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PaboTa npecTaenger codod MOMBITKY HPHMEHHTE OOIIHE NMPHHIMALI MOXETHPOBAHHA JHHAMMKH PACTH-
TENBHOCTH ¢ YMETOM H3MEHEHIH KIHMATA K AHAJIH3Y NONTOBPEMEHHOH IMHAMYUKH PACTHTENBHOCTH TECO-
CTENHOI 30851 eBPONEHCKo# TeppuTopiu Poccr 1 €6 MpOrHO3Y MPH CHEMATBHBIX KMMMATHUECKIX CleHa-
puax. Vcnoas3oBana OpPHIHHAIEHAS METONUKA MOCTPOSHHA MAPKOBCKUX LeMeH KaK MOENe Cykueccui
PACTHTEMLHOCTH. VICXOIHBIM IIYHKTOM METONMKH CIIYIKUT Te00OTAHIIECKOe SHaHHE, 0000IHCHHOE B BUIIE
CXEMEI CYKUECCHOHHBIX IEPEXOROB H OLIGHOK CPEHHX JUIHTELHOCTEH ONMPEASTSHHBIX CTalik CYKIECCHH.
B Tex cIy9aix, KOIfa 9TO 3HAHME CBA3BIBACT IIHTEALHOCTH CTATHI UV HANPaBIeHHA NIEPEXON0B C onpe-
HeneHpBIME (KITHMAT3ABHCHMBIMIL) (DAaKTOPaMH CPEibl, BOSHHKAST IPHHIAMHAIEHAA BOSMOXKHOCTE MOTIE-
JHPOBATH BPEMEHHOH X0 CYKUECCHH B 3aBECHMOCTH OT 3aJAHHOFO CIEHAPHAA H3MEHEHHA KIIOUEBBIX thakro-
poB. POPMATBEHO MOAENE IIPEACTABIACT COGOH CAyualinyio Lenb MAPKOGCKO20 THNA ¢ KOHEUHBIM THCIIOM
COCTORHUH H MUCKPETHRIM BPEMEHEM MTEPEXONOB N0 3afanHoM cxeMe. B kauecTse pe3yrpTATOR MOAETIHPO-
BaHu# (IPOTHOZ0B) BEICTYHAKOT PACHpENeNeHAs OTHOCHTENBHBIX IIOATEH PacCMaTpHBAEMbIX CTAIMi
CYKIECCHH B /1000 MOMEHT BPEMEHH (B NPENleNax MPHHATOrO CUEHAPU), 2 TAKKe OUCHKM BPEMEHH IO~
CTIDKEHHA OMpENENISHHBIX COCTOAHMII PACTHTENBHOCTH Ha paccMaTpupaemoit teppuropmy. Ilpemmoxen
METOI OIMCAHMA JHHAMKKY IXPONYKIHN M 3aacOB (PUTOMACCHI B XONI€ CYKIECCHH M MOMYIESHBI COOTBETCT-

BYIOLIHE MOFEbHbIE TPAeKTOpHH (1714 3aTaHHOTO CIECHAPWA).

Cipopmynuposannbie panee (Jloroder, [JeHHCEH-
K0, 1999) ofIHe NMpHEHIMAIL] MOJETHPOBaHKA JHHA-
MUKH PACTHTEILHOCTH C YYETOM H3MEHEHHH KIIHMA-
Ta NPeIOIaraloT HCHOIb30BAHME MAaTEMATHIECKHAX
Mopenei kak (opManH3alyE CYIMECTBYIOWErO reo-
GOTAHMYECKOT0 3HAHWA W YYET HaKOIIICHHBIX KJIH-
MaTHYECENX JaHHBIX. KOTrHa 3TO 3HaHHME BbIpaXkeHO
B BHJE ONPEICHCHHOM CXeMBI CYKHECCHH, T.€. HEKO-
Toporo HaGopa ONpeeneHHbIX CTAHH CYKUECCHH |
NIEPEXONOB MEXKITY HIMH, BO3MOXHBIX 32 OIIPeAEICH-
HBIA HHTEPBAN BpeMeHH (1uaz, At, Ranprmep, 5, 10 et
H T.0.), aJ€KBaTHEIM MaTeMaTH4YcCKuM (PopManu3-
MOM OKA3BLIBAIOTCH CTOXACTHYECKHE IIPOLECCHI, TH-
CKPETHBIE [0 BPEMEHH 1 TIPOCTPAHCTBY COCTOAHM,
B YaCTHOCTH, THCKPETHLIE yenu Mapxosa. Ilpu aToM
MEHSIOUIEeEcs BO BPEMEHH PACHPENIENIEHHE BEPOAT-
HOCTEH COCTOSHMI Temd (BeKTOp X(f)) OTOXKHECTBIL-
eTCH C MUHAMUKOH OTHOCHTENBHBIX IIOINA/ICH COOT-
BETCTBYIOUIEX CTagil CYKUECCHH PacTHTEIBHOCTH
HA W3y4acMOH TEPPHTOPHH, i [IABHAA HPAKTAYECKast
3a7ada COCTOMT B KOMHYSCTBEHHOH OLIEHKE BEPOAT-
HOCTel epexojoB MEXY COCTOSHHSAME LEnd (T.e.
CTaMAMH CYKLECCHH) 3a | miar o speMeHn. JTH Be-
POSTHOCTH 00Pa3yIOT TaK Ha3BIBAEMYEO HEPEXOOHYIO
mampugy (P(f)), B KOTOPOH PacnoONOXeHAS HEHYIe-

! PaGora Brinonsena B pamxax [Iporpammer Ipesuanyma PAH
“UM3MeHeHId IPUPOXHOI Cpenbl B KIHUMATa: IPHPORHLIE KaTa-
crpotbl”.

BBIX 3JIEMEHTOB OTPAXKAET CTPYKTYPY 3afaHHOM CcXe-
MBI CYKIEECCHH.

Ecma Matpana P(f) cudraercs HE 3aBHCAIIEHR OT
MOMEHTA BPEMEHH £, T.€. IPHHAMAETCS THIIOTESA 0OHO-
podHocmiu, TO O0lIee MaTeMaTHYECKOE CBOMCTBO
OTHOPOJHBIX LENEH — CXONHMOCTH X TPEAeNbHOMY
pacrpeeieHuio X*, KoTopoe c1abo (a 9acTo U He)
3aBMCHT OT HavadbHOro pacupepenesus x(0), — xax
HEJB34 JIyJlle OTBEYAET KIACCHYECKOH NapajurMe
CYKIECCHOHHOH TEOPHM — PErYIAPHOMY JBIDKCHHIO
OT NUOHEPHBIX CTAFMH K KIIMAKCY. DTO COOTBETCTBHE
CTHMYJTMPOBaO MOTOK nydmuraumit 70-90-x rogos,
NOCEAIUCHHBIX MOJEINPOBAHMIO CYKIECCHH ¢ MOMO-
HBKO MAPKOBCKEX Henel (cM. 0630psl: Childress et al.,
1998; JIoroger, 1999; Balzter, 2000).

OnHaKO NOCTOAHCTBO NEPEXOAHEIX BEPOATHOC-
Tell O3HAYAET B CYHIHOCTH ROCTOSHCTBO VCIOBHH,
B KOTOPBIX IPOHCXOMAT CYKIECCHOHHBIC H3MEHCHNS.
3TO HE TOMBKO COMHATEILHO HA GOJLIIMX HHTEPBA-
J1aX BPEMEHH, HO M NPOTUBOPEYHT CAMOH MAee ONH-
CAHMA OMHAMHKYA DPAaCTHTEJBHOCTH B MCHSFOMIEMCH
mupe. BugnMo, 1103ToMy “OFHOPOMHbIE MAPDKOBCKHE
MOACIH, COXpaHsii CBOIO AUJAKTHYECKYIO IEHHOCTD
EKaK HaCIagHOe CpeAcTEC (hopMalTH3OBAHHOIQ ONU-
CaHp|sl CYKUECCHH, TaK B He NIPEBPATHIHCE B HHCTPY-
MEHT PEalibHOr0 3KONOrHIeckoro nporuosa’ (Jloro-
e, 1999, ctp. 89). ITyTh K PCIUCHRIO ITOH 3amau
ABTOPBI BHJST B NOCTPOCHUH HEOOHODOOHBIX ClY-
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Pnac. 1. CTemisie H AYTOBBIE CyKIeccHd B 30He UeRTpanbaol IECOCTENH. & — CXEMA CYKHECCHH [0 2CCOURAlHIM TPAaBAHBIX BH-
[OB; MNCHO BEYTPH KPY:KOYKA 03HAYaeT HOMep B CIucKe accommauuil (Tabx. 1), uugpa B yriy — HOMep CTagnk; § — Makpocxe-
Ma cyKuecchil no cramgasM: 1 — sefiHHKOBAA; 2 — KOCTPOBadA; 3 — KOBEHIBHAA, 4 — THIIAKOBAS; § — CpefHeNnbIpefinas; 6 - nyr
OBCSHHIEBLIN; 7 — IYT pasHoTpasHO-noneeniesni. JlaTAncKae GYKBbi 0DOZHATAIOT BEPOSTHOCTH IEPEX0I0B B COOTBETCTBY-

OIIEH MATEMATHHIECKOH MOTSEH.

JaPHBIX HENEH, IOc NepexXoqHas MATPHLIA Y3KE 3aBH-
cur ot Bpemens (KHA3EKOE @ Ap., 1992). Ilpu sTOoM
3aBMCHMOCTE P(f) OT BpEMEHH pealn3yeTes Onocpe-
HOBaHHO: Yepe3 3aBUCHMOCTH CKOPOCTH CYKI{ECCHOH-
HBIX IIEPEXONOB HEMOCPEACTBEHHO OT ONPENEICHHBIX
KJIAMaTUyBCTRHTENSHBIX (haxTOopos cpenpl (E), Ko-
TOpbIE, B CBOKO OYEPEb, 3aBHCAT OT BPEMEHH B CHILY
NPpHHATEIX CUCHAPHEB U3MCHCHHS KTHMAaTAa.

dyunaMeHTaNbHAA NpoOIEMa, BOSHUKAKOLIAs Ha
9TOM IYTH, COCTOUT B TOM, YTO H3MEHEHUA KAUMATA
PErHCTPHPYIOTCS M U3YYaI0TCd HA r0GATBHOM H pe-
CHOHAJLHOM YPOBHE, TOTT2 KaK PEaKiud PACTHTE b~
HOCTH Ha H3MEHEHHAs BCErTa UMEET JIOKaIbHbIH Apo-
CTPAHCTBEHHBIA MacmiTad (OPHHUMI 20KAALHOCHU,
Horoder, Oenncenko, 1999). [TosTomy BMECTE C 3a-
HayeH ONpPEeNeNHTh KIIOYEBbIE (PaKTOphl CPeAbl
WIH/M BHENIHHE BO3aeucTBHa (E) BOZHHKAET M 3apa-
4a COPOSHUPOBATH IPHHSTHIE CUEHAPHH LIO0ANb-
HBIX u3MeHeHni B cuenapu E(7) kmoyeBsbix daxTo-
poB cpensl B nokansHOM MacmTade (downscaling).
B Hacrosnueit paboTe — ¢ 1e/bi0 MpoBepka paboTo-
CNOCOOHOCTH OO METOTHKHE B KOHKPETHOM CILy-
Yyae — II0KazaHO, KaK NepBas WX 3THX 3afad MOMET
pelaThes 1M CTEHOrO BAPHAHTA CYKIECCHA B JIECO-
CTEIHOM 30HE ¥ KAKHE B PE3YJILTATE BO3HHUKAIOT yC-
JIOBMS [N PEILCHHSE BTOPOL 3afavi.

CYKLECCHHA B JIECOCTEIIHA

Ina mocTpoeHmst KOHUENTYANbHOH CXEMBI CYK-
UECCHH JIECOCTEITHON PACTUTEIBHOCTH MBI BOCIONb-
30BaiACh MaHHbIMY HaOmoxeHmid B IleHTpanbHO-
YeprozemroM 3anopemanke (L{U3) am. B.B. Anexu-
"a Ha yuactke Crpeneukas crenb (Kypckas o6i.).

143 6s1n 0GpazoBad B 1935 r., ¥ ONHCAHUA, BBI-
nonHenHbie yxke B 1938 r. H.A. IIpo3oposckum
(1960), noxazanm: a) yBEMTHYCHHAE YACIECHHOCTH PhIX-
JOKYCTOBBIX 3JIaKOB; 0) YMEHBIIECHHE Pa3HOTPABBL.
Ne 2
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Omuacanms 8 1940 r. H.I. XKyxkosa (Ilasnog, 2002)
rOBOPAT O: 1) OypHOM pasBHTHH KOCTpa 0€30CTOro
(Bromus riparius) 0 ubipes cpeguero (Agropyrum in-
termedinm); 2) yMepeHHOM OOMIMHE MST/IMKA Y3KOIHCT-
Horo (Poa angustifolia); 3) ymeHLINEHAN PO BEHHUKA
Hazemuoro (Calamagrostis epigeios). HabmopeHus
B 1962-1964 rr. B.JI. ¥Texnua (1977) noxas3nIBaoT,
yTO HAmGOIee PaclpOCTpaHEHHOH accoupalmed Ha
HEKOCHMOH CTEMH CTAHOBHTCS NCPHCTOKOBBIIBHO-
Pa3HOTpaBHasd, ITe KOBLLIL IEPHCTLIA (Stipa pennata)
UI'pacT pOab JOMHHAHTA.

Ha ocHoBaHuM 3THX MAaTEPHANIOE OblNa OCTPOE-
Ha cXeMa CyKueccrd crem (pmc. 1), B KoTopod Tpa-
OHEHOHHO BRIFCAACMBIC CTAaTHH CYKIICCCHH CORED-
AT ONpeNeiCHABIC aCCOUHALUU BHAOB.

H.B. T'ony6esa (1966) oTMeuana, 970 KOBBLIb Ie-
pUCTHIH B yenopmsix L[YI3 npoxomur Bech UMKN pas-
BHTHA OT CEMEHM N0 ECTECTBECHHOTO OTMHPaHHA.
ITpOHOMKUTENEHOCTS KU3HE OTAEHBHEIX JEPHOBHH
ronebamacey ot 40 mo 50 xer, opHaxKO OGHOBICHHE
MONYNANWH APYTHX AyTOBO-CTEIHBIX 3MaKOB IPOMC-
XOIMT ropasio beicTpee, B cpepdeM 3a 20 aer.

Ong yueTa BAMAHHSA KIHMATHYECKHX MOKa3aTe-
JIeif Ha XO CYKUECCHH BasKeH cienyromi ¢akT: ye-
PENOBaHME PA3HBIX MOTOINHBIX CHTYAUMI BhIpasKaeT-
¢Sl B TOM, ¥TQ BO BIAXKHBIE I'OJ(BI IIPOHCXONHT YBEHH-
YeHHE 3eNMeHOH HAN3eMHOH OHOMACChl EpPHHHBI
KOBBIISL, a B O0llee Cyxuie MPOHCXOOUT €rO reHepa-
THBHOE pas3BuTHE. BMECTE C TEM CXOOHBIE IIOTOIHbIE
CHTYALAH BIESIOT Ha ACCOLMALME BelHMKA — NNUH-
HOKOPHEBMIITHOTO 371aKa — YTHETaIOME; KPOME TOTO,
HEYCTOHYMBOCTL ITUX ACCOLHANMI CBA3aHA € CaMO-
YTHETEHEEM OCO0EH, YTO NPUBONKET K M3PEKNBAHHIO
zapocrneli BeHHUKa H, KaX CIEACTBHE, K CYMECTBOBA-
HUIO OTAENBHO PACTONIOXKEHHBIX YTHETEHHBIX OCO-
6elf, KOTOphIE HE BBIJCPKHBAIT KOHKYPCHUHIO C
IEPHOBHHHBIMH 3TAKaMU.
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JIOTO®ET u np.

Taémma 1. XapakTepucTHKY acCOLEANMH TP2RAHUCTEIX BHAOB, HAGMIONACMEBIX B JIYFOBOH CTEIM JIECOCTCHHOH 30HBI

(Crpenenxasd cTenn)

) 2= 3

: B 25%| 5.2 (e5d | § |E2) &
¥ HazpaHune acCOUMALHE § o EE E B E é 5 g § _ § g? péc
2 “E|OFEE| SEL |M8ES|SEE |HF |S8
1 | Be30CTOBOKOCTPOBO-HA3EMHOBEHHIKOBAA 53 70/45 57 12 11.3 125 | 1984
2 | Pa3HOTpaBHO-BEHHUKOEAsA 72 | 54/23 56 11 17.36 | 23.49

3 | HazeMHOBEHARKOBAA 115 60/45 56 1t 10.12 | 15.68 | 1981
4 | ¥3romucTHOMATIMKOBO-HA3EMHOBeHANKORBaA | 83 80/50 55 11.5 17.9 18.0 | 1981
5 | BesocrokocTposast 114 70/40 55 12 1055 | 12.54

6 | PasHOTpaBHO-0€30CTOKOCTPOBRast 57 57/20 52 13 11.2 12.2

7 | PasHOTPaBHO-IPAMOKOCTPOBAS 57 45/22 52 13 12.9 15.5

8 | IIpssMoxocTpoBas 157 58/30 52 12 164 | 203

0 | Y3KOnHCTHOMATIHKOBO-IPAMOKOCTPOBAA 58 72/36 54 12 174 22.0 | 1984
10 | Y3KOIHCTHOMATIHKORAA 83 70/40 54 12 2056 | 28.0 | 1984
11 | PazHOTpaBHO-NMEPHCTOKOBBLLIbHAS 73 50/20 51 13 18.0 19.9 | 1957
12 | TTepHCTOKOBBUILHAA 90 | 70/50 49 12 13.1 11.75 | 1966
13 { I1epHCTOKOBBIBHO-PAsHOTPABHAS 75 52/22 50 12 16.45 | 20.35

14 | ¥Y3KOINCTHOMATIMKOBO-NIEPHCTOKOBEIBHAs | 108 71/43 50 12 17.14 | 20.05

15 | Turmruakosast 20 | 45/30 48 11 12.7 12.23 | 1953
16 | Cpegsennipeiii0o-pasHOTPaBHAA 54 | 70/20 59 11 192 | 209 | 1965
17 | Cpepsennipeitnast 42 | 5129 56 12 19.0 | 21.1 | 1965
18 | CpeasenblpeiiE0-IEPUCTOKOBRITBHAS 05 70/40 53 12 17.8 169 | 1965
19 | JlucoxpocToBasA 59 65/36 60 12
20 | Exogas 65 70/40 56 12
21 | JIyrOBOCBCAHHHIMERAN 99 63/23 55 12
22 | KOpOTKOHOXRKOBAA 73 85/20 61 9
23 | ITonepunuepas 69 54/11 59 11
24 | PasHOTpABHO-NONEBUIUERAs 68 54/15 57 13

Ipumeyanne. VicTounuxa faHRbI: Alguedn, 1954; Basanesny, 1993; [leHuceHKo ¢ COABT., 1986; PameHckHi ¢ coaBT., 1936; Ceme-
HoBa-Tane-Ilanckasg, 1966; Yrexau, 1977; Maasir, 1950. IlycTeie KNeTKE O3HAYAIOT OTCYTCTEHE JAHHLIX B TATEPATYPE.

DTH 0COGEHHOCTH CTENHBIX BHANOB ONPENEIAIOT
(Toxman, 1968) cneimdmky ¥ HapaBISHEHOCTL pas-
BHTHA CTENHEBIX ACCOMMANAL A [IPACYILHE HM CYKIIEC-
CHOHHBIE CTAmuK. 3aMETHAM, 9TO CEHOKOCHI CIIOCO0-
HBI IONNEP¥ABATE CTENHYH) PACTHTENBHOCTS B KOCT-
pOBOil CTajum HeorpaHMdeHHO pgomro ([oxmaw,
1968). C yacroroii B cpexreM pas B 10 et KOBBUIL-
HAA CTENb MOXKET YHHUYTOXKATLCA IIOKapaM¥ eCTECT-
BEHHOFO NPOWCXOXACHUS, MPHYEM BTOPHYHAA (M-
POTeHHAs) CYKUECCHS HAUMHASTCS C BEHAKOBOM CTa-
oM. YYacTKM KORBINBHOM CTEIH, INOFBCPKCHHBIC
HHTEHCHBHOMY BBIIACY, AOBOJIBHO OBICTPO (33 4—6 1eT)
N0pacTaroT THIIYAKOM, HO €3 BbIIIaca BO3BPaIaroT-
¢d K KOBBIMBHOH cTagud 3a 8 ner.

Peakuuu Ha BHeMHHe BO3JelicTBHA. KomcOaHug
0CaJIKOB ¢ KBa3HOEPHOKOM B 2 rofla Ha TEPPHTOPHH

KYPHAJI OBUIEN BUOIOTHH

necocrend Esponeiickoll Poccrm (3010TOKpELTHE
® ap., 1992) B XX B. odecneunBand MOIAEPHKAHUE
CTEMHBIX M JIECHBIX SKOCUCTEM ECOCTENH B ONpefie-
JACHHOM JHHAMITYECKOM paBHOBecHH. B Bacrosiee
BpEMS OTMEYEHO JOCTOBEPHOE H3MEHEHHAE TEPMITIe-
CKOIO pexXuMa ATMOC(EPHI, H ECITH 3TO TPHBEAET K
H3MEHEHHIO KBasHBYXIECTHETO LMKIA, TO CHEHYyeT
KXATh H3MEHEHUH 8 COOTHOIIEHNH IUIomanet, 3aHsi-
THIX KOBBIILHOM CTENbIO U fyOpaBaMu.

K skcrpeManbHBIM COOBITHAM MOXKHO OTHECTH
IozKapml. HOCTaTO‘-IHO qacTo IOXapbl B CTEIAX BO3-
HHEAIT B CYXHC I'OObI H3-3a NONafaHKid MOJTHI HAa
CyxoH cTenuol BoinoK (nna I3 orMevena nepuo-
mraHOCTH 1 pas B 10 net). OOHAKO NOXKaPBI HE MOTYT
BBI3BAaTh HEOOPATHUMBIX BErPECCHit PACTHTEIBHOCTH.
TIoxxapsl, YHAYTOXKAA HA3EMHYIO YACTh XXHBOTO U
Ne 2
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Taonuna 2. OueHka IIUTEIBHOCTH BRIJIENSHHBIX CTATMi CYKIESCCHH

Cramm cyKueccHn JIHTENBHOCTD, TOTBI
I nATEnBEHOCTE CTagUy
HauMeHOBAHHE 0003HaYenue | MEHAMANBHAS | MAKCHMANIbHASL
Beiinmkosas 1 3 3 CoxpauwaeTcs IIPH HCCYLICHRM
Kocrposas 2 8 oo Tloppep:KHBaeTCa CEHOKOCaMH
Koprinuuaa 3 4 30 Koneyna n3-3a BEITACA U TOXAPOB
Tumyakosas 4 8 oo Koneuna B OTCYTCTBHE BBINACA
Cpennensipeitnas 5 3 ) Coxpaiaercs NPH HCCYIIEHAH
JEyT OBCAHMLEBLIH 6 10 18 To xe
JIyr pasHOTpaBHO-NONEBHLEBbI 7 11 13 »

HEKMBOTO OPraHHYeCKOro BEIECTBA, HE YHHYTOXKA-
FOT CEMEHHOH 11y I0YBbi. B pesyibTaTe NoXapos B
CTCOM NEPHOJHIECKH OCBOOOXKNAIOTCA 3JEMEHTHI
MHTaHHA pac*remxﬁ, 9TO NMPHUBOOHT K IOBBIIICHHUIO
NPOAYKTHBHOCTH HOCTIIOXAPHBIX CTAMHA CYKIECCUH.
HemyTamusi nocne BO3MEUCTBHS OTHS NPOHCXOOUT
OpIcTpO. JTa OBICTPOTA BOCCTAHOBIICHMS XapakTe-
pusyer, o MAeHm0 A.A. Trmkoga (1986), npucno-
CODHTENHHYIO PEAKIHIO PACTUTEALHOCTH CTENH HA
3KCTpeMaNTbHEIE COORITHA.

Ecnu rpagyinpe #3MEHEHH K¥MaTa IPHBEYT K
€ro pe3KOH ApHAM3AIMHK, TO 4acTOTa MOXKApPOB BO3-
pacTeT U JeMyTaHOHHBIE H3MEHEHAS B CTENHBIX (-
TOLEHO3aX OYAYT NPOUCXONNUTE YAIlE, YTO YBEITHIMT
KOJIMYECTBO TEPPUATOPHEH, HAXOAIIMXCS B NOCTANPO-
TeHHOM CYKUECCUHOHHOM UHKIE.

Ouenkn 3amaca ¢uTOMaccel H MPOAYKUHM. Xa-
PAKTCPHCTHKH OTHEIbHBIX ACCOUMANIH APUBEHEHbI
B TaOn. 1. AHamu3 noRasaTened IPONYKTHEHOCTH H
3anaca (pUTOMACCHl MOKA3bIBAET, YTO B €CTECTBEH-
HBIX TPABAHBIX COOOIIECTBAX NpeobIagacT nos3eM-
Has 4acTh. B CYKUECCHOHHOM CXeMe JyrOBOM CTEHH
HauOOIbIIAA NPOAYKIHA XapaAKTEPHA I KOCTPOBOH
cragud. [IponyXxTHBHOCTS ME30(IUTHLIX JIYTOB B CTE-
ISIX BBIIIE, 9EM 30HANBHBIX (T.€. KOBBLLILHBIX) Gop-
MAITAH, NpIYeM HaOHIOKAeTCd YMEHBIIICHEE 3a11aCOB
(pETOMACCEI OT NPSMOKOCTPOBBIX CTENEH K KOBBLTh-
HBIM ¥ THIIYaKOBBIM. ECIIN HCKATH CBSI3L MEXNY TIPO-
AYKTHEHOCTBIO H YBJILKHEHHEM, TO IPOCIICKHBACTCA
TEHACHINA K POCTY NMPOAYKTHBHOCTH IIPH YBEIHYC-
HHH TTIOKA3ATEN YBIAKHEHHOCTH MECTOOOHTAHES O
mKane PaMeHckoro.

MIOCTPOEHME MATEMATHUYECKO!
MONENIHN XOJA CYKLECCHH

C TOUKM 3pEHAT MOTEIIMPOBAHNS, OTIHYUTEIbHOM
YepTOd JAHHOIO NPOEKTA SBIsSETCA HadmromaeMas
u Tpedyroman (opMATH3ALME CBA3k MEXIY XOAOM
CYKIIECCHM TI0 YCTAHOBISHHBIM CXEMaM U KIIHMAaTIyB-
CTBUTCNEHBIMH MOKa3aTEIAMI CPEAbI H/PIJIH npo4H-
My BO3aeHeTBUsIME. TTOCTpOEHE COOTBETCTBYIOLIEX
MOJieTIell B BUjIe CIyvaiHbix uenei Mapkosa TpebyeT
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aKKypaTHBIX OLUECHOK NEPEXORHBIX BEPOSTHOCTEH Ie-
A 34 OJfHH LJAT IO BPEMEHH — IPSIMOrO aHAJIOora CKO-
pOCTH CYKUECCHOHHOT'O Iiponecca. B mMpuHATOR METO-
muke (JJoroder, Jemncenko, 1999; Logofet, Lesnaya,
2000; Logofet, Korotkov, 2002) aT0 OCHOBaHO Ha
OLEHKE MIMTEILHOCTEH BRITENCHHBIX CTaAMIT CYKUEC-
cHM. 3ajada B MAHHOM CIy4ae NOANAETCA PEIICHHIO
Onarogaps HANHYMIO ‘MHKPOCXEMBI” DEATBHO Ha-
GIIIOAABLIAXCA EPEXONOB MEKIY 2CCOLMALHSIMA TPa-
BSIHHCTBIX BHAOR, O0Pa3yIOILUMI ONpPEIeIeHHBIE CTa-
o (pHc. 1.a), ¥ 3HaAHAIM KUSHCHHBIX UMKIIOB COOT-
BercTByrommEx BHEOB (PameHckwit m ap., 1956;
Henucenko u ap., 1996). 910 penicHUe NPUBEREHO
B Taba. 2 B BEIES BO3MOXKHOTQ AHana3zoHa 3HA4YEHHI
INTATEIEHOCTH KAXKIOM CTATHH, a TakKKe YCNOBHi,
CIIOCOGCTEYIOLLIX YCKOPESHIIO HIH 3aMEIJIEHIIO X0a
SHAOTECHHOM CYKIICCCHIL.

HeorpanmueHHO TOATo (CHMBOJL *°) HEKJMMAKC-
HBIE CTaguH (KOCTPOBAaf H CPENHEIBLIPEHHAs) MOTYT
CYIIIECTBOBATE NIPINE TEOPETHYECKH, KOITA PEexRHM
BBICOKOI'O YBAAKHEHHS HONIEPRKABACTC KIHMMATOM
¥3 roaa B rog. Takue sk30renHbIe (PaKTOPLL, KaK M0~
KOCHI W HOXKAPHI, OKA3BIBAIOT CYIIIECTBEHHOE BIIHs-
HEf€ Ha HAUPaB/IEHAEC H XOF CYKUECCHH; 3TO BIIUAHHE
MOKET OBITH YYTEHO ¢ IOMOIIBIO CIIENHAJILHBLX Ha-
paMeTpoB (f H A) B COOTBETCTBYIOIUMX CLCHAPHEB.
MpHuManeEHble IHTENLHOCTH KIAMAaKCHEIX (KO-
BBUIBHOE H THITJAKOROH) CTalHil IPHHATLI KOHEYHbI-
mi, 4TOOBI 0Tpa3uTh 3PEKT BHINTACOB, HMEKOHIAX
MECTO JaXKe HA OTNENBHBIX YYACTKAX 3alIOBENHBIX
teppuropuil (CemeHoBa-Tanb-lilanckas, 1966; Yre-
xuH, 1977; Ietpora, 1990): npr yMepeHHOH macT-
OuiHOR Harpy3ke (11 roios/ra) KOBLLIBHASA CTENb
IpeBpaiaeTcs B THIYAKOBYIO 3a 4 ropa (Anexum,
1931, mur. mo: Anexus, 1986). MakcnMmanbHast onm-
TENLHOCTL KOBBUILHON CTagul IIOJIy4cHA H3 JOHY-
menyd, 9710 3a 30 neT B Hel nponsoliner XoTa Obl
OflAH [oXKap. BOCCTaHOBIECHHE KOBBIALHOM CTENH U3
THITYaAKOBOH HaONIOZaeTCs B IOCHSHHAEC COJEl B pe-
3yNbTATE NPEKPAIlCHHs BhLINACA.

BMmecre ¢ OIEHKaMH 9acTOThI OXKAPOB, JABICHHSA
BBINACA H BAMSHAT NOKQCOB TaHHbIE Tadl. 2 03RO~
IOT OLIEHHTH FUATA30H BO3AMOMKHBLIX H3MEHCHAH Hepe-
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Puc. 2. IranasoH aganTayiud pacTATEIEHOCTE IECOCTEN-
HOH 30HEI B ILTOCKOCTE 3Havewui (7, A) (Jloroder 1 ap.,
1997).

X0OHOIL mampulbi P (T.€. MATPHIILI IEPEXONHLIX BE-
POSITHOCTEH) MAPKOBCKOM IIETIM KaK MOAETH CYKUEC-
CHH COTJIacHO ¢xeme puc. 1,6 1 pa3paldoTaHHOU HAMH
METOMKE TOCTpoeHus nogoOHeix mopenelr (Jloro-
der, Hemnmcenko, 1999; Logofet, Lesnaya, 2000;
Logofet, Korotkov, 2002). OcHOBHOE ypaBHEHHE MOJ(E-
17 IPHHEMAET B JAaHHOM CIIy4ae BUJ

x(r+1) = P[E(1)]x(1), H

rme x() = [xy, Xa, ..., X7]T €cTh BeKTOP(-CTOXOEN) OTHO-
CHTENBHBIX IUIOIAREH PACTHTETLHOCTH, TPe0BIBAK0-
mieit B cragmsix 1, 2, ..., 7 Ha paccMaTpuBaeMoli Tep-
PHTOPHY B MOMEHT BPEMEHH ¢, 4 IEPEXOIHAsT MATpH-
na P pasmepa 7 X 7 umeeT BHI (¢ 00O3HAYEHHAMH
pec. 1,0)

P =
1-a 0 f o 0 o0 0
a 1-b+h 0 0 0 e 0
0 b-h 1-f-g ¢ d 0 0 2)
= 0 0 g 1-¢ 0 0 0
0 0 0 0 1-d 0. k
0 0 0 0 0 1-e O
| 0 0 0 0 0 0 1-k

| 3aBHCHT, BOOOIIE ToBOpsi, OT cocToanus E(r) oxpy-
KAYOMEH cpesl B NPHHATHIX CLIEHAPHER YIIPABIECHHS
(kOcEOBI B MACTOHUHON HATPY3KH). BEpOATHOCTHBIR
CMBLICII BECICHHBIX napamc"rpos HAKIAOsIBACT OYE-
BHIHBIC ATPHOPHLIC OTPaHNYEHHA HA MX KOJIIMYECT-
BCHHBIC 3HAYEHHS, 4 IPHHATHIE UANA30HbI H3MEHEe-
HHEA UIETEILHOCTH CTagyi (Tadn. 2) CyXarT 3TH Or-
paHEYeHNs U JAICE, IOPOKAAd MATPHILL Py, i1 Py,
OTREUANOIIHE MUHUMATLHLIM B MAKCIMATEHBIM 3HA-
yeHEsM AauTensHocTd (oM. Hioke). Mlar mopenn no
BPCMEHHA IPHHUMAEM paBHBIM 1 romy.

KYPHAJ OBIIEN BUOJIOTUH

JIOTODET u np.

Ecnn 3asecamocts PIE(?)] m3pecrHa, TO ypasHe-
Hue (1) c MaTpuled (2) ¥ 3a7aHHBIM HaYaTbHBIM pac-
npegeneaueM X(0) MO3BOMsIeT TPOTHOSHPOBATL XO7
CYKIIECCHH KaK JHHAMUKY PaclpenesicHI ITomanei
npyu szagandoM clecHapum E(f) @sveHeHma cpepbl
H/WIH VIIPABICHHSL.

Y7001 CBA3ATEH X0 CYKIECCHH C KINUMaTYyBCTBH-
TEeMBHLIMH MOKA3ATEIAMA CpeIbl, MbI BOCIOIL30Ba-
JHCHL OHATHEM QUARA30HA a0anmaylil pacTUTENb-
HOCTH, BBEICHHBIM pPaHEE AN JNECOCTEIHON 30HBI
(ITorocper u ap., 1997). Ha ocHOBE JaHHBIX METEOPO-
noruyeckux Habmoperwil Ha Kypcekoit 6uocgepHoi
craniun (1970-1984 r1r.) m 6wmoctepHOH CTAHUBHH
“Kamensnas crens” (1955-1986 rr.) ObLIH COCTARIECHBI
psibl HAOMIOMCHMH W BBISBACHO MHOKECTBO (W)
BCEBO3MOXKHEIX 3HAYSHHH TAKHAX THAPOTEPMHIYECKEX
nokazaTene, xak cymma > eKTHBHEIX TeMnepa-
typ (T) u cymma ocapkor (H) 3a sezemayuonHbiil ne-
puod, T.e. 3a KalueHIapHbId HHTEPBAI, OTBEYaroIIIi
NONOKUTEIBHON 3GperTUBHOM TeMmepaType. Peure-
HEE 3afayd NapaMeTpH3aliiM MHOXecTea W,
B mnockoctH (T, H) (Jloroder u np., 1997) npuseno
K TOMY, YTO IIOKa3aHO Ha PHC. 2.

3aMeTHM, 97O pacIIHpeHHe MHOXKecTBa W,
3a CYET IPOJNICHAS BPEMEHHOTO psAfa HaOIIONCHUH
10 1995 r. ve NpUROIHT K NPHHIAITHAILHOMY paciliy-
PEHHIO IMAIa30Ha afanTAal|y: CPEIH HOBBIX JaHHbIX
JIHIIE OfHA TOYKA ¢ HEOOBIYHO BHICOKHM 3HAUCHHEM
H =597 MM (32 BereTanIOHABII NepUoy) OKa3anach
BHC HUAIIA30HA, W TEPBasd CepHs SKCIEPHMEHTOB
B HOBOH MOJIC/IHA NPOBEASHA C PEKHEM THANa30HOM
aganTalH.

B xayecTBe nepBoro NpUOMECKESHUA Mbl CBA3bIBA-
€M YMEHBIUCHAE YBIaXKHEHHA CO CHIDKCHHMEM NOKa-
satens H. Ilpur 3TOM OAATEILHOCTE CTaNHH COKpA-
IAETCA, 3 BEPOATHOCTE p NEPEXOAA B CIENYIOMIYIO
CTAIAIO OKA3bIBaeTCHA YORIBAOIIEH PyHKIMEH NoKa-
saTens H B 3apannoM JHanasoHe”. B pesyasTaTe Ma-
Tpra (1) NpHOOPETAaET KOMMYECTBEHHYIO Onpeje-
AEHHOCTH Kak ¢yskuma P = P[I(#), H(f)] nokazare-
neii 1(f) w H(f), mpuHIMAOOAs ONpeNeeHHoe
SHAYEHHE MEXRNY Poyin B Py

HMzMmenenns 3anacoB (pHTOMACCHI H HMPOTYKUMH
NONAYOTCH OMACAHHIO C IIOMOLIBLI0 pa3spaboTaHHOH
MopenH cnenyrommM o0pazoM. ITockoabKyY accorma-
I PACTHTENBHOCTH arperapoBaHbl B CTAHE H UX
KONAYECTBEHHbIE COOTHOIICHNS BHYTPE CTajul He-
HM3BECTHLI, TaHHbIe Taln. 1 M03BOAAIOT ONPEAEIUTh
JMILE AUANA30H BAPHALIMH 3a11aca ¥ OPOJYKIHA s
Kaxaon cragun (Tata. 3). JHHaMAKY 3THX IIOKa3aTe-
nell B Opefenax JAaHHBIX JHATTA30HOB CCTECTBEHHO
CBHA3ATH B MOFEITH ¢ THANA30HOM BaPHALIHY YBIAXKHE-
HHS, H3BECTHOM (M3 PUC. 2) INA KaXKFOro 3HAUYESHHS
Tepmudeckoro ¢akropa. Torza B XaXpmoi TOYKE
MOJIENBEHOH TPAaekKTOPHH X(f), OTBEYaIOIEH 3aJaH-
HOMYy cuenapuio E(?), 3anac ¥ nponykuust OKasbiga-

B npocrefinem cnyvae p = 1/d, rae d — cpepHas JIHTEILHOCTD
cragpn (NMoroter, lermrcenko, 1999; Logofet, Lesnaya, 2000).

ToM 66 MNe 2 2005



CYKUECCHH B JIECOCTEIH B YCIOBHAX USMEHEHWSY KIIMMATA

141

Ta6mua 3. Tranazous! HIMEHSHHS TPOIYKIMH ¥ 3amaca (PHTOMACCHI 110 CTAIAM CYKUECCHM COTJIACHO OLUCHKAM JJIs%

acconmanuit (Tabn. 1)

Cragua CyKueccHn 3anac dpuToMaccsl, T/ra TIpoaykuws, t/(ra rom)
HAHUMEHOBAHUE oGozHaYeHHe min max min max
Befinpropas 1 11.3 17.9 12.5 23.49
Kocrposan 2 10.55 29.56 12.2 28.0
KosbinsHas 3 13.1 18.0 11.75 20.35
Timruakosas 4 127 12.7 12.23 12.23
Cpennenblpeiinast 5 17.8 19.2 16.9 21.1
JIyr oBCAHMUEBBIN 6
JIyr pa3sHOTPaBHO-NONEBRIEBEII 7

JOTCA OTPENENeHHLIME A5l KAKION CTagmn” (Kax-
JOH W3 7 KOMIIOHEHT BEKTOpa X(f)), a AN TEPpHUTO-
PHH B IEJIOM BLISHCISIOTCA KAK CPEHEB3BEIUCHHbIE

PE3VILTATHI MOOEIMPOBAHIIA

CornacHo OUeHKaM JIHTEILHOCTEH CTagHid
(TadiL. 2}, nepexoaHeie MaTpulbl Py, U P, IPHHK-

IHAYCHHS (¢ BECAMHA Xy, Xa, .. ey X7). MAalOT BHA:
06667 0 0.1000 O 0 0 0
0.3333 0.8750 0 0 0 01000 0
0 0.1250 0.7500 0.1250 03333 0 0
Py = 0 0 1.1500 0.8750 0 0 0 | 3
0 0 0 0 06667 0 0.0909
0 0 0 0 0 0900 O
0 0 0 0 0 0 0.9091
0.8750 0 0033300 0O 0
0.12501 0 000055 O
0 00966700 0 0 .
Prax = 0 0 0 10 0 0 4)
0 0 0 01 0 00769
0 0 0 0009444 O
0 0 0 00 0 09231

U 3aJa0T [PaHAIB] H3MEHCHHS MaTpuIst P(7) = P[1(),
H(r)], oTBeyasa caMOMy CYXOMY M CaMOMY BIaXKHOMY
CHEHAPHIO COOTBETCTBEHHO. Ecmit 651 TOT HIH HHOK
W3 3THX THIOTSTHYCSCKHX CHCHAPHEB MOr BBINOJI-
HATLCS W3 FOAA B FOJ JOCTATOYHO JOJT0, TO [Iepexo-
HasI MATPHLA HC U3MEHATAck OBl BO BPEMEHH (COOT-
BETCTBYIOIIAS MAPKOBCKAd LieNb HAa3bIBAETCA 00HO-
POOHOILL):

P(t)=const= P naxy- &)

Io ceoeli cTpyKType MaTpuua P, pasaoxcuma,
H COOTBETCTBEHHO I'pa) lepexonos (puc. 1,6) pacna-

33a (BpeMeHHEBIM) ECKMIOYeHIeM cTanmi 6 m 7 BBHOY OTCYTCT-
BUS JAHHBIX.

KYPHAJ OBHIEN BHOJIOTUM  ToMm 66  Ne 2

JaeTcsda Ha CICOVIOLIHC KOMIOHEHNbL CUABHOIL C8A2-
HOCHLLL,
{1,2,3,4} {5} {6} {7}.

TepBas (n eqMHCTBEHHASN ) B3 HUX HETPUBHAILHA H
06pasyeT Tak Ha3blBAEMOE 3p2oduteckoe’ MHOXECT-
BO cocrosumii nemu. [lonarro u3 puc. 1,6 (W MOXKeT
OBITH TOKA3aHO ANreGpamdecku), YTO UEh OKAa3LIBa-
€TCs B 3TOM MHOKECTBE HCXOMS 13 0000 HaYalbHO-
ro coctosHus. COOTEETCTBEHHO TPENEILHOE Paclipe-
JEICHHE CTagHi, BBIYHCICHHOC KakK JOMAHAHTHBIXA
COOCTBEHHBIH BEKTOP X* MOCTOSIHHOH NEpeXOfHOU

4 T.e. TAKOS MHOMKECTRO, HONAB B KOTOpOe ONHAMKABI, MPOLECT
OCTAeTCH TaM HABCErna.

2005
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JIOTO®ET u ap.

Taémuma 4. [Ipenenbhsie (PaBHOBECHBIE) PACTPENENEHIS CTaHil H COOTBETCTBYIONME 3HAYCHIS 2aMaca PHTOMACcCH 1

NPONYKIUME B OGHOPOTHON MOIETH

OTHOCHTEABHBIE NIOIIANH CTAFHIH 3anac duTOMAaCCHE, TIpomyKirus,
Crapus CyKIeccun B IPENENLHEIX PacTpeqenie X Is 1/ra, IpH T/(ra rom), npu
HAMMEHO- obo- | p .
BAHTE SHaqu- "Ty';"’ P(a,b,..., h k), nonu Po % | Puin Poax Prin P
HH

Beitanko- 1 209 (b-WIb-W+a+ o 11.3 0 12.5 0

Bas + a(b — h)/f + a(bg — hg)/fic]

Kocrposas 2 2424\ llb-Pfa+1+B-Mf+ | x¥ =x + |1035] x5 x29.56 122 | x¥ x28.0
+ (bg — hg)iffc] + X+ X5 + X

KogbineHas| 3 30.30 | (b - B)Ifb - R)a+f+ 0 131 0 11.75 0
+(b—h) + (bg — hg)lc]

Turnago- 4 36.37 | (bg — hgMlcfi(b - hYla + Xy 12.7 |xyx12.7 12.23 | x, % 12.23

Bas +cf+ (b— e+ {(bg - hg)]

CpenHensl- 5 0 0 X5+ X7 0 |(xs+x3x192] 0 [(x5+xp)x21.1

peHHas

IIyr opcsaun-| 6 0 0 0 0 0 0 0

LEBBIH

JIyr pa3no- 7 0 0 0 0 0 0 0

TpPaBHO-TO-

JIEBHIICBHIH

Wroro: {100 1 [x(0)|z =100112.17 xkx .2 12.19 x*x .0

3 PesybTaT OCpEAHEHHS HEH3BECTEH ARPHODH, NOCKOMLKY, TIPEMIENBHOE PACIPENCICHAC SABUCAT 0T HAaNLHOro. HanpumMep, Upn
PABHOMEPHOM HayaNbLHOM pacnipeneneans x(G) =[1 1 ... 1]°/7 zanac ¢uTOMACCH HAa TEPPATOPHR B UEIOM OLECHABASTCH KAK 4/7) x

X 29.56 + (1/7) x 12.7 + (2/7) x 19.2 = 24.19 1/ra.

Kak B hime. B mprBeieHEOM NpAMepe NPOAYKLKA Ha TEPPHTOPHA B USIOM OleHHBAeTCH KaK (4/7) X 28.0 + (1/7y % 12.23 + 2/T) X

% 21.1 =23.78 1/(ra ron).

MaTPHIBl P, CKOHUCHTPHPOBAHO B 9PTONHYECKOM
MHOKecTBe {3-1 cTonbel; Tabn. 4), i J1000¢ HAYaIhL-
Hoe pacnpepmencuue crapui x(0) cxommrcs X mpe-
neNsHOMY. BHOHO, UTO OHO HONEPKHMBAETCH TOXKA-
pamu (c wactoroil 1 pas B 10 neT), OTCYTCTBAEM CEHO-
KOCOB Ha KOCTPOBO#l W BBINACOB HA THIYAKOBOM
CTaqusixX, a TAXKE YMEPEHHBIM TABICHUEM BHITIACA Ha
KOBBIIbHOU CTATIH.

Ecnp gpmvaTmgeckuii cnenapui [T(), H(t)] Ta-
KOB, YTO NEPEXONHAasi MATPHIA IIOCTOSHHA M ITPHHH-
MaeT HEKOTOPOE NIPOMEXKYTOYHOE 3HAYCHUE B IHA-
nazoHe oT P, 1o P, T.€. €CIH

P(ty=const=P(a, b, ..., h, k) (6)

Kak m3BecTHas PyHKIm (2) 0T 9 mapaMeTpOB Mofe-
¥ (TepexoIHbIX BEPOATHOCTEH), TO CHEUHANLHAN
CTPYKTYpa MaTpHULI P 1 €€ HCBLICOKHI pasMep I03BO-
NHIOT MOJAYYHTH BEIPAXKCHHE A NPEAEILHOIO pac-
npepenenns X* B oonieM pape (taba. 4). Kauectsen-
HO oHO 0600iaeT pacnpeaenesue x* nus P, , o Buj-
HO, YTO NAPAMETPEI d, €, k (hakTHIECKH HE BIHSIOT
Ha MPedeNbHOE PACNIPENSIEHHE.

ng MaTprnsl P, CHTYalHs MCHAETCH, TAK Kak
GECKOHEYHO JONrHe Cragyuy cykueccnd (2, 4 1 5), xo-
TOpLIE TOAJEPKUBAOTCA COOTBETCTBEHHO CEHOKO-
caMH, JABJEHHEM BbINACA H MAKCHUMATBHO BIIAKHBIM

KYPHAJI OBHEN BHMOJIOTHM

CUCHApHEM, CYTh MO2A0WAIOWUe COCTOIHUSA LEIH.
Korma moraoiaroiux COCTOSTHIE HEeCKONIBKO, FI0-
SaBLHON CXOTMMOCTH YK€ HET H NpEENbHOE paclpe-
ICICHHE 3aBHCHT OT HAYAIBEHOTO TCM OIIPCIICHEH—
HBIM 00pa30oM, KOTOpbI MOKa3aH B 5-M crondue
Tabn. 4: KOMOOHEHTH] HAYAJILHOTO pacnpefcieHas
KOHUEHTPUPYIOTCH B COOTBETCTBYIOLINX OTIIOMIAI0-

X CTATIIX.

HMansbie Tabd. 3 MO3BONAIOT BEIYHCIHMTE 34MACEI
tbmToMacchl ¥ NPONYKUHIO OTACIBHBIX craguii 1 Tep-
PHTOPHE B UENOM NI NPEREIBHOTO PaCIpeieNeHust
OfHOPOMIHOI MOJENH ¢ MATPHLEH Py, (1 moboit ana-
JOTHYHOH el MO CTPYKTYPE), a TAKKe A MONENH
¢ MaTpHUEH P, €CIH 3aaH0 HAYAJILHOC pacnpege-
aenue x(0) (Tabm. 4).

Ilna cpaBHEHES C pE3yAbTaTaMH HEOTHOPORHOMI
MOJEIM PACCMOTPHM THNIOTETHYECKHI CUEHAPUIA JIO-
KANLHOIO OTEIUICHAS H HCCYUICHH, COrIaCHO KOTO-
poMy ABe KpalHEE TOYKH IHANA30Ha aJanTalyd
(paxrtyuyeckH HPeNCTABJICHHLIC B MHOXECTBE Ha-
6arogenui W,,,,) IepexomaT ofHa B APyTyio 3a 60 jer
OpH IIOCTENEHHOM yBENHYeHMH mnokazartens T
(puc. 3,a). B cuny IOCTPOSHHO#H 3aBHCHMOCTH YIepe-
xopHOoi MaTpuLe! 0T T i A MBI OIy4YaeM ONpeHCICH-
HYI0 NOCIEIOBAaTENBHOCTE Matpul P(r) = P(I(1),
H(@®),t=0,1,..., 60, MEHATOIIUXCA B IHANA30HE MEXK-
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ny Pop u P, v quHavmka T1000T0 3aJaHHOTO Ha-
YaTLHOTO pacnpegenenns momapnek x(0) onpenens-
€Tcsi Yepe3 COOTBCTCTBYIOLIECE NIPON3BEACHNE Mepe-
MEHHBIX NEPEXONHbBIX MaTPHIL:

x(¢) = P[T(¢), HOIPIT(t— 1), Ht—1)]...
P[T(1), H(1)]P[T(0), H(0}]x(0)

B mI000# MOMEHT Bpemenn £ = 1, 2, ..., 60 B npegenax
m30panHoro cueHapus (puc. 3,0).

Buano, 4ro ecnn B HaYaNbHBIH MOMEHT TEPPUTO-
pusi GbIIa HEMTHKOM 3aHsITa BEHHUKOBBIMH aCCOLHA-
IHSMH, TO B XOJ€ CYKIIECCHH OHH JOBONEBHO OBICTPO
BRITECHAKITCA KOCTPOBBIMH, KOTOPBIC NOCTHTAKOT
CBOSrO MakcHMyMa Ha 8-9-i roJ, HO B JabHCHIIEM
YCTYIIAIOT 3HAYHTENLHYI0 YacTh CBOCH IUIOMIAA KO-
BBLNBHEIM H THITYAKOBBIM accorpaumsiM. Pacnpene-
NeHHe YETHIPEX CTaIui, chopMupoBapiieecsa X 30-My
rofy cUeHapHs, HOAfEepXKMBacTca (C HE3HAYHUTENb-
HBIMH BapPHANMSIMIT)} YMEPEHHLIM JaBISHHEM BBINACa.
Cpepuenvipeiinas (5)  nyroseie (6, 7) cragan B gas-
HOM BapHaHTE CYKLECCHH, ECTECTBEHHO, HE BO3HHKA-
10T. Ecnin ¢ OHM npegcTaBlieHbl B Ha4aJbHOM CO-
CTOSIHMM TCPPUTOPHH (KaK B SKCIEPHMEHTE C PABHO-
MEPHBIM HAYANBHBIM paclpefelIeHuEM), TO O BX
ILIOIIANE [IOCTENEHHO HcyezaeT. BHoEMas cxogu-
MOCTB pa3HBIX HaYaAbHBIX PACIPEACIICHEN K ONH3-
KUM (PHHANBHBIM OOBSACHASTCS OTHOCHTEHBHO HE-
GOnpIIEM pa3MaxOM BapHAaLMi HEpPEeXONHOH MaTpH-
UBl B PACCMOTPEHHOM CHEHAPHH.

B coorBeTcTBHM ¢ NONYYEHHBIMA MOJEJBHBIMU
TPAEeKTOPHAAMHA X(f) BLIYHCIACTCS H JHHAMMKA 3ama-
¢OB (hATOMACCHI 110 CTalUsIM M CPEAHEro 3anaca npa
TEKyIlleM pachpefelleHHd CTafdii HAa TEPPHTOPHH
(pmc. 3,8). IIOCKONEBKY OHEHKH NPONYKITHE OIH3KH K
¢rromMacee (tabn. 3), TMHAMEKA IPOAYELME B NAH-
HOM 3KCIIEpPHMEHTE (He NOKa3aHa Ha DHC. 3) CXoxa
C MHHAMHMKOM 3a1acOB. 3aMeTHBIE BAPHALMH 3aacoB
10 CTaEsIM CITIaKCHBI B YCPERHEHHOU TPacKTOPHH
7 O0HAPYXMBAIOT OOIIYI0 TEHACHIMIO K CHIDKCHHIO
NPH YMEHBIUEHHN YBIAKHECHUS.

)

3AKITIO4YEHHUE

Hacrosiuas padoTta pa3sBHBAET METONONOTHIO MO-
RETMPOBaHMs CYKIECCHH ¢ MOMOIIBIO eneid Mapko-
pa. Ha npaMepe cTenHoro BapAaHTa CYKIIECCHH B J1e-
COCTENMHOH 30HE NOKA3aHO, YTO alllapaT HeOHOpO]-
HBIX BO BPEMEHH MOJCIEH CIOCOOGEH B TPHHLIATE
OIUCHIBATH U3MEHEHMS B XOflé CYKLIECCHH B 3aBHCH-
MOCTH OT KJMHMAaTUYyBCTBHTEILHBIX JaKTOPOB CPENbI
K MapaMeTpPOB YHPABICHE (CEHOKOCH! M macToui-
Hasi Harpy3Ka). DKCTPEeMAIbHBIMA KITAMATHYECKUME
ROZJSHCTBUAMH IS FAHHOH 30HBI MOXKHO NPH3HATH
3aCyXH M IOKAPEI, H 3a7a4a OyIyIIEX MOBCILEBIX HC-
CIIE{OBaHHH 110 M3MEHEHNIO KIHMATa COCTOHT B MO-
HCKE AJeKBATHBIX METONOB NMPOEKIMH ITO0ATLHBIX
H3MEHEHH B TEPMUHBI JOKANbHBIX (PAKTOPOB Cpe-
Obi (B HaIIEM CAydae cyMMbl 3PEKTUBHBIX TEMIIE-
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Puc. 3. CrieHapHEIH SKCNepAMERT ¢ HEORROPORHEOH Moze-
JBEO: @ — THIIOTETHYECKHI CUeHapHH B AMaNa30He afanTa-
LAH; § — NHHAMAKA PachpelelcHEA CTanull NPH HAYamb-
HOM COCTOAHHM, CKOHUEHTPHDOBAHHOM B EBEHHHKOBOIH
CTAZMHE (CILIOMIHBIE JTHHEA) H PABHOMEPHOM HaYalbHOM
pactipeneneEdd (IYHKTHPHbIC JHHHH); UB(PL Ha Tpa-
¢HKaX COOTBETCTBYHOT HOMEDAM CTAIMM; 8 — MHHAMMKA
3anacos (PpHTOMACCHL MO CTAgHEAM H CPEEHErO SHAMCHHH
(KEpHAA IMHHEA) IDH PAaBHOMEPHOM HAYalbHOM Paclipe-
nenennan crapeii. OGo3HAMCHAE CTagHil, KaK Ha puc. I.



144 _ JIOTO®ET ¥ mp.

PaTyp ¥ OCAIKOB 32 BETETALMOHHBIN TEPHONT ), BIKA-
HHE KOTOPHIX Ha XOX JOKAILHBIX CYKIECCHH HE BbI-
3b{BAET COMHEHHI.

OcoGoe 3HaueHHE OYOYT MMETE OHECHKH BEPOSTHOC-
TH 3KCTPEMATBHBIX KINMATHYECKHX COOBITHH H pas-
padoTKa COOTEETCTEYIOINMX PEANUCTHYHBIX CLICHAPH-
€B H3MCHEHEA MOTONLI AN BKAIOUEHHS B HEOTHOPOX-
HBIE MOJENH X0 CYKUEecCHH. [ 9TUX Leyael Oyper
NOJIE3EH CTOXACTHYSCKHI TeHEPaTop IIOTOALE C YIIpaB-
ngembiME  cBoMicTeamu  (DonyOaraukor, 2004),
a TaKKe MAKCAMANBGHO TOYHAs HacTpOHKA MOjeNIeH
0 MHOTOIETHEMY pany HadmoneHnd. [Tocnensst 3a-
Jaya mpeicTaBiIsaeT cOOOH 3aayy KATUOpOBKE HEO/I-
HOPOXHOH MOJIENMH — HECTAHAAPTHYIO IO METOMAM pe-
IIEHHS, HO C TPATHIMOHHO BHLICOKIMH TPEeOOBAHHAM
K MCXOJHBIM JapHBIM. TaxkoBbIMH B HallleM CIydae
HOKHBI OBITH PACHPENCACHE ILIOIANeH 110 THIIAM
PACTHTCIBHOCTH HA M3y4aeMOH TEPPUTOPHH, aKKy-
PATHO COOTHECEHHBIE ¢ (PAKTUYCCKON MCTOPHEH IIOTO-
JibI, KOTOpadA OOJEKHA ObITH CQOPMYNHPOBAHA B TEP-
MHHAX MOJIETIBHOTO CLICHADHSL.

Qcoboro BuuMaHus TPEOGYET OTMEYEHHBIH BBIIIIC
3¢hexT YCKOPEHNA XONa TTAPOT€HHOM CYKIECCHH IO
CP3BHCHHIO C NEPBHYHOR H POCT BEPOATHOCTH ITO-
xkapos. OFHOPORHKIE MOTIENH HE CIOCOOHDI B NIPHH-
LHNE BOCIPOH3BOAUTE HOAOOHEIE 2(hheKThI, OfHa-
KO HEOMHOPOUIHBIH (POPMANH3M COXPAHAECT TAKYIO
BO3MOKHOCTS JJ4 OyIyIIux MOREIbHbIX HCCICTOBA~
HHH.
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Successions in the forest-steppe under climate changes:
a modelling approach

D. O. Logofet, E. A. Denisenko, L. L. Golubyatnikov

AM. Oboukhov Institute of Atmospheric Physics, Russian Academy of Sciences
119017 Moscow, Pyzhevsky Lane, 3
e-mail: golub@ifaran.ru

The paper represents an attempt to apply the general principles of modelling vegetation dynamics under climate
changes to a study of the long-term vegetation dynamics in the forest-steppe zone of the European territory of
Russia, with a purpose to forecast under special climatic scenarios. An original technigue is used to construct
a Markov chain as a model of vegetation succession. The technique emanated from gebotanic knowledge
generalized as a scheme of successional transitions with estimates of the average duration for certain stages of
succession. Whenever the knowledge related the stage duration to certain (climate-sensitive) factors of the
environment, the fundamental potentiality arises to model the temporal course of succession as a function of
a given scenario for how the key factors change. In the formal terms, the model represents a racdom chain of
the Markov kind with a finite number of states and discrete time of transitions by the given scheme. Relative
square distributions of succession stages under concern at any time moment (within an adopted scenario)
appear as the model outcome (forecasts), as well as estimates of the attainment time for certain states of the
vegetation in the territory under study. A method is proposed to describe dynamics of the phytomass production
and stores (and the corresponding model trajectories are obtained) for a given scenario.
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