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Jana cTtporas (GOpMynMpOBKa NOHATHA TPUUYMHHO-CICACTBEHHONH MOMACIM CHOXKHOTO SABJICHMA H
chopmynupoBaHbl NpaBulia NpPeACTaBleHHS TNONOOHBIX Moneneil B BuIe NMPUUMHHO-CIEACTBEHHbIX
auarpaMs. IIpoaHanM3MpOBaHO COOTHOUICHHE MEXAY NPUYMHHO-CIIEACTBEHHLIM MOJECNUPOBAHHEM M
TPaAMLMOHHBIMU METOJaMH MaTeMaTHueckoro MmogneaupoBaHus. IIpuBeneHbl npUMepbl MPHUUHHO-
CJIEACTBEHHbIX Moaened (Auarpamm) SBICHUH Pa3iUUHON QU3MUYECKOH MPUPOAbI MU MPOAEMOHCTPH-
POBAaHO WCMONbL30OBaHHE MOAOOHBLIX MOJENeH NMPU MCCIeAOBAHWM HEKOTOPBIX KOHKpETHbiX 3axad. B
4acTHOCTH, PACCMOTPEH MEXAHM3M MEPEHOPMHUPOBKM KOHCTAHT CKOPOCTEH XMMMUECKHX pPeaxu#uit B
paMkax SBJIEHWS JUCCUMATMBHOIO pe3oHaHca. PaccMoTpeH Takke npuMep MEPEeHOPMHMPOBKH
NnapaMeTpoB KJIMMaTHUYECKOH UYyBCTBUTENbHOCTU M BPEMEHM pefakcaluuu KIMMaTHUYECKOH CHCTEMBI
3emnu B pamkax aByxkomnosentHoro (CO, + H,O) napuuxosoro sddexra.

Kniouesvle cno6a: npuduHHO-CAeOCMBEHHAS. MOOETb, COJNCHBIE CUCIMEMbl, UEPAPXUYECKU 0p2aHU308aHHbIe
cucniembl, OUCCUNAMMUGHDIE CIMPYKIIYPbL, OUCCUNAMUBHLIT Pe30HAHC, NAPHUK08sIl 3¢dhexm, Korcmanma

KAUMAMUYECKOT  YYECHBUMENbHOCHL,
NePeHOPMUPOBOK.

Ipex e uem nepeldTH K U3IOKEHMIO OCHOBHOTO
maTepuana, cyMTalro HeoOXOOUMBIM OTMETHUTh Clie-
Ayrouiee.

Hdonroe Bpemsi s He pewiancs TpPEACTABUTH
METOJ, NPUYMHHO-CIIEACTBEHHOIO MOJACIUPOBAHMS
KaX CAMOCTOITENbHbIH METOJ TCOPETUYECKOTO aHa-
JIM3a CJOXKHBIX CHCTEM, MCTNOJb3ysd €ro B CBOMX
paboTax kax BCIIOMOTATEeNbHbIM MPHEM, MO3BO-
JAIOWMA TPOBECTH TNpPEABAPUTENBHBIA  aHauU3
CJIOXHOI CcHCTeMBl 174 JalibHElllero MaTemaTu-
YECKOTO MoJienupoBaHus. Takoil npegBapuTenb-
Hblil NPUYUHHO-CIEACTBEHHbIM AaHANM3 TNO3BOJIHI
MOJIYUUTh HNPHHLUINHAILHO HOBbIE pE3YNbTaThI,
CBA3AHHBIE C MATEMATHUYECKUM UCCICAOBAHUEM Psi-
4 CIIOHBIX CHCTEM caMoM pasnuuHoi dusnye-
CKOW MNpupojbl. DTO a0 OCHOBaHWE MNOJAraTh,
YTO MEeTOH TPUUYMHHO-CIIEACTBEHHOTO MOJCIHPO-
BaHUA MOXET UMETh U CAMOCTOSTENIbHOE 3HAYEHUE,
0COoOEHHO IS 3a7ay OINMCaHus NpoLeccoB B OHO-
JIOTMYECKUX CHCTEMax, KaK Ha YPOBHE OTHE/IbHBIX
KJICTOK, TaK M Ha YPOBHE LI€JIOCTHOTO OpTraHMU3Ma.

3HaAKOMCTBO ¢ 3aMeyaTensHOH knHurou W.I.
AxoeBa «buodusuka nosnaer pak» [1] crano eue
OHMM apryMEeHTOM B TOJb3y 3TOrO BBIBOJAA, fO-
CKOJIbKY B Heif, NO-CYHIeCTBY, p€4b MIET O cOo3za-
HUM TIPUYMHHO-CJICACTBEHHOW MOJENM Pa3sBUTUS
OHKONOTHYECKOro 3a00jeBaHud, KOTOPYIO aBTOP

menjiosas

KAUMAMUYECKOU  CUCIEMDbI,

umepyus meopus

Hoceawaemen namsamu U.1. Axoesa

ONMCHIBAET B TEPMMHAX «IOPOYHbIX Kpyros». K
COXAJICHHIO, HEMPUBBIYHOCTL MOJXOAA U HEroToB-
HOCTb 4UTaTelsd aHANU3UPOBATD CIIOXKHbIE IPUYHH-
HO-CNIEACTBEHHBIE B3aWMOCBS3M SABJICHUI NpPUBEIH
K Tomy, uto KkHura M.I'. Axoesa u ero rteopus
OHKOT€HE3a He MOJYYMUJIM TOTO NPU3HAHMUA, KOTO-
poro, Ha MOW B3IMSA, OHU 3aCIYXMBAIOT.

Ha camom [fesne, Mbl SBNSIEMCS CBUACTENISIMU
HAacTOsIUIEH PEBOIIOLMU B €CTECTBO3HAHUH. [lo cux
MOp Yy4YeHbie B OCHOBHOM M3Y4alld NPOCThie Npo-
LECChI, MPUYMHHO-CIEICTBEHHAs! CTPYKTYpa KOTO-
pbIX Obiia TpMBuanbHa. Ha kakom-To 3Tane pa3s-
BHTHUS €CTeCTBO3HaHMs 3TO Obino onpasaaHo. K
COXAJIEHUIO, JIAHHbINA MOJIXOA OKa3ancsd 3aKpenyieH
B OpraHu3alOHHON CTPYKTYPE COBPEMEHHON Hay-
KW — B OTpacieBOM MpHHLNNE ¢(opMHUpOBAHHS
Hay4YHbIX YUPEXAEHUN U KYPHAJIOB, KECTKOHU cCrie-
uMann3auuy GOHIOB M YUEHbiX COBETOB. Takas
OpraHu3alMoHHas CTPYKTypa rnpuBena x dopmu-
POBAHHUIO OKECTKO OTPACIEBOTO» MBILLIEHNS CPEAN
COBPEMEHHBIX YYEHbIX M KpaliHe 3aTpyJHHTIa MEXK-
JYCLMIUIMHapHbIe uccnenoBaHus. Haubosnee sapko
«HENOCTATOUYHOCTLY JAHHOIO THMA MbILIIEHHS
MPOsABNAETCH B HeCcnoCOOHOCTH CTPOUTH aJeKBaT-
Hbi€ MOAEIM TaKMX CJIOXKHBIX SBJICHUH B KUBBIX
CUCTEMAX, KaK OHKOJOTHUEeCKUe 3aboneBanus, ate-
POCKIIEPO3, CTApEHME.
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MPUYNHHO-CIIEJCTBEHHOE MOJAEJIMPOBAHUE

CeroaHs, korna Bce OOJNbilee KOJMUYECTBO yUe-
HbIX OCO3HAET HEOOXOAMMOCThH PA3BUTHS MEXJHUC-
LMIIUMHAPHBIX HMCCAENOBAHWMN W HMHTErpauud Ha-
KOIUIEHHBIX 3HaHuM, Teopust oHkoreHesa M.I.
Axoesa [1,2] MOXET CIYy>XUTb MPUMEPOM YCMELLHO
BBITIOJTHEHHOTO WCCIEIOBaHUS B paMKax HOBOM
napaaurMbl €CTECTBEHHO-HAYYHOTO MOMCKa. -

PazsutHe dopmManuzMa NpUUUHHO-CIICACTBEH-
HOTO MOJICIMPOBAHUS CTABUT 3aJ4ady HE TOJIbKO
COBEPLLIEHCTBOBAHUS METOJOB UCCAEIOBAHUS CITOXK-
HbIX CUCTEM, HO UM CO3JaHHS JOCTYITHOTO SI3biKa
o0LIeHHs yUeHbIX, paboTaloWmX Haa MEXAUCHUI-
JIMHAPHbIMK NTPOOJIEMAMMU.

IIpexxae veM [ath Ofpene/ieHMe NPUYUHHO-
C/IEICTBEHHON MOJIEIH, PACCMOTPUM HEKOTOPbIE
UCXOAHbIEC TOHATUS.

1. OCHOBHBIE OIPEAEJIEHM S
1 COI'JTALUEHU A

Omnpenenenue 1. IIpouecc — n3MeHeHue Kakux-
b0 nNapaMeTpOB CUCTEMbI BO BPEMEHH.

3ameuanue. JlaHHOE onpeneNeHne SBJISETCS 00-
IHWM, BKIIIOYAIOIIMM B Ce0S TAKXKe TOHATHS <«SIB-
JICHUS» U «COOBITUS.

Onpenesenude 2. SIBneHHE — 3TO NPOIIECC, BHYT-
pEHHAA CTPYKTYpa KOTOPOTO CYLUECTBEHHA.

3ameuarue. Bblﬂ,eJ‘ICHMC NMOHATHUA «ABJICHUA»
MPOAMKTOBAHO, MpeX/Ae BCEero, HeOOXOAMMOCTHIO
pasrpaHU4MBaTh TMPOLIECCH] PA3HbIX CTyneHel He-
papxuu. Paznuude Mexay npoueccaMu U siBJIEHUS-
MU JOCTATOYHO YCJIOBHO. SIBjIeHME NpPEACTAaBASIET
coboit npouecce Honee BLICOKOW CTEIEHU UEPAPXUH.
Hanpumep, aBneHue ropeHus ra3oBoi cMecu npej-
CTaBASET COOONW COBOKYMHOCTb TaKUX MPOLECCOB,
KaK XUMHYecKas PeakLus OKMCJEHUS, Teraonpo-
BOLHOCTb, Ta30JMHAMHYECKHE MPOLIECCHI, MPOLECC
pacnpoCcTpaHeHMs aKYCTUYECKHUX KoJebaHuii 1 T.A.,
a C Jpyroéi CTOpOHbI, NpeAcTaBiaieT cobol OJMH
M3 TPOLIECCOB B paMkKax SBJICHUS CIEAYIOLIETO
YPOBHSI HMepapXuu, HanpuMep noxapa, paboTsbl
JBUraTeisl BHYTPEHHEIO CropaHust U T...

Onpenenenne 3. CodbiTHE — npolEcC, B KOTO-
POM CYLIECTBEHHbI JIMLIb HAYajJbHOE M KOHEUHOE
COCTOSIHHUE.

3ameuanue. CrieiyeT BIAEAATL JBa Pa3IM4HbIX
Kj1acca coObITHH:

Omnpesenenne 4. DneMeHTapHoe coObITHE ~ H3-
MEHEHHE NMapaMETPOB CUCTEMBI, Pa3AC/EHHbIX MM-
HUMaJbHBIM MHTEPBAJIOM BpeMeHH (3J1eMeHTapHbIe
MHTEpBaJbl U1 OUCKPETHBIX MoAenei, uHbUHUTE-
3MManbHO Majble JJI HENPEPLIBHBIX MOJeieH).
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Onpenenenue 5. ACUMITOTHYECKOE COOBITHE —
npollecc nepexoaa CUCTEMbl U3 OJHOIO CcTabuib-
HOro (METACcTabUIILHOIO) COCTOSIHUSL B APYIOE.

Ha ocHoBe naHHbIX onpeaeyieHUH U CIENaHHbIX
BbIILIE 3aMEYaHMH MOXHO JaTh ONPEAE/IEHUE MpPU-
YUHHO-CJIEJICTBEHHOTO MOJICAUPOBAHMUS.

Omnpejiesienne 6.

TTpununno-crnedcmeennoe mooenuposarie — Npe-
CTaBJIEHUE U3y4yaeMOr0 SIBJIeHUs B BUJIE MHOXECTBA
(COBOKYMHOCTH) MPOTEKAIOILUX B CUCTEME TMPOLEC-
COB Y 3aJAaHWE OTHOLUEHWH NMPHUHYMHHOCTH HA 3TOM
MHOKECTBE, OTPaXKaKWIUX PEATbHYI0 TMPUYHUHHO-
CNEJICTBEHHYIO CTPYKTYDPY SBJICHHUS.

Hpumep: Tlyctb P = {p;} — MHOXeCTBO MNpoO-
LECCOB, MPEJACTABIAIIINX HEKOTOPOE H3y4aeMoe
sBneHue Z, a matpuua A = {a,} npeacraBiser
coboil Habop KO3PDUUMEHTOB, XAPAKTEPU3YIOILUX
OTHOLLUEHUS MPUUYMHHOCTH, TAKUX, YTO:

0, ecnu mpouece p, HEMOCPEACTBEHHO He
BAMAET HAa MNPOTEKaHHUE TMpolecca p,
B (MM 3TUM BJIMSTHUEM MOXHO MpeHeO- ()
iy = peub)
> €CIM MIPOLIECC  p;,  HEMOCPEACTBEHHO
BJMAET HA NPOTEKaHWE mpouecca p;

TOTAA NPUYUHHO-CIIEACTBEHHAd MoAenb M(Z) aB-
JIEHUsl Z TNpeacTaBiigeT cobOl CREAYIOIYIO KOH-
CTPYKLHIO:

M(Z)={P,A}. 2)

Onpenenenne 7.

Ipuuunno-credcmsenHas ouazpamma HeKOTopo-
ro sABJieHUs — rpaduyeckast popma npeacraBieHHs
MPHUUYNHHO-CIIEAICTBEHHOI MOJENM B BUJE Hanpae-
JIEHHOTO Trpada, rae y3namu rpada IBiasoTcd npo-
Leccnl, a cTpenkamd 00O3HA4Y€HO HaJMuyue MpH-
YUHHO-CJIEACTBEHHOT'O BJIMSHUS MEXIY NMPOLECCaMU.

Ipumep:

IlycTe u3yuaemoe sBieHue Z nNpeACTaB/IEHO
npoueccamu {py, p, Pz, Paj» @ NPUUMHHAS MATPULA
@y VMCET CNeayrolmi Habop K03 (ULIMEHTOB:

0 3)

TOIa NMPUYUHHO-CIEACTBEHHAs auarpamma Oyaer
MMETh crieayoyid Bua (puc. 1).
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Puc. 1. IpumMep npHuuiio-cae CTBEHHOH HArpaMMBl
ABIEHHUS, MPEACTABJACHHOTO MPOLECCAMU P Pa3f-

ChopmyaMpoBaHbl OCHOBHbIE corjialeHus o0
0003HAYEHHUAX It MPUYMHHO-CIEACTBEHHbIX AHa-
rpamm:

Hsnenue, PUUYMHHO-CIICACTBEHHAS CTPYKTypa
KOTOPOTO M3Yy4aeTcsi, 0003HAYaETCd B BWJIE NYyHK-
TUPHOI JTMHWUM, OTPAHUYMUBAIOLIEH HEKOTOPYIO 00-
JacTb, IA€ pacnojaratoTcsi MPOLECCh, BXOASUIME
B COCTaB M3yyaemoro spieHus. Haspanue sBrieHus
3aMMCbIBAETCA B NPAMOYTOIbHONW paMKe, BKJoyae-
MOW B pa3pblB NMYHKTUPHOM JIMHKUU. BHelHne ans
JaHHOIO SBJIEHUSl Npoiecchl (BHEWIHWE NapameT-
pbl) pacnoflaraloTes 3a npeaenamu o0s1acTH, or-
PAHHYEHHOW NMYHKTUPHOH JIMHUEHN.

Hpoyeccwl, BXojdliMe B COCTAB U3YyYAEMOTrO
SBJIEHUS, 0003HA4YalTCa JAWHAMUYECKHMMU napa-
MeTpaMu (MEPEMEHHbIMU), U3MEHSIOIIMMHUCT B pe-
3ylbTaTe NPOTEKAHWsA AaHHOro npouecca. Ilapa-
METPbl HA TNPUYMHHO-CJACACTBEHHOW JAMarpamme
MOTYT MOMEIIATLCS B KPYXOK (OBaJj).

Buewnue npoyeccst 06003Ha4a0TCd aHATIOTUUYHO
BHYTPEHHMM, HO PpaCnofararoTcs 3a Npeaenamu
00JIACTH, OrpAHUYEHHOH MYHKTUPHOM JIMHUEH.

17/)Ll‘{l/llIlI()-C/lé’()('l’ﬂ(i(’llllll}l 6536 MCKIY Ipoucc-
caMH n306pa>|<aeTca B BHUJAC CTPLIAKHU, KOTOpad
YKa3biBA€T HA MNpouece, SABJISFOLMICST CIICACTBUEM:

3ameuanue 1. KauecTBEHHO cTeneHb NPHUUH-
HO-CJIEACTBEHHOT'O BIMAHUA MOXET 0ToOpaxaThes
TOJWMHONA JTMHUA.

3ameyanue 2. KOMMEHT4pUHM K MPHUUYHUHHO-
CNeACTBEHHOU CBA3M MOTYT 3alMCLIBATLCH PSOM

CO CTPEJIKOWM (HarnpHUMep, CNHUCOK MOCTOSIHHbIX Ma--

PaMETPOB MOJEIH).

3aMeuaHre 3. YckopswolMe M TOPMO3SLIME
MPUUMHHO-CIEACTBEHHBIE CBSI3M MOIYyT u300pa-
KaTbCs JIMHUAMM PA3HOTO UBETa UM HAYCpPTaHMs
(B nn. 2.2 u 2.3. HacToduel paboTbl CMIOIHbLIMU
AvHUSIMK 0003HAYAIOTCS YCKOPAWOUIME, A IYHKTUP-
HbIMU — TOPMO34UIHE TNPHUYUHHO-CIEICTBEHHbIE
CBS3U).

KAPHAYXOB

Puc. 2. anlIHHHO-CﬂeﬂCTBCHHaH MOICIb ABJACHHA JUC-
CHUNAaTHBHOIO PpC30HaHCaA.

2. TPUMEPDBI MCITOJIB3OBAHN A
NMPUYNHHO-CJIEACTBEHHOI'O
MOJEJIMPOBAHUSA JUUISA AHAJIN3A
HEKOTOPbBIX ABJIEHWM B CJIOXHBIX
CUCTEMAX

2.1. Jluccunatupuniii pesonanc. Jluccunarus-
Hbl{ PE30HAHC MNPEACTaBiAeT COOOW SBJIEHWE Ha-
pactaHus kojedaHui B cucTemMe 1o JAeHCTBHUEM
NEPUOAMYECKOM CHJIbI 32 CUET BO3HUKHOBEHUS B
CUCTEME CTPYKTYDPbI mopsiaka. B mpeabiaywiux pa-
0orax [3-6] ObLIM NPOAHANIM3IUPOBAHBLI YCIIOBUS
BO3HUKHOBEHUS W MPUBEAEHbl MPUMEPHI MOJENb-
HbIX CUCTEM, B KOTOPbIX MOXET HAOJIOAATbCH SIB-
JIEHWE AMCCUIMAaTUBHOTO pe30HaHca. bosee Toro, B
nociaenaHux paborax [7-9] ans waubosiee NpocThbiX
MOJENbHBIX CUCTEM YAATOCh NOJAYYUTb TOUYHBIE pe-
weHns. Bmecrte ¢ Tem BO BCeX (BKJIXOYAst NPOCTEH-
LIKE) CUCTEMAX, B KOTOPLIX HAOMIONAETCA ABJICHUE
JMCCHMMIaTUBHOTO PE30HAHCA, COAEPKUTCH HETPU-
BUAJIbHBIA HA0OD GPUUYMHHO-CIIEACTBEHHBIX CBS3EH,
BXOASILUMX B 2TO fABJIEHUE NpoLeccoB. PaccMoTpum
Donee noaApOoOHO NMPHUYHHHO-CIICJACTBEHHYIO MOJIETb
ABJIEHUST IMCCHMIIATUBHOTO PE30HAHCA, MpEACTaB-
JEHHYIO B BWJE JAMarpammbl Ha puc. 2.

B o0iuem cayuae cuctema, B KOTOpoil Hadmo-
JIAETCS ABJEHUE AMCCUMATHBHOTO pe30HaHca, Co-
CTOMT W3 BA3KOYNPYTOH Cpefibl # HEKOTOPOI® MHO-
XECTBA AUCKPETHBIX OOBEKTOB (HANPUMED, 3TO MO-
TYT ObITbL MOHBI KAKOT0-THO0 BeliecTBa), KOTOpbIE,
C OJHON CTOPOHBI, ABMSIOTCS PEUEHTOPAMMU BHEIL-
HETO TEePUONUYECKOTO BO3ACHCTBHS, a C APYIOH —
00afalT BO3MOMXHOCTBLIO MNEpEeMellieHHs B 9TOMH
BA3KOynpyroi cpeae. Habop nepemenHbix x/(7)
OINKUCHIBAET M3MEHEHHE MPOCTPAHCTBEHHOIO MOJO-
WEHUS JAHHBIX AUCKPETHbIX 00BLEKTOB. BHewHee
BO3JEHCTBHE (HANPUMED, ITIEKTPOMATHHUTHOE M0JIE)
E(f) peiictByeT kak nepuoauueckas cuia F()
(E(1) — F(1r)) Ha 0OBEKTbI — PEUCHTOPbI BHELIHETO
BO3JeicTBUs (MOHBbI). MMmerouiascs HavyanbHas He-

BUODU3UKA Tom 51 Boin.2 2006
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Peakuus cuHTesa |
L 3
i | JluccunaTusHbib
]
1

@ Pe30HaHC E
L @ ; !
" — P :
- ! (4+B—AB):

Pue. 3. TlpuuMnHo-ciencTBeHHAs AHarpaMma peakLiHH
CHHTE3a NPH BHEUIHEM [MEPHOAHYECKOM BO3JACHCTBHH
C DACKDBITHEM MEXaHM3Ma M3MEHEHHS MaKpPOCKOHHue-
CKMX CKOPOCTEeH XHMHMYECKHX DPEakLMH.

PaBHOMEPHOCTh pacnpelesieHus 0O0beKTOB-peuen-
TOpOB (MOHOB) pP(x,f) NPUBOAMT K HEPaBHOMEPHO-
MY pacnpeiesieHHI0 CHUIIbl, NeHUCTBYIOLIEH Ha BS3-
koynpyryio cpeay F(x,t) (F(1), p(x,t) — F(x,1)).
70, B CBOIO 0Yepeb, NPUBOAMT K BOZHUKHOBEHUIO
KonebaHui B BI3KOYNpyroi cpene Y(x,t) (F{x,t) —
Y(x,t)). BaxxHo noa4epkHyTh, UTO KoaebaHug Bs3-
KOyNpYyroi cpeasl BCErfa UMEKOT 4acTOTy, cOBMNa-
Jalollylo ¢ 4acTOTOH BHEIUHEro BozjeHcTBust E(7).
3TO NPUBOJUT K TOMY, 4TO TP HAJIMUYUU Olpe-
JIeNieHHBIX YCAOBUH (CBOMCTB cpefibl 1 00beKTOB —
pELenTOPOB B3aUMOAEHUCTBUS) HAPSAAY C OBICTPLIM
JIBMXEHHEM OOBEKTOB — PELENTOPOB (MOHOB) BMe-
cTe ¢ KoneGaHusAMU cpejibl MOXKET MPOUCXOIUTH
VX OTHOCHTEILHO MEMJICHHBbIH Apeiid OTHOCHTEb-
HO BA3KOYNpYroi cpeabl X (1) (K1), Y(x,1) —
X{1)), 4TO TaKxe NPU ONPEAEICHHBIX YCIOBUAX
Oyner NPpUBOAUTL K (OPMUPOBAHUIO CTPYKTYPhI
NOpSJiKa — HEOQHOPOJHOM KOHUEHTpauuu o00b-
€KTOB — DpeLenTopoB p(x,f) (X(7) — p(x,1)) u K
YBEJIMUCHUIO aMIUIMTYAb! Kojebanuil cpeabt F(x,f)
(@), plx1) — F(x,1).

SIBneHue OMCCUNATHBHOIO PE30HAHCA MOKET
BJIMATL HA MAKPOCKONMUYECKYKD CKOPOCTL XMMMUE-
CKMX peaxiiMii, NpOTEKAIoUIMX B BA3KOYNPYroi cpe-
nie. JIeHCTBUTEIbHO, HETPYAHO MOKAa3aTh, KaK BO3-
HUKHOBEHHE MMKPOKOHLEHTPAMOHHbBIX HEOAHO-
poanocreii pA(x,1), pf(x,t) BewecTB, y4acTBYOLIMX
B peakuMyu cuHTe3a 4 + B —> AB Bbi3bIBaer
V3MEHEHHE MAKPOCKONMUYECKOM KOHCTaHThI XMMH-
yeckoil peakuni C g(E(r)). PaccMOTpUM HM3MeHe-
HUE cpelHed KOHLEHTpalWu NPOJAYKTa XUMHUe-
ckoit peakuun p?B(1), KoTOpOEe MOKET ObITh BbI-
paxeHo Kaxk uepe3 Maxkpockonuueckne C g(E(7)),
p4, pB, Tax 1 yepes MUKPOCKOMTMYECKUE MTAPAMETPhI

Cap P, pB(x,0):

BHUOOU3HKA toMm 51 Bri.2 2006
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Puc. 4. I1puuunHo-CIeACTBEHHAS AMarpaMma peakuHu
CHUHTE3a NPH BHEILHEM MEPHOAHYECKOM BO3/IEHCTBHH
KaK 3JIEMEHTapHbIH npouecc.

E(n)
A+B

w)— @

d AB
®D_ ¢, (E0)pe? - @

I
= feasptCenpl(x ),
14

TJ€ CpEeHME MaKpPOCKOMHUYECKHE KOHLEHTPAUHUU
pl, p? pearmpyroupmx Bewects 4, B creayrommm
00pa3oM  CBA3aHbl €  MUKPOKOHUEHTPALMAMH

p(x.0), pB(x,1):

ot = o),
Z )

i
B_Jtrop
pf = pr (x,0)dBx.

V

BaxHo nmopuepkHYTb 34ech Takke TOT (axT,
4YTO MMUKPOCKOOUYECKAS CKOPOCTh XMMUUECKOH pe-
aKUMK C,p NPUHUMIIAAIILHO HE COAEPKUT 3aBUCH-
MOCTH OT MHUKpOKOHLeHTpauuid Bemects A, B. B
TO KE CaMOE BPEMSI MaKPOCKONUUYECKas KOHCTaHTa
C, p(E(f)) 3aBUCUT OT pacnpeielieHUs MUKPOKOH-
uenTpauuit pA(x, 1), pf(x,1), a cnemosaTenbHO, 3a-
BUCUT OT BHEIIHETO MEPUOIHUECKOTO BO3ACHCTBUSA
Ha cuctemy E(r)

1
T/fCABpA(x,t)pB(x,t)cﬁx
v (9
pph

C plE(M) = cyp

TIpMUMHHO-CIEACTBEHHAs AUarpaMMa peakimu
cuHTesa A + B — AB B NPUCYTCTBUW BHEWIHETO
MEPHOMUECKOTO BO3ACHCTBYSA TIOKA3aHa Ha puc. 3.

BaxHO OTMETHUTb, YTO € TOYKM 3PECHUS MakK-
POCKONUYECKOTo HabMmoaaTens BO3ACHCTBUE BHELL-
HEro NEepHOAUYECKOro BO3ACHCTBUS B paMKax sB-
JIeHUSl JUCCHIIATMBHOIO pPe30HaHca NPUBOJUT
JWiib K U3MEHEHHWIO CKOPOCTH XMMMUYECKOH peak-
UMM, YTO MOXHO OTOOpasvTh B BHAE Cienyouiei
NPUYHUHHO-CIEACTBEHHON Aauarpammbl (puc. 4).
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Puc. 5. [1puunHHO-CIIeACTBEHHAA QHarpaMma sBJIEHHUS
napHuKoBoro addekra.

Hetpyano BuaeTb, YTO NPUYHHHO-CICACTBEH-
Hble audarpammbl, HW300paxeHHble Ha puc. 2-4,
OMHKCHIBAIOT ABJEHUS PA3JIMUHBIX YPOBHEW uepap-
xuu. Ecnu npuuMHHO-CHENCTBEHHAs QuarpaMma
JMCCUNATUBHOTO PE30OHAHCA Ha pUC. 2 AETANIbHO
paccMaTpuBaeT 3TO fABJIEHME KAaK COBOKYMHOCTb
Oonee 37eMEHTAPHBIX TPOLECCOB, TO Ha MPUYKH-
HO-CNEACTBECHHON AuarpaMMe XUMMHYECKOM peak-
uM4 (puc. 3) aMCCMIIATHUBHbBII pE30HAHC paccMmar-
PHMBAETCA KaK 3JIEMEHTApHBIA Mpouece, BXOJALLMH
B paccmaTpuBaeMmoe sBjeHue. Juarpamma Ha
puc. 4 NpeAcTaBiseT YXKe€ XMMHUYECKYH DPEaKLHIO,
[POTEKAIOLLYI0 B YCJIOBMSIX BHEIUHErO MEpUOInYe-
CKOI'0 BO3JCHCTBUA, KaK dJIEMEHTApHbIA npoLuecc,
KOTOpbIII MOXET paccMaTpMBaTbCid B paMKax fB-
JIEHUH CIIEAYIOLErO YPOBHS MepapXuu (Halpumep,
KackaJloB XMMHYECKHX peaKuui).

3neck Mbl OMKHBI OOpaTHTL BHUMAHUE Ha
CYUIECTBEHHOE YMpPOIIEHHE MPHU NEepexode 'K BbIC-
IIUM YPOBHSAM Hepapxuu. JlocTaTOYHO CIIOWKHBIH,
TpebyolmMii AJIS CBOETO ONUCAHUSA 3HAUMTEIbHOE
KOJIMYECTBO [EPEMEHHBIX ITPOLECC OKAa3bIBAETCS
BO3MOXHBIM CBECTH K MPOCTOH MEpPEeHOPMUPOBKE
KOHCTaHThI CKOPOCTH XUMHUECKOH peakiuu.

ITono6nas npouenypa nepeHOPMUPOBKH, BNEp-
Bble paspaboranHas mng (elHMAHOBCKUX JiMa-
rpammM, Mo-BUIAMMOMY, SBJISETCS JOCTATOYHO 00-
MM W MOJIE3HbIM MPUEMOM MNPH MCCAEIOBAHUM
CJIO’KHBIX MEPapXMUYECKM OPTaHU30BAHHBIX CHCTEM.
Huxe MBI paccMOTPHM €Li€ OJUH NPUMEDP MCMOJIb-
30BaHUsl NpPOUEAYPbl EPEHOPMHUPOBKH.

2.2. IlepenopMHpPOBKAa KOHCTAHTbI KJIMMaTHYe-
CKOM YYBCTBHTEJIbHOCTH NpPH YdeTe CHIbHOMH I0JI0-
AKHUTeJbHOH o0OpaTHON CBU3H «CpelHeIIaHeTapHas
TeMiepaTypa — KOHIEHTpailusi NapoB BoAbl B aT-
Mochepe». B Hawmx npeabiaymmx padortax yxe
AHAJIM3UPOBAJIUCL MPUUYUHHO-CIIEACTBEHHbIE MOJie-
JM Pa3fMyHbIX KIMMATOO0Opa3yIoLMX SBIECHHUI, Ta-
KMX Kak naphukoBas katactpoda [10-14], nepuo-
audeckue oneneHeHust B CeBEpHOM MOJyLIapuu,

KAPHAVYXOB

NMPOUCXOAALINX BCJICJICTBUE NEPECTPOINKN KapTHHBI
tedeHuit B CeepHoil Atnantuke [15-17], u Heko-
Topeie aApyrue. B naHHoW paboTe Mbl paccMOTpUM
6onee noapoOHO siBIEHWE, HA3bIBAEMOE MAPHUKO-
BbIM 3¢ dextom. [IpUunHHO-CEACTBEHHAd [Ma-
rpaMmMa mnapHuUkoBoro 3ddexkra, Kak €ro oObIYHO
NPUHATO paccMaTpUBaTh, M300paXKeHa Ha puc. 3.

YuuTthiBas, 4TO CpPeAHsis KOHLEHTpalus napos
BOAbLI B aTMocC(epe MpPakTUHSCKUM HE 3aBUCHMT OT
AEITEILHOCTYU 4YEIOBEKa, a OMNpEaACIeTcs cpeaHei
TEMIEPATYPOH OKPYKAIOILEro BO3/YXa, U WUCKIIIO-
4yasi U3 PacCMOTPEHMS APYIHE TMAPHUKOBLIE Ia3bl
(a7 yIPOUIEHHS ONMUCAHUA), MPUIEM K CIIeyIoLIeH
PUYMHHO-CIICICTBEHHOM auarpamme,

IToxaxeMm, 4TO y4ET CHJIBHOW MOJIOKUTENbLHOM
CBSI3U «CpeJHEIUIAHEeTApHAsS TeMIepaTypa-KOHUECH-
Tpauusl NApoB BOALI B aTMochepe» CBOAWTCA K
MEPEHOPMUPOBKE KOHCTAHTbI KIMMATUUECKON HYB-
CTBUTENBHOCTH, CBA3aHHOM ¢ nHanuunem CO, B

aTMochepe (O¢q ). JelCcTBUTENBHO, A1 NpUpallie-
2

HUI TEeMMepaTypbl W KOHLEHTpPAaUUyd BOJSHBIX Ta-
pPOB MMeeM:

dpco dPy o
2 2
Pco, PH,0
(. © \
dPHwo = LO szonTa (76)
: H,0

rae (7a) HENOCPEICTBEHHO CIIEAYET U3 BbipaXKCHMs
U1 BeRM4MHBL A1 depeHManbHOro NapHUKOBOTO

sddexra:

Pco, + APco,
? co,

®

PHo *+ AP0
’ PH,0

bosiee MoapoOHbIM BHIBOJ KOTOPOTO MOXHO TMO-
CMOTpeTh, Hanpumep, B [14], a (70) npeacrasisier
co00l annpoKCUMaillio U3MEHEHUS CpeiHEH BaaX-
HOCTH BO3JlyXa MpH U3MEHEHWUH TeMiepaTypbi. [1pu
9TOM ONM3Kas K JKcroHeHTe GopMa 3aBUCUMOCTH
OTPaXaeT NPUMEPHO 3KCIOHCHUHALHYIO 3aBMCH-
MOCTb [aBJIEHUS HACBILIEHHBIX MApOB BOJbl OT
TEMIIEPATYPH!, a k03hduuneHT & BbiGHUpaeTcs Hc-
X0 U3 TOTO 3MIUPHYEcKoro GakTa, UTO cpeaHsas
OTHOCHTENbHAA BJIAXKHOCTh 8TMOC(EPHOrO BO3AY-
Xa cocTtaenseT okoyio 70%.

TloacTaBnsg BeIpaxeHUe NJis de,o (70) B (7a)

NOJIy4MM:
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SCo,

x
H,0

Puc. 6. IlpuunHHO-ceAcTBEHHAs AWarpaMma siBieHHs
NapHUKOBOro 3P@PEKTa € YYETOM CHIBHOH TOJNOXKH-
TeNbHOH OOpaTHON CBS3W «CPEAHEMJIAHETApHasl TeM-
fepaTypa-KOHLUEHTPalusl NapoB BOJALI B atMmocdepe».

)

2 4+8dT

=0,
co
* Pco,

U OKOHYATECAbHO!
dpco,

Sco, dPco,
Oco,
Pco,

=2 " Z_ (10)
(1-9) pco2

ar

s .

, Oco,

Tie Oco T

YYBCTBUTEILHOCTH, IEPEHOPMUPOBAHHAS C YYETOM
BKJ1aJa MapoB BOAbl B CYMMAapHblil MapHHUKOBbIM
3¢ dexT. IIpu 3TOM APUUUHHO-CAEACTBEHHYIO Aua-
IpaMMy NapHUKOBOro 3d(HeKTa MOKHO YIPOCTUTD,
UCKJIIOYMB U3 Hee TPYMNY NPOLECCOB, CBA3AHHBIX
C U3MEHEHUEM KOHLICHTpAaLMKA NapoB BOIbl (pUc. 7).

OrmeTuM 34eCh HETPUBHAIIBHBIA XapakTep Ta-
KOT'O MCKJIIOUeHUs. [leno B TOM, YTO mapbl BOJbl
* JAlOT B HACTOSILIMHA MOMEHT CYUIECTBEHHO OOJib-
wui (6onee uem B 10 pas) aHepreruveckuid BKJIAX
B CyMMapHblil NapHUKOBLIHA 3P dekT no cpaBHeHUIO
¢ CO,, HO UMEHHO YTTIEKUCIIBIH ra3 SBiseTCcs 3/eCh
KJIIOYEBBIM (YIPAaBSIOLIMM) MApaMeTpoM.

2.3. IlepenopMupoBKAa BpeMeHH peJaKcaluu
KIMMATHYECKOH CHCTeMbl NPH yueTe CHILHOH mo-
JIOAKHTEbHOH 00paTHOM CBA3H «CpeHenIaneTapHas
TemMIepaTypa — KOHIEHTpalls [apoB BojAbl B aT-
Mocdepe». BbInonHeHHas B NpelblayLieM naparpa-
(e nepeHOPMHUPOBKA KOHCTAHTbI KIIMMAaTHUYECKOM
YYBCTBUTEIBHOCTH SBJIAETCS JOCTATOYHO XOPOILIO
M3BECTHBIM MPUEMOM B COBPEMEHHOI KJIMMATOJNO-
ruu. Bmecte ¢ TeM oLEeHKa KOHKPETHbIX MapaMeT-

POB Ocq > Oy o d MeToJaMM aHaJTUTHYECKHX pac-
2 2

BEJIMUUHA KJIIMMATHUYECKOMR
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S'co,

Puc. 7. Yuer nonoxurensHoi obpaTHOH CBSI3U «Ccpek-
HerjaHeTapHas TeMmnepaTypa — KOHUIEHTPALMS Mapos
BOJbl B aTMocdepe» Yepe3 NEPeHOPMUPOBKY KOHCTaH-
Thi KJAHMaTHUECKOH 4YBCTBHUTENBHOCTH.

HYETOB HEBO3MOXHA, a METOJaMH YHCJICHHBIX pac-
YETOB BLIMOJHAETCS ¢ OOMNbIHOMN MOIrPCUIHOCTLIO.

IToaToMy HpM OLEHKE BETWYUHBI MEPEHOPMU-
POBaHHOM (CyMMapHOM) KIMMATHUECKOW UYYyBCTBU-
TEALHOCTH UCTOJIb3YIOTCS JAHHbIE MHCTPYMEHTAJIb-
HbIX HAOMIONEHHIA 32 U3MEHEHHUEM TEMTIEPATYPHI U
koHuenTpauun CO, 3a nocneanue npumepno 100
ser. IlprHnmas, 4To cpeAHenjaHeTapHas TeMile-
parypa 3eMiM 3a yKa3zaHHOE BpeMs HM3MEHHJIACh
npumepHo Ha 0,8 K, a xonuentpauus CO, npu-
MepHO Ha 35%, nosy4uMM OLEHKY Hjid Sco;’

Oco. = 2,66 K (unun B eaMHunax yaBoeHus
2

(I

xoHueHTpauun CO,: o, co, = 1,8 K).

C apyroil cTOpoHbt, UMErLIKecs NManeoKIuma-
TUYEeCKUE JAHHbIE aHaNu3a JelsHbIX KepHoB [18,19]
U KEPHOB JOHHBIX OTJOXeHMi [20] cBHUAETENbCT-
BYIOT O ropasjo OOJIbLUMX M3MEHEHMAX Temrepa-
Typbi B npoumiom (A7coctraBnsger o 10 K), co-
NPOBOXAAIOUWIMX W3MeHEHHEe KoHueHTpauuu CO,
ot 200 po 280 ppm, 4YTO NPUMEPHO COOTBETCTBYET
40% un3menenuna konuentpauun CO,. Ecnu Ternepsb
MPOU3BECTH OLEHKY CYMMAPHOW KJIMMATHUECKOH
YyBCTBUTEILHOCTH HCXOJS W3 ITUX JAHHBIX, TO
NOJIYYMATCS CAEAYIOL{AS BENMYMHA;

o'COZ=29K(mm B €MHMLAX YABOEHHUS

2)

koHueHTpaunn CO, 0, co,= 20K),

KOTOpasi CYIIECTBEHHO BbLILUE BEJIMYMHbI Cymmap-
HOHM KJIMMAaTHYEeCKOH 4YBCTBUTEILHOCTH, MONYUECH-
HOH UCXOAA U3 fIPUBCACHHbBIX Bbillle AAHHBIX HH-
CTpymeHTalbHbIX HabmoaeHud (13). Taxoe apa-
MaTUYECKOE PACXOXKIEHHE OLEHOK 10 CHX MOp B
KJIMMATOJIOTHYECKON IMTEPAType HE HOJIYUHIO 00-
LWIENPUHATOTO OOBSCHEHHUS W CYLIECTBEHHO MOJ-
pbiBaeT AOBEPHE K UCCIIEAOBAHUSM B 3TOM 00JiacTu.

CneayeT OTMETUTb, YTO TAKOE PACXOXKICHHE
JAOCTATOYHO JIETKO MOTJIO Obl OblTb OOBACHEHO
Y4ETOM TEIUIOBOM MHEPLHMHM KIMMAaTHYECKOHU cuc-






