
i►
f MllHHCTepCTBO OÖpaSOBaHHH H HayKH Pocchhckoh OeaepaUHH 

OeflepajibHoe areHTCTBO no oöpasoBarono

rOCyMPCTBEHHOE 0EPA30BATEJ1EH0E YHPE)KflEHHE 
BblCLUErO nPO0ECCHOHAJlbHOro 0EPA30BAHHR 

POCCHMCKHH ['OCyflAPCTBEHHblH ['MflPQMETEOPOJIOrmECKHH VHHBEPCHTET

B. B. KoeanenKO, H. B. BuKinopoea, E. B. raudyKoea

MOflEJIHPOBAHHE 
rHAPOJIOEHHECKHX IIPOIJECCOB

JJonyujeno MuHucmepcmeoM o6pa3oeanua u Hayni Poccuuckou 0edepaifuu 
e KauecmeeyueönuKa dna cmydenmoe ebiciuux yneÖHbix 3aeedehuu, 

oöynaiou(uxca no cneifuanbHocmu «Fudponozua» Hanpaenemia noözomoeKU 
ditnnoMupoeaHHbix cneiiua.nucmoe «rudpoMemeoponozua»

prnvry
CaHKT-IleTepöypr

2006



r.iaea 4. HjieHTn<|)HKauna MoaejieS

Monenh, 6es rjiyöoKoro nccnenoBaHiia (j)H3HHecKoro CMbicna naHHoro na- 
paMerpa. Ochobhob npeMMymecTBO mctoaob HneHTHcjjHKanHH - skohomh- 
HeCKafl 3(f>(jjeKTHBHOCTb. HanpHMCp, HTOÖbl HatiTH 3JieKTpHH6CKOe conpo- 
THBjieHHe no cjiopMyne R = u/i (t. e. ncnoiibsosarb mctoji HneHTinfniKa- 
uhh), jiocTaroHHO BKJiionMTb ero b aneicrpMnecKyio uenb, nonaTb nsBecTnoe 
HanpBÄenne n H3Mep«Tb cnny Toxa. Ecjih a<e ncxonHTb ns (j)opMyjibi 
R = pl / s , to xpoMe reoMerpHMecKnx MSMepeHHH Hano BbinonHiiTb noporo- 
CToamne aa6oparopHbie nccnenoBaHiia nna onpenejieHim ynenbHoro conpo- 
THBjieHHa p MaTepuana ripoBonHHKa.

HeAOCTaTOK M6TOÄOB HfleHTH(j)MKaUHH CBB3aH C TCM 0ÖCT05ITejlbCT- 
bom, mto ohh oTHOcarca k miaccy oöpaTHbix sanan, pemenna Koxopbix mo- 
ryx 6birb HeKoppexTHbiMH (xax h3B6ctho, nna KoppeKTHocxn pemenna 
ny>KHbi ero cymecTBOBaHne, eniiHCTBeHHOCTb n ycTOHMHBOCTb). 3ro oölhhh 
HenocraTOK oöpaTHbix sanan, xorna, HanpiiMep, cnencTBHio nbirarorca nan- 
th npHHHHy. P accM oxp h m cnenyiomHH npMMep: panoM c oroneHHbiM npo- 
BonoM, naxonamHMca non bbicokhm HanpaacemieM (npnnnHa) neacnr Mepr- 
Bbin nenoBCK (cjiencTBne). Plo HSBecrnoMy cnencTBHio onenb cnoacHO ycxa- 
HOBHTb npHnnny - cobccm He oöasaxenbHO, nxo CMepxb Hacxynnjia ox toto, 
nxo nejioBex xocHynca nposona: oh mox npocxo yMepexb ox paspbma cepn- 
ua, cnynafiHO Haxonacb b panone oroneHHoro nposona. B stom oxHomeHHH 
npaMaa sanana (nxo öynex c nejioBCKOM, KoxopbiH KOCHexca npoBonos Bbi- 
coKoro HanpaaceHiia?) KoppexxHa b tom CMbicne, nxo otect öonee onHOSHa- 
nen, ne m b nepsoM cnynae (xoxa h xyx mo/Kct obitb HeKoppeKXHOcxb).

OnHaxo 3tot HenocxaxoK MexonoB iineHXH(j)HKan,HH mojkho npeono- 
nexb. CymecxByrox nyxn npeoöpasoBaHHa hckoppcktuoh sanann b xop- 
peKXHyro. Hpeacne scero - axo HcnonbSOBaHne nonojiHi-ixenbHOH (anpuop- 
hoh) iiH(j)opMauHii 06 nsynaeMOM npouecce (b HauieM npHMepe xanoH hh- 
(jiopMauHeH Moryx cnyaaiTb, nanpHMep, cnenu ox conpiiKOCHOBeHiia c npo- 
BonoM na pyxe nenoBeKa). Onnn ns nyxeti - BBeneHHe b MaxeMaxHnecKoe 
onncamie nponecca inyMOB, x. e. nesimcjiopMauHH (xax axo hh napanox- 
canbHO Ha nepBMH Bsrnan).

Booöine ycnex npuMeneniia MexonoB nneHXH(j)HKanHH onpenenaeTca 
xeM, nxo rnnponorna (kbk h bcc ecxecxBeHHbie HayxH) nocxpoeHa na npi-in- 
unnax nexepMHHHSMa (cxoxacxHnecKHe Moneni! - Toaie nexepMMHHpoBan- 
Hbie b tom CMbicne, nxo b hmx ecxb h npunnua h cnencxBHe).
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4.2. HflenTH(|)HKami» croxacTHiecKOH Monemi...

4.2. HfleHTMtt)iiKai4ii5i croxacTMMecKoii MOflenn 
CfcopMMpOBaHMH peMHOrO CTOK3

Mcxonnaa nuHaMiinecKaa Monenb mmcct BHn:

dQI dt = -Qt kx + XI t .

OöosnanHM: -\l(kx) = c h X It = N. ByneM cnHxaxb, nxo c = c+c
---- ~ iv ^

m N = N + N, rne c h N - «öenbie rnyMbi» c HHxeHCHBHOCxaMH G? , G^ h

G-^ . ByneM cnHxaxb nponecc (jiopMupoBamia cxoxa cnynaiiHbiM, ho ycxa-
HOBHBLUHMCa. flpH 3XOM B ypaSHCHHH OBIK MOJKHO IipeHeÖpenb BenHnHHOH 
dp(Q, t)/dt, h oho npiiMex B«n:

rne

dp/dQ = [(<2-a)l(b0 +b,Q + b2Q2)]p , (4.1)

/ "
a = (G^+2N)/(2c+^j+G,),

b0=~Gfi l(2c+2c+Gr.), 0 
- ^ ' 

b\ = 2G~jj /(2c +2c +Gr.),

b2 =-G?/(2c + 2c. + G?).

7

rCQ

TaxiiM oöpasoM, hmccm CHTyanmo, iisoöpaHceHnyto Ha pi-ic. 4.2 a. Ec­
jih b npHMon sanane Hano Haiixii cnencxBHe p(Q), snaa npnnnHy N h G^ h

ycnoBiia G?, G~^ h c , to b sanane uneHXHcjjHKanMH nano HalixH 3th napa-
Mexpbi, SHaa peineHiie ypaBiienna OF1K, HanpHMep ns panos HaönroneHiifi 
sa ninponorunecKHMH xapaKxepncxHKaMii. Ho xax xax panbi HaönionennH 
nenponoji/KHxenbHbi n nosBonarox Haneacno Bbinncnaxb tojihko necKOJibKo 
nepsbix momchtob pacnpenejieHiia, xo nepefineM k ypasneHnaM nna momch-
XOB.
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Diaaa 4. Hneinn(|)HKauna MOflejieä

a)
Bxod {G\) Bmxoö

N - N + ,-V Peuiiou öacceini (Gc) p(Q)
/ ■ c - c t- c

0* G'v —*• Gpiy —Gr

6)
Q cp. roa

Phc. 4.2. K imeHTH(l)HKamin cToxacTHHecKoil moacjiii (])opMnpoBaHHH pennoro
CTOK3.

a - npHMHHHO-CJieACTBCHHbie CBH3M B pCHHOM ÖaCCeMHC, Ö- HaeHTHtJjHUHpyeMblH H 

KOHTpOJIbHblH OTpe3KH pflA3 CpejlHerOAOBblX paCXOflOB BOAbl.

3annmeM (4.1) b bhjic

(b0 +blQ+b2Q1)dp/dQ = (Q-a)p ,

yMHO>KHM o6e ero nacTH Ha Q" n npoiiHTerpnpyeM no Q b öecKOHCHHMX 
npenejiax. npiiMemiM k npaBOH nacni (jropMyjiy HHTerpupoBaHi-ifl no nac-

Z CO “ 3
TflM J zzr/u = zzu| M - J u du

V" )

f Ö" (h + m + b2Q2) %-dQ = [ö" (b0 +b]Q + b2Q2) P(Q)\ L-
i dQ

- ][ib0Q"~l + (zz + \)bxQ" + (zz + 2)b2QIH'\dQp(Q).
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4.2. HjieHTH(|)HKam«i CTOxacTHHecKofi Moaenii...

TaKHM oöpaaoM,

[Q\b0+blQ+b2Q2)p(Q)]:„-

- jkj2"-‘+(«+W +(« + 2)fe2e''+l]r/ÖMÖ) = 

= j G"+V(öMÖ-aJöVfi)42-

*1

nojiaran, hto p(±°°) = O/, 'n bboäa o6o3HaneHHH .zura momchtob 

777 "=Jö>(ömö , nojiynaeM CHtrreMy ajireöparmecKHX ypaBBeann
2x

nb0m„_i + [(zz + 1)Z?, -zrzjzzz,, + [(zz + 2)£>2 + l]zzz,i+1 = 0 .

_OHa CBflSbiBaex H^najibHbie MOMearbi pacnpenejieHHa c napaMerpaMH

x/

<______UHa_cBfl3biBaeT HgnajibHbie mom
X ypaBHeHna;OnK7a. fcn, n/ziTTlonai 

yhiiTbibaa, hto m0 = 1, nonynaeivi:
a$i nocjieAOBaxejibHO 72 = 0, 1, 2, 3 h iy

- M.2b2ml^-bx+b0-0-a-l = -ml ] 5^ * ~ ■
( ; „xxXX —---------------------------- ~ ■ '--xvi V

362/n: + 26,772, + Z?0 -1-azzz, = -m2,

4b2m, +3&PZZ, +2b0m, — am2 = -m,,

5b2nu + 4bxm, +3b0m2 — am, - -m4.
»X —

B 3TOH CHCTCMC B pOJIH H3BeCTHbIX BeJIHHHH BblCTynaiOT M0M6HTbI 
pacnpeaejienna hjiothocth BepoaTHoem pacxona boäbi b saMbiKaromeM 
CTBope peHHoro öaccenna zzz, - zzz4, a HCKOMbie BenHHHHbi - a, £>0, h b2.
06o3HaHHM: n A-

/
' -nu ^ 2 zzz1 1 0 -1 N
-m2 3zzz, 2zzz, 1 - 777 ,

-m, «,x- = 4zZ7 3 zzz. 2zzz, - 777 2

-m, 5zzz4 4zzz, 3zzz, — 777 3V > y

/
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f.iaBa 5. riyrn npaKTiinecKoro npiiMeHeHHa CTOxacTiiHecKoro MoaejiHpoBaHiiH...

AepacaHHa C02 HeycTaHOBHBiueHCH. MaKCHMyMbi coAepacaHna C02 h xeM- 
nepaxypbi He cosnaAarox, hm6hho sxo oöcxoaxeAbcxBO (HeoöxoAHMoexb 
nOCTOHHHO HaXOflHTbCfl B HepaBHOB6CHbIX yCAOBHAX) MOJKeT CTaTb OCHOB- 
hoh npoöJieMOH. OflnaKO ocHOBHbie paöonne cpenapHH HSMeHenna KAMMaxa 
npeÄnojiararoT paBHOBecnyto CHxyauHio.

C TOHKH 3peHH9 0H6HKH XHApOAOrHHeCKHX nOCACACXBHH aHXpOHO- 
reHHoro H3MeneHHA KjiHMaia cnenapHH AoaaceH coAepacaxb, no Kpannen 
Mepe, rioae AByx bbahhhh: ocaAKOB n npH3eMHOH reMnepaTypbi. 3xo Moryx 
ÖblXb TaÖJIHUbI HJ1H KapTbl H30AHHHH HX POAOBMX HJTH CC30HHblX HOpM.

B KanecTBe MOAean (JjopMHpoBanHa cxoxa HcnoabsyeM ypaBHCHHe 
4>riK. BpeMa peaaKcaunn peHHoro öacceilHa ne npeBbimaex 1 roAa. Hoaxo- 
My moxcho paccMaxpHBaTb npouecc (jjopMupoBaHna ctokb kbk npocryro 
uenb MapxoBa, hto noATBepacAarox Gojibluhhctbo HCCAeAOBaxeaeH, h6o 
CXaXHCXHHeCKH 3H3HHMbIMH OKa3bIBafOXCH, K3K npaBHJIO, XOJIbKO K03(j)(j)HLI,H- 
enxbi KoppeaamiH Mea<Ay cxokom CMexcHbix jiex. Ho Aaace B03M0>KHbie 
AajibHne KoppenauHH b paAax cxoxa BOBce ne roBopax o xom, hxo MexannsM 
ero (JjopMHpoBaHHa (x. e. npopeccbi b pennoM öaccenHe) oxaHHaroxca ox 
npocxoro MapKOBCKoro npouecca. Hx npHHHHy naAO Hcxaxb bo BHeniHHx 
bo3A6hcxbhax. HanpuMep, b paöoxe [89] ycxaHOBAeno, hxo cnexxpbi paAOB 
xeMnepaxypbi n roAOBoro cxoxa peK xapaKxepmyroxca He6ojibuiMM Maxcn- 
MyMOM B HH3KHX HaCXOXaX, COOXBeXCXBytOmHX KOJieÖaHHBM C nepHOAaMH 
6onee 10 Jiex. HMeromneca AanHbie yxasbiBaiox, hxo BpeMenHbie paAbi ax- 
MOci])epHbix ocaAKOB Ha oxAeabHbix cxaHixnax c öojibtuoH cxeneHbro aocxo- 
BepHOcxn npeAcxaBAatox coöoil öbamh ujyM. Bo bchkom caynae, bo Bcex 
cueHapuax KJiHMaxa yKasbmaroxca xoabKO HopMbi cooxBexcxBytomnx Me- 
xeopojiornHecKHX b6ahhhh h Hnnero He roBopnxca o cxaxncxHHecKOH 
cxpyxxype hx paAOB. Ho Aaace ecjin 6bi b KJiHMaxMHecKHX cueHapnax xaraa 
HH(])opMauHa öbiaa saAaHa, axo He npenaxcxBOBano 6bi HcnoAbsosaHUK) 
ypaBHeHna OHK, npocxo npHuiaocb 6bi pacuiHpHXb HceneAyeMoe (jmoBoe 
npocxpaHCXBO h paccMaxpnBaxb ero MHoroMepHbiH aHanor.

Tax KaK cymecxsytomHe cuenapuH KAHMaxa cooxBexcxByiox paBHO- 
BecHori CHxyauHH, xo cxoxacxHHecKHH pea<HM 4>opMHpoBaHHa cxoKa öyaex 
ycxaHOBHBUiHMca, b ypaBHCHHii (t>HK dp/dt=0 m oho nepexoAHX b ypaB- 
HeHne Hupcona (ripu sxom npeanoAaraexca oöpameHHe b Hyab noxoxa Be- 
poaxHocxH Ha rpammax oöaacxn nsMeneHHa Q):
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dp/dQ = [(Q-a) /(b0 + bxQ + b2Q2)] p, (5.2)

5.2. MoflejmpoeaHHe rimpojioniHecKiix nocjiencTeiifi aHrponoreHHoro H3MeneHHs KJiHMaxa

TAe /
a = (G-fj + 2N) /(2c + G?); b0= -G-N /(2c+ G~),

n i _ f

\ = 2G~fj /(2c ); b2 = -G, /(2c. (5.3)

PacnpeAejieHna ceMeilcxBa xpHBbix HnpcoHa saBHcax ox cooxHome- 
HHa 3xhx napaMexpoB. BjxiApoaorHH pacnpocxpaHeHa xpimaa Hupcoiia III 
xHna, a xaxace ee BapnaHXbi, nosBoaaromne bbibccxh axy xpHByro H3 oxpn- 
uaxejibHOH oo/iacTii npn Cv < Cv. 3xa Kpnsaa cooxBexcxByex cxoxacxHHe- 
ckoh cxeMe [82], npn xoxopoH noBxopaexca b nocxoaHHbix ycaoBHax oaho 
h xo »e HcnbixaHHe, iiMeromee aumb ABa ncxoAa (caynaHHoe coöbixne npo- 
hcxoahx hah ne npoHCXOAHx). KaacAoe snaneHHe CAynanHOH BeAHHHHbi 
npeACxaBAaex coöoh hhcao ocymecxBHBmHxca m caynaeB ns n B03M0>KHbix. 
flaa noayneHHa Kpimofi HnpcoHa III xnna h3ao, hxo6bi b2 —3 0, x. e. hxoöm 
HHxeHCHBHoexb G? ObiAa HyAeBOH hah HeomyxHMOH b npeACAax cymecx- 
ByiomeH xohhocxh iBMepeHHil h pacnexoB rnApoAorHHecKHX xapaxxepu- 
cthk (Gd «2c + G?). B xo ace caMoe BpeMa hcoöxoahmo, hxoöm G~^ + 0.
B npoxHBHOM caynae bx = b2 = 0 h noaynaexca HopMaabHoe pacnpeaeae- 
HHe, hxo npoxHBopenux npaKXHKe pacnexoB, abho yKaabiBaromnx Ha Haan- 
HHe b rHApoAorHHecKHx paaax acHMMexpHH.

CnxyauHa, npn xoxopoH G? = 0 h b xo >xe caMoe BpeMa G?/^ ^ 0,
xpeöyex onpeAeaeHHOH 4>H3HHecKOH HHxepnpexaunH. Ecah BpeMa peaaxca- 
uhh T = const, xo BapnauHH K03(]aj)HHHeHxa c aoahchm cosAaBaxbca xoabxo
BHyxpnroAOBbiMH BapnauHaMH ocaakob (xax kbk c h N - öeabie iiiyMbi h 
noaxoMy hx paAHycbi KoppeaauHH mhoto Menbiue, hbm 7). Bapuauun c ,
HesaBHCHMbie ox N Moryx noaBHXbca, nanpHMep, 3a cnex xeMiiepaxypHbix 
B03A6HCXBHH, co3AaioiHHx BHyxpuroAOBbie KoaeöaHHa xapaxxepHcxHK noa- 
cxHAaromen noBepxHocxn. HcKaroneHne HesaBHCHMbix ox ocaAKOB Bapna- 
uhh c , a caeAOBaxeabno, AonymeHHa, hxo G~c = 0 (nan G? « 2c + Gr.) h 
b2~0, oöeAHaex bo3moh<hocxh MOACAHpoBanna peaabHOH cnxyauHH, 

HMeiomen Mecxo na pennbix öacceilHax (Ha cbmom ab a e G? « 2c + Gr. + c , 
höo mm Be3Ae b 3xom pa3AeAe noAaraeM c = 0, hxo, BnpoHeM, ocaaÖAaex
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1'jiaBa 5. riyTii npaKTHMecK-oro npHMenemia cToxacTmecKoro MpaejinpoBam-ifl...

AaHHoe HepaBencTBo). FIpu b2J=0 HMeeM cxoxacxujiecKyio cxeMy, ohhcm- 
BaeMyro rtmepreoMexpHHecKHM pacnpeucAeHHeM, Koxopoe noAyuaexcfl npn 
oueHKe BepoATHOCTii noBBJieHHa öexioro rnapa m pas^B n HSBAeueHHax, npu- 
HeM HBBJieHeHHbiH wap CHOBa He B03BpamaeTCH [82]. B xaKOH CMxyauMH 
HcnbuaHHa cxaHOBaxca saBHCHMbiMH, a cjiesoBareubHO, cxaxucxHHecicHe 
BbiBOflbi - Gojiee oGiuhmh, hcm b cjiynae, Koxopbin hphboahx k kphboh 
rinpcoHa III Tiina.

TaxiiM oöpasoM, öaccefiH HBAaexca JiHHCHHbiM (j)HAbxpoM, npeoöpa- 
syiomHM ocaflKH, HfleajiHSHpyeMbie Ka k 6ejibiH ruyM (npaKXHuecKH CAyuau- 
HbiH npouecc, payiiyc KoppeAHUHM Koroporo mhopo Menbuje, hcm BpeMH 
pejiaKcauMH 6acceHHa), b MapKOBCKMH cjiynaHHbiH npouecc HSMeHeHMH Q. 
Oöiuaa cxeMa pemeni-ia aauaun oueuKH ruupojiorHHecKHx nocjieucTEHu an- 
TponoreHHoro H3MeHeHHfl KAMMaxa cboahxch k cjieyyromeMy. Peiuenne” 
(5.2) ecTb ruioTHOCTb BepoaxHocxH p(Q), Koxopyro b niApoAorun n3-3a ko- 
poxKiix pauoB HaÖJiKxneHMfi BbiHyjKueHbi annpoKCHMHpoBaTb nepsbiMH ue- 
CKOJibKHMH MOMeuraMH. Ho cyiyecTBy, nyxeM oöpaöoxKH cymecxByiomHX 
pflAOB CTOKa cosuaubi Kapxbi p(Q), icoxopbie hbahioxch b yimaHHOM npn- 
öjikdkchhh oAHOBpeMCHHO peuieHueM (5.2). 3th Kaprbi OTpa>KaK>T cnxya- 
miro, c(])opMnpoBaHHyH) Ha peuHbix Gacceunax npu cxa6uAH3HpoBaHHbix 
napaMexpax a, b0, bu h b2. PemHB oOpaxuyK) sauauy (HueHTH^HKaunu), 
MO>KHO no U3BeCTHbIM H3 KapT p{Q) H3HXH 3HaHeHHH UapaMCXpOB AAH pa3- 
jiMHHbix nyHKxoB. Ho xax Kax H3 Kapx H30J1MHMH HSBecxHO ne Bce pacnpeAe- 
Aemie p(Q), a xojibKo ero necKOJibKO momchxob, xo mo>kho nepeuxn, yMHO- 
>Kaa (5.2) Ha Q" h HHxerpupyH no Q b npeACAax ero H3M6H6HHH, k chcxcmc 
ajireöpaiiMecKnx ypaBHeHHH'fljWHaHajibHbix MOMeHxöi>

m„-ib0n + mn [bx(n + !)-«] + mn+x [(n + 2 )b2 +1] = 0. (5.4)

mn - HaHajibHbie momchxm u-ro nopauKa.
3nan hx 3HaneHHa mohcho pernuxb (5.4) oxHocuxejibHo K03<|><})nuHeH- 

xob a, b0, bu u b2, cooxBexcxByroiuHX KjiHMaxy h xapaxxepy xo3fliicxBeHHOH 
ueaxejibHocxu, xoxopbie ccjropMupoBaAH cyiuecxByromuH rnupojioruHecKMH 
pe>KHM. 3axeM no HH^opMaunu, HMeromeucH b KJiHMaxuuecKOM cueHapuu, 
MenaeM b cooxBexcxBHH c (j^opMyjiaMH (5.3) napaMexpbi a, b0, bx, h b2 (bcb 
hjih HacxHHHo), noflcxaBAHeM hx b (5.4) h peiuaeM axy ci-icxeiviy ynce oxho- 
CHxeAbHO HanaAbHbix momchxob m,,. Ho BbiHHCAeHHbiM MOMenxaM Haxo-

246

5.2. Mo/jejmpoBamie nyipojiontMecKHx nocjieacTBHH aHrponoremioro iisMeneHiia mmMara

Ahm pacuexHbie rHApoAorHHecKHe xapaKxepucxHKH. Ho 3xhm HafiAeHHbiM 
3HaneHH5!M mohcho Hocxpoiixb h o By K) xapxy H30AHHMH, AaiomyK) OUeHKy 
nocAeACXBHH H3MeHeHHH KAHMaxa Ha peuHbix GacceöHax.

Hpn HCn0Ab30BaHHH CHCXCMbl (5.4) HeOÖXOAHMO 3HaXb HCXbipe MO- 
MCHxa, hxo saxpyAHaex ee napaMexpuaauHro. Ecxb neKoxopbie nyxH, hosbo- 
Aaromne HAeHXMcjHmupoBaxb (a 3HauHx, h b2), HanpuMep, HcnoAbsyn 
annpoKCHMauHK) aBXOKoppeAHUHOHHOH cj)yHKUHH roAOBoro cxoxa saBi-icn- * 
Mocxbio r = exp[-(c-0,5 G-)x]. Hpu hsbccxhom K03(])(|)HUHeHxe aBxoKop- /' 
peAHUHH (cm. [80]) AAH T = T = 1 FOA MOHCHO HaiXTH 3HaH6HHe G? , OUCHHB 
npeABapuxeAbHO c no HH(])opMauHH o xpex HauaAbHbix MOMenxäx. Ho opu- 7 
enxauHH Ha ouenb HenaAencHbie SHaueHHH opAHHax aBXOKoppeAHUHOHHbix-■ 
cjjyHKUHH, ocoöeHHO ecAH oh h MaAbi caMH no ce6e, He Aynuie, hcm npHBAe- 
HeHHe h h cj)op Maun h o nexBepxoM nanaAbHOM MOMenxe.//

H3-3a OrpaHHHCHHblX pHAOB HaÖAKDACHHH B npaKXHHeCKOH XHApOAO- 
thh ncnoAbsyrox xoabko nepBbie xpn MOMenxa, x. e. tjjaKXHuecKH CHHxaexca, 
hxo Gr. = 0. Hpu 3XOM cncxeMa aAreöpaHuecKHX ypaBHCHHH (5.4) npHHH- 
Maex bha:

bx+0-b0 KV- ,f
a- & 1

2mA +b0-mla= -m2, ' C (5'?
;yJj>(; wi

+ 2mxb0 - m2a = —m2

Pernaa (5.5) oxHÖcnxeAbHO HeH3BecxHbix napaMexpoB a, b0, m bh na-
xoahm:

■■0,5(-iii~-4-mx+5mxm2)/^n2-m{), '

b0 =0,5(-2nq!^m2mp+inliti3)l(ni2-mx), L ^

G^b, =0,5(3/;;,;»,-2/«,3-in-.)/(/;;,-mx). 1 1 j

'A* ~ /"G"J 1

C , n n,!(



fjiaBa 5. ny™ npaKTiinecKoro npHMeHemm CTOxacTiiMecKoro MOflejmpoBaniM...

fi 3areM no cjiopMyaaM (5.3) HaxoanM napaMerpbi Moaean:

V 2), G.

Gs>

a','*' * .
{NJh I{a-b,l2) £y|GÄ /(a -bt / 2), (5.6) [^

(Z.7 - cj-z-N- ■ " ■ iy^/,
rae A/ - tioprua ocaaKOB, cooxBeTCTByroinaa cymecxByromeMy KanMaxy.

Caeayroinnn aran coctoht b saaannn npornosnbix ananennH napa-
MerpoB. Bmbcto N öepeM npornosnoe saanenne A^p m cooTBercTByio- 
mero cnenapna nsMenenna KaHMaxa. Flpn sanamin napaMerpa bosmokhbi 
äbb BapnaHTa: an6o cnnxaTb, hto cnp = c , anöo (ynirrbiBaa, hto snaHenne
C 6hH3KO K OÖpaTHOMV 3HaaeHHK) K03Cj)(j)I!UHCHTa CTOK3, KOTOpbIH B H6K0- 
Topbix npnpoanbix 3onax moacct Menaxbca b saBncHMoexn ot nopM ocaaKOB
N h TeMneparypbi 7) öpaxb ero HSMenennbiM cnp =c+ f (N, T). flpoac- 

hhm CMbica BeaHHHHbi c . Panee mbi GÖosnannan c = 1 !{kz), rae k - xoacj)- 
(jiHunenT CTOKa, t - BpeMa peaaKcapHH. Hpn x = 1 saanenne oöparao npo- 
nopnnoHaabHO KoacjicjiHm-ieHTy CTOKa, KOTopbin onpeaenaexca KaK OTHOine- 
nne CTOKa k cyMMe Bbinasmiix na anomaan Boaocöopa ocaaKOB, oöycao- 
BHBLLIHX B03HHKH0Benne 3TOM OOpUHH CTOKa. HpM HCpeXOae OT flHHaMHHe- 
CKoro onncaHna k CTOxacT n nec ko mv npoimoanTca BcpoaniocTHoe ocpen- 
Henne n, kbk noKasano b ra. 3, noaynaeM caenyroinee amjajiepenimaabHoe 
ypasnenne aa a m aT e m ar h h e c k o r o OHnnanna pacxoaa boabi:

dm / dt - (-c + 0,5 Gr. )m - 0,5 + N. V

JXaa ycTaHOBHBuaeroca cnynannoro uponecca hmccm

m = (N-0,5 G~-)/(c -0,5 G?).

Ecan c HHTepnpeTnpoBaTb KaK Beaunnuy, oöpaxnyio KoaiJxJmuneHTy 
CTOKa, to coBnaaenne c BeannnHon c = \/k 6yaex ToabKO npn nopMaabnoM 
pacnpeaeaennH pacxoaa boam, Koraa G? =0 n G-^ = 0. Tbkhm oöpasoM,
OTHOLnenne nopMbi CTOKa k nopMe ocaaKOB b o6lucm caynae ne pasno TOMy 
K03cja})HUHeHTy CTOKa, KOTopbin onpeaeaeH panee.

Mto Kacaexca napaMexpoB G- n G~^, to cneayex npnnaTb
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5.2. MonennpoBamie rnapo.nornweckHX nocjieacTBHii auxponoreHHoro H3MeHeHH!i KjiHMaxa

Gs = Gr, h G_5 = G~r, xaK KaK npn ceronnamneM yposne pasBHTHn/V ,ip A (Jy np (A
rnapoMeTeopoaomn ner HHKaKon HHcjjopMannn 06 nx H3MenenHH b hobom
KanMaxe.ti flaaee naxoanM

s.

j >y Xi
\ / -VH
ti y"

«J o

(G~fj +2N„p)/(2c ),tinp r X- ^'v np;r np^

^0 np -Gr /(2c ) , K=2Gr,K2dno)

3axeM, pernaa cncreMy npornocTHHecKnx ypaEnennii (5.5), naxoanM:

n\ =dnP¥,np~K}
'l C-hv* ■ ** '

”h = '«1 a -b0 - 2zn, b} ,— nn ‘un UK vnn ‘un 1 nn

Kv

;zz, = - 2z;z, Zzn - 3zzz, Zz, ,— nn —un HP lIIn U..„ Am Gin ’

c„

C„ = (zzz, - 3zzz? zzz, . + 2zzz?•‘rip ^np "np *np 1

P.,=c. ,,'C.

' £K‘5. e.6^ f

g n
Ilo nanaennbiM snanennaM q, Cv n [3 cxponM npornosnbie rnapoao- 

rnnecKne Kapxbi pacnexnbix xapaKxepncxHK n nx anoMaann, t. e. oxKaone- 
nnn ot 3nanennn, cooTBexcTByromnx xeKymeMy KanMaxy.

Ecan 4)H3HnecKHH CMbica nsMenenna q u Cv nonaxen n CBasbiBaexca 
c nsMenenneM oömero cjzoHa BoanocxH pernona n Bapnaunn cxoKa, to H3- 
MenenHe |3 Beaex k 6oaee caoacnbiM nocaeacxBnaM. Haannne Cs > 0 csa- 
3ano c acHMMexpnen b paaax CTOKa, Koraa cpeanee npeBoexoanx Moay 
(nanöoaee Bepoaxnbin, naine Bcero BCTpenaroumnca pacxoa Boabi). 3to
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