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Oco0eHHOCTH Ce30HHOI AKTMBHOCTH MpeICTaBUTeIei
MaccoBbIX poaoB rpudHbIx KoMapos (Diptera, Sciaroidea)
noaTaexkHoi 30ubl 3anaanoi Cudupn

E.1O. Cy66otuna, 0.B. MakcnmoBa

Tomckuii rocynapctBeHHbl yHUBepcuTeT (Tomck, Poccus)

B xone uccnenopanuii sxosioruu rpudHbIX komapos (Diptera, Sciaroidea) nmoaraexxHoii
30HBI 3anagHoil CudUpy n3ydeHa TMHAMKKA JTIETHON aKTUBHOCTH BHYTPH CAMBIX KPYTI-
HBIX TIO KOJIMYECTBY BUIOB M CaAMBIX MacCOBBLIX ponoB: Bolitophila, Mycomya, Exechia,
Trichonta, Phronia, Mycetophila. CTpyKTypHBIii aHaJU3 TaKCOHOMMYECKOTO COCTaBa
AKTUBHOTO B3POCJIOTO HAceJIeHUs] IPUOHBIX KOMapoB B TeUeHME Ce30Ha TMOoKa3al, YTo
B HayaJie ce30Ha JOMUHMPYIOT MpeacTaBuTenu pona Exechia, B aBrycte — Mycetophila,
B CEpeAIMHE JieTa Bo3pacTaeT 3HauMMocCTh ponoB Mycomya, Phronia, Trichonta. Makcu-
MaJIbHOE BUI0BOE pazHooOpasue uigd ponos Bolitophila, Trichonta w Mycetophila ot™e-
YEeHO B TPEThIO neKany Masi, Exechia — B TiepBYI0 nekany masi, Phronia — B KOHIIE UIOHS.
[l ipecTaBuTeNEl BUNIOB TUITMYHBIX OOMTATENel TIOOBBIX TeJl TPUOOB XapakTepeH
JIET ¢ ABYMSI [IEPUOJaMU AKTUBHOCTU — B Havyasie ¥ KOHIIE Ce30Ha, C 00513aTeIbHBIM MTPO-
MEXYTKOM MEXIy HUMH, COCTaBJISIIOIIMM, KaK MPaBUIo, He MeHee Mecsiua. [1ist BUioB,
pa3BUBAIOILMXCS HA MMLEJINU AepPeBOopa3pyllaloluX rpuboB, Oojiee xapakTepeH pac-
TSIHYTBIM TIEpUOJ JIETA B TEUCHUE BCETO CE30HA WM B €r0 TIEPBOM MOJIOBUHE C MaKCH-
MYMOM B CaMbl¢ TeIUIbIC IeKaIbl. B mpenenax Kaxkmoro poaa HabIIOIal0TCs HECKOIBKO
CTpaTeryii IETHOM aKTUBHOCTHU, HA OCHOBAHUY aHAIN3a KOTOPBIX BbIIEICHBI ISITh TUTIOB
n€THOM ctpareruu Sciaroidea: 1. BUuabl ¢ OIHUM MEpPUOIOM aKTUBHOCTHU B MEPBOI MOJIO-
BUHE ce30Ha. 2. Busbl ¢ 1ByMs1 KOPOTKMMU MepUOAAMK aKTUBHOCTH — B Havajle M KOHLE
Ce30Ha, C IPOMEKYTKOM MEX/1y HUMU, COCTaBJISIIOLLMM He MeHee IBYX MecsiLieB. 3. Buabl
C IBYMsI JUTUTEIbHBIMU TTEPUOIaMU aKTUBHOCTH — B HavaJle W KOHIIE Ce30Ha, ¢ 00s13a-
TEJTLHBIM TIPOMEKYTKOM MEXJTy HUMU, COCTaBIISTIOIINM, KaK IPaBUJIO, HE MEHEe MecsIIIa.
4. Bunpl, netaionive Ha IPOTSKEHUU BCETO JIETHETO CE30HA C CePeIMHBI Mast 10 CEHTSI-
Ops1. S. Bumbl, MMeolIMe UCKIIOYUTEIBHO OCEHHIOI aKTUBHOCTb, JIETAIOIIINE CO BTOPOii
MOJIOBMHBI aBrycta. [TokazaHo, YTO cTpaTeruu JETHOU aKTUBHOCTU JIOKAIBHBIX (hayH
OTpaxaroT 0COOEHHOCTU KJIMMAaTUYECKUX YCJIOBUI U JJaHa1ahTa KOHKPETHOTO perMoHa.

Karoueswie crosa: nonraiira, 3anangnass Cubups, Sciaroidea, rpuGHbIe KOMaphl, 9KOJIO-
rusi, HeHOIOrUsl.

Beenenne

HancemeiictBo Sciaroidea HacUMTHIBae€T OKOJIO IISITH THICSIY BUIOB M IIPEACTaBICHO
10 BCEMY 3eMHOMY 1lIapy KaK TUIIMYHAS AeHApO(UIbHAS IpyIa HaceKoMbIX. M3yye-
HUEe IPUOHBIX KOMAapoOB B IOr0-BOCTOYHOI yacTy 3amagHo-CrOUpCKoil paBHUHBI (10T
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Tomckoii ob61acTu) B mpeenax MoaTaekHOW OMOKIMMATUYECKON 30HBI BEAETCS yXkKe
Oouiee mosryBeka. B HacTositiiee BpeMsi chayHa TpeX OTMEUEHHBIX B MOATATe ceMeiCTB
rpuoHBIX KoMapoB Bolitophilidae, Keroplatidae m Mycetophilidae BKitogaeT, 110 MeHb-
mei mepe, 290 BUa0B, oTHOCSIIUXCS K 42 ponam u 8 rioacemerictsam [1, 2, 3, 4, 5].

HauGonee xapakrepHoii 4epToii OMOJOrMU TPUOHBIX KOMapOB SIBJISIETCSI UX BbIpa-
JKeHHasl Torurueckasi 1 Tpopuueckast CBsI3b ¢ TpubaMu. DTa rpyrira pacCMaTpuBaeTCs B
KayecTBe BaXKHEMIIIEro KOMIIOHEHTa CBOEOOPA3HBIX COOOIIECTB — MUIIETOKOHCOPIIUIA.
MytyanucTuueckuii XxapakTep B3aMMOOTHOILIEHU CIIMapOUI0B ¢ rpubaMu orpenessi-
€T He TOJbKO XapakTep MUTAHUS U Pa3BUTUS JIUYMHOK, HO U MHOTME BaXKHbIE YEPThI
o0pasza Xu3HU uMaro. B yacTHOCTU, U3MEHEHUE COCTaBa IJIONOBBIX TeJ TPUOOB MO
BJIUSIHUEM TUAPOTEPMUYECKOTO PeXMMa B TE€YEHME BEreTallMOHHOTO CE30Ha BEAET K
3HAYUTEIbHBIM MU3MEHEHUSM CE30HHOW AMHAMUKHU KaK OTAEJbHBIX BUAOB, TaK U Ha-
CeJIeHUsI TPUOHBIX KOMAapOB B LIEJIOM.

o nocnenHero BpeMeHU OOJBIIMHCTBO 3HAHUI MO (PEHOJOTUU TPUOHBIX KOMapoOB
Cubupu 6a3upoBajoCh MPEUMYILIECTBEHHO Ha (payHUCTUYECKUX cOOpax, Toraa Kak B
EBporne Takue ncciieoBaHus IPOBOAWINCE [6, 7, 8]. EXMHCTBEHHOE 1OCTATOYHO MO/ -
poOHOE Ucclieq0BaHUe CE30HHOM TMHAMMKM TPUOHBIX KOMapoB Ha tore 3anaaHoit Cu-
6upu 0110 TIpoBeaeHO B Ky3Henmkom Anatay B iepuon 1998—2001 rr. [9, 10, 11].

IMonraéxnas 30Ha 3ananHo-CuOMPCKON paBHUHBI 3HAYMTEIBHO OTIMYAETCS 10
KJIMMaTUYeCKUM OCOOEHHOCTSIM OT PETMOHOB, IJIe 3Ta CTOPOHA IKOJIOTMU TPUOHBIX KO-
MapoB Hambosee n3ydeHa. B cBs13u ¢ aTuM uccienoBanne peHoaornu Sciaroidea mom-
Talirv NpeacTaBIsIeTCs HaM MHTEPECHOM 1 aKTyaJbHOM 3a1a4eii.

MarepuaJjibl 1 METOAUKA

HccnenoBaHust MPOBOIMIMCH B I0OTO-BOCTOYHOM YacTH 3aMaqIHOCUONPCKOI paBHUHBI
(ror ToMcKoii 001aCTH) HA TEPPUTOPUU ILIOLIAABIO OKOJIO 23,9 ThIC. KM?, OTpaHMYEHHOI
KoopAarHaTaMu 56—58° c.m1., 83-87° B.1. TeppuTOpus MCCIEIOBaHMIA XapaKTePU3yeTCs
KOHTHHEHTAJIbHBIM KJIMMATOM, 0 KOJIMYECTBY BhIMAAaIOIINX OCAIKOB OTHOCUTCS K 30HE
YMEPEHHOTO YBIaXKHEHMS (CpeaHee KOJIMYeCTBO ocaakoB 3a rof 517 Mm). CpeaHeroaoBast
temriepatypa cocrtapisier —0,4°C. 3uMa yMepeHHO cypoBas. XOJIOIHBIA IEpPUOI C
temnepaTypoit Hike 0°C mnutcs 145 nueii. CpenHssi Temnepatypa siHBapst —19,2°C.
Jlero terutoe, BiaaxHoe. CpenHsst temnepatypa utos +18,1°C. [TponosKuTesabHOCTb
BEreTallMoHHOro rnepuoja ¢ Temneparypoit Boiie 10°C pasHa 119—-127 nusam [12].

COopsl MaTepraJIoB IPOBOAMIINCH C Havajla Mas 10 KOHIIA OKTs0ps B 1998—2002
n 2008-2011 rr. B Tomckom, AcuHOBcKOM M KOXeBHMKOBCKOM paiioHax ToMcKo¥
obnactn. Cobupajiach M HCCIeI0Balach TOJBKO WMarMHajdbHash CTaausi TPUOHBIX
KoMapoB. Bcero cobpaHo cBrIIIe 3,5 ThICSY 9K3eMIUISIPOB.

M3yyeHne KOJIMYECTBEHHBIX TMapaMeTPOB CE30HHOW JMHAMUKU TIPOBOAMJIOCH B
6epe30BO-COCHOBOM JIECY B OKPECTHOCTSX 1. AHUKMHO. 32 OCHOBY Opajii KOJIMYECTBO
ocobeit coOOpaHHbBIX 9HTOMOJOTMYECKMM CAaYKOM B TeUeHHE Yaca BO BTOPOI MOJIOBUHE
nHs. g ydera Opaiu cpegHee 3Hau€HME KOJMYecTBa COOpaHHBIX AK3EMIUISIPOB 3a
nekany. [TosydyeHHbIe JaHHbIe ObUTM AOTIOJTHEHbI CBEICHUSIMU 110 CE30HHOM AMHAMUKE
BUIOBOI'O pa3HOOOpa3usl BCEX MCCIeI0BaHHBIX OMOTOIIOB HA OCHOBAHMU JaT COOPOB.

Pe3yabTatsl HccieI0BaHUS M 00CYKIEHNE

XapakTepHoii 0COOEHHOCTBIO TPUOHBIX KOMapOB SIBISIETCS CIIOCOOHOCTH 00pa3o-
BBIBaTh OOJIBIIIME MHOTOBUIOBBIE CKOTUICHUS B TTOIXOMSIIMX YKPBITUSX, T/Ie MpaKTHuie-
CKU HUKOT/Ja He BCTpevyaloTCs Apyrue NByKpblabie. Kpome Toro, He3aBUCHMMO OT MeTOIa



6 E.IO. Cy66omuna, IO.B. Makcumosa

cbopa, MacCOBBIX BUIIOB, T.€. Te€X, KOTOPbIC B COOpax MpeICcTaBlIeHbI IeCITKAMU 3K3eM-
MJISIPOB, KpaiiHe MaJlo, OCTaJIbHbIE BUJIbI MPEACTABICHbl EAMHUYHBIMU OCOOSIMU. DTa
3aKOHOMEPHOCTb TOATBEPKAaeTCsl U JUIsl JIOBYILIEK Pa3IMYHBIX TUIIOB, U JUISI METO/Ia
BbIBeJIeHUSI M3 TpUOOB [13; 8], 1 mpu JIOBJIE cauKoM.

TakuM 06pa3oM, aHaIM3 JETHOM aKTUBHOCTH TMPEXIE BCETO CaMbIX MaCCOBBIX BH-
JIOB TIO3BOJISIET BBISIBUTH HEKOTOPBIE OOIITNE IJTST BCEX TPMOHBIX KOMapOB 3aKOHOMEPHO-
ctu eHosornu. bosbliias yacTh 3TUX BUIOB OTHOCUTCS K ponam Bolitophila, Mycomya,
Exechia, Trichonta, Phronia, Mycetophila. PaccmaTpuBast B JaHHOM HCCJIEIOBAaHUU POJ
He B KaueCTBEe CUCTEMATUUECKOM eNMHUIIbI, a B MEPBYIO OUepeb B KaUeCTBE TPYIIIIbI
BUJIOB CO CXOIHBIMU OMOJIOTUYECKMMU U SKOJOTUIECKUMU OCOOEHHOCTSIMU, MBI TIPO-
AQHAJIM3UPOBAIM OCHOBHBIC TUITBI JIETHBIX CTPATETUi B IIPeAeIax 3TUX 6 POIOB.

AKTUBHBIH JIeT KOMapoB pofa Bolitophila HaunHaeTcs B ITOCIEIHEN neKane Masi, XOTsI
OT/Ie/IbHBIC BUJIbI BCTPEYAIOTCS U paHbliie. Tak, MpeacTaBUTEIM CaMbIX PAHHUX BUIOB
Bolitophila hybrida v B. ingrica otmeuenbl 14 masi. C 20 o 31 Mast akTUBHBI B3pOCJIbIE
komapsl 11 BumoB aToro poga. MakcuMmyma JIET TOCTUTAET B TEPBON JeKaie WIOHS —
7,75 9K3./c60p, uTo cocTaBiseT 18,1% ot ob11ero yncia COGpaHHBIX B 3TO BpeMsT TPUO-
HBIX KOMapoB (puc. 1, a). B 370 ke BpeMsI MaKCMMaJIbHO pa3HOOOpa3re 00IMTOMIII:
oTMeveHo 12 BumoB. Bo BTOpoii mekajie MIOHS ClienyeT pe3Kuii Crai, W A0 CepearHBI
aBrycra KOJIMYeCTBO 3TMX KOMapoB B cOOpaXx MMHUMAJIbHO. BTOPOIi MUK YUCTIEHHOCTH,
MPUXOSIIUIACS Ha BTOPYIO TIOJJOBUHY aBrycTa, MeHee BhIpaXKeH, CpeaHee KOJTUYECTBO
9K3eMIUISIPOB B cOOpax yBenuuuBaeTcs no 3,7. o5 KoMapoB 3TOro poia B aBrycTe U
CeHTsIOpe ocTaeTcst HebOIbILOi 1 cocTaBisteT 4—7%, Bo3pactasi 10 10% TOJIbKO B epBOi
JieKaje OKTSIO0ps, Korna OOJbIIMHCTBO MPEACTABUTENE IPYTUX POJIOB YK€ HE aKTUBHBI.

Y xomapoB poaa Bolitophila MOXHO BbIIEJIUTH J1BA OCHOBHBIX TUIA JETHOM aKTHUB-
HOCTH:

1. Buabl ¢ OmMHUM OCTAaTOYHO KOPOTKUM BECEHHE-JIETHUM IEPUOJIOM aKTHUBHO-
CTH, XapaKTePU3YIOIINMCSI YeTKUM MakKCuMyMoM: B. dubia, B edwardsiana, B. glabrata,
B. obscurior, B. tenella, B. ingrica, B. austriaca, B. occlusa, B. aperta.

2. Bunmbl ¢ 1ByMs TiepyogaMy aKTUBHOCTU — B Hayvajie M KOHIIe Ce30Ha, C Ipo-
MEXYTKOM MeXIy HUMM, COCTaBJISTIOIIMM He MeHee OBYX MecsleB: B. bimaculata,
B. modesta, B. nigrolineata, B. cinerea, B. fumida, B. hybrida. Y Tpex nocjaenHux BUJ0B
BTOPOI TTEpUOI aKTUBHOCTH JUTUTCS OoJiee TpeX neKan, 6e3 YeTKOTO eIMHCTBEHHOTO
MaKCHMyMa.

OTMeueHHBIe HaMM TOJILKO B OCEHHHWE MecCsSlbl peiKue BUILI B. basicornis u
B. pseudohybrida, Bo3MOXHO, TaK:Ke CJIeyeT OTHECTU KO BTOPOIi rpyIine, TaK KakK B Ipy-
rux peruoHax Cubupu oHU ObLUIM OTMEUYEHBI 1 B Hauajie ce3oHa [1].

Wwmaro B. saundersi eIMHUYHO BCTpeUyaloTCsl B cOOpax Ha MPOTSIKEHUH BYX JIETHUX
MecsieB (¢ 27 mas no 21 uroiist), NpeacTapisis TPeTUil TUM JETHOM CcTpaTeruu, Jarie
BCTpEYaroLIUICsl Y KOMapoB IPYTUX POAOB.

[To HaGmOACHUSIM €BPOIEMCKUX HCClieqoBaTeNieil, poJ JaeT ABa YETKMX IThKa
YUCJAEHHOCTU — BECEHHWi, MPUXOISIIMNACI Ha Mail M TIEPBYIO TIOJIOBUHY WIOHSI,
1 OCEHHUI — ¢ KOHIIA aBrycTa 1mo Hosopb [14]. B ycnosusax Ky3Henkoro Anaray 601b-
IIMHCTBO BUIOB 3TOTO poja UMEIOT MIEPBbIN TUIT CE30HHON TUHAMUKHU [15].

JIET xoMapoB poma Mycomya TIpodoOIKaeTcsT B TE€UEHHME BCETO BEreTallMOHHOTO
repuojia KpoMe paHHUX BECEHHMX MecsreB. Hamu ObuT HalieH eIMHCTBEHHBIN BUII:
M. tenuis, HAYMHAIOIINI aKTUBHBIN JIET B cepeIHe Masi. DTOT XKe BUIL B KAYeCTBE CaMO-
ro panHero (J1€T B Hauajie Masi) 3aperucrpupoBat u B @unnsauauu [16]. [IpeacraBurenu
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OOJIBILIMHCTBA BUJIOB B YCJIOBUSIX IMOATANTY HAYMHAIOT JIETETh B KOHIIE MIOHS — HavaJie
utonst (puc. 1, 6). [Tuk X aKTMBHOCTU TIPUXOAUTCSI HA UIOJIb, B TIEPBOIi IeKaie KOTO-
poro oTMe4eHo 5 Bu0B. OTHOCUTEIbHOE KOJTMYECTBO 0co0ei Bo3pacTaeT K MoCieIHe i
nekane uiofst, coctannuss 11,9% ot Bcex codpaHHBIX KoMapoB. Co BTOPOIt eKaabl aB-
rycta nojst Mycomya B coopax He mipeBbiaeT 4% (0,3—2 3K3./c60p). B ceHTSAOpe NeT
3aKaH4YMBaeTCs, ocaeaHUM (21 ceHTSIOpsi) yXOMUT Ha 3UMOBKY M. sigma.

Y xomapoB pona Mycomya HaMU BbIIEIEHBI 1B OCHOBHBIX TUIIA JIETHOM aKTUBHOCTH:

1. Bunpl ¢ ofHUM JIETHUM MEePUOAOM aKTUBHOCTHU TMPOJOKUTETbHOCTHIO OT OJI-
HoIt 1o Tpex aekan: Mycomya bicolor, M. maura, M. occultans, M. ornata, M. shermani,
M. trivittata, M. ruficollis, M. brunnea.
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B TaexxHbIx Jiecax Kapeauu s 00JbIIMHCTBA BUJAOB 3TOTO poAa TakxKe XapakKTe-
pPEeH OIVH MePUON JIETHOM aKTUBHOCTH, HO MPUYPOUYECHHBIN K BECEHHUM WJIM OCEHHUM
Mecsanam. s Ouuanaanun M. ruficollis, imerommii B 3anagHoit CUOUPU KOPOTKUIA
MacCCOBBII JIET B KOHIIE MIOHS — HavaJle UIoJIsl, YKa3bIBAeTCsl KaK BUJ C PACTSIHYTHIM
JIETOM, HanboJiee MacCOBBIM B JieTHUE Mecslibl [16]. Takoe cMelieHre U coKpalieHue
CPOKOB JI€Ta BBI3BAHO, BEPOSITHO, 00JIee KOPOTKUM BETETAIIMOHHBIM ITEPUOJIOM U BbI-
paXkeHHO KOHTMHEHTAJIBHOCTBIO KiiMMata 3anagHoit Cuoupu. XapakTepHo, 4TO IM0-
TMOOHBIN CIBUT TIepHOAa MaKCUMAaJIbHOM JIETHOM aKTUBHOCTA KOMapoB pona Mycomya
Ha WIOHDb — UI0JIb HabmonaaeTcs U B ycinoBusax KysHelnkoro Anatay.

2. Buagsl ¢ OByMs TepuomaMu aKTHBHOCTH, C TPOMEXYTKOM MEXIy HUMHU, CO-
CTaBJISIIOUIMM OT OJIHOTO /0 IBYX MecsueB: M. egregia, M. winnertzi, M. norna,
M. tenuis. IlepBblii meproOa MIPUXOAUTCS Ha KOHELl MIOHS — Hadajo MIOJIsl, BTOPOil —
Ha KOHell aBrycta — HayaJlo CEHTSIOpsI.

Hawubonee npomokuTenbHbli JIET, S nekan, otmeueH y M. tenuis v M. sigma. T1pu aToM
MUK YMCIIEHHOCTHU TIEPBbIX MPUXOIUTCSI HA HAYaJI0, a BTOPBIX — OJIMKE K KOHILY Ce30Ha.

XapaKkTepHOIi YepToii Ce30HHOM AMHAMUKM JI€Ta Exechia SIBISIETCS BHICOKUI TTHUK
aKTMBHOCTH B CAMOM HauaJjie ce30Ha (puc. 1, ¢). Yke B repBoii AeKaie Mast KOJIMYECTBO
KoMapoB 3Toro Buaa 21,4 5k3./co0p, a BO BTOpOit JOCTUTaeT MaKCUMAaJIbHOTO 3HAYCHUST —
27 2K3./co0p. B 310 BpeMs Exechia cOCTaBISIIOT OCHOBHYIO MacCy BCeX JIETAIOLINX KO-
MapoB, OTHOCUTEILHOE UX KOJTUYECTBO — 58—67% .

MaxkcumymM JI€Ta B Havajle C€30Ha MMEIOT OOJIBIIIMHCTBO 3aperuCTPUPOBAHHBIX BU-
IoB: 24 Buaa u3 28, B TOM uucje 15 BUIOB HAaUMHAIOT CBOM JIET yKe B MEPBYIO AeKamLy
Masi. Camble paHHUE BUJIbI 3apeTUCTpUpOBaHbl 2 Masi: E. cornuta, E. dizona, E. dorsalis,
E. exiqua, FE. lucidula, E. nigroscutellata, E. separata, E. seriata, E. similis, E. spinigera.

Komapbl aTOro pona akTUBHBI B TeueHUe Bcero ce3oHa. Heboublime MUK mpuxo-
NIATCSL HAa KOHEI MIOHSI — HavyaJlo MIOJIsi M BTOPYIO JeKally aBrycTa M CBSI3aHBI C MepU-
o/laMU TUIOAOHOIIeHUsI TpuOoB. OCeHHMI MepuoJ aKTUBHOCTU JTOBOJIBLHO PACTSHYT,
0e3 4YeTKOro eIMHCTBEHHOro MakcumyMma. Ilo3nHee Ipyrux 3aKaHYMBaKWOT CBOW JIET
E. dorsalis, E. contaminata, E. nigroscutellata, 15 cam110B TOCJeIHET0 BUIa OBLIO CO-
6pano 9 centsops 2000 .

MOHO BBIIEIUTH CJEAYIOLINE TUTIBI JIETHOW aKTUBHOCTU EXxechia:

1. Buabl ¢ omHMM MepUOAOM aKTMBHOCTM B IEPBOI MOJIOBUMHE ce3oHa. KopoTkuii
nepuo JETa ¢ Havyajla Masl IO Havaja WIoHs JeMOHCTpupyioT E. fusca, E. nigrofusca,
E. repanda, E. unifasciata, E. unimaculata, a ¢ KoHLA UIOHS 10 KOHUA wionst — E. spinulig-
era, E. subcornuta, E. lundstroemi, E. parvula. Bonee nponoKUTeIbHbIN JIET, 0XBAaThIBAIO-
LIWIi 1Ba — TpU Mecsila, XxapakrepeH st E. parva, E. spinigera, E. subfrigida, E. frigida.

2. Buabl ¢ ABYMSI KOPOTKMMU TE€PUOJAMU aKTUBHOCTU C TTPOMEKYTKOM MEXIY
HuMM He MeHee 9 nexan: E. exiqua, E. lucidula, E. macula, E. similis, E. dorsalis. T1epBbIit
Mepro aAKTUBHOCTH 3TUX KOMApOB IPUXOIUTCS Ha Maii, BTOPO# — Ha aBI'YCT — OKTSIOpb.

3. Buasl, peructpupyeMble Ha TPOTSKEHWM OOJBIIEN 4acTH ce30Ha (He MeHee
TpeX MecsIleB), ¢ BbIpAXKEHHBIM MaKCMMyMOM aKTUBHOCTH B Mae M OCEHHUM IOIb-
eMoM uucieHHoctu: Exechia cincta, E. cornuta, E. pseudocincta, E. separata, E. confinis,
FE. seriata, E. sororcula, E. papyracea, E. dizona, E. nigroscutellata, E. contaminata.

Psin BUIOB 13 3TOM IpyIIIbl OTMeYaIMCh B EBpoITe Kak THITMYHO OCEHHUE, B YaCTHO-
ctu Exechia contaminata B Kapeauu JeTUT ¢ aBrycTa 1o OKTSOpb, AaBasi HAMOOJIbIIINIA
MUK B IepBOIi Aekaae okTsops [17]. HamMu BUooB, MMEIOIINX UCKIIOUUTEILHO OCEH-
HIOIO aKTUBHOCTD, cpeau Exechia oTMedeHO He ObL10. PaHHeBeCeHHUI UK, XapaKTep-
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HBbIiA JIJI51 3TOM TPYIIIBI B YCJIOBUSIX ITOATANTH, BEPOSITHO, 00YCJIOBJIEH HEOOXOAUMOCTBIO
JTOTIOJTHUTEJIbHOTO MMAarvuHaJIbHOTO MUTAHUS TIOC/e JUIMTEIbHON CYypOBOM 3MMOBKM.
Cpeny KoMapoB, BCTPEUAIOIIMXCS HA BBITEKAIOIIEM JIPEBECHOM COKE, 3HAUMTEJIbHYIO
4acTh, MO HAIIMM HaOJIIOJIEHUSIM U TAaHHBIM JIPYTUX HcclieaoBaTesieii [2], cocTaBisioT
MPeACTaBUTEN ITOTO POJIA.

Buasl pomna Phronia HauWHAIOT JET BO BTOPOI JAeKaie Masl, COXPaHSIOT aKTUBHOCTh
Ha TIPOTSDKEHUM BCETO BEreTallMOHHOTO TIepHo/ia M 3aKaHUMBAIOT €T0 B Hayajae OKTSI-
ops. [1uk n€ra mpuxooUTCs Ha MOCIEIHION AeKamy UIoHS (puc. 2, a).
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B 9T0 BpeMsT YMCIEHHOCTh MX COCTaBiIsIeT 8,32 9K3./yueT, okKoio 30% mpuxoauTcst
Ha MmaccoBble Buabl: P. bicolor, P. nigricornis. Yuciao BUIOB, 3aperMCTPUPOBAHHBIX BO
BCeX OMOTOIAX, TAKXe TOCTUTAeT MAaKCMMAaJIbHOTO 3HAYeHHUSI B KOHIIE MIOHS — HavaJle
ntoJist (16 u3 29), B 3T0 3Ke BpeMsI OHM U caMble MacCoBEIe B coopax — 25%. Bropoit ik
3HAYMUTETLHO MEHbIIIEe TTePBOTO, MIPUXOIUTCS Ha BTOPYIO JeKamy aBrycta. JIET caMbIx
paHHux BuaoB P. elegans, P. obscura, P. silvatica otmeueH 14 masi, caMOTo TO3IHETO
P. nigricornis — 2 oKTSIOpSI.

YV Phronia HaMM BBIIEJIEHO TPY OCHOBHBIX TUTIA JIETHOI aKTUBHOCTH:

1. Bugpl ¢ mepuogoM J€ta, IPUXOAIIIMMCS Ha MEePBYIO MOJOBUHY Ce30Ha C MaK-
CUMYMOM B KOHLIE WIOHS — Hauaine utonsi: P. taczanowskyi, P. aviculata, P. signata,
P.silvatica, P. biarcuata, P. elegans, P. strenua, P. bicolor, P. defensa, P. obtusa, P. flavipes,
P. gagnei, P. peculiaris, P. interstincta, P. maculata.

2. Bunmpl, netamooliMe Ha MNPOTSIXKEHUM BCEro Ce30Ha, KpoMe paHHEH BEeCHBDI:
P. forcipula, P. nigricornis, P. nitidiventris.

3. Bugbl ¢ AByMsI mepuogaMM aKTMBHOCTH C TPOMEXYTKOM MeEXIy HUMHU He
MeHee Mecsiua: P. obscura P. forcipata P. egregia P. exiqua P. petulans P. siebeckii
P. longaelamellata P. sudetica P. cinerascens P. tenuis.

MOXHO OTMETUTD, YTO IS OOJBIIMHCTBA BUIOB pona Phronia xapakTepeH JIET Ha
MPOTSKEHUU OT 3 10 5 JeKan B MioHEe — Miojie. AHAJOTMYHYIO JIETHYIO CTPATEruio ae-
MOHCTPUPYIOT MHOTHE TIPEICTaBUTENIM 3TOTO poja B Apyrux pernonax Cubupu [15].

Ce3onHasa guHamuka Trichonta cxomHa ¢ TakoBoul y Phronia, 9To omnpenesnsieTcs
CXOJICTBOM MX 9KOJIOTMYECKUX OCOOCHHOCTE: IMYMHKU TIPEACTaBUTEIei MHOTHX BU-
JIOB 3THX POJIOB pa3BUBAIOTCS Ha pasJiaralolieiics 1peBecuHe. AKTUBHOCTh X HAUMHA-
€TCS1 CO BTOPOI JIeKa/Ibl Masi, K KOHILY Masl IOCTUTAaeT MaKCUMyMa ¥ JUIMTCS 10 Havaia
OKTSIOpSI C HEOOJIBIIIM CITaJOM BO BTOPOIi 1 TpeThell AeKaaax uioiis (puc. 2, 6).

Bo Bpemst mrka YMCIEeHHOCTbh MX COCTaBIsieT 4,1 3K3./y4eT, B 3TO BpeMsI B CBETJIOX~
BOITHOM JIeCy B OKPECTHOCTSIX M. AHUKMHO OTMe4YeHa aKTUBHOCTD 8 BUIOB U3 12 C 4ucC-
JIeHHOCThIO Kaxnoro 0,3—1,3 sk3./yuer. Yuciio BUIOB, 3aperUCTPUPOBAHHBIX BO BCEX
O6uoTornax, TOCTUraeT MaKCUMaJIbHOTO 3HaYEHUsI B TIepBoii aekaae utons (9 us 18).

Tak xe Kak u'y Phronia, Bropoit ToabeM YMCIEHHOCTH MTPOUCXOAUT C Hayasa aBry-
cTa, KOTIa MX I0Jist B cO0pax CTAHOBUTCST CAMOW 3HAYMTENIbHOM 3a ce30H — 17%. JIET ca-
MBbIX paHHUX BUnOB 7. brevicauda, T. girschneri, T. melanura, T. sub-maculata orme4yeH
14 mas, camoro no3nHero 7. atricauda — 2 OKTSIOPSI.

Y xomapoB poaa Trichonta HaMu BbIIEJEHO 1Ba OCHOBHBIX THIIA JETHON aKTUBHOCTH:

1. Buzabl ¢ oiHUM MEepUOIOM aKTUBHOCTHU MPOJOTKUTEILHOCTbIO OT OJHOM 10 Ye-
Thipex aekan. B mepBoii monoBuHe cezoHa setsrt: 1. girschneri, T. bicolor, T. patens,
T. flavicauda, T. vulgaris, Bo Bropoii: T. amica, T. subfusca, T. vitta.

2. Bumpl, neramooliye Ha TPOTSKEHUM BCEro JIETHETO CE30Ha C CEepelMHbI Masi 10
ceHTsI0psi. B TeuyeHue 3TOro mepuona, BEpOSTHO, CMEHSIETCS HECKOJIbKO TMOKOJe-
Huii. K aroii rpynne otHocsitest: Trichonta altaica, T. atricauda, T. venosa, T. vulcani,
T. generosa, T. melanura, T. brevicauda, T. hamata, T. submaculata.

[Tomo6HyI0 TMHAMUKY CE30HHOW aKTUBHOCTHU JIEMOHCTPUPYIOT TPENCTABUTEIN STOTO
pona u B apyrux permoHax Poccum [17, 15], roe Buabl, eTaloline Ha IPOTSDKEHUN BCETO
BEreTallMOHHOIO Teproaa, TaKXKe COCTABIISIIOT OOJBIIMHCTBO. B TO ke Bpems B Ky3Heln-
KoM AjiaTay y KoMapoB MaccoBbIX BUIOB 1. melanura v T. vulcani oTMe4aeTcsi XOPOILIO Bbl-
PaXeHHbIN MK YMCIEHHOCTH B MIoJie. B HAllIMX yCIOBUSIX 9TH BUABI COXPAHSIIOT OTHOCH-
TeJIbHO BBICOKYIO YMCIEHHOCTh B TEUEHUE BCETo NMeproa Jéta 6e3 YETKMX MAaKCUMYMOB.
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KoMapbl caMoro MHOTOUMCICHHOTO KaK B BUIIOBOM OTHOIIEHMH, TaK U IO KOJIHUYe-
CTBY YYTEHHBIX 9K3eMIUISIPOB pona Mycetophila oTMe4aauch HaMU Ha MPOTSKEHUU BCe-
ro nepuona HabmoxeHus (cM. puc. 2, ¢). [IpencrtaButenn 3TOro poaa JIETalOT C CaMOit
paHHe# BeCHBI 0 Hayajia yCTAaHOBJIEHUSI CHEeXKHOTO TIoKpoBa. M. signatoides, M. gibbula,
M. pumila, M. triangularis, M. vittipes HAUMHAIOT CBOI aKTUBHBIN JIET yXKe 2 Masi, a BCEro B
TepBYIO MaiicKyto nekany akTuBHO 10 BunoB pona Mycetophila. KonuiecTBo BbUIETEBILINX
oco0eit Bo3pacTaeT B TeueHUe Masl, IOCTUTas B TPEThel ieKaae BeJIMUnHbI 14,6 9K3./c60p.
B 510 e Bpems1 yBeTMUMBAETCS 1 YMCJI0 3aPETUCTPUPOBAHHBIX BUAOB — 23, 22 13 KOTOPBIX
OTMEUeHBI B CBETJIOXBOMHOM JieCy B OKPECTHOCTSIX . AHMKMHO. Heo0xomumMo oTMeTUTh,
YTO B 9TO BpeMsl Ha0I101aeTcsi MaKCUMallbHOE BUIOBOE pasHooOpasue Mycetophila.

Btopoii moabeM 4MCIEHHOCTH KOMapoB 3TOTO POjia HAUYMHAETCS C TPETheil JeKa bl
utosisi. OH TIPUYPOYEH, BEPOSITHO, K TOSIBJICHWIO BTOPOTO CJIOSI arapuKOBBIX TPUOOB,
MPOAOJIKAIOIIETOCS C KOHIIA MIOJIS IO CeHTSIOPS [19], u 00yciioBieH Hanbosiee 61aro-
MPUATHBIMA MUKPOKIMMATHUECKUMU YCITOBUSIMU JJIST IETHOM aKTUBHOCTHU nMaro [20].
YucneHHnoctb Mycetophila HapacTaeT ObICTPBIMU TEMIIAMU MPU OTHOCUTEIBHO HEOOJIb-
1IOM YBEJIMYEHUU BUOBOTO pa3HOOOpa3usi, B MEPBYIO 0UYepe/Ib 3a CYET MACCOBBIX BU-
noB: M. luctuosa, M. lunata, M. schnablii, M. sigillata, M. signata. TlocnenHuii BCIiieck
YUCIEHHOCTH U BUIOBOTO Pa3HOOOpa3usi, IPUXOIAIINICS Ha KOHEIl CEHTSAOps — Ha-
YaJio OKTSIOPs, CBSI3aH C MOSBJICHUEM OCEHHETO MOKOJIEHWSI KOMapoB TPYIITBI BUIOB,
JUTST HEKOTOPBIX M3 KOTOPBIX OTMeUYeHa MPUYPOUYEHHOCTh K TIO3THUM OCEHHUM BHIAM
rpu6oB [21]: M. abiecta, M. signatoides, M. caudata, M. confluens, M. fungorum, M. laeta,
M. luctuosa, M. ocellus, M. ruficollis, M. schnablii, M. signata.

B uenowm, nis Mycetophila MoXHO BBIIEIUTD CASAYIONINE TUIIHI IETHOM aKTUBHOCTH:

1. Buasl ¢ omHMM GoJiee-MeHee KOPOTKUM MEPUOA0OM aKTUBHOCTH B TIEPBOIA MOJIOBUHE
Ce30Ha, XapaKTepU3YIOIINMCs YeTKUM MakcuMyMoM: M. attonsa, M. blanda, M. bohemica,
M. gratiosa, M. lubomirskii, M. magnicauda, M. sumavica, M. v-nigrum, M. ichneumonea,
M. unipunctata, M. pumila, M. triseriata, M. mohilivensis, M. sublunata, M. vittipes.

2. Bumsl, nMerolye mpoaoKUTETBHYIO JIETHYIO aKTUBHOCTD B IEPBBIE TPU MecsIia
ce3oHa: M. dentata, M. gentilicia, M. zetterstedti, M. finlandica, M. setifera. [locnennue
JIBa BUJa PErMCTPUPOBAJIMCH Ha MPOTSDKEHUH BCEX TPEX MECSIIeB, OCTAIbHBIE OTMEYe-
HBI B IBYX JIeKaax ¢ OOJBITMMU MHTepBaIaM1 MEXITy HUMU (He MeHee YeThIpeX IeKa).

3. Buzpl, umMeronme CKI0YMTEeTbHO OCEHHIOI aKTUBHOCTb, JIETAIOIINE CO BTOPOI
MOJIOBUHKI aBrycTa: M. morosa, M. quadra, M. lunata.

4. Bunpl ¢ iByMs rieprofamMuy akTUBHOCTH — B HauaJsle M KOHIIE Ce30Ha, ¢ 00s13aTeb-
HBIM TTPOMEXKYTKOM MEXAY HUMU, COCTaBJSIONINM, KaK MPaBUJIoO, HE MeHee Mecslia:
M. abiecta, M. caudata, M. trinotata, M. signata, M. strigatoides, M. triangularis,
M. gibbula, M. laeta, M. sigillata, M. sordida. O6a nieprona 4yacTto ObIBAIOT JOBOJIHHO
PACTSIHYTBIMU, 63 YeTKOTO €AMHCTBEHHOTO0 MaKCUMyMa WJIK ¢ MAKCMMYMOM BO BTOPOii
MOJIOBMHE CEe30Ha.

5. Bunabl, akTUBHbIE Ha TMPOTSDKEHUM Bcero ce3oHa: M. alea, M. dziedzickii,
M. signatoides, M. stylata, M. schnablii, M. ruficollis, M. confluens, M. luctuosa,
M. fungorum, M. ocellus.

B a1y rpymnmy BoLUM BUIBI, KOTOPbIE YIIOMUHAIOTCS APYTMMM aBTOpaMM Kak Ooiee
TATOTEIONIMe K 0OceHHUM Mecsiiam: M. ruficollis, M. fungorum v M. luctuosa. M. luctuosa ot-
Meuasicsl B EBporie ¢ KoHI1a aBrycra no okTsiopsb, a M. fungorum v M. ruficollis — ¢ mapTa o
neKkabpb, HO HanboJiee MacCOBO — C KOHILIA aBrycTa 10 HOSIOpb BKJIIOUMTENBLHO [8]. Y Hac
5TH BUIIBI MACCOBO BCTpEYAIUCh B Hauase ce3oHa. JIET M. ocellus B Ky3HeuikoMm Anartay He
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3aXBaThIBACT paHHME BECEHHME MECSIIbI, 1aBasi BCIBIIIKY YUCIEHHOCTU B utosie. Hamu
OTMeYeHa JIOCTaTOUYHO BbICOKAsi aKTUBHOCTb 3TOTO BU/IA YK€ CO BTOPOI IeKalbl Masl.
CTpyKTYpHBIl aHAJIU3 TAKCOHOMUYECKOTO COCTaBa aKTUBHOIO B3pPOCJIOro Hacese-
HUSI TPUOHBIX KOMAapOB B TeYeHUE Ce30Ha MoKa3all, YTO B HavYaJie Ce30Ha TOMUHUPYIOT
npenacraBurenu poaa Exechia, B aBrycre — Mycetophila, B cepennHe jieta Bo3pacTaeT 3Ha-
YUMOCTb ponioB Mycomya, Phronia, Trichonta. MaxcumanbHOE BUIIOBOE pa3HOOOpa3ue
1711 ponoB Bolitophila, Trichontau Mycetophila oTMedeHo B TpeThIo AeKany Masi, Exechia —
B MepBYyIo AeKany masi, Phronia — B KOHIIe MIOHs. 1)1 IpeacTaBUTEe BULOB TUTTMYHBIX
obuTaTesieil TUTOAOBBIX TeJI TPUOOB XapaKTepeH JET ¢ ABYMs MepruoiaMy aKTUBHOCTH —
B Hayajie U B KOHIIE CE30Ha, ¢ 00513aTeIbHBIM MTPOMEXYTKOM MEXIY HUMM, COCTaBIs-
IOIMM, Kak MpaBuio, He MeHee Mecsua. Jas BUIOB, pa3BUBAIOLIMXCS HA MULIEAUU
NiepeBopa3pylialoux rpuboB, 00jiee XapaKTepeH PacTsSHYThIM epruo I€Ta B TeUeHUE
BCEro ce30Ha UM B €ro MepBoii MOJOBMHE C MAKCHMMYMOM B CaMble TETUIbIE JeKabl.

3aKaouenue

B pesynbrare aHanuza IMHAMUKU JETa TPEACTaBUTEIEe BEAyIIMX POMAOB HaMU
OBLTY BBIZACJIEHBI 5 TPYMI BUIOB C OTIMYAIOIIMMUCS CTPATETMsIMU JIETHOI aKTUBHOCTHU
B YCJIOBUSIX MOATAeXXHOM 30HbI tora 3anaaHoit Cuoupu. JlaHHbie M0 (peHOJIOTMU BUIOB
JIPYTUX PONOB, TIPEJCTaBUTEIN KOTOPBIX BCTPEUAIOTCS pexe, MoKaszall, YTO UX MOXHO
TaKXXe OTHECTH K OIHO U3 BbIAEICHHBIX HAMU TPYIII.

1. Buapl ¢ oaHMM neproIOM AKTHBHOCTH B NEPBOii M0JIOBHHE ce30HA. Takoil Tum J€T-
HOI aKTUBHOCTH OTMEYaeTCsl Y MHOTHX TIpe/ICTaBUTENIel BEIyIIMX poIoB. B aToii rpymme
MOJHO BBIICJIUTH BUIBI C TIPEMMYIIECTBEHHO KOPOTKMM TIEpUOIOM JIETA ¢ Havdajla Mas
IO HavaJia MIoHs: BUIBI ponoB Bolitophila, Exechia, Pseudexechia (puc. 3, a); BUIBI C TIPO-
JOJDKUATEJIbHOM JIETHOM aKTMBHOCTBIO C MAaKCHUMYMOM B JIETHUE MeCSIIIbl: MHOTHE TTpe-
craButenu Mycomya, Anatella, Rymosia, Phronia, Trichonta v Mycetophila (puc. 3, 6).

2. Buzapl ¢ 1ByMs KOPOTKHMH TEPUOAAMH AKTHBHOCTH — B Hayajie M KOHIIe Ce30Ha, C
MPOMEKYTKOM Me3K/Ly HUMH, COCTABJISIIOIINM He MeHee IBYyX MecsIeB. DTOT TUIT CE30HHOM
JUHAMUKU HauboJsiee SIpKO MPOSIBISIETCS y psiia peacTaBuTeneil ponos Bolitophila 1
Exechia (puc. 3, 6).

3. Bunpl ¢ AByMs JJIMTEJIbHBIMH MEPHOJAMH AKTHBHOCTH — B Hayajle M KOHIE Ce30-
Ha, ¢ 00g3aTeJbHbIM NMPOMEKYTKOM MeKIy HUMH, COCTABJISAIONMINAM, KaK NMPaBUJIO, HE Me-
Hee mecsimna. JIaHHBIN TUTT aKTMBHOCTU TUITMYEH TIPEXIE BCETO JUIS TpecTaBUTENei
BUJIOB OOMTaTENeH TIJIOMOBBIX Tel TpuOOoB pona Mycetophila, a Takxxe MmHorux Phronia.
JIJ1st 3TUX KOMapoB XapaKTepHO, YTO B BECEHHEM Ieprojie aKTUBHOCTH MUK 0oJiee WiIn
MeHee BBhIpaKeH U IIPUXOIUTCS Ha KOHEI] Mast — MIOHb, OTHAKO MaKCHMMaJTbHast YMCIIeH-
HOCTb JIOCTUTAETCS BO BTOPOIi TTOJIOBMHE Ce30Ha U CBSI3aHa C TUTOMOHOIIIEHNEM IPHUOOB.
CHIKeHUe YMCIIEHHOCTH OOBIYHO TIPMXOAUTCS Ha CaMylo CepeluHy JieTa: BTOPYIO U
TPETbIO IeKalbl MIOJIS U TIEPBYIO IeKa1y aBrycra.

4. Buspl, JeTaimye Ha MPOTSKEHNH BCETO JIETHETO Ce30HA ¢ CePeMHbI Masi 10 CeHTS-
ops. B TeueHue sTOrO reproaa, BEPOSITHO, CMEHSIETCSI HECKOJIbKO IMOKOJIeHUI (puc. 3,
d, e). K aToii rpymnie oTHOCITCs MHOTUe BUabl Phronia, Trichonta n Mycetophila.

5. Buapl, HMelonue NCKJII0YUTETLHO OCEHHIOI AKTUBHOCTD, JIETAIOINE CO BTOPO¥ MO-
JIOBHHBI aBrycTa (puc. 3, e, 3). DTo HeOoIbIIas TPYIINa, BKIIOYAIoIas 1o 3 BUaa U3 po-
noB Mycetophila w Trichonta, a TakxXe Takue BUIbI, Kak Exechiopsis davatchii, Exechiopsis
seducta, Exechiopsis indecisa, Pseudexechia trivittata, Rymosia affinis, Boletina gripha,
Allodia ornaticollis.
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Ocobennocmu ce30HHOU AKMUBHOCMU NPeOCcmasumeneii Maccosvix podos epubHbIX KOMapos
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Puc. 3. Ce3oHHas1 n1MHaMUKa aKTUBHOCTY HEKOTOPBIX BUIOB IPUOHBIX KOMapoB: a — Bolitophila tenella;
0 — Allodia pyxidiiformis; ¢ —Exechia nigroscutellata; ¢ — Allodia septentrionalis; 0 — Notolopha cristata;

e — Mycetophila schnablii; s — Mycetophila signata; 3 — Exechiopsis indecisa

B PE3yabTaTC UCCICA0OBAHNA HAMUW BBIACJICHO ITATH TUIIOB JIETHOI CTpaTteruu, TOr-

Kapenuu Beigensercst yetbipe Tumna [17],

Ja KaK B YCJIOBUAX CpCHHeTaé)KHOI/I ITOA30HBI

a B YCJIOBUSIX TOPHO-TAaE€XHBIX JIaHAIIA(GTOB LIeHTpaabHOU yacTu Ky3Henkoro Anartay

TOJIbKO Tpu Tuna [22]. B yactHOCTH,

B Ky3HenikoM Ayatay ¢ ero KOpoTKMM JIETOM U

NOBBIIICHHBIM KOJIMYECTBOM OCaAKOB OTCYTCTBYIOT BMIbI, UMCIOIIIME ABA IMMKAa aKTHUB-

HOCTHU. DTU BUIbI B TOpHO

W Taure njian TEpAOT OCCHHUU IMUMK, UM aKTUBHBI Ha ITPO-

TSKEHUU BCEro ce3oHa 0e3 PE3KUX BCIJIECKOB YMCJICHHOCTH. CwmeleHue MaKCUMYMOB
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JIETa Ha JIETHUE MECSILIBI Y BUIOB, KOTOPBIe B EBpoIIe JIETIT oceHblo, oTMeueHHOoe B Ky3-
HEeLKOM AJiaTay, pOCIeXKUBAETCS U B 3aNIafHOCUOMPCKOI MoATalre.

XapakTepHoii 0COOEHHOCTbIO (PEHONIOTUM CLIMAPOUIOB paiioHa UCCIeN0BaHUM SIB-
JisieTcsl mpeoOianaHue B (payHe BUIOB, HEAKTUBHBIX B CaMble XXapKue JeKalbl rofa.
Torna kak B Kapenuu, ¢ XoJOIHBIM U JOXUIMBBIM JIETOM, TTOJI0OHOTO PE3KOTO CHUXKE-
HUSI aKTUBHOCTH I'PUOHBIX KOMApOB B CEpeIMHE Ce30Ha He HaOIto1aeTcs 1 rpeobiaa-
IOIIEH JIETHOM CTpaTerueil IBJSIeTCS NINTEIbHBIM paBHOMEPHBIN JIET Ha MPOTSKEHUN
BCETO JIeTHEeTO ce30Ha. JIaHHBII TUIT aKTUBHOCTY HAMU OTMEYEH IJIaBHBIM 00pa3oM 1151
BUIOB, OOUTAIONIMX HA THUIONIEH APEBECUHE, U HE XapaKTepeH /Uil TUITMYHBIX MULIE-
TOOMOHTOB.

Taxum 006pazom, KiMMaTUUYECKUE YCTOBUSI MECTHOCTH OKa3bIBAIOT HEMOCPEACTBEH -
HOE BJIMSIHUE Ha XapaKTep JIETHOM akTUBHOCTH Sciaroidea.
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Particularities of seasonal activity of representatives of fungus gnats (Diptera, Sciaroidea)
most popular genera in subtaiga of Western Siberia

While studying the ecology of fungus gnats (Diptera, Sciaroidea) in coniferous subtaiga
of Western Siberia the dynamics of flight activity within the largest by number of spe-
cies and the most popular genera (Bolitophila, Mycomya, Exechia, Trichonta, Phronia,
Mycetophila) was examined. Structural analysis of the taxonomic composition of fungus
gnats active imago during the season has shown that early in the season representatives
of the Exechia dominate, in August — Mycetophila, in mid-summer the importance of
Mycomya, Phronia, Trichonta genera grows. The maximum species diversity for genera
Bolitophila, Trichonta and Mycetophila is observed in the third decade of May, Exechia —
in the first decade of May, Phronia - in late June. Flying with two periods of activity is
characteristic of typical inhabitants of fungi fruiting bodies at the beginning and end of
the season, with a mandatory gap between them not less than one month. For species
growing on wood-destroying fungi mycelium an extended flying period during the season
or in its first half is more typical, with a maximum in the warmest decades. Within each
genus several strategies of flight activity are observed, the analysis of which makes it pos-
sible to identify five types of flight strategies of Sciaroidea:

1. Species with one period of activity in the first half of the season. This type of flight
activity is observed in many species of popular genera. In this group species with pre-
dominantly short period of flying, from early May to early June, can be identified: the
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species of the genera Bolitophila, Exechia, Pseudexechia; and species with a long flight
activity with a maximum in the summer months (representatives of Mycomya, Anatella,
Rymosia, Phronia, Trichonta and Mycetophila). 2. Species with two short periods of activ-
ity — at the beginning and end of the season, with a gap between them not less than two
months. This type of seasonal dynamics is most evident among a number of representatives
of the genera Bolitophila and Exechia. 3. Species with two long periods of activity — at
the beginning and end of the season, with a mandatory gap between them that is usually
not less than one month. This type of activity is typical first of all for the representatives of
the inhabitants of the fruiting bodies of fungi, especially the genus Mycetophila, as well as
Phronia. The peculiarity of these fungus gnats is that the spring activity peak is more or
less pronounced and occurs at the end of May and June; however, the maximum number
is reached in the second half of the season and is associated with fungi fruiting. Decline
usually occurs in the middle of summer: the second and third decade of July and early
August. 4. The species flying throughout the summer season from mid-May till Septem-
ber. During this period several generations may change. This group includes many species
of Phronia, Trichonta and Mycetophila. 5. The species active exceptionally in autumn,
flying since the second half of August. It is a small group, including 3 species of the genera
Moycetophila and Trichonta, as well as such species as Exechiopsis davatchii, Exechiopsis
seducta, Exechiopsis indecisa, Pseudexechia trivittata, Rymosia affinis, Boletina gripha,
Allodia ornaticollis. Thus, in West Siberian coniferous subtaiga five types of fungus gnats’
flying strategy can be identified, while in the mid-taiga subzone of Karelia four types are
distinguished, and in the mountain-taiga landscapes in the central part of the Kuznetsky
Alatau only three types. In the Kuznetsky Alatau with its short summers and heavy rainfall,
there are no species having two peaks of activity. In Karelia, with a cold and rainy summer,
there is not a sharp decline in activity of adults in mid-season, which is characteristic of
most species of subtaiga fungus gnats. Thus, it is shown that the strategies of flight activity
of local faunas Sciaroidea reflect the characteristics of the landscape and climate condi-
tions of a particular region.

Keywords: coniferous subtaiga, Western Siberia, Sciaroidea, fungus gnats, ecology, phe-
nology.
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00001meHe NapaMeTpoB NPUPOAHBIX CHCTEM:
NpUMePbl, TEOPHs, MPaBHIA

A.A. Konosanos

WMHctutyt nmpo6nem ocsoeHust Cesepa CO PAH (Tromens, Poccus)

[penyoxxeH croco® BBISIBIEHUS] KOJMUYECTBEHHBIX CBS3eil MeXIy HaOIIONeHHBIMU
rnapaMeTpamMy MPUPOJHBIX CUCTEM MO MX OOOOILIEHHBIM (HOPMATM30BAaHHBIM) Be-
anurHaM. [Ipu 2ToM HOpMaau30BaHHBIE BEJIMUYMHBI MPEACTABISIIOTCS ABYMSI OTHO-
WEeHUSIMU: 1) pa3sHULIBI MEXIY TeKYIUMM U MUHUMAJbHBIM 3HAUECHUSIMU K Pa3sHULE
MEXIy MAaKCUMyMOM M MUHMMYMOM M 2) PasHUIbI MEXIYy MAaKCUMAIbHBIM M TEKY-
UM 3HAYEHUSIMU K TO e pasHUIle MeXIy MaKCUMYyMOM 1 MUHUMYyMOM. C UX TI0-
MOIIIBIO0 BCE MHOXECTBO MEPEMEHHBIX 3aKJIIOUAeTCsl B HATJISITHO TPEICTAaBUMBINA WH-
tepBai 0...1 unm 1...0. DTo cokparmiaer 00beM (HaKTUUECKUX NAaHHBIX, HEOOXOAMMBbII
IUISI YCTAHOBJICHUSI KOJMUYECTBEHHBIX CBsI3ell MEXIy HUMU, IO3BOJISIET KOPPEKTHO
CpPaBHMBATh Pa3HOPOAHbBIC BEIMUMHBI U JIeJIaeT PelieHNEe YHUBEPCATbHBIM TSI OOJIb-
moro kiacca 3amad. CymMma 3THX OTHOLICHWI paBHA eIMHUIIE, TpUYeM KaxkIoe ciia-
raeMoe MOXET YBeIMIMBATLCS (MM YMEHBIIIATHCS) TOJIBKO 32 CYET YMEHbIIICHUs! (MK
yBeIMueHus) Apyroro. Takum o6pa3oMm, 3TO TUMUYHAS TUXOTOMUS, BOILIOMIAIOIIAS
B ceOe 3aKOH eIMHCTBA ¥ OOPHObI MPOTUBOMOIOXHOCTEH, KOTOPAsk MOXET CIYXUTh
o0pa3zoM (MoJesblo) JTI000# JABYXKOMITOHEHTHOM cucTembl. [TokazaHo, 4TO B 00JIb-
LIMHCTBE CJyyaeB UIsl YCTAHOBJICHMSI 3aKOHOMEPHOCTE pa3BUTHSI JTIOOOI cHucTe-
MBI OCTATOYHO PAcCMaTpUBaTh B3aMMOIEHCTBIE TOJIBKO IBYX OCHOBHBIX, HAMOO-
Jiee BIUSTEbHBIX, BXOASIINX B Hee TpyMIl. Hampumep: 1peBecHOi U TpaBIHUCTOMN
PacTUTENLHOCTH (2 He OTAENbHBIX PACTCHU M3 UX COCTaBa), jieca U CTeTH, CYIIN
U MOpsI, TeTula U XoJsiofia T.I. [eoMeTpuueckoil MHTepIpeTaureil IByXKOMIIOHEHT-
HOI CUCTEMBbI MOXET CJIYXWUTb €IMHUYHBIN OTPE30K, COCTOSIIIIMIA M3 ABYX YacTeii:
OoJpLIeil — TOMUHAHTHI () U MeHbIlIel — cyogoMuHaHThl (1 — @). PaBHOBecue u
MaKCUMaJbHasl YCTOMYMBOCTD TAKOW MOJETW JTOCTUTAIOTCST MPU ACJEHUM OTpe3Ka
B 30/10MOM ceyeHuu, IPU KOTOPOM COOJIIONAETCS] TIPOITOPIIUS MEXKJIY LIeJbIM U eTO
nByMsT yactsiMu, Tipu otoM ¢ = 0,618... = 0,62. Ho enuHUYHBINA OTPE30K MOXHO
pa3oenuTh Ha 4acTU U MO MHOXKECTBY (q) Apyrux ceuyeHuil. HaiineHo BeipaxeHue
¢ B ob1eM ciyyae, koraa 0 < q < co. OHO UMeeT BUA (pn+ ¢=1,tnen=q+1;
N — KOJMYECTBO YaCTULL B CUCTEME;  — YMCIIO ceyeHUit. KopHM aToro ypaBHeHUs:
MPY Pa3HBIX LETBIX N COCTABISIOT IOCJEIOBATEIBHOCTh OOOOIIEHHBIX 30JOTHIX
ceueHuit (O3C). Do HauboJiee pacrpoCTpaHEHHbIE COOTHOIIECHUSI KOMIIOHEHTOB
BO MHOTHX CHCTEMax MHpa, B TOM YHCJIe OMOJIOTMUYECKUX, 00ecTIeunBaoIee Cco-
[JTACOBAaHHOCTH MX B3aUMOAEICTBUS (TApMOHUIO), YCTOMYMBOCTD U JJTUTENIBHOE CY-
mecrBoBaHue [1, 2]. B crarbe nokaszaHo, 4to 3akoHoMepHocT O3C akTyaibHbl HE
TOJIBKO TPU LEJbIX, HO U IPOOHBIX n. Llesble n cOOTBETCTBYIOT MPaBUJIbHBIM reoMe-
TpUYECKUM (popmaM (MJIOCKOCTH, KyOY...). JApoOHbIe — hpaKkTasam ¢ UX CJTOXKHBIMU,
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BETBSIIIIMMUCST HhOPMaMU, TUTIOM IPEBECHOM KPOHBI, PEUHBIX CUCTEM, KPOBEHOCHBIX
cocynoB u T.11. C yBeTUYEeHUEM N pacTeT ¥ KOJMIECTBO Pa3neTUTEIbHBIX TUHUIA — Tpa-
HWII, SIBJISTIOIIMXCST KOHIIEHTPATOPAMU HATIPSDKEHU. DTU MecTa (9KOTOHBI, OeperoBast
U CHEroBasi INHUU, MEXCE30HbsI — BECHA U OCEHb (YTPO U Beuep), TpaHULIbI TOCYIAPCTB
M 3THOCOB, (DPOHTUP U T.I.) HaubOJIee YyBCTBUTEIbHBI K U3BMEHEHUSM BHEIIHEN cpe-
JIbl U B HAaMOOJIbIICH CTeneH! MoABEPKEeHbI AehopMalivsiM. T.e. 3TO yJaCTKU CUCTEMbI
C HaMEHBIIIE YCTOMYMBOCTHIO 1 OOJIbIIIEH BEPOSITHOCTBIO pa3pyiieHusi. OOHapyKeHa
cBs13b O3C ¢ OTHOCHTENLHOM TOJITOBEYHOCTBIO TBEPIBIX TEJ, B YACTHOCTU MEP3JIBIX
TPYHTOB U JIbJIa, a Yepe3 Hee — C TIO0ATbHBIMU (haKTOpaMU. Y CTaHOBJIEHBI U KOJINYe-
CTBEHHO OLICHEHBI CBSI3M MEXITy MapaMeTpaMy Pa3TUuHbIX TPUPOAHBIX CUCTEM — OMO-
JIOTUYECKUX, KIMMATUYECKUX, KPUOTeHHbIX U Ap. B yacTHOCTH, HalineHbl (GOpMyIbl
3aBMCHMOCTHY JMaMeTpa CTBOJIA JepeBa M ero MpoAyKTUBHOCTU OT BO3pacTta, Macchbl
TIPEBECHOI 3eJIeHW — OT IuameTpa cTBojia. [Toka3aH MpenMyIIeCTBEHHO MOJIMHOMU-
ITBbHBIN, WM CTETICHHOM, XapaKTep 3TUX CBSI3eii, MpUIeM YMCIeHHbIE KOO MUITNEHT
pacueTHbBIX (HOPMYIT OTM3KK K TIPOTIOPITUSIM 30JI0TOTO ceueHust. [1puBeneHbI TpruMephl
KCIIONIb30BAHMSI TTPEAIaraeMoil METOIVKU, CBUAETELCTBYIOIINE O XOPOLIei CXOAUMO-
CTU pacueTHBIX U hakTUuecKUx JaHHbIX. [Ipemiaraemasi METOIMKA SIBASIETCS] MOILIHBIM
MYJbTUIMCUMIUIMHAPHBIM (CMHTETUYECKMM) CPEACTBOM OOOOILEHUSI U BbISIBJICHUS
00IIero B pPa3HbIX MPUPOTHBIX CHCTEMaX.

Katouegoie cno6a: MpUPOIHBIE CUCTEMBI, 00OOLICHNE, YCTOMYMBOCTb, MPOLYKIIMS,
KJIUMAT, IPEBECHbIE PACTEHUsI, CTBOJI, Macca 3eJIeHH, 30JI0TOe CeUeHUe.

Beenenne

OnpHuM 13 3 HEKTUBHBIX CITOCO00B 0000IIEHUS pe3yIbTaTOB HAOIIONSHUI 3a TIPH-
POIHBIMU OOBEKTaAMU, IIIMPOKO UCTIOIb3YeMbIMU, HAIIPUMEpP, B TEXHUIECKUX HayKax,
SIBJISIETCS. MX HOpMaju3alus, T.e. MIPUBEIeHNEe K OTHOCUTEIbHOMY (Oe3pa3zMepHOMY)
BUIY:

¢= (X - Xmin)/(xmaxi Xmin)” (1)

(Pc =1- ¢ = (X - Xmax)/(xmini Xmax)’ (2)

rae X, Xmax nu Xmin — TEKyLICC, MaKCMMaJIbHOC U MMHHUMaAJIbHOC pasMCPHLIC 3HAYCHUA

Ha6J'IIO,HaeMOFO napaMeTpa, MpuieM 4acto X . =~ 0; U@ — €Iro OTHOCUTCJIbHBIC BEJIN-
YUHBbI.

ITpu mepexozie K pa3MepHBIM BeTMIMHAM 00€ (hOPMYJIBI JaI0T OMUHAKOBBIC PE3YITb-
TaThlI.

C momombio (1) mau (2) Bce MHOXKECTBO IEPEeMEHHBIX 3aKII0UaeTCsl B HATJISIIHO
npencraBuMbiii nHTepBai 0...1 win 1...0. D10 cokpaiiaeT 00beM (HaKTUISCKUX JaHHBIX,
HEOOXOAUMBI /I YCTAaHOBJIECHUST KOJIMUECTBEHHBIX CBSI3€i MEXITy HUMU, TTO3BOJISIET
KOPPEKTHO CPaBHUBATb PA3HOPOIHbIE BEJIMUMHBI U JIeIaeT pellieHue YHUBEePCaTbHBIM
17151 GOJIBLIOTO KJ1acca 3aiauy.

Llenn uccnenoBaHust — pazpadoTaTh METOAUKY 0000IIEHUS pe3yJIbTaTOB HabI0ne-
HUIi 32 OMOJIOTUYECKMMU U IPYTUMU CUCTEMaMU C UCIOJb30BaHueM (opmya (1) unu
(2) ¥ IPOIEMOHCTPUPOBATH €€ BOBMOXKHOCTH.

«[Ipu n3yyeHun Hayk mpuMephbl nojiedHee npasui» (M. Hetoton [3]). B cootBeT-
CTBUU C ITOI MaKCHMOIi JoKa3aresbHasi 06a3a npeajiaraeMoil METOAMKU B OCHOBHOM
onupaeTcs Ha MPUMEDDI €€ peanu3alvui U uxX aHaiu3. PaccMoTpeH, riaBHbIM 00pa3oM,
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KOJIMYECTBEHHBI acIeKT rmpoosiembl. [Toado0op npruMepoB U pacueThl BHINTOJIHEHBI aBTO-
poM, dakThYecKre JaHHbIe (B pa3MEpHOM BUIIE) B3SIThI U3 IUTEpaTyphl. st eIMHOO-
Opas3ust BCE OTHOCUTEJIbHbBIE TTapaMeTpbl 0003HAYEHBI KaK j, a MX crielirKa oTpakeHa
HVDKHUAM CUMBOJIOM (j,, j, 1 T.11). I'paduyeckuit Bua cBsA3ei mapaMeTpoB CUCTEM, MX
annpoKCMMaLMU ¥ JOCTOBEPHOCTD (KOI(MGMULMEHT feTepMUHaLMK) R, ONpeeneHbl ¢
rmomoIbo nporpammel Excel.

JIuxoToMuyecKasi npupoaa CUCTeM

Cymma ¢ + @_= 1, npy4eM Kax10€e CI1araéMoe MOXET YBEIMYMBAThLCS (MM YMEHb-
IIAThCS) TOJIBKO 3a CYET YMEHbBIIEHUS (MU YBEJIMUEHUSI) IPYTOTO. DTO TUITMYHAS TN -
XOTOMMSI, BOILIOIIAOIIAsl B cebe 3aKOH eIMHCTBA U GOPHOBI MPOTUBOMOJIOXHOCTEIH,
KOTOpasi MOXET CIYKUTh 00pa3oM (MOJENbio) 0001 ABYXKOMITOHEHTHOM CHCTEMBI.
B GonbiimHCTBE cilydaeB Ijisl YCTAaHOBJIEHMST 3aKOHOMEPHOCTE! pa3BUTHS JIO00M CH-
CTeMbI TOCTaTOUHO pacCMaTpUBaTh B3aMMOJEHCTBUE TOJBKO JBYX OCHOBHBIX, HAaM0O-
Jiee BIUSTENbHBIX, BXOISIIMX B Hee rpyni. Hanmpumep: ApeBecHOI 1 TpaBSIHUCTOM pac-
TUTEJIBHOCTH (a HEe OTIEJIbHBIX PACTEHUMI U3 UX COCTaBa), Jieca U CTeIH, CYIIU U MOp#,
TeIJia U X0J10/1a, TIOPSIIKA U Xaoca, «JIEBBbIX» U «ITpaBbIX» MapTUii U T.11. [eoMeTpruyecKoii
MHTepIpeTalnneil AByXKOMITOHEHTHOW CUCTEMbI MOXET CIYKUTh €TMHUYHbBIN OTPe30K,
COCTOSILLIMI U3 IBYX YacTeil: 0OJIbIIeii — JOMUHAHTBI @ U MEHbIIEH — CyOmIOMUHAHTHI
¢c = 1 — ¢. PaBHOBecre U MakCUMaJibHasl YCTOMUMBOCTb TAaKOW MOJEIU JOCTUTAIOTCS
MpU JeJIEHUU OTpe3Ka B 30JI0TOM cedeHUH [4], pr KOTOPOM COBJTI0IaeTCsl TPOIOPIIUS
MEK]Ty 1IeJIBIM 1 €TO YacCTSIMU:

lp=¢/(1-09). 3)
Otkyna

¢*+o—1=0. 4
[TosioxuTe bHBI KOpeHb KBaapaTHOro ypasHeHus (4) ¢ = —0,5+(0,25+1)0,5 =

=0,61803... ~ 0,62, wu ero ooparHas BenuuuHa 1,61803... ~ 1,62, Ha3bIBaeTCs 30J10-
TeIM ceueHueM (3C). DTo HamboIee pacIpocTpaHEHHOE COOTHOIIIEHNE KOMITOHEHTOB
BO MHOTHMX CHCTEMax MHUpa, 00eCIIeUMBaloOlee COMIACOBAHHOCTh UX B3aUMOJCHCTBUS
(rapMOHMI0), YCTOMYMBOCTD U ITUTENIbHOE cylllecTBOBaHue [4, 1, 2].

EnuHUYHBIA OTPEe30K MOXHO pa3fe/IuTh Ha YaCTU U MO MHOXKECTBY (q) APYTUx ce-
yeHuit. Haiimem BbIpaxkeHUe MPOMOPLMOHATBLHOCTH €ro YacTeil i oOluero ciaydasi,
korga 0 < q < oo:

(1/9)=0¢/(1-9). (5)
Otkyna
¢l to-1=9¢"+to-1=0, (6)
a
q=In[e/(1-¢)]/In(1/¢). (7

[Tpu q = 1 BeIpaxkeHus (5) u (6) mpeBpaaloTcs B (4).

Benvuuxe n = q +1 JOTMYHO MPUAATH CMBIC OOILEro KOJIMYECTBA YACTUI] B CUCTE-
Me, a  — KOJIMYeCTBa YaCTUIl TOJIbKO B CYOIOMUHAHTE, KOTOPOE PAaBHO YMCITY JAeJCHUIA
(cedeHmii) oTpeska.
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3HAYEHUA @ = @, XaPAKTEPU3YIOIIUE COOTHOLIEHUE TOMUHAHTHI U CYOIOMUHAHTI,
MIPY Pa3HBIX LEIBIX N > 1, — 00001eHHEIE 30JI0ThIe CEUeHUS, IPUBEICHEI B Ta0 . 1 [1].

Tabnuua 1. 3Ha4eHus ¢ NPK Pa3HBIX LEIBIX N

n ¢y n P, n P, n P, n P, n P,

1 0,5 4 0,7245 8 0,8117 11 0,8444 16  0,8773 20 0,8939
2 0,6180 5 0,7549 9 0,8243 12 0,8526 17 08819 23  0,9034
3 0,6823 6 0,7781 10 08351 14 0,8662 18 0,8862 27 09134

JI1006as cuctema mpencTanisieT Co00i MepapXuio MEHbIIMX YaCTULI, IOCIeI0BaTEe Ib-
HO BXOISIIMX B OOJbIINE, [0 TUMY pycckux mampeuiex. ITokasarenb cterneHy n B (6)
OTpaxaeT Takxke MepHOCTb cucTeMbl. [Tpu n = (0 cUCTeMbI He CYIIECTBYET; 3TO COCTOSI-
HUe OecriopsiKa, Xaoca, KOrJa YacTULIbl He CBSI3aHBI APYT C IPYTOM, CYILECTBYIOT CaMU
o ce6e. [Tpy n = 1 dopmyna (6) oonomepra; ipu n = 2 — dgyxmepHa; Ipu n = 3 —
mpexmepHa U T.1. B peaIbHbIX MPUPOAHBIX CUCTEMaX B3aMMOACICTBUE YACTUI] OYeHb
CJIOKHO Y JIMIIb TPUOJIVKEHHO clienyeT Teopui. [103TOMy OTHOIIIEHUE CyOTOMUHAHTEI
K IOMUHAHTE XOTs U OJIM3KO K 30JI0THIM CEYECHUAM, 0COOEHHO K @, = 0,62, HO Bce XKe
OTJIMYAETCS OT HETO, COOTBETCTBYS He 1IeJIbIM, a IPpOOHBIM Nn. Llenble n COOTBETCTBYIOT
MIPaBUJIBHBIM FeOMeTprUIeCcKUM (popmaM (IUIOCKOCTH, Ky0y...). I poOHbBIe — (paKTamam
C UX CJIOKHBIMU, BETBAIIIMMMCS (POpMaMU, TUTIOM JAPEBECHOM KPOHBI, CUCTEMOI KPOBe-
HOCHBIX COCYIIOB U T.II. AHaJIM3 MoKa3biBaeT, 4To cBoiicTBamu O3C, win ppakTagabHO-
CTb10, TOJ0OMEM YaCTHIL U LIEJIOT0, 001a1a10T Bee uncia ot 0 10 co, BKIoUYast, KOHEUHO, U
npoou. JIo0yIo AMXOTOMMUIO, T.€. CUCTEMY, CYIIECTBYIONIYIO MO 3aKOHY €IMHCTBA U MPO-
TUBOCTOSIHUSI €€ KOMIIOHEHTOB, MOXHO TpakToBaTh Kak O3C (wmm dpaktain). [Tpuuem
n = 1 gBjsIeTCsl LEHTPOM CBOEOOPA3HOI CUMMETPUM ITOM MOCIe10BaTebHOCTU: 3HA-
yenus ¢ B obaactu n < 1 paBHbl (1 — ¢ ) ana 1/ n B obnactu n > 1. Hanpumep, Ben-
unHbl @ s n = 0,5; 0,33 u 0,25 pasHbl cooTseTcTBEHHO 0,38 =1 —¢9,; 0,32=1—¢,
n0,28=1-gq,.

IMpoctpancTBo Mexkay (I — ¢ ) U @ Ha KyroiooOpasHoM rpaduke «KU3HEHHO-
TO» LIMKJIa CUCTEMBI, BKITIOYAIOIIEM «MOJIOTOCTb» (TIOMBEM), «3PEJIOCTb» U «CTapPOCTh»
(cmam), — 3TO cTaaus 3peI0CTH, XapaKTepU3yIoIIascs MOCTOSHHON 1 MUHUMAaJIbHOM 32
BECh LIMKJ CKOPOCTBIO AehopMalu, a 3HAUUT, U OOJIbIlIell YCTOMYMBOCTHIO. 2KMBBIE
CHCTEMBbI Ha 3TOH cTaauu 00J1aJaoT peIpoIyKTUBHOM CIIOCOOHOCTEIO [5].

C yBeJIMUEHUEM N pacTeT U KOJMYECTBO pa3ieuTeIbHbIX TMHUI — rpaHulL, SIBJISIO-
IIMXCSI KOHLIEHTPATOpaMU HampskKeHui. DTu MecTa (3KOTOHbBI, 6eperoBasi U CHEroBast
JIMHUM, MEXCE30HbsI — BECHA U OCEHb (YTPO U Beuep), TPaHULIbI TOCYIapCTB U 3THOCOB,
(bpoHTUp U T.M.) HaubOJIee YYBCTBUTEJIbHBI K U3MEHEHUSIM BHEILIHE cpeibl U B Hau-
OoJIblIIeii CTENEHU MOABEPXKEHBI AeOpPMaLIUsM, T.€. 3TO YIaCTKM CUCTEMbI C HAUMEHb-
el YCTOMYMBOCTBIO 1 0OJIbIIEl BEPOSITHOCTHIO pa3pyIleHUs.

O npupoje yCTOHYMBOCTH, IPOYHOCTH U iehopMai CHCTEM

Yem MeHblIIe YacTull (KOMITOHEHTOB) B CUCTEME, TEM MEHBIIIE TPaHULL MEXITy HUMU
1 OOoJIbIIIe TTPOYHOCTh U YCTOMUMBOCTh. [103TOMY OOpaTHast BeJIMUMHA YMCJIa YaCTUIL B
cucteme 1 / n = Z, uamenstromiasicst ot 1 10 0, MOXeT CIy>KUTbh MEPOIi YCTONYNBOCTH
CHUCTEMBI.

YcToiuMBOCTH WM YHOPSIIOYEHHOCTH TTPOTUBOCTOUT HEYCTOMYMBOCTD, MW He-
YIOPSIIOYEHHOCTh, Xaoc: X = 1 — Z. OueBUIHO, YTO MAaKCUMYyM ycToiuuBoct Z = 1
1 OTCYTCTBHE xaoca X = ( JOCTUTAIOTCS TIpU n = |, HO B 3TOM cJIydae B CyOCUCTeMe
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HeT CyOBbEKTOB CaMOOPTraHM3alMu (rapMOHM3ALIMK1) — OTAEIbHbBIX, CBOOOIHBIX YACTHII.
B pesynbraTe aTOro yrpaumBaeTcsl Hekasl “KBa3ukuBasi” cuia, odecriedyrBarolias cro-
COOHOCTh CHCTEMBbl K CaMOOpraHu3alluu, TMoJ KOTOPOW MOHUMAETCsl COrJIaCOBaHHOE
(rapMOHMYECKOE) B3aMMOJICIICTBHE €€ YaCTHII, BKJIIOYAoIlee CAMOBOCCTAHOBIEHHE TTa-
paMEeTPOB CHCTEMbI ITOC/Ie Hepa3pylIuTeabHOu Aedopmauuu [6, 5]. B mexaHuke aHa-
JIOTOM 3TOM CWJIBI SIBJISIETCS] YIIPYTOCTh, XapaKkTepu3aylomasics Moayiem FOHra, paBHbIM
HaIpPsDKeHUIO, TIPY KOTOPOM JIMHEWHBIN pa3Mep Tesa yBeauunBaercs BaBoe [7]. T.e. misa
pa3BUTHUS HYKHA OIlpeAesIeHHasI 10J1s Xaoca, ONTUMYM Jocturaetcs mpu X = Z = 0,5.
O6HapyxeHa cBsi3b O3C ¢ OTHOCUTEIBbHON AOJTOBEYHOCTBIO TBEPABIX TEJI, B YaCT-
HOCTHM MEP3JIbIX TPYHTOB M Jibaa [6, 5], a MOCpencTBOM Hee ¢ NT00aTbHBIMU (paKTOpaMMU:

(x,/tym=£=(P/P), (8)

rae P — naBnenue Ha Mep3anoe Teno; P — MakcuMaibHOe JaBleHne, KOTOPOE 3TO TeJI0
MOXET BbIIEPXKAThb B TEYEHNUE DJIEMEHTAPHOIO BPEMEHM; T, — MUHMMAJIbHbIH (3/1€MEH-
TapHbIi) OTPE30K BPEMEHU, IPMHUMAEMBI B JaHHOM OIIbITe (B mpenese T~ 10—13 ¢ —
Mepuoa TeIJIOBBIX KOJie0aHMI aToMa); T — JOJTOBEYHOCTh (BpeMsl 10 pa3pyllieHus);
jmun = 0,083 — mpenenbHas gedopmaliisi, paBHass OTHOCUTEJIbHOMY YMEHBIIEHUIO 00b-
eMa Jib/ia TIPU TIJIaBJICHUH, COBIMAAAIONIasl ¢ YaCTOTON MEeCSIYHBIX 000POTOB 3eMJIN B IO-
noBoMm mukite (1/12 =0,083; 30°/360° = 0,083).

Tabnuua 2. 3HavenHus ¢, D=In(t /) n £ = (v, / 1)"" = (P/P))

n 1 2 3 4 5 6 7 8 9 10 11
O 0,s 0618 0,682 0,724 0,755 0,778 0,796 0,812 0,824 0,835 0,844
T/t 4380 365 91 46 30 23 18 15 13 11 10

f) 8,38 59 4,51 3,83 3,4 3,14 2,89 2,71 2,56 2.4 2,3
£ 0,497 0,613 0,687 0,728 0,753 0,771 0,79 0,800 0,810 0,820 0,846

B Ta6n. 2 mpuBenmeHbl: 3HaYeHUs nepBbIXx ogumHHammaté O3C, OTHOCHTEIHHOU
JOJITOBEYHOCTH T, /T 1 nmpovHocty (1, /1) 0,083 = £, paccuntannble 1o (opmyie (8).
BenuuuHE T,/ T IpeacTaBIeHbl MOCIEN0BATENBHOCTBIO, IEPBLIA YWIEH KOTOPOM paBeH
4380, BTopoii B 12 pa3 MeHbIiie —365, a HauMHas ¢ TpeTbero: 365/4,1 =91; 365 /4,2 =
=46; 365/4,3 = 30; 365/4,4 = 23 u 1.1. Ee "HBapMaHTOM SIBIISIETCST YETBEPTH OPOUTHI
BpalaTeJbHbIX LMKIOB 3eMiau, mpumepHo 90°, coBmagaronias ¢ IIUTEIbHOCTbIO
OCHOBHBIX (ha3 BpalleHus (BecHa, JIeTO, OCeHb, 3UMa WU YTPO, €Hb, Beuep, HOUb).
OTU yucia COBNANAIOT C OObIIEHHBIMU KaJleHAaPHBIMU OTpe3KaMu roja (MoJyroaueM,
KBapTajioM, MeCALIEM U T.11.). Hampumep, ecim mpuHAThL T = 1 yac, TO 3T 4Kcia, 10
6-TO BKIJTIOYUTETHHO, TTPUMEPHO COOTBETCTBYIOT KOJMYECTBY YacOB B TIOJYTOIWH,
B MOJIyMeECsLIe, B TIOJIYHEeNe, B YeTBEPTH Helaenu v B cytkax. Ilpu 1 =1 cyTku oatn
e uncna (4380, 365, 91...) COOTBETCTBYIOT KOJM4ecTBY cyToK: B 12 (11) romax (3To
TMPUMEPHO IIMKJI COJTHEYHOM aKTMBHOCTH Boibda), B romy, B KBapTalsie, B ITOJOBUHE
KBapTaja, B Mecslle U B YeTBepTU KBapTaJa.

Kaxk BugHo n3 tabir. 2, pazauna mexay BeananHamMu O3C u £ cocTaBIIsSIeT COThIE O
npoueHTa. Tak Kak TpaHWIIbl MEXIy YacTULAMU Tejla SIBISIOTCS KOHIEHTPaTOpaMu
HanpsoKeHWI M BAKAHCUSIMU Pa3pyllieHus], TO YBeTUYeHUe WX yucia (yBeJIudeHue n)
COIIPOBOXIAETCS YMEHbLIEHUEM NpouHocTu P/ P 1 monrosevynoctu t /7T, Kak 3T0
u ciaeayeT u3 T1abn. 2. Takum oOpa3oM, CTpaHHOe, Ha TIEPBbIN B3MJIsII, COBMaIeHUE
O3C ¢ OTHOCHUTENBHOI MPOYHOCThIO Mep3oro Tena £ = (P /P ) monyyaer Broaxe
MaTepuaaucTuuYeckoe 00bsICHEHUE.
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IIposiaenue O3C npu oneHKe COCTOSTHUIA

IMpo6neme O3C nocpsiieHa O0IIMpPHAst TUTepaTypa, CBOJKA KOTOPOW ¢ MHOTOUYHC-
JICHHBIMM TIpMMEpaMU COOTBETCTBMSI TIapaMETPOB Pa3IMUHBIX CUCTEM 3aKOHOMEPHO-
CTSIM «30JI0TBIX» CEUYCHUI MMeeTCsI, Harpumep, B padortax [1, 2, 8—11]. [Ipuuem Be3me
pedb UAeT O COOTHONIICHUHU TapaMeTpPOB, OMKMCBHIBAEMBIX MPOCTHIMU TTOJIMHOMaMU (4)
uinu, pexe, (6). PaccMaTpuBaioTCsl TOJBKO OTIEIbHbBIC, OOBIYHO KOHEUYHbIE (MIpeaeiib-
HbIE), COCTOSTHUS, @ HE BeCh Mpollecc pa3BuTus. [IprBegeM HEKOTOpbIE TPUMEPHI TAKO-
TO pojia, Kacallurecs: 0MOJOTMYeCKMX CUCTEM U KIIMMAaTa.

1. Boga KoHIeHcupyeTcsl U3 Tapa Ipu ero octeiBaHuu Hike 100°C u mepexoaur
B jen npu 0°C. «IlyTb» 10 TOCTUMKEHUSI MUMHUMAIbHOM TEIJI0EMKOCTH — ILTtoc 37°C
(3Ta TeMmneparypa 0J11M3Ka K TeMIieparype Teja BCeX BbICIIMX KUBOTHBIX), IPU KOTOPOI
aKTUBHOCTb MeTabonM3Ma MakcuMaibHa, coctasisier 100 — 37 = 63°. CooTHOLIEHUS
63/100=10,63 1 37/100 = 0,37 mpumMepHO paBHbI KOHCTaHTaM 3C.

2. I1pu BeicokMx napneHusx (no 220 MIla) oObruHast Boma He 3aMep3aeT 10 MUHYC
22°C [5]. PaccrosHne Ha TeMmIlepaTypHOI IIKajie MeXIy TeMIlepaTypaMy MaKCHUMalb-
Hoit (37°) nu MuHUMaIbHON (—22°) akTUBHOCTU paBHO 59. Temmeparypa 0° genauT 31O
paccrosiHue Ha ase yactu: 22/59 = 0,37 u 37 /59 = 0,63.

3. Ha puc. 1 noka3aHa 3aBUCUMOCTb (DUTOIPOIYKIIMK Pr oT pamralinoHHOro 6ajxaH-
ca B u unnpekca cyxoctu J [5]. Bennuuna J = B/ UL (U — romoBast cymMMa 0CalikKOB;
L= 0,6 xkay/cM> — CKpbITas TEIJI0Ta Mapooopa30BaHus), BhIpaskaeT COOTHOIIIEHHE TETT-
Jla M BJIary, MOCTYMAaoILIKX U3 aTMocdepbl Ha moBepxHOCcTh 3emuu. [1pu Bcex B makcu-
MyM Pr mpuxonurcst He Ha J = 1, Mpu KOTOPOM JOCTUTAETCSI pABHOBECUE MEXKIY STUMU
rmapameTpamu, a Ha J ~ 0,62. [IeJ1o B TOM, YTO JUTSI OpTaHMUYECKOM KU3HU 3HAYUMO He KO-
JINYECTBO OCAIKOB, a BAJIOBOE YBJIAXXHEHKWE TEPPUTOPUU (W), paBHOE CyMMeE UCITapeHUsI
g ¥ ToI3eMHOro cToka fi1. DTa BelmunHa 0JiM3Ka K CyMMe OCaIKOB 3a TETUIbIN MepHuo]T
roga U , a He 3a Becb ron [12]. Hanpumep, B 3anagnoit Cubupy OT TYHAPLI 10 CPEAHER
Taiirn BxmountensHo U = 115 cm, a w = 105 cm; U, nmpumepHo B 1,4—1,6 paza MeHbIIE
ronoBoii cymmbl ocankoB U. Ecnu B Boipaxenue J BMecto U noacrasuth U, TO 1 mosy-
yutcst J = 1.

Pr
300 |- 70
B
[~ 60
200 |-
50
10
100
30
[ 20
(U L — i :
0,62 1 2 3 J

Puc. 1. 3aBucumocts puronponykuuu Pr, T/(ra - rom) ot paguaioHHoro 6aganca B (kkai/cm? - rom)
M MHIEKCca CyXoCTH J (1011 eIMHULIbI)

4, CpenHelIMpoTHas TemIiepatypa Bosmyxa paBHa 16°C [13]; u3oiauHuUS 3TOit
TEMIIEepaTypbl TTPOXOAUT MPUMEPHO 10 35° C.III., KOTopasi JeJIUT YIJIIOBOE PAaCCTOSTHUE
MeXKIy 9KBaTOPOM M CEBEPHBIM MOJII0coM Ha nBe yactu: 0,39 m 0,61.

5. [ponopuust pacrnipeneseHusI OCHOBHBIX CTaTeil pacxoa BOJbI, ITOCTYIAMOIICH Ha
cylry u3 atMochepbl: ocanku 73 ¢M, TTOJHBIN CTOK 26 cM, ucniapenue 47 cm [12], Takxke
6sm3ka K BemunHe 3C: 47 /73 =0,64; 26 /73 = 0,36.
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IIposiBaenune O3C B npUPOAHBIX MpOLECCAX

OtoT BapuaHT IpossieHns O3C KacaeTcs onmucaHUs COBOKYITHOCTEM COCTOSIHUIA
(TIpolieccoB) ¢ MOHOTOHHO M3MEHSIOIIMMUCS ITapaMeTpaMu, Korga KoHctanTel O3C —
¢ U @, — NPUHUMAIOT 3HAYeHUs KOIPPUUUEHTOB — MHOXUTENEH mpu A u B B
ypaBHeHUU (6):

jy=A.jx2+B.JX,:A.jX2+(17A).jX, )

Ie j, 1 j — OTHOCHTE/IbHBIC 3HAYCHUs Pa3MEPHBIX BEIMYMH (DYHKLMM Y U apIyMEHTa
X, omnpenensieMble Mo dbopmyiaM, aHaJoruuHbiM (1) mau (2), B KOTOPHIX BMECTO @
¢urypupyior jy WIN j .

i yCKOPSIOLIMXCS TIPOLIECCOB, PA3BUBAIOLIMXCA TI0 BOTHYTOM KpUBOM, A = — ¢ ;
IUIsl 3aTYXAIOLIMX, Pa3BUBAIOLIMXCA 0 BBITYKJIONH KPUBOM, — A = ¢ ; B 000MX ClIydasx
B =1 — A. B npeznenbHoM coctosiHuu, Koraa j = j = 1, dopmyna (9) npespaiiaercs B
bopmyiy 3o10TOTO CceyeHust (4).

Hpyrumu aBropamu 3TOT BapuaHT mnposisieHusi O3C He paccMarpuBaics.
[MponemoHcTpupyeM ero BBITIOJIHEHWE, TMPaBUIa MCIOIb30BAaHUS U aHATUTUYECKUE
BO3MOXHOCTH.

1. TomoBoit LUK TeMIIEpaTypbl BO3yXa B yMEPEHHOM U XOJIOTHOM IMOsICax BKJIIOYaeT
B ce0s1 TEIJIbIN U XOJOAHBIN TTOYLIMKIIbI, pa3/ieJIeHHbIE BECEHHUM U OCEHHUM HYJISIMU
CO).

Tabnua 3. 3HayeHuns 1, t, j , j, B Tobombceke (ciesa) u HymMTo (KypeuB, cripaBa) Ha MoabeMe
(Bepx TabIMLBI) U criafe (HU3) B TETUIOe BpeMsi roja

T 3,75 4 5 6 7 4,95 5 6 7
t 0 1.8 9,1 15,8 18 0 0,2 10,5 15,5
i, 0 0,08 0,38 0,69 1 0 0,02 0,51 i
j, 0 0,07 0,51 0,88 1 0 0,01 0,68 1
T 7 8 9 10 10,3 7 8 9 9,8
t 18 15,4 9,5 0,8 0 155 124 6,4 0
i. 0 0,30 0,61 0,91 | 0 0,36 0,71 I
i, 0 0,14 0,47 0,91 1 0 020 0,59 1

B Ta6s1. 3 npuBeseHbl 3HAUEHMSI PA3MEPHBIX t M GE3PA3MEPHBIX j, CPEIHEMECIYHBIX
TeMIIepaTyp BO3/yxa B MEPBOi MOJOBUHE TEIJIOTO MOJYLUKIA (HAa OAbEME) U B €TI0
BTOPOI TTOJIOBMHE (CTTajie), a TAaKKe BpeMEHM, pa3MepHOTO T (MeCsIIbl OT Havajia roja)
1 6espasmepHoro j Ha tore (Tobonbek) u cesepe (1. Hymro) TroMeHcKoi obmacti no
IAaHHBIM MeTeOoCIyk0bl. be3paszmepHble mapaMeTpsl BEIYUCIeHEI 1o dopmyde (1). Ot-
METUM, YTO TeILUIbIiA nepuos (okoiio 6 mecsieB B HymTo u 7,5 mecsiieB B ToGosibecke)
COOTHOCHTCS C JUIMTETBHOCTBIO Tofa (6 /12=0,5u7,5/12~0,62) kaKk 1-i1 1 2-ii 4IeHbI
O3C (orcrona u 6oJbliast )XKM3HEHHass aKTUBHOCTb B TOOOJIbCKE).

ITo nanHbIM Tabs1. 3 OCTPOEHBI Ipa(UKU 3aBUCUMOCTH j, OT j_ M HalJIeHbl UX ar-
MpokcuManuu (puc. 2), NOATBepXaatolKe 0J11M30¢Th KoaduimeHToB A 1 B K KoH-
cranTtam 3C.

2. Ha puc. 3 npuBeieHbl IPUMEPBI 3aBUCUMOCTH OTHOCUTEILHOTO AMAMETPa j, OT
OTHOCMTEJILHOTO Bo3pacTaj =1/t (T — TeKylllee BpeMs, TOIbl; T — BO3PACT JepPeBa)
B JIByX BO3MOXHBIX (hOpMax KpMBOIA 3TOI 3aBUCUMOCTH: BOTHYTO# U BbITTyKJI0#. [TepBast
MpelicTaBIeHa TeHEBBIHOCIMBOM MTUXTOM Ha AJISICKe, BTOpast — TEeILIOJNIOOMBOI COCHOM
Ha cesepe (1. Hymto) u 1ore (n. Kaparanma) TromeHckoit obsactu [14]. Bennuunbl



25

Obobujenue napamempos NPUPOOHbIX CUCEM: NPUMEDbL, Meopus, NPasula

0e3pa3MepHOro JAuaMeTpa OTJOXEHbl Ha OCH OpAMHAT, 0e3pa3MEepHOro BPEeMEHM —
Ha ocu abcuucc, pa3MepHOro BpeMEeHU — Ha BepXHel Tropu3oHTalbHOI ocu. Hauano
orcueta Ha rpadukax A, b u B — 1578, 1579 u 1770 rr. coorBeTcTBeHHO. KpUBBIMI
NOKa3aH MHOTOJIETHUI XO[ j, TI0 HAaOMIONEHUAM — TOJICThIE JTUHUU, U (HOPMYJIBI €T0
anmnpoKCUMaLMU — TOHKUE JIMHUK, KPYKKU — pacueT no ¢gopmyie (9) mpu A = 0,62
IIJISI BOTHYTOM KpuBoii 1 A = —0,62 I BBITYKJI0i. XOTS YMCIeHHbIE KO3(h(MULIMEHTHI
B (hopMyJIax Ha pucC. 4 HECKOJIBKO OTIMYAIOTCA OT KOHCTAHT 3C, Ha BEIMYMHY j, 3TO
MPaKTUYECKU HE BITUSIET.

I iy S
a . b §4= 0,66 iq+ 0,341y
08 08 :
/ R =0,999
06 T 06
/ j=-0,62ig+ 1,630y /
0.4 - 04
R= 0996 /

02 o -1 0.2 o -1

© o -2 o -2
0% ; ; ; ; 0 . ; ; ;

0 0,2 0,4 0,6 0,8 Jg 0 0,2 0,4 06 08 Jg

Puc. 2. 3aBucumoctb j, ot jT, B Tobonbcke (/) 1 HymTo (2) Ha noabeMe (a) v criaze (b) B TEIJI0€ BpeMs roia

0 93 186 297 T 105 210 315 T|0 35 70 105 T
Ja [i=aa05tZ o001t /id-=-4.1u-6t2+n,nnV f,= 10512+ 0,007¢ /
R®= 0,993 R*= 0,993 R®= 0,975
0,75
A / B / B
0,5
o " | A
j4=0,64j:2+0,4x Ja=-0,73j<% +1,72x Ja=-0,71j< +1.65)%
0 R*=0,996 / R?=0,996 R?= 0,973
0 0,25 05 075 Jt 0,25 05 075 Jtlo 025 05 075 it

Puc. 3. 3aBrucumocts j; OT j, st muxthl Ha Auisicke (4), cochbl B Hymto (b) u Kaparanze (B)

Pacuetsl nokaszanu, 4to moJiMHOMUANIBbHYIO hopmyy (9) ¢ npuemsieMoil nmorpeti-

HOCTBIO MOXKHO 3aMEHUTh CTETIEHHO:
i,=is (10)
C IOKA3aTENIEM CTENIEHH 2, PABHBIM (0 JULS BHITYKJIBIX KPUBBIX M | + @ — JUI BOTHYTBIX.

CreneHHbIe (OPMYJIBI CBOASTCSI K JIMHEHHBIM 00lIero Buaa Y’ 2 X', rme
V' =In(y), X' = In(x). [ToaToMy, HEeCMOTpPsI Ha MEHbIIIYID TOUHOCTh, 10 CPABHEHUIO
C TIOJINHOMMAJIbHBIMU, OHU YIOOHEH ISl pacyeToB U 9KOHOMUYHEMN, MOCKOIbKY IS
onpe/esieH!s] HeU3BECTHOTO @ HY>KHO 3HaTh BCErO OJHY JI00YI0 Mapy COOTBETCTBEHHBIX
pa3MepHBIX 3HaUYEHUI y U X, Toraa ¢ = In(y) / In(x). Kpome Toro, B 6M0JI0rM4ecKux Cu-
cTeMax CBSI3U MEXIy KOMITOHEHTaMU Yallle BCEro OMUChIBAIOTCSI UMEHHO CTETIEHHBIMU
byHKIUAMU.

OcobeHHO XOPOIIO CXOAATCS pe3yJibTaThl cuera o hopmysiam (9) u (10) y BOTHYTHIX
KPUBBIX. DTO BUIHO U3 TabJ. 4, B KOTOPOW MPUBENECHBI PE3YJbTaThl BEIUMCICHUI 1O
3TUM (opMyJiaM, TIpe/ICTaBIeHHBIM HOPMaIM30BaHHBIMU (DYHKIIUSMU j . (j ); makcu-
MaJbHasl MOTPEHTHOCTh cTereHHOoro MpuoakeHus < 10%. Y BBIYKIIBIX KPUBBIX pa3-
HMIIAa MEXy pacyeTaMu 1O TMTOJMHOMMAIBHBIM M CTETIEHHBIM (popMyiaM OoJibllie, Mpu
n =7 (TouyKa MaKCMMaJIbHOM pa3HULIbl) OHA paBHa 22%.
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Tabnuua 4. 3aBUCUMOCTS j , oT Jj, B TOIMHOMMAITbHBIX (IT) U CTETIEHHbIX (€) hopMyJIax mpu n,
paBHBIX 0; 2; 7 1 o0 1711 BOTHYTBIX KPUBBIX

Jx JyAn [(U) Jy.c [(U) Jy.n 2) -]v.c [¥)) -IyAn () Jy,c (7 Jy.n (*) 'IyAC ()

0 0 0 0 0 0 0 0 0
0,2 0,2 0,2 0,1 0,07 0,07 0,06 0,04 0,04
0,4 0,4 0,4 0,25 0,23 0,21 0,19 0,16 0,16
0,6 0,6 0,6 0,45 0,44 0,41 0,4 0,36 0,36
0,8 0,8 0,8 0,7 0,7 0,67 0,67 0,64 0,64

1 1 1 1 1 1 1 1 1

B T0 e BpeMst BbIpaKeHUsI BBIITYKJIbIX KPUBBIX — 3TO O0OpPaTHBIC BHIPAXKEHU S BOTHY -
ThIX. 1 HUYTO He MPErSITCTBYET BIMYKIIYIO KPUBYIO ITPEBPATUTh B BOTHYTYIO, TIOMEHSIB
MeCTaMU OCH X U Y (CM. HUKe TIpumep 5).

3. B [15] ycraHOBIIeH KOJIMYECTBEHHBII BU 3aBUCUMOCTA MAacChl (M) ApeBeCHOM
3eJIeHU (XBOM U HEO/IePEBEHEBIINX TOOETOB) U OTAEIBHO XBOU COCHBI (Pinus Sylvestris)
ot ee nnameTpa (d) B ceBepHOII U cpenHeli Talire Ha Tepputopun Komu. DTo BecbMa pe-
MIpe3eHTaTUBHOE MCCeAoBaHue, 0a3upylolieecss Ha 0000IIEeHN COTEH OIpeaeaeHU
XapaKTEePUCTUK JiepeBbeB. 1151 BbIpakeHUs pe3yIbTaTOB B pa3MEPHOM BUJIE €0 aBTO-
paMm IoHagobwioch bosee necsitka dopmyi. IlpennaraeMblii 31ech METOM IO3BOJISIET
00001IMTH BECh 3TOT OOLIMPHBIN MaTepuas oaHoi opmynoii: (9) unu (10).

MaxkcumanabHble U MUHMMAaJIbHBIE 3HAUEHUsI pa3MepHBIX mapaMeTpoB [15], Heobxo-
IUMBIE 1T pacyeToB 1o hopmyJe (1), cBegaeHbI B TabI. S.

Ta6muua 5. MakcumanbHble U MUHUMAJIbHbIE BEIMYMHEL AMaMeTpa cTsota —d,
d (cM), Macchl 3eJIeHU (3) M XBOM (X) COCHbI — m_ . m__ (KT/IepeBo)

min max’ min

HOﬂ3OHa dmm m min dmax (3) mmax(3) lelaX(X) mmax(x)
CeBepHag Taiira 0 0 40 91 40 63
CpenHsisa Taiira 0 0 40 76 40 46

Ha puc. 4 mokazaHbl TOCTPOEHHBIE 110 3TUM JaHHBIM TpadUKU 3aBUCUMOCTH Oe3pas-
MEPHOI MaCChI IPEBECHOI 3€/IEHN U XBOU j = m/m__ COCHBI OT 6€3pa3MepHOTO I1a-
MeTpa cTBona j, = d/d . B ceBepHOM U cpenHel Taiire M HaliIEHbl NX aIITPOKCUMALIUMY.

Jpr
ogd
0.6 1
0.4 7

o jpr=-0,79}¢ +1,79

RZ=0,999

Jpr | 6
10,6 1
10,4 1
10,2 1
0

Jor=0.813% +0 24t

0 0.2 04 0.6 08 h

Puc. 4. Tpaduku v popmyJIbl 3aBUCUMOCTH j OT j,
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DKCIepruMeHTalIbHbIE TOYKM Ha pUC. 4 TIPU BCeX BapMaHTaX YCJIOBUIA ITOYTH CJIMBa-
torcst. YucnenHble KoadduimeHThl hopmyn 6n3ku K KoHcTanTam 3C.

I'pacdpuku Ha puc. 4 unu ero GopMysIbl MOKHO MCTIOJIB30BATh JIJIs MPUOJIMKEHHOTO
orpesiesieHus1 0000IIEHHO MacChl IPEBECHOI 3eJIEHU XBOMHBIX IEPEBbEB B Mpeesiax
Bceil TaexxHO# 30HbBI. [Topona nepeBa u yca0BuUs TPOU3pACTaHUST OTPAXKAIOTCS B BEJIU-
4MHAX COOTBETCTBEHHbIX Mapd  mm_

4. B [16] nccnemoBaHa 3aBucuMocTh npoaykunu (Pr) cocHsika ot Bo3pacTa (t) B
ITpuanrapbe. PasMepHble MAKCUMYMBI 9THX IMapamMeTpoB: Pr= 8,6 %, T = 115 net, mu-
HumyMbl: Pr= 0,8 %, T = 15 ner. bespazmepHble 3HaueHus j_ U jpr Ha puc. 5, a paccum-
TaHbl 110 hopmyJie (1), a Ha puc. 5, 6 — 1o hopmyie (2).
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Puc. 5. I'papuku u hopmysibl 3aBUCUMOCTH jpr 0Tj1

ITpu sTOM BBITIyKJIasl KPMBAsl Ha pUcC. 5, a MpeBpalllaeTcsl B BOTHYTYIO, TIPU OMNU-
CaHUM KOTOPOU MOJIMHOMUAJIbHAS U CTeneHHast GOPMYJIbl Jat0T OJIM3KUE pe3y/bTaThl.

B npuBeaeHHBIX TTpUMepax YMCAeHHbIe KOA(PPUIIMEHTHI anpoKCuMaluii 0J1u3Ku
Kk koHctaHTaM 3C. Ho B 0o011eM 310 He o0s3arenbHo. Kaxknas cucrema npencraBisieT
C000i1 CIIOXHYI0, MHOTOYPOBHEBYIO ME€pPAPXMIO B3aMMOMNEUCTBYIOIIMX YACTUIL U KaX-
JIOMY YPOBHIO N COOTBETCTBYET CBOSI MIEAIbHAS IIPOIIOPLIMS, CBOE 30JI0TOE CEYEHUE @
(cM. IpuMepHI 5 1 6).

5. Ha puc. 6 1an rpadMK 3aBUCUMOCTH OTHOCHUTEILHOTO 00beMa CTBOJIA j Pacipo-
CTpaHEHHBIX JePEeBbEB (COCHBI, €JIM, Oepe3bl 1 OCUHBI) OT OTHOCUTEIBLHOIO THaMeTpa
J, B JleHuHrpazckoii odnactu. PasmMepHble BETMUMHbI TUX TIOKasaresie B3aThl u3 [10].
[MpenBapuTebHO yCTAaHOBJIEHO, UYTO MOJO0OHBIE TpadUKU IJIsI IePEBbEB KaXIOW U3
9TUX TIOPOJ MPaKTUUECKU ciuBatoTcs. ['paduku annpokcumMupoBaHbl (hopmynamu (9)
u (10). Kak Bugyum, oHM COBITamaroT.
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Puc. 6. 3aBucumocts j 0T j,

KoadduimeHTs ToJTMHOMMAIBHOM HOpMyITbl B cymMmMme paBHBI 0,962 + 0,034 ~ 1,
creneHHoM — e = A + 1 = 1,962, 1.e. apnsiorcst Konctantamu O3C.

6. B [17] ucciaenoBaHa 3aBUCMMOCTD 3a00JIeBaHUI TeMeHIel (001e3Hb AJbIreii-
Mepa) MOXWIBIX Jiioaeir 67—92 neT oT Bo3pacTa. KommuecTBO 3a60J€BIINX MEHSITIOCH
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¢ Bo3pactoM ot 3 000 1o 69 000 uenoBeko-iet. [To popmyne (1) onpeaesieHbl OTHOCH-
TEJIbHBIE YKMCIIa OOJIbHBIX j, M MX BO3PACTA j, TOCTPOEH TpadvK HYHKLUHU j; (j,) 1 Haii-
JIEHbI €T0 anrnpoKcuMaiiuu, otsevatoiue napamerpam O3C (puc. 7).
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Puc. 7. I'paduk 3aBUCMMOCTH j, OT j, M €TO MOJMHOMMAIbHAA anmnpokcumaums (/) W pacyer Mo
cTerneHHoit hopmye (2)

B stoM u npyrux mpumepax burypupyior 6e3padmepHble (aOCTpakTHbIE) yuca,
JIMILIEHHbIE BCSIKOW WHAMBUAYaTbHOCTM, WU HUYTO HE 3ampeuiaer UX CpaBHUBATh U
MPOU3BOANTb C HUMU MareMaTuyeckue AeicTBusl. TeM He MeHee UCKaThb peajbHble
CBSI3U MEXIY T€HEeTMYECKH Pa3HbIMU CHUCTEMaMU CJedyeT TOJbKO MPU YCIOBUU, YTO
TaKOBble OOHApYyXEHbl Ha KayeCTBEHHOM ((U3UYECKOM) YpOBHE, Y UX Pa3MEpHbIX
aHasioroB. MHaue mosryyaetrcst adbcypn. Tak, u3 ¢bopmanibHOTO cpaBHEHUsI Ipad)vKoB
Ha puc. 3 1 7, OpAMHATBI KOTOPBIX B O0OUX CiIydasiX 3aBUCAT OT BO3pacTa, U BIIOJIHE
3aKOHHOTO TIpeoOpa3oBaHMs WX (OPMYJ MOXHO TOJYYUTh BBIPAKEHUE CBSI3U
3a00JIeBaHMI1 IEMEHIIMEeH C TOIIIMHOM APEeBECHBIX KOJIEl], YTO MaJIoBEposiTHO. Jlpyroe
JIeJI0, HampuMep, COMOCTaBJICHUE KIMMATUUYECKUX U JIEHIPOXPOHOJOTMYECKUX
XapaKTEePUCTUK, CBS3b MEXIY Da3MEepHbIMU IOKa3aTeIssMU KOTOPBIX J0Ka3zaHa U
JIEXKUT B OCHOBE PEKOHCTPYKLMU KIMMaToB mpoiuioro [18]. Ilpu BeissBIeHUM CBs3eit
MapaMeTpPOB OJJHOW CUCTEMbI TTOIOOHBIX CIIOXKHOCTEN HE BOBHUKAET.

3akaoueHue

®opmysbl  B3aUMOCBSI3el MapaMeTpOB TIPUPOIHBIX CHUCTEM, BBIPaXKEHHBIX B
OTHOCHTETBHBIX BEIMUMHAX, B OOJBITMHCTBE CAyYaeB MMEIOT TIOJMHOMUATLHBIN WIIN
CTENIEHHOM BUI, a MX YMCJIeHHBbIe KO3 duuneHTsl paBHbl KoHcTaHTaM O3C. Takum
00pa3oM, MOXKHO TOBOPUTH 00 YHUBEPCATLHOCTH MpeIaraeMbIX MOJIEJIEH 1 TOCTATOYHO
O0IIMX 3aKOHOMEPHOCTSAX YCTOMYMBBIX B3aMMOCBSI3El IMapaMeTpoOB TMPUPOIHBIX
cucteM, mnpossistomuxcs yeped O3C. IlpuBeaeHHbIe MpUMEpHl ITOKA3bIBAlOT, YTO
npenjaraeMasi METOAMKA SIBJSIETCSI MOIIIHBIM MYJIbTUAMCUUTUTMHAPHBIM HHCTPYMEHTOM
IIJI1 0000IIEHNSI U BBISIBJICHUST OOLIEro B pa3HbIX MPUPOIHBIX CUCTEMAX.
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Generalization of natural system parameters: examples, theory and rules

A method is proposed to determine quantitative relationships between observed param-
eters of natural systems basing on their generalized (normalized) values. The normalized
values are presented by two relations: 1) the difference between the current and minimum
values to the difference between the maximum and the minimum, and 2) the difference
between the maximum and current values to the same difference between the maximum
and the minimum. With their help, the whole set of variables is clearly representable
within the range of 0...1 or 1...0. This reduces the amount of factual data required to
establish quantitative relationships between them, and makes it possible to correctly
compare the diverse values, which makes the solution universal for a large class of tasks.
The sum of these relations is one, and each component can increase (or decrease) only
due to a decrease (or increase) in the other. This is a typical dichotomy, embodying the
law of unity and struggle of opposites, which can serve as a model of any two-component
system. It is shown that in most cases establishing the laws of any system development
is sufficient to consider the interaction between only its two major and most influential
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groups, for example, woody and herbaceous vegetation (but not individual plants from
their composition), forests and steppes, land and sea, heat and cold, etc. Geometric in-
terpretation of a two-component system can serve as a single segment consisting of two
parts: a larger one — dominant (¢), and a smaller one — subdominant (1 — ¢). Balance and
maximum sustainability of this model are achieved through the division of a line segment
in the golden section, the proportion between the whole and its two parts maintained, with
¢ =0,618... ~ 0,62. But a single segment can be divided into parts according to the mul-
titude (q) of other sections as well. The expression ¢ is found in the general case when
0<q<o0. Itise"+ ¢ =1, where n=q + 1, n — number of particles in the system, q — the
number of sections. The roots of this equation for different integers n are a sequence of
the generalized golden sections (GGS). They are the most common ratios of components
in many systems of the world, including biological ones ensuring the consistency of their
interaction (harmony), sustainability and long existence [1, 2]. The article shows that the
patterns of GGS are relevant not only with whole but also with fractional n. The integers
correspond to the correct geometrical forms (plane, cube, etc.). Fractional — to fractals
with their complex branching forms of a tree crown type, river systems, blood vessels, etc.
Together with the increase in #» the number of dividing lines borders, which stress con-
centrators, is also growing. These places (ecotones, coastal and snow line, off-season —
spring and autumn (morning and evening), borders and ethnic groups, frontier and
the like) are most sensitive to changes in the external environment and most exposed
to deformation. These system sections are the ones with the least resistance, and more
likely to fracture. A correlation was found between GGS and relative durability of solids,
frozen soils and ice in particular, and through it with global factors. The relationships
between parameters of different natural systems — biological, climatic, cryogenic are
established and quantified. Particularly, the formula of dependence of the diameter of
a tree trunk and its productivity on age, weight wood greenery — on trunk diameter. Pri-
marily polynomial or exponential nature of these relationships is shown with numerical
coefficients of calculation formulas close to the proportions of the golden section. The
examples of using the proposed method, indicating a good convergence of estimates and
actual data, are given. The proposed method is a powerful multi-disciplinary (synthetic)
means of generalization and identification of the common in different natural systems.

Keywords: natural system, generalization, stability, products, climate, woody plants,
trunk, lots of greenery, golden section.
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The role of climatic risks in erosion advancing
in the south of Tomsk region

T.V. Romashova

Tomsk State University (Tomsk, Russia)

The aim of our research was the studying of dangerous meteorological phenomena
that created situations for an active erosion advancing in the south of Tomsk region in
1967—2012, where there are more than 70% of population of the region, main agricul-
tural lands and industrial sites. The boundaries of the natural seasons in the south of
the Tomsk Region were determined by the methodology of Galakhov and Rutkovskaya.
The preconditions for the development of water and wind erosion in each phase of the
year and five phases with the most active development of erosion were identified. The
analysis of climatic conditions of all structural units of the year helped to allocate 39 ero-
sion threatening factors for water erosion and 16 for wind erosion. A model of climate’s
erosive potential was worked out. It was set that south areas of the Tomsk Region differ
in the level of potential risk of erosion. Due to the research it is possible to take measures
for protection the soil, which should be local considering seasonal rhythms of climate.

Keywords: natural seasons, weather and climatic risks, water and blowing erosion.

Foreword

Climatic risks are indefiniteness which is connected with a possibility of origin of un-
favorable situations and consequences in the future that are influenced by meteorological
phenomena.

There are more then 30 types of hazardous natural phenomenona (HNP) in Russia
[1], but 50—70% of general damage of all HNP are severed by weather activity [2, 3].
The biggest quantity of hazardous phenomena from all Federal Districts is in Siberian
Federal District [4]. There is almost no detailed analyse of HNP — wind, incessant rains,
low and high temperatures — in the Tomsk region. In this connection, the research of
HNP is actual for the south of the Tomsk region (Tomskiy, Kozhevnikovskiy, Shegars-
kiy, Bakcharskiy, Asinovskiy, Pervomayskiy disricts), where there are more than 70% of
population of the region, main agricultural lands and industrial sites.

Dates and methods of the research

One of the main and the first step of risk management is a monitoring of possible
risk events. Therefore, the aim of our research was the studying of dangerous meteoro-
logical phenomena that created situations for an active erosion advancing in the south of
the Tomsk region in 1967—2012 (Tomskiy, Kozhevnikovskiy, Shegarskiy, Bakcharskiy,
Asinovskiy, Pervomayskiy disricts) [5].
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The foundation of our research was comprehensive genetic method of climate study
of N.N. Galakhov and N.V. Rutkovskaya [6, 7]. The starting of calendar climatic and
natural seasons of the year does not coincide (Table 1).

Table 1. Comparison of time fences of astronomical calendar, and natural seasons

The name The date of season starting
season of year  phase of year astronomical  calendar natural®
moderate frosty winter 22 December 1 December  2—5 November
Winter considerably frosty winter - — 13—19 December
prespring - - 12—22 March
. snow thawing 21 March 1 March 16—20 March
Spring postwinter - — 14—20 April
before a summer - - 25—-30 April
moderate and tepid summer 22 June 1 June 16—23 May
Summer moderate and warm sum- _ _ 11—13 June
mer
recession of a summer — — 14—22 August
formation of an autumn 23 September 1 September ~ 9—15 September
Autumn end of an autumn — — 29 September — 2

October

before a winter - — 19—22 October

* It was made by weather station of the south of Tomsk region

The essence of the complex genetic method consists of data mining and analysis
of features of chronological daily course of leading climatic factors with simultaneous
analysis of the dynamics of phenological occurrences in certain parts of the earth’s sur-
face. If a detection of diurnal rhythm does not cause problems seasonal and annual
rhythms in its calendar boundaries will not usually coincide with real course of devel-
opment of natural processes. Accordingly, it is necessary to take into consideration the
seasonal rhythmicity for fixation of connection of annual dynamics of erosion process
and climate. It will facilitate to study everything in details and to estimate the soil ero-
sion.

We identified the structure of annual cycle that means complex of successive parts
of the year. During these parts heat and moisture indexes gradually change. It follows
with changing of development of geosystems and it is cyclical. These parts of the year are
called structural units and it divides into three degrees (Table 1):

— Structural units of the first degree are cold snow (CSPY) and vegetative parts of a
year (VPY);

— The second degree — seasons of a year: winter, spring, summer and autumn. They
have different duration every year, and its starting and ending do not coincide with
starting and ending of calendar months;

— The third degree — phases. There are 12 phases: 5 — in CSPY, 7 — in VPY [7].

The features were calculated for every structural unit of the year: sums of average daily
air temperatures, average air temperatures, sums of precipitation, average amount of pre-
cipitation, middle layer of precipitation, amount of days with precipitation; for VPY:
quantity of incessant rains, general and average layer of water for incessant rains, average
and maximum speed of a wind; for CSPY: average and maximum height of snow cover,
average and maximum deep freezing of soil.
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Results and discussion, conclusion

The analysis of climatic conditions of all structural units of the year helped to allocate 39
erosion threatening factors for water erosion and 16 for wind erosion. However, there was no
simultaneous demonstration of these factors in 1967—2012. The biggest quantity of features
for water erosion was in 1995/96 and 2005/2006 and for wind — in 1981 and 2010 [5, 8].

Combination of indicators of dangerous erosion influences on intensity of develop-
ment of soil erosion. It helps to devise the model of erosional potential of a climate [5].
The reliability of this model was verified in Luchanovo’s permanent study area. Our re-
search led to the following conclusions.

The erosion advancing in the south of Tomsk region observes annually. An intensity
of erosion relies on thermal and wind mode and moisture security.

There are favorable conditions for developing of water and wind erosion but not in the
same time. It is necessary to consider that erosional processes of different genesis closely
linked — washed-away soils are more exposed by wind erosion than unwashed-away soils
and vice versa.

There are not any soils that are not absolutely influenced by erosion in the south or
the Tomsk Region. Moistening of soils is the main climatical factor of erosion advancing.

Preconditions for water and wind erosion advancing are created during the whole year but
the most active phases for it are «snow thawing», «postwinter», «before a summer», «moder-
ate and tepid summer», «moderate and warm summer». Moreover, water and wind erosion
advancing are made by different combinations of hydrothermaical conditions of these phases.

The most potential of erosional danger is typical for Tomskiy, Asinovskiy, Pervomay-
skiy; average — for Kozhevnikovskiy and Shegarskiy; the lowest — for Bakcharskiy district
of the south of the Tomsk region. In this connection, an activity of protection of soils
should be local considering seasonal rhythms of climate.

To sum up, if we know climate changing we can forecast erosion advancing and we
can also work out an algorithm of weather and climatic risk management.
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Interrelation of spatial changes of climatic characteristics
and vegetative cover structure in Western Siberia based
on space images

V.P. Dneprovskaya, Yu.M. Polishchuk

Institute of Petroleum Chemistry, SB RAS (Tomsk, Russia)

The paper concerns interrelations of parameters for climatic status and spatial structure
of vegetative cover in Western Siberia. The spatial structure of the vegetation cover of
territory is determined on the basis of analysis of middle resolution space images. The
analysis of the climatic status is carried out using data received at 99 weather stations of
‘Western Siberia during the period of some decades from 1955 year. It is shown that the
increase of space-averaged yearly temperature is accompanied by the decrease of dark-
coniferous forests areas and by the growth of areas of small-leaved forests and bogs.

Keywords: climatic status, vegetative cover, remote sensing, geoinformation systems, West-
ern Siberia.

Introduction

Global warming in recent decades [1] has generated a need to study different con-
sequences of climatic changes. Therefore one of the important problems of research in
Northern Eurasia is revealing the interrelation of temporary changes of vegetation cover
structure depending on climatic changes. The long duration of temporary changes of veg-
etation makes such studies difficult and very long-lasting. Therefore, the dependence of
climatic and geobotanical changes can be studied as a relationship between changes in
the spatial structure of the vegetation cover and spatial changes in climate parameters
in the territory. The object of study was chosen the territory of the West-Siberian plain
within six administrative formations, i.e. Jamal-Nenets and Khanty-Mansiysk autono-
mous okrugs and Tomsk, Omsk and Novosibirsk regions (oblasts) and the southern part
of the Tyumen oblast. The aim of this paper is to study the changes of spatial structure
of vegetative cover in the West-Siberian territory depending on the spatial change of cli-
matic parameters, using remote sensing data.

Methods

The West-Siberian plain has geobotanical zonation according to geographical lati-
tude: subarctic tundra, sparse growth of trees, taiga and forest-steppe. It is important to
notice that the taiga zone has four subzones: northern, middle and southern ones and
subtaiga. Fig. 1 shows the map of geobotanical zonation of territory. Black triangles des-
ignate location of weather stations. The northern part of the investigated territory is lo-
cated in the zone of subarctic tundra and sparse growth of trees. The central part is in the
taiga zone. And the southern part of West-Siberian territory is in the forest-steppe zone.
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Hydrometeorological data received at 99 weather stations in Western Siberia have
been used to study spatial and temporal changes of climatic state. Temporal dependen-
cies of average yearly values of air temperature, relative yearly quantity of atmospheric
precipitation and maximum annual values of snow cover parameters (its height, density
and stocks of water) were defined for each geobotanical zone.

0 “200 600 km
Legend: a-1,[0-2, 51-3, E-4,E-5, -6, E-7, B -8

Fig. 1. Map of geobotanical zonation of West-Siberian territory. Symbols: / — weather stations, 2 —
subarctic tundra, 3 — sparse growth of trees, 4 — northern taiga, 5 — middle taiga, 6 — southern taiga,
7 — subtaiga, § — forest-steppe

We used middle resolution space images from Russian satellite Resources-O1-3
(scanner MSU-SK) to determine the spatial structure of vegetative cover. These space
images have the spatial resolution of about 150 m in a 600 km strip of the investigated
site. The images from the MSU-SK scanner were received in spectral channels of the
visible range and the near infrared zone. Vegetation cover structure was determined using
the synthesized images. Coniferous and small-leaved forests are distinctly determined
in the space images owing to differences of spectral brightness. Light-coniferous (pine)
and dark-coniferous forests were separated by classification analysis using the «teachers»
obtained on the base of forest management data [2, 3].

Space images were processed by means of the ERDAS Imagine software. Then the
data were exported to the format supported by the software of geoinformation system
ArcGIS 9.3. We used the ArcGIS system to determine relative areas of each landscape
structural unit. To solve this problem, it is necessary to take into account spatial proper-
ties of the objects under study [4]. It allows one to use additional spatial information,
which can be used within the frames of geoinformation approach [5] to analyze multidi-
mensional heterogeneous data. This approach requires the use of geoinformation systems
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enabling to manipulate the spatial data stored in the form of thematic layers, which are
geographically certain relative to digital map-basis.

Results

1. Studying climatic changes in territory of Western Siberia

The analysis of changes in the climatic status of West-Siberian plane has been car-
ried out for the central and the southern parts because these territories are located in
taiga zone. The analysis was based on using time dependencies of average annual values
of air temperature, quantity of atmospheric precipitation and a stock of water in snow
cover. Figs 2 and 3 below present the results of the analysis of climatic changes for the
central part (Khanty-Mansyisk autonomous okrug) and the southern part of Western Si-
beria (Tomsk, Omsk and Novosibirsk oblasts). Every black square spot on the graphs in
Fig. 2 and 3 is a result of space-averaging yearly data taken from all weather stations in
the corresponding territory.

Fig. 2 shows temporal dependencies of average annual air temperature (T). Space-
averaged values of T for two time intervals 1955—1970 and 1975—1992 are shown in
Fig. 2 by dashed lines. Confidence intervals for the average values calculated with 90%
probability are represented in Fig. 2 by dash-dot lines. As may be seen in Fig. 2, the aver-
age value of temperature in the second period has increased approximately 0.9 — 1°C in
comparison with the period 1955—1970.

T, ;C
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Fig. 2. Temporal dependencies of air temperature in the southern (a) and the central (b) parts of Western
Siberia

Temporal dependencies of yearly relative (per month) quantity of atmospheric pre-
cipitation (Q) and yearly stock of water (SW) in a snow cover are shown in fig. 3. Space-
averaged values of Q and SW and its confidence intervals calculated with 90% probability
for two time intervals 1955—1970 and 1975—1992 are shown in fig. 3 by dashed and dash-
dot lines accordingly. As fig. 3-a shows, the yearly relative quantity of atmospheric pre-
cipitation in the second period in comparison with the period 1955—1970 has increased
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approximately 2 %. Change in the volume of water-stock in snow cover for the second
period makes 12,8 mm (Fig. 3-b), i.e. the increase in comparison with the first period is
12.4 %. Hence, rise of air temperature is accompanied by growth of water-stock volume
in snow cover though the level of atmospheric precipitation changes insignificantly.
This shows explicit climatic change in West-Siberian territory. Below are some results
of studying interrelations in the parameters of climatic state and spatial structure of
vegetative cover in West-Siberian territory.

Q. mm,
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Fig. 3. Temporal dependencies of the yearly relative quantity of atmospheric precipitation (a) and yearly
stock of water in a snow cover (b) in a southern part of Western Siberia

2. Determination of vegetation structure on the basis of interpretation
of space images

Study of vegetative cover structure is carried out using space images of the southeast
and the central parts of Western Siberia within Tomsk region and Khanty-Mansyisk au-
tonomous okrug. Fig. 4 presents the map-scheme of landscape zonation in the investi-
gated territory created on the basis of the atlas [6]. Below is a list of landscape provinces,
shown in fig. 4:

1) Severo-Sosjvinskaya; 11) Kazymskaya;

2) Nadymskaya; 12) Nizhne-Obskaya;
3) Polujskaya; 13) Sredne-Obskaya;
4) Belogorskaya; 14) Irtyshskaya;

5) Numtovskaya; 15) Alexandrovskaya;
6) Kondo-Tavdinskaya; 16) Vasyuganskaya;
7) Kondinskaya; 17) Ket-Tymskaya;
8) Nazym-Lyaminskaya; 18) Pojmennaya

9) Lyamin-Aganskaya; 19) Tomskaya;

10) Yugan-Larjeganskaya; 20) Chulymskaya.
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Figure 4. Map of landscape provinces of the central and the southeastern parts of Western Siberia

As a result of processing middle resolu-
tion space images, there have been determined
relative areas of landscape structural units re-
lated with certain forest type for each landscape
province shown in Fig. 4. It is known [4], that
four classes of landscape structural units are the
most typical for the Siberian taiga zone: dark-
coniferous (fir, spruce, cedar), small-leaved
(birch, aspen) and light-coniferous (pine, larch)
forests and water-bog lands. In our paper, the
spatial structure of vegetative cover will be de-
termined by the ratio of relative summarized
areas of landscape structural units. For instance,
L1 Ed2 B3 H4 Fig. 5 presents the diagram displaying spatial
Fig. 5. The relative areas of landscape units  structure of vegetative cover in the territory
of Sredne-Obskaya landscape province.  of Sredne-Obskaya landscape province. The
Symbols: / — dark-coniferous forests, 2~ §jaoram shows the prevalence of light-coni-

light-coniferous forests, 3 — small-leaved f f ts in this land .
forests, 4 — Water—bog lands €rous 1orests 1 tnis landscape province.

3. Analysis of interrelation of vegetative cover structure and climatic characteristics

For studying the interrelation between climatic characteristics and vegetative cover
structure, a table of climatic parameters and data on relative areas of landscape units for
different landscape provinces shown in Fig. 4 has been composed. For illustration, Fig. 6
represents the dependence of the relative areas of dark-coniferous forests (S) on average
air temperature (T) for each landscape province. Arabic numerals in fig. 6 correspond to
numbers of landscape provinces shown in Fig. 4.
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Fig. 6. The relative areas of dark-coniferous forests with respect to air temperatures

Apparently from Fig. 6, increase
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ests shrink from 35—40 % in the north
up to 10—15 % in the south, where 20
birch forests become dominant. 10
The Fig. 7, b shows, that with
increase SW, i.e. in a direction from
the south to the north, the areas of
dark-coniferous and light-coniferous
forests increase from 5—12 % in the
south up to 35—40 % in the north.  Fig. 7. Interrelations between the relative areas of land-
The area of small-leaved forests and  scape units and climatic parameters
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water-bog lands decreases. Growth in the areas of dark-coniferous forests and boggy ter-
ritories and shrinking in the areas of small-leaved forests are marked in Fig. 7, ¢ with
increasing of the yearly sum of atmospheric precipitation.

Conclusion

Thus, the result of quantitative analysis carried out let us to establish an explicit inter-
relation between spatial changes in parameters of the climatic status and spatial structure
of vegetative cover in Western Siberia. In particular, the increase of air temperature is
accompanied by a shrinking area of dark-coniferous forests and a wider area of small-
leaved forests and bogs. The area of dark-coniferous forests, on the contrary, increases
and the areas of small-leaved forests and water-bog lands are reduced with a growth in
the average value of water-stock in a snow cover. These results can be used to predict
changes of geobotanical structure of vegetation cover of Western Siberia in conditions of
global warming.

Acknowledgements

This work is the result of research carried out in the framework of the Russian-French
CAR-WET-SIB “Biogeochemical cycle of carbon in wetlands of Western Siberia”
GDRI (Groupement de recherche international) project and supported by Centre of Re-
mote Sensing, Ugra Research Institute of Information Technologies and by the grant of
the Russian Foundation for Basic Research (project 08-05-92496- NCNIL a) and the
Megagrant of Russian Federal Programme 14.B25.310001 (BIO-GEO-CLIM).

References

[1] Pachauri R.K., Reisinger A. Climate Change: Synthesis Report. Contribution of Working Groups I, I1
and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. /PCC.
Geneva, Switzerland. 2007, p. 104.

[2] Alexeeva M.N., Dyukarev A.G., Polishchuk Y.M., and Pologova N.N. Study of structure of forest-
swamp complex of Vasyugan plane using GIS, remote sensing data and ground-truth observations //
Geography and Nature Resources. 2004. No. 2, p. 71—77 (in Russian).

[3] Polishchuk Y., Tokareva O., Bulgakova I. Space images processing methodology for assessment of
atmosphere pollution impact on forest-swamp territories // Proceedings of SPIE. 2003. Vol. 5026,
p. 232-236.

[4] Dneprovskaya V.P., Polishchuk Y.M. Studying Structure of Vegetative Cover of Territories for Problems
Monitoring Influences of Oil Extracting. Presented at the 6" International Conference on Oil and Gas
Chemistry, Tomsk, September 5—9, 2006 // ed. Dr R. Min. 2006. V. 2, p. 132—133.

[5] Polishchuk Yu.M., Peremitina T.O. Geoinformation approach to the analysis of multivariate data on
the spatially-distributed objects // Geoinformatics. 2003. No. 1, p. 18—21 (in Russian).

[6] Atlas of Khanty-Mansiysk autonomous okrug // Nature and Environment / ed by V.S. Tikunov et al.
2004. Vol. 2. Moscow: Ecoterra, p. 152 (in Russian).

About

Viktoria P. Dneprovskaya — PhD, Institute of Petroleum Chemistry, Siberian Branch of Russian
Academy of Sciences, Tomsk, Russia. E-mail: vpi@ipc.tsc.ru

Yury M. Polishchuk — Dr, Institute of Petroleum Chemistry, Siberian Branch of Russian Academy of
Sciences, Tomsk, Russia. E-mail: yupolishchuk@gmail.com



BioClimLand, 2013
No. 2, 41-55

VK 574.472, 58.002

AHaJIM3 COOTHOIIEHHUS] BUAOBOTO M 0MOMOP(OJI0rNIeCcKOro
Pa3HO00pa3uii HEKOTOPBIX BLICOKOTOPHBIX (PUTOLEHO30B
I'opHoro Anrasi

N.B. Boaxkos'?, 1.1. Boakosa!, E.}O. Myxro6aposa?

"Tomckuit rocynapcTBeHHbIi yHuBepeuteT (r. Tomck, Poccust)
*ToMCKHUi1 rOCyIapCTBEHHBII Meaarornueckuii ynusepcurer (r. Tomck, Poccust)

Hccnedosanus svinoanensvt 6 pamxax epanma no Ilocmanoenenuro Ipasumenscmea P® Ne 220
om 09 anpens 2010 2. no 0ozosopy ¢ Munucmepcmeom obpazosanus u Hayku PO Ne 14.
B25.31.0001 om 24 urona 2013 e. (BIO-GEO-CLIM).

PaszHooOpa3ue Xu3HeHHBIX (DOpM B (DUTOLIEHO3E SIBJISIETCSI BAXKHBIM acIeKTOM OuO-
pasHooOpa3usi. CBsi3b MEXIy Pa3HOOOpa3reM KU3HEHHBIX (DOPM U BUIOBBIM Pa3HOO-
OpasueM B COODIIECTBAX PACTEHUI OTPaXKaeTCsl B OTHOCUTEIbHOM Oromopdosoruie-
CKOM Pa3HO00pa3uu, aHAIN3y KOTOPOTO Ha MPUMEPE BHICOKOTOPHOI PACTUTENbHOCTH
Pecriy6nuku Anrtail mocssiieHa 3Ta craTbs. C MOMOIIBIO OPUTMHAIBHON CHUCTEMBbI
JKU3HEHHBIX (hOpM ObUIM TIPOBENEHBI CPABHUTEIIbHBIC MCCIIETOBAHMS MOACIBbHBIX (D1~
TOIIEHO30B, OTHOCSIIIIUXCSI K PA3JIMYHBIM TUITaM BHICOKOTOPHOM pacTUTEbHOCTH. JIjist
BBIOOPKY KCITOJIb30BATUCH HAaNbOJIee TUITUYHBIE (DUTOIIEHO3BI U (DUTOIIEHO3BI, HAXO-
ISIIAECS] Ha TIpe/iesie SKOIOTMYECKOM TOJePaHTHOCTU /sl JAaHHOTO TUIA PACTUTEIb-
HOCTH. Pe3ynbraThl nccienoBaHusl MOKa3aiu, YTO OOJBIIMHCTBO BBICOKOTOPHBIX (DUTO-
LIEHO30B XapaKTePU3YIOTCS COATaHCUPOBAHHOCTBIO BUIOBOTO U 6MOMOP(}OI0rnyecKoro
€OCTaBOB. MOXHO MPEONIOXHUTD, UTO TaHHAsI OCOOEHHOCTb SIBJISIETCST aIalITUBHBIM ITPU-
3HakoM. st (pUTOLIEHO30B, MPOU3PACTAIONIMX B HAMOOJIEEe CYPOBBIX IKOJTOTMIECKUX
YCJIOBUSIX, OTMEUEHA TCHICHITNS KOMIIEHCAIIMY HU3KOTO BUIOBOTO Pa3HOOOPa3us pa3-
HOOOpa3ueM kXu3HeHHbIX (hopm. JIyroBbie HUTOLEHO3bI UMEIOT OTHOCUTEIBHO HEBBI-
COKUe nokasaresu 6romopdosiornyeckoro pazHoobpasust. [Ipu 3ToM B psiy «BbICOKO-
TpaBHbIE CyOaIbIUIICKIE JTyra — CPeIHETPABHbIC aJbIIUIACKUE JIyra — HU3KOTPaBHbIE
aJbIMiicKKe JTyra» 6noMopdoornyeckoe pasHooOpasrue UMeeT TeHICHIIMIO K POCTY,
TOrma Kak poCT BUIOBOTO Pa3HOOOPA3Msi TOPMO3UTCS M3-3a YCUIICHUST OOIIel Cypo-
BOCTHU cpeibl 00uTaHusI. BEICOKOTpaBHBIE CyOambIUiicKue Jyra Haubosee TyMUTHBIX
paitoHOB AJiTasi XapaKTepU3YIOTCsl BHICOKOW CTEIeHbIO BAPbUPOBAHUS MMOKA3ATENeit
BUIOBOTO pa3HOOOpa3usi B MPOCTPAHCTBE MPU CTAOUIBHOCTH U HEBBICOKOM Pa3HOO-
Opa3uu kKu3HeHHbIX hopM. TyHIpoBble (BPUTOLIEHO3bI, pa3BUBalOLIMECs B Oosiee Cy-
POBBIX YCJIOBUSIX, UMEIOT OTHOCUTEJIbHO BBICOKOE BUIOBOE M OroMopdonornyeckoe
pa3Ho0Opasue, YTO CBSI3aHO C pa3HOOOpa3ueM CTpaTeruil aaanTaluy BUIOB MPU 3HA-
YUTETHHOM YMEHBIICHUY POJIM TOMUHAHTOB. B HEKOTOPHIX (PUTOIIEHO3aX TEHICHIIVS
K OTHOCHUTEJIBHOMY YBEIMYEHUIO OMOMOP(OIOTMIECKOro pasHoOOpasust CBsi3aHa He
¢ pa3HooOpasueM 6uoMopd, a ¢ yMEHbIIEHUEM BUIOBOTO Pa3HOOOpa3usi Ha 3KOJIO-
TMYECKOM TIpeJiesie MPoU3pacTaHusl IpUaJoBbIX TYHAP U MEPEeX0JOM BBICOKOTPABHBIX
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CcyOaJIbITUICKMX JIYTOB B CTIMIO KIMMaKca. BapbupoBaHue nokasaresieil OTHOCUTEb-
HOro 6MoMop(OI0rnIecKOro pa3HooOpa3usl B MPeieIax OJHOIO TUIAa PACTUTETbHOCTU
MOXET CBUIIETEIbCTBOBATH O 3HAYUTEIBHON CTETICHU €ro 9KOJOTMUYECKOU TOJIepaHT-
HOCTU.

Karouesvie crosa: oTHOCUTETbHOE GMOMOP(DOIOrMYEcKoe pazHooOpas3ue; KU3HEHHbIE
(opmbr; I'opHbIil AnTaii.

Beenenne

B HacTosiliee BpeMsi B HayKe O pacTUTEIbHOM MTOKPOBE JOCTATOYHO XOPOIIIO pa3-
paboTaHbl METO/IbI U TMOIXOABI K U3YYEHUIO BUIOBOTO pa3HooOpa3usi. [‘eoboTaHnKY,
nMesl MPaKTUYECKYI0 3afady M3y4eHUs] CMHTAKCOHOMUYECKOro padHooOpasus ¢Gu-
TOLIEHO30B, BCEe MEHbIIIe 00pallaloT BHUMaHue Ha UX (DM3MOHOMUYECKYIO XapaKTe-
PUCTHKY. DTO CITOCOOCTBYET TOBOJBHO OJHOOOKOMY BOCIIPUSATHIO PACTUTEIBHOTO
coo0IIecTBa KaK HEKOero Habopa BHUIOB, YTO OTpaxkaeT JIUIIb OMWH acleKT 3TOTO
CJIOKHOTO TIPUPOAHOTO sIBJIeHMS. IpyrMM BaXKHBIM acTIeKTOM JII000ro (pUTOIeHO-
3a SBJISIETCS ero 0umoMopdoiornueckoe pazHooOpasue. BoIbIIMHCTBO YUEHBIX IO,
TEepMUHOM <«KM3HeHHast ¢opMa» (KD) (cuHOHUM «OromMopda») MOHUMAIOT IPyIl-
bl pacTeHUIi, CXOAHbIE IO hopMaM U cIiocodaM MPUCIIOCOOJEHUs K cpeae oouTa-
HUS U, co3faBas knaccudukanuu KP, o cytu, pazpadaThiBalOT chOpPMYIUPOBAH-
Hyio eme E. BapmuHrom npo6Giaemy ImyTeid 1 cioco00B MPUCIIOCOOIEHUST paCTeHUM
K KOHKPETHOMY KOMILIEKCY 3KoJioro-guroneHoTudeckux yciaosuii [1]. [Mostomy
aZlanTUBHAsl 2BOJIIOIMS (DUTOLIEHO30B OMpeNe/sieT He TOJbKO MX BUJAOBOI COCTaB
KaK OTpa)K€HUe COOTBETCTBUSI SKOJOTMYECKUX HUII BUIOB PACTEHUI TUIIEpOOBEMY
HUIII KOHKPETHBIX MECTOOOUTAHUM, HO U (PYHKIIMOHAJIbHBIE POJIM BUIOB (MX 9KO-
JIOTMYECKHE CTpaTeruu) B (UTOIEHO3e, YTO TPOSIBISETCS, B TOM YHCIe, B CTPYK-
Type (UTOLIEHO30B (OIpenesieMoil HabopoM, pazMepaMu W TPOCTPAHCTBEHHBIM
pacrpeaeeHueM XU3HeHHBIX (opm). CrienoBaTeabHO, BUIOBOI COCTaB U1 OMOMOP-
doornueckoe pazHooOpasue (pUTOLIEHO3a — 3TO DBOJIOLMOHHO B3aMMOCBSI3aH-
HbI€ acTeKThbl €r0 CYIIHOCTU, U JIOTUYHO MCKATh TOYKM COMPUKOCHOBEHUS MEXIy
HuMmu [2].

MaTepnaJn,I 1 METOIUKHA UCCICTOBAHUA

Modeauposanue coomuouenus 6ud06020 u 6uoMopho.roecutecko2o pazHooopasuii

OtHocutenbHOEe OHoMopdoornueckoe pasHoobOpasue (OBP) orpaxaer Komm-
yecTBeHHbIe cooTHoleHus K@ u BumoB B utoneHo3ax [2]. OnHako caM 1o cebe
nokazartesb OBP He mpencraBiaser oco0oil 1IeHHOCTU 0€3 3HaHUS MeXaHU3Ma ero
00pa3oBaHMsl, TaK KaK MOXET ObITh OOYCIOBJIEH Pa3IUnYHBIMU COOTHOILIEHUSIMU BU-
JIOBOTO U O0MOMOPGOJIOTMYecKOro pazHoo0pas3unii, KOTOpble MOXHO OTOOpa3uTh B
BUIIe MOJIeSIM, MpeJCTaBieHHOI Ha puc. 1. Eciu Ha npeacTaBieHHON MOJEIU Mpo-
BecTU MeauaHy 13 ymia C, To B cOOOIIECTBax, pacroyiaraloimnxcst BAojab Hee, OyayT
HabJoaThCsl BCE BO3pacTalolive MmokasaTesld BUIOBOrO U OMoMOpGhOI0ru4ecKoro
pa3HooOpasusi, COOTHOLLEHUE KOTOPBIX OMPEIesisieT OJMHAKOBbIE MOKa3aTeJd OTHO-
CUTEJIbHOTO GMoMOpdhOI0TUYECKOTO pa3HooOpasus. Hanmpumep, oquH 1 TOT ke Mo-
ka3atenb OBP Oynet y dpuronieH030B, 00pa30BaHHLIX ASCITHIO BUOAMU, OTHOCSIIIIX -
¢sl K IByM 6uomMopdaM M IBaIlaThio BUJAMU OTHOCSIIIXCS K YeThIpeM 0rnomMopdam
(2/10=4/20).
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Takum ob6paszom, koapdumuent OBP B atux ¢urtoneHo3ax oyner paBeH 0,2, HO
OH CBSI3aH C Pa3IMYHBIMU KOJIMUYECTBEHHBIMU TIOKa3aTeIsiMU OMOMOpd 1 BUIOB, UTO
MOXHO 0Tpa3uThb B popmyie 0,2(2;10) u 0,2(4;20) coorBeTrcTBeHHO. ECcTecTBeHHO, YTO
B pa3JIMYHbIX (DUTOLIEHO3aX, B TOU WJIM MHON Mepe OTCTOSIIUX OT MEIUaHbI, JIOTUIHO
oxXuaath pa3anyHbix BenuuuH OBP. Eciau He cunTaTh MHOXKECTBO MEePEeXOIHBIX Bapy-
alluii, TO KpaiiHUMU BapuaHTaMM SIBJISIIOTCSI YEThIPE MOJOXKEHHUsI, COOTBETCTBYIOIINE
yIjaaM IMpsIMOYTOJbHUKA: YTOJI A — MHOTOBUIOBBIE, HO OMOMOpdoornyecku 0eaHbIe
coo6iecta (ko3 duumrent OBP cHukaercst), B — MHOroBuaoBsie 1 6noMopdoJio-
rmyecku doratbie coobliectsa, D — MaoBUaOBbIE, HO 6MOMOPGOJOTUYECKHU Pa3HO-
o0Opa3Hble coobiectBa (koappuureHT OBP yBenuuuBaercst) u C — ManoBUaOBbIC U
6uomMopdoornyecKr 6eTHbIe COOOIIECTBA.
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Puc. 1. Monenb, moka3biBalolias COOTHOIIEHWE BUIOBOTO U OMOMOPdOJOTUUECKOro pa3HooOpas3ust
B (huToLeHO3€ (MOSICHEHUS B TEKCTE)

HauGonee BeposTHOII TpeacTaBisieTCsl CUTyallMsl, KOTAa BUIOBOE pa3HOOOpa3ue
(UTOLIEHO30B BHIIIE UX OMOMOPdOIOrMYecKOro pazHooopasus (T.e. KO3(hGUIMEHT
OBP HuXe enMHMIIB), HO TEOPETUIECKM MOXET HaOJII01aThCcsl M OOpaTHAas CUTyallMsl.
K npumepy, B huToLIEHO3€E TIPEACTaBAEHbI 1B BUAA, ONMH U3 KOTOPHIX UMEET KU3HEeH-
HyI0 (popMy @, a BTOPOIi 3a cueT 6MOoMOPGhOIOrMIECKOl N3MEHUMBOCTU (MJIU MOJIMBA-
PUAHTHOCTH) MPOM3pACTaeT B KM3HEHHBIX (popmax 6 u ¢, Toraa KoadpuuueHt OBP
Oyzer paBeH 1,5, a cooTHolIeHUe 6uoMopdbl/BUIbl — 3/2.

CymiecTBeHHO mpo0ieMoii OMOMOP(MOIOTUYECKNX WCCIIETOBAHUI SIBJISIETCS
CyOBEKTUBHOE MpEICTaBIeHUE O OMOMOP(MOJOrMYECKOM pa3HOOOpa3un pacTeHUid,
YTO CBSI3aHO C OTCYTCTBHMEM E€IMHBIX KPUTEPUEB BBIIEICHUS KU3HEHHBIX (hOPM W,
COOTBETCTBEHHO, OTCYTCTBHEM OOILIETTPUHSATHIX CUCTeM UX Kiaccudukannu. [To Ha-
IeMy MHEHWIO, JUISl aHaJn3a 6uoMOpPGhOIOTHIECKOro pa3HO00pa3us (HUTOLIEHO30B
HEeoOX0IMMO UCITOIb30BaTh cucTeMbl ZK®P, MaKCMMaIbHO TOJTHO OTpaXkalollue Oc-
HOBHBIE€ HampaBieHUs (WU TeHACHIIUM) 0MOMOPdOIOTMYECKOIl IBOTIOLMU PACTH-
TEJBLHOTO TTIOKPOBAa, YTO MO3BOJISIET YMEHBIIUTD CTeNeHb CYyOBEeKTUBHOTO (hakTopa B
HUCCIIeOBAHMSIX.

2Kusnennote popmot u menoenuyuu ¢ 6uomoposozuneckoil 360ar0uuu

6blICOKO020PHbBIX pacmeﬂuti

B 6uomopdosiornuyeckoii 3BOJIOINKM BEICOKOTOPHBIX PACTEHU MOXKHO BBIICIUTh
OCHOBHbIE HaTpaBJIeHHUsI, CBSI3aHHBIE C aJalTallusIMU paCTUTEIbHBIX OPTraHU3MOB K CY-
LIECTBOBAHUIO B CITELIM(PUIECKUX YCIOBUSIX BBICOKOTOPHBIX OMOMOB (pucC. 2).
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Puc. 2. Cxema, moka3bIBaiolasi OCHOBHBIC SBOJTIOIIMOHHbIE TEHACHIIMK TPpaHCGhOPMAITNU HAT3eMHBIX
YyacTeil IBETKOBBIX PACTCHUI B BBICOKOTOPBSIX YMEPEHHOI 30HBI TIO MEPE IKCTPEeMaTN3alluy YCIOBUM
0OUTAHUS C POCTOM a0COTIOTHOM BBICOTHI: BEPXHUI PSIT — TPABSIHUCTHIE pacTeHust: A — 6e3po3eTou-
HOE pacTeHMe CyOabITUIICKUX JIYTOB, B — p03eTOYHOE pacTeHUE CPEIHETPABHBIX AJIbITUUCKUX JIYTOB,
C — po3eTOYHOE pacTeHNE HU3KOTPABHBIX aTBITMIICKUX JIYTOB M KAMEHUCTBIX MECTOOOMTAHUI aTbITHiA-
CKOTO T0sica, D — «TICeBIOTPaBIHUCTOS» MAKCUMAIbHO Te0(UTU3UPOBAHHOE MUHUATIOPHOE PACTEHUE
BOJIM3M BepXHEI IPAaHUIIBI PACTIPOCTPAHEHUST; CPEIHUIA M HIDKHUH PSIIBI — IPEeBECHBIE pacTeHUsT: £ —
TIOJTYKYCTapHUKH, F — KyCTapHUYKHY (TIOTYKYCTAPHUUYKK), G — MIOMYIIKOBUIHBIE pacTeHust, H — Ky-
CTapHUKU C OPOTPOITHBIMY TToGeTaMu, / — HUBEJTMPOBAHHBIE KYCTAPHUKHU TOPHBIX TYHIIP U BOIOpa3ie-

JI0B, J — TIMajepHbIe MON3yune 6MoMopdbl BEpXHEI YaCcTH ATBITUNCKOTO U CyOHUBAJILHOTO TTOSICOB [ 3]

CyllIeCTBYIOT ClIeAyIollMe TeHASHIIMU B OMOMOP(OIOrnyeckoil 3BOJIOLIMU BbICO-
KOTOPHBIX PACTeHUIA:

— Munuamrwopusayus — oJHa U3 TJIABHBIX afanNTUBHBIX YEPT, CBA3AHHBIX C OOMTa-
HHEM PaCTEHUIA B 9KCTPEMATbHBIX YCIOBUSAX Beicokoropuit 1 Cesepa [4]. CMbICT MU-
HMATIOpU3AlMM B 9KOHOMUU PECYPCOB PACTEHUEM B YCJIOBUSIX KpailHe 0C1a0eHHOTO
KOHKYPEHTHOTO JaBJIEHUST CO CTOPOHBI ApYyrux BUIoB. Kpome Toro, B BepxHeil yacTu
BBICOKOTOPHOI 30HBI MUHUATIOPHBIE PACTEHMSI HE MOTYT BBIPACTU U3 Pa3MepOB TPO-
CTPAHCTBEHHOW TMPU3EeMHON HUIIM, B KOTOPOM MOTYT COXPaHATH TOJOXUTEITbHBIN
VIJIepOAHbIi GanaHc. Ham3eMHbIe YacTH TaKUX pacTeHUI HaxXomsATCs B Oojiee TEIioM
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MPU3EMHOM CJIOE BO3/yXa, IJie MEHbIEe Cuia BeTpa, W Ojarogapsi HeOOJbIIUM pas-
MepaM MMEIOT BOBMOXHOCTb YKPBIBAThCSI B HUIIIAX MEXIY KAaMHSIMU U MO/l CHETOBBIM
rnmokpoBoM. HebGoublive pa3Mepbl pacTeHHUI TIpennoaraloT MeHblllee KOJUIECTBO pe-
CypCOB, WAYIIMX Ha UX TTIOCTPOCHUE, U MEHbIIIee BpeMsl, 3aTpaurMBaeMoe Ha POCTOBbBIC
MPOIIECCHI, UTO OCOOEHHO aKTyaJbHO B YCIOBUSIX KPATKOTO JOCTATOYHO CYpOBOTO Be-
reTallMOHHOTO Tleprona. B kpaiiHeM cBoeM BBIpaXKeHUUW 3Ta TEHACHIMS TTPUBOIUT K
MUKPOCKOITMYECKIM pa3MepaM BEICOKOTOPHBIX pacTeHnit. B wactHoctu, K. Képnep [5]
onyca pacTeHUs U3 BBICOKOTOPUI, KOTOPBIE B IIBETYIIIEM COCTOSTHUY UMEIOT pa3Mephl,
He TpeBbIIIA0IINe HECKOJIBKIX MUJUIMMETPoB. Ha cxeme 3Ta TeHIEHIIUS BhIpakeHa B
HarnpasieHusIX 3Bojouu 6uomMopd B-C-D u F-D (cM. puc. 2). MuHuaTIopHbIe XK13-
HeHHbIe (hOpMbI HanboJiee PACIPOCTPAHEHBI B BEPXHMX T0sICaX BBICOKOTOPHOI 30HbI,
IJe MUHMATIOpU3alusl SIBJIsIeTCsl HauboJjiee XapaKTepHOUM TeHAeHIel 0rnoMopdoio-
TMUYECKO 2BOJIIOLUM PACTeHUI. DTO MO3BOJUIO BBIACAUTDL TPyMny ouoMopd — rep-
neToUTOB (MJIM MPECMbIKAIOIIMXCSI PACTEHUIT), BEpTUKATbHBIE pa3Mephbl KOTOPBIX HE
MPEBBIIAIOT Pa3MEPOB BO3AYIIHOIO CJI0sI, B KOTOPOM OHM MOTYT CYIIECTBOBaTh, Ha-
3BAHHOTO HAMU «BbICOKOTOPHBIM reprietooruemM». [IprueM B JaHHYIO TPYTITY OTHECEHbI
KakK HeOOJIbIIINE TIPSIMOCTOSTUKME (OPOTPOITHBIE) PACTEHUSI, TAK U IOCTATOYHO KPYITHbIC
pacTeHus1, MoOeru KOTOPhIX, PaCIpOCTPAHSISICh TOPU30HTAILHO, HE BBIXOJST 3a Mpe/e-
JIbI BBICOKOTOPHOTO TeprieTooust (CM. TJIarMOTPOITHOCTD).

B HuKHEl yacTh BHICOKOTOPHOI 30HBI, IJIe COBOKYITHOCTb dKOTOMMYECKUX (HaKTO-
POB, CIEPXMBAIOLIMX BEPTUKATBHBIN POCT PACTEHMI1, OCIA0SAET CBOE BIUSIHUE U YCHU-
JIMBaeTCsl KOHKYPEHTHOE NaBieHue APYTMX BUIOB, MPOSIBISIETCS MpeodiasaHue opo-
TPOITHBIX TUTIOB MOOETOB, YTO HAPsIAY C YBEIMUEHUEM Pa3MEPOB PACTEHUI OnpeaeseT
ropasao 0oJiblIre pa3Mepbl HAAMOYBEHHOTIO MTPOCTPAHCTBA, OCBAMBAEMOTO (PUTOLICHO-
30M. OCOOEHHO 3TO XapaKTepHO JUISI TPABIHUCTBIX PAaCTeHUIi, KOTOpbie B OTCYTCTBUE
JIEPEBbEB JIOCTUTAIOT 3HAYNTEIBHBIX BEPTUKAIBHBIX PA3MEPOB: Ha abITUUCKUX JTyrax —
30—40 cm (cpenHeTpaBbe), HA CyOAIBITUIACKUX JIyrax — 4yacTo 1 M u Gosiee (BbICOKOTpa-
Bbe). [10aTOMY TaHHYIO TEHIEHIIMIO Y TPaBIHUCTBIX pACTCHUI B HanboJiee 01aronpusT-
HBIX MECTOOOUTAaHUSIX BEICOKOTOPHOM 30HBI MOXKHO PacCMaTPUBATh KaK eueaHmu3ayuio.

— I[lraeuomponnocms, KOTOpask MPOSIBIISIETCS] B (hOPMUPOBAHUM MOJIeTalonmX (Tuia-
TMOTPOITHBIX) TTOOETOB, PACTIPOCTPAHSIIONIMXCS TIO TTOBEPXHOCTH TTOYBBI, MOXXHO pac-
CMaTpMBaTh KaK alarnTalio OTHOCUTEIbHO KPYITHBIX PACTEHMI K 3aHITHIO OoJiee GJia-
TOMPUSITHOM MPU3EMHOI HUIIIM B CYPOBBIX YCIOBUSIX BEPXHUX IOSICOB BHICOKOTOPHOM
30HbI. JlaHHast TeHAeH1IMS BbIpakeHa B popmupoBanuu psaa H-1-J (cm. puc. 2).

— leogpumusayus MOXeT paccMaTPUBATHCS Kak JAajbHENIas yepTa MPpOCTPaAaHCTBEH -
HOI OpraHM3alluy KU3HEHHBIX (opM. Bbuto 3aMedeHo [6, 4], 4TO B BRICOKOTOPBSIX U
BBICOKUX LIMPOTAX JePEBSIHUCTbIE PACTEHUSI YIIOAOOISIOTCSI TPABIHUCTBIM, TaK KaK UX
MHOTOJICTHUE YaCTU MPSIIyTCsl OoJiee MJIKM MeHee TIIyOOKO B IMOYBe, CpeIHUE TeMIlepa-
TYpbl KOTOPOII OOBIYHO BbIlIE (OCOOEHHO B YCIOBUSIX CUJIBHOM COJTHEUHOM pamuanu
B BBICOKOTOPBSIX) U CTaOMJIbHEE, YeM TeMITepaTyphl MPUJIETatOIIETro BO3ayXa. DTO Mpu-
BOIUT K MpeodIaaHuIo MOA3eMHOI (pUTOMACChl HaJ HAA3eMHOM, YTO MO3BOJISIET pac-
TEHUSIM OJIarOTOJYYHO TIEPEHOCUTh pe3KUe KoJiebaHusl TeMIlepaTyp B OTHOCUTEIbHO
HeOOoJIbIIoN Hama3eMHON cdepe. OCOOEHHO SBHO JaHHAsT TEHACHLMS TPOSIBIISETCS Y
TOJI3yINX APEBECHBIX PACTCHUI, KOTIA UX MOOETH «IIPSIyTCS» B TOJIIE MXa WM T10-
YBbI, a HaJl TOBEPXHOCTHIO TTOMHUMAIOTCS TOJBbKO (DOTOCHHTE3UPYIOIIe OpraHbl. Ta-
Kue KpaitHe reoUTU3NpoBaHHbIE XU3HEHHbIe (hDOPMBbI pACTEHUIT Mbl HAa3BaIU «TICEB-
JOTPABSIHUCTBIMU».
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— Komnakmu3zayus BbIpaxaercss B GOpMUPOBAHUH TTOAYIIKOBUIHBIX, TIJIOTHOIEP-
HOBUHHBIX, KOUKOOOPA3HBIX KM3HEHHBIX (POPM, MMEIOIIMX OTHOCUTEIBHO HEOOIb-
1IyI0 TTIOBEPXHOCTh KOHTaKTa ¢ OKpyXatolleid Haja3eMHo# cpenoii (cMm. puc. 2, G). B
pe3yabpTate pacTeHus, CoKpallasi aCCUMUIUPYIOILYI0 MOBEPXHOCTb, MPUOOPETAIOT
GOJIBIIIYIO YCTOMYMBOCTb B CYPOBBIX YCJIOBUSX BBICOKOTOPHIA (HE TIPOIYBAIOTCS CUJIb-
HBIMUA BeTpaMU, HUBEJIMPYIOT Tlepernaabl TeMIiepaTyp (0COOEHHO C TIEpeX0olIoM depes
0°C), noctaTouHO 3(PPEKTUBHO YAePKUBAIOT JIEMEHTHI IIMTAHUS U BIAry B cpepe CBO-
el xu3HenesTeabHOCTU [7]. PesynbTraToM (hopMUpPOBaHUSI KOMITAKTHBIX SKM3HEHHBIX
(bopM sIBAIsIETCS TTOBBIIIEHUE UX YCTOMYMBOCTU B (DYHKIIMOHATBLHOM COCTOSIHUM, UTO B
CYPOBBIX YCJIOBUSIX BBICOKOTOPHIA TTO3BOJISIET TAKUM KU3HEHHBIM (hopMaM MHOT/IA Tpe-
00J1afiaTh B paCTUTEJIbHBIX CO00IIeCTBaX (puc. 3).

Puc. 3. KprnodutHoe moayImkoBUIHOE PaCTCHUE Y PACTCHUS IPYTUX KU3HEHHBIX (DOPM Ha BBITIOJIO-
>KeHHOM Bopopasaene Kypaiickoro xpe6dta, Ha Beicote 2950 M Ham yp. M. (I — Potentilla biflora, 2 — oc-
HOBaHMe MOAYLIKOBUIHOM JIAITYaTKH, 3a0JTHEHHOE cyOcTpaToM, 3 — KOpHeBasi cuctema, 4 — Papaver
pseudocanescens (KcepoMOPGHBI TBYIOJBHBIN TPaBIHUCTBIN reprietoduT), 5 — Lagotis integrifolia
(Me30MOpdHBIN TPaBIHUCTHII TeprieToduT), 6 — Poa altaica (HenepHOBUHHBIM TPAMUHOUI-TEPIIETO-
(uT) (00OBSICHEHUS CM. B TEKCTE)

Jpyrum BaxXHBIM KpuTepueM audepeHIaluy XU3HEHHBIX (POPM BBICOKOTOPHBIX
pacTeHuit SIBJIIeTCs TPABIHUCTOCTD WU J€PEBIHUCTOCTD, YUTO OOBIYHO B3aMMOCBSI3aHO
C MHTEHCU((UMKaLIMEN WU 3aMeUIEHUEM XU3HEHHBIX MPOLIECCOB U IJTUTEbHOCTBIO CY-
ILIECTBOBAHUS PACTEHUI U UX YACTEH.

B xauectBe auddepeHImpyoliero npru3Haka UCMoab30BaHO pa3ejeHue Ha OHO-
TTOJIbHBIE U ABYAOJbHBIE PACTCHUS.

KpomMe Toro, mist pa3neneHust XKU3HeHHBIX (POpM MCITOIb30BaHbI KpUTEpUHU: 1) Me-
30Mop¢r3Ma, KOTOPBII MPOSIBIISETCS B MPEe00IafaHUN MSITKUX JIMCThEB C OTHOCUTETb-
HO 00JIBIIION (hOTOCMHTE3UPYIOIIEH TTOBEPXHOCTHIO, 2) KcepoMopdr3Ma, TTPOSIBIISTIO-
merocsi B hOpMUPOBAHUU Y3KUX JINCThEB, YACTO TTOKPBITHIX BOCKOBUIHOW KYyTUKYJION
WY OMYIIEHHBIX CBETIBIMU BOJIOCKAMHU, YTO CIIOCOOCTBYET COXPAHEHWIO BJarv Ipu
OTHOCHUTEILHO HEOOJbIION (hOTOCMHTE3UPYIOIIEH MOBEPXHOCTU, U 3) CYKKYJIEHTHO-
CTH, KOTOpast OTPaKaeTcsl B yTONIIIECHUM JTUCTHEB U MOOETOB M OOBIYHO CBsi3aHa ¢ SAM -
MeTaboJIM3MOM KakK Mopdosoro-Gu3nosoruueckoil crpaterueil coxpaHeHusl BJIaru.
Kpome Toro, cykkyJaeHTHOCTbh U HAJIMYME OPraHWYECKUX KUCJIOT B TKAHSX CIIOCOO-
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CTBYIOT YCTOMYMBOCTHU (DOTOCUHTE3UPYIOILIETO arrapaTa paCTeHUI B yCIOBUSIX YaCThIX
repenangoB TeMIIEparyp.

Ha ocHoBaHuu aHanun3za TeHaeHIUI 6MOMOPdOI0rMuecKoil 9BOIIOUUY PACTEHUIL B
BBICOKOTOPHOI 30HE YMEPEHHOTO Tosica U SMITUPUIECKOTO U3ydeHUs1 OnoMopdoiorn-
YECKOTO Pa3HOOOpa3usl pacCTeHUl BHICOKOTOPHBIX (hUTO1IeHO30B ['opHOTO AJTast Oblia
paspaboTaHa cucTeMa XU3HEHHBIX (DOPM BBICOKOTOPHBIX PACTEHUI, KOTOPYIO MOKHO
WCITOTb30BaTh JIJIST U3y4eHUsI GMOMOpdOI0oTnIecKoro pazHooOpasus GUTOIIEHO30B ce-
BEPHBIX TYHJIP:

1. MuHMaTIOpHBIE MHOTOJICTHUKM C pa3Mepamu A0 2—3 cM;

2. TpaBssHUCTBIE MHOTOJIETHUKHY C pa3MepaMu, He npeBbiatnmmu 10—15 cMm, o1-
HEeCeHHbIe HaMM K TpymniIie reprero¢uTos: 2.1. Me3oMopdHbIe TPaBIHUCThIE ABYI0b-
Hble TeprneTodUThl, BKIOYAs MSITKOJIMCTHBIE M TOJYCYKKYJIEHTHbIE TIeprneTo(uThI;
2.2. Me3oMop(dHbIE OTHOMOIbHbIE TPaBIHUCTbIC TeprieToduThl; 2.3. CyKKyJIEeHTHbIC
reprieroduthl; 2.4. KcepoMopdnbie TpaBsiHucTbie reprnetoduthl: 2.4.1. Kcepomopd-
HbI€ JIBYIOJIbHBIE TPaBSIHUCTbIC TeprieTouTsl; 2.4.2. HenepHOBUHHBIE TPAMUHOUIbI-
reprierouThl; 2.5. MenkonepHOBUHHBIE MOPGOTHUITBL: 2.5.1. [IBymOIbHbBIE MEIKOIEP-
HOBUHHBIe reprietouthl: 2.5.1.1. JIBy10JbHBIE MEIKOACPHOBUHHbBIE MSITKOJMCTHbBIC
reprietouThl, 2.5.1.2. IBy10JbHbBIC MEJKOIEPHOBUHHBIE KCEPOMOPdHBIE TepreTohu-
ThI; 2.5.2. MenKonepHOBUHHbBIE TPAMUHOWIBI;

3. IpeBecHble repreToGuThl (BepTUKaIbHbIE pa3Mepsbl He TipeBbiatoT 10—15 cm):
3.1. IlceBmorpaBsHucteie pacrenus; 3.2. lllnanepusle pacrenus; 3.3. KycrapHuuku;
3.4. HuBenmmpoBaHHbBIE KyCTapHUKN;

4. IlnotHble (OPMBI «IKOTOIMYECKUX TepIIETO(UTOB», KOTOPHIE BKIIIOYAIOT:
4.1. ogymkoBuaHble pacTteHus; 4.2. KpynmHoaepHOBUHHbBIE OBYIOJIbHBIE IIBETKOBBIE
pactenust; 4.3. KpynmHonepHOBUHHBIE TpaMUHOMIRI (tussock);

5. KO pacTteHuii OTHOCUTEIBLHO OJIATOMPUSTHBIX MECTOOOUTAHUI BBICOKOTOP-
HOI 30HBI, BKItovaroiue: 5.1 Me3zomopdHble pacteHus jayros: 5.1.1. JIBymoiabHOe
cpenHeTpaBbe; 5.1.2. JIByaoJibHOE BBICOKOTpaBbe; S5.2. Me3oMopdHbIe rPAMUHOUIBL;
5.3. TlpssmocTtostune KyctapHuKu; 5.4. [lepeBbs; 6. KD ceMUapuaHbIX U apUIHBIX BbI-
cokoropuii: KcepomopdHbie MOJYKYCTapHUYKU U MOJTYKYCTAPHUKHU.

st u3yyeHMs] COOTHONIEHUsI MoKasaresieil BUAOBOro U OMOMOPGHOIOrMYecKOro
pa3Ho00Opa3uii ObLIM UCITOJIb30BaHbl CPABHUTE/ILHBIC UCCIIEAOBAHUS HA MIPUMEPE MO-
NEJBHBIX (DUTOIIEHO30B, OTHOCSIIMXCS K Pa3JIMUHBIM THUIAM BBICOKOTOPHOM pacTh-
teabHOCTH Pecriyonuku Anraii (puc. 4). KoimuecTBo BUIOB LIBETKOBBIX PACTEHU I OBLIIO
TOJIYYEeHO TPU CTAaHAAPTHBIX Te000TAaHMYECKUX onucaHusIX. KonmnuecTBo XKM3HEHHBIX
(opM pacTeHUIT OBIIO TTOJYIEHO TIPY aHATM3e GMOMOPMOTOTUIECKUX CIIEKTPOB, TTOJTY-
YEeHHBIX B TeX Xe (DUTOIIEHO3aX, ¢ TTOMOIIIbIO BBIIIETTPUBEIEHHON CHUCTEMBI KU3HEH-
HBIX GopM. Hng aHanmm3a MpUBOAMINCH HauOoJee TUIIMYHEBIE (YyCpeTHEeHHbIE) (DUTO-
LIEHO3bl M3 BBHIOOPKM OMMUCAHUI (BBICOKOTPAaBHBIC aJIbLIIMIICKKUE JIyra — 5 ONMMCaHUIA,
cpemHeTpaBHbIe albluiickue jayra 11 ommcaHuii, HU3KOTpPaBHbIE aJbIIMICKUE JIyra —
21 onucaHue, IMCeBAOTYHAPHI — 21 onucaHue, IpuaaoBbie TYHAPBI — 18 onucaHuii, Ky-
CTApHUKOBBIE TYHIPBI — 5 OMUCAHUi, KPUOPUTHBIE MOAYIIEYHUKNA — 16 ONMmucaHuii,
KcepodUTHBIE MOAYIIEYHUKN — 36 onucaHuit). OCHOBHBIM KPUTEPUEM yCpPEeTHEHUS
SIBJISLIOCH YCPEMHEHHOE YMCJIO BUIOB B COOOILECTBE, KPOME TOTO, UCITOJIb30BAJICS KPH-
TepUil «Hanboee TUMMYHOTO (PUTOLIEHO3a» JIsI JAaHHOTO TUIIa PACTUTENBHOCTH, YTO
COOTBETCTBOBAJIO, HA HAlIl B3IJIsI, HaKboJIee yCPpeNHEHHbIM MOKa3aTeJsiM /151 TaHHOTO
TUTIA PACTUTEJIbHOCTH. )15 HEKOTOPBIX TUIIOB PACTUTEIbHOCTU MPUBOJISITCSI HECKOJIBKO
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BapMaHTOB MOKa3aTeseil, KOTOpble COOTBETCTBYIOT BapualusM (pUTOLIEHO30B B pas-
JIMYHBIX MECTOOOUTAHUSIX WJIU IPYTUM MPUYMHAM.

PesynbraThl M3yuyeHUs] KOPPEJISLUM BUJOBOTO U OMOMOP(OJOrMUecKoro pasHoo-
Opa3uii B HEKOTOPBIX BHICOKOTOPHBIX (huTolieHo3ax Pecryonnku Anraii.

[MomnpoOyeM mpoaHaIM3UpoOBaTh OTHOCUTEIbLHOE OMOMOPMOJOTUUECKOE Pa3HOO-
Opasue B pa3IMuHBIX BEICOKOTOPHBIX (pUTOIIeHO3aX PecrmyOamku AnTail, OTHOCSIITUXCS
K pa3IMYHBIM TUTIAM PAaCTUTEILHOCTH (pHuC. 4).

35.
5631
30.
AS2%
Z.
7,239 823
Hs52ME622
8
20.
E @619 ®9:19
L ® 618
< 717
<] @51
o 151
L
E, &5 13@6 13
=] W5 12
"‘ A3
10
949
W3
m26 W36
54
0
0 2 4 6 8 10

KOJHY€CTBO “KH3HEHHBIX [l)OpM

[ - BBICOKOTPaBHBIE cy0aabNHiicKHE JIyTa . - CpeIHeTpaBHbIE AJIbNHICKHE JIyTa
‘ - HA3KOTPABHBIE AJIbNHICKHE JIyTa ’ - nceexotyaps! [JJ] - apuanoesie TyHAPHI
‘ - KYCTAPHHKOBbIE TYHAPbI . - KpHO(QHTHBIE NOAYMEeYHHKH - KOOpe3HEeBHHKH
. - Kcepo(HTHBIEe NOAYMEeYHHKH
Puc. 4. [TonoxeHne HEKOTOPBIX TUTIOB BEICOKOTOPHOU pacTuTebHOCTH PectyOmuku Araii B ipo-
cTpaHcTBe (hakTOPOB BUAOBOTO 1 OMOMOPGhOIOrnueckoro pasnoodpasuii. [lepsas uudpa ciesa or

3HauKa 0003HaYaeT KOJIMYECTBO KMU3HEHHBIX d)OpM paCTCHI/Iﬁ B (1)I/ITOHCH036, BTOpas — KOJINUYECTBO
BUIOB IBETKOBBIX paCTCHI/Iﬁ

Kak BunHO u3 puc. 4, B 60JIbIIMHCTBE JYTOBBIX (DUTOLIEHO30B (0003HAYEHHBIX 3€/Ie-
HBIM LIBETOM) OTHOCUTEJIbHOE OMOMOPGhOIOrnYecKoe pa3Ho0Opa3re J0CTaTOYHO CXO/I-
HO, HO OIIpeAeIsieTcsl pa3IMYHBIMKU KOJMYECTBEHHBIMU ITOKa3aTeIsIMU 01oMOopdOJI0-
TMYECKOIro U BUAOBOro OMOpa3HOOOpa3uii.

B 6vicokompaenbix cybasvnuiickux ayeax Ha 3amagHoM MakpockioHe KaTtyHckoro
xpebTta (oKpecTHOCTH BepxHemynbTrHCKOTro o3epa u o3epa [lonepeunoro, KatyHckux
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xpeb6eT) mokazareau OBP — 0,33(2; 6), 0,37(3; 8). B xome CyKlIeCCHOHHOTO pa3BUTUS
BBICOKOTPABHBIE JIyTa UMEIOT TEHASHIINIO K Pa3BUTUI0 MOHOTOMMHAHTHOCTH U YMEHb-
IIEHWI0 BUIOBOTO pa3HOOOpa3usl B pe3ysibTaTe KECTKOTO KOHKYPEHTHOTO TaBJICHUS
JMIOMUHMPYIOIIMX BUIOB BBICOKOTPaBbs. BMecTe ¢ TeM Il KaMeHUCTBIX OCBITIei, Te
MPpOU3pacTaeT 3Ta PACTUTEIbHOCTb, XapaKTePHO 3HAYMTEIbHOE TMPOCTPAHCTBEHHOE
pa3HooOpa3ue KOHrperamuii (Ioj KOHrperauueil MOHMMarTCd (DUTOLIEHO3bI, Y KO-
TOPBIX JOMMHAHTBI OTHOCATCS K Pa3HbIM BUAAM, HO OTHOCSITCS K OHOM XXM3HEHHOM
(bopme), CBA3AHHBIX C CYKIIECCHOHHBIMU CTAlMSIMU B YCJIOBUSIX MEXaHUYECKOM HecTa-
OWJIBHOCTH CyOCTpaTa U pa3HUIIei BO BpeMEeHU CTauBaHMWsI CHETOBOTO MoKpoBa. JJaHHas
0COOEHHOCTD OIpejie/iseT CYIIeCTBEHHBIC Pa3IMuusl B BUIOBOM COCTaBe KOHTperaiuii
MpU OTHOCUTEJIBHO CXOIHOM MX CTPYKType. B pesyibraTe 3TOro B BHICOKOTPABHBIX CY-
OaJIBIMIACKUX JIyTaX BUIOBOE pa3HOOOpa3ue XapaKTepus3yeTcs KpaifHel CTereHbIo He-
BbIpOBHEHHOCTU. ClieyeT OTMETUTDb, YTO UCCIIEAOBAHMS, IPOBOAMBIINECS B TaHHOM
MecCTe T10 CTaHAApPTHBIM METOAMKAM reo00TaHWYECKUX onucaHuii [§], mokasanu, 4To
YUCJIO BUAOB IIBETKOBBIX PACTEHMI B CyOANBITMICKUX BBICOKOTPABHBIX (PUTOIIEHO3aX
nmocturaet 25—33. 1o BeIIEN3TOKEHHBIM IIPUYMHAM, IJISI CPAaBHUTEIBHBIX UCCIEA0Ba~
Huit OBP ncnoab30BaTh OTHOCUTEILHO OTHOPOIHBIE TT0 BUIOBBIM XapaKTepUCTUKAM
KOHTpeTaliy, KOTOPbIe CO3/IaBajii MO3auKy B TIpe/iesiaxX TIoaar OMHOTO Te000TaH -
YecKoro onvcanus. VMcronb3oBaHue e CTaHIAPTHBIX Te000TaHUYECKUX TUTOIIAneii B
IIAaHHOM cJiy4yae nepeMecTuT mokasarean OBP cybanbnuiickKux BEHICOKOTPaBHBIX JTYTOB
B BEPXHIOIO JIEBYIO YacTh TpacuKa, YTO MO3BOJMUT OTHECTH MX K MHOTOBUIOBBIM, HO
O6roMopoSIornyecky 0eTHbIM (PUTOLIEHO3aM.

B cpednempasruix anvnuiickux ayeax (cMm. puc. 4), o0cie10BaHHbBIX B pailoHe MyiJib-
TuHCKUX o3ep (KaryHckuii xpebeT), mpocTpaHCTBeHHas TeTepPOTeHHOCTh MEHee Bbl-
paxkeHa — «TpaBOCTOI JTOCTaTOUHO OJHOPOJECH, BBIACISIOTCS JIUIb TITHA MO3auKU,
OTpakallle U3MEHEHHUE CTeNeH! eOHUCTOCTH TTouBkl» [8. C. 38]. DTO, BEpOSITHO,
CBSI3aHO C 2KCTpeMaju3allleil cpelbl, YTO ONpelessieT MEHbIIYI0 MWHBAPUAHTHOCTh
CTPYKTYPBI TPaBIHUCTBIX (DUTOLIEHO30B, 00Jiee KECTKO CBSI3aHHOMW C YCJIOBUSIMUA 3KO-
toroB. CJIeICTBMEM Yero SIBJISIETCSI OTHOCUTEIHLHO BbICOKAsI CTENEHb BHIPABHEHHOCTH
BUIOBOTO 1 6MOMOP(MOJIOTMYECKOro pa3HOoOpa3nii B riepeaenax ¢puroneHo3a. I1o Ha-
UM HaOIIoIeHUSIM, 6oJiee TIPOCTPAHCTBEHHO TeTePOTeHHBIMU SIBJISIIOTCST TTOJTUIOMU -
HaHTHBIE CpPeTHETPAaBHBIC JIyra, XapaKTepHble UIS BEPXHEH YacTu Tosica CyOambIIuii-
CKOI1 paCTUTEJILHOCTH (B MeCTax ¢ 6oJiee ITUTeTbHBIM ITEPUOIOM CTAUBaHUS CHETOBOTO
MOKpoBa), a Hambojee MPOCTPAHCTBEHHO OJHOPOIHBIMU SIBJISIOTCS 3MEEBUKOBBIC
aNbIUicKue Jiyra (1o ToKas3aTesiM BepTUKATbHBIX pa3MepOB paCTeHU, MPUOJIMKAIO-
IIMXCST K HU3KOTPABHBIM aJIBITMICKUM JIyraM), TTpou3pacTaloliye Ha BepXHeM Ipenee
CYIIECTBOBAHMSI 3TOM paCTUTEIbHOCTH BOJIM3M HUBATBHOTO Mosica. [Topsimok BUAOBOM
HACBIIIIEHHOCTH OMUCAHUS MOJIUJAOMUHAHTHOTO Jiyra (19 BUAOB) CXOJEH 3TUM TOKa-
3aTesieM OJM3Koi accormanuu ayro Aguilegio glandulosae-Festucetum krylovianae
(18—29 BumoB) B JaHHOM paiioHe. [Ipu 3TOM yMeHbllIleHUe BAUSHUS TOMUHAHTOB Ha
CTPYKTYpY €00011iecTBa ([0 CPaBHEHMIO C BHICOKOTPABHBIMU aJIbIMIUUCKUMU JyraMu),
a TaKXXe TOBBIIICHUE CTEMeHU 9KCTPEMAJTbHOCTU M IMHAMUYHOCTH KJIMMaTa ¢ POCTOM
a0COJIFOTHOM BBICOTBI CITOCOOCTBYIOT POCTY 3TTMMOP(OJIOrMYecKOro U BUI0BOI0 pa3HoO-
00pasust GUTOLIEHO30B CPETHETPABHBIX aTbITUICKUX JIYTOB IPU CXOAHBIX MTOKAa3aTesIX
OBP (0,31) ¢ BEICOKOTpaBHBIMU QJILITMIACKUMMU JIyTAMU.

JlocTaToOuyHO BBICOKHME IMMOKA3aTeIM BUIOBOTO Pa3HOOOPa3us HU3KOTPaBHBIX ajlb-
MUICKKX JIYTOB MOKHO OOBSICHUTH POCTOM BUIOBOTO pa3HOOOPA3Us TIPU JabHEUIIIeM
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CHUXXEHUM DPOJIU (PUTOLEHOTUYECKOTO OTOOpa B CYO3KCTpEeMAalIbHBIX YCJIOBUSIX, TO-
3BOJISISI TUM COOOILECTBAM JTOBOJIbHO TMOKO pearnpoBaTh Ha CMEHY 2KOJIOTMUYECKOM
00CTaHOBKM 3a CUET yBeJIMYEHHUsI 3HAaUeHUs1 00Jjiee COOTBETCTBYIOLIMX JAaHHON 9KOJO-
TMYECKOi cuTyalu BUaOB. B To ke Bpems GrnoMopdoornueckoe pa3HooOpasre 3Tux
COO0I11eCTB OCTAETCSI HA YPOBHE CPEHETPABHBIX aTbITUICKUX JTYTOB. [IprunHamMu 3Toro
SIBJISTIOTCST CYPOBBIE YCIIOBWMSI, TIPETISITCTBYIOIINE MPOHUKHOBEHHIO 60Jiee BBICOKOPOC-
JIBIX pacTeHUii. B To ke BpeMsi B YCIIOBUSIX TOCTATOUHOTO YBIaKHEHUST Me30MOpPGhHbBIE
TPaBSIHUCTbIE JBYI0JIbHbIE TepreTO(MUThI, 00pa3yolliue «KOBPOBBIN 1epH», aOCOJIOT-
HO JOMMHUPYIOT B TaKMX (PUTOLIEHO3aX, Ky/la MPOHUKAIOT HeIepPHOBUHHBIE TPAMUHOM -
IIbl, IIMaJepHbIC PAaCTEHUS 1 MUHUATIOPHBIE MHOTOJIETHUKU (puc. 5).

15cm

Puc. 5. BeptukaibHasi cTpykTypa hparMeHTa HU3KOTPABHOI'O JIyra Ha CKJIOHE 3aIaHoi 3KCIO3ULIMU
(orporu Cesepo-Yyiickoro xpeoTa (l'opHblit Anrtait), 2400 M Haa yp. M.): 1 — Potentilla gelida

C.A. Meyer, 2 — Claytonia joanneana Roemer et Schultes, 3 — Bistorta officinalis Delabre (Mme3omopd-
Hble TpaBsiHUCTbIE reprieToduThl); 4 — Cerastium subciliatum H. Gartner (MUHUATIOPHOE pacTeHUE);

S — Salix rectijulis Ledeb. ex Trautv. (1unajepHoe pacteHue)

3HaunTeNbHBIE BapUallNY MTOKa3aTesieil 6MoMopdooTHIecKOro U BUIOBOTO pa3HO-
0o0pa3uii 0TMEUArOTCsI ¥ B COOOILIECTBAX 8bICOKO2OPHO20 MYHOPOB020 buoMa.

IMon ncesdomyndpoii MOHUMAETCSl PACTUTEIBHOCTb, TEHETUYECKM BOCXOMSINAs K
ATBIUNACKOMY THUITY PACTUTEJIbHOCTU, HO SIBJSIONIASICS CISACTBUEM <«IepepabOTKMI»
HCXOMHO aJbIIUICKUX BUIOB B pe3yJibTaTe MX afanTalnu K 6oJjiee CYypOBbIM YCIOBHU-
sIM TOPHO-TYHIPOBOI'O ¥ CYOHUBAJIBHOTO TMOSICOB, B TOM MM MHOI Mepe oboralieHHast
aJIeMEHTaMU JIPYroro, He <«ajJbUACKOro» reHesuca (merpoduthbl, KpUohUTHbBIE MO-
IYHIEYHUKY U 1p.). [1ceBAOTYHApa 3aHMMAET BBICIIYIO CTYIIEHD M0SICOB PACTUTEIbHO-
CTH B CEMMAPUIHBIX TOPaX BHYTPUKOHTUHEHTAIbHOM A3MU, COCEICTBYSI C XOJIOAHBIMU
MYyCTBIHSIMU, OT KOTOPBIX OTJIMYAETCS OOJIblIEl COMKHYTOCTbIO PACTUTEJIBHOTO IO-
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KpoBa. B ¢uroneHo3ax nceBaOTYHAPHI (CM. puc. 4), onmMcaHHbIX Ha ruiato Bomomnan-
Hblil (monuHa AkTpy, CeBepo-Uyiickux xpebet), mokasareiabr OBP Bapbupyer ot 0,19
1o 0,47. B HanboJiee CypOBBIX YCIOBUSIX BEICOKOTOPHOM 30HBI Ha Ipeiesie BEICOTHOTO
pacrpocTpaHeHUsI PaCTUTEIBHOCTU B ropax AjTast (DMTOLIEHO3bI TICEBIOTYHAPHI UMe-
IOT CYIIECTBEHHBIE Pa3IyMsl, OTpelesisieMble TeM, YTO Ha 3KOJOTUYECKOM IIpelesie
CYIIECTBOBAHMST paCTCHUI axe HEOObIIIME U3MEHEHUS 9KOJOTUIECKNX (DaKTOPOB B
OTKPBITHIX (DUTOIIEHO3aX UMEIOT CYIIECTBEHHBIE TIOCAEICTBHS TSI KOJIEOaHUST BUTOBBIX
u 6ruomMopdoIornuecKux xapakrepuctuk. Hanbosnee kpaiiHsst mpasas Touka 0,47(9;19)
MOKa3bIBaeT COOTHOIIEHWEe OMOMOPMOIOrMYecKMX M BUIOBBIX TMOKa3arejieil B CO-
00111eCTBe ¢ MpeodagaHueM IepHOBUHHBIX pacTeHMI BO3JIe KPOMKU JieaHuKa. Touka
0,38(5;13) cooTBEeTCTBYET BapuaHTy MCEBIOTYHAPHI, Hanbogee OJIM3KOMY K XOJOTHBIM
BBICOKOTOPHBIM MYCTBIHSM. [IceBIOTYHOPHI ¢ MpeobiagaHueM TCeBIOTPaBSIHUCTBIX
pacTeHuit, pa3BuBalollMecs B 0oyiee 0JaronpusITHLIX YCIOBUSIX, Ha rpaprKe TSIroTeioT
BieBo 0,34(8;23) n 0,19(6;31) 1 UMEIOT HECKOJIbKO MEHBIITNE TTOKA3aTeIM OTHOCUTEITb-
HOro OromMopdosornyeckoro pazHoodpasus, 4To 0ObSICHUMO, MpeXae Bcero, 0osee
OJIArONPUSTHBIMU YCJIOBUSIMU, CIIOCOOCTBYIOIIIMMU MTPOHUKHOBEHUIO B (PUTOLIEHO3BI
JIOBOJIbHO 3HAYMUTEJILHOTO KOJIMUYECTBA BUJIOB PACTEHUIA.

B dpuadosvix myndpax (cm. puc. 4) oTHOCUTeIbHOE OMOMOPdOIOTHYECKOE pa3HOO-
Opa3ue XxapaKTepu3yeTcsl JOBOJIBHO OOJIBIIMMY BaprauusIMu. MaKkcuMaabHOE 3HaYeHe
OBP — 0,5(3;6) — oTMeueHO B ApMAmOBOil TyHApe Ha xpedre Tammyaup, Ha apuIHOM
npenese Mpou3pacTaHusl IpUagoOBbIX TYHAP Ha AJiTae, U OObSICHUMO TeM, YTO B TaKUX
YCIOBMSIX ApUana HOpMUpPYeT MaKCUMAJIbHO TUIOTHBIE JIEPHOBUHBI, B KOTOPbIE MOXET
MMPOHUKHYTbh HE3HAUUTEIbHOE KOJUYECTBO BUIOB APYrUX pacTeHuit. B To e Bpems Ha
TYMUJIHOM TIpefiesie CyIIECTBOBaHUSI 3TOro (hutoleHo3a (3ananHas yacTb KaTyHcko-
ro xpedTa) BbICOKOE OTHOCUTEIbHOE Ouomopdoiornueckoe pazHoobpasue 0,41(5;12)
CBSI3aHO, TIPEXIE BCETO, C TOBBIIICHUEM CTEIEeHU OTKPBITOCTH 3TUX (DUTOLEHO30B B
YCJIOBUSIX OTHOCUTEJBbHO BJIAXKHOTO KJIMMaTa, CIIOCOOCTBYIONICH TMOBBIIICHUIO Pa3HO-
o0Opasust kak 6uoMopd, Tak U YKciia BUAOB pacTeHUi B coobiiectse [12]. BepositHO,
MWHUMAaJIbHBIE TTOKAa3aTeIi OTHOCUTEIHHOTO OMOMOPGHOIOTHIECKOTO pa3HOoOpasusl,
OTMEUYEHHEIE B IpranoBbIX TyHApax Ha T. Caransl (0,22(5; 22)) u CeMuHCcKOM XpeOTe
(0,27(6; 22)), siBnsgioTcs 0ojiee TUMMMUHBIMU IJIsI 3TOM PACTUTEIbHOCTU Ha Astae. DT
JPUAIOBbIE TYHIPBI OTHOCUTEIBHO OJIM3KM TI0 TMOKa3aTesiM 0MoMopdOI0rMIecKoro u
BUJIOBOTO Pa3HOOOPAa3us K IMCEBAOTYHAPAM C ITPeodIaaHueM TICeBIOTPaBIHUCTBIX pac-
TeHUI (TUIIMYHAS XU3HEHHas1 hopMma Apuaibl) (CABUHYTHI B JIEBYIO 4acTh Ipaduka).
B 10 3xe BpeMst ipragoBbie TYHAPHI Ha ITpeesie 9KOJI0rnIeckoro apeaa (B ceMUapuaHbIX
1 JOCTaTOUYHO TYMUIHBIX YCIOBUSIX) XapaKTepU3YIOTCsS OTHOCUTEIbHO HU3KMM BUIOBBIM
pa3zHooOpa3reM COOOIIECTB MPU OTHOCUTEIBHO HEOOJIBIIIOM CHUXXKEHUU 0MoMOpdhoIIo-
rMYeCcKOro pa3HooOpasusi, 4To OIpeesIsieT UX CABUT B ITpaByl0 CTOPOHY rpaduka.

[MosnoxeHne KycTapHUKOBBIX TYHAP C JTOMUHUPOBAHUEM KapJMKOBOW Oepe3Ku Ha
rpacduke (cM. puc. 4), BEpOSITHO, BO MHOTOM OTIpeeIsieTcst 31M(DUKATOPHBIMU OCOOEH-
HOCTSIMU KyCTapHUIKOBOTO M MOXOBOTO SIPYCOB, C KOTOPBIMM CBSI3aHBI KaK CTPYKTypa
COO00I1IeCcTBa, TaK U YCIOBUS IPOHMKHOBEHUST IPYTUX pacTeHMit B Hero. OCOOEHHO 3TO
XapaKTepHO IJI KyCTapHUKOBBIX TyHApP Ha KaTynckom xpedte (OBP — 0,27(3;11)), rme
MOIITHBI MOXOBBIM TTOKPOB, (POPMUPYIOLINICS B YCIOBUSX XOPOILETO YBIAXHEHUS,
MPETSTCTBYET TMPOPACTAHMIO IIBETKOBBIX PACTEHMiII, Pa3MHOXKAIONIMXCS CEMEHaMM.
C 1pyroii CTOpOHBI, cpelia MOXOBBIX KYCTAPHUKOBBIX TYHIP CITOCOOCTBYET BEreTaTHUBHO
BO300HOBJISIIOIIUMCSI pacTeHUSIM-OproduiaM.
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MeHbllIee KOJMYECTBO OCAaIKOB B KYCTapHUKOBBIX TyHApax Ha T. CapiblK
0,41(7;17) mpensITCTBYET pa3pacTaHUIO CILIOIIHOTO MOXOBOTO Ha3eMHOTO sipyca U
MPUBOIUT K YBEJIWUYEHUIO 3HAYEHUS JUIIAHUKOB, YTO OMpeaessieT OOJIbIIYIO CTe-
MeHb OTKPBITOCTU MOXOBO-JTUIIAfHUKOBBIX BAPUAHTOB KyCTAPHUKOBBIX TYHIP U, CO-
OTBETCTBEHHO, CITOCOOCTBYET YBEIWUYCHMIO MX BHIOBOTO M OMOMOPGHOIOTHIECKOTO
pa3zHooOpasusi.

Kpuogpumnuosie nodyweunuxu (cM. puc. 3), CyLIECTBYIOIIME Ha BEpXHEM BBICOTHOM
Tpenese pacipoCTpaHeHUsT PACTUTEIBHOCTH B Topax AjTasi, TPeICTaBIsIOT COO0M OT-
HOCHUTEJIbHO MaJIOBUJIOBbIE COOOIIECTBA C JOCTATOYHO BBICOKMM OMoMOpdosornye-
ckuM pasHooOpasueM (OBP 0,44(4; 9); 0,46(6; 13)).

Bricokoe oTHocuTebHOEe OGMOMOP(DOIOTHMYECKOEe pa3HOOOpa3rue OTMEYEHO B OT-
KPBITBIX COOOIIIECTBAX Kcepodumubix nodyuieunukos (KpacHbIi Kpyr Ha rpacduke u 3Ha-
yenus 0,33(6;18), 0,46(6;13) u 0,41(5;12), 6au3KMe K JaHHBIM ITOKa3aTeJISIM [UTSI KpY-
o(uTHBIX TToAyIIeYHUKOB). KcepoduTHbIe MOAYIICYHUKNA Ha AJiTae TIpOM3pacTaioT B
HUXXHE 4acTy BBICOKOTOPHOI 30HBI Mo 6opTaM Yylickoil u KypailcKoit KOTJIOBUH ¢
JIOCTATOYHO apUIHBIM KJIMMaTOM.

KprodurHble u kcepoduTHbIE MOAYIIEYHUKU (MJIM HAaropHbie KcepodUThl) Ha
AnTae npeacTaBistoT coboi GU3MOHOMUYECKU CXOHbIE, HO Pa3BUBAIOIINECS B CYILIE-
CTBEHHO OTJIMYAIOIINXCS 9KOJIOTMUECKUX YCIOBUSAX COOOIIECTBa ¢ TOMUHUPOBAHUEM
TTOMYIIKOBUAHBIX pacTeHMit. [Ipym MOCTaTOYHO BBICOKOW CTENEeHM HaIpPsKeHHOCTH
abMOTUYECKOM CPEIbl JUMUTUPYIOIINM (GaKTOPOM ISl KpUOMDUTHBIX TTOMYIIEUHUKOB
BBICTYNAIOT HU3KKUE TeMIIepaTyphl Ieproia BereTalinu, Ha (hoHe KOTOPBIX HAaOJII01ai0T-
Cs IPaKTUIECKH €XeCyTOUHbIE 3aMOPO3KH, B TO BPEMST KaK IOBOJbHO BBICOKHE JIETHHE
TeMIIepaTypbl B MECTOOOMTAHUSIX KCePOMUTHBIX MOAYIIEYHUKOB MPUBOMAT K Aedu-
LIMTY BJary (Mpv JAOBOJBHO BBICOKMX KOHTpAacTax CyTOYHBIX TeMmepaTyp). B enom,
cy0aKCcTpeMalibHbIEe YCJIOBUSI MECTOOOMTAHUM COOOIIECTB MOMYIIEYHMKOB CIIOCO0-
CTBYIOT (DOPMUPOBAHUIO JOBOJBLHO BLICOKOIO OMOMOP(OJIOrnyeckoro pazHooopasus
MPY OTHOCUTEIbHO HEBBICOKOM BUAOBOM. [Ipu 3TOM, Kak MoKazajiu MCCIeA0BaHUsI,
HECKOJIbKO MEHEEe CYpPOBBIC YCIIOBUSI TTPOU3PACTAHUST M KCEPOMOP(HbBI BEKTOP BOJTIO-
LIMM CKa3aJMCh Ha TOBBIIIEHUU BUIOBOTO U OMOMOP(DOIOTHUYECKOTO pa3HOOOpas3us B
coo01IecTBaX KCepOMPUTHBIX TTOAYIIICIHUKOB.

XKentbiMm poMOOM Ha rpaduKe MoKa3aHO COOTHOIIEHHE OMOMOPGhOIOTUIECKOTO U
BUJIOBOTO pa3HOOOpa3us B coobiecTBe koopesuesnuka — 0,3 (7; 23).

AHaJIN3 TTOJIyYeHHBIX JaHHBIX ITO3BOJISIET 3aMETUTD CJIeIyIolIee:

1. TTpexxne Bcero, HEOOXOAUMO OTMETUTb HEKOTOPYIO cOaIaHCUPOBAHHOCTD BUIOBO-
ro 1 6MoMOPGOJIOrMUYECKOro COCTABOB Pa3IMYHbBIX TUTIOB BHICOKOTOPHOI PacTUTEIbHO-
CTH, YTO OTpaxkaeTcs B MojioxkeHuU rmokasareseit OBP 6osbimHCcTBa M3 HUX Ha TpaduKe
(cM. puc. 4) B obactu MmenraHbl. MOXHO MPEANOI0XUTb, YTO JaHHAst OCOOEHHOCTD SIB-
JISIETCS aJaTITUBHBIM IMPU3HAKOM OOJIbIIIMHCTBA BHICOKOTOPHBIX (PUTOLIEHO30B.

2. Kak BumHO 13 puc. 4, 00JbIIMHCTBO OTKPHITHIX (DUTOLIEHO30B, TPOU3PACTAIOIINX
B HanboJIee CYpOBBIX YCIIOBUSIX, TATOTEIOT K TIPaBOM HUKHEN YacTh TpacrKa, 4TO TOBO-
PUT O TEHASHIIMYM KOMIIEHCAIIMM HU3KOTO BUIOBOTO Pa3HO0Opa3ust 6GuomMopdoornye-
CKUM TIPM SKCTpEMaIM3allK Cpelbl OOMTaHMSI.

3. JlyroBble (PUTOLIEHO3bI, Onarofapsi BIMSHUIO BUIOB-3AM(MUKATOPOB, MMe-
0T OTHOCHUTEJIHbHO HEBBICOKHE MOKa3aTeJau OMOMOP(MOJOrnYeckoro pasHooOpasusl.
ITpu 3TOM MO Mepe yMeHbIlIeHUsT AN(PUKATOPHBIX CBOWCTB TOMUHUPYIOIINX BUAOB
B PSIIy BBICOKOTPaBHbBIE CYOANbITUIICKKE Jyra — CpeIHEeTpaBHbIE aJbIIMIACKUE Jyra —
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HUM3KOTpaBHbIe ajbluiickue Jiyra 6MoMopdOoJOrMueckoe U BUIOBOE pa3HooOpasue
MMeeT TeHACHIINIO K POCTY.

4. CyGanbnuiickue Jiyra, pa3BUBaIOIIMECs] B TYMUIHBIX pailoHaX AJiTas Ha MO/ -
BVDKHBIX KAMEHUCTBIX OCBITISIX, XapaKTePU3YIOTCS MEJIKOMACIITAOHOW MO3aMYHOCTHIO
KOHTperaluii, B pe3yJibTaTe Yero OHM MMEIOT BBICOKYIO CTENeHb HEBBIPOBHEHHOCTHU
rokasaTtesieli BUI0BOTr0 pa3Hoo0pasus Mpy CTabWIBHOCTU OMOMOPGHOIOTUYECKUX TT0-
kazareneid. [Ipu ncnonb30BaHUM CTAaHAAPTHBIX METOAMK r€000TAaHUYECKOTO OTUCAHUS
nmoka3zarenb OBP pe3ko ymeHbIaeTcs.

5. TyHopoBble (DUTOLIEHO3BI, PAa3BUBAIOIIMECS B CYOIKCTpEMAaIbHBIX YCIOBUSIX,
UMEIOT OTHOCUTEILHO BBICOKOE BUAOBOE M OMOMOpGoJornyeckoe pa3HooOpasue, YTo
CBS13aHO C pa3HOOOpa3ueM CTpaTeruii SKOTOMUWYECKOM agantaluy BUIOB MPU 3HAUU-
TEJIbHOM YMEHBIIIEHUN POJIU (DUTOLIEHOTUYECKOro 0TOOpAa.

6. B HEeKOTOpBIX (DUTOIIEHO3aX TCHACHIUSI K YBEJIMYCHUIO OTHOCUTEIBHOTO OHO-
MOpPGhOJOrnYecKOro pa3HooOpasusi CBsizaHa He ¢ pa3HooOpazreM 6ruoMopd, a C yMEHb-
IIEHUEM BMJIOBOIO pa3HOOOpa3us (IpuagoBbie TYHAPHI HAa KPUOAPUIHOM Ipejesie
Mpou3pacTaHusi, Cy0alIbITUICKKE JIyra B CTaIUU KJIMMaKca).

7. BapbupoBaHMe Moka3aTesieii OTHOCUTEJIbHOTO OMOMOP(OJIOrMYecKoro pasHo-
0o0pa3ust MOXET CBUAETEILCTBOBATh O 3HAUYUTEILHOU CTENEHU DKOJOTMYECKON TOJe-
PaHTHOCTU (PUTOLIEHO30B, XOTSl MPUUYMHBI CXOJACTBA BEJIMYUMH OTHOCUTEJIIBHOTO OWO-
Mopdoiornuyeckoro pa3HoooOpa3usi MOTYT ObITh pa3HBIMU.

3akiouenne

M3BecTHO, uTO OUMOpa3zHOOOpa3ue SIBISETCS acCTeKTOM, OIPEACIISIIONINM YCTOM-
YUBOCTb 2KOCUCTEM U Ouochepbl B uenoM. buomopdosnoruueckoe pazHooOpasue
(buTO1IEHO30B SBJISAETCS OTpaXkeHUeM MX (PYHKIIMOHAJIbHOM XapaKTEepUCTUKU B OTpe-
JIEJICHHBIX 3KOJIOTUYECKUX YCJIOBUSIX U TEHACHIUM K MaKCUMaJIbHO 3(h(eKTUBHOMY
HCITOJIB30BAHMIO MMOTEHIIMAIA MeCTOOONTaHnl (KaK 1M BUIOBoe pasHooOpasue). [lo-
3TOMY JIOTUYHO, 4TO OMOMOPGhOIOTMUECKOe U BUIOBOE pa3HOOOPA3usT CIIOCOOHBI J0
HEKOTOPOI CTeNeHW KOMIIEHCUPOBATh APYT Apyra B (YHKIMOHATLHOM acrekTe pac-
TUTEJIbHBIX COOOIIECTB.

DKcTpeMan3alus yCJI0BUi BHICOKOTOPUIA TIPOSIBIISIETCS B YMEHBIIIEHU COMKHYTO-
CTU (PUTOLIEHO30B, YMEHBIIIEHUU KOJMYECTBA U BBICOTHI SIPYCOB, UTO MPUBOAUT K CHU-
KEHMIO poJjid (PUTOLIEHOTUYECKOro 0Toopa (YMEHBIIAIOIIEero rurnepo0beM HUILIEBOTO
MPOCTPAHCTBA) U, KaK CJAeNCTBUE, CIIOCOOCTBYET POCTY PA3HOOOPA3Us IKOJOTUYECKUX
CTpaTeruii pacTeHU, CIeJCTBUEM YETO SIBISIETCS yBeInueHrue OMOMOpPdOI0rMuecKoro
Y BUJIOBOTO pa3HooOpasust (purorieHo30B. Ho nipu a3ToM dakropom, omnpenessiioinmm
OorpaHUYeHNEe BUIOBOTO pa3HOOOpasusi B COOOILECTBE, SIBJISICTCSl YCUJIEHUE SKOTOIM-
yeckoro oroopa. MHbIMU cll0BaMU, B YCJIOBUSIX OTPAaHUYEHMUS TTyJ1a BUIOB MPU IKCTpE-
MaJii3aliu Cpefibl OOMTAaHUSI, COOOIIECTBO «3aIlOJHSIET» TUMEPOOBEM MPOCTPaHCTBA
9KOJIOTMYECKUX HUUI 32 CUET pocTa OMOMOP(OJOTHUecKOro pazHooOpas3usi, KOTOpoe
OTpaxkaeT pazHOooOpa3ue KOJOTUYECKHX CTpaTeruii BUAOB B OTCYTCTBME XKECTKOTO
«IIPOTEKTOpaTa» TOMUHAHTOB. B maHHOM cilydae MoBBIIIeHE GMOMOP(HOTOTMUECKOTO
pa3HoOOpa3ust (GUTOIIEHO30B MOXET OTYACTH KOMITEHCUPOBATh CHIDKEHHUE BUIOBOTO
pa3HOOOpa3us, YTO MOXKET IMOJOXKHUTEIbHO CKa3aThCsl Ha MX YCTOMYMBOCTU B CYO9K-
CTPEeMaJTbHBIX YCIOBHSIX.

Kpowme Toro, Beicokoe Oromopdosornieckoe pasHooopasue 00JbIIMHCTBA BHICO-
KOTOPHBIX (DPUTOIIEHO30B MOXET OBITh CASACTBUEM TEHACHIIMHU K YBEIUYSHUIO MO3AUKK
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MECTOOOUTAHUI1 B pe3y/IbTaTe MPOCTPAHCTBEHHON HEOMHOPOIHOCTH CPE/ibl OOMTaHUSI
1 BBICOKOI TMHAMWYHOCTHY KJIMMaTa, BO3pacTalolINX 110 MEPe apuau3aliii U yBeaude-
HUsT aOCOJIIOTHOM BHICOTHI. JlaHHAast 0COOEHHOCTb BHICOKOTOPUH SIBJISIETCS TIPEIITOCHLIT-
KO MHOTO00pa3usi cTpaTeTuii afanTalliy pacTeHUI, HETTOCPEICTBEHHO CBS3aHHBIX C
KU3HEHHBIMU (hOpMaMU.

Hpyroii mpennockuikoit pocta OBP MoxeT ObITh yBeIMYeHNE POJIM BEreTaTUBHO-
IO pa3MHOXEHMS, ¥ COOTBETCTBEHHO, BETeTaTUBHON MOABMKHOCTHA pacTeHM Ha (poHe
YMEHbIIIeHUST 3HaYeHUsI TeHEPATMBHOTO BO3OOHOBIIEHMS ITPY 9KCTPeMaTN3alluu Cpebl
obuTaHus (YTO MONTBEPXKAAETCS 3HAUUTEIBHBIM YBETMIEHUEM KOJIMUYECTBA CTOJIOHOO-
OpasyIolInX pacTeHUI, paCTeHUI CO IITHYPOBUIHBIMU KOPHEBUILIAMU, C KOPHEOTITPHI-
CKOBBIM BO30OHOBJIEHUEM, TIOJ3YYMMHU MMOOETaMu U IPYyruMU (hopMaMU BereTaTUBHOM
TOABWXKHOCTHU B BEPXHUX TOsICaX TOp).

TakuM 00pa3oM, CyIIeCTBYIOT MPEANOCHUIKU, OMpenesiioniue TeHASHINIO K yBe-
JIMYeHUI0 6MoMopdOIOrMuYeckoro pazHooopasusi Ha (hoHe CHUXXEHUSI BUAOBOTO pas-
HOOOpa3usi MpU SKCTPEMATU3ALUU CPeibl OOUTAHUSI PACTEHUIA.

Heobxoaumo npu3HaTh, YTO MPUUYUHBI U3MEHEHUST OMOMOPGOJIOTMYECKOTO U BU-
JIOBOTO pa3HOOOpa3uii paCTUTEIbHOCTU MOTYT MMETh HE TOJIbKO 3KOJIOTUYECKYIO MPU-
pony. Tak, HarrpuMep, BUIOBOE ¥ 6MOMOP(OJIOTMIECKOe pa3HOOOpa3re COOOIIECTB 3a-
BUCHUT OT (hJIOPUCTUUECKOTO pa3HOOOpas3us pernoHa, KOTOpoe BO MHOTOM OIpeiesisieT
«CTeTeHb 3aMOJTHEHHOCTH» SKOJIOTMYECKUX HUII B PACTUTENIbHBIX coob1ecTBax. Camo
1o cebe BBICOKOE BUIOBOE pa3HOOOpasue elle He CBUIACTEIbCTBYET O MaKCUMAaJIbHOM
3aT0JTHEHHOCTH TUIIEpOObheMa HUII MOTEHIIMAJIBHBIX MECTOOOUTaHUIA. 3arojHeHe
5KOJIOTMYECKUX HUII MIPOUCXOIUT B pe3yabTaTe ITUTeIbHON 3BOIOIIMU PACTUTEIBHO-
ro moKpoBa (IIyTeM aJaITalyoreHe3a M/Wjyd MpOLeCCOB MUTPAIlNM), B KOTOPOM Iy
BUIOB SIBJISIETCS TIPEATIOCHITKOM, a 0OMOMOphoIornyecKkast 3BOJIONNS — OJHUM U3 BaXK-
HBIX MEXaHU3MOB IJaHHOTO TTIpoliecca.

M3ydyeHune OTHOCUTEIBHOTO 0MOMOP(HOJOrMYecKOro pa3Hoodpas3usi (GUTOLEHO30B
MO3BOJISIET HATU IKOJOTMYECKHEe acMeKThl KOPPEISLIMU MEXIY BUTOBBIM U OMOMOD-
(onornyecknM pazHooOpasreM, 4TO MO3BOJISIET TOBOPUTH O MEPCIEKTUBHOCTU ITOTO
MOAX0Ja B UBYYEHUHN pacTUTEbHOCTU. HeoOXoaMMbIM yCIIOBUEM UCCIIEAOBAHUS SIBJISI-
€TCS UCTIOJIb30BaHUE OJHOI CUCTEMBbI XKU3HEHHBIX (DOPM pacTeHUI, TOCTATOYHO MOJHO
oTpaxatolieit 6noMopdosiornueckoe pazHoobpasue (UTOLIEHO30B.
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The analysis of the correlation between species and biomorphological diversity
in some high altitude phytocoenoses of the Gorny Altai

The variety of life forms in a phytocoenosis is an important biodiversity feature. A con-
nection between life forms’ diversity and species diversity in plant communities results in
a relative biomorphological diversity, the analysis of which in the case of Alpine vegeta-
tion in the Gorny Altai is given in this paper. A comparative analysis of the phytocenosis
models related to various types of alpine vegetation was done employing an original sys-
tem of life forms. Sampling was done in typical phytocenoses and the ones being on edge
of ecological tolerance for a particular vegetation type. The research results have shown
that most alpine phytocoenoses have a balanced species and biomorphological structure.
This peculiarity may be considered to be an adaptive feature. The phytocoenoses growing
in the most severe environments display a trend to compensate low species diversity with
life forms’ diversity. Meadow phytocoenoses have relatively low parameters of the bio-
morphological diversity. Alongside with this in the row «tall herb subalpine meadows —
mid herb alpine meadows — short herb alpine meadows» the biomorphological diversity
tends to increase while the growth of the species diversity slows down because of the in-
crease in the environment severity. The tall herb subalpine meadows of the most humid
Altai regions display the highest rate of species diversity parameters’ spatial variation,
with life forms being stable and of low diversity. Tundra phytocoenoses developing un-
der more severe conditions have a relatively high species and biomorphological diver-
sity, which is related to a variety of species adaptation strategies with a considerable
decrease in the dominants’ role. Some phytocoenoses reveal a tendency to a relative
increase in the biomorphological diversity which is related not to the diversity of bio-
morphs but to the decrease in species diversity at the ecological boundary of mountain
Dryas-dominated tundra and the tall herb subalpine meadows’ passing to a climax stage.
The variation of relative biomorphological diversity parameters within one vegetation
type may be the evidence of a high degree of its ecological tolerance.

Keywords: relative biomorphological diversity; life forms; Gorny Altai.
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Translocation as the method of negative impact decrease
on lichenobiota

Andrey N. Efremov!, Natalya V. Plikina®
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The realization of industrial and infrastructure projects is accompanied by some negative
consequences on lichenobiota, a low labile group that reacts vehemently to changes of
habitat conditions. The priority strategy of lichenobiota conservation and minimization
of environmental risks is conservancy of intact habitats. However, in certain cases trans-
formation degree and planned influences are in such a state that translocation is a more
effective alternative option. The conservation of cenopopulations in situ by translocation
to similar biotopes obtains high importance for conservancy of rare and protected species
of lichens. At realization of this strategy, there is no destruction of individuals although a
habitat is collapsed. Besides, it is possible to avoid a negative impact during operational
phase by means of recipient territories choice. Microhabitats conditions correspondence
of recipient territories to the donor ones allows increasing process efficiency. Possible
realization difficulties include small amount of information about experience realiza-
tion, technology adaptation under conditions of certain habitats and possible death of
some thallomes. Translocation technology development as alternative option of rare li-
chens species preservation is a qualitatively new approach, differing in high economic
efficiency and low ecological risks from others.

Keywords: lichenobiota, translocation, ecological risks, industrial and infrastructure
projects.

Introduction

Implementation of industrial and infrastructure projects is accompanied by negative
impact on vegetation cover including lichenobiota, the least labile group that reacts to
slightest changes of habitat conditions. The priority strategy of lichenobiota conservation
and minimization of environmental risks is preservation of intact habitats. However, in
certain cases the degree of transformation and planned influences is so high that translo-
cation appears to be the only alternative option.

The preliminary environmental impact assessment for development projects is
regulated by Article 47 of the Town-Planning Code of the Russian Federation # 190-
FZ [1]. The main scope of assessment of the predictable impact on the environment
(within environmental engineering surveys prior to implementation of development
projects) is presented in construction regulations SP 47.13330.2012 Engineering Sur-
vey for Construction... [2] and SP 11-102-97 Environmental Engineering Survey for
Construction [3].
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The general strategies of biodiversity protection are determined in a number of
international regulatory documents, such as Convention on Biological Diversity
[4] and Global Strategy for Plant Conservation [5], which consider biological di-
versity as a key element providing sustainable functioning of ecosystems. A priority
trend in rational nature management is the development of non-government initia-
tives, such as FSC Principles and Criteria of Forest Stewardship [6] and concept of
Important Plants Areas [7]; the latter are designed in accordance with the interna-
tional nature protection practice although they are not classified as legally protected
territories.

The International Finance Corporation (IFC) has adopted a sustainable deve-
lopment concept as a risk management strategy [8]. In case of direct investments,
[FC requires the application of standards in management of environmental and so-
cial risks and impacts to prevent the negative consequences. The IFC Performance
Standard 6: Biodiversity Conservation and Sustainable Management of Living Natu-
ral Resources [8] acknowledges that protection and conservation of biological diver-
sity and careful use of ecosystems, taking into account future needs, form the basis
of sustainable development. Special requirements are set for critical habitats (Clause
16, PS 6 IFC). In case critical habitats are negatively affected, an impact assess-
ment should be provided to minimize the consequences for biological diversity and
to integrate the monitoring of such habitats into the company’s project management
system [8].

In the Russian Federation, the main regulatory document in the area of biodiversity
conservation is Federal Law # 7- FZ On Environmental Protection [9]. Legal relations in
the area of vegetation protection are partially regulated by Forestry Code of the Russian
Federation # 200- FZ [10]. Strategy for the Preservation of Rare and Endangered Species
of Animals, Plants and Fungi (Addendum to Order # 323 of the Ministry of Natural Re-
sources of Russia) [11] establishes the following priority measures aimed to preserve rare
and endangered species: conservation of populations in their natural habitats; conserva-
tion and rehabilitation of natural habitats, reconstruction of biotopes; and recruitment
of lost populations. Restrictions of business activities with regard to the listed items are
determined in the IUCN Red List of Threatened Species [12] and CITES [13] at the
international level; in Russia, by Government Decree # 158 On the Red Book of the Rus-
sian Federation |[14] and the Order # 419-a of the RF State Committee for Environment
Protection On Approval of the Russian Federation Red Book Keeping Procedure [15] at
the federal level. Liability for illegal extermination of protected species is determined by
the Criminal Code of the Russian Federation # 63- FZ [16] and Articles 84.3 and 84.4
of the Administrative Violations Code # 195- FZ [17]. Fixed charges for damage extent
calculation are established by the Order # 658 of the Ministry of Natural resources of the
Russian Federation On the Endorsement of Charges for Calculation of Damage Incurred on
the Plant Objects ... [18].

It should be noted that most of the regulatory documents treat the lichens as a com-
ponent of an ecosystem and range them in a wide category “Objects of the Vegetable
World”. The main focus is made on the conservation of the red-listed species rather than
on their habitats. Conservation of lichen diversity at the regional level is achieved through
the protection of typical and rare plant communities.

The objective of this study is to develop a project of translocation of protected lichens as
a strategy of in situ protection on the territories affected by significant man-induced impacts.
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Research methods

The principle of translocation was developed when the Design Institute for Oil and
Gas Projects Construction and Rehabilitation carried out an assessment of potential im-
pact on protected lichen species and their habitats in the course of the planned OPF Com-
pression Project. On the levelled land plot allotted for the compression station, within the
facility-affected zone, a compact habitat of three species of lichens listed in the Red Book
of the Russian Federation [19] and the Red Book of Sakhalin Oblast [20] was found:
Bryocaulon pseudosatoanum (Asahina) Kéarnefelt., Lobaria pulmonaria (L.) Hoffm.,
and Menegazzia terebrata (Hoffm.) A. Massal. In accordance with the criteria I and
11 specified in Clause 16 of IFC PS 6: Biodiversity Conservation and Sustainable Manage-
ment of Living Natural Resources 8], this territory is considered a critical habitat since it
is a compact habitat of several rare species [8]; according to the Classification of High
Conservation Value Forests (HCVF), the locality is to be related to HCVF type 1.2 [6].

The above restriction was taken into account when making a decision on the plot plan
preparation and equipment and utilities configuration. The area with massive growth of
protected species (being a fragment of natural forest with the area of 0.23 ha) is adjacent
to the land plot allotted for the compression station construction (54 m to the north), a
motor road (58 m to the south) and the main production site (234 m westward of flare
zone). Lichens are extremely sensitive to ambient air pollutants, and the presence of pol-
lutants in the period of the compression station operation will facilitate the degradation
and deterioration of habitat conditions, and the gradual loss of lichens. The specified area
should have an exclusion zone with a buffer 10 m wide, with the fireproof break being as
small as practicable. This complicates the equipment arrangement. The existing buffer is
situated in the impact zone with a severely transformed landscape. Therefore, it was vital
to develop a brand new alternative, and translocation was selected as such.

The assessment of vegetation cover as a habitat of protected lichens was made within
the identified locality and in the background habitats, using traditional research methods
[21]. Collection and preparation of herbarium specimen of lichens were carried out in
accordance with standard practice [22]. The assessment of habitats included such para-
meters as substrate and synusial preference, frequency, area occupied by thallomes, and
projective cover. Five test sites were established in the compact habitat area, where the
frequency, projective cover degree and area of thallomes were measured using a mea-
suring grid, with further extrapolation to the entire locality [23].

The area occupied by the individual species of epiphyte lichens on the surface of
trunks and branches was calculated using the formula:

A=8x%axPCxb, (N

where A is the area occupied by epiphyte lichens; .S is the area of a phorophyte’s trunk
surface; a is the number of trees; PC is the projective cover of lichens (in fractions); and
b is the frequency of lichens.

Trunk surface area is assumed to be a cone surface and is calculated by the formula:

S=mxrxh, ©)

where S is the area of a tree trunk surface; r is the average radius of a tree trunk base;
and 4 is the average height of a tree.

For Bryocaulon pseudosatoanum, the corrective factor 1.5 has been applied to formula
2, since this species can grow on branches as well.
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The frequency of lichens was calculated by the formula:
b=n/N, 3)

where b is the frequency of lichens; # is the number of sites where a species was regis-
tered; and N is the total number of test sites.

The regional authorities of Sakhalin Oblast have not established fixed charges for the
calculation of damage caused by gathering or extermination of lichens listed in the Red
Book of Sakhalin Oblast [20]; therefore, the calculation of damage was made based on
the Order # 658 of the Ministry of Natural Resources of the Russian Federation On the
Endorsement of Charges for Calculation of Damage Incurred on the Objects of Flora ... [18].

Risk assessment was performed in accordance with current internal standards of
Sakhalin Energy Investment Company Ltd [24, 25, 26].

2. results and discussions

In accordance with phytogeographical zoning, the studied area relates to the North-
Sakhalin area of the Amgun-Sakhalin floristic district of the Circumboreal floristic region
and occupies the territory of the North-Sakhalin plain [27]. The background vegetation
is represented by larch forests (Larix cajanderi) and larch open stands with dwarf pine
(Pinus pumila) layer, which are associated with a variety of species adapted to moisture
and soil nutrition deficit (Arctostaphyllos uva-ursi, Carex vanheurckii, Cladonia arbuscula,
C. rangijerina, Empetrum sibiricum, Vaccinium vitis-idaea). In the terrain microdepres-
sions, along the water bodies, there are some sphagnum bogs or grass and sphagnum
bogs. Natural sedge meadows and sedge and reedgrass meadows are confined to the Sea
of Okhotsk coast [28] (see Figure).

The studied species of lichens (Bryocaulon pseudosatoanum, Menegazzia terebra-
ta, Lobaria pulmonaria) are confined to forest habitats only, which are represented
by larch forests with green mosses and short grasses and by larch, spruce and silver fir
shrub forests with green mosses. Bryocaulon pseudosatoanum typically forms synusia of
fruticose (Bryoria trichodes, Usnea longissima), foliose (Parmelia sulcata, P. squarrosa,
Hypogymnia sachalinensis, H. subduplicata, H. sachalinensis, H. vittata) and crustose
lichens (Mycoblastus sanguinarioides, Ochrolechia arborea, Bacidia laurocerasi). Beside
epiphyte synusia, epigeic species Alectoria ochroleuca and A. nigricans are observed on
branches and logging residues. On branches of Larix cajanderi synusia of Bryocaulon
pseudosatoanum with Japewia tornoénsis can be found. Menegazzia terebrata forms syn-
usia with Bryoria trichodes, Usnea longissima, Hypogymnia spp., Ochrolechia pallescens,
and Lecidella elaeochroma on the trunks of Abies sachalinensis. Lobaria pulmonar-
ia forms epiphyte lichenosynusia with Hypogymnia spp. and Usnea longissima on the
trunks of Picea ajanensis.

In the course of locality and impact zone investigations, the total number of registered
locations amounted to 35 including 20 locations of Bryocaulon pseudosatoanum, 12 loca-
tions of Lobaria pulmonaria, and three locations of Menegazzia terebrata. All registered
species are epiphytes growing on the trunks and branches of live and dry trees (Larix
cajanderi, Picea ajanensis, Abies sachalinensis) at different heights. The condition of the
observed cenopopulations of lichens is stable; no visible signs of damage (changed colour,
necroses, mechanical damages) have been detected.

Construction of a new process facility, the compression compressor station, will
result in a considerable human-induced impact on the vegetation cover (both the pro-
tected species and their habitats). The most serious impact will consist in full removal



62 Andrey N. Efremov, Natalya V. Plikina

of the vegetation cover during the construction and land planning works, as well as
vegetation cover discontinuity and mechanical damages. Deforestation will lead to in-
creasing insolation and reducing humidity in the habitats, which will trigger distortion
of some physiological reactions and negatively affect the processes of growth and de-
velopment. The territory adjacent to the site will almost entirely be subject to moderate
transformation (topsoil compaction, mechanical damages). During the construction
period, the main impact on the habitats of protected lichens will be caused by transient
sources. Since the construction phase will be short, negative impact on the identified
locality will be less significant than that at the operation phase. During the operation,
the main impact will be associated with the emission of exhaust gases in the atmos-
phere from stationary sources (compressor units, flare zone of the process facility).
Taking into account the fact that the identified locality is situated within the sanitary
protection zone and lies in the main direction of pollutants spreading from the statio-
nary and transient sources, destructive processes in lichenobiota should be expected to
develop. Thus, the impact of the compression station construction phase is estimated
as major and the impact of its operation phase as significant due to demutation process
development.

It should be considered that the identified locality is situated in the impact zone and
sustains cumulative impact (gas emissions, mechanical damages), which may enhance
the degradation of habitats of lichens even if protective measures are taken (buffer zone
retention, roads watering to remove dust etc.). In this regard, conservation of lichens
in situ and the habitat conservation seem to be inefficient in the presence of a 10-meter
buffer zone and sources of emission.

An alternative option of the project implementation is the translocation of protected
species to the biotopes that have a number of parameters essential for normal develop-
ment. Some experience of re-introduction and translocation of rare and endangered
plants has been described in Russian and foreign literature [29, 30, 31, 32, 33]. Unlike
animals and plants, an important specific feature of lichens protection is impossibility of
their introduction and conservation ex situ.

One of the existing strategies for Lobaria pulmonaria re-introduction is the trans-
plantation of thallomes; this type of works aimed to increase the population was carried
out in Switzerland [34]. In the works of O. Gilbert [35], transplantation of thallomes
of Lobaria amplissima together with the pieces of bark, 3—5 cm in diameter, was per-
formed. A long-term monitoring of transplants growth showed that the transplantability
rate was 70 %; the highest damage and mortality of thallomes due to the transplantation
were observed in the first year. An interesting option is to disperse lichens using prop-
agules [36]. In Russia, works on L. pulmonaria thallomes transplantation were carried
out in the Republic of Komi [37]. Although this experience was successful, translocation
has not become a widespread practice, as the thallomes transplantability required long-
term observations [34]. During the monitoring, the most frequent controlled parameters
are the size of thallomes and the degree of their dying-off; biomass annual buildup is
a less frequent parameter, the determination methodology for which was suggested by
B. McCune et al. [38].

Translocation is an intentional or induced transfer of wild-growing individuals or pop-
ulations from one part of a species’ area to another [29, 39]. Translocation has a number
of advantages. Firstly, this technique implies the transfer of phorophyte fragments (in-
cluding dead grass and trees subject to removal during the works implementation) to-
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gether with the lichen thallomes, which is supposed to provide a higher survival rate.
Secondly, this technique is less labour-consuming due to the easy preparation and fixa-
tion of transplants. The main requirement at all stages of work is a detailed documenting
of the process and the direct participation of a professional lichenologist. The procedure
includes the following basic phases:

1. Selection, registration, and marking of phorophytes and donor segments.

2. Identification of biotopes for the translocation (recipient habitats) based on the
field surveys data.

3. Selective cutting of trees not being the habitats of the rare species of lichens (for the
scenarios where full deforestation is required). Transportation of the tree-length material
from the work site.

4. Mechanical cutting of marked trees using a harvester. In order to prevent the da-
mage of lichen thallomes during the phorophytes cutting and trees transportation, the
works should be performed in highly humid conditions; otherwise, the thallomes should
be moistened artificially.

5. Transportation of marked donor fragments which are the natural habitats
of Menegazzia terebrata, Lobaria pulmonaria, and Bryocaulon pseudosatoanum (with
branches) to similar biotopes.

6. On the recipient site, the phorophyte trunks can be positioned either horizontally
on the substrate (part of Lobaria pulmonaria thallomes, and Bryocaulon pseudosatoanum
on the branches of phorophytes) or at an angle of 45—60° to the supporting tree
(Menegazzia terebrata, remaining part of Lobaria pulmonaria thallomes, and Bryocaulon
pseudosatoanum). Next, it is necessary to grid the phorophyte trunks, make up sketches
of the sites and determine the diameters of lichen thallomes, their reproduction methods,
and substrates.

7. Monitoring of the populations of translocated lichens. The main controlled
parameters should include annual sketching, measurement of thallome diameters,
projective cover, the degree of thallomes dying-off, the determination of reproduction
methods, the composition of developing synusia, and the occurrence of these species of
lichens in adjacent areas.

The main costs for this option implementation are the compensation charges for the
destruction of habitats of rare lichens in accordance with the Order # 658 of the Rus-
sian Federation Ministry of Natural Resources [18], and the expenses for the transloca-
tion procedure. The expenses for lichens translocation can be calculated according to
the recommendations on resettled plants rehabilitation [31], using the formula (4) with
complements:

Q=2XNXTXR+2XNXRXT +4AxN+M,+M, “4)

where Q is the cost of relocation; N is the number of phorophyte trunks; 7 is man-hours;
Ris the cost of one man-hour; 7' is the time spent on transportation; A4 is the cost of using
motor vehicles; M is the cost of lichenologist’s participation in the translocation process;
and M, is the cost of annual monitoring.

The preliminary number of phorophyte trunks to be transferred with lichens Bryocau-
lon pseudosatoanum, Lobaria pulmonaria, Menegazzia terebrata is 28 pieces, taking into
account the frequency of individual species and the possibility of their cohabitation on
one phorophyte trunk. Estimation of costs and the amounts of cost-based payments are
shown in Tabl. 1 and 2.
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Table 1. Preliminary assessment of damage to the habitat of the protected lichen species

Charge, Area of habitat, Damage amount,

Type of impact RUR/m? m? RUR

Destruction of habitats (Bryocaulon pseudo-
satoanum, Lobaria pulmonaria, Menegazzia 22,500 21.4 481,500.0
terebrata) [ 18]

Corrective factor 1.5 for damage caused using appliances

(Clause 8 of Comments to Order # 658 of the RF Ministry 722,250.0
of Natural Resources [18])
TOTAL 722,250.0

Table 2. Preliminary estimation of costs for lichens translocation

Indicator Value
N — number of phorophyte trunks, pcs 28
T — man-hours 1.0
R — cost of one man-hour, RUR 400.0
T — time spent for transportation, hours 1.0
A — transportation costs, RUR/trunk 200.0
M, — costs for lichenologist’s participation in translocation, RUR 20,000.0
M, — costs for annual monitoring, RUR 10,000.0
TOTAL 80,400.0

The proposed translocation technique can be combined with transplantation activi-
ties. For transplantation purposes, it is reasonable to select the thallomes that can, for
technological reasons, be destructed during gathering, or single thallomes found on a
trunk. The thallomes should be cut out together with substrate (bark fragment) the
diameter of which should be 2—3 times larger than the diameter of lichen. The thallomes
should be fixed on recipient phorophytes, taking into account the appropriate conditions
of microhabitats (substrate preference, consortium links, height of affixion, exposition
etc.). The transplants are fixed with epoxy adhesive or polymer-insulated metal brackets.

In case of transplantation of maximum 10 % of all thallomes taken for the transloca-
tion, the cost of works will possibly increase by approximately 15—20 % (primarily, due
to the labour input in transplants preparation and fixation). The transplantation of all
thallomes is ineffective because transplantation is a more destructive technique.

In the course of translocation project development (option 3), other methods of nega-
tive impact mitigation were studied to assess possible alternatives. One of them is the
conservation of populations in sifu in the area of compact habitat of rare lichen species
with the 10 m buffer zone for the period of operation (option 1). However, since lichen
thallomes are sensitive to changes in microclimate and have specific reproduction, the
buffer zone must be at least 50—150 m to provide an efficient protection [34, 40], which is
impossible taking into account the necessity to establish a fireproof break during project
implementation. The habitat of lichens is surrounded by the potential sources of emis-
sion, such as a flare zone, a motor road, and the projected compression station site. Con-
sidering the proximity of industrial areas, in the period of operation the protective zone
will be insufficient for the habitats conservation, and it will facilitate degradation and
deterioration of habitat conditions, and the delayed loss of lichens.

Another option is a complete destruction of protected species in situ and their habi-
tats, and equivalent compensation payments (option 2). This option results in the most
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negative consequences for the biota. Although the protected species are spread widely
enough in the vicinity of the Onshore Production Facility, and the destruction of identi-
fied locality will not lead to the extinction of protected species populations, their struc-
ture will be affected significantly.

The summary assessment of impacts for the three alternative options is shown in
Table 3. Options 1 and 3 are not inconsistent with the IFC Standard 6 [8], since they
imply lower environmental risks for rare species and provide the long-term monitoring
of dynamic parameters.

Table 3. Summary Assessment Matrix of Options Implementation

Impact on

. . Impact on
Impact Recipient P'er1od of Impfict on the the somal' the health
impact environment sphere (social of people
publicity) peop
Option 1
Indirect impact Habitats of Construc-
on natural habi-  the protected tion, opera- Slight impact
tats of protected species of tion (growing (1 point)
species lichens impact)
Indirect impact Protected Construc— o
. tion, opera- Slight impact
on protected species of . . .
. . tion (growing (1 point)
species lichens .
impact)
Option 2
Loss of habitats tli abrl(t)?iigd
of protected pro Construction
species species of
P lichens
Destruction of Prot§cted .
. species of Construction
protected species .
lichens
Option 3
Loss of habitats Habitats of
the protected .
of protected K Construction
species species of
lichens
Impact on pro- Prot?cted Operation (no Slight impact
. species of . . .
tected species lichens direct impact) (1 point)

Based on the analysis of possible alternative options, conservation of species in situ
by translocation appears to be the optimal method in case of habitat loss. If this option
is implemented, individual lichens will not be destructed even though their habitat is
collapsed. There are some environmental risks in this option; the scarce experience of
such projects implementation makes it difficult to assess the productivity and efficiency
of translocation. If the results prove to be positive, this technique can be used during
construction and reconstruction of industrial and infrastructure facilities. Similar condi-
tions of microhabitats (substrate, microclimate and consortium links) in the donor and
recipient sites will improve the translocation efficiency.
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Conclusion

The developed technology of lichen translocation allows conserving the protected
lichen species in natural habitat. The translocation procedure is not inconsistent with
the IFC Standard 6 [8] and current regulations of the Russian Federation regarding the
protection of biological diversity, since it implies lower environmental risks for rare spe-
cies and provides a long-term monitoring of dynamic parameters. This technology will
conserve the individual rare lichens transferred to similar biotopes, while the factor of the
negative impact can be mitigated. This makes translocation a promising technology that
may be used for negative impact mitigation in the areas of human-induced transforma-
tion of habitats.
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