuu. Pykomucn
HPOXOAST 00s3aTENIbHOE pelleH3npoBaHue. B «BecTHHKE .. .» MEYaTalOTCs TONBKO CTAThHU, MONTYYHBIINC ONOKUATEIb-
HBIC PELICH3UHL.

OTKJIOHCHHBIC B PE3yNbTATE PEIICH3UPOBAHUS MaTePHAIIBl BO3BPALIAIOTCS B OTHOM K3eMIULIpE (C IPHIOKECHHEM
KOIIUY PELICH3UN).

ABTOp mepeaaeT KypHaIy B JIMIE €ro YYpeIUTesIst CPOKOM Ha IIATH JIET CIACAYIOIINE HCKITIOUYUTEIBHBIC HMYIIle-
CTBCHHBIC IIPaBa Ha MaTEPHAJ: IIPAaBO BOCIHPOM3BOIUTEH MPOM3BEICHHE (IIPaBO HA BOCIPOHU3BE/ICHNE); IIPABO Paclpo-
CTPaHsATh 3K3EMIUIIPHI IPOU3BECHHS JIFOOBIM CIIOCOOOM, B TOM YHCIIE NPOAABATh, CAABATh B MPOKAT (TIPaBO HA pac-
HPOCTPaHEHNE); IPABO UMIIOPTUPOBATH SK3EMILIIPHI MPOM3BEICHUS B LEIAX PACIpOCTpaHEeHus (TIPaBO HA MMIIOPT);
IpaBoO COOOIIATH NMPOU3BEACHHUE JUIsl BCEOOIIEr0 CBEACHHS MO KaOemro, MPOBOJAaM MM C IOMOIIBI0 HHBIX aHAJOTHY-
HBIX CPEACTB (IIPaBO Ha COOOLICHHE JUTsl BCCOOIIETO CBE/ICHUS 10 KaOer0); MpaBo NEepeBOAUTH IIPOM3BEICHUE (IIPaBO
Ha TepeBon).

3asBKa 00 OIyOJIMKOBAaHWH MaTepHalia, HOCTYIHBILAS B aJipec )KypHaIa, sIBISCTCS KOHKITIOACHTHBIM JICHCTBUEM,
HaIpaBJICHHbIM Ha BOSHUKHOBCHHE YKa3aHHBIX TIPAaB M 005A3aHHOCTEH.

TpeGoBaHusl K OPUTHHAJIAM NIPEACTABJIIeMbIX PadoT

Cmpykmypa HayyHoUu cmamvu

1. Ansorauus (3-4 npeyoxKeHust), KII0UEBbIE CIO0BA.

2. BBeneHue (OL€HKa COCTOSHMSI BONPOCA, OCHOBaHHAsl HAa 0030pe JIMTEPATypbl C MOTUBALMEN aKTYaJbHOCTH,
BBISIBJICHHOE ITPOTHBOPEYHE, T03BOJISIFOLIee CHOPMYITUPOBATE MIPOOJIEMHYIO CUTYALHIO).

. Llenb paGoThl, HalpaBiIeHHAs Ha IPEOAOICHHE IPoOIeMHOM cuTyanuu (1-2 nmpeanoxeHus).

. Pemraemsble 3a1auu, HarpaB/I€HHbIE HA JOCTOXKEHHE LIENH.

. Matemarnueckoe, aHAJIUTHYECKOE WIIM HHOE MOJIEIUPOBAHUE.

. TexHuKa 3KCIIEpUMEHTa U METOAMKA 0OPAOOTKHU WU U3JI0KEHUE UHBIX ITOJYUEHHBIX PE3YIbTaTOB.

. Mlnrepnperanus pe3ynbTaToB WIM UX aHAJIU3.

. BeIBoziBI, OTpaxaroIiye HOBU3HY IOJy4EHHBIX PE3YJIbTaTOB, [IOKA3bIBAIOIINX, YTO LI€/Ib, IIOCTaBIICHHAs B pa-
00Te, JOCTUTHYTA.

Tpebosanus k oopmnenuio cmamou

Crathst O/DKHA OBITH TIPEJICTABJICHA B JICKTPOHHOM BHJIC M KOMIIBIOTEPHO# pacnedatke (2 9k3.) Ha Oymare ¢op-
Mmata A4. Pazmep mpudta 12 0T, MexcTpouHblii HHTepBas oAuHapHbIil. [lons: crpaBa — 2 cM, cieBa, CBEpXy U CHU3Y —
3 cM., oTcTyn nepBoii crpoku Ha 0,75 cwm.

Ha nepBoii crpanune crarbu cieBa neyataercs YK (pasmep mpudra 12 nr, npsmoii, ceeribiii). Huxke,
cIpaBa — MHMLMAbI, hamuiaus aBTopa (pasmep mpudTta 14 0T, Kypcus, xupHslit). Huke, no 1eHTpy — Ha3BaHUE
ctaThu (pa3mep mpudTa 14 nt, npsiMoil, NoNyKUPHBIH, IPOIUCHIO).

Jlanee pazMmelnaercst aHHOTalMsl. AHHOTALUsI CTaThH IPEACTABIISAETCA HA PyCCKOM H AHTJIMHCKOM SI3bIKaX.

PucyHkw, rpaduky, TaOIHIB! TOMKHBL HIMETh HYMEPALMOHHBIH U TEMAaTHYECKUH 3arooBKU (pasmep mpudra 10
IIT, 3aT0JI0BKU IIOJYKHPHBIH).

TabmuLbl ¥ PUCYHKH AOJDKHBI OBITh BCTABJICHBI B TEKCT I1OCIE a03aLeB, COEPKAIIMX CChIIKY Ha HUX.

Pa3meps! wuttocTpaluii He 10JIKHBI MPEBBIIATH Pa3MEPOB TEKCTOBOTO 1ot (He Oomnee 15 cm).

Crnucok auTepaTypbl 0QOpMIISETCsl COMIACHO TOPSAAKY CChUIOK B TEKCTe (IZI€ OHM YKa3bIBAaIOTCS B KBAaJPAaTHBIX
ckoOkax) u obs3arenpHO B coorBercTBuu ¢ I'OCT 7.1-2003.

03N LN AW

CchUIKHM Ha HeOomYOJIMKOBAHHBIE PA0OTHI He I0MYCKAIOTCS.

CraTbsl HODKHA OBITH MOJMUCAHA aBTOPOM. [locie MOAMKMCH aBTOpa M AaThl YKA3bIBAIOTCS €ro (paMUITus, UMS,
0T4eCTBO (MTOJHOCTBIO), MECTO PabOThI, MOKHOCTh, y4€Has CTEMeHb, OONACTh HAyYHBIX HHTEPECOB, KOMUUYECTBO
OIMyOJIMKOBaHHBIX PaboT, TenedoH, e-mail, JomManHuit aapec.

K craTthe npuiaratotcs ClaeayroIne JOKyMeHThI:

- pexoMeHaIus Kadenpsr;

- OKCIIEPTHOE 3AKIIOYCHUE O BOZMOYKHOCTH OMYOJIMKOBAHHSL.

[TnaTa ¢ acCMUPaHTOB 3a MYOJUKALUIO PYKOMHUCEH HE B3UMAETCSL.
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[Toanucka Ha xypHas ocyuiecTBisieTcss o karanory «['azersl. XKypHans» AreHTcTBa
«Pocneuatp» (monnucHoit unaekc 42920, rematuyeckuil ykasarenb: HayuHo-TexHHueckue
m3nanus. M3sectuss PAH. U3Bectus By30B).

Crnenyromuii HOMep XypHaia BeiieT B nexadbpe 2009 rona.



