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HanokeHa aBTOPCKasi apajiiTMa JKCIIEPUMEHTANBHONH reorpadiyeckoif JKonoruu M ee CepueBH-
HBI — 9KOJIOrMH NaHAmadTHOH. ONMCaHBl CO3JaHHBIC aBTOPOM 3MITHPHKO-CTATHCTHHECKHE MOJIEIH U
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sKosorus npuobperaer 3¢dexTHBHBIH GopMaTH30BaHHBIH MHCTPYMEHT aHANN3a U TPOTHO3a, KOTO-
PBIH UCTIONB3YET METONB AUCKPETHOH MareMaTuky it 06paboTku M 06001eHHs MaccOBOro IMIIH-
PHHECKOT0 MaTepHana, HoIy4aeMoro MPH HOAEBBIX H KaMepaibHbIX JIaHANAa()THBIX HCCIEROBAHHAX.

The author's paradigm of experimental geographical ecology and its core — landscape ecology — has
been set forth. The empirical statistical models created by the author and the ecological geographical
concepts developed on their basis are described. They disclose the mechanisms of formation of
regional- and local-level landscape-ecological systems, their natural and anthropogenic dynamics and
evolutionary trends. The landscape ecological analysis was performed using specific examples, and
empirical simulation techniques for the estimated prognostic situations. In the constructed models,
geographical ecology acquires an effective formalized tool for analysis and prediction using the
methods of discrete mathematics for the processing and generalization of bulk empirical data obtained
from field and laboratory landscape studies.

H30anue ocyujecmsneno npu punancoeoii nodoepsicke
Poccuiickozo ¢ponoa gpynoamenmanvunix uccnedoeanuii
no npoexmy 18-15-00023

POOU

H3zoanue PODH ne nodnexcum npooasice

© D.I'. Konomsin, TexcT, HinirocTpauuy, 2018
ISBN 978-5-907099-46-3 © TopapumiecTBo Hay4HbIx u3ganuit KMK, usnanue 2018



COAEPXKXAHHUE

BBEJEHHUE. IPEAMET 3KCIHEPUMEHTAJILHOM T'EOJKOJIOTHA ......... 7
YACTH 1. BA30OBBIA 9KOJIOTO-TEOTPAOMUYECKUN AHAJTH3
Iasa 1. METOJOJIOTUA SKCITEPUMEHTAJIBHBIX JIAH/JIIA®THO-

SKOJOTMUYECKHAX UCCIAEJOBAHUI ........oooeeeeeiereeenecneniseseeneeceseesenanes 15
1.1. JlanmmagTHO-3KONMOTHYECKAs CHCTEMA Kak 00beKT Ha30B0TO

Y TIPOTHO3ZHOTO MOEITHPOBAHIS. ....c.oerreneerreneerrsirieerenseneessasessessennsssssssssemssessesssssns 15
1.2. CyImsOCTb ¥ THIIE! SMITUPHKO-CTATHCTHYECCKOIO MOJETHPOBAHMA .......ovenreverarennes 20
1.3. Crparerus 1aHAMIATHO-IKOTIOTHIECKOTO SKCHEPHMEHTA ...veovveeriarennrenrininsnnesneseens 23
1.4. C60p noseBoro MarepHuana ¥ NoATOTOBKA €10 K MOJCTHPOBAHHIO ......cccuvvereeseensss 30
1.5. Pacuers! xKMBBIX GUTOMACC U MIPOTYKTUBHOCTH IECHBIX IKOCHCTEM .....ocovvenvennnnnn 35
1.6. MouOCHCTEMHBIE TEOPETHKO-HHGOPMALMOHHBIE MOACIIH ....oevvvvvreiaerreisrirneeereensanns 40

1.6.1. TlocTpoenue reHepanbHOH HHOOPMAMOHHON MOJENH ....ccvvvvrnrnreriannens 5. 42

1.6.2. BextopHO€E NPEACTABICHHE SKOTOTHUECKHUX HHIML.....couvenrenienienseennisessnesniaess 46

1.6.3. bunapras opIUHALUSA TCOKOMIOHEHTHBIX MIPH3HAKOB ....covviierrurenvarianreessenens 48
1.7. HonucHCTEMHBIE TEOPETUKO-MHOXKECTBEHHBIE MOAEMH . .....ovvveeiieereenerenraerieneieasenes 51

1.7.1. Uneonorudeckue IPESIIOCHUTKH MOJETHPOBAHHI ....ooovvrvrvmrmnresuiesnessesinsesses 51

1.7.2. MepbI CXO/ICTBA M BKJIFOYEHUS B MEXKKOMIUIEKCHBIX CBA3IX re0(3K0-)CHCTEM. ..... 53

1.7.3. Marpunpl 1 Tpads! OTHOIEHHI BKITIOUEHHS MEXTY Ie0(9K0-)CHCTEMAMH....... 56
1.8. UnTerpansuble MapaMeTphl MOJHCUCTEMHON OpraHU3alyy

H YCTOMYUBOCTHU NMPHUPOIHBIX KOMIUIEKCOB ....veeviiirvivveeneisneassnmnsesssensnsssessseescones 62

Imasa 2. TIPUPOIHAS 30HAJIBHOCTDH U TEOT'PAOMTUYECKHME SKOTOHbBI

2.1. 30HANBHOCTD KaK OOBEKT IKOIOTO-TeOrpadMIECKOr0 HCCIEHOBAHHA .....ovvvvvererenee 69
2.2. CucteMa npupoz. 30HAMBHOCTH Pycckoif paBHHHBI B CBETE TEOPHH CUMMETPHH.. 72
2.2.1. CummMeTpHiiHAS HHTEPIPETALMS reorpahuIecKOr 30HANBHOCTH........v.ceev.. 72
2.2.2. CHMMeTpHHHBI aHATH3 (POPMHPOBAHHA 30HATBHBIX T€ONPOCTPAHCTB ....... 77
2.3. IIpupoaHblii KOMILIEKC KaK HEPAPXUIECKAS CHCTEMA YIIPABICHMUS ................ece.. 82
2.3.1. KoHnenryanpHast KHOEPHETHIECKAS MOIEIb.........covevevererirrerereseneeneereresennns 82
2.3.2. CIpyKTYpHEIE YDOBHH JARJIUA, THD // 2N
ﬂ’/é{ﬂg{c’;{mr. (// //V%
PbIe MeToE



702 3.I. Koaomsil JKcnepuMeHTaAbHas reorpaduaeckast 3KOAOTHs

2.4. TloHsATHE TEOTPADUUECKOTO FKOTOHA. ..eervireeiueserieeeaeenieneetensessestarassessessssesssosessnses 90
2.5. BopeanpHBIT 3KOTOH KaK JaHIMA(GTHO-3KOIOTHYECKAS CHCTEMA. ....cenevnenrvneenns. 93
2.6. CucreMa napareHeTHYECKHX PAIOB IMPHPOJIHBIX KOMILIEKCOB

HA OPOTPADHIECKOM DKOTOHE ..c..vcvvmraeiareeereraeetenseeneeesteneeteasessesseressessesssseasessasens 100

2.6.1. SlpycHOCTh MOBEPXHOCTEH BEIPABHUBAHMA KaK reoMOp¢ONIoruuecKas

OCHOBAa PETHOHAJIBHOU NPUPOJHO-TEPPUTOPHUANBHON CTPYKTYPDL ..veevveeneieneeenrennns 100

2.6.2. Dxonoruyeckas pojib HUBATEHO-COMHIIOKIIHOHHOH MOPOOCKYABITYPHI ... 103
2.6.3. Ilepuoandeckas cuCTeMa CONPSDKEHHBIX PAAOB NaHAMAadTHEIX Qauwui..... 105

I'masa 3. OKOJIOTHYECKUE [TPUHIATIBI ®OPMHUPOBAHUSA 30HAJILHOTO-
I'EOI'PAGHUYECKOI'O [TPOCTPAHCTBA M ET'O 'PAHUI]

3.1. 30HANBHBIH 3KOTOH KAaK TPUTTEPHAS CHCTEMA.........ecvevreererrirreaseerseissnseseseesesseesnenes 110
3.2. «DKonoru3anuay TaHAMADTHON KADPTEL ...ovvveverereriieieeeenreienesenesnissesseeesreaneeeseens 117
3.3. Mexann3Mbl GOPMHPOBAHUS 30HATBHOM TPAHUIBE ......veevenverrerereniessenaseesessensennns 125
3.4. KnuMatuveckye HUILIH U 3a11aC YCTOMYUBOCTH TE€O(IKO-)CHCTEM. .......ecvveeeeranrenns 132
3.5. IlepeuuHas 6uonoruyeckas NpPoOyKTHBHOCTE B 30HAJTEHOM 3KOJIOTHIeCKOM
TIPOCTPAHCTBE ...ceeuvenrreeureerreenseessenseeeseeasesseesssessesssssessassssesssnsssesssenssensasensssssenssesses 136
3.5.1. PacueTsl NpOIyKTUBHOCTH O JaHIIA(GTHO-TEO(PHINIESCKHM
TTAPAMETPAM ....coviuenriineeetisiireesiereessssrensssressassmessessseseesstrseessesssensersassesssensesessansens 136
3.5.2. PernoHanbHLIC CIICHApUH U3MEHECHNH [ICPBHYHOMN NPOAYKTHBHOCTH B
cucreMe (POHOBBIX KITMMATHIECKUX KOMEOAHUM . ......evvruvereeerrinriarerieeassieseseennearens 144

I'masa 4. TAHAIADTHO-30HAJIBHBIE CUCTEMbI BOJDKCKOI'O
BACCEMHA

4.1. PernonanbHast GMOKITUMATHYECKAs CHCTEMA U €€ MPOTHO3HOE 3HAYCHUE ............. 147
4.1.]. BBOIHBIC 3AMEUAHHM. ... vcermeeneinreentenmrineanseaseesesnsasssessesessessessesssssssnsessasens 147
4.1.2. VICXOHBIN MATEPHAIL ......eeeiveecenienicereetiereentaseeseesaeseeseansesseansasesnsesstsensensons 149
4.1.3. Tunuzanus KIMMaTHYECKUX HUII PACTHTEIILHOCTH H [TI0YB
€ TIO3UINH UX HOTEHINATBHON YCTOMUMBOCT . . veeeevreeereeereneesnareearessaresensnsnresnsens 150
4.1.4. CpaBHHTETLHAS OIEHKA KIIMMATHUYCSCKHX HUII PACTHTEIBLHOCTH U IIOYBBI. 155
4.1.5. Bepudukanus MoneneH TUCKOH(POPMHOCTH KIUMATHIECKUX HUIL............ 159

4.2, [Tomumopdusm TaHAMA(THO-30HATBHBIX CHCTEM.........ecveeeeereieeereiresseeenasssenseinas 164
4.2.1. COCTOSHHE TIPOOTIEMBI .....vueeuruieniareriestertesiaraseseesrassassnssasessestasesssssasssasaseses 164
4.2.2. MeTons! IPOBEACHU SKCHEPHMEHTA ..eoeevererrervrariresraniesersunserssensessessoseres 166
4.2.3. O0mwmii ypOBEHb MEKKOMITIOHEHTHBIX CBIBCH ..cvvevverieveerenieirierieresvennenenas 169
4.2.4. TlapaMeTPHIECCKUH HOTUMOPDHIM .......ouieireiriinrertrncenireesseesessasesinssesesessarasas 173
4.2.5. TeppUTOPHATBEHBIN IIOTAMOPPHBM ...c.eveiiemvieeierienreieenieereeeessesesaeseesseseereanes 176

I'masa 5. TOITOJIOTHA SKOJIOTIO-T'EOT' PAOUHECKOTO ITPOCTPAHCTBA

5.1. Oxonoro-reorpadHyecKie aCHEKTHI H3Y4IE€HHUS MAJIbIX IPHUPOIHBIX KOMILIEKCOB 179
5.1.1. McXOMHBIE METOMHYECKME TOJOMKEHM ..cooe.eenieieeeeeeeeeeeiasennessseeneneriaenneesas 179
5.1.2. Dxonorudeckast KOHUEMIHS B TaHAMAPTOBSICHHHU U JICCHOH THIIOJIOIHH ....... 180



Coaepianue 703

5.1.3. Hpurnouns! GpakTopaibHO-AMHAMIYECKOTO aHANH3a

HOKATBHBIX TEO(BK0=YEHETEM wvevonmsmsyromssnssammsmmermsss sy o SR e 183
5.1.4. Tunosnorus JOKANEHLIX JAHNIAGTHBIX COMPIKEHUM ..o.eevvierirerniernvreaeeanes 186
5.2. KoMITneKkcHbIN (aKkTopaibHO-AMHAMUYECKHH aHATIH3 JIECHBIX SKOCHCTEM .......... 190
5.2.1. DKOTHUIIBI JIECHBIX OUOTEOMEHOB0B ...cocvvrruritnriresseieseesieesneesressiesssesasessesenns 190
5.2.2. I'npporepMUyecKas OpAUHAIHA METa00THUECKHX IIAPAMETPOB.......ccvecen.e. 194

5.3. TTonM30HANBHOCTH JOKANBHBIX TEOCHCTEM KakK crlocod MX peaklyy Ha

1o0anbHBIE H3MEHEHHS KIIHMAaTa
T W 1101 1205 (71,0 (S U212 14 GO R
5.3.2. PaiioHbl HCCNEeNOBaHU 1 HCXOXHEIC MATEPHAJIH]
5.3.3. CucreMa KaHATOB JIOKAJTBHBIX CBABEH ...ovvveriiiriirieciecvieennrciinir e
5.3.4. SlBnenue GHOKINMATHYECKOH [IONH30HANBHOCTH Ha JIOKAIbHOM ypoBHE...206
5.3.5. O xmMaTOreHHBIX H3MEHCHHUAX BEPTUKAIBHOH 30HaNbHOK
AaQdepeHManil PABHUHHBIX JAHAMAPTOB. ....cvoireriiiiiiiiie s 212
5.3.6. JlokanpHas SMOAPUYECKas HMHUTAIMA OHOKIIMMATHIECKOTO TPEHIA. ......... 214

5.4. Jloxanerpie k03(Q(UIMECHTH YBIAXKHCHUS U UX 3HAYCHHE

UL DKOJIOTHUECKHX IIPOTHO30B
5.4.1. Cocrosxue Bopoca
5.4.2. OGbeKTHl HCCIENOBAHUS U MCXOAHBIE MATEPHAIIB]
5.4.3. JlokansHoe pa3zHoobpasue koadduuuenTa arMochepHoro yiaxHenud ...216
5.4.4. KoapduumenT agaduueckoro yBIaKHEHH U METOJ IO pacuera

5.4.5. JlokanbHbIH KOIQPUITHEHT «OBIIETO» YBAAKHEHHS ...oovvveerirrerresrneeenannas 219
5.4.6. KoaphHUMEHTHI YBIQXKHEHUS H YPOBHH (PYHKITMOHMPOBAHHSA

TOO(TKO JOHETEM .55 550 550578505 65550538 4 S0 S N A ST TS S TS eV PR RT3 221
5.4.7. Tugposnadu4eckre yCIOBHI KPUTHUECKUX COCTOSHUM JIECHBIX

BKOCHCTEM veuverevensvessnerssensmessassennessassnsnmsnsnonsns snesanmsbansshb sfsninds i SRR OGER ERFETR 55038 224
5:4.8. VITOTH U TICPCTERTHBE ooupmumsosnsmonssssrsisnssss sssrss sossiansss ssgagsasgogsonnyevsssrvanvonss 226

YACTD 1. 3KOJIOTO-I'EOTPAOHYECKHE ITPOIHO3b1
I'masa 6. METOOUKA T'EOOKOJIOI'MYECKOI'O ITPOTHO3UPOBAHUA

6.1. IIEOTOTHYCCKUE OCHOBEL METOIA .c..eveervreueeresireessarsasseiseesssnsassssnionsesssssnsassssrnsrans
6.2 JlBa THIIA DK30I€HHBIX PeoOpa3oBaHMil reo(3K0-)CHCTEM
6.3. PervioHaIBHbIN TaHAMAGTHO-3KOTOTHYECKUH MPOTHOS ....coveerereveinreieiereesieinis
6.3.1. Pacyer BeposATHOCTEH NIaHIIMIA(THO-3KOJOTHIECKHUX IIEPEXOJOB
6.3.2. Pacuer CKOpOCTEH NPOTHOZHPYEMBIX HEPEXOMOB ...cuveeurinreirrirnanesinseaaesieas
6.3.3. PervoHanbHblil OPOTHO3 B KAPTOTPA(QUUIESCKOM BBIPAKECHUM......vorvenreeerennene
6.4. JIokanbHBIH ATaHIHAQTHO-PKOTOTMYECKUH MPOTHOB ....oooiiirieniiiensrieeiesrenarnenseas
6.4.1. O npOTHOZHOM HATIPABICHUH B TOIOJOTHM I€O(IK0-)JCUCTEM ...oovverranerinn.
6.4.2. MeTon0M0THS JIOKATBHBIX SKONOTHYECKUX TIPOTHO30B ..vvvenriinieirensarnsnasis
6.4.3 AAropuT™M HPOTHOZHO-3KOIOTHUCCKHX PACHETOB t1evevieriirareiannenessssesseesnes
6.5. OYHKIMOHATBHBIH M30MOP(H3M IPHPOTHLIX 3KOCUCTEM H
€r0 3HAYEHHUE JUIA DKOJMIOTHUECKUK TIPOTHOB0B «..couevrireiuiernriiinssirnesresenssanieseeanss 260




704 3.I. KoaoMsiy JDKcnepuMeHTaAbHas reorpaguyeckass IKOAOT s

0:5:1 . BEOTHEIE BAMEHARIIT .« ccvmmvmsesummmsmss s fossssisss s s ismsman foa osmamiasnsms 260
6.5.2. Uneonornyeckue NpeANOCHIIKH HAYTHOTO HOHCKA «.covvevverererveninserereenenennes 261
6.5.3. UcxonHbie MATEPHATIBE M METOMBI AHAIMBA....ccecvreurerrrreneseenirsersessnesseearanns 262
6.5.4. ITonsaTre HYHKIHOHABHOTO H30MOP(PH3IMA IKOCHCTEM .....covvnrenrireneenrnnns 263
6.5.5. Biusaue GyHKIMOHAIIBHOTO H30MOphH3Ma IKOCHCTEM

HA UX CTPYKTYPHBIE EPEOOPAZOBAHMS .....ueevrurrnrrrenrreecirnreesiieiraseeienstasseenssseessesenns 268
6.5.6. DKONOrHMYeCKHii IPOrHO3 B MOJEISIX OHONPOLYKIIMOHHOTO H3oMopdH3ma...274
6.5.7. HEKOTOPBIE BBIBOMBL.....c.uviueierirueenriintecresienseessiisesesnseseensessnenseseessssserssssessasns 277

I'masa 7. [IPO'HO3HBIE CIEHAPUH U ITAJIEOTI' EOI' PAOUYECKHE
PEKOHCTPYKIUU JIAHJUIAD®THO-30HAJIbBHbBIX CUCTEM

7.1. Ilpo6neMbl pETHOHANBHOH AUHAMIYECKON SKOMOTHH ....covvvvenveeeeneraeneerisiserensansens 279
7.2. O630p U3BECTHBIX CLIEHAPHERB ITI00ATBEHOTO aHTPOIIOTEHHOTO TIOTCTUIEHHS ........ 284
7.3. O6mue ruApoTepMUUIECKIE YCIOBUS HACTOSMIETO, IPONUIOTO M OyAyNIero........ 289
7.4. Matepnaibl 1 METOAUKA MANIEO-IIPOTHOZHOTO AHATIHBA ... coverreerrenerrervarersereeserens 291

7.5. Hporxo3Hsle CIicH2pHM THAPOKIMMATHYECKHUX YCIoBui Bomkckoro 6acceiina.....300
7.6. IIpoTHO3HBIE CLIEHAPUH COCTOSIHUS PErHOHATBHON OHOKIMMATHYECKON

CHCTEMBL....enueieenmiiitetsiicesineesiae s eeee e sateseuste s e e s eateeeshe s snaesesteaeteeseneentesaueasresneeaenes 303
7.7. [Tporio3 u3MeHeHNH BoAHOrO 0alaHca H BIIArOCOJEPKAHHS TIOUBHL ................... 306
7.8. IIporHo3HBIE CIEHApHH 30HAIBHOH CTPYKTYpEl Bomkckoro GacceitHa............... 310
7.9. Hexoropeie 0XXKHAAEMBIE COMAANBHO-3KOIOTHUECKHE CIIEACTBHA ... 318
7.10. PerpocneKTHUBHBIH JTaHIIAGTHO-30HATBHBIA IIPOTHO3 ..ceveeeveenrrrerneenaiaresierennens 318

7.10.1. O reoG0OTaHUYIESCKOM CIICHAPUM MUKYTUHCKOTO OTITHMYMR...cueevvrrierenenns 319

7.10.2. [1aneoreorpa@ueCKHE PEKOHCTPYKITHH .....ccveruvereareseecemrseessereenesessesssens 321

7.10.3. AHTpONOT€HHAS HEBS3KA B PETPOCIEKTUBHOM HPOTHO3E ....vevvenvevieerennnnn, 323
T L. BBIBOMBI. ..o ieeeeeee e et e e e et e eete s v eee e et e s easasessessss e s annraeeesaesseanaeenes 325
I'maBa 8. IOKAJIBHBIE JIAHJJIIA®THO-3KOJIOI'MYECKHUE [TPOI'HO3bI
8.1. McxoaHbli SMITHPHUECKHI MATEPHA ... ccevermeenrirerrnernensecseeruansseseesensessessasasessesmens 327
8.2. OCHOBHBIE YE€PTHl KITUMATHUECKHX TIPOTHOBO0B . ..ve.eereereerererarsreeseeensessanesesseresens 329
8.3. IIporuo3Hble OL[EHKH U3MEHEHHH S0a(HUECKOTO YBIAKHEHUS ..vcvervvererirenererrrenranans

H UX 3KOJIOTHYECKUX MOCTEICTBUI IPH TEPMOAPHIHOM TPEHIE «...vvevvierrreeerennnns 332
8.4. IIporHo3Heie CLEHAPHH NIPE0OPa30BAHUI JIECHBIX IKOCHCTEM......cvveererrererrrrenansn. 341

8.4.1. Kommmatugeckas mopent HadCM3 .o 341

8.4.2. Kiiumarugeckast Mozenb E GISS....c.coooiiiieviiiiire e 346
8.5. [Taneoreorpaduyueckas Bepu(pHUKaUA IPOIHOZHEIX PACHETOB .. cevvvreerrrererrsersenens 347
8.6. B3IIIAL B OYIIYILIEE ......evrueeneierieeiesteesuteceestestsesnaeesrnetesnstesteeasssseestesrneasesaesssteranans 352

[nasa 9. BUOJIOTUYECKUIN KPYTOBOPOT Y YIJIEPOJHBIN BAJIAHC
JIECHBIX 9KOCHUCTEM ITPU I'TTOBAJIbHBIX U3BMEHEHU X KIITMMATA

9.1. I'no6anrHOE MOTEIUIEHUE U OHONOTUICCKUH KPYTOBOPOT ...oevveeveerrnrariereserenrerennn, 353
9.1 1. BBCTCHIE . convisvnsonessssssmusmenversessmyssessssm s s s e s e s e £ e 353



Coaepxanne 705

9.1.2. OMnupHYecKas HMUTALM KIIMMATOT€HHBIX H3MEHEHHH OHOIOTHYECKOTO

KDY TOBOPOTE cxvsvusscvusssvsanssosssesssss ey assvasssss fassss s sxss ey o50 38RF938 55 £355% 440000 FERERORBSRRTITREDS 355

9.1.3. IBHXKYIIHE CHIBI KITAMATOTEHHBIX CYKIECCHH -....vevvvveeeereeiaveeseeaeenrenneeneeens 367
9.2. U3y4eHHOCTD IPOOIEMbl GHOTHYECKOM PEry/SIHH YIIIEPOAHOTO IHKIIA. ............ 369
9.3. Pacuer u3MEHECHHUH YIIICPOIHBIX IIYJIOB B OHOTEOLIEHO3E .......evverviaveeneeerreesnennens 373
9.4. [IporuosupyeMslii yriepoHblil 6alaHC JeCHEIX 9KOCHCTEM I pa3sIHUYHEIX

KIIUMATHYECKHX TPEHIOB. ..ccouveireueeraeereeeisuenieaseesseemeesaseessseseesseessesasessasessessnsesns 376
9.5. CpeHEB3BEUIEHHBIE 110 TWIOIIAIN HOPMBI YTIIEPOAHBIX OANAHCOB.......cvvvereenneenn. 381
9.6. YrneponHusiii 6anaHc JecHBIX (GOpMAIHil IPU MOTEIICHUH U TIOXOJIOJAHHH ....... 386
9.7. Ilporuo3Hnle CIICHaPHH YIJIEPOAHOTO Oaianca B KaprorpaduieckoM

2] 30 . 2 7 1 389
O 8. BEBIBOIBL........ueereieeieeeiiteieeeeeeeeeetasastsestessesesaeomeeseeesssesssssraseseneeeeseenssssssnsessasssasans 401

nasa 10. YCTOMYHUBOCTb JIAHAUIAGTHO-IKOJIOT MUECKUX CUCTEM

10.1. COCTOSHHE IMPOOIEMBI .......eeveeeeeneenraneaneerrestrseeseessensestessiasesssassassessesasessesseessens 403
10.2. AHanuTHYIECKOE MOAETHPOBAHUE YCTOHYHUBOCTH JIECHBIX OMOTEOIIEHO30B......... 408
10.2.1. JIabunbHast GUTOHECHOTHYECKAS YCTOHUHUBOCTD «..cvvuerverraresresmeeuensennaens 409
10.2.2. UHepunoHHAA NOUYBEHHO-OHOTHIECKAS YCTOHUMBOCTD -.vvvveeveeneeninveveeene 414
10.3. YcToH4YHBOCTE JISCHBIX OHOTeONEHO30B B KapTOrpadHUeCKOM BBIPAXKEHHH ..... 422
10.4. Momenu yCTOWYNMBOCTH JNECHBIX DOPMAIHM ......eveeuveenreereerviereicsiesseeeenereenssnenes 428
10.5. dakTOopHAsA OpAMHALMA HHEPLMOHHOH YCTOWYHBOCTH JIECHBIX OHOTEOIIEHO308
B HEPAPXUYECKOH CUCTEME MPHPOIHBIX KOMIUIEKCOB. ... .eeeiverirrrerereeeeeesesseeearnens 430
10.6. buotnueckas peryisuus yriepoJIHOro NUKiIa U QyHKIMOHANBHEIE COCTOAHUSA
JIECHBIX DKOCHCTEM ....oviiviiniiiiisereesieistisaisssssietesntesssesstsssasssatsatoesaneseessnsssssssssssnsien 436
LO: 7 BBIBOM B ssesscvomonussssrmssmesmssemys sy s v o5 s S S RSB 440

Tmaga 11. SMITMPUYECKA S UMHUTALIMA ®@YHKIIMOHUPOBAHMA JIECHBIX
OKOCHUCTEM ITPH KIIMMATHUYECKNX KOJIEBAHM X

11.1. OOBLEKTHI H 3a0aUH MCCIIEHOBAHM ....eveveeeemnreeeeenssesetessnsneeerssaessssssssssasseessaaasseesens 443
11.2. TIpOIEAYPA IKCITEPHMEHTA. ... cevermrrrurrrreseaseeseaseessarsesssesnsssssssassssssessesseesseseessenses 446
11.3. MHauKanus rOAUYHOrO IPHPOCTA CKEIETHOH APEBECHO-KYCTApHHKOBOH
(HTOMACCEHI 1O 3€TIEHOH MACCE TPABOCTOM ...cvvveeveeveriernensenianssenssaserscessesssaseessensen 449
11.4. UmuTanoHHbIE MOAEIIH SKOJJOTHYECKHX MOCIEICTBHH KIMMATHYECKIUX
VIBMEHEHITH vvssws vnmsvans v s s v Sy i om0 A SRR EE S AT €9 5060 i S0 LSV SRR RS 452
11.5. DxcTpeMasibHAS HMUTALMOHHASL MO «..cc.eoreeerreruererreriasaesnneserseseesssssnsesaans 455
11..6: BEIBOIEE... o0 s2555550550enmnns s nne SESE555E8 52 Sndor nmne s ssmmsnSE555 85 885 mmmnms s s oo s ms m s f555 Fndiymnmvmm e msmens 457

I'maBa 12. BBICOKOI'OPHBIE KOCHUCTEMBI B YCJIOBUAX ITPEJJCTOSIIETIO
TIOBAJIBHOIO NOTEIJIEHWA

12.]. BBOIHDIE 3AMETAHHEA .......coueeeemirenreeetniesatesertaaseteseesesseneesssseessess et sateseesasseneensenes 459
12.2. JIBa Tu11a IPOTHO3HO-IKONOTHUECKOH CTPATETHH ....overveverrnenrenreneeneencensineneenenes 460



706 9.I. Koaomsity JKCcriepuMeHTaAbHAs reorpaguyecKas IKOAOTHS

12.3. PeruoHaIBHBIH KIUMATHUECKUH IIPOTHOS....uveenvreerernreenrenneesrreesassressesaeseesssenes 461
12.4. XopoMeTpudecKas MOIEIb BHICOKOTOPHOTO MACTOMIIIA. ......ovveeererreereereenaesrens 464
12.4.1. AHATUTHYECKOE MOACIUPOBAHHIE HPOTHO3HBIX CUEHAPHEB ...c.vveereneenneane 464
12.4.2. Kaprorpadugeckas IporHo3Has MOZENb BBICOKOTOPHBIX IYIOB............... 468
12.5. XpoHoMeTpryeckas IIPOTHO3HAA MOAEb BBICOKOTOPHOTO YILEABS «..covvenveennnne 472
12.5.1. CucreMaruzanys MaTepHajioB HAOIIOACHUH 1 HOCTPOESHHE MOMENH........ 472
12.5.2. IlporHo3Hsle CLEHAPHH TPAHCHOPMAITHH QHTOILICHO30B.......cevveererreerrannss 476
12.6. BEIBOMEBL....cooueecremieeiiiiessteniniecnessseeeseeeaestssussnastssnsennsssessesssssmsnsessbossmruenaessassens 479

YACTHS III. AKTYAJIBHBIE 3KOJIOTI'O-I'EOT' PAGRYECKHE
HPOBJIEMbBI

I'mapa 13. BUOCOEPHBIN 3AIIOBEJIHUK KAK OFLEKT PETMOHAJIBHOT'O
U ITTOBAJIBHOI'O TEOCUCTEMHOI'O MOHUTOPHHIA

13.1. BBOIHBIE BAMEUAHHS - .ce.vveeereenreeireineeaereasensseesseesreensaesssessasssesssansessssersesssnesenss 481
13.2. Maeonorndeckue OCHOBBI HAYTHOTO TTOMCKA ... ..eecrrrmvrereesrreasrerseesseesssmrsessesssones 482
13.3. OOBeKTHI UCCIIEIOBAHUS U METOBI TIPOBEACHUS IKCIIEPUMEHTA. ...cccvvvrvernvrernnen 483
13.4. O01ee COCTOSHUE JICCHOTO MOKPOBA 3ATIOBEIHHKR .....cvvevveeerrriueareeaeenveenneireenas 489
13.5. LlenHbie PpeakuMh B MEKKOMIIOHEHTHBIX CBABMX ..cvutmrunrnirimnuniarinsnisisiscinnnnrsnsnns 490
13.6. Dxonorudeckas posp JIUTOTEHHON OCHOBBI JTAHIIIAMDTOB ......ccverraeesnseessassancans 495
13.7. TUIIBI MECTOOOUTAHHUS JIECHBIX COOOMICCTB ..eevvverieererernieariernreeseeirneseesasssesnsasnns 501
13.8. O B3aUMOCBSI3H PACTUTEIBHOCTH H IIOUB....eereerrieienraeneerieniesserasersesmecseessesosessenes 505
13.9. PeruonansHasi CHCTEMAa TOKAJIU30BAHHOH IPUPOTHON 30HATBHOCTH. ................ 508
13.10. T'eocucTeMHBIH MOHUTOPHHT B [IPHOKCKO-TEPPACHOM 3aIIOBENHHKE .............. 510
13.11. DkcniepTHas OlIEHKA JIECHBIX IKOCHCTEM KAK 0OBEKTOB OMochepHOoro
MOHHTOPHHT @ ...c.cccvteueeeiitisesteeesteeeataeeaieessmeeensssssssesaiseeesteseneeessseesssessasseseessreensesns 512
1312 BRIBOMBE vassssvvssessnssvsmorsssssesssnsmssssssssssssssssssses s s o eassnsass s oasissvemsastnsns 516

Imasa 14. SBOJTOLUMOHHBIE BUOCOEPHBIE ITPOLIECCBI
HA THXOOKEAHCKOM MEI'A3KOTOHE CEBEPHOU EBPA3U

L I 1 o, 11 15 D 10D 0 =) T —— 519

14.2. Tuxookeanckuii MeraskoToH CeBepHoi EBpa3uu Kak 3BONIOIHOHHAN
MOJIENIb KOHTHHEHTABHOM OHOCHEPBL.....ceevceeriieriiiiiiinie et 521
14.2.1. Opo-KIUMaTHYECKHE B3AUMOACHCTBHS Ha METAOKOTOHE H UX FKOJIOTHYe-
CKHE CIIEICTBHM ...uuiiiisieeiirie st ecarteeeceresseae st s saesseseesseneeearaesaneeesesasssassnsessessreeseas 521
14.2.2. BHOKTUMATHYECKAS CTPYKTYPA METAIKOTOHA ..ccvvevrervrereareriesvrerereernrnnnnns 528
14.2.3. K co31aHHIO TEOPHH DBOTIOIUOHHOTO JAHAMADTOBEICHUS ....c..eervvevrnses 530

14.3. OcTpoBHBIE BYTKAaHHYECKHE 3KOCHCTEMBI Kak HCTOKY (GOpMUPOBAHHS
KOHTHHEHTATBHOM OHOCHEPDL. ... .coviviierreniiniieeieieiestesresnis e sbessevsseeseesesessanesanans 534
14.3.1. OOBEKTBI HCCITEHMOBAHI «.....eouveurirvererreereesreiessesssersensessnessassoseessesessessoraras 534

14.3.2. Pernonansnas GHokInMaTuveckas cucreMa HOxno-Kypunbckux
OCTPOBOB ...oevvviuureeiiireeeiatnteeeraarteessasstesasasbasasansntaseeeraraeeessssesesassassessasessssrensssenssases 538



Coaeprkanue

707

14.3.3. «KnuMarudecku HeommpasIaHHbBIE» JIeca OCTPOBHOI OopeanbHoH

T 10711120
14.3.4. CrpykTypHas opranu3aius OCTPOBOLYKHBIX JIECHBIX JKOCHCTEM..........
14.3.5. ©yHKUMOHAIBHAS OPTAHU3AIUSA JIECHBIX COOOIIECTB ...cvevvrnecciiiieenans
14.3.6. CTpyKTypa TENJI0BOro 6anaHca OCTPOBOLYKHBIX JIECOB..........ccovivuiiniins

14.3.7. Dxonoruueckas poib re0TEPMUISCKOH SHEPTUH B 1€CO00Pa30BaHHH.........

14.3.8. HeKOTOPBIE BBIBOMB w1 sxssvensssawesssssss sassss s s iasss s sy s s uees i s ssvmssors
14.4. DBOIOLMOHHAS IKOJIOTHS OKPAMHHO-MATEPUKOBBIX OOpEaIBHBIX JIECOB.........
14.4.1. BBOJHBIC 3AMEUAHH S ... eeerureereernneerecsaissncsiississsstsstisssesssnssssssoresnssssessnnsnns
14.4.2. QOBEKTEI HCCTEMOBAHMM «xismsasunssvsssmonsvnsmsassrvsssasesssss svvsnsonssosns sinssvsssssvnsses
14.4.3. I'enepanpHas cxeMa MOHOCUCTEMHOM opranu3anuu HuxHeamypckoro
DOPCATIBHOTO DROTOHR 1555 5550 505 57w 0635 575.55 0830556855803 A T AU S A TR VR S
14.4.4. BEICOTHO-3KCIIO3ULIMOHHASA 30HAIBHOCTh PACIIPEACICHNU JIECOB
Y BOSHUKHOBEHHE GYPEPHBIX COOOIICCTB «.c.uvenveermeneriiiiiriciiitcsie s
14.4.5. 3oHaBHBIE TPYIIILL IECOB U MEXaHU3MBL HOpMUPOBaHHA OyepHBIX
COOBIHECTB. 1.t vvenveneeueteeueaeeeetetessestetestesesaees ot et e s e e s eessae e sa e smesresesrmseeneaesasnas e
14.4.6. @yHKIHMOHATIBHASA OPTaHH3aLH JIECHBIX DKOCHCTEM ....vviviiinienenreennnnns
14.4.7. BydepHrle TeMHOXBOMHO-IIMPOKOIUCTBEHHBIE eca [IpuaMypckoi
Cyonauuduku — dpeHoMeHaIbHOE ABICHUE 3BOIIOIIMOHHOTO
JECOO00PAIOBATENBHOTO TPOMECCH 1vuvisnsvsssssrmmsesmsensmmunssssssian s syssasssses stnsyssss
14.5. K Bompocy 0 3aKOHaX 3BOJIIOLHH OHOCGEPE

I'naga 15. TEOTPAOHYECKA S YPBO3KOJIOT'UA

15.] . BEOTHBIE BAMEUAHIT s oosmmmmsmssssms s tsissms s s s (a5 v s e gy s v s s
15.2. Topon xak TaHAWAPTHO-TEXHOTCHHAA CHCTEMA ..c.eevvvrererrriiririsisnesssissesssessnees
15.3. DKOI0ro-MHUKPOKANMATHYECKOE PAHOHUPOBAHHE OOIIBIIOTO TOPOHA......ceeveon..
15.3.1. [IpMHUMIIEI H METOABI BBIIEICHUA PAHOHOB. ....c..coiminiiiniinie i
15.3.2. OueHKa KOHTPACTHOCTH MUKPOKIUMATHIECKHUX PYOEKEH ......ovveveeennnne
15.3.3. Dxonoruyeckas XapakTepUCTHKa MUKPOKITHMATOB TOPOIA.......cvvverirvrenes
15.4. MoHocucTeMHasd OpraHU3aLys JIECHBIX IPUPOAHBIX KOMIITIEKCOB
B YPOAHH3UPOBAHHOM CHSIIE svuvess cosvnmsmvmassavmmssmssmaymn vans 6 3y s sormmaassssss s57e s
15.4.1. OObeKThI HCCICIOBAHUA H UCXOITHBIE MATEPHATIBL ....eeeuveernmeereeriseesaiannane
15.4.2. MeXKOMIIOHEHTHBIE CBA3H B JIECHBIX T€OCHCTEMAaX
BHE BOHBI YDOAHMBATITIN couvsnsvsvanvnnsssissassesssaossisssssossssnssssnsssssssies s vioss sisss s55srin 055553

15.4.3. JlecHaq mOACTHIIKA KaK HHAUKATOP (GYHKIMOHHPOBAHHA JKOCUCTEMBEL........

15.4.4. JlecHbIe 3KOCHCTEMBI TOPOICKOTO MapKa B YCIOBHAX TEXHOTEHHOIO
BATPABHEHHA. ..vvveeererverseeaeenresseenssaeesseenesresnneesesstssesssass st estessssaeesasessensesaesaenseansessennes
15.4.5. TexHOTeHHBIE CABHUTH B CTPYKTYpe U QYHKIIMOHUPOBAHNH JIECHBIX

KO CHICTEM covsvunwsnovusmnssniosis s s s sumam s o8 o8 oA s 5 S P S P SR SRS g st
15.4.6. MexaHH3MB! aJANTALIMH JIECHOTO COOOIIECTBA K ypOaHH3UPOBaHHOR




708 3. Koromsly IxcrieprMeHTaAbHAA reorpadiecKas IKOAOTHS

15.4.7. TexHOreHHBIE CABHIH B MapaMeTpax OHONOrHIECKOTO KPYTOBOPOTA......... 623
15,5, BBIBOBI.....eeeutierecienieesiraeaestesaseesstesseasasseeessessentossesanesssssusssnsesessanesmeeesesssmcnera 629
SAKITIOUEHUE. KpaTKOE HRTOMEHME .......oormrrreesianimsirisniiassssssniinsessessssasssssessasenes 631
ABSTRACT ...ttt ettt ettt sttt et ettt et semnans 641
IPEMETHELN VEASATENE soevmesemmmmmemssemsmmerssmasmmssreasss 655
JIATEPATVPA .ottt ettt see e s ms e 665

CONTENTS s cucnacisvorssmssmasusnasnssssivsssssmsseises st somssse soisas e sessivms s i sssssssess s esmismssise 710



CONTENTS

Introduction. the subject of experimental geoecology
Part 1. Basic ecological-geographical analysis

Chapter 1. Methodology of experimental landscape-ecological studies

1.1. Landscape-ecological system as an object of basic and predictive modeling ........ 15
1.2. Essence and types of empirical-statistical modeling .........cc..cccceercnrnnvnnnnnnincns 20
1.3. Strategy of landscape-ecological €Xperiment ...........c.ccvverreirereeinreneesrennieneesrenene 23
1.4. Field survey data collection and preparation for modeling ..........cocecevvevirienrrneennnn 30
1.5. Calculations of living phytomasses and productivity

OF fOTEST ECOSYSLRINS ..ueevrveiveriereenereresserereeresresreseesase e s eserae e sesseeessesseseanessesnennen 35
1.6. Monosystemic information-theoretic models ..........c.ccvveecnincvcnniineninicenreeeee 40

1.6.1. Construction of a common information model ............ccoevniivenreninienenenenn. 42

1.6.2. Vector presentation of ecological niches ..., ....46

1.6.3. Binary ordination of geocomponental characteristics.......c.cooeecerreniiriennnrcnnns 43
1.7. Polysystemic set theoretic mOdels .........ocevvviirviniirinnicriiricees et 51

1.7.1. Ideological prerequisites for modeling.........ccoecvvverrecereesiniiiriererasreeeenians 51

1.7.2. Similarity and inclusion measures in the inter-complex

€ONNECtioNS Of ZEO(ECO)SYSIEIMS .....vvvrveverrereirrertessrisesseeserseseesassaisereesseraesensessensens 53

1.7.3. Matrices and graphs of inclusion relation between

ZCO(ECO)SYSIEIMS ..ovvveererreeerinerieserrerirresseeersaesenastersastesseesmeseessssssesaessessanssensesssnnes 56
1.8. Integral parameters of polysystemic organization of natural

COMPLEX SLADIILY ....ovivvieviieririereetentirt st e e e et et te b se e sasssnsesaessesrane 62
Chapter 2. Natural zonality and geographical ecotones
2.1. Zonality as an object of ecological and geographical research..........c...cccooeeerneenen. 69

2.2. System of natural zonality of the Russian Plain in light

of the theory of SYMMELrY ......ccovriiiieieeeeecc st 72

2.2.1. Symmetry interpretation of geographical zonality ..........occevevveevernnenveranenn 72

2.2.2. Symmetry analysis of zonal geospace formation..........c..ccecvvvereeccrniirieencensas 77
2.3. Natural complex as an ierarchic system of the control............ccecceviieirerercercnenennnne 82

2.3.1. Cybernetic conceptual model .........cooivnineeiiciininiiceneneener e 82

2.3.2. Structural levels of landscape organization and some

methods of their identification.............ccoocevieiiiieciiinniien e 86
2.4. The concept of geographical ECOONE ......cveeverrerivrieeririetienir st essareenes 90

2.5. Boreal ecotone as a landscape-ecological System .........c.ccocevevenninencniennevenceene, 93



710 3.I" KoaoMpil JKCIiepUMeHTaAbHASA reorpaduieckas SKOAOTHs

2.6. The system of paragenetic sequences of natural complexes

at Orographic ECOLONE ......ccccoiiirciiiiiiiiiiiiee e 100
2.6.1 The alignment surface layering as a geomorphological basis of the regional

natural-territorial StrUCTUTE. ........ccocieiiieiieren et 100
2.6.2 The ecological role of nival-solifluction morphosculpture ..........ccc..c.c... 103
2.6.3. The periodic system of conjugate rows of landscape facies........ccoococvveene. 104

Chapter 3. Ecological principles of formation of zonal
geographical space and its boundaries

3.1. Zonal ecotone as a trigZEr SYSIEIM ......ccevureierieeniieeiitiieriee e eens 109
3.2. “Ecologization” of 1andscape map.........ccccivriicriiiiiiiinincinrescees s 116
3.3. Mechanisms of zonal boundary formation ..........cc..cecvemevrceniinsiieniicniennencenn 124
3.4. Climatic niches and stability reserve of geo(eco)systems .........ccoccevvricrcrirnncnnes 132
3.5. Primary biological productivity in zonal ecological space..........ccccccoevecriiecns 135
3.5.1. Productivity calculations by landscape-geophysical parameters ................ 136
3.5.2. Regional scenarios of the changes in primary productivity
in the system of background climatic fluctuations .........cc.ccoevvvniiininnninnn, 143
Chapter 4. Landscape-zonal systems of the Volga river basin
4.1. Regional bioclimatic system and its predictive significance ............cccoevveinnenn 147
4.1.). INtrOdUCLOTY MOTES....cceerreereerererei sttt ste st r et sbe s s 147
4.1.2. INitial AAtA....coceeieeeieeierre ettt 149
4.1.3. Typification of the climatic niches of vegetation and soils
in the context of their potential stability........ccocveveiiiiniiinineiicne 150
4.1.4. Comparative assessment of the climatic niches
of vegetation and SO cisssmssimsrnmmuvomsmmmmsmssriss s s s ssmass s s s s e 155
4.1.5. Verification of the models of disconformity
OF CHMAIG TUCRES. ... en et 5885 w55 55335 s ST Y A TR AR VAR 159
4.2. Polymorphism of landscape-zonal SyStems .........cccocevevecininincininicieciinecns 164
O T o (1o O ——— 164
4.2.2 Experimental methods.........cc.ooooeeiiimmiiiiiiiicrccrc 166
4.2.3. General level of intercomponent CONNECIONS .......cccveecverrerrerreeneereinecveneen 169
4.2.4. Parametric pOLYMOTPRISITL ...o..eeiiiriiiiirceieciii et 173
4.2.5. Territorial polymorphiSIm ........c.ccccoiiiniiiiiir e, 176

Chapter S. Topology of ecological-geographical space
5.1. Ecological-geographical aspects of the study of small natural

COMIPLEXES ..ttt ettt asae e st b e s s sas s aneas 179
5.1.1. Initial methodological proviSions........c.cccevvereerrcncinnninecicenine s 179
5.1.2. Ecological concept in landscape study and forest typology........ccccoeeeenie. 180
5.1.3. Principles of factorial dynamic analysis of local geo(eco)systems............ 183
5.1.4. Typology of local landscape couplings .....c..cccccevererenmnnienicisniecens 186
5.2. Complex factorial dynamic analysis of forest ecosystems ............cocovuvcirecirennes 190

5.2.1. Ecotypes of forest blogeoCo noSes. .....occuuriieiiniiiiiiic it 190



Contents 711

5.2.2. Hydrothermal ordination of metabolic parameters.........c.cccccoveevrciiereneens 195
5.3. Polyzonality of local geosystems as a way of their response to global
CLIMALIC CRAIMZES ....eieeveeiieiireiieteeit ettt et et e s be e e s ba e e e et e s bens 200
5.3.1. INtrOdUCLOTY NOTES.......c.eeureeereerieeeniirretesteentertersreeeese e esaesbeseeeeesresneeseeneeneas 200
5.3.2. Research areas and iiiitial data....comsmmmmmmssmmmi o 201
5.3.3. System of the channels of local cONNECHONS............cco.coovreeverrvirceeeeeeeerane, 204
5.3.4. Phenomenon of bioclimatic polyzonailty
At the 10Cal 1EVEL.. ..ot e e 206
5.3.5. On climatogenic changes in the vertical zonal
differentiation of plain 1andscapes.........cc.oevvcririineniincineienec e 211
5.3.6. Local empirical simulation of bioclimatic trend ..............cceeeieiveiniicveennnne 214
5.4. Local humidity factors and their significance for ecological predictions............. 214
S5.4. 1. State-0f-the-art.......c..coveoiiiiiiie e 214
5.4.2. Objects of research and initial data .........coccoeeeiiiniereiiinnrece e, 216
5.4.3. Local diversity of atmospheric humidity factor ..........c.ccooecvcenieiicinnennnne. 218
5.4.4. Edaphic humidity factor and the method of its calculation .........c.cccocovveecurnnnnn. 219
5.4.5. Local factor of “total” humidity......ccovviriiieiiiiiiiin e 221
5.4.6. Humidity factors and levels of geo(eco)system function .........ccccceccerriveneeennnne. 221
5.4.7. Hydroedaphic conditions of the critical states of forest ecosystems ................. 224
5.4.8. Results and proSpects......cco e cerccrieeeniiere ettt see e e e 226
Part II. Ecological-geographical prognosis
Chapter 6. Geo-ecological prediction methods
6.1. Ideological bases of the method..........c.ccooviiriininiiie e 227
6.2. Two types of exogenous transformations of geo (eco-) systems .......ccceeceevverenee. 234
6.3. Local landscape-ecological prediction...........o.eevemviiiicnecinnnrniecervre e 236
6.3.1. Calculation of the probability of landscape-ecological transitions ............. 236
6.3.2. Calculation of the rates of predicted transitions..........occoevcrerevrrvirencecrennns 242
6.3.3. Regional forecast in cartographic eXpression........cuveveerccererrnieeereenieesirenens 245
6.4. Local landscape-ecological fOrecast ......ccouiiiiimiimrmiiiienieiiecrieeeeeevrereesve e 251
6.4.1. About the forecast direction in the topology of geo (eco-) systems............ 251
6.4.2. Methodology of local environmental forecasts..........c..cccceevvecicriinceinnne. 254
6.4.3. Algorithm of environmental forecasting calculations ...........cccoocevenrvcecunenn. 257
6.5. Functional isomorphism of natural ecosystems and
its significance for environmental forecasts ...........cceeverveannerniineniesnneiesenenen 260
6.5.1. INtrodUCTOTY MOLES.....ccvirieenrieiieiieiienieesie et e cs e e et aee e st sbesaeesenasssesenenas 260
6.5.2. The ideological background of scientific research ............ccccovvvrverreceenrnnnns 261
6.5.3. Source materials and methods of analysis.........c.cccooveiinnicnnninciccene, 263
6.5.4. The concept of functional isomorphism of ecosystems ..........ccoceveveererenens 263
6.5.5. The influence of functional isomorphism of ecosystems on their structural
trANSTOIMAIONS ...ttt ettt st e e e e e nte e s bt e b sreasesbeebeseen 268

6.5.6 Ecological forecast in models of bioproduct isomorphism. .............ccccvenv. 274



712 A.I. KoaoMbll, JxcHepHMeHTAABHAs reorpadpuyeckas 9KOAOTHS

6.5.7. SOME CONCIUSIONS ....cocivvrrriiiiiiuieeiiiiiiiieirereeiibeeeeeseseesessssreesssssssosseressassessses 277

Chapter 7. Predictive scenarios and paleogeographical reconstructions
of landscape-zonal systems

7.1. Problems of regional dynamic €Cology.......ccvvmvvrmnieecieiniiicieneiee e 279
7.2. Review of the known scenarios of global anthropogenic warming.............c........ 284
7.3. The common hydrothermal conditions of present, past and future..............c.c..... 289
7.4. Materials and methods of paleo-predictive analysis..........cccevcerevcrvrvninnnenicneene 291
7.5. Predictive scenarios for hydroclimatic conditions of the Volga River basin......... 300
7.6. Predictive scenarios for the state of regional bioclimatic system..........ccccoeeneeee 303
7.7. Prediction of the changes in soil water balance and moisture content ................. 306
7.8. Predictive scenarios for zonal structure of the
VOIga RIVELT DASIN ..ottt ettt e sre e e rne e s nnaaeesaesse e one 310
7.9. Some anticipated social-ecological CONSEGUENCES..........cccvrerereermerrenrercererienreenns 319
7.10. Retrospective landscape-zonal prediction........oocvvvveeeceerercerenreennnie e 319
7.10.1. On the geobotanic scenario for the Mikulin Optimum........c..c.ccceerrrreneen. 320
7.10.2. Paleogeographical reconstructions ........coeerervereeeneniiiinineneenecesesieee 322
7.10.3. Anthropogenic discrepancy in retrospective prediction ...........ccccecerennnce. 323
Tl O IS OIS cncrmmermessmemswmms s oA 325
Chapter 8. Local landscape-ecological predictions
8.1. Initial empirical data .........c..cceeevirriiiriinirrire et sbrsr e earressens 327
8.2. Key features of climate prediCtions ............cceecevverienieeireniesesenenrsrensreieseesveseeseenes 329
8.3. Predictive estimates of the changes in edaphic moistening
and their ecological consequences under thermo-arid trend...........coceevvinveeeccinninnn, 332
8.4. Predictive scenarios for transformations of forest ecosystems..........c.cocececerveueen. 337
8.4.1. HadCM3 clithate model s .coiisieesioi simsimsasim i iismssssesnsmsiosimsii 337
8.4.2. E GISS climate model .......ccocvvreermvmiirereeeenierirenneseneesieeceeseesrennssneseeeneen 347
8.5. Paleogeographical verification of predictive calculations ............ccecveveveeririennnnns 348
8.6. Looking into the FUTUTE ........cccovviiiiieirii ettt ste b s 352

Chapter 9. Biological cycle and carbon balance of forest ecosystems
under global climate changes

9.1. Global warming and biological cycle .........ceccereevinrnrnnivinniinninienereeeeenes 353
9. 1.1, INtrOQUCTION ..ciniiiiiiieieeieeece ettt ettt ettt sb et 353
9.1.2. Empirical simulation of climatogenic changes
10the BI61GBICA] CYCIE v e oo s S PSS 355
9.1.3. Driving forces of climatogenic SUCCESSIONS ..........cccomrrererirreervereieerirrennens 367

9.2. State of knowledge of the problem of biotic regulation
of the carbon CYCIe........oceeiiiiiiccicctecc e 370

9.3. Calculation of the changes in carbon pools in biogeocoenosis...........cevvrveveveneee 373

9.4. Predicted carbon balance of forest ecosystems for different
ClIMALIC rEIAS ...veiiriiiiiie ettt see st se et se e e s s rceenesrrsesbesbesn s sasesnenen 376



Contents 713

9.5. Area-weighted average normal values of carbon balances..........c..cccoccininininn 382
9.6. Carbon balance of forest formations under cooling

AN WAITNING ...oeiiiien ittt st ssat e s e e s er s s e e nes 385
9.7. Predictive scenarios for the carbon balance

in cartographic EXPression.......ccovvrerieciireecieniinienresie st e s e erens 397
9.8. Conclusions........ oo n e e en 4 e SR e R R A S R T SRR R S 401

Chapter 10. Stability of landscape-ecological systems

10,1 State=0f-thE=aFt e csmismnm s s s s s sss r i irssovesstsse 403
10.2. Analytical modeling of forest biogeocoenosis stability ..........cccoveveirvemiirnennes, 408

10.2.1. Labile phytocoenotic stability .........cceoireeiiiiinicniiiinriic i, 409

10.2.2. Inertial soil-biotic StADIIItY .....ccceccvivevreiriirrrnircrerre et 414
10.3. Stability of forest biogeocoenoses in cartographic eXpression .........c..coevvevenne 423
10.4. Models of stability of forest formations...........ccooevviviiniiiiiiennin, 429
10.5. Factorial ordination of inertial stability of forest biogeocoenoses

in the hierarchic system of natural COMPIEXES .......cccovvervevueriiicriciiiiniiieiis 430
10.6. Biotic regulation of the carbon cycle and functional

States Of fOTESt CCORYSIEME, veivsssmusmmmmsisssnosnmvimossnvsrisnsos soieases srsssusssrusentsssanenrasgigenss 435
10.7. CONCIUSIONS .....ocvveireeirieiiienieitenreestereeserrseeressessiessesssson st esessseatesassresnessesassnsiasaas 439

Chapter 11. Empirical simulation of the function of forest ecosystem
under climatic fluctuations

11.1. Objects and problems of research .........cccoveeviieievriciiinniiiiiiiccc s 443
11.2. Experimental ProCedUIe . smrmssssrsssammesssimsnsssasmssessmsosssasss soiiiesssans assises 446
11.3. Indication of the annual accretion of skeletal tree-shrub

phytomass by the green mass of herbage ...........cccovviiviiiiininiics 449
11.4. Simulation models of ecological consequences

Of ClIMAte CRANGES: ..o 556500y e ei55580 vressoms o 55 HH oSS 4H 5 SOV R SRV TS 452
11.5. Extreme sSimulation MOdel ........cc.ciieciierereeiiieneneeneneenveeseennesseenessnes s 455
T1.6. CCONCIUSIONS.......oureenseossersunoseassmonmonennssnnmmense §55inmms oo d 5 on 56 SFERS FRERRARS V0TS SEERTR HHEERS 457

Chapter 12. High mountain ecosystems under conditions of forthcoming
global warming

12.1. INtrodUCOrY NOLES .....eoeriiirerieirieree s s srns b 459
12.2. Two types of predictive ecological SIrategy..........ccveeemrirvivmrnrisiincesienornnns 460
12.3. Regional climate prediction ...........coecvereeriiiininciniineciicnnie s 461
12.4. Chorometric model of a high mountain pasture ...........c.ccccovevevrrrceciniiniinnnnn 464

12.4.1. Analytical modeling of predictive SCenarios ..........cceccovevecrneenccnieeenn, 464

12.4.2. Cartographic predictive model of high mountain meadows...................... 468
12.5. Chronometric predictive model of a high mountain gorge........c..cccoeveevrcrinreencee 474

12.5.1. Systematization of observation materials
and model CONSIUCHION. .........cverieiereerire et e e es e e e 474



714 S.I. Koaomsiry DKCliepUMeHTaAbHAs reorpagudeckas 9KOAOTHA

12.5.2. Predictive scenarios of phytocoenosis transformations.............ccceveeeinee. 476
12.6. CONCIUSIONS ......eitieiieniiienienereree ettt et sas s st e be s eaesraeseenneeanesens 479
Part II1. Vital ecological-geographical problems

Chapter 13. Biosphere nature reserve as an object of regional
and global geosystem monitoring (Experience of science search)

13.1. INtrOQUCLOTY TIOES ...o.eeveerieceereiesaereeeieeaes et s cssssnesae s st s e ers st s a e 481
13.2. Ideological bases of scientific search..........cccccvvvvmiinniinne 482
13.3. Objects of research and experimental methods .........ccveivvviiiiiinieinnn, 483
13.4. General state of forest cover in the nature reserve.........cvviveecinniieniineeiineenens 489
13.5. Chain reactions in inter-component CONNECHIONS .......cooueeueeeneerrmcrueeesvmrcessrmssrnnnes 490
13.6. Ecological role of the lithogenic basis of landscapes ... 495
13.7. Types of habitats of forest COMMUNILIES .....covcvvivireriiimiirmsieiieeecc, 501
13.8. On interrelationship between vegetation and SOIlS ..., 505
13.9. Regional system of localized natural zonality ........cc.cooeviereiiimiiniciinccini, 509
13.10. Geosystem monitoring in the Prioksko-Terrasny

Nature Biosphere RESEIVE ........icueuctene o i ssts sissis sz isssssssvinsassisasissasin 511
13.11. Expert judgment on forest ecosystems as objects of biosphere

00701110 ¢ ) 110U OO OO OO 513
1351 2 CONCIUSIONS sovrssorsvavsssvsssssvssrvensrsamssssrsssss sy s ssmes s o5 -0 S 105 5w Ea s v g e g 517

Chapter 14. Evolutionary biosphere processes on the pacific ocean mega
ecotone of northern eurasia

14.1. INJtIA] PROVISIONS ...uvieireiiirenienset et eee s cees et ese st ses st se et s es e et s assesnssnnenarees 519
14.2. Pacific Ocean mega ecotone of Northern Eurasia as an evolutionary
model of Continental B1OSPRETE uuisuvmmsmumimsmessismmmmasesens s 521
14.2.1. Oro-climatic interactions on the mega ecotone
and their ecological CONSEQUENCES. ........covviieiiiivviiiiiiiiseneiresee e 521
14.2.2. Bioclimatic structure of the mega €cotone .......cooveeveeeeirniiceenicnieciiinnens 528
14.2.3. On development of the theory of evolutionary landscape science............ 530
14.3. Insular volcanic ecosystems as the sources of formation
of continental BIOSPRETe ........covvirviiiiiriiici e 534
14.3.1. Objects 0f TESEArCh .....coueuieiiririeir et 534
14.3.2. Regional bioclimatic system of the South Kuril Islands .......................... 538
14.3.3. “Climatically unjustified” forests of insular boreal Neo-Pacifics.............. 541
14.3.4. Structural organization of insular-arc forest ecosystems...........ccccvvvnnne 543
14.3.5. Functional organization of forest communities ........ccccevververeccverarenenneenns 544
14.3.6. Structure of the heat balance of insular-arc forests ........c..coccoveveeennnecnne 550
14.3.7. Ecological role of geothermal energy in forest formation......................... 551
14.3.8. SOME CONCIUSIONS ....cveuvieeerieierrerierieestereeereescsieeeeerensesrcessaoressnenssasneenes 554
14.4. Evolutionary ecology of marginal-continental boreal forests..........c.ccoeveevnnne 554
14.4.1, INrOQUCIOTY NOLES...c.eovieeernceieniecerieiesientre ettt 554

14.4.2. Objects 0f 1eSEArCh .......ccveiiirreieenici e 557



Contents 715

14.4.3. General scheme of monosystemic organization of the

Lower-Amur boreal €Cotone............coccvuiveriinieniiininerecceesee e e 558

14.4.4. Height-exposure zonality of forest distribution

and appearance of buffer coOmMmMUNItIES..........coccirinirnrincnrniccinnineen s 561

14.4.5. Zonal groups of forests and mechanisms of formation

of Bufler COMMURIIES oo e s s o S e S e 566

14.4.6. Functional organization of forest €COSYStemSs ..........coeceevirrmneverrennicrenne. 567

14.4.7. Buffer dark-coniferous/broadleaf forests of the Priamurye Sub-Pacifics

— the phenomenal event of evolutionary forest formation process............ccoeneeee 571
14.5. On the problem of the laws of biosphere evolution............ccceeeveieeviicceneccnnnnn, 572
Chapter 15. Geographical urban ecology
15.1. INtrOUCTOTY TMOLES ..c..eveeiiiiiieiereiteeitet et ettt et e e e resaneenes 575
15.2. City as a landscape-technogenic SYSteIM ........co.ceoveverecrirenieeeenieieeeceenreesee e 575
15.3. Ecological-microclimatic zoning of a large City ........cccovevciviviinniccnicienenannn 578

15.3.1. Principles and methods of Zoning.............cceevvevveeerveciiiieniecieecsee e 579

15.3.2. Assessment of the contrasts of microclimatic borders ...........c.cccoeceneenn. 587

15.3.3. Ecological characteristics of urban microclimates................ccecceeeeeennnee. 592
15.4. Monosystemic organization of forest natural complexes

N Urban enVIIONIMENL . ......ccoctiireriieeirercte ettt et rae ettt ettt se s enes 594

15.4.1. Objects of research and initial data ............coovvevveeiiinieecieniiieeeeee, 595

15.4.2. Inter-component connections in forest geosystems

outside the UIban area..........c.cceovrrecrieniererreeceniee et ettt nees 602

15.4.3. Forest litter as an indicator of ecosystem function...........cccouvveeeeeeennenne 606

15.4.4. City park forest ecosystems under conditions of technogenic pollution... 608
15.4.5. Technogenic shifts in the structure and function

OF fOTESt ECOSYSLEIMS ....eeireiieeeeieieniteeiree st e aesee e teebae s e raeesnessassesseeneessesresmeens 613
15.4.6. Mechanisms of adaptation of forest community to urban environment....619
15.4.7. Technogenic shifts in parameters of the biological cycle..........ccccceveneene. 624
15.5. CONCIUSIONS....oniiieiieieeiieiieni ettt et cone bt e sieses b e s saesasssec e e eans 630
Conclusion. Summary of experimental geoecological paradigm ............ccccceeevrveneene. 631
ABSTRACT .....ootittiieieeetetet sttt te s e e st et e s st b eteast e e esens et eseasaasessesbentabesaenes 641
SUBJECT INDEX ...ttt ettt ettt et sttt e s senes s 655
LITERATURE ..ottt ettt eiaa e st esbas s et ce e e e sanr e nsaeennraansssessmsenasseasane 665

L 0 T 710



