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KINETICS
OF BIOLOGICAL
PROCESSES

A. B. RUBIN

Main features of kinetics
of biological processes
and methods of their
investigation are consi-
dered. Several examples
and corresponding mathe-
matical models of dynamic
behavior of biological
systems are analyzed.
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BBEOEHUE

XopoIlI0 U3BECTHO, YTO OUMOJIOTMYECKUE CHCTEMBI
00J1a1al0T CBOMCTBAMU CaMOPETYJISILINU, TO €CTh CIO-
COOHOCTBIO MEePECTPANBATLCS B 3aBUCMMOCTH OT BHEIII-
HUX BO3JEHCTBUI TaK, YTOOBI COXpAHUJICS ONTUMAJIb-
HBII YPOBEHb UX (DYHKIIMOHUPOBAHUSI.

CylLeCTBYIOT pa3IMIHbIe CIIOCOOBI PETYIISIIINN K13~
HeIesITeIbHOCTH KJIETK!, KOTOPbIe MOXKHO YCJIOBHO OT-
HECTU K TeHETUYECKOMY, OMOXMMUYECKOMY U (pH3UOJI0-
TMYEeCKOMY YPOBHSIM peryiisiiiuu. B mpenenax kaxmaoro
13 HUX IEWCTBYIOT MEXaHNU3MBbI, B OCHOBE KOTOPBIX Jie-
KUT TMOCIIeI0BaTeIbHOCTh KOHKPETHBIX MeTaboImyec-
kux npotieccoB. [loHATh ITMHAMUYECKHE CBOMCTBA 3TUX
PeryJSITOpHBIX MEXaHU3MOB MOXHO JIMIIb HAa OCHOBE
00IIECUCTEMHOTO MOAX0/a, pACCMaTPUBAIOIIIETO TTOBE-
JIEHWEe KaXJIOro M3 2JIEMEHTOB CJIOXHON CHCTEMBI KaK
pe3yabTaT ero B3aMMOJECHCTBUSI C OCTAJIbHBIMU 3Jie-
MEHTaMMU.

OnHuM 13 HanboJsee pa3BUTHIX MOAXOAOB ISl pe-
IIeHUS 3TOil MPOOJIEMBI B COBPEMEHHON OModuU3uKe
SIBJISIETCS MaTeMaTuiyeckoe MojesvpoBaHue. B coor-
BETCTBYIOILIMX KHHETUYECKUX MOZEJISIX OTpaXkeHa AMHa-
MHKaA M3MEHEHUs] KOHIEHTpALWA pa3IMYHBbIX COCTaB-
HBIX BJIEMEHTOB OMOJOTUYECKON CUCTEMbI, KOTOpas
onpeneNIeTcss CKOPOCTSIMU OTIAEIbHBIX 3JIeMEHTapHBIX
peakuui.

BNOJIOM'NYECKAA KUHETUKA

B ocHoBe mnpoiieccoB 0OMeHa KJIETKU CO Cpeloil U
BHYTPEHHETO MeTaboJIM3Ma JICKHUT CJIOXKHAsI CETh Opra-
HU30BaHHBIX OIpeNeIeHHBIM 00pa3oM BO BPEMEHM U
MPOCTPAHCTBE PA3IMUHbBIX peakiuii. B pe3yabrare aTux
MPOLIECCOB M3MEHSIIOTCS KOHIIEHTPALlUM Pa3IMUHBIX
BEIllECTB, YNCICHHOCTh OTHCBHBIX KJIETOK, OroMacca
OpraHMW3MOB, MOTYT U3MEHSThLCS U IPYyTUe BeJTUIMHBI,
HanpuMmep BeJIMYMHA TPAaHCMEMOpPaHHOTO MOTeHIIMaIa
B KJIeTKe. I3MeHeHUsT BceX 3TUX ePeMEHHBIX BETUYMH
BO BPEMEHH U COCTABIISIIOT KWHETUKY OMOJIOTMYECKUX
npotieccoB. OCHOBHBIE MCXOIHBIE TIPEAMTOCHITKY TTPU
ONMCaHUU KUHETUKYU B OMOJIOTMYECKUX CUCTEMaX B 00-
IIIEM TaKHe Xe, KaK ¥ B XUMUYECKOM KUHETUKE.

PaccMOTpyM IpoCTEUIIMA TpUMeEpP 3aMKHYTOM IO~
MYJIALUUNA KJIETOK, B KOTOPOW OJHOBPEMEHHO MPOUCXO-
IISIT TIPOLIECCHl Pa3MHOXEHUSI U TUOeIu U B U30BITKE
UMEIOTCS MUTaTeJIbHbIE BelllecTBa. Bo3HUKaeT Bompoc,
KaK MEHSIETCS YUCJIECHHOCTh KJIETOK B TAKOW CUCTE-
M€ CO BDEMEHEM U MOXET JIA B HE B KOHILIE KOHIIOB
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YCTAaHOBUTHCS CTAllMOHAPHOE COCTOSIHUE, KOT/Ia YHCIIO
KJIETOK MEHATHCA He OymeT. DTO TUIMMMYHASK KWHETHYeC-
Kas 3ajaya, KOTopasi peraeTcs ¢ MoMOIIbI0 OOBIYHBIX
nuddepeHnanbHbIX ypaBHeHU. [TycTh B HEKOTOPBII
MOMEHT BpEMEHU ¢ KOHLIEHTpAaI1sI KJIETOK B Cpejie Co-
craBuT N. Ckopoctb dN/ df u3MeHeHNsI KOHLIEHTPAIIUU
KJIETOK B CpeJie CKIIaIbIBAETCS M3 CKOPOCTH MX pa3MHO-

XeHust V.. 1 cKopocTy rubenu V,
dN
—-— =V —Vie-
dt pa3sMH MO

B mipocToM cityyae CKOPOCTh pa3MHOXEHHSI, TO €CTh
yBeJIMYeHUE KOHIICHTPALMU KJIETOK B €IUHMILY Bpe-
MEHM, IIPOMOPLIMOHATbHA X YUCIEHHOCTH B KaXKIbIi
MOMEHT:

Vo= kN,

Pa3sMH

e k, — KOHCTaHTa MPOINOPLUMOHATIBHOCTH, 3aBUCSILAS
OT YCJIOBUIA Cpelibl (TeMIiepaTypa, HaJudre MUTaTe b
HBIX BEILIECTB U JIp.).

AHanornyHo
Vs = ko N,

rae k, — KOHCTaHTa IPOMNOPLIMOHATBHOCTH, OIPEesi-
fo111asi ”HTEHCUBHOCTb IPO1IECCOB rMbeu KieToK. OT-
clojia ceayeT, uTo

dN

E=klN—k2N=kN, (1)
rae k= k, - k,.

PemuB 310 ypaBHeHUE, MBI HaliieM, KaK MEHSIETCS

KOHILIEHTpaLus KJIeToK B cpene N = N(d):

N=Ne", )

rae N, — KOHLEHTpalus KIeTOK B HAYaJIbHBIf MOMEHT
BpeMeHH ¢ = () HAOJIIOAEHMSI 32 CUCTEMOIA.

Jlerko BUAETH, YTO B 3aBUCHMOCTH OT COCTOSTHUS
KOHCTaHT CKOPOCTEN MPOLECCOB rubenu k, U pasMHO-
KeHMs k, cynbba 5TOi MOMyJasiLUU OyneT pa3IuyHOM.
Ecnu k, > k,, k> 0, To 1 B cucteme OyneT MIPOMCXOAUTh
HeorpaHUYEHHBIN POCT YKCIa KJIETOK:

N(f) —> o0 1pu t—> oo;
ecnu k, < k,, TO CO BpeMEHEM MOITyIALUSA OyIET BBIMU-
paTh:
Nt —0 npu t—> oo,
Y TOJIBKO B YAaCTHOM CJydyae IpH k, = k, 91CJI0 KIETOK
OyIeT OCTaBaThCs MOCTOSTHHBIM:
N =N,.
JpyruM TIpUMEPOM MOJENNd POCTa TMOMYJISLMU B
cpelle ¢ OrpaHUYEHHBIM KOJMYECTBOM IUTATEJbHBIX
BELLUECTB CJIYXUT U3BECTHOE YpaBHEHHUE JIOTMCTUYEC-

Koil kpuBoii. Jlornctuueckoe ypaBHeHne Mdepxiocra
UMeeT BUJL

dN klNEN——max_ AN (3)

a0 Ny, O
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3neck N,,, — MaKCHMaJlbHasl YMCIEHHOCTb MOMYJIS-
LMW, BO3MOXHAasl B JaHHBIX ycioBusix. Kpusasg N =
= N(f), onucelBaeMasl 3TUM ypaBHEHUEM, MpPHUBENEHA
Hapuc. 1. B HayanbHbIA nepuo pocra, KornaN< N,
KpMBash HOCUT 3KCIIOHEHUMAJIbHBIA XapakTep. 3aTeM
IOCJI€ TOYKM NEPETM0a HAKJIOH ITOCTENIEHHO YMEHbIIIA-
€TCA U KpUBasi NMPUOIMKAETCA K BEpXHEH aCUMIITOTE
N =N,,,, TO €CTb K MAKCUMAJIbHO JOCTXKUMOMY yPOB-

HIO B JaHHBIX YCJIIOBUAX.

N

Kk — — — — — — — = = =

Puc. 1. Jlornctmnyeckas kpusad. N — KOHLeHTpauus
KNneTok B cpepe, K= N__ — npeaenbHas KOHUEHTpa-
LIS KNEeTOK

max

Kak BUAHO, TMHAMUKY OMOJIOTMYECKUX MTPOLIECCOB
MOXHO OIIMCHIBaTh YpaBHEHUSIMH, aHAJIOTUYHBIMU
YpaBHEHUSIM XUMMYEeCKOI KMHeTUKU. OMHAKO I10 CpaB-
HEHUIO C OOBIYHON XMMHWUYECKON KMHETUKOI OMOJIOTH-
yecKasl KHHETUKA XapaKTepu3yeTcsl CIeIYIOIINMUA 0CO-
OEHHOCTSIMMU.

1. B xauecTBe mepeMeHHBIX BHICTYNAIOT HE TOJIbKO
KOHLEHTpPAIIMK BEIlIeCTB, HO U IPYTHUe BEIUYMHBI.

2. [lepeMeHHbIE UBMEHSIIOTCS HE TOJIBKO BO BpeMe-
HU, HO U B IIPOCTPAHCTBE.

3. buonornyeckas cucremMa MpOCTPAHCTBEHHO Te-
TEpPOreHHa, U YCJIOBUSI B3aUMOIEICTBUSI peareHTOB MO-
TYT OBITh PA3JIMYHBI B pa3HBIX TOYKAX CUCTEMBI.

4. CymiecTByIOT ClielIMaIbHbIE MEXaHU3MbI CAMOpE-
TYJISILIMY, JIEUCTBYIOIIME 10 IIPUHLIMITY OOpaTHOM CBS3HU.

OcHoBHasl 3a1aya B 0MOGU3UKE CIOXHBIX CUCTEM
COCTOUT B TOM, YTOOBI TTOJIYYUTh XapaKTEePUCTUKU pa3-
JIMYHBIX TMHAMUIECKUX PEXKUMOB M BBISICHUTD YCITOBUS
1 3HAYEHUsI IMapaMeTpoB, TIPU KOTOPBIX OHM peain3y-
I0TCS1 B XKUBOM KJIETKE.

NMPOCTEMLWASA MOAEJIb OTKPbITON CUCTEMbI

PaccMOTpMM TIPOCTEHIIYIO OTKPBITYIO CHUCTEMY, B
KOTOPOI MpOUCXOaUT OOMeH BelllecTBaMu “a” u “b” ¢
OKpYyXalollleil cpefoit u, KpoMe Toro, ooparumasl pe-
aKIMs TIEpBOTO TMOPSIAKA TIpeBpalleHus a < b. Ha
puc. 2 a, b — iepeMeHHBIE KOHLICHTPALIUX BHYTPH CHC-
TeMbl; A, B— NOCTOSIHHbIE KOHIIEHTPALIMU ITUX XK€ Be-
LIECTB BO BHELIHUX pe3epByapax; k,, k. ,, k_,, k; — KOH-
CTaHTBI CKOPOCTEH MPOILIECCOB.



k K, K
AV L a—>.k2b = .B

Puc. 2. OTkpblTas cuctema — mMoaenb O0OMEHHbIX
NMPOLECCOB B KJIETKE (0ObACHEHUS B TEKCTE)

HecMoTpst Ha mpocToTy, MOJEIb OTpaXkaeT OCHOB-
HbIe YepThl OOMEHHBIX ITpolLeccoB B KiieTke. [Toctyruie-
Hue cyOcTpaTta U BHIOPOC METa0OJIMTOB BO BHEIIHIOW
cpeny 3amaloTcs peakuusiMu — A — a, b — B, a
npolieccaMm KJIETOYHOro MeTabosau3Ma COOTBETCTBYET
npeBpailieHue a <— b. Hanpumep, s npotiecca abl-
XaHUS Ha aTarie A —= a MPOUCXOIUT TOCTYIIJIEHUE
TJIIOKO3bI M KUCJIopona, 3Tan b — B cooTBeTcTBYET
BbIOpocy CO, n H,O u3 kietku, a Becb MeTabonnyec-
KWl abIXaTeJIbHBII UK TpaHChOpPMallMU MOJICKYJIbI
TJIIOKO3BI TIPE/ICTABIICH peakliieil a <— b. 3HaueHus
KOHCTaHT CKOPOCTEi HOCAT, KOHEYHO, (DEHOMEHOJIOTH -
YeCcK1ii 0000IIEHHBII XapakTep U He MOTYT ObITb OTHE-
CEHBbI K KAKOI-TO KOHKPETHOI OMOXMMUYECKOM CTaauH.
OpnHako U Takasi, 0 Tipesesa ynpouleHHas, MOJIe/b OT-
paxkaeT OCHOBHbBIE YE€PThl COBOKYITHOCTH MeTaboinyec-
KMX PeaKLMi KJIETKU KaK OTKPbITOI CUCTEMBI.

ypaBHCHI/IH KUHETUKHU JUISI 3TOM CUCTEMBI UMEIOT
BUO

B k(A=) +Kob—k.a= f,(ab),
. @)
‘a{ = k+2a_k_2b_k3(b— B) = fz(a, b)

ITockonbKy B CTallMOHAPHOM COCTOSIHUU TIEPEMEH -
Hble (@, b) IPMHMMAIOT MOCTOSIHHBIE 3HAYEHMUS, TO,
MPUPABHSIB K HYJIIO IpaBble 4acTH (4):

da _ db _ _
i fi(a, b)=0, @ f,(a, b) =0, (5)

HaileM cTaloHapHble 3HaueHus &, b.

BenuuuHbl @ 1 b He 3aBUCAT OT HAYATLHBIX YCIIO-
BUIA, TO €CTb OT HAYaJIbHBIX 3HaYeHUIl a =a, u b = b, B
MOMEHT BpeMeHHU ¢ = (), a OTpeeIsTIOTCS TOJbKO BEJIH-
YUHAMM KOHCTaHT M KOHLIEHTPAIIUii BELIECTB BO BHEIII-
HUX pe3epByapax A, B. BTo 03HayaeT, YTo, B KAKOM ObI
HayvyaJIbHOM COCTOSIHUY HU HaXOJIWJIach CUCTEMA, B Heil
B KOHLI€ KOHLIOB YCTAHOBUTCS! OIUH CTALIMOHAPHBLI pe-
KHMM, TIpYU KOTOpoM a = a, b= b.

B 3TOM CcOCTOUT CBOMCTBO 3KBU(MDUHAIBHOCTU CTa-
LIMOHAPHBIX COCTOSTHUI, KOTOPOE TPUCYIIE OTKPHITHIM
cucTeMaM M 4acTo HaOIoaaeTCs IIpyU U3y4YeHUM 01010~
TMYECKUX MPOLECCOB. XOTs HayaJlbHbIE YCJIOBUSI HE
BJIMSIOT HA 3HaYeHUs A u b, oHu Tem He MeHee omnpe-
NEJISIIOT KOHKPETHBIM XapaKTep KPWBBIX WU3MEHEHUS
a(f) u b(f) 1 KNHETUKY Iepexoja CUCTeMbl OT Hayallb-
HOH TOYKM a = a,, b = by B MOMeHT ¢ = ( B CTaLlMOHAp-
HOE COCTOSHME @ = 8, b = b mpu £ —» oo,
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Ha puc. 3 nmpuBeneHbl HECKOJIBKO BUIOB MEPEXO/I-
HbIX KpUBBIX a(f) u b(f). CxomHble 10O (popMe KpUBBIC
HaOMIONATNCh, HATTPUMED, B (GDU3NOJIOTUYECKUX UCCTIe-
IIOBaHUSIX CKOPOCTH JbIXaHUSI IPU Pa3IUYHbBIX HaYalb-
HBIX YCJOBUSIX. DTU Clyyau TMOJYYWUIU CrelMalbHble
Ha3BaHUs, 0003HaYeHHbIe Ha puc. 3. [laxke U3 aHanIu3a
MpOoCTOi cucTteMbl (4) BUIHO, UTO aHATUTUYECKUE pe-
IIEHUSI UMEIOT TOBOJbHO I'POMO3IKMIA BUJ Y 3aBUCSIT OT
OOJIBIIIOTO YKCIa TApaMeTPOB.

SIcHO, YTO TIPM OOJIBIIIOM YHCIIE TIEPEMEHHBIX TAKUE
pelIeHusT He TOJIBKO TPYAHO MOJYYUTh, HO TI0 HUM YyKe
CJIOKHO BBISICHUTD 3aBUCUMOCTb KHHETUYECKOTO MTOBE-
JIEHWsI CUCTeMBI OT MapaMeTpoB. OOpaTM BHUMaHME
Ha TO, 4TO ypaBHEHUs (4) comepXaT B MPaBbIX YaCTSIX
TOJIbKO JIMHENHHbIE WIEHBI, Kylla HEU3BECTHbIE MIEPEMEH -
HBIE BXOJST B TIepBoit cTereHn. OMHAaKo B OMOIOTHYec-
KHX CHCTEMaXx IMPOLECChl, KaK MPaBWIO, CYIIECTBEHHO
HenuHelHbl. Tak, CKOpOCTh IIpocTelilleil OMMOIeKy-
JISPHOM peakiMy BTOPOTO IMOPSAKA OTTMCHIBACTCS MaTe-
MaTMYeCKU B BUE MPOU3BEIECHUSI KOHIIEHTpAllWii pea-
TeHTOB, TO €CTb B MOJEJM TaKoW peaklMu TpaBble
YacTW YpaBHEHWII comepxaT HeJIWMHeHHble WieHbl. B
9TOM cJlyyae HaxOXIeHWEe TOYHBIX aHAJTUTUYECKUX pe-
IIEHUI BCTPEUaeTCs C CEpbe3HbIMU MaTeMaTUYECKUMU
TPYIHOCTSIMU M TIOJYAc BOOOIIe HEBO3MOXHO. [103TO-
MY OCHOBHOW TMOJXOJl B COBPEMEHHOW KMHETUKE U Ma-
TEMaTU4YeCKOM MOJEIUPOBAHUU OMOJOTUYECKUX MPO-
1I€CCOB 3aKJII0YAETCsl B OTKa3¢ OT HAXOXICHUS TOUHBIX
aHAIUTUYECKUX pellieHni nuddepeHIManbHbIX ypaB-
HeHui. Viiest cocTOUT B MOJyYEeHMU KaueCTBEHHBIX Xa-
PaKTepUCTUK TUHAMUYECKOTO TTOBEACHUSI CHUCTEMBI:
YCTOMYMBBIE U HEYCTOMUMBBIE CTALIMOHAPHBIE COCTOSI-
HUSI, TIePexXoabl MEXIy HUMM, KojebaTeabHbIe pexu-
MBI, Ka4eCTBEeHHAsI 3aBUCUMOCTb TTOBENECHMSI CUCTEMBI
OT KPWUTHUYECKHX 3HayeHuil mnapameTpoB. Hawubonee
BaXXHbIM CBOWCTBOM CTallMOHAPHOTO COCTOSIHMSI SIB-
JISIETCSI €T0 YCTOMYMBOCTh. DTa YCTOMYMBOCTH OIIpeE-
NIeJISIETCS CTTIOCOOHOCThIO CUCTEMBbI CAMOIIPOU3BOJIBHO
BO3BpAllAThCsl B CTALIMOHAPHOE COCTOSTHUE TOCTIe BHE-

Puc. 3. lNepexoaHbie kpuBble a(t): 1 — oBepLluyT,
2 — MOHOTOHHas, 3 — IOXHbIN CTapT
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CEHUS BHEIIHMX BO3MYILIEHUI, OTKJIOHSIIOIINX CUCTEMY
OT UCXOOHOM CTallMOHAPHOW TOYKM.

Cyl1ecTByeT IMPOCTOM METOJI OTIPEIe/IEHNsT YCTOMIH -
BOCTHM CTAlIMOHAPHOTO COCTOSIHMSI, KOTOPBHIM MBI BOC-
noJsib3yeMcsl 6e3 1oKa3aTeabCTBa MPU UCcCaeJOBaHUM MO-
Jiejieil OMOJIOTMYECKUX MPOLIECCOB. 3HAK MPOU3BOAHOM
npaBoii 4yacth AuddepeHINaIbHOTO KHUHETUIECKOTO
ypaBHEHUSI B CTAIlMOHAPHOM TOUKE YKa3bIBaeT Ha XapaK-
TEP YCTOWYMBOCTH 3TOIO CTALlMOHAPHOI'O COCTOSIHUSI.

B cioxHOIT cucteMe MOTyT TMpOTeKaTh peaklnu
BTOPOTO M 00Jiee BHICOKMX TOPSIIKOB. DTO COOTBETCT-
ByeT TOMY, YTO Hallla CHMCTeMa MOXeT o0iajaTh He-
CKOJIbKUMU CTalIMOHAPHBIMU COCTOSTHUSIMM.

NPUHLUUN Y3KOIO MECTA

HekoTopble BaxkHbIE CBOMCTBA CTallMOHAPHBIX CO-
CTOSTHUM MOXHO BBISIBUTb M3ydyasi CBOWMCTBA IPaBBIX
yacTeit nmudppepeHINANTBHBIX ypaBHeHNI (HaXOXIeHIE
3HaKa IIPOU3BOIHOI) M He Impurberast K uX TOUHOMY aHa-
JUTHUYecKoMy pelreHuto. OmMHaKO Takoi MOIXOA aeT
XOPpOIIWE Pe3yJIbTaThl ITPU UCCEA0BAaHUM MOJIETIEl, CO-
CTOSITIIUX U3 HEOOJIBIIIOTO YKCIIa, Yallle BCEro U3 IABYX,
ypaBHeHUI. SICHO, UTO, €CJI MBI XOTUM YYECTh BCe Tie-
peMeHHbIe KOHLIEHTPALIMK TTPOMEXYTOUHBIX BEILECTB,
MPUHUMAIOIIUX YYaCTUE JIaxke B MPOCThIX OMOXMMMYe-
CKUX LWKJIaX, YUCJIO YPaBHEHWI B MOMIEIU OKaXXeTCs
BecbMa OousibiiuM. TloaToMy /ISl yCHelHOro aHajim3a
Heo0XoauMO Oy/leT MPOBECTH PEAyKIIMIO Yuciia ypaB-
HEHUI B UCXOIHOUN MOJAEIU U CBEJEHUE €€ K MOJENH,
COCTOSIIEN M3 HEeOOJIBIIIOrO YMCIa YypaBHEHMI, KOTO-
pble TeEM He MEHee OTpaKaloT HauboJsee BaxXHbIe IMHA-
MUYECKHUE CBOMCTBA CUCTEMbI. BTO YMEHBIIIEHHUE Y1Cia
yYpaBHEHUII HE MOXET IMPOWCXOIUTh MPOU3BOJIBHO, a
€ro OCYIIECTBIIEHUE HOKHO TTOMIUHATHCA OObEKTUB-
HBIM 3aKOHaM M TpaBWiaM. B MpOTUBHOM cilyyae Mbl
PUCKyeM TOTepsITh KaKhe-I1ub0 CyIleCTBEHHbIE CBO-
CTBa 00BEKTA, YTO HE TOJBKO OOEIHUT HAIlly MOEIb,
HO M CIIeJIaeT e BOOOIIe HealeKBaTHON MOIETMPyeMOit
OMOJIOTMYECKOU CUCTEME.

Penykius yncna ypaBHeHU OCHOBaHa Ha M3BECT-
HOM B OMOJIOTUM TIPUHIIMIE Y3KOTO MeCTa, WIW MpPUH-
LIUTIe pa3eJIeHUs BCeX TEPEMEHHBIX B CJIOXKHBIX CUCTe-
Max Ha ObICTpble WM MemieHHBbIe. [TocMOTpUM, B YeM
COCTOUT 3TOT MPUHIMII. [€TeporeHHbI XapakTep opra-
HU3aIUKM OMOJIOTMYECKUX CUCTEM TIPOSIBJIICTCS KaK B
CTPYKTYPHOM, TaK M B JTUHAMWYECKOM OTHOIICHUM.
Paznmuunble DyHKIIMOHAIBHBIC TTPOIIECCHI, OTACIbHBIE
MeTaboIMYecKue IUKIbI CUJIbHO OTJIMYAIOTCS IPYT OT
JIpyra 1o UX XapaKTepHBIM BpeMeHaM T U CKopocTsiM. B
LIEJIOCTHOW OMOJOTUYECKON CUCTEME OJHOBPEMEHHO
MPOTEKAIOT OBICTPHIE MPOIECChI (HEPMEHTATUBHOTO Ka-
Tanuza (T = 107'—10° ¢), pusnonornueckoit ananranuu
(T ceKyHIbl 1 MUHYTHBI), PENpOayKIU (T OT HECKOJIb-
KUX MMHYT W Oosbiie). Jlaxkxe B mpeaenax omHOW OT-
NeTbHOM 1IeMM B3aMMOCBSI3aHHBIX peakIWii Bcerma
MMeIOTCsI HanboJjiee MelJIeHHbIe U HanboJjiee ObICTPhIE
craauu. DTO U SIBJISIETCS] OCHOBOM ISl OCYILIECTBICHUS
MPUHILIMIIA Y3KOTO MECTa, COTJIACHO KOTOPOMY OOIast

PYBUH A.B. KHHETUKA BUOJIOTM4YECKUX NPOLIECCOB

CKOPOCTH TIpeBpallleHUs BellleCTBa BO BCEl 1€ peak-
WA ompenessieTcsa Handojee MeIIcHHOU cTagueit (y3-
KMM MeCTOM). DTa MeIJIeHHasl cTaaus 00J1agaeT caMbIM
OOJIBLLIMM XapaKTEPHBIM BpeMeHEM (caMoil MaJloii CKO-
POCTBIO) TIO CPAaBHEHUIO CO BCEMM XapaKTEePHBIMU Bpe-
MEHaMM APYTUX OTHAeNbHbIX cTaguii. OOlee Bpems
rnpoliecca MPakKTUUYEeCKU COBIMAaeT C XapaKTepHbIM
BpEMEHEM 3TOT0 y3Koro mecta. CaMmoe MejieHHOE 3Be-
HO M SIBJISIETCSl YIPABJISIIOIINM, TMOCKOJIBKY BO3IEHCT-
BUE MMEHHO Ha HETO, a He Ha 0oJjiee ObICTPbIE CTaIUU
MOXET TOBJIUATh U Ha CKOPOCTb MPOTEKAaHUsI BCEro
npouecca. TakuM o6pa3oM, XOTs CJI0XHbIE OroIorrye-
CKHE TIPOLIECChl U BKJIIOYAIOT OYeHb OOJIbIIOE YUCIO
MPOMEXYTOUHBIX CTalAi, UX TMHAMUYECKHNE CBOMCTBA
OTPEEIIOTCS CPABHUTEIBHO HEOOIBIIIUM YUCIIOM OT-
NeIbHBIX HanboJjiee MeIJIEHHbIX 3BEHbEB. DTO 1 O3HA-
YaeT, YTO MCCJIeoBaHWe MOXHO TPOBOIUThL Ha MOJIe-
JISIX, KOTOPBIE COlepXkaT CYIIEeCTBEHHO MEHbIIIEe YUCIIO
ypaBHeHuli. Hanbosee MemIeHHBIM CTagusIM COOTBET-
CTBYIOT ME/IJIEHHO MEHSIIOLLIUECS,, 2 OBICTPBIM CTaIUSIM —
OBICTPO MEHSIIOIIMECS] TepEeMEHHbIE BEJWYMHBI. DTO
umeeT rayookuit cmbica. Eciu Mbl Bo3nmeiicTByeM Ka-
KMM-TO 00pa3oM Ha TaKylo cucteMmy (BHeCeM B Hee Ka-
KOe-TO BO3MYILIEHUE), TO B OTBET BCE MepeMEeHHbIe
KOHUEHTpPAIIMU B3aUMOJIEICTBYIOIIMX BELIECTB HAYHYT
COOTBETCTBEHHO M U3MeHSAThcs. OmHako 3TO OyneT
MPOUCXOJUTh C CYIIECTBEHHO DPa3HBbIMU CKOPOCTSIMU
IIJIS1 pa3HBIX BEILIECTB.

B ycroiiunBoii cucteMme OBICTpBIC TIEpeMEHHbBIC OBI-
CTPO OTKJIOHSITCS, HO 3aTO U OBICTPO BEPHYTCS 3aTeM K
CBOMM I€pBOHaYaIbHbIM 3HaUYeHUsAM. Haoboport, men-
JICHHBIE TIEpEMEHHbIE OYAYT AOJITO U3MEHSTHCS B XO/€
TEePEXOAHBIX MPOLIECCOB, KOTOPbIE U OMPEAEIsIT AMHa-
MUKy U3MEHEHMI1 BO Bceil cucteme. B pealbHBIX yciI0-
BMSIX CUCTEMA UCTIBITHIBAET BHEIIHUE TOTYKH, KOTOPBIE
TMPUBOJAT K BUAMMBIM U3MEHEHUSIM MEJIEHHBIX Mepe-
MEHHBIX, OTHAKO OBICTpbIE MepeMeHHbIe OYyIyT B OC-
HOBHOM MpeObIBaTh OKOJIO CTAllMOHAPHBIX 3HAYEHUM.
Torma st OBICTPBIX MEepeMEHHBIX BMecTo AudbdepeH-
IIUAJIbHBIX KUHETUYECKUX YPAaBHEHU, OMTACHIBAIOIINX
UX TIOBEICHVE BO BPEeMEHU, MOXHO 3arucaTh MPOCThIE
ajredpanyecKue ypaBHEHUs, OIpenessonme ux cra-
LIMOHAPHBbIE 3HaYeHUs. TaKuM MyTeM OCYLIECTBIISIETCS
penykius unciia nuddepeHImaibHbIX ypaBHEHUH TTOJT-
HOM CUCTEMBI, KOTOpbIE Terepb OyAyT BKJIIOYATh JTUIIb
MeJJIEeHHbIE TIepEMEHHbIE, 3aBUCSIIIME OT BPEMEHU.

B onHoit 1 TOi ke OGMOJIOrMYECKO CUCTEME POJIhb
Y3KOI0 MeCTa U MeJIJICHHOI CTaAuu MOTYT BBIIIOJHSITh
pa3Hble 3BEHb LIS B 3aBUCUMOCTH OT BHELLIHUX YCJIO-
BUsIX. PaccMOTpuM, HampuMep, XapaKTep CBETOBOI
KpUBOI (POTOCHHTE3a — 3aBUCUMOCTH CKOPOCTH BbI-
IeJIEHUsI KUC0poAa OT MHTEHCUBHOCTHU OCBelleHUsS [
(puc. 4). Ha yuactke OA 3T0li KpUBOI IPU HEIOCTATKE
CBeTa y3KMM MECTOM Bcero mpoiiecca (DOTOCUHTETUYC-
ckoro BblneneHust O, SIBISIOTCS HadaJibHble (HOTOXM-
MMYECKME CTaauM TOIVIOLIEHUsS U TpaHcdopMaluu
SHEPTUM CBeTa B MUTMEHTHOM amnmnapate. OTMETUM, YTO
CaMH 3THU MPOILECCHI OT TeMITEPaTyphbl MPAKTUYECKU He
3aBUCAT. IMEHHO MO3TOMY TIPH HM3KUX OCBEIIEHHOC-
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Puc. 4. 3aBUCMOCTb CKOPOCTU BbIAENEHNS KUCIIO-
poaa Vo OT MHTEHCUBHOCTY OCBeLLeH s |

TSX 00111as CKOPOCTh (POTOCUHTE3A UM CKOPOCTDb BbI-
neneHust O,, Kak U3BECTHO, OYEHb MaJIO U3MEHSIETCS C
TeMmreparypoy B (hM3MOJOTUYECKOM auana3oHe ot +5
mo +30°C. Ha 3toM y4JacTke CBETOBOII KPHBOIl pOJIb
OBICTPOIi TEepPEeMEHHOM MIPaldT TEMHOBBIE MPOLECCHI
TpaHCIOpTa 3JEKTPOHOB, KOTOPbIE JIETKO pearupyrot
Ha J1100ble U3MEHEHUS YCJIOBUI OCBEILIEHUS Y COOTBET-
CTBEHHO 3JIEKTPOHHOTI'O MIOTOKA OT PEAKIIMOHHBIX LIEHT-
PpoB (DOTOCMHTETUYECKOTO afmapaTa Npyu HU3KUX OCBe-
LIEHHOCTSIX.

OpnHako mpu 0ojiee BBICOKUX MHTEHCHUBHOCTSIX Ha
yJacTtke A B cBeTOBOI1 KpMBOI OrpaHMYMBAIOIIMMM CTa-
HOBSITCS yX€ TEMHOBbIE OMOXMMUYECKHE MPOLIECCHI
repeHoca 3JIeKTPOHA U pa3yIokXeHMsT BoIbl. B aTux yc-
JIOBUSIX TIpY O0JbIIMX / TEMHOBBIE TIPOLIECCHI CTAHO-
BATCS Y3KUM MecToM. OHU He CIIPaBJISIIOTCS C MOLITHBIM
TMIOTOKOM 3JIEKTPOHOB, UAYLIMM OT MMIMEHTHOTO anmna-
paTa npu OOJIBIINX OCBEILIEHHOCTSX, UTO M MPUBOIUT K
CBETOBOMY HachlllleHUMIO (poTrocuHTe3a. Ha aToMm arane
B cuJly (hepMEHTATUBHOI MPUPOAbLI TEMHOBBIX ITPOLIEC-
COB TOBBILIEHUE TEMIEPATYPhI BbI3bIBAET UX YCKOpE-
HHUE U TEM CaMbIM yXe YBEJIMYMBAET OOIIYI0 CKOPOCTh
doTocuHTE3a (BbIIEIEHUS KUCIOPOIa) B YCIOBUSIX CBE-
TOBOTO HAaChIIIeHUsI (OTOCHHTEe3a. 31eCh POJib yIIpaB-
JIIOIIEd MEIJIEHHOW CTaguU BBIMIOJHSIIOT TEMHOBBIE
MPOLIECChI, a OBICTPOI CTalU COOTBETCTBYIOT MPOLIEC-
Cbl MUTPALIMK HEPTUM U ee TpaHchopMalluu B peak-
LIMOHHBIX LIEHTPAaX.

TUnbl AJUHAMUYECKOIO NOBEJEHUA
BNOJIOMTMYECKUX CUCTEM

CoBpeMeHHas TPAKTUKa MaTeMaTHYECKOTO MOJIE-
JIMPOBAHU TT0Ka3alia, YTo Hanboiee coaepKaTeIbHbIe
1 BMECTE C TeM He CJIMIIKOM IT€PErPYKEHHBIE IETATSAMU
MOJEIN COAepXaT, KaK TpaBWjIO, JBa ypaBHEHUS.
MMeHHO B TOM cllydae, KOT/a, MOJIb3yICh Pa3neleHueM
MepeMEHHBIX Ha OBICTPhIE U MEAJIEHHBIE, MOXHO CBEC-
TH UCXOIHYIO CUCTEMY K BUILY

&= P(x Y.
o ©
g Qx Y,

yIaeTCcs YCTIEUTHO UCITOIb30BaTh KAY€CTBEHHBIE METO-
IIbl UCCJIEIOBAaHMST TOMOOHBIX cucTeM. B mporiecce u3-
MEHEHMSI COCTOSIHUS CUCTEMbl BO BPEMEHU MepeMeH-
HbBIE X, Y UBMEHSIOTCS COIJIaCHO YPAaBHEHUSIM TakK, YTO
KaXIIOMy COCTOSIHMIO COOTBETCTBYET Iapa 3HA4YEeHUI
(x, y). UubIMU cTTOBaMU, U3MEPSIS B TIOCIEAOBATEIbHBIC
MOMEHTbBI BPEMEHU {|, 1, ..., I, 3HAUCHUsI IEPEMEHHBIX
X, J, MBI TIPENICTABJISIEM COCTOSTHUE CUCTEMBI B BUJIE CO-
OTBETCTBYIOIIUX Map (xl ’ yl): (xz, yz)a ey (x,,, yn)’ KOTO-
pBIe SBISIOTCS KOOpAMHATaMu Touek M|, M,, ..., M,,
U300paKarolInX JTBUXKEHUE CUCTEMBI.

B KaxpIii MOMEHT BpeMEHH f M300pakaroiiasi TOUKa
OyIeT ABUTaThCs B COOTBETCTBUH C CUCTEMOM ypaBHe-
HUit (6) M KaXIblil pa3 IpUHUMATh MojoxeHue M(x, y)
B 3aBUCUMOCTHU OT 3HaueHUu# x(7), (). COBOKYITHOCTb
9THUX TOYEK Ha3bIBaeTCsl (Pa30BOM TPaEKTOPHUEH.

Xapakrep (a30BBIX TpaeKTOpUil OTpaxkaeT oOIue
KauyeCTBEHHEIC YEPTHI IIOBEICHMS CUCTEMbI BO BpeMEHU
WIM, KaK TOBOPST, JaeT (pa30Bblld MOPTPET CUCTEMBI.
Hac 6ynmer nHTepecoBath (a30BbIil TOPTPET CUCTEMBbI
BOJIM3M CTAlIMOHAPHON MM 0COOOM TOYKU C KOOPIH-
HaTtamu X, y ipu P(x, y) =0wu Q(x, y) =0, korna x = X,
y=y.

ScHO, 9TO B OKPECTHOCTH YCTOMIMBOI 0CO00 TOU-
KM X,y u3oOpaxaromas touka M(x, y) Oyaer K Heu
MpUOIMKAThCS 110 (PA30BBIM TPAEKTOPUSIM U, HA00OPOT,
YIAJIATBCS OT Hee B ClTydae HEyCTOMYMBOTO PEeXXMMa.

MpbI He OyaeM MPUBOAUTD 3I€Ch BCE TUIThI OCOOBIX
TOUEK, XapaKTep KOTOPhIX 3aBUCUT OT CBOMCTB MPaBbIX
YacTeit KWHeTUIECKNUX YPaBHEeHUI1, a paCCMOTPUM Hau-
0osiee BaxkHbIE OMOJIOrMYECKUE IIPUMEPDI.

Mopaenb BonbTeppa XuULHUK—XepTBa

DTa MomeNnb OTpaXaeT YMCICHHOCTH IOV
XKepTB (X) U XMITHUKOB ()), B3aUMOJIEUCTBYIOLIMNX APYT
C IpYrOM IO MeXaHU3MYy CBOOOIHBIX coynapeHuit. DTo
3HAYUT, YTO UYMCIIEHHOCTb XEPTB IPOMOPIIMOHATbHA
BEPOSITHOCTU BCTPEUYU MX C XMIIHUKAMM, TO €CTh TPO-
MopIMoHaIbHA Mpou3BeaeHUIO x). [To TakoMy ke 3aKo-
HY YBEJMYUBAETCS U YUCIEHHOCTb XUIIIHUKOB B PE3YyJib-
TaTe UX BCTpeY ¢ XepTBaMU. B ypaBHEHUSIX KUHETHKU
5TO COOTBETCTBYET OMMOJIEKYJISIDHOM peakiuy (TUIa
kxy). Kpome TOro, mporcxoauT IPOLECC eCTECTBEHHOM
CMEPTHOCTH XUIIHUKOB CO CKOPOCTbIO, MPOIOPIMO-
HaJIbHOM MX KOJUYECTBY, TO €CTh IO PeaKIuy IMepBOro
nopsinka (—ky). ZKepTBbl pa3MHOXKAIOTCSI CO CKOPOCTHIO,
TakXe MPOMOPLIMOHATILHON UX YMCJIEHHOCTH B YCJIOBU -
SIX, KOT/1a KOJIMYECTBO MUILLM U151 HUX HEOTPAaHUYEHHO.

B 3TuX ynpoIieHHbIX MPeAnoIoKeHUsIX COOTBETCT-
BYIOILIME YPaBHEHUSI UMEIOT BUJL

dx =g X—Y;XY.
a_ IEATEES B 5
dy (7
a Y2 Xy—&Y;

Yis €5 Yo» € — COOTBETCTBYIOLIME KOHCTAHTHI CKOPO-
cteit min KoM OUIMEHTHI TTPOITOPIIMOHATBHOCTH.
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AHanu3 MOKa3bIBaeT, YTO CTALIMOHAPHBIE 3HAYEHUS
KOOPIMHAT CTallMOHApHOI cuctembl (7)
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COOTBETCTBYIOT 0CO00# TouKe Tuna “LeHTp” (puc. 5),
KOTOpasi OTpaxkaeT KojeGaHUsl YUCIEHHOCTH TTOMyJIsi-
L.

Ucropuuecku cucrema Bonbreppa (7) Obuia nepBoit
MOJIEJNbIO, T/Ie OBLIIO KAaUeCTBEHHO 00bsSICHEHO HabII01a-
eMoe B MpUpoJie NMEPUOANYECKOE U3MEHEHUE YUCIIeH-
HOCTU MOMYJISIIUM BUAOB, HE 3aBUCSIIEE OT BHEUTHUX
BozneiicTBuit. OMHAaKO 3Ta MOJIENb CMIITKOM TTPOCTasi U
He OTpaXaeT B3aMMOJICUCTBHS BUIOB B €CTECTBEHHBIX
YCTIOBHSIX.

st ynydineHust MOieNy TIpejiaraeTcsi, Harpumep,
VYECTh CAMOOTPAHWYCHUS B €CTECTBEHHBIX YCITOBUSIX
pocTa 06eMX MO/ ITyTeM T00aBIeHUS B TIpaBbIe
4aCTW ypaBHEHWI YWIEHOB BTOPOTO MOpPSAAKA (—Y,x?,
-y%), otpaxaroimmx 3G dEKT TECHOTBI M KOHKYPEHIIMN
BHYTPY TIOTTYJISIIIVH.

Puc. 5. Ocobasa Touka TMna “ueHTp” Ha dal3oBom
NA0CKOCTU (X, )

Koneb6aTenbHble npoLecchbl.
Koneb6aHua B rnukonuse

Bo MHOTrMX 6MOJIOrMYeCKUX CUCTEMaX HaOIIOal0TCs
NepuoanYecKre Mpolecchl: KolnedaHus KOHIEHTpauii
MPOMEXYTOUYHBIX POIYKTOB B TJIMKOJIM3€ U (POTOCHHTE-
3¢, KojeOaHWs YMCIIEHHOCTU BUIOB, TMEPUOIUYECKUE
onoxuMmmudeckue peakuuu. MHTepec K KonedaTeIbHBIM
OMOJIOTMYECKUM IIPOIIECccaM OCOOEHHO BO3POC B CBSI3U
C U3y4yeHHEeM OMOJIOTMYECKUX YaCOB, B OCHOBE KOTOPBIX
JIEXXUT aBTOKOJIe0aTeIbHas CUCTEMa BHYTPUKIIETOUHBIX
OMOXMMUYECKMX PEaKIINA.

Bo Bcex atnx ciydyadax UMCHHO BHYTPCHHUE OMHA-
MHYECKHE CBOMCTBa CHUCTEMDBI, a HE Kakue-1100 BHEIII-
HUE BO3IEUCTBUS SBJISIOTCS HpM‘{I/IHOﬁ KoJ1e0aTeIbHbIX
U3MeHeHU. Takue crucTeMbl Ha3bIBalOTCSI aBTOKOJIe0a-
TCJIbHBIMU. HepI/IOI[I/I‘{CCKOMy JABUXKCHHNIO COOTBETCT-

PYBUH A.B. KWHETUKA BUOJIOTM4YECKUX NPOLIECCOB

BYeT 3aMKHYyTasl KpuBasi Ha ¢a30Boil TocKocTu. Ecin
9Ta 3aMKHYTasi KpUBasi U30JIMpOBaHa, a K Heil C BHellI-
Hel ¥ BHYTpEeHHE! CTOPOH 10 CITMPAJISIM TTPUOJTKAIOT-
¢S COCeHUE TPASKTOPHH, TO 3Ta M30JMPOBaHHAs Tpa-
eKTOpHusl OyIeT YCTOMYMBBIM TIPEIESIbHBIM ITUKIOM
(puc. 6). Ilocie HeGONBLIMX BO3MYIIEHUH cHCTeMa
BHOBb BO3BpalllaeTCsl Ha TPaeKTOPUIO YCTOMYMBOTO
MpenebHOro 1MKIa. B aTOM ee oTimuure OT TpaekTo-
puil BOKpYr ocoboii TOYKM “IeHTp”, KOTopas 3TUM
CBOIMCTBOM He 00J1alaeT 1 MO3TOMY B 1IEJIOM HEYCTOM-
yuBa. [leproa u aMIIMTyna IBMKEHUI BIOJIb TPACKTO-
pYHM TIPeeIbHOTO LMK He 3aBUCST OT HAaYaJIbHBIX yC-
JIOBU.

Krnaccuyeckum npumepom KojiedaTeIbHON O1oXu-
MIYECKOM CUCTEMBI SIBIIICTCS TIIMKOJIUTUYECKAST LICTTb.
BBeneHue B MPaKTUKY OMOMU3NIECKUX UCCIeI0BaHUIA
YYBCTBUTEJIBHBIX METOIOB CIEKTPO(MOTOMETPUM T103-
BOJIMJIO HAOIIONATh 33 M3MEHEHMSIMU KOHILIEHTPALIMii
ITPOMEXYTOUYHBIX BEILECTB HEIMOCPEACTBEHHO B HH-
TaKTHOM KjeTke. IIpoliecchl IIIMKOIM3a COMPOBOXIA-
IOTCSI TEPUOANYECKUMHM M3MEHEHMSIMU KOHIICHTpa-
LM TIPOMEXYTOYHBIX BelllecTB GpyKTo30-6-hochaTa
(P6D), PppykTo3o-1,6-gudocdara (OPADP) u BoccTa-
HoBieHHOro HAJI. OcoGeHHO OTYETIMBO KOJIeOaHMS
KOHIIEHTPALWii HaOIIOAaINCh HA TOJOJAIONINX KIIET-
Kax, KOrga CKOpPOCTh IOTPeOIeHUsT CyDCTpaTa-TJIIOKO-
3bI MaJia. ITocjie mpuMeHeHUsI TPUHIUIIA Y3KOTO MecTa
U pa3fesicHUs IepeMEHHBIX Ha ObICTPhIC U MEUICHHBIC
B YIPOLIEHHON MOJAEIN OCTAJIUCh TOJbKO CTaIUs Tpe-
BpaieHus Tmoko3sl (1) B 6D u cragms mepexona
O6® B OAD nox BausgHreM depMeHTa pochodpyk-
tokuHa3bl (PDK), To ecTh

m— ©60 — OAD —

Puc. 6. YcTolumBbIl NpeaenbHbli unki Ha ha3oBoi
NJ0CKOCTH X, ¥ — Ha30BbIi NOPTPET kKonebaHwuii B cu-
cTeMe mukonmsa
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MpbI ye BUAeIU, YTO 0COObIE AMHAMUYECKKE CBOI-
CTBa, B TOM YHCJIE aBTOKOJIeOaTeIbHBIE, TIPOSBIISIIOTCS,
KOT/Ia B MOJEJIM TPUCYTCTBYIOT HEJIWHENHHbBIE UYICHBI.
DTOMY TpeOOBaHUIO COOTBETCTBOBAJIO MPENTONIOXKEHUE
0 ToM, uto (pepmMeHT DDK akTUBUpPYETCS MTPOIYKTOM
npeBpaieHus ppykrozoaudocdaTom, TO eCTh

X y
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B cucreMe Bo3aMOXXHO o0pa3oBaHue MPeaeIbHOTO UK~
na (puc. 6), ¥ cucTeMa CTaHOBUTCS aBTOKOJIeOaTe TbHOM
(puc. 7).

CyllecTBYIOT U APYIUe MpUMEpPhl aBTOKOJe0aTeIb-
HBIX OMOJIOTMYECKUX MPOLIECCOB, VI KOTOPBIX pa3pa-
0OTaHbI COOTBETCTBYIOIIIME MaTeMaTUYeCK1Ee MOIEIN 1
HaiieHbI 00,1acCTH 3HAYCHU I ITapaMeTPOB, OTIPEICIISIO-
IIMX BO3HMKHOBEHME aBTOKOJEO0ATEILHOTO peXHMa.
OnHuM 13 HanboJiee MHTEPECHBIX OMOJOTUUECKHUX Te-
PUOAMYECKUX TTPOLIECCOB SIBJISIIOTCSI CYyTOUHBIE PUTMBI,
WY GroJIoTndecKue Yachl. [IMKIMYHOCTD 37eCh OTpe-
NIeJIsIeTCsl aBTOKOJIe0aTeIbHBIMU OMOXUMHUYECKUMU pe-
aKIUSIMU, B KOTOPbIX TTPOUCXOST NMEepUoandecKue u3-
MEHEHMS KOHUEHTpAlMii HEKOTOPBIX OMOJIOTMYECKU
aKTUBHBIX BEILIECCTB.

PacnpepeneHHble 6Monoruyeckme cUCTeMbI

Jlo cuX IOp MbI pacCMaTPUBAIU U3MEHEHUS TOJIBKO
BO BPEMEHM pa3IMUHbBIX MEPEMEHHBIX, CUMTasl, YTO B
Pa3IMYHBIX TOUKAX OMOJOTMYECKON CUCTEMBI IpoLeC-
CBhI IIPOTEKAIOT OAMHAKOBO. Peub 1111a, Takum oGpasom,
0 TOUEYHBIX MOJEJISIX, TAE MBI IIpeHeOperaiv IpoCcTpaH-
CTBEHHOI HEOTHOPOIHOCThIO OMOJIOTMYECKUX CUCTEM.

Ha camom jenie mepeMeHHbIe B OMOJIOTUYECKUX CH-
cTeMax M3MEHSIIOTCS He TOJbKO BO BPEMEHM, HO U B
MMPOCTPAHCTBE. B OTJIMYME OT TOYSUHBIX TAKHE MOIETI
Ha3bIBAIOTCSI paclpeleIeHHBIMU (B TIpOCTpaHCcTBe). B
pacrpeae/ieHHBIX CHCTEMaX MOTYT IIPOTEKATh B OTAEIb-
HBIX TOYKAX IIPOCTPAHCTBA XUMUYECKIE ITPEBPAILICHHMS

BEILIECTB M OJHOBPEMEHHO MPOUCXOIUTh Iucdy3us
OTIENIBHBIX BEIIECTB U3 00BEMOB C BHICOKOI KOHIICHT-
paiueit B 00beMbl C MEHbIIIel KOHLIeHTpalueil. Takum
00pa3oM, CBSI3b MEXIY COCEIHUMH 3JI€eMEHTApHBIMU
o0beMaMU OCYIIIECTBIISIETCS] 3a CUET MPOLIECCOB Mepe-
Hoca. KpoMe Toro, B OM0JI0THYECKUX CUCTeMaX (aKTUB-
Hble MeMOpaHbI, TKaHU, COOOIIEeCTBA OPraHU3MOB) Cy-
IIECTBYIOT M pachpeiesieHHble UCTOYHUKU SHEPTUU.
Takue cucTeMbl OTHOCSTCS K aKTUBHBIM pacTipenesieH-
HBIM CUCTEMaM.

[TprMepoM OMOIOTMYECKOTo Mpoliecca, MpoTeKaro-
IIETO B paclpenesIeHHON CUCTeMe, CIIYXKUT 00pa3oBa-
HUE CTPYKTYp B MOpdOreHe3e 13 IIPOAYKTOB OMOCUHTE-
3a. OHO IPOMCXOIUT HE 3a CUET BHEIIHUX TOJYKOB, a
CaMOITPOM3BOJIbHO Ha OCHOBe MHGMOpMAaIINM, 3aKITIO-
YEHHOW B OIJIOJOTBOPEHHOM SIMIIEKIIETKE, B UCXOIHO
MIPOCTPaHCTBEHHO-OTHOPOMHOI cpene. Peds nmeT B maH-
HOM CJlyyae O BO3BHMKHOBEHUHU B aKTMBHOU pacnpene-
JIEHHOM CMCTEME CTallMOHAPHBIX IMPOCTPAHCTBEHHO-
HEOTHOPOIHEIX CTPYKTYp. dpyroii mpumMep — pacmpo-
CTpaHeHHE BOJIH BO30YXXICHMS B HEPBHOM WM MBbI-
ILIEYHOM BOJIOKHE.

HccrmenoBaHre TPOCTEHIIMX MOJEei IoKasalo,
YTO pa3IUYHbIe TUITHI TTOBEIEHUS aKTUBHBIX pacrpene-
JIEHHBIX CUCTEM MOTYT ObITh ONKMCAaHbl HEJTMHEWHHBIMU
nuddepeHIIMaTbHBIMA YPABHEHUSIMUA B YAaCTHBIX TTPO-
WU3BOIHBIX, TJIe YUUTHIBAIOTCS XMMUYECKUE peakKIud 1
nuddy3us peareHTOB.

HpI/I IIOMOIIIM OJHOI0 YpaBHCHMUA HEJIb34 OIMMNCATb
CJIOKHOC IMMTOBEACHUC IICPEMCHHDBIX, HAIIPUMED KoJieba-
TeJIbHOE COCTOsIHUE cucTeMbl. OCHOBHBIE pPE3YJIbTATHI B
WUCCJIENIOBAHUY CBOMCTB pacnpeacjacHHbBIX CUCTEM I10-
JIYYCHBI Ha 0a30BBIX MOZICIIAX C ABYMS IIEPEMEHHBIMHU
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e ¥ — MPOCTPAHCTBEHHas KoopauHarta, D d%x/dr’ u
Dyazy /0r* omuCcHBaOT IUGQY3UIO BEMIECTB X U Y BIOIb
aToil KoopauHaTel. Korma nuddysus oTcyTcTByeT, TO
D,= D,= 0 u cuctema CTaHOBUTCSI TOYEIHOM.

Okazasioch, 4TO 3Ta npoctasi Mozaenb (10) Moxer
Ka4eCTBEHHO OTHMCATh MPOIIECChl CAMOTIPOU3BOJIBHOTO
BO3HMKHOBEHUSI BOJIH U CTPYKTYP B pacrpeleeHHbIX
cucreMax, TO ecTh Mpollecchl camoopraHuzaiuu. OHu
OCYILECTBJISIOTCSI, KOTJla B CUCTeME BO3HUKAIOT HEyC-
TOWYMBOCTH, MPUBOASIIME K TOTEPE MCXOAHOTO pac-
Tpe/esieHUs] BEUIECTB BO BPEMEHU M TPOCTPAHCTBE.
BMmecTto aTOro ycraHaBiIMBaeTCsl HOBBIN THM pacipene-
JICHUsI BEIIECTB BO BPEMEHU U MPOCTPAHCTBE, TO €CTh
TMPOUCXOUT CaMOOpTaHu3alus cucreMsl. Hampumep,
rnorepsi YyCTOMUMBOCTU CTallMOHAPHOTO MPOCTPAHCT-
BEHHO-OJTHOPOIHOTO pacIpele/ieHUs BEIIECTB B XUMU-
YeCcKO# peakllMy MOXKET MTPUBECTU K TOMY, UTO BMECTO
HETO B CUCTEME TIOSIBIISIIOTCS] aBTOKOJIE0aHUST — TIepro-
NMYecKUe CaMOTIOAIEPXKUBAIOIINECS BOJIHbBI XUMUYEC-
KO aKTUBHOCTH.

B 3aBucumocTu ot Buaa ¢ynkuuu P(x, y) u Q(x, y)
u xoaduumenta mubdysun D, B cucteMax MOTyT BO3-
HUKATb pa3InyHble HETPUBUATbHBIC TUITBI TTOBENEHMS
MepeMEeHHbIX WU BUIbI CAMOOPTaHU3AIIMHU, HATTPUMED:

1) pacrnipocTpaHsiolecss BO3MYIIEHUsT B BUe Oe-
IyLIETO UMITYJIbCA,;

2) cTOSIYMe BOJIHBI;

3) CMHXPOHHbIE ABTOKOJIE0aHMsI pa3HBIX 3JIEMEHTOB
BO BCEM IPOCTPAHCTBE;

4) KBa3UCTOXaCTUYECKHUE BOJHBI, KOTOPbIE ITOTyYa-
J0TCSI TIPU CJTy4aliHOM BO3MYIIIEHUU pa3HOCTU ha3 aB-
TOKOJIeOaHM1 B IBYX TOUKaX MIPOCTPAHCTBA;

5) crauuMoHapHble HEOJHOPOAHBIE pacipeeseHUsT
MEepeMEHHBIX B TIPOCTPAHCTBE — JIUCCUITATUBHBIE
CTPYKTYDBI.

OO011IMM yCIOBUEM Pa3BUTUSI MIPOLIECCOB caMoopra-
HU3ALMU SBIISIETCS TTOSIBIEHHE HEYCTOMYMBOCTH B MC-
XOIHOM pacripeneIeHHOM cucTeMe, KOTopasi BhI3bIBaeT
MOSIBJIEHUE TUCCUTIATUBHBIX CTPYKTYP, WU BO3HUKHO-
BEeHME OETYIIMX BOJTH KOHEUHOM aMIUTUTYIbI WU CTOSI-
YUX BOJIH. JINCCUTIaTUBHAS CTPYKTYpa, BO3HUKAIOIIAs B
pe3yabTaTe HeYyCTOMYMBOCTH B pacTpeie/ICHHOM CHCTe-
Me, TOMIEPKMBAETCSl 32 CUET MOCTOSIHHOTO TMPUTOKA
SHEPruu U BelecTBa U MOXET HabII0IaThCsl TOJBKO B
OTKPBITHIX CUCTeMaxX. B aToM ee ominure OT OOBIYHBIX
pPaBHOBECHBIX CTpPyKTyp. OO6pa3oBaHME TaKOro poja
NHUCCUMATUBHBIX CTPYKTYP JIEXKUT B OCHOBE nrddepeH-
LIMPOBKU TKaHe# mpu MopdoreHese. CkaukooOpa3HbIit
repexon MeXIy TUCCUTIATUBHBIMM CTPYKTYpaMU pa3-
JIMYHOI (hOPMBI, KOTOPBIN MHAYLIUPYETCS TIPU YBEJIU -
YeHUHU IJIMHBI PEaKIIMOHHOTO COCY/Ia, OTpaXkaeT MpUH-
LIMIUATbHYIO 0COOEHHOCTB Mpollecca NeJIeHUs KJIETKH.

PYBUH A.B. KWHETUKA BUOJIOTM4YECKUX NPOLIECCOB

BoJiHOBBIE TTpo1IeCChl MOXKHO HA0JII01aTh B IMPSIMbIX
9KCMEPUMEHTaX Ha TpUMepe OKUCIUTEJIbHO-BOCCTa-
HoBUTeNbHOU peakuuu bemoycoBa—2KaboTHHCKOIO ¢
yJactueM OpOMMAaJOHOBOM KUCJIOTHI C KaTaju3aTopa-
MM — MOHaMU Liepus WM MapraHua. [TpomyKThl 3Toi
XUMUYECKOUN peakIiu, OKpalleHHbIe B KPACHBII U CU-
HUI 1IBeTa, CAMOITPOU3BOJIBHO PacIpeesISIIoTCs B ITPO-
OupKe B BUJE CIOUCTOTO MUPOTa, COCTOSIIIIETO U3 1[BET-
HBIX T10JIOC.

3AKJTIO4YEHUE

MBI TO3HAKOMUJIUCH C HEKOTOPBIMU MaTeMaTUYEC-
KHMU MOJIEJISIMU, OTpaxKalolMMU CBOEOOpa3HyIO Iu-
HaMMKY OMOJIOTMYECKHUX ITPOIECCOB. DTa 00J1acTh ceii-
yac OBICTPO pa3BUBAETCH, OCOOEHHO C BHEIPEHHEM
KOMIIbIOTEPHOM TeXHUKK. BO3HMKIIO HOBOE HaIpaBiie-
HUE — U3yYEHUE COCTOSTHUS Xaoca U ero pojiu B 61MoJIo-
TMYECKMX CUCTEMaX.

BaxxHo momuyepkHyTh, YTO IMHAMUKA OHMOJIOrMYec-
KO#l caMoOpraHu3aliy U peryjasiiud HaCTOJIbKO CBOE-
0o0pasHa, YTO 3TH MPOLECCHI CIIYKaT BAXKHBIM CAMOCTOSI -
TeJbHBIM WCTOYHUKOM WMHOOpPMAIMU ISl Pa3BUTHS
CMeXHBIX obacTeli (pU3NKU 1 MaTeMaTUKU.
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