AKAIEMMS HAYK CCCP
MHCTUTYT BUOJIOTMUYECKON ®U3WKH

A. M. )KABOTMHCKHH

KOHLIEHTPALUMOHHDBIE
ABTOKOJIEBAHUS

M3AATEJIBCTBO «<HAYK A»
MOCKBA
1974




YIOK 541.128.7:577.02

Konneurpauuoutsle aBToKoaebanna. )X aG6otuHckuir A, M, 1974 r. M,
«Hayka», ctp. 1—179.

Kunra nocBsieHa HCCIEJOBAaHHIO MEXAHH3MOB KoneGaHu#l KOHLEHTpauufl B XUMH-
YeCKHX, GHOXHMHYECKHX H MeMODaHHLIX CHCTeMax H B NONYJSILHUSAX OpraHH3MOB.

PaccmaTpHBaIOTCSL BOMPOCH OCYHIECTBHMOCTH KoseGaHHH B XHMHUECKHX CHCTEMAax
H TIORXOAH K MaTeMaTH4eCKOMY MOJAEJHPOBAHHIO CJIOKHBIX CHCTeM peakuuil. I1poana-
JU3UPOBaH PAA KOHKPETHBIX MoOAeJell.

OnncaHo HeCKONbKO HanboJsIee H3yYeHHBIX KOHIEHTPALHOHHEIX KOe6GaTeIbHEX CH-
cTeM, a TaKXKe HOBBIH THN KoJieGaTeJbHBIX sIBJEHHH B pacrpefiefieHHBIX CHCTEMax —
aBTOBOJIHOBbIE NPOILECCH!, HIPalOliie BAXKHYIO POJIb B PaClPOCTPAHEHHH BO3GYHKACHH S
B HEPBHHIX ceTAX H B Mopdorenese.”

CrnenuanbHas riiaBa NoCBAIMEHA METOAAM MaTeMaTHYECKOIo MOJENHPOBAHH A CIOK-
HOM KHHETHKH, 4TO JeJiaeT KHHTY JOCTYIHOH HeCnemHafHcTaM.

Kuura npeacrasisieT HHTepec L1s GHOMOTOB, PH3HKOB H XHMHKOB H MOXKET GHITh
HCNIONb30BaHA KaK y4yeOHOe mocobue JJIsI CTYIEHTOB CTApLIMX KYpPCOB.

Puc. 81, ta6a. 4, 6u6a. 8 crp.

OtseTcTBEHHBIH pefakTOp

akagemuk I'. M. ®PAHK

21005—0455

X 042(01) 902—1974 © Hanareasctso «Haykas, 1974 1,



IMPE AUCJ/IOBUE

Ora KHMra SBJAETCS HONBITKOH MOABECTH HTOP HEKOTOPOMY 3Tamy
B HCC/IEIOBaHUAX KoJeGaHWH B KOHUEHTPAILHOHHBIX (B OCHOBHOM XH-
MH4YeCKHX) cHcTeMaX. KoneGaHust B psile TeTepOTEHHBIX CHCTEM GbLLIH
o6HapyKelbl B KOHIIE TNPOULIOrO BeKa, KOMJa HX H3yuYeHHe HOCHJO
YHCTO ONHUCATeNbHBIH XapakTep. PemurennHslli cABHI OblI NpOH3Be-
ned B 1910 r. Teopernueckoil paGortoit A. JIoTka, nokasasiuell BO3MOX-
HOCTb MOSIBJEHHsI KOHUEHTDAUHOHHBIX KoJe6GaHHil B BecbMa MNpPOCTOH
cucTeMe, MOAUUHAIONICHCS 3aKOHY JeHCTBYrOIUX Macc. Kpome Toro,
B 3TOH Xe pafoTe BnepBhle Obl/ia MOKa3alia CBsA3b MeXAY KoJeGaHHIMH
1 aBTOKAaTaJH30M.

B nocaenyrouyii, NpUMepHO MATHASCATUICTHHHN, NEPUO] KoNeOaHUS
OblTH OTKPBITHI H 3KCHEPHMEHTAIbHO HCCAeN0BaHbl B GOJBLIOM YHCHE
reTepOreHHbIX CHCTEM M B HECKOJbKHUX BO3MOKHO TOMOTEHHBIX Dpeak-
unax. TeoperuueckHe paGOTHl CBOAMJIMCH K TOCTPOEHHIO (heHOMEeHO-
JIOTHYECKHX MOfesieli 6e3 MONBITOK WX pa3BEPTHIBAHHSA B.CXeMbl 1eTanb-
HLIX XMMHYECKHX B3auMmogelcrsuii. OIHOBDEMEHHO CTajo npeobnaiaTth
y6exklieHre, YTO B YHCTO XHMMHYECKHX (IOMOI€HHBIX, 3aKPBITBIX) CHC-
TeMaxX Koje6aHHS KOHUEHTPAUHH HeBO3MOXKHLI.

HMHtepec x XHMHueckHM KoJieGaHHSIM Bcerja B CHUJBHOH CTeneHH
ONpelesACcsl HafeKJI0H NOHATb MeXaHu3M psifa OHOJOTHYECKHX Ie-
DHOLHYeCKHX TpoueccoB. 3aragka «GHOJOMHYECKHX 4acoB» cnocob-
CTBOBAJIa PE3KOMY YBEJHUCHHIO HCCIENOBAaHHN B 001aCTH XHMHUYECKHX
n GHOXMMHYeCKHX KoseGaHHil B Hayaje LIECTHAECATBHIX TOAOB. 3a Je-
CATHJIETHHH Tepyon Gbl1 JOCTHrHYT Goabluoit nporpecc. [IBe cymect-
BEHHO TOMOIeHHble KoJsieGaTeslbHble CHCTEMbl OBLIH NOAPOGHO HCCJe-
IOBAHBI SKCNEPUMEHTadbHO. DBblio mnocrpoeHo GoJblIOe KOJIMYECTRO
H€TA/TbHBIX MATEMATHUCCKHUX MOJeJell W BBHISICHEHBI BCe BOMNPOCH], Ka-
calomuecst HeOOXOAHUMLIX H AOCTATOUHLIX YCJIOBHH BO3HWKHOBEHHS KO-
JAe0aHUl B XUMHUECKHX CHCTeMax.

Takum o6pasom, Termepb Npo6aeMy KOHUEHTPALHOHHLIX KOJeOaHHH
MOXHO CYHTATb DELIEHHOH ¢ MPUHIHNHAAbHON TOYKH 3peHHd. OnHako
B TO )Xe BpeMa Mbl He HMeeM HH OJHOH COBEPIIEHHO YAOBJETBODHTENDb-
HOH KOHKPETHOH MaTeMaTHUeCKOH MOJeNH AJisf TeX peaKUHH, KOTOphle
SKCIEPHMEHTAJIbHO H3y4yeHbl JOCTATOUHO XOPOIIO. IJT0 0ObACHAETCA
T€M, YTO XHUMHUYecKHe KosebaTeJbHble CUCTEMBI BCETAd OKa3bIBAITCS
OTHOCHTEJIbHO CJIOKHBEIMM «YEpPHBIMH sil{HKamu». B HacTroslmee BpeMs
OCHOBHAsl 3aflaya — 3TO He MOMbITKA MOHATb, KaKuUM 06pa3oM BooOiie
MOTYT OCYLIECTBJATHCS XHMHuecKHe KoJebGaHHA, a mpobaeMa BbiGopa
MeX]1y HeCKOJbLKHMH albTeDHATHBHBIMH MOJENSMH OJHOH CHCTEMBI.

dra KHHUra He sABJAseTcss 0630pOM BCeX HCC/IENOBaHHI KOHLEHTpa-
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UHOHHLIX KOJeGaHuil. [Tono6ubifi 0630p B cxatoif dopMe cofepXHUTCS
B0 BBelleHHH. OCHOBHOe BHHMaHHMe OTAAaHO paloTaM, MNOCBSIIEHHBIM
H3YUYEHHI0 COGCTBEHHO MeXaHM3Ma KoJeOaTe/bHBIX peakUuui.

[TepBrie Tpu rs1aBbl KHHUTH LEIHKOM MOCBSIIEHBI MaTeMaTHYECKOMY
MOJIETHPOBAHHIO KHHETHKH CJIOXKHBIX KOHIEHTPAIHOHHBIX cHcTeM. OHH
colepxaT Pe3yJbTaTkl, KOTOPhlE MOTYT ObITb HCMOJAb30BaHLI KakK pa-
60YHil HHCTPYMEHT IJIsl HCCJeJOBaHHA KOHKPETHBIX CHCTEM.

B uerBepToil rsiaBe NpHBENEHHI B OCHOBHOM COGCTBEHHblE Pe3YJib-
TaThl aBTOPa MO MCCJAENOBAHMIO aBTOKOMeGATENbHOH XHUMHUECKOH
peakUMH, HAyIled B TFOMOTeHHOM pacTBOpe.

ITaTas rnaBa nocesileHa KoJe6aHUAM B [VIHKOJMTHUECKOH CHCTeMe.

B mecroit riaee omucanbl KoseGaHHA B MeMOpAHHBLIX CHCTEMax,
He ABJSAIOWIMECS YHUCTO KOHLEHTPALUOHHBEIMH, TOCKOAbKY OAHOH U3
CYLIECTBEHHBIX NMEPEMEHHbIX SIBASETCH SJeKTpHueckoe none. Takum 006-
pasoM, INPH ONUCAHHH KoJeGaHHH B XHMHYECKHX, OHOXHMHUYECKHX
H 3JIeKTPDOXHMHUECKHX CHCTeMax B KaxKIOM cJydae BHIOpaH TOJBKO
OIHH, HO HauGoJiee Hu3ydyeHHbIH 00beKT. UHTaTe/Jb YBHIMT, 4TO Aaxe
H B 3THX CJyyasiX HCCJeIOBAaHHS JaJeKo He JOBelieHbl [0 KOHUA.

CTOHT OTMETHTb, YTO B 3TOH KHHFe, KaK OObLIYHO, MOA TEPMHHOM
KoJie6aTesIbHEIE TPOLECcChl NOHUMAIOTCS TaKkKe GMH3KHe K HUM IpoLec-
Cbl, He fABJAOMHecHs cOGCTBEHHO KOJMeGAaHUSIMU: TeHepHPOBaHHE ORH-
HOUHLIX HMOYJ/bCOB, TMepPEeK/JIOUeHHS B TPUITEPHHIX cXeMax H T. [.
CiienoBaTeslbHO, peub HAET BOOGLIE O AHHAMHKe HEJWHEHHBIX CHCTEM.

OcHoBHAasi yacTb KHHTH TMOCBSIIIEHA TaK HAa3bIBAEMbIM CHCTE@MaM
HJEAJBbHOTO NepeMelidBaHusi, OIHOPORHBIM MO NPOCTPAHCTBY, I'Ae MpPO-
LeCcCHl NPOHCXOJAT TOJBKO BO BpeMeHH. B 3ToM cJjyuae HCC/ACAOBaHHE
KOHUEHTPALMOHHBIX KoJeGaHHU siBasieTcss 00JacTbio NMPHMEHEHHsl XO-
poumio pa3paGoTaHHbIX METOJIOB TEOPHH KOJeOaHHH, MHOTOKPATHO
HCIIOJIb30BAaHHBIX paHee B (PU3HKe H MEXaHHKe.

B nocaegneit rmaBe paccMaTpHBAaIOTCH paclpejeseHHble, CHIbHO
HeJHHeHHble cHcTeMbl. JI11A HUX TeopHst pa3paboTaHa ci1abo, a HeKo-
TOpble SKCNePUMEHTaJbHO OOHAPYIKEHHbIC SIBJEHHS paHee He HaGMoAa-
JHchb. Takum o6pa3oM, ¢ TOUKH 3peHHsT COGCTBEHHO TeOpHH KoJlieGaHHH
3TH BOIPOCHl HAUMeHee M3YyueHbl ¥ NPeCTaBASIOT HaubOIbIIHA HHTEpEC.

CBoMM HHTepecoM K KoJieGaTeJbHbIM SIBJIEHHSIM 5 LEJNHKOM 006s3aH
MOEMY OTLY -— NPEACTABUTENIO TPETHETO NMOKOJEHHSI COBETCKOH IUKOJILI
TeOpHH KoJe6anuit, ocHoBanuod JI. M. Mangensmramom. Crenosa-
TeJIBHO, i MOTY CUHTaTh cebsi MPUHALIEKAIMM K 4eTBEPTOMY IIOKOJIe-
HHIO 3TOH WKoJbl. Hanucanue 3TO# KHHTH CTaJO0 BO3MOFKHBIM JIHILb
6s1arofiapsi MHOTOJIETHEMY COTPYAHHYECTBY H MHOTOYHC/IEHHBIM AHMCKYC-
cusaM ¢ A. H. 3aukunnm, M. 1. KopayxunsiM, B. M. Kpunckum,
A. M. MoayanosoM, E. E. CenpkoseM, C. D. Ulnoaem, 3. 3. [Honem
M MHOTHMH ApyrumH. Bcem uM s1 mpuHowy riy6okylo 6/arofapHOCTb.
$1 Becbma npusuartesen lO. I. Kamunckomy u T. §1. Mopo3oBoii 3a
[OMOLb NPH OQOPMJIEHHH DYKOIHCH.



BBEAEHHE

OCHOBHDBIE HAITPABJIEHW S B MCCJIELOBAHUU
KOHLUEHTPALMOHHBIX KOJIEBAHWUN

HccnepoBanne KOHIEHTPAUMOHHBIX KoseGaHMH — 3TO ojHa W3 3a-
llay KHHETHKH CJIOXKHBIX CHCTeM peakuuii. Baxnefmel o6aactelo ee
NpUMCHEHHS fBJsEeTCST GHOJIOTHS.

JKuBas KJeTKa — 3TO OYeHb CJI0XKHas PU3UKO-XHMUYecKasl MaUIHHa,
B KOTOPOH OCHOBHble ONepalHH CBOASTCA K H3MEHEHHMSM KOHLEHTpa-
1 XMMHYeCKHX coelHHeHHH. [losToMy aja noHuMaHHs paboOThl KJeT-
KH OUeHb BaXKHO 3HATb, NPH KAaKHX YCJAOBHSX XHMMHUecKas peaKLHs
MOXKeT BeCTH ce6f Kak MamuHa. KakeTcsl ecTeCTBeHHBIM Ha3BaTh
MaIIHHOH CHCTEMY, CNOCOGHYI0 MHOTOKPATHO NPOU3BOAUTH HEKOTOPHIH
LUKJIUYECKHI npoLecc. DT0 YHCTO JHHAMHYECKOe oNpeleeHHe MalluHbI,
npyH KOTOpPOM (H3HYecKHI MarepHas, H3 KOTOPOTO OHA H3rOTOBJIEHA,
HecyulectBeH. [IpH TakoM onpepesneHMM npocTeAINMMH MalUMHAMH SIB-
JISIIOTCS aBTOr€HepaTOphl, peJle U TPUITephl. ITH XKe yCTpoHcTBa mpel-
CTaBJISAIOT cO60H yacTH 6oJee CA0MHBIX MALIHH.

MeTobl KHHETUKH CJIOKHBIX CHCTEM SIBJISIOTCS TakkKe HeOOXOJIHMBIM
OPYIHEM IpH pellleHHH 3BOJIOLHOHHON 3alauyd — BONPoca O TOM, KakK
B HMCXOAHOH IIPOCTOH cpelle MOXKeT BO3HMKHYTb MAallUHA.

HccnenoBanne GoJiee BBHICOKMX YpOBHeH O6HOJIOrHYecKOH OpraHu-
3aUHH — COOOLIECTB KJETOK HJIHM CBOGORHO XKHBYLIMX OPTaHH3MOB ——
TaKKe MOXKHO TNPOBOJHMTh B PaMKaX KOHIEHTPALMOHHOH KHHETHKH.
B sToM caydae nmepeMeHHBIMH GYAYT IMIOTHOCTH (KOHLEHTDALMH) KJe-
TOK HJH ocofell pasTUYHOTO BHAA.

DTa KHHra CONEepPXKHT pe3y/abTaThl H3y4YeHHs HPOCTeHInNX THIOB
KOHIEHTPAILHOHHBIX KoJsleGaHUif, BO3HHKAIOLIUX B XHMHYeCKHX H OHO-
JIOTHYECKHX CHCTEMAX.

OCHOBHBIE 3TAIbI B UCCJIEJOBAHHHU
KOHUEHTPAIMOHHBIX KOJIEBAHUN

Ilepvoauueckye npoueccel B OGHOJOTHYECKHX CHCTeMax H3BeCTHH
yeJIoBeYeCTBY C He3amaMsiTHBIX BpeMeH. Kose6aHHMs B Xxole XHMHUue-
CKHX peaKuuii GBVIH BrnepBble OOHAapY>KeHBl B NPOLLIOM BeKe NpH H3Y-
YeHHH OKHCJEHHS NapoB ¢ocopa, yraesomoponaos, CO (CaibHHKOB,
1949), a rTakxe npu HCCIeNOBAaHHH peaKUHH Ha TpaHHlUeE MeTall —
pacreop (Hedges, Myers, 1926; [llemsixun, MuxaJen, 1938). Ilocnen-
HfAsl rpynna KoJeGaTeJbHBIX ‘peakKUMH cpa3y Obla HCIOJb30BaHA A
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MOJEJNUPOBAaHUS psina OHOOrHYecKHX (eHoMenoB. IIpH 5TOM BO3HHK-
JM TaKHe XapaKTepHble Ha3BaHHS, KaK «KeJTe3HblH HepB», «pTyTHOE
cepaley.

[TepBoe M3 HHX OTHOCHTCSI K DeakUHH DacTBODEHHs KeJe3a (3Ke-
JIe3HOH TNPOBOJOKH) B a30THOH KHcaore. OcTBajbl yKasan Ha upes-
BbiYafiHOe BHeEIHee CXOACTBO JHHAMHKH 3TOH peaklUMd ¢ JHHAMHKOH
nepsuoro BosOyxuenusi (Frank, 1967). Onun u3 BapHaHTOB «pTYTHOrO
cepanar— peakuust pasgoxenHs H,O, Ha NOBEPXHOCTH MeTaJlTHYe-
ckofl prytd. IIpM 3TOM NPOMCXOAHT NepHOAHYeCKOe 06pa3oBaHHe H
pacTBOPeHMe IJIEHKH OKHC/Ja Ha HOBEPXHOCTH PTyTH. B pesyiabtarte
KoJie6aHUH MOBEPXHOCTHOIO HATSXKEHHsI HaOJIONAIOTCs PUTMHYECKL?
nyJbCcallHd KaMJH, BHeLlHe HaloMHHamliMe GHende cepaua (Bredig,
Weinmayr, 1903).

Onucanune 3THX peaklui OBLIO YHCTO (PEHOMEHONOIHUECKHM C HC-
n0Jb30BaHNeM MOHSATHH akTHBALMH, TOPMOXKEHHS, mopora BosGyxkie-
pHusi U T. 4. IlepBoHayanpHO OBIJIO HEACHO, MOTYT JiH KOJeGaHHs H
NOpOTOBLIe SIBJ€HHS] ObITb OMHCAHLI MOIEJbIO, OCHOBAHHOH Ha 3aKOHE
JefictByrouix Macc. OTBeT Ha 3ToT Bompoc jatt B 1910 r. A. Jlotka,
KOTOPBI NpPeVIOKHI MATeMATHYECKYI0O MOJAENIb KOJaeGaTeTbHOH XHMH-
yecko#l peakuuu (Lotka, 1910). dra Mopmesb, ocHoBauHAsi Ha 3aKOHe
NeHCTBYIOUIHX Mace, fpeicTaB/sia cofoi OueHb MPOCTYIO CXeMY peak-
wu#i, BRJAOYAIOIIYI OJIHY aBTOKATaJlHTHUYeCKYIO cTaauio. Monens onu-
ChiBaJa 3aTyXxawlnue Kosebauusl KonueHTpauuid. [Tosxke 6b10 HOKa-
3aHO, 4TO HeGoJIbliHe H3MEHEHHS 3TOH MOJEJNH NPHUBOAST K MOSIBJIEHHIO
aBrokogaebanuil. Monenp JloTka siBJseTcss OCHOBOH GoJsbliedl 4acTH
HCIIONb3YEMBIX B HACTOslee BPeMsi MaTeMaTH4eCKHX MoTeJell KoJe-
fatesnpHbix peaxuuii. B 1920 r. JlotTka onucad MOAU(DHUUPOBAHHYIO
MOJeNb C JIByMsI aBTOKATAJNUTHYECKHMH CTalHAMH H HCIO/b30BAT €e
JUist OGBSICHEHUS] HE TOJAbKO XHMHUYECKHX, HO H TMONYJIALUHOHHBIX KO-
JeGanuil (3a7a4a «KepTBa— XHILHHUK»). DTa MOJe/b, 103Ke HE3aBHCHMO
noctpoeHHasi ¥ uccaenoBandasi B. BoabTeppa, cTajsa IIHPOKO M3BecT-
HOH H oOcTaBaJachb OCHOBHOH Ha mnporsxenuu Gogee 30 ser (Lotka,
1920; Volterra, 1931).

Monenp JIoTka cruUMyJaupoBaJjda 3KCNEDHMEHTATOPOB Ha IOHCK
YHCTO XHMHUYECKHX (FOMOTEHHBIX) KoJefaTesbHbIX PeakUHH. Beuto o6-
HapyKeHO HeCKOJbKO BO3MOXKHBIX peakKuui Takoro Thoma. CpelH HHX
HauGosiee HU3BecTHA KoJeGarejibHas peakLUUs Pa3JOKeHHA MePeKHCH
BojopoAa #Hozatom (Bray, 1921). Oanako Bckope OblIH BLICKa3aHbl
OPENNOJOXKeHUs, UYTO Kojebanus B XOJe 3TOH peakUHH CBs3daHBl €
HannuneM reteporeHnmx craanii (Rice, Reif, 1927).

K 3TOMY BpemeHH BO3HHKJIO H YKPENHJIOCh MHEHME, YTO B TOMOIEH-
HOM, 3aKPLITOH CHcTeMe KoseGaHHs KOHUeHTpalHuH HeBo3MOxHb. OHO
OBLIO OCHOBAHO HA CYIMECTBOBAHUH TepMOJHHAMHYECKHX OlPAaHHUEHHH,
sanperiaoniux KoseGanus BOJAW3Y TEPMOAMHAMHUYECKOIrO DPaBHOBECHS,
M HeSBHOM OTOMIECTBJEHHH 3TOTO PABHOBECHS CO CTALHOHAPHBLIM
COCTOsIHHEM cHCTeMbl. Takue cooGpaxkeHHs 3aCTABJSJIH HCC/ae0BaTeN e
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MCKATb 'eTePOreHHble CTaJHH B KOJe0aTe/bHEIX PeaKLUUsX, Ha IEPBLIH
B3TJIS1J] TOMOIeHHBIX. DoJbllas CI0XKHOCTH TeTePOreHHBIX CHCTEM BBI-
3bBaja HeXeJaHHe TIPOBeCTH HX (OpMaJ/IbHBIH aHaJH3 Ha YpOBHe
cXeMbl 3JeMeHTapHbX peakuuit. [lojo6ubli anaaus cpasy nokasan
6bl, YTO C TOYKH 3PEHHS TEPMOJMHAMHYECKUX OTPAHHYEHHH reTeporeH-
HBI€ CHCTEMBl HHUEM HE OTJIMYAIOTCS OT TOMOrEHHbBIX.

[lapanjespHo B 3KOJOTHH 1JIa OpOBEPKa NPHTOJHOCTH MOJENH
JloTka — BoabTeppa i o0bscHeHHS KoJe0aHHH YHCJAEHHOCTH TNO-
nynsuuii. KavecTBeHHOe IOATBep:kIeHHE OBIJIO MONYYEHO B SKCIEPH-
meHTax [ay3e Ha momyasimusix mpocrefiumx (Iayze, 1936).

K cepeanne 30-x rojOB 4HCJIO OTKDPBHITBIX TeTEPOTEHHBIX KoJeba-
TeJBHBIX peakuui OblJ0 y:Ke BecbMa Beanko. MccneloBanus B 3TOH
obaacty cymmupoBanbl B aByx Kuurax (Hedges, Myers, 1926; Ille-
MAKHH, Muxanes, 1938). HauGoJsee nHTepecHEIMH GHUIM HCC/IeI0BAHUSA
«XKeJIe3HOTO HepBa», BeinosHennble Jlmnau (Lillie, 1928, 1936). Ounn
[IO3BOJIMJIM NIOHSITH POJIb 3JIEKTPHUECKOrO TOKA M MMEJIHHOBOH H30J-
[IBH B npolecce Nepejadyll HEPBHOIO HMIyJbca B TO BpeMs, KOrja o
(DU3HKO-XHUMUYECKOH NPHPOJAE HEPBHOTO BO3OYKAEHHUS IIOUTH HHUErO
He OblJI0 H3BecTHO. M3ayuenue «Kese3HOTO HePBa» A0 BO3MOMKHOCTDH
JIMJIM npeicKasars calbTaTOPHOE (NpHITaolliee) NPOBEJEHHEe HEPBHOTO
UMIyJbca Yepe3 aHEeCTe3UPOBAHHBIE YUACTKH 3KHBOTO HEPBA.

K sToMy Bpemenu ObLIM HM3BECTHLI JHIUb €IUHHUHBIE paGoTLl MO
KoJe6aTesNbHBIM peaklUsiM B ofbeMe. [lepHoanuuecKHe BCHBILIKH XO-
JOJHOTO IIaMEHH NpH Trasoha3HoM OKHCJAEHHH IpoMaHa MNoApeOHO
uccnenosansl Helonttom 1 Topucom (Newitt, Thornes, 1937). B cra-
the ®pank-Kameneukoro (1939) crenana neppast NONBITKA OTOMXKIECT-
BUTb peasNbHble XHUMHUYECKHe COEIMHEHHs C NepeMeHHBIMH MaTeMaTH-
yecko#t mojenu. [Ipm 3ToM Ansi onMcaHust KodeGaHu#i B rasodasHBIX
peakHHsAX OKHCJIEHHS YIJEBOJOPOAOB HCIOJNb30BaHA MOJAETb JIoTKa —
Bonbreppa. -

Hayuenre pacnpocTpaHenysi XHMHUECKHX PeakIUi IO He3aBHCHMO
oT pabor no KojeGanusiM. PacnpocTpaHenue aBTOKATaJHTHUECKOH
peakuMH B pactBope omnucano Jltotepom u CpeGuuukum (Luther, 1906;
Cpe6uunxuii, 1911), OTMETHBIIHMH NOJHYIO aHAJOTHIO 3TOTO Ipouecca
¢ pacnmpocTpaHeHdHeMm nsamenH. Mognenu angddysHOHHOTO pacmpocTpa-
HEHHs] M30TEPMHYeCKOH peakluu ObIM paccMOTpeHBl B paAne paloT
(Konmoropos n ap., 1937; 3eabposny, Ppank-Kamenenxuii, 1938).
Csi3b’ KoJs1e6aHuil U pacnpoCTpaHeHHsT XUMHYECKHX BOJH C aBTOKaTa-
JIUTHYECKHMH peakUuAMH Obl1a OJHMM H3 IIpPeAMeTOB OOCYXKIAEHHS B
BaXKHOH 0630pHO# crathe ®pank-Kamenenkoro (1941). Tlozxke ®pauk-
KaMeHeLKHH M ero COTPYIHHKH HaOJIONAMH CTalHOHApHbIE AaBTOKO-
Nne6anusi B Xole razodasHOH peaklUHH OKHCJAEHHS YIJEBOJOPOAOB
B mnporounoM peaktope (I'epBapt, @pank-Kavereuxuit, 1942).
B 310 xe BpeMst Gha nocTpoeHa GeHOMEHOJIOTHYECKAsT MOLeNdb, OHH-
CblBaBIlUAsi KOHLIEHTPALMOHHBIE ABTOKOJIEC6aHHMS B TNOJOOHOH cHCTeMe
(Ppank-Kameneuxunit, Canbunukon, 1943). BaxueiM noctTrxkenyuem 3TOH
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KOJABl Obl1a pa3paboTKa TEePMOKHHETHYECKOH MOJeNH XHMHYeCKHX
aBTOKONIe6anuit (CanbHuKOB, 1948, 1949).

TmartenbHoe MccsefoBaHHe aBTOKONEGAHHH B 3JeKTPOXHMHUECKHX
cucreMax nposefeHo bonrodgepom (Bonhoeffer et al., 1948), koropstii
HCNOJB30BaJ] LIS KauyecTBEHHOI'O OITHCAHHSA MOAHGHUHPOBAHHYIO MO-
lesb aprorenepatopa Ban nep [losns. Bonroddep Bhipazua coMmbenue
B NMPaKTHYECKOH OCYIECTBHMOCTH KoJieGaHHH B FOMOTEHHBIX CHCTEMAX,
yKa3aB, OJHAaKO, YTO B IPHMHUHINE TakKHe KoJebGaHus BO3MOMKHHI.

CBfI3b TepMONMHAMHMYECKHX OTPAHHYEHHH, B U4CTHOCTH COOTHOILIE-
uufi OH3arepa, ¢ BO3MOXKHOCTBIO KOJieGaHHEi B TOMOT€HHBIX CHCTEMAax
6bl1a npenMeToM Iesofi cepun paGot (Jost, 1947; Hearon, 1953; Ilpu-
roxuH, 1960). OcHoBHbIE pe3yJbTaThl 3THX HCCJAEIOBAHHH C/IELYIOIIHE:
BOJU3H TePMOJMHAMHYECKOTO DPAaBHOBECHA KoJeGanus HEBO3MOXKHEL,
B CYIEeCTBEHHO HEPABHOBECHOH CHCTEME BO3MOXKHEI KOJeGaHHsA KOH-
UeHTPaUHH Kak BO BDEMEHH, TaK W B IPOCTPaHCTBe.

Befin6epr (Weinberg, 1939), Hoct (Jost, 1944) u PaweBckufl
(Rashevsky, 1948) o6cykpanu BO3MOXHOCTb CTallHOHAPHOIO BO Bpe-
MeHH H TEePHOAHYECKOTO B IPOCIPAHCTBE DPacCHpeleeHUs] KOHIEHTpa-
UUHd B XHMHYeCKOil CHCTEMe, TIe CYIIeCTBEHHYIO pOJb KrpaeT mudpy-
susi. Hanbomee moapo6Ho 310T Bompoc Obl1 paceMorpeH ThlopHHIOM
(Turing, 1952) B cBs#3u ¢ npobsemaMu MopdoreHesa. B GosbuInHCTBE
pafoT, NUCBALIEHHBLIX KOJeGaTeJbHBIM NpoleccaM, NPOHCXONALUHM B
KJIETKaX M MHOTOKJIETOUHBIX OpraHu3Max, DOJb XHMHYeCKHX peakuui
B MEXaHH3Me KoJeGaHHH He 06GCyXIanach.

B03MOXHOCTE BO3HHKHOBEHHSI KOHIIEHTPAIHOHHBIX KoJleOaHui Oblia
IIOKAa3aHa B BBLIAAIOUIMXCA HCCIEJOBAHHSAX MeXaHH3Ma reHepalUd HepPB-
woro umnysaeca (Hodgkin, Huxley, 1952; Xomxkkun, 1965) u BHYTpH-
KJIeTOYHOM pery/sinuM cuuresa cdepmentoB (Mono, )Kakof, 1964).
Onsako B 3THX C/Iydasx cOOGCTBEHHO KOJe0aHHSM NPHAABaJOCh BTO-
poctenenHoe 3Hayenve. OOHapyXeHHe 3aTyXaloLMX KoJjeOGaHHH B XO-
Je TeMHOBBIX peakuuit otocunresa (Van der Veen, 1948), rinkonusa
(Duysens, Amesz, 1957) u koseGaHui (epMEHTATHBHOH AKTHBHOCTH
akroMuosuna (UInons, 1958, 1965) He npHBJEKJO BHHMAHHA.

Tlonokenue H3MEHHJIOCh, KOTAA HAYaJHCh HHTEHCHBHBIE HCCJEI0-
BaHHs NPHPOABI GHOJOTHYECKHX uacoB. Fx oOHapykeHHe B OJHOKJE-
TOYHBIX OPTaHH3Max He OCTABJAJO COMHEHHH B CYLIeCTBEHHO OGHOXHMHU-
yecKOH NpHpojJe 3TOrc sABJeHus (Buomoruueckue uace, 1964). I1po6-
jeMa OHOYACOB CTHMYJIHDOBaja MOSBJIEHHe BaXKHBIX MOJEJbHBIX pa-
6or H. M. Yepnasckeit u II. C. Yeprnasckoro (1958, 1960), Cnanr-
Jgepa u CHesuia (Spangler, Snell, 1961). B 310 xe Bpemsi Gbl1a onyG-
JHKOBaHa ocraBlIasics He3aMmeyeHHOH paGora Bemoycosa (1959), oG-
HaPYKHBIIETO KOJeGAHHA B XOJ€ PEaKIIHH OKHCJNEeHHs JHMOHHOH KHC-
JOTHl 6pPOMaTtoM B BOAHOM pacTBope. Peskoe yBesMueHHe 4YMcja HC-
cJeJ0oBaHHA B 06/aCTH KOHIUEHTPAUMOHHBIX KoJeGaHHH Hauyasocb ¢
1964 r., koraa nosiBunach 60Jbllasi cepusi pabGOT, MOCBALLEHHBIX IVIH-
KonutHyeckuM KkosaebanuaM (Ghosh, Chance, 1964; Chance et al.,
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1964a; Hess et al., 1964; Higgins,
BesoycoBa (PKaGoTtuHckuii, 1964a, 6).
C 3TOr0 MOMEHTa HauMHaeTcs OBICTPHIR POCT YMC/Ia SKCNEPUMEHTAb-
HBIX M TEOPETHYECKHX PaboT, NPOHCXOAHT MOCTeHeHHOe OGbelHHeHHe
paHee pa3posHeHHbIX O6sactedf MceaenoBaHus. KoneGaTesbHble npo-
yecchl B OHOMOTMH U XHUMHH CTAHOBATCS INPEIMETOM CHEeNHadbHBIX

cumnosuymoB B Ilymunao (1966, 1970), ITpare (1968), Xauko (1969),
Mockse (1972).

KOJIEBAHHA B XMMHUECKHX CHUCTEMAX

Kosnebanusi ckopoctu Beuiesienuss O, U KOHUeHTpauuu [, B pac-
TBOpe OblJM OOHApYKeHHl B Xoe peakuuud pasjoxenus H,O,, katanau-
supyemoit HIO; (Bray, 1921). dosaroe BpeMsi BONPOC O HaJHYUH Te-
TepOTeHHBIX CTalMi, OTBETCTBEHHBIX 3a Ha6J/OfaeMble KoseGaHHs, OBl
npeamerom nosemuru (Rice, Reif, 1927; Bray, Liebhafsky, 1931;
CanbHHuKOB, 1949; Degn, 1967). Jra peakuus Gblia HCCeIOBaHA PSIIOM
aBTOPOB, OJHAKO MexaHH3M ee o cuX nop Hesicen (Peard, Cullis,
1951; Matsuzahi et al., 1970).

[To-BHAMMOMY, CYLIECTBEHHBIMH TEPEMEHHBIMH B 3TOH peakiuH
aB/stoTcss Konuentpauuu I, u I- (Woodson, Liebhafsky, 1969). Mx
OIHOBpeMeHHasl 3amuch pnaeT (a30BBIH NOPTPET, XapaKTepHHH K1s
pelakCallHOHHOH CHCTeMBI BTOpPOrO nopsinka c¢ S-o0pasHoil XapakTe-
puctukolt (BaBuaun u ap., 1970). 310 nos3posseT npeanosarath oT-
HOCHTEJIBHYIO NPOCTOTY MeXaHH3Ma KoJeGanuit. OAHako 3Ta cHcTeMa
Heyio6HA IISL 3KCMEPUMEHTAJNbHOIO HCCIeNOBAaHHS, TaK Kak TPYAHO
co3faTh 6/IHM3KHe K CTAlHOHADHBLIM YCJIOBHS B 3aKPBHITOH IO MCXOLHBIM
BEIIIECTBAM CHCTEME.

Pexunm kosebanufl B peakuun pasnioxenus H,O, mogatom 3asu-
CHT OT OCBelleHHA pacTBOpa, XOTd KoJeGaHHsd MAYT H B TEMHOTE
(BaBuuanH, YKa6oruuckuit, 1967). [danHble 0 BJIHSHHH MepeMellHBaHHA
pacTBopa Ha xapakTep KoJeGanuil mpoTuBopeunBrl (Basuau, YKato-
THHCKHH, 1967; Degn, 1967). OcHoBHO U3 HepeleHHbIX BOMNPOCOB —
SIBJsETCA JH KoHUeHTpauus O, cyllecTBeHHOH nepeMenHo#i. Eciu
3TO TaK, TO KoJdeGaHHsI MOTYT NPOUCXOIHTH TOJBKO B OTKPHITOH CHC-
TeMe NpH HenpepbBHOM yAajseHd# O,.

Hau6onee nonpo6Ho H3yuenb! KoseGaTeNbHbe PEAKUHH OKHCIEHUA
NpOU3BOAHLIX P-nukeToHa GpomaToM. Onu GYyAyT pPacCMOTpeHH! B IVa-
Be 4.

3atyxatoniue KosieGaHHsi KOHUEHTPALHH AHTHOHHTA TIPH €ro H30-
TepMHYecKOM pacnaje Obid onucanpl Bumodom (Bischoff, Mason,
1968). B nauHoM cJayuae HaGmoganuch KoeGaHHS KOHUEHTPAaLUH
HCXOAHOIO mpoaykKra. UeTkHe, XoTs H GbICTPO 3aTyxalolHe KoJeba-
HUA OOHApY»XeHbl B XOjJe DEaKIHH ABTOOKHUC/IEHHS [POU3BOAHBIX TO-
Jayona, Kataausupyemoii HoHamH ko6anbta (Ogata, Morimoto, 1969).

Cpean rasodasubix Koje6GaTeNbHBIX PeaKUHH Jydine APYTHX H3Y-
YeHbl peaKIHH OKHCJeHHs yraesogpoponoB (Newitt, Thornes, 1937,

1964) u MexaHuMaMy peaknuu
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Day, Pease, 1940; Badwell, Hinshelwood, 1951; Knox, Norrish,
1954a, b). OcHoBo#i MexaHH3Ma KOJeGaHUI MHOTHe aBTODHI CUHTAIOT
(Walsh, 1946, 1947; Lewis, von Elbe, 1961; ®pank-Kameneuxu,
1967; Perche et al., 1970) monenb mBYXCTaAHHHOTO BOCMJIAMEHEHHS,
npemioxeniyio ®pank-Kameneuxnm (1939). Corsacho 3toifl Mozesu
peaknMs HJeT uepe3 INoc/IefOBaTelbHOe 06GDa30BaHHe IepeKHceHd H
aJbJeruJ0B, MIpalouiHX POJIb aBTOKATAJU3aTOPOB. Jra CX€Ma MPHBO-
JIT K cHcTeMe ypaBHeHHH JIOoTka, KOTopast KOHCEPBATHBHA H HE MOKET
OMHCEIBaTH aBTOKoJeOaHH#. Mojesab MOxeT OLITh ycOBeplleHCTBOBaHa
NpH yYe€Te KBaJPaTHUHBIX peaKUHH pasBeTBJeHHS M OGpLIBAa 1eme,
BO3MOXKHBIX KaK B ofbeme, Tak H Ha CTeHKaxX peakTopa. [lepBhbiit
Iar B 3TOM HampaB/eHHH OblI ciesan B pabote Ppaunk-Kamenenkoro u
CasnburkoBa (1943). MatemaTHueckast MOJENb TAKMX Deakiluil, ONHUCHI-
Bamas KoJebaHHsi M COOTBETCTBYIONAS KAaKOH-JIMGO KOHKPETHOH je-
TaJbHOH CXeM2 peakuuH, IO CHX [0p OTCYTCTBYeT.

CrenyeT OTMETHTB, OAHAKO, YTO FOMOTEHHAas MOjeJdbL BooOle He
MOXKET GIIHCAaTh HaGAIoJAWILYIOCd B 3KCIIEPHMEHTe CHJIBHYIO 3aBHCH-
MOCTb nepuozia kosebaHHH OT oTHoUIeHHs O0beMa peakTopa K MoBepx-
HOCTH. OHa TakxKe He OINHChIBAET CYI{ECTBEHHOTO BJIHSHHS TeMIieparty-
Pbl Ha XOA peaknuH. YueT IIOCJeHero NPHUBOAHT K TePMOKHHeTHYe-
CKOH MoJesu.

TEPMOKMHETHUECKHE - ABTOKOJIEBAHHUA

M3 ypaBuenuss Appenuyca
k= Aexp(— E/RT) (B.1)

cnelyeT, 4To B JOOOH 3K30TepMHUeCKOH peakUUM TNPH OTCYTCTBHH
CMeNHaJbHOTO TepMOCTAaTHPOBAHHSI HMEET MECTO TellJIOBOH aBTOKaTa-
JH3. ITO NMOCJYKHIO OCHOBOH IJIs CO3MaHMSI TePMOKHHETHYECKOH MO-
JeNH XHUMHYeckKHX aBTokogqeGanuii (CanbHukoB, 1948, 1949).

[IpocTeiimas TepMOKHHETHYECKAs] MOJAENb /ISl 3aKPHITOH CHCTEMBI
HMeeT BHJ

BLXSD4 Q. (B.2)

3nech B u D — HexonHoe H KOHeUHOe BellecTBa; (Q — Tenso, BblAeA-
meecs B xole peaknuuu X — D; X — NpOMEeXXYTOUHBIH NPOLYKT;
npefnoJaraeTcsi, 4To KoHueurtpauus B nocrosinna. Cxema (B.2) co-
OTBETCTBYET CJeJyIIIeH cHcTeMe ypaBHEHHH OTHOCHTEJNBHO KOHLIEHT-
pauuyu x ¥ Temnepatypsl paGoueil cMecu T

y = - S , .
%= kB — kyx, rzé; Qhat + 13- (T — ). (B.3)

3mece S u V — noeepxHocTb H 06beM peakTopa; 7o — TeMIlepaTypa
CTEHKH peakTopa; v — Ko3pbuUHeHT TemI00Taaud; o H C — mnJoT-
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HOCTb M TEIJIOEMKOCTb Ia30BOH cMecH. VI3MeHenus [aB/ieHHsi B Xole
peakiMU CUMTAIOTCS HeCyUleCTBeHHhIMH. [IpH onpeliesieHHbIX yCIOBHAX
B MozeaH {B.3) noasasioTcs npejebHbie LUK, T. €. aBTOKo/aeGaHus.
CyuiecTByeT MHOTO BapHaHTOB TePMOKHHETHYECKHX MOJeneH, KOTophie
noapobHo paccMoTpeHbl B KuHre Boabrepa ¥ CanbnHkoBa (1972).
TepMOKHMHETHUECKAS MOJE]Ib NCEBIOMOHOMOJEKYJISIPHOH peakuuu
nenoab3soaHa Bamem (Bush, 1969) ans onucanus KoJjeGaHui, BO3HHU-
KOIOUIMX B XOIC PEAKUUH XJIOPHUPOBAHHS XJOPHCTOrO METHJA B NPOTOY-

HOM peaKkTope HIeasJbHOTO NepeMellMBanHsa. [loc/ae0BaTeIbHOCTD peak-
uuid B ITOM C/Aydae HMEeT BHI

CH,Cl + Cly— CH,CL, -+ HCl,
CH,Cl, + Cl, — CHCl, 4 HCI, (B.4)
cHCl, + Cl, — CCl, - HCL

Cmech, cocrosBmas u3 60% CH,Cl u 40% Cl,, npu 200° C Beoauaach
B PEaxTop, NOTPyXeHHbH B cogeBylo 6aHIO C peryaupyemoil Temne-
paTypol. HacTHuHO NpopearnpoBaBIIYIO CMECh BHIBOAHIHN U3 PeaxTopa.
Kosie6anysi BO3HUKAMU B Allana3oHe temnepatyp 6auu (Tg) 385—405° C,
4YTO COOTBETCTBOBAJO cpeAHell Temnepatype Ta3a B peakrope (1))
417—460° C. MakcuManbHasi aMIVIMTYla KoJeGanuii Habmojanach Npu
Te =1392° u T,==445°C. Ilpu stOM wuwactoTa KOJMeGaHHI paBHA
~ 1 ru, ammiautyna koJjeGanui TemmepaTypsl ~ 150° C.

B #cnoan30oBaHHOR MOjeJqH OCHOBHBIMH NEpeMEHHBIMH OblIH BbIG-
panbl KoHuenTpauust Cl, H TeMrmeparypa rasoBoif CMeCH B PeakTope.
PacxofoM XJOPHCTOTO METH/1a W W3MEHEHUSIMH [IOTHOCTH W HABJEHUS
B peakrope npeHe6perasu. CucreMa aHbdepeHIHANbHBIX ypaBHEHMH,
COOTBETCTBYIONIAA BLIOpAHHOH MOLesH, MMeeT CJAelYIOmHA BHA:

§=—ay+BUi—y
=L [Qay + L2 (T — 1) + B(h — 1) (B.5)

3aech y — KOHIEHTPAUHMS XJA0pa; & — KOHCTAHTA CKOPOCTH [MCEBLO-
MOHOMOJIEKY/ISIDHOH peakUHH; f§ — yAelpHas CKOPOCTb NMPOTOKa; A —
3HTANbMKS [a30BOH CMECH; WHAEKC { OTHOCHTCS K HapaMeTpam rasopoit
cMecH Ha Bxoje B peakTop. OcTajbubie 0603HAUEHUS, KAK H B CHCTEME
(B.3). Tipn coBnajesud TeOpeTHUYECKHX H 3IKCIEPHMEHTaNbHLIX 3Ha-
YeHHMHA 4YacTOTBl KoJeOGaHHMH pacyueT no 3TOH MOAeaH jAajd NPHMEpPHO
BABOe OOJbILYIO aMILTUTYLy, ueM Hab/ofaBliasgcsl B 3JKCIepHMEHTe.
Jlna onHMcaHHMs MeXaHH3Ma XOJIORHOIJIAMEHHOTO OKMCJIEHMS yIJe-
BogoponoB Slur u I'peit (Yang, Gray, 1969) Hcnonb3oBadH TEPMOKH-
HCTHUECKYI0 MOJiesb C OJHOf aBTOKaTaJuTHuecKoi cragued. OwHu
NPeANONOKHAH, YTO aKTHBHBIM IIPOMEXKYTOUHBIM NMPOAYKTOM SfBJsieTCS
aJbJeTHjl, a HCTHHHBIM AaBTOKAaTa/JH3aTOPOM — CBOOOIHBIH pajAHKal,
BO3HHKAWOLIHIA NpHY OTPblBe aToMa BOAOPOAA OT aJibJeruia.
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CxeMa peakuuH HMeeT CJedylOUHH BHA:

Iy K .
A — X (wmmumuposasne), X -—2X  (pasBerBienue),
Q:

k3 ka (B.6)
X-—-B;, X-—B, (o6pus u obpasoBamye cTabUNBHHX
TIPOAYKTOB).

E#i coOTBeTCTBYeT CHCTeMa ypaBHeHHH
A.’: = kl— (k3+k4—k2)x,
1 S . :
P = o[ (8as + aQ) % + 7 (T, — 1)) (B.7)

[IpenskcnoHeHIHaNbHble MHOXHTEIH M 3HEPTUH aKTHBaUMH AAs K;
OblIH BeIGpaHbl M3 YCJAOBHA HaWAyYlUero COBMNAJEHHS PaCCYUTAHHBIX
H 3KCIIEePHMEHTAJbHBIX JaHHbIX. I1pH 3TOM Moueab (B.7) mocraTtouno
TOUHO OMNHCHIBAET pa3bHeHHe MAOCKOCTH I1apaMeTPOB JaBjieHHE — TeM-
mepatypa Ha o6JacTH Da3/HYHBIX PeyKHMOB: 3KCIIOHEHIHaJbHAs yc-
TOHYHBOCTD, 3aTyXawliue KoaeGaHusd, aBTOKOIeOaHUs, SKCIOHEHIHAb-
Hasi (B3pbiBHAf) HeYCTOHYHBOCTb. BhluHc/leHHble 3HaueHHs mNepHoOna
KoleOaHUl U JPYFHX XapakTePHUCTHK peakKLUWH TakkKe OIH3KH K 3KC-
NepHMEHTABHbBIM.

SJIEKTPOXUMHUUYECKHUE CHCTEMbI

ABTOKOJIE6aHHA B  3JMeKTPOXHMEUECKHX cHcTeMax  nabJjioja-
I0TCS OYeHb 4acTo. TaK Kak 3TH CHCTeMbl OOLIYHO siBJAOTCs RC-sueil-
KaMH, Hiau RC-JMHUSAMH, TO HMeeTcs OfHO audxpepeHUMaNbHOE YpaB-
HeHHe MEepBOr0 NOPSIAKA NO BpPeMEHH, CBA3bLIBAIOLIEE I[OJHBIH TOK H
HanpsixeHue. [lo3TOMY A/ BO3HHMKHOBEHHsI KoJeGaHUH HeoGXOMuUMA
no KpaiHed Mmepe elle OJHA nepeMeHHas. Bo MHOTHX 3/1€KTPOXHMHUE-
CKHX CHCTeMax B XoJe KoJeGaHUH NepHOAHYeCKH BO3HHKAaeT M pacmna-
JlaeTcsl IVIEHKa OKHCJa Ha TpaHHlUe pasieja Merajsi — pPacTBop.
B takHx cucTemax BTOpOH nepeMeHHOH MOXeT GbITh J0JIST TOBEPXHOCTH,
NOKphITass MJEHKOH, HJH, Hao00pOT, A0Js ¢BOGOAHON (aKTHBHO#H)
NOBEPXHOCTH.

[IpHuHHOH OTHOCHTENBLHOH 4acTOTHI BO3HMKHOBEHHMS aBTOKOJeOaHHi
B 3JIGKTPOXMMHYECKHX CHCTeMaX cayxar jasa obcrositesnbcrBa. Bo-
NepBbIX, HaJUYHe CHJIBHOH HeJTHHEeHHOCTH — HKCIOHEeHIHaJALHOH 3a-
BHCHMOCTH CKOPOCTH 3JIEKTPOXMMHYeCKOH peaKLHH OT MOTeHIlHaJa
LBO#HOrO cnosi. [IpuyeM B 3TOM OTHOUIEHHH 3JICKTPOXHMHUECKHE CHC-
TeMbl 60Taye TePMOKHHETHUECKHX, TAK KaK CYILECTBYIOT H aHOJHBIE,
M KaTOlHble peaki{H, T.e. MOKa3aTeJb 3SKCIIOHEHTHl B KOHCTAHTax
CKOPOCTH MOKeT ObiTb JI060ro 3Haka. Bo-BTOpbIX, Ipolecc naccHBa-
UMK (€CJH OH HMEETCS) MM OGpaTHBIH MpoLece aKTHBALUHM HOCAT Xa-
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pakTep (ha30BOTO Nepexoia  siBJIATCA aBTOKATAINTHYECKOH peaKuHel.
3a X0AOM 3J€KTPOXHMHYECKUX peakKUHH yIoOHO CJAelHTb, H3Mepss
TOK M HaNpsiKeHHe. 3aBHCHMOCTH TIIOTHOCTH TOKA OT PA3HOCTH NOTEH-
1Maja0B OOBIUHO HesJuHeHHbi. Bo MHOrUX ciayvasx Ha6GmoOAal0TCs ydacr-
KH C OTpHIIATeJbHBIM cONpOTHBJAeHHeM. HaJsnywe TakHX YyYacTKOB
BeleT K TNOSIBJEHHIO HEeYCTOHUYMBOCTH, KOTOpas #ABJAseTcS NPHYMHOH
BO3HUKHOBEHHsI aBTOKOJMeGaHUH, TPUITEPHBIX pexumMoB H T. m. [le-
TaJbHble CXeMbl peaklUHil, NPHUBOAALIUX K IIOSIBJIEHHIO HEeJHHeHHbIX
XapaKTePHUCTHK B KOHKPETHBIX cHCTeMaX, OOBIYHO OTCYTCTBYHOT. [To3-
TOMY JAHHAMHYeCKHe MOJIe/IH CTPOSITCS HeNoCPelICTBEHHO Ha OCHOBe
JKCMEPUMEHTAJbHO H3MEePeHHBIX BOJbT-AMIEPHBIX XapaKTEPUCTHK.

Uueao paboT, MOCBSILIEHHBIX KoJefaTe/bHbIM peakUHsM Ha Tpa-
HHLE MeTalJ] — PacTBOp, BecbMa BEJHKO, OJHAKO OOJBIIHHCTBO H3
HHX HMeeT YHCTO omucatesabHuiit xapaktep (Torigoe, 1967; Pointu,
1969; Rettig et al., 1970; BaxunoB u ap., 1970; HMsugunos, Penbko,
1971). O630p parHux paGot comepxutcsi B pabore Xemkeca (Hed-
ges, 1931).

[lonpoOHee npyrux H3yueHa peakUHsl DPACTBOPEHHsT XKeJje3a B a30T-
Holi KucjoTe («xkene3nnit HepB») (Heathcote, 1901; Lillie, 1925, 1936;
Bonhoeffer, 1948; Douxeddgep, 1959). Ilpu norpyxeHun UHCTOro
KeJsie3a B KOHI[EHTPHPOBAHHYIO a30THYIO KHC/IOTY HOBEPXHOCTb Me-
TaJJla NOKPBLIBAETCS! NMACCHBHOH NUVIEHKOH, NPH 5TOM MeTa/Jl 3apsiKa-
eTCsl MNOJOXKHTENBbHO OTHOCHTEJNBHO pacTBopa. IloTenuuan IBOHRHOrO
cnos paBeH ~ 1 B. IlaccuBHas mJjieHKa MOXeT ObiTh paspyllieHa Me-
XaHHYECKH, KOHTAKTOM € MeHee 3JIEKTPOOTPHULATEJNbHEM METaNJIOM
(Zn) unM KaTOOHOH JemoJisipUsalyiell BHelUHHM TokoM. Ecau npu paspy-
LUeHHH NVIEHKH J0J1 CBOOOHOH MOBEPXHOCTH CTAHOBUTCS GOJbLIE HEKOTO-
poli MoporoBol BeJNIHYMHBI, TO JaJblile Mpoliece aKTHBANMH HIET aBTo-
KaranurHdeckH. IlponcxonuTt cunabHas penossipusauust. Besi moBepx-
HOCTL CTAHOBMTCSI aKTHBHOH, HHTEHCHBHO pacTBopsieTcsi xene30. Oxn-
HOBDeMeHHO yCKOpsieTcsi 06pa3oBaHHe a30THCTON KHUCAOTHI, YTO BhI3bl-
BaeT PeroJsiPHU3AlMI0 CHCTEMbI M BO3BpAIlEHHE €e K HCXOLHOMY YCTOH-
YHBOMY TNIACCHBHOMY cOCTOSIHMIO. 1o neficTBHeM IIOCTOSIHHOTO Jemno-
JSPU3YIOIETO TOKAa B CHCTEME MOTYT [IPOMCXOJHTH aBTOKOJeGaHHS.

B pacnpenenennofi cucreme (xene3Has NpoBOJIOKa) HaGaoaercs
pacnpocTpaHeHHe HMMyJabca AKTHBALMH AHAJOTHUHO HEPBHOMY HM-
nyabcy. st OnHcaHHs TMHAMHKH CHCTEMbI, MO-BHIMMOMY, ROCTATOY-
HO Tpex nepeMeHHBIX: MNOTEeHUHasna [ABOHHOTO CJ0S, NOBEPXHOCTHOH
KOHIeHTPaLUH TJIEHKH H MPHUIOBEPXHOCTHOH KOHIEHTPAaUHH a30THC-
T0#i kucnorel (Bonhoeffer, Vetter, 1950; Bapen6Gaatr u ap., 1965;
Mapkun, Masyp, 1971). OnHako jAMHaMHYecKash MOAEIb 3TOH CHCTeMbI
He MOCTpOeHa.

Bonbiioe uncso BO3GYIMMBIX 3JIEKTPOXUMHUECKHX CHCTEM, KaK
OHoMOrHYECKHX, TaK H HeGHOJIOTHUECKHX, PACCMOTPEHO ¢ O6leH TOYKH
3peHus B paborax ®panka (Franck, 1956, 1965, 1967). AsTtokose6Ga-
TE/bHBEIM SIBJEHHAM B GHOMOrHYecKMX MemMOpaHax IOCBslUeHa IJaBa 6.
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KOPOTKOMEPHUOOHBIE KOJIEBAHHS
B BUOXMMHUUYECKUX CUCTEMAX

Mepokcnpasza. Ilpy karanu3upyeMoM mepoOKCHAA30H OKHCJIEHHH ITH-
PHAHHHYKJICOTHIA KHCIOPOAOM B BOJHOM PacTBOpe Hab/MojaloTcs 3a-
TyXalollue KoJeOaHHs KOHIEHTPALUHMH pasiuuHblX (opMm depmeHTa C
neprogoM ~ 1,6 mun. (Yamazaki et al., 1965, 1967). 3aryxanue,
BO3MOXKHO, BbI3bIBAETCA pacxogoM cybcrparta. UeTkue HesaTyxaroliHe
KoJ1e6aHus OblIIH NOJYYeHbl IPH 3aMeHe NEePOKCH/a3bl Ha JIaKTONEPOKCH-
La3y W BBeJEHUH CHCTeMbl pereHepalMu NHpHAHHHYKJeoTHaa (Naka-
jima et al., 1969). Onnako pesyabrathl nocjieaHeil pa6oThl MI0XO BOC-
npousBoauMel. [ern (Degn, 1969) noayuna saTyxamomue kKojaeGaHHS
npu 3aMeHe NUPHAHHHYK/JIEOTHAA HA JUTHAPOPYMAPOBYIO HJIHM HHIO-
JIMJTYKCYCHYIO KHCJIOTBI. BBIIH paccMOTpeHbl pa3/UuHbIe CXEMbl, BKJIO-
yarolliie LUeNHble Peakilii, oObiyHble AJIs1 peakuuil nepeKucH BOoIoposa,
OJTHAKO MEXaHHU3M, NPHUBOAALIMH K KoaeGaHHsiM, He ycraHosjeH. Ort-
CYTCTBYeT H I[pHemJeMas IMHAMHYecKas MOJIeNlb Ipolecca.

Marpuunsiit cuntes. [Ipu cunrtese MPHK nabmonaetcs nepuoiu-
yecKoe YBeJHuYeHHe KonueHTpauuu MPHK ¢ nepuomgom 1—2 wmuH.
(Baker, Janofsky, 1968; Imamoto, 1968; Contesse et al., 1969; Dar-
lix et al., 1971). KoneGanus ¢ neprogom ot 0,5 10 2 MHH. 06HapyKEHbI
Takxke TpH cHHTe3e GenakoB (Tepper, Wierenga, 1972; Fukushima,
Tonomura, 1972). 3tu kcaebanust HaGMOAAIOTCS OOLIYHO TOCJAe pe3-
KOTO 3allyCKa CHHTEe3a, npeiBapHTeIbHO 3aTOPMOKEHHOTO OTCYTCTBHEM
cy6crpaTa, IMOHHXKEHHeM TemnepaTyphl WJAH APYCHM cnocobom. Mexa-
HU3M HX NpeJCTaBAseTCs] OYEBHIHLIM U B TO XKe BPEMs CIYXKUT XopolueH
HAJIOCTpauuel nepexojla OT KOHUEHTPALHOHHOH CHCTeMBl K «MeXaHH-
4ecKoi» M pocra JeTePMHHHUDOBAHHOCTH C yBeJHYeHHeM pasmepa Mo-
JeKyJIel. BpeMmss jBUKeHHS KOIHPYIOILEro (epMeHTa NC Marpuie
(PHK-nonumepass mo JIHK wnan pu6ocomer no MPHK) siBasietcst xo-
pOLIO neTepMUHHPOBaHHOH BeanunHok. [losToMy ecan Ha Bcex MaTpH-
[1aX Hayajo KOMUPOBaHHSA NPOUCXOJUT OJHOBPEMEHHO, TO H OCBOGOXKAe-
HHE€ BHOBb CHHTE3HPOBAHHOI'O MOJHMEDa NPOHCXOAHT AOCTATOYHO CHH-
XPOHHO cO Bcex wmarpull. JleHCTBHTeNbHO, JBHXKeHHe (QepMeHTa IO
MaTpHue npeicTaBasier co6ol 10c/ae0BaTeNbHOCTh MOHOMOEKYJ/IAPHBIX
peaknuil. MOXHO MOKa3daTh, YTO OTHOCHTEJNbHAs AMCIIePCHS BPEMEHH
[POTEKAHUA [EMOYKH MOHOMOJEKYJSPHbIX peakUHH yMeHbllaeTcs C
yBeJMueHHeM IJIHHBI LeNnd. B riaBe 3 1mokasaHo, uTO B IeNH MOHO-
MOJIEKYJISIPHBIX PeakUHil, 3aMKHYTOH B KOJbLO, BO3MOXKHBI 3aTyXalo-
He KoJeGaHHsi, IPHUEM 3aTyXaHHE TeM MeHbllle, 4yeM 6oJiblle 3BeHbeB
B LHKJe. [Ipu 3aaHHOH AJHHe MaTPHILI HaHMeHblIee 3aTyxanHe OyneT
B TOM cJydae, KOTJa Ha MaTpHIE MOMKeT HaXOJHTbCH TOJNBKO OJHA
MoJieKyJia (pepMeHTa.

Fanxonus. KoseGanus B IIHKONMTHUECKOH LeNH H3ydyeHbl HaM-
6osiee noJHC, MM NOCBSileHA IJaBa 5.

Temnosuie peakuun ¢orocuutesa. [Ipu crkaukooOpasHoM Nepexofe
OT TEMHOTHI K CBETy W HaoGOpoT B (DOTOCHHTE3HDYIOIIMX CHCTeMax
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B 3aBHCHMOCTH OT YCJOBHH HaGaI0falTcs KoJeGaHHA ¢ MepHOIOM
10—300 cex. (Van der Veen, 1949; Bannister, 1965; Metli¢ka, Ry-
bova, 1967; Bopucos, Mibnna, 1971; Lewenstein, Bachofen, 1972).
B GOJBIIMHCTBE CJydyaeB OTMEUYEHBbl CHJIbHO 3aTyXdioliie Ko.1eGaHHd.
B HEKOTOPHIX cJydYasx 3arTyXaHHe He HaOJi01asoch, HO 3aperdcTpH-
poBaHO He GoJee TpeX IEPHOOB.

UepuaBckasgs H Uepnascknit (1958, 1960, 1967) npeanoxuan ode-
HOMEHOJOTHYECKYIO MOJesb, Tle NEePEMEHHBIMH SIBJISIOTCH OOLIas KOH-
LeHTpalMsl TPHO3 M 00llas KOHLEHTpanusa rexcos. B mojenu uMeercs
KBaJApPATHYHLIH AaBTOKATaJH3 MO KOHLUCHTPALMHU TPHO3. ABTOPBI NPOAB-
NS0T OCTOPOXKHOCTh B OHLEHKE PeasibHOro MacluTaba BpeMeHH, OLHAKO
[0JaraloT, YTO MOJENb OIMCHIBAET CYTOUHBIE KOJieGaHHSA CKOPOCTH ¢o-
TOCHHTE3a, a4 He MPOIECCHl € MEePHOAOM IOPSIAKA MHHYTHI.

Muroxounpuu. dopma 4, Mo-BUAHMOMY, 06beM MHTOXOHIPHi, Ha-
XOASIMXCA BHYTPH KJETKH, Bce BpeMsi M3MeHsioTcsi (JIeHHHIxep,
1966). 3TH H3MeHEHHU: CBA3AHbl C (QPYHKIHOHHPOBAHHEM MHTOXOHAPHH.
He u3BeCTHO, HOCAT JIH OHH XapakTep MPAaBHJBHBIX KoJeGaHHH, HO
YCIOBHBIA nepHoi KosnebaHnui coctabaseT 1 — 20 muH.

Ecnu B cpene, couepXKaieil CycneH3HIO BblIesIeHHBIX H3 KJETOK
MHTOXOHJAPHH, OTCYTCTBYeT KHCJOPOA, TO MHTOXOHAPHH HaXoadTcd
B CTAUMOHAPHOM COCTOSIHHU, B KOTOPOM BCE KOMIIOHEHTHI AbIXaTeNbHOH
ilend BOCCTAHOBJEHBl. [1pH OTCYTCTBUH cyOcTpara OKUC/AEHHS M HaJu-
YHH KHCIOPOJA MHTOXOHADHHM HAXOAATCs B APYrOM KpaiHeM coCTOs-
HUH — OKHcIeHHOM. [lo6aBieHue B cpeny HeJIOCTAIOLIEr0o KOMITIOHEHTa Me-
TaboM3Ma BBHI3BIBAET MEPEX0j B HOBOE CTalllOHapHOe COCTOSHHE; NpPH
3TOM NPOUCXOJSAT HU3MEHEHHs] BHYTPMMHTOXOHApHAIBHBIX KOHLEHTpa-
LM, GopMel, 06beMa, [IPOHULAEMOCTH MeMOpaHbl MHTOXOHADHUH M HH-
TEHCHBHOCTH AaKTHBHOTO TpaHcinopTa. TakHe nepexoibl B HEKOTOPBIX
YCIOBHsSIX HOCAT XapakTep saryxaiomux kode6anuii (Packer et al.,
1966; Utsumi, Packer, 1967; Packer et al., 1969; Packer, 1970;
Tammyxamenos, [arenvranc, 1970; Konapamosa, Kamubckuii, 1971;
Huunan - Seppéld, 1971). B HekoTopblX caydyasix, OGbIYHO NpPH JO-
Gap/ieHHU BaJMHOMHLIHHA — AHTHGHOTHKA, YBEJHUHBAIOIIErO IPOHH-
1aeMOCTh MeMGpaH [JIsl HMOHOB KaJsusi, BO3HHKAIOT aBTOKoJebaHus
(Chance, Yoshioka, 1966; Graham, Green, 1970; Gooch, Packer,
1971). TMepuon KosneGauuil BO BCeX CJY4asAX MOPsiAiKa MEHHYTHI.

MexanusMm, oTBeTCTBeHHLIH 3a BO3HHKHOBeHHe KoJeGaHHH, HeH3-
BecTed. CjelyeT OTMETHTh, YTO YBeJAHUEHHE NPOHHUIIAEMOCTH IJif Be-
LIECTB Pa3IHYHOHA MPHPOAL!, YCHIHBAIOLICE CBA3L MEXKLY MHTOXOHADHS-
MH, OPHBOJUT K YBEJHUEHHIO aMIVIHTYbl H YMEHBIIEHHIO 3aTyXaHHUs Ko-
Jebanuil, a uHOraa M K aBTokoJeGanusM. OTcioga cjejyer, yTo Ha-
Gmonalomeecss 3aTyxanue KosneGaHHH MOMXKET IpOMCXOAHTH BCJEICTBHE
Pachasuposku KoJeGaHHil oTAebHBIX MUTOXOHApHUit. Ecin 310 Tak, TO
KoneGaHuss MHTOXOHAPHH MOTYT HMeTh MECTO Topasjo yaumie, 4eM HX
Habmonaior. Kose6aHus ¢ nepHOIOM B HECKOJIBKO MHHYT, MEXaHH3M KO-
TOPHIX HEM3BECTeH, OTMEeYeHbl TaKkKe B cycrneHausx OakTepuit (Jacob,
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Kretschmer, 1969; Harrison, 1970). He uckmioueHo, uTto oHH HMeIOT
o6IIHE MeXaHH3M C MHTOXOHAPHUAJBHBIMH KOJMEGaHUSIMH, BKIKYAOIUH
AKTHBHBIH TpaHCNOPT yepe3 MeMOpaHbI.

BHYTPUKJIETOUHBIE YACHI

INpokapnotel. B cHHXPOHHBIX KyJAbTYpax OakrepHil HaGaioaaloTcs
Kone6aHHA aKTHBHOCTH psila (epMEHTOB: acnapraTkap6aMOHJITpaHc-
¢epasel (Masters, Donachie, 1966), p-ranakrosunasel (Sikyta et al.,
1970) u np. Ilepron 3THX KoseGaHHH OOLIYHO PaBEH NEPHOAY CHHXPOH-
Horo jeqeHus. OfHAKO B ONpeeNeHHbIX YCJIOBUAX OIUH H3 3TUX KoJe-
6aTeNbHBIX IIPOIECCOB MOMET MPOHCXOAHTb B OTCYTCTBHE JpPYroro
(Knorre, 1968; Goodwin, 1969). Ilepuon konebanuit y E. coli Menser-
ca B npefenax 10—100 MuH. B 3aBHCHMOCTH OT YC/JI0BHH. ['VABHH cuu-
TaeT NPHUMHOH 3THX KOJIEGaHMH penpeccHio CHHTe3a (epMeHTa mpo-
NYKTOM KaTalqu3upyeMoll 5THM ctepMenToM peakuuH (Goodwin, 1963,
1966). CenpkoB mnosaraeT, uyTo Ko/eGaHHsl MHTOTHUECKOTO HHAEKca
(aBTOCHHXPOHHEI pOCT) B KyabType E. coli BO3HHKAIOT KaK cleICTBHe
aBTOKO/Me6aHuld B CHCTeMe OKHC/AHTENbHOro (hocopUnpoBaHus.

TaxuM 06pa3oM, y NpOKapHOTOB HMeeTcs IO KpaiiHell Mepe oiuH
aBTOKOJ1e6aTe/IbHBIA Mpolecc ¢ NEPHOAOM TNOPSAAKa Yaca, KOTOPHIi
BBLI3bIBAET BHIHYXIEHHBIE KOJEeOAHHS OCTANbHBIX NApaMeTPOB KJETKH.
B03MOXHO, 4YTO HMeeTcsl He OJiMH, a HECKOJNbKO PAa3JHYHBIX MeXaHH3-
MOB, NMPHBOJSIIAX K aBTOKOJEGaHHAM, B pe3y/bTaTe B3aHMOJEHCTBHS
KOTOPBIX NPOHCXOIMT CHHXDOHH3ALUs MO NMEepHOLY KonaeGaHuil.

JykapHorel. BHoOJOoTrHuyecKHe uach SBAAIOTCS 3aMe-
YaTeJbHbIM MEXaHHU3MOM, IPHUCYINHM BCeM 5yKapHoTaM. TouHOCTh Xofa
3THX YacoB, HHOTAA HCMOJb3yeMBIX XKHBOTHBIMH B LeJSIX OPHEHTALMH,
MoOKeT ObIThb BecbMa BHICOKA — MOPSIAKA MHHYT HJH JaXe CEKyH] 3a
cytkH (Buonornueckne wacel, 1964; Circadian, Clocks, 1965). Mexa-
HHU3M 4aCcOB y OPraHH3MOB, CTOSIIIMX HA Pa3HBbIX CTYNEHSAX pa3BUTHA,
MoXKeT ObITb Pa3JHYHLIM. Y MHOTOKJETOUHHIX OH MOMKET BKJIOYaTh
B3aHMOJEHACTBHe DA3/JHYHBIX KJIETOK, a BOSMOXHO, TKaHell H OpPraHoB.
Onnako yacel OGHapyXeHbl H y OJHOKJIETOYHBIX OPTaHH3MOB, U B KYJb-
TYpax KJETOK MHOTOKJIETOYHHIX. JTO NMO3BOJAAET M0Jarath, yTo HalKJe-
TOYHblE MEXaHU3Mbl TOJBKO HANCTPAUBAIOTCH HAK BCETAA UMEIOMUMUCS
BHYTPHKJ/IETOUHBIMH H YIPABJSIOT TOCNEJHUMH NYTEM CHHXPOHH3ALHH,

OcHOBHOH 0COGEHHOCTBIO GHOJIOTHYECKHX YacoB siBJisiercst coBceT-
BeHHbIH DeXHM aBTOKOJEeGaHHI C NepHoioM, GJIH3KHM, HO He PaBHBIM
24 yac. JtH aBTOKONEGaHHs HAGMIONAIOTCS TPH MOMEINEHHH OpPraHu3Ma
B IIOCTOSIHHBIE BHELIHHE YCJOBHS, H3 KOTOPHIX BAXKHEHIIHUM sIBJISETCA
ypOBeHb OCBelleHHOCTH. [lepHoJMuecKoe BHeIIHee BO3HeHCTBHE MpH-
BOJIMT K «3aXBaTLIBAHHIO» 110 yacToTe. B ecTecTBeHHBIX YCMOBHSIX Mpo-
HCXOINT CHHXPOHH3allUs C NepHoIoM, paBHbIM 24 uac. Huke MbI 06cy-
JAMM MeXaHH3M YacoB TOJBKO ONHOKJETOUHLIX OPTaHH3MOB.

Briepsbie cytouHblil pHTM y npocrefiiiux Hab6monand 3oHHEGOPH H
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Ilxenunnrc (Sonneborn, 1938; Jennings, 1939). [o3xke 6110 06Hapyxe-
HO, YTO B TOCTOSIHHBIX BHEHIIHHX YCJOBHfX CYIIECTBYeT PHTM C IepH-
0IIOM, He paBHBIM 24 yacaM. Jlanee Obijia BolfiBleHa ciabasi 3aBHCHMOCTD
nepHoja OT TeMmepaTyphl, YTO yKa3hiBaJO Ha CYyUIeCTBeHHOe (hyHKIHO-
Ha/JbHOE 3HayeHHe cTabGH/In3aluy neprHoia. [leficTBHTENBHO, C ONHOH CTO-
pOHBI, GHOXMMHYECKass IPHPOJA YacOB HH Y KOO HE BHI3bIBAET COM-
HEHHSA.

C apyroii CTOpPOHBI, GOJILIIMHCTBO OHOXUMHUYECKHX PeakIMi HMeeT
JOCTATOUHO GOJIBIIYIO0 3HEPTHI0 aKTHBAUHH H, CJeIOBATEJNLHO, MNPH
NPOU3BOJILHO BLIGDAHHOM MeXaHH3Me OHOXMMHUECKHX KoJebaHHH JOMXK-
Ha ObITh CHJBHASl 3aBUCHMOCTh NEPHOZAAa OT Temmepatyphl. TakuM oGpa-
30M, GHOXMMHYECKHE YaChl C T€PMOCTabGMJIH3alMed MOIJIH BO3HHKHYThb
TOJIbKO B PE3yJIbTaTe eCcTeCTBEHHOro oT60pa.

Hanvyue OKOJIOCYTOYHBIX KOJeOaHHHA TOIbKO Yy 3YKapHOTOB 103BO-
JUJIO TIPEINOJIOXKHTE ONpENeNsIonlyl0 poib sjipa B MeXaHH3Me TeHe-
pauus. B wacrHocTH, nosaranu, 4To BaXHYIO pOJb HIpalOT TPAHCMOPT-
Hble MIPOLECCHl M3 siipa B NpPOTOIIasMy H o6paTHO, KOTOpble oHpejie-
JsitoT nepuol koaebanuit. Ciabas 3aBHCUMOCTb KO3(pHUHEHTOB AHDDY-
3UH OT TeMIEepaTypbl B 3TOM cjyyae JaBa/ja BO3MOXKHOCTb OGBSCHHTB
TepMOCTaGHIIBHOCTD nepuona 6uoyacoB. ONHAKO ClENYeT 3AMETHTh, YTO
3TOT IePHOA Y OJHOKJIETOYHo# Bojopocan Gonyaulax yBenuuuBaercs,
XOTSl ¥ HE3HAUHTeJbHO, C POCTOM TemmepaTtypsl. KpymHble pa3Mepsl
OJIHOKJIeTouHOH Bojopocan Acetabularia nospoasior Jerko yRajaTh
ANIPO, MOCTE UYero KJeTKa OCTaeTcsl KHBOH B TeueHHe MHOIHX CYTOK.
Buiio mokasano, uto B 6€3bAJCPHBIX KJETKAaX OKOJOCYTOUHBIE DHTM
BHEIIIHE TaKOH e, KaK U B KJaeTKax ¢ sapoM (Sweeny, 1969). TakuM 06-
pPa3oM, MeXaHu3M, OTBEICTBEHHHIN 3a KoJiebaHusl, MO-BHANMOMY, HaXo-
mutcst B uutomiasMe. OnHAKO fAApo yNpasJsieT 3TUM MEXaHHU3MOM.
B wacrhHocTH, ¢da3a kKoneGaHuii onpejpensieTcss iAPOM, YTO YCTaHOBJEHO
B onblTax 1o mepecajke saep (Schweiger at al., 1964). Kpome Toro,
B HHTAKTHOH KJE€TKe OKOJOCYTOUHbIH DHTM MOXKeET MOJAaBJATbCS PAJIOM
aHTHOHOTHKOB, KOTOPLIe He JeHCTBYIOT Ha PHTM B 6e3bsiepHOil KJeTKe
(Ehret, Wille, 1970).

I'unotesa o eaunbix kjaeToudnix yacax (CemnnkoB, 1971). B Goabuinn-
cTBe paboT ABHO WJIM HEABHO mnpejnosaraercs, 4ro OKOJOCYTOUHBLIE
KosneGaHusi U KoJeGaHUA C NEePHOLOM MOPAJKa yaca HMEIOT pas3jIHuHYio
npupony. OnHako pax GakToB HO3BOJSET AYMaTh, UTO 9TO HE TaK.

1. OKoJMOCyTOUHBIH pPHTM OGHapyXKHBaeTcs TOJNBKO B KYJbTypax
OJHOKJ/ETOYHBIX, HaxXONSIIUXCH B COCTOAHHH 3aMeJIEHHOIO pocTa
(Ebret, Wille, 1970).

2. B cocrosiHHH GBICTPOTO pocTa Yy HHX OTMeyawTcss KoseGaHus
C MaJIbIM NepuoaoM, GIH3KHM K YacoBOMY pPHTMY npokapHoroB. Tak,
NPH KYJbTHBHPOBaHHH APOXIKeH B a3pOOHLIX YCJIOBHAX, OJIH3KHX
K TeM, B KOTOPHIX TMPOHCXOAUT aBTOcHMHXpoHHBIA poct y E. coli, nHa6-
JoJaeTcsl YCTOHHHBOe CHHXPOHHOE INeJeHHe C INepHoioM ~ 4 yac,
Meyenburg, 1969).
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3. Y MHOrOKJIETOUHBIX Ha PaHHUX CTafUAX 3MOGpUOTEHe3a NepHoA
cHHXpoHHOTO JAeneHus cocrapasier 30—100 mun. (Masua, 1969), Toraa
KaK Y B3pOCJOTO XXHBOTHOTO PUTM JIeIeHHUS] CYTOYHBIH.

4. W3 aum MOPCKOTO €Xa Oblj1a BhlAeeHa (PpaKlus, He CoLepKallas
sjlep W APYTUX KPYOHBIX CyOKJeTOUHBIX uactul. B atoit dpakuuu
HaOMofaMiuch KOJMe6aHUSI CKOPOCTH CHHTe3a 6Gesika M KOHUEHTpaluH
SH-rpynn ¢ mepuoioM, GIH3KHM K Nepuopy nenenuss (Mano, 1968,
1970).

5. BHyTpHK/ETOUHLe KoJeOaHHs NPOHCXORAT M B HENeJAIIHXCSH
KMeTKax. IIpollecc NesieHHs He ynpaBJjsieT 5TUMH KoseGaHMsiMH. Hao-
GopoT, cHTHaJM O Hayaje JeNeHHs NojaeTcsl KJETOYHBIMH YacaMH B OIl-
penenennyio a3y nukjia. [Tpousoiizer neneHue uin HeT nocje NocTyn-
JIEHHs 3TOrO CHTHAJa, 3aBHCHT OT APYTUX npuuuH. [lepuoibl cHHXpOH-
HOTO JleIeHHS H NepHOJ 4acoB B KYJAbTYPax OAHOKJ/ETOUHBIX MOTYT OT-
Hocuthest Kak 1 :1, 2:1, 3:1 (Sweeny, 1969). ¥ B3pocabix MHOro-
KJETOYHBIX KJETKH HeSITCSl OUeHb PeLKO, HEKOTOphble KJETKH, HamnpH-
Mep HefipoHbl, BoOOLIE He Je/sTcsl, XOTs1 OHOYachl B HUX HIYT.

Hcxona us storo, Cenvkon (1971) npennonoxus, 4to B LUTONJIa3Me
KJEeTKM HAXOAUTCA KBa3HroMoreHHasl noJnHdepMeBTHas aBTOKoJeba-
TelbHast cucteMa. EcluM B KJeTKe HMeeTcsl H30GBITOK MHTATENbHBIX Be-
mecTe 1 MeTaboJu3M HIET ¢ 60JbIION CKOPOCTHIO, TO NePHOA KoJebanui
Mman. Ecnu ckopocthk MeraGosnaMa Mana, To neprol KosaeGaHuil BeJHK.
Bosee ToOro, nepexol Mexjay 3THMH IBYMSI COCTOSIHUSIMH, NO-BHIUMOMY,
HOCHT XapakTep HepekJ/oueHus. B nosb3y runoresel CesibKoBa CBHIe-
TEJBCTBYET TOT (DaKT, uTO B GOJBUIMHCTBE MoOJeJsiefi OTKPHITEIX (epMeH-
TATUBHBIX CHUCTEM NEePHOJ KoJieGaHUH pacTeT ¢ yMeHbIIEHHEM CKOPOCTH
«poTtoka» (raaBa 3).

MMOMYJAUHUOHHBIE KOJIEBAHUS

Kone6aHus uuCI€HHOCTH NOMYJSILME BCTPEYAIOTCS HA BCEX YPOBHAX
OpraHHU3alldd OT OJHOKJIETOUHHIX JO MHOTOKJeTouHblX. OHH Habaiofa-
I0TCS B MONYJSAUUSAX CBOGONHO MKHUBYINMX OjAHOKJerouHhx ([ayse,
1936); napasutoB, HanpHMep MaJSPHIHOIO MJNa3MOAHs; KJIETOK MHO-
TOKJIETOYHEIX OPTAHM3MOB, HanpuMep kJjeTok Kposu (Orr et al., 1968),
U BBICIIMX 3KHMBOTHBIX (Bujenkun, 1967; Tumodeer-PecoBckuit u np.,
1969).

Jlnsi Toro 4yToGbl BOSHUKJAH KOJeGAHHUSI UHUCAEHHOCTH, HEOOXOAUMO,
4TOObEl XOTS OBl OAMH U3 KOMIIOHEHTOB CHCTEMBI pa3MHOXkaJscs,— Tpe6o-
BaHHe, BHINOJHSIOLIEECH B JII0OGOH ecTecTBEHHOH GHONMOTHYECKOH cHCTEME.
[TlepeMeHHbBIMU MOTYT ObIThb YMCJEHHOCTH PasHbIX BHJOB XKYBOTHBIX HJIH
Pa3/IHYHBEIX BO3PACTHLIX Tpynn. HHCJIEHHOCTH XKUBOTHBIX, HAXOAAIUX-
Cfl B pasiHqHOM (PU3HONOTHUECKOM COCTOSTHHH, TaK¥K€ MOILYT paccMar-
pUBaThbcA KaK pas/MuHble nepeMeHHble (HanpHMep, ChiTble M TOJIOJHblE
XHUILHHUKH).
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KovsieGanus MOTyT BO3HMKHYTb BCJIEJCTBHE NOEJAHHS OJHHX BHJOB
ApYTHMH — cucTembl THIA JloTka — Bouabteppa. Ilpu 3ToM podab Xuui-
HHMKA& MOTYT MI'DATh TaPa3uThl HJIH B HEKOTOPLIX ciyyasx cTapline ocobu
TOTO K€ BHJa. T4 CUTyalusl onrcaHa MeHIIYTKUHbIM, KOTOPBIH H3Y4HJ
JMHAMHKY MONYJfALMH OKYH B oO3epe, Ile OTCYTCTBOBA/IH Jpyrue
pbIOBl; MOJIOAb NHMTAJACh [IJIAHKTOHOM, CTapLIHE OCOOH MOXKHpalH Mo-
noap (Buaenkun, 1967).

B npyrux ciyyasx Kosne6aHHst MOTYT ObITh BbI3BaHbI yMEHbILEHHEM
CKOPOCTH Da3MHOXeHHsS! C POCTOM IJIOTHOCTH MONYJSLMH. STO TOPMO-
KeHHe MOXKeT MPOHCXOAHTb KaK BCJEIACTBHE YBeJHYeHHSA 4YHC/Ia KOH-
TAKTOB MeXIy OcOoGsMH PenpoAyKTHBHOTO H CTaplIHX BO3PacToB, TaK H
BblAEJIEHUSl KaKHX-AH00 BellecTB B cpely o6uTaHHs. [lepBblH — «mcH-
XOJNOTHYECKH Iy — MeXaHU3M MOXKeT UrpaTh TVIABHYIO POfib Y KHUBOTHLIX,
BTOPOH ~— ¥ ONHOK/IETOUHLIX OpraHusMoB. lIpu mepuopnyeckux GoJes-
HAX THNA MaJsPHH KOMIOHEHTaMH CUCTEMbI SIBJIAIOTCA pasfiHyHble Hop-
MBI T1apasuTa, KJAETKH — NIPOAYLEHThl aHTHTeJ H caMH aHTHTeja. He-

KOTOpBIE MaTeMaTHyecKHe MOAENH Moy AALHOHHLIX KoJeGaHHH paccMoT-
peHbl B IJaBe 3.

CUHXPOHU3AUUA KOHIEHTPAILIMOHHBIX KOJNEBAHUK

Cunxpouu3auus sHelHed cuiaoil. CrniocoGHOCTL KOJIEGATHCS C YacTo-
TOH NEePHOJAHYECKOTO BHEILIHEI0 BO3AEHCTBHMS — XapaKTepPHOEe CBOHCTBO
aBTOKoJIeOaresnpHbIX cucTeM. OHO MposIBASETCS, eCIM Pa3HOCTh YACTOTH
BHeIIHeH CHJIBI B cOGCTBEHHOH 4acTOTHI (PacCTPOMKA YacTOTH) He CJAHLI-
KoM BesiMKa. CHHXDOHM3auMs BHellHeH CHJIOH HrpaeT BaXHYI pOJb
B Ovosnoruu. Hamubosee spKHi npHMep — CYTOUHBle OHOJIOTHYECKHE
yacHl.

BsaumBas cuHxpoHH3auus asroreneparopos. s co3naHHsA (H3HO-
JIOTHYECKH HeOOXOJMMbIX TPAJHMEHTOB 4acTo HCNOJNb3YyeTCA CHHXPOHH-
3alUA: Hanpumep, I8 MEeXaHHYECKOro IepeMelleHHsi B TaKHX CHCTe-
Max, Kak cepjue, KHIUEYHHK HJIH pecHHTUaTelii snurtenuii. Bo Bcex
3THX CAyyYadax LHKJ cOKpallleHHe — pacciaabjeHde y OTIeJbHHIX 3Jle-
MEHTOB CHCTeMbl obecneyHBaeTcsi 3a c4eT paboThl cOGCTBEHHOTO dBTO-
redepatopa. [Ipm 3ToM cyluecTByeT MOHOTOHHBIH TPaJHEHT 4YacTOTHI
KoJIeGaHHH M reHepaTop C HaHBhICIUEH YacTOTOH HAaXONUTCH HA nepej-
HeM KOHIIE.

3a cueT CHHXPOHHM3auUWHM BCce reHepaTOpbl HAUMHAIOT KoJebaThbes
¢ 3TOH HaMBBICLIeH YacTOTOH, OJAHOBPEMEHHO BO3HMKAaeT MOHOTOHHbLIH
rpagMedT asbl KoJeOaHHH, KOTOpHIK ofecrnedyuBaeT npaBHJIbHOE Ha-
[paBJieHHe [BHIKEHHS NePHCTaJbTHYeCKOH BOJHBI B KHIICUHUKE HJIH
MeTaxpoHa/lbHOH BOJIHBI GueHus pecHHueK. CHcTeMa, ynpaBJsioilasn
PHTMOM cepAua, cOCTOHT, TpyBo rosopsl, BCEro H3 ABYX 3JEMEHTOB —
CHHYCHOTO H AaTPHOBEHTPHUKYJSIPHOIO Y3JIOB, KOTOpHE OO6YCJIOBJH-

BalOT MPaBHJBHYIO [0CJEJ0BaTeIbHOCTh PabOThl NMpeAcepAHi H KeJy-
IOYKOB.
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Bo Bcex 3THX c/yuyanx B3aWMHasi CHHXPOHH3aUHUsl B HEKOTOPOM
CMbICJIe OTCYTCTBYeT, TaK KaK HH3KOYaCTOTHbIH FeHepaTop npakTHye-
CKH He JeHCTBYeT Ha BbICOKOYACTOTHHIH, KOTOPHIA ABJSETCH HCTOYHH-
KOM BHellIHeH cuuibl. Takasi HeCHMMETPHYHOCTh BeCcbMa XapakTepHa sl
peJaKCalHOHHbIX CHCTEM.

B3aumHas cuHXpoHU3alus KoJeGaHU# Hrpaer G0JBIIYIO pPojb B 10-
NyJAUHAX KJIETOK, Kaxjas M3 KOTOPbIX NpeACTaBJsfeT co0oii OTiaelb-
Hblil aBTorenepatop. Bo3aMoxHOCTL perucrpauuu KoseGaHHH B TaKHX
nonyJasilUax 3aBHCHT OT Ha/lH4Hs 4acTOTHOH M ¢a3oBOil CHHXPOHH3a-
muH. Mx 3aTyxaHHe 4acTo NMPOHCXOIHUT BCJEACTBHE PACCHHXPOHH3ALHH,
a He JeHCTBHTEILHOTO 3aTyXaHHUsl B OTAEJbHLIX FeHepaTopax. B3anMHas
CHHXPOHH3alHsl KJIEeTOK — IeHepaTopoB TJIHKOJHTHUYECKHX KoJebGaHHi
onucana B pabote lowa (Ghosh et al., 1971). Mozenp nomyasiuus,
cocrosilliast M3 ABYX THIIOB reHepaTopoB, Oblia paccMoTpeHa PomaHos-
ckuM H YepHasckuM (1971), KoTopele nalu OLEHKY LIHPHHBI IOJOCHI
CaMOCHHXPOHHM3aLHH B 3aBHCHMOCTH OT Koabduuuenrta cBasu. Koagpdu-
LUMEHT CBSI3H B TONYJSALHH KJETOK ONpefessieTcss IPOHHIIAeMOCThIO
MemGpaH. [lony/asiuus KJETOK — reHepaTtopoB OOBIYHO MOAEAHpPYeTcA
Npy YCJOBHHM HJeaJbHOTO [epeMeIMBaHusA, T. €. IpeanoJaraercs
OLICTPOE yCpeIHeHHe N0 BceMy 00beMy, B KOTOPOM HaXOJATCS KJETKH.

CuHXponH3alus OTAEJbHbIX I'eHepaTOpPOB NEepHOJHYECKOH BHelIHeH
CHJIOH NDHBOAMT K HX B3aUMHOH CHHXDOHM3allMM, 4YTO Ba)XXKHO B TeX
clyyafX, KOTJAAa CAMOCHHXPOHH3aLHsl OTCYTCTBYyeT. MeToN CHHXPOHH-
3alUH MaJIbIM IepHOAHYECKHM BO3LEeiiCTBHEM MOXKET OblTb HCHOJbL30BaH
AN TOJY4eHMs] CTaUHMOHAPHBIX CHHXPOHHO JeJSAMMXCA MNOnyJaaLHi
KJeTOK. JTa BO3MOXHOCTb Obljla TeOpeTHYeCKH HccaefoBaHa MuHKe-
BuyeM H UYepnaBckuM (1969) u sKcnepuMeHTaJbHO HOATBEPKIEHA
I'ynsuHoMm (Goodwin, 1969).

Ecan B nonmynsiumu KJIeToK y6parh Bce MeGpaHbl, TO NOJYYHTCH
KBa3sHIOMOTeHHas cucreMa. LECIH KOHLIEHTPALWM BeLIeCTB, Hecrnocol-
HbIX K AU(pY3HH, OAMHAKOBBE BO BCeX KJETKAX, TO MOJYYHM CHCTEMY,
OJHODOJHYIO IO BCEMY MNpPOCTPaHCTBY OTHOCHTEJIbHO CBOHX Mapamert-
poB. B XxuMHYyecKoll KMHeTHKe TaKHE CHCTEMBI Yallle BCETO HCC/IeAYIoTCs
B YCJIOBHSAX HIeajbHOro nepeMelinsanus. B stom cayuae Bpemsa ycpen-
HeHHS N0 BCeMy NpOCTPAHCTBY, I'e HIET Peakisl, MHOTO MeHbIIe, YyeM
XapaKTepHOe BpeMsl HM3yyaeMoro mpouecca. B KoJjeGaTelbHBIX CHCTe-
Max XapaKTepHBbIM BpeMeHeM fIBJIsieTcsl nepHoA KoJgeGaruit. Ecnu ycpen-
HeHHEe OCYLIeCTBJSIeTCS TONBKO B pe3yabrate IAU(dYsHH, TO ycJIoBHE
HjeanbHOrd nepeMelIHBaHUS UM2eT BUX

1<V Dr, (B.8)
rie [/ — nuHedHbI pasMep cHcTeMbl; D — KosdpunueHt auddysum;,

T — XapaKTepHOe BpeMs Mpolecca.
Ecan ycnosue (B.8) He BoinosHsieTcs, To MOTYT HabJIoAaThesl pas-
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JHUYHbIE TPOCTPAHCTBEHHbIE 5(MPEKThl, H3 KOTOPbIX CaMblii BaXXHBIE —
nosiBJieHHe GeryuMx BoJH. IIpocTpaHcTBeHHbIM addeKkTaM B pacnpene-
JIEHHBIX CHCTeMaX € AH(QQY3HOHHLIM THIIOM CBSI3H NOCBSAILIEHA IJaBa 7.

SHAYEHUE KOHUEHTPALMOHHBIX KOJIE BAHUN

1. KoHueHTpauuoHHbIe KosebaHusi JexaT B OCHOBE IEeHCTBHA psAna
BaxHEHHX GHOJIOTHUECKHX YCTPOACTB. JTO, BO-NEPBbIX, GHOJOrH-
yeCcKHe yachl, T. €. MeXaHH3Mbl BpeMeHHOH opraHu3auuu OGuoJorHue-
CKHX MpPOLECCOB; BO-BTOPbLIX, BCE OpraHbl, o0ecrneydBalOLIME MeXaHH-
YecKoe INepeMellleHHe; B-TPeTbHX, MPAKTHYECKH BCE SJEMEHTHl HepB-
HOH M aHAJIOTHYHBIX €l Bo30yauMbix cucteM (Van der Pol, 1940; Rashev-
sky, 1960; Christiansen, 1961; Goodwin, 1963; XoxxkuH, 1965; Karn,
1968; Hemiepesckuil u ap., 1970).

2. Cyrounble KoJsie6aHHsI KOHUEHTPAUUN B OPraHusMe HMeoT 6oJb-
1Ioe 3HAyeHHEe NPH JeyeGHbIX BO3AEHCTBHAX HA YEJIOBEKA H XHBOTHHIX.
YyBCTBHTENBHOCTh X035IHHA U [1apasuTa K ACHCTBHIO JIEKAPCTB MEHsieT-
cd B TeUeHHE CYTOK, NpHueM ¢asbl 5THX KoseOaHHH MOTYT ObiTb CHUJIBHO
CIIBUHYTHI OTHOCHTEJIBHO JPYT ApYTa.

KoHueHTpauuoHHble KoJeGaHHus JieKaT B OCHOBE pfja INepHOAHYe-
CKH Tekylux 3a6ojeBaHHH. Breillle yxe YINOMHHAJOCh O MaJisipHH.
TpexJ/ieTHssl NepPHOAMUHOCTh, Hal/ofaeMas B Xoie 3aloJeBaHus Ty-
GepKyiesoM, HMeeT B NPHHIMIE TOT ke MeXaHH3M (/IeBuH, MoagaHoB,
1971). B o6oux 3THX cjyuyasix NPHUHHOH KoJeOaHHH CJIyXAaT B3auMo-
OTHOLIEHHS MEXIY PasMHOXKAIOUMMcSA Napa3suTOM M aHTHTe/aMH, Bbipa-
6oTKy KOTOphIX OH mposouupyeT (Kop3yxuHn, Peotanosa, 1971; Moax-
yaHoB, 1971). Pemenue npo6aembl paka, I0-BHAHMOMY, TECHO CBSi3aHO
C H3yYeHHEeM MeXaHH3Ma GHOJOTHYECKHX 4acoB, PE2KHUM PAGOTEI KOTOPBIX
pasJiMyeH B HOpPMajbHbIX W onyxoseBblx knerkax (Gilbert, 1968;
Potter et al., 1968, 1969; Cenbkos, 1970).

3. BosHHMKHOBEHHE KOHUEHTPALHOHHBIX KOJIEGAHMH TECHO CBA3aHO
C pa3MHOXKEHHEM, OCHOBHbIM CBOHCTBOM BCEX XKHBBIX cHcTeM. Poub
KOHIEHTPAIHOHHBIX KoJieGaHUi B npea6HONOTHYECKO 3BOJIIOLHH Heol-
HOKpaTHO o6¢yxkniasack [1pUroxHHeEIM B PSJIOM APYTHX HCClenoBarTesel
(Prigogine, Nicolis, 1971; Glansdorff, Prigogine, 1971; Eigen, 1971).
Poab «BoAH KH3HH» B Xofle coGcTBeHHO OHOJIOTHUECKOH 3BOJIOIHH,
BepOsATHO, eule Bhime (Bosabreppa, 1928; Volterra, 1938; Lotka, 1965;
Tumodees-Pecosekuii v ap., 1969; Mosauaros, 1967, 1970).

4. UeMm cloxHee JMHAMHUECKOE MOBeJeHHE CHCTEMbl, TeM GoJbile
MOXHO y3HaThb O HeH, o6pauiasgcb ¢ Hedl KakK C «4€PHBIM ALIUKOM»,
B sToM cMbicne uccisienoBanue mpoueccoB B KOJNEGATENbHBIX pexxHMax
BecbMa mepcnektuBHo (Higgins, 1967). 3aBUCHMOCTbL YacCTOTHl KoJie-
GaHuii OT pasJMYHBIX APAMETPOB CHCTEMbI SIBASETCS BECbMA UyBCTBH-
TeJIbHOH ee XapaKTepPHUCTHKOH. M3MepaTh yacTOTY MOXHO OYEHb TOYHO;
NPH 3TOM HE HYXKHbi aGCOJIOTHHIE M3MepeHHsl KOHUEHTPALHH, BBIIOJ-
HeHHe KOTOpbIX MOYTH BCerJa OueHb TPYHoeMKO. DHpypkanuonssie
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3HAYEHUs napaMeTpoB, T. €. TaKHe, NPH KOTOPBIX DPEXUM CHCTEMBI
KayecTBEHHO MeHfeTcs, TaKxke NPeACTaBJafiT co60H BeCbMa TOHKYIO
XapPaKTePHCTHKY CHCTEMBI.

Jns H3yyeHHd BHYTPEHHEr0 MeXaHHM3Ma CJIOKHOH peaklUuH MEeTo[
BBIHYXKAEHHBIX KoJeGaHull ynobHeld u Oosee yHHBepcasieH, yeM MeTOJX
co6cTBeHHBIX KoJjeGaHuii (ATaynnaxaHoB, 1972). 3aBHCHMOCTE 4acro-
Thl KOI€6aHHUH OT KOHIIEHTPalHi MOXKeT ObITh HCNO/b30BaHa AJIS H3Mepe-
HHSl 3THX KoHUeHTpauMi (JKaGoTunckuii, 1972) mias KoHTpois H yo-
paBJICHHSI COCTOSIHMEM CHCTEMBI.

5. KoneGauusi MOryT BO3HHKaTb NpH paGoTe XHMHUECKHX peaKTo-
poB (Douglas, Rippin, 1966; Lapidus, 1970; Boasrep, CanbHUKOB,
1972). O6biyHO 3TO BpeaHOE siBJEHHE, Belylllee K NOHHKEHUIO KayecTBa
NPOAYKLUHH, a npH GOJIbIIOH aMILIHTYAe U K aBapusM (Boabrep u 1p.,
1968). 3HanHe MexaHH3Ma MO3BOJISET B 3TOM c/yyae NOAABHTb Kose6a-
HUsl HaHboJiee 3KOHOMHUHBIM crioco6oM. OpHako B MpHHIHNE KoJeba-
TeNbHBIH peXUM pafoThl PeaKTOpa MOXKET OKa3aThCsl BHITOAHBIM M JIa-
BaTh GOJIBLUMA cpeHuii BHIXOA MPOAYKTA, yeM CTALHOHADHBIH peXum
(Douglas, Gaitonde, 1967). 910 06GbIYHO HMeeT MeCTO, KOTAa HYXKHBIH

HOPOAYKT SBJISIETCS] MPOMEKYTOUHBIM COeMHEHUEM B CJOKHOH LelnH
peaxkuHMi.



TJIABA NEPBASI

OCHOBBI ®OPMAJIbBHON XUMUYECKON KUHETHUKU

B naHHo# ri1aBe H3J0XKEHbI OCHOBHble MaTeMaTHYeCKHe MeTOIBl Hc-
clefOBAHHUS CJOXKHOH cucTeMbl peakuuil. O6Cy»KAAOTCA OrpaHUYeHHS,
HaKJaAblBaeMble 3aKOHOM JEHCTBYIOMMX MacC ¥ 3aKOHAMH COXPaHEHHS
Ha BUJ CHCTEMbI OObIKHOBEHHLIX JdA(depeHUHaNbHbIX ypaBHEHHH, OMK-
CHIBAIOHIMX XHMHYECKHE PEaKLUH B TOMOTEHHOH CHCTeMe HIealbHOTO Ie-
peMemiHBaHusi. M3/10KeHbI OCHOBHL METOA KBa3HCTAMOHAPHBIX KOHIIEH-
Tpamui, 6Gasupylomerocad Ha BBEIEHHH 0e3DasMEPHBEIX NEPEMEHHBIX U
k03(QULHEHTOB, TNpaBUJIbHOM Bblfope MaciiTaba M HCHOJNb30BAHHH
TeopeMnl TuxonoBa. [IpHBefieHa KOHCIEKTHBHAS CBOJAKAa OCHOBHEIX IIPH-
€MOB KauyecTBEHHOIO HCCJEeNOBaHHS cHCTeM OOLIKHOBEHHBIX AH(depeH-
IHaJBHEIX YPaBHEHMH, KOTOPBIE OGHIYHO OTCYTCTBYIOT B Kypcax XHMH-
yecKoH KHHETHKH, HO HMeITCd B KHHraX, MOCBSILIEHHBIX JHHAMHKE
XUMHUeCKHX peakTopoB (Apuc, 1967; Ilen6ur, 1968). Ilpuemel Kaue-
CTBEHHOI'O HCCJ/IeJ0BAHHS YPAaBHEHHH XUMUUECKOH KHHETHKH J0CTATOYHO
IIOJIHO M3JI0XKeHBI B MOHorpaduu Bosbrepa u CanbHuKoBa (1972).

3AKOH JENCTBVYIOIIMX MACC. OBIUMKA BUI YPABHEHUN
GOPMAJILHON XHUMUYECKON KUHETHKU
OJ1s1 PA3BABJIEHHBIX PACTBOPOB

Bo u36exaHue nyTaHUUbl 3aMeTHM, YTO [I0J 3aKOHOM JeHCTBYIOIIHX
Macc MOHMMAIT [Ba COBEPUIEHHO pAasHBIX YTBepxkaeHus. [lepBoe —
TepMonuHaMHueckoe (MenBuH-Xbio3, 1962; Jlannay, Jindmun, 1964).
[lycth B cucTeMe HMeeTcst N pearupyiomUX BeIlecTB, TOTa B MOJOXKe-
HH{ TepMOJMHAMHUECKOTO PABHOBECHs BBHIIIOJIHSIETCH PaBeHCTBO

v

e, = K. (1.1)
3necb K — KOHCTaHTa PaBHOBECHS; Co; — PaBHOBECHBIE KOHIEHTPALUH
PearupymolUx BeIeCcTB; v; — HUX CTeXHOMeTpHUecKHe KO3((pHIHEHTHI.

310 paBeHCTBO M €CThb TEPMOJMHAMHUYECKHH 3aKOH AEHCTBYIOIIHX MAacc.
Teneps paccMoTpuM KHHeTHuecKHH 3akoH jeiicTBylomux Mace (K3IM)
(KupeeB, 1956; dManyasnb, Kroppe, 1969). IlycTb HMeeTcst mpocTas
GuMoJsieKy/IsipHAst peaKUHus

A+BLSC4D, (1.2)
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TOTa CKOPOCTb PeAaKIMH, COIIACHO TeOPHH COyJAapeHMH, paBHA

dA dB dcC dD
= @ == w AL (1.3)

Bripaxenue (1.3) — K3IM mas 6GumonekyJsipHoii peakuuu. Ecau
paccMoTperhk O6paTHMYIO PeaKuHIo

A+B=C4+D, (1.4)

Keet

TO IJsi 3TOH peaKuuH H3 KoMOHHauuu Bbipaxenu#l tvna (1.1) u (1.3)
NOJIYYHM
k1

IMonarast, 4TO 371€MeHTapPHLIMH SIBJISIOTCH TOJNBKO MOHO- M GHMoJe-
KyJAsipHbiE PeaklUuM, MOXHO HanucaTh ypaBHeHHsi GOpMaibHON XMMH-
yecko# KHHeTHKH, nopuuHsomuecs K3/M, B obueM Bujge 1:

de; ] :
dct = ale; -+ BFese,. (1.6)

3nech ¢; — KOHLEHTPAUMH; O — KOHCTAHTHl CKODOCTH PeakUHil Iep-

kI
BOrO MOpsiiKa (MOHOMOJEKYMSPHBIX); P;  — KOHCTaHTBI CKOPOCTH pe-
agkuui proporo mopsiaka (6MMosieKyJasipHbIX). JIJs1 3aKPHITOH XUMHYe-
CKOH CHCTEMbI JOJIKEH BHINOJIHSATBCS 3aKOH COXPAHEHHSI MAacchl

> wic; = const, . (1.6a)

rlie W; — MoJieKyasipHble Macchl. Kosdduiuents B cucreme (1.6) mon-
YHHSIOTCS CJEAYIOUMM COOTHOUIEHHSM:

1) al>0, B*>0mpn j=i, k=i, [+, (1.6b)

T. €. He CYLIEeCTBYeT 3/eMeHTapHbIX peakIidil pacnazna Hy/1eBOTO MopsiiKa
O ¢;, KOTOphle MOIYT NPHBECTH K MOSIBJIEHHIO OTPHUATEJbHBIX 3Haue-
HHUA ¢;;
i il
2) a; <0, : <0 (1.6c)

— aBTOKAaTaJUTHYECKHE DeaKlHH DaccMaTpHBAIOTCA KakK HelJleMeHTap-
HEIE;

. 0 ’ 0
D= W=l o .69
J

1
3neck ¥ jaltee, KaK OGBIYHO, IOAPA3yMEBAETCH CYMMHPOBAKHE 110 ABaK bl BCTPEUalo-
IHMCS] HHIeKCaM.
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— B 3/JIEMEHTAPHBIX PeaKUHAX BCE CTEXHOMETpHUECKHE KO3((hHIHEHTH
paBHBI €lMHMIE, T. €. peakUuu THna A—> 2B cumTaeM He s/eMeHTap-
HbIMH, @ NPEACTABJSIOUMMH Pe3yJ/bTaT LENH 3/eMEHTapHBIX peakLuH,
Hanpumep A—~ B + C; C— B.

YpasHenue (1.6) u ycioBust (1.6, a, b, ¢, d) yUuTEIBAIOT TOLKO 3J1€-
MeHTapHble peaKuuH H ¢ popMajbHOi TOYKH 3peHHS SABJSAIOTCA HauGo-
Jiee ONHOPOJAHBIM H NPOCTHIM ONMCAHHEM CHCTeMbl XHMHYECKHX peak-
uMH B TOMOT€HHOM DacTBope HAeajbHOro nepeMeuinBanusa. B panbHei-
weM ypaBHeHus (1.6) BMecte ¢ ycaoeusamu (1.6, a, b, ¢, d) 6yayr Hasbl-
BaThC XHMHYECKOH CHCTEMOH ypaBHEHMH.

XuMHyecKasi cHCTeMa BechMa MoJsie3Ha JJisi 06CyxIeHHs OOLIHX BO-
npocoB KMHeTHKH. Mojie/lnpoBaHHe KOHKPETHBIX CHCTEM OOBIYHO TaKXKe
HauMHAeTcA C HaNMCaHHS CXeMbl PEAKUUH ¥ 5KBHBAJICHTHOH el XHMH-
4eCKOH CcHCTeMbl ypaBHeHH}i. OZHAKO B MOJEJH 4acTo ¢ caMoro Havaia
ucnoab3yercss Gosee (peHoOMEHoJOHYecKoe U MeHee JeTaJbHOe OoNHca-
HHe (HanpHMep, BBOAATCH UJ/EHH!, ONHCHIBAIOLIHE ABTOKATANlH3, Peak-
IIMH HYJIEBOTO M TPETLEro Nopsfka, a TaKke UeHBl THNAa H30TEPMEI
JIsarmiopa).

Xumuueckass cucremMa (1.6) — uacTHelt cayyaft aBTOH O M-
HOH CHCTeMBbl ypaBHeHHH, T. e. ypaBHEHHH ¢ He 3aBHCSILHMH
fIBHBIM 0Gpa3oM OT BpeMeHH mnpaBbiMH yacTaMH. OHa MOXeT CHOYXHTb
AJil ONIHCAHHA He TOJNBKO XHMHUECKOH, HO H JiF06OH KOHLEHTPalUHOHHOH
cucreMbl. B noclienneM cayuae ¢; MOryT OBITh, HanpuMep, KOHLEHTpa-
UHAMH (IJIOTHOCTSIMH) KJIETOK HJH 0coGer.

YpaBHenust (1.6) omHcbiBalOT CHCTEMy MJeasbHOTO IepeMeIlHBa-
HHsA, T. €. CHCTeMY, B KOTOPOH KOHIEHTpAIMH BO BCEX TOYKax IPoCT-
pancTBa paBHbl. Takoe onucanHe BepHO, ecJlH yCPeIHEHHE KOHLEHTpa-
UMH 10 NpOCTPAHCTBY 3a cueT IM(pY3UH HIM MepeMEelIMBAHHSA IIPOHC-
XOJMT Fopa3mo GbICTpee, ueM Xx¥MHueckue peakuuH. Ecau pociennee
HEBEPHO, W CBA3b MEXAY OTAEbHBIMH YUACTKaMH IPOCTPaHCTBa
OCyIIecTBAsieTea nyTeM audysud, to BMecto (1.6) cienyeT HCnodab3o-
BaTbh ypaBHEHHs

dc; ] Kl 0%;
< = %ic + B cwer + DiT}n] o
T

(1.6e)

CucreMbl, onuchiBaeMble ypaBHeHusiMH (1.6e), GyayT paccMaTpHBAThCS
B MocJejHel riaee.

YpasHenuns (1.6) onuchiBalOT 3aKpHITYI0 cHcTeMy. B cilyyae oTKphI-
TOHl CHCTEMBI HIeaJbHOTO NepeMelIHBaHUs, OOMEHHMBalOLIeiics C BHELI-
Hed cpejofi NPH NOMOLIM NPOTOKA MM AH(ODYy3HH Yepe3 CTEHKY, HC-
NOJMb3YIOT ypaBHEHHSI BHAA

%%i' = ale; + Besct + 11 (e} — ¢, (1.61)

rae y; — kKoahduuueHTs o6Mena, 3aBucsinne ot o6beMa peakrtopa, nJjo-
a4 KOHTaKTa H CKOPOCTH NpPOTOKA.
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METO/l KBA3HUCTAIITMOHAPHBIX KOHUEHTPALUH

Ecnu B cucreMe (1.6) 4HcjIo nepeMeHHBIX CYIIeCTBEHHO GoJblle ABYX,
TO ee NpsIMOe HcciefoBaHHe BecbMa TPyaHO. Cucrema (1.6) foyikHa ObITh
ynpolmeHa M OpraHu3oBaHa. JTa OPraHH3alHsi BO3MOXKHA, TaK Kak
HOYTH Bceraa B cucreMe (1.6) BeMHYMHBI pasjHyYHLIX KOHUEHTpalHUi H
KOHCTAHT CKOPOCTM OTAMYAIOTCH HA HECKOJBKO MNOPSAKOB, YTO AaeT
BO3MOXKHOCTb NPUMEHHTb MeTOAbl Majoro napaMerpa. OIHHM H3 HHX

¥y A xﬂl

Puc. 1. dasoBas mIockoCcTp pe-
JIaKCalHOHHOM cucteMul (1.7)

ABCD — HYAb-H30KJHHA GHCTpOR
nepeMeHHON y;
AB u CD — ycroiuHBHIe YYaCTKH;
BC — HeycTOMYHMEBRIA YYacTOK;
cTpesKaMH NOKA3aHO Ha-
npaBJeHHE JIBHXKEHHHA
usobpaxkawue TOUKH

2

saBJsIeTc MeTold KBasucTauMoHapheix KoHueHtpauuiit (KCK) Boned-
wreiina — CemenoBa. Crporoe obocropanue s10ro Metoma (Casicos,
Bacuabepa, 1955; Kopayxun, 1969) 6asupyercs Ha pa6orax TuxoHopa
(1950), INonTparuna (1957), Bazosa (1968).

PaccMoTpHM cHayasa HIelo MeToja B [PHMeHEHHH K CHCTeMaM JH¢-
(bepeHUHANbHLIX yPaBHEHHH, NPHBEJEHHHX K HEKOTOPOMY crenyasb-
HoMy BHZy. IlycTb jaHa cHcTeMa audxpepeHIHAIbHBIX YPaBHEHHI Bro-
poro nopsjaxa: '

= f(x’ y),
§ = —g (1), (1.7)

&

rae f (x, y) u g (x, y) — pauronanbuble GYHKIKH, Bce KOS(GHLMEHTH!
B KOTODHIX MOPSAKA eXMHHUB, &< 1. PaccMoTpum KBajpar Ha ¢aso-
BO# - IIOCKOCTH (Q), B KOTOPOM X H y MeHsKOTcs B npelieax oT Onot.
Tycts 3suamenareny f (x, y) u g (x, y) ue cTpemarcs k 0 u ne obpaua-
toTest B 0 Bo Beelt o6nactu Q, tora f (x, yy~11u g(x,y) =~ 1.

PaccMoTpuM BapuaHT cucteMbl (1.7), (basoBblii nmopTper KOTOPOH
nokasaH Ha puc. 1. TpaekropHua Ha ¢a30BOii IJIOCKOCTH ONpele/Ifercs
ypaBHEHHEM

dy _ 1 gi(xy)
PR Tk (1.8)
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BuHO, YTO BCIOLY, KPOME GJIH3KOH OKPECTHOCTH H30KJHHBI

gy =0 (1.9)
npous3dAHAsA

dy 1

Yo~ (1.10)

CnefoBaTeJbHO, H3 M0G0l Touku ofaacté @ wu3ofpaxkarmolias ToYKa
CHCTEMBI 34 BPeMA ~ & JAH60 JOCTHTHET E-OKPECTHOCTH M30KJAHHE! (1.9),
au6o BblfZeT 3a npeaeab! Q. Ha puc. 1 orpesku usokiuusl AB u CD —
YCTOMYHBbIE, T. €. €CJH H300paxaroliasi TOYKa CHCTEMBI CMEIEHa B CTO-
poHy ot AB nau CD, 10 oHa 6yleT CTPEMHTLCA K 3THM Y4YacTKaM H30-
kauHel. Orpe3ok BC — HeyCTOHUMBHI, JM060e Majloe OTKJOHEHHE
u300paxawllell TOUKH OT Hero NpHBeJeT K ee AajbHelfilieMy yAaJSHHIO
ot BC.

TakuM o6pa3oM, ecjiM Haya/JbHble 3HAUEHHS HAXOLATCH B 06JIACTH
NPHUTSKEHHS] YCTOHUMBRIX CTALMOHADHBIX pelleHHii ypaBHEHHS

§ =g (%, 1) (1.18)

TO 3a BpeMsi ~ & H3o0paxalolasi Touka OKas3hblBaeTCsl B €-OKPECTHOCTH
n3okauHel (1.9) B fanpHefimee IBHKEHHe H306paxKalomeld TOYKH C TOY-
HOCTBIO NOPSAKA & ONUCHIBAETCS CHCTEMOH YPaBHEHH

¥ = f(x’ y),
0=gx ) (1.12)

BIVIOTb JO MOMEHTa MOTepH YCTOHYHBOCTH [AHHOTO CTALMOHAPHOTO
pewienust ypasHeHust (1.11). [Totepss yCTOHYHBOCTH NMPOHCXOAMT B TOY
Kax, rae 0g/oy = 0, 0%*g/0y® = 0. Ilpu sToM m306paxkaromas TOuKa
NMHGO MepexXoiuT Ha IPYTYI0 YCTOHUHMBYIO BeTBb, JH60 yxoauT u3 Q. Ha
puc. | mepexolbl npoucxoasT B Toukax B u C

[TpuBenem Tenepb oaHy ¥3 (HOpMYJHPOBOK TeopeMbl THXoHOBa MJs
cucTeMbl IHQpepeHIHaNbHBIX YpaBHeHHH oflero Buja. IlycTh nana
HOpMa/JIU30BaHHAst CHCTEMa ypaBHEHHH

xi:fi(x9y)7 izl].,...,p,

ey =gi(x,y), j=1...q. (1.13)
YpaBueHus
Xi=fi(x,9) (1.14)

Ha30BEM CHCTEMOP MenJieHHHIX IBHIKEHKH, a ypaBHEHHs

ey; = & (%. y) (1.15)
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— cHcTeMol GuICTPhIX ABHXKeHHH. [TycTh naJjee

Y = @i (X) (1.16)
SBJSIETCS pellleHHeM CHCTEMbL

gi(x,9)=0. (1.17)
1o pelueHHe Ha3LIBAaeTCs1 YCTOHYMBBIM B o6jacTh D mpocTpaHcTBa (X)),
eclu V1A KaXaol TOukH (1], . . ., xb) u3 D pemenne y; = @; (x°)

ABJISIETCS] YCTOHUHBHIM NOJIOXKEHHeM paBHoBecusl cucremsl (1.15). O6-
JIaCThIO NPHTSKEHHS pemleHHs cucTeMsl (1.16) npu duKcHpOBaHHBIX

(xf, . . ., X}) HasbiBaeTCsi COBOKYNHOCTL BceX TOueK (g, - . ., 4d),

ansi Kotophix npH y; (0) = yf u £ — oo TpaekTopuu cucremn (1.15)
crpemsites K y; = P; (x°). Cucrema

Xi= fi (xv y)i
0=gj(x,9) (1.18)

nosyuatoiaacs H3 (1.13) npu € = 0, Ha3pIBaeTCs1 BBIPOXK/IEHHOH.
Teopema. Peienne cucremnl (1.13) cTPEMHTCSI K PeLUEHHIO CHCTEMbI
(1.18) npu & — 0, eciH COOTBETCTBYIONIEE pELIEHHE CHCTEMBI GhLICTPHIX
JBYIKEHHH YCTOHYMBO U HAYAJNLHBLIE YCJIOBHS JiekKaT B OGNACTH MPUTHA-
XEeHHS 5TOrO pelleHHs. JTa TeopeMa BHIMOJNHSAETCS NP f > T, Tae
T~|elnel. .
M3noxeHHble pe3yJbTaThl OCTAIOTCA CIIpaBe/J/IHBBIMH, €C/IH NpaBbie
yacTu cucreMmsl (1.13) HenpepbIBHEIM 06pa30oM 3aBHCAT OT IapaMeTpa &:

';Ci = fi(x9 ) 8),
eifj = gi (X, ¥, €). (1.19)

CnenoBaTesibHO, TeopeMa THXOHOBa MO3BOJISIET MOHH3UTH MOPAIOK
cucrembl jauddepeHUHaNbHEIX YpAaBHEHHH H TeM CaMbIM YOPOCTHTBb MX
uccaenosane. JIns Toro yroGbl NPHUMEHHTL 3TOT METON K XUMHUYECKoM
cucreme (1.6), Hamo npoM3BeCTH pasjiesieHHe MepeMeHHbIX Ha OLICTphie
H MensenHble. O6iiero npueMa JUIs1 TAKOTro pa3fieieHHs He CYILEeCTBYeT.
IpHBeseM HECKOJIBKO IIPHMEPOB, HJLTIOCTPUPYIOLIUX PA3JIHYHBIC [1PHEMH.

IMpocrag karanurHveckasa peakuusi. PaccMOTPHM HpocTylO KaTafu-
THYECKYIO ((bepMEHTATHBHYIO) DPeaxiuio

Ky k2
S+ E=SE—E P (1.20)
ks

BrinuineM noJiHyto CUCTEMY YpaBHEHHH, 0603HAYHB KOHLEHTPAIHIO ITPO-
MeXyTouHoro KoMiuiekca SE uepe3s U, a ocranbHble KOHUEHTPALHH
COOTBETCTBYIOLIUMH KYPCHBHBIMH GYKBaMH.

S=—kS-E+k,U, E=—kS-E+k U+ kU

. ) ' (1.21)
U=~SE—kU—kU, P=kU. (1.21).
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Jlerko yBHJETb, YTO B CHCTEMe HMEIOTCS JBa JHHEeHHBIX MHTerpaJa (3a-
KOHA COXPaHeHHs):

S+U+P=S, E+U=E,, ' (1.22)

rae Sy ¥ Ej — HcXoaHble KOHIEHTPauuK cy6eTpata U cBoGOLHOTO dep-
MEHTa COOTBETCTBeHHO (mpHHHMMaercs, yTonpH { = 0 U = 0u P = 0).
HaJHyne 3THX MHTErpajoB MO3BOJAET €CTeCTBEHHbIM 06pa3soM HOpMH-
poBaTh MNepeMeHHble, a OObIYHOe B 3SKClePHMEHTANbHBIX YCJIOBHSX
COOTHOLLUEHH

Ey<€ S, (1.23)

JIOCTaBJSIET MaJblii apameTp.
BBenem Gespa3MepHLIE KOHUEHTpAaUUM H BpeMs:

S U | ¢ = kE (1.24)

T TR
H HCKJIOYHM E H P ¢ NOMOLULbIO JJHHEHHBIX HHTerpajos (1.22).
[Toayuum

ds KS+GSO de _ Km —+ S0
F= 0t —g—e &sp=0— e, (1.25)

rae Ks= k_i/ky, Kn = (k-1 + ky)/ki, &€ = E,/S,. Bynem paccmatpu-
BaTh HaYaJIbHBI YYaCTOK peaklUHH, IJe PacxXojoM cyberpara MOXKHO
npene6peus (S ~ S;, ¢ ~ 1). Bo3MOXHBI TPH cayuas.

l. Km £ S,, toraa cucrema (1.25) npusenena kK Buny (1.13) u ee
pelleHHe 32 BPeMsS ~ € NPHOJHMKAETCS K PEleHHIO CHCTEMbI

ds Kg 43S0 S
raniak iy Il e T (1.26)
HJIM B HCXOJHLIX NEPEMEHHbIX:
— REWS (K — Kg) ksEoS EoS
= T Kets - Ketse USEarss (2D

[TepBo= u3 ypasHenuii (1.27) npencrasasiet coGoit dopmyay Muxasiauca-
MenTeH.
2. Ks =~ Sy, Kn/Sy ~ 1/¢, Toraa cucrema (1.25) npuoGperaer BHJ

ds Kg -+ 6So de
oo BT, p et (1.28)

3. Ks/Sy =~ Km/So ~ 1/e, Toraa HoBas 3aMeHa BpeMeHH T, = T/e
npuBoauT (1.25) K BURY
ds de

d—n=_-85+e+0(8)’ g-—=1¢5—¢ + 0(g). (1.29)

du
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Hanvuue Mamoro mapamerpa & u, C/I€I0BaTeJbHO, BO3MOXHOCTH IIpe-
IenpHOro nepexona or cucreMul (1.21) k (1.27) Bbiuie onpeneasyiuch yc-
nosuem (1.23). IIpu 3TOM KOHCTaHTH CKOPOCTH k; MOTViH GbITb ORHOTO
nopsaaxa.

Avanoruunbiii npefesbHLIA epeXoi BO3MOXKEH H B APYTHX Cayyasx.
IlepennieM cucTeMy (] .25) B BUle

ds de So Km
dT=—5+ce+S sz(’(d—ce——we). (1.30)
4. Tlycts SO‘,EO,KS__SD, ) TIPHHU-
MaeT BHJ
j—i: — o+ oce+e+0(s), sd—e_s(s—se)—eJrO(a?). (1.31)
S, Sy
5. Tlyctb SozEO,K—s K— el
Torpa cucremy (1.30) MoxHO 3anHcaTh TaK:
& o sqsef e 0(), =5 e e 0(e). (1.32)

BBejieM BMECTO ¢ HOBYIO IIEpEMEHHYIO 0 == @ --- ¢ (3TOT NIPHEM MEI NOA-
p06Hee paccmoTpuM HMxe), Toria cucreMa (1.32) npeoGpasyercs B

B _0@), e =ep—e)(t—e)—et 0. (1.33)

Taxum 06pa3oM, MeTOJ KBA3UCTALMOHAPHBIX KOHIEHTPAlHH MOXKHO
NpUMEHSTb 15 onHcaHus peakuuu (1.20), Bo-nepBbiX, NPH BCeX 3Ha-
YeHHSIX KOHCTAHT CKOPOCTH, €CJIU NMOJHAsl KOHIEHTPaNHs KaTaau3aTo-
pa MHOTO MeHbIlle KOHIEHTpaluuu cy0cTpaTa, BO-BTOPHIX, NPH GIU3KHX
3HAYEHHMAX 3ITUX KOHUIEHTpalui, eCcld KOHCTAHTHL CKOpOCTeH pacmaja
KOMIIJIEKCA MHOTI'O BRILUE, YeM KOHCTaHTA CKOPOCTH ero o6pasoBaHus.

[Mepexof K HHTerpajamM NepeMeHHBIX, YYACTBYIOUMX B ObICTPBIX
peakuusx. Tenepb pacCMOTPHM XOpOIUO M3BECTHLIH B MeXaHMKe MeTON
paszeneHHs1 OBICTPBIX M MeJJICHHBEIX NePeMEHHBIX, HCIOJAb30BAHHbIH Bhi-
e npu nepexojge ot chcremsl (1.32) K (1.33). D10OT NMpHEM, BBelEHHEIH
B XHMHYeCcKyio KHHeTHKY Kop3yxuHbIM, ynoGeH, KOrja OJHH U Te XKe
COeMHEHUs YYaCTBYIOT KaK B OBICTPLIX, TAK U B MEIJIEHHLIX PEaKUHsX.
B sToM cayuae cucrema (1.6) sanuchiBaeTcs B BUAS

Gi=——F(0)+ g (o). (1.34)
PaccMOTPHM YKOPOUYEHHYIO CHCTEMY

6 =51 (1.35)



OCHOBBIYT®OPMAJIbHON XHMMHYECKOM KHUHETHKH 31

dra cHucTeMa HMeeT HEKOTOpPOe KOJHUYECTBO JHHEHHBIX HHTErpafos,
4aCTb U3 KOTOPHIX—3aKOHBL COXPaHeHHs. DTH HHTErPasbl ABJISAIOTCS MeJ-
JIEHHBIMH [IepeMeHHBIMH cHcTeMbl (1.34), H nepexon K HUM HNpPHBOLUT
K pa3sie/ieHHI0 IePEMEHHbIX.

Pacemorpum npumep. IlycTb uMeeTcss GricTpast peakuust

1/
Ay - Ay A,

H, KpOMe TOro, A; yuacTBYIOT B APYTHX MelJleHHbIX peakuusix. Cucrema
yPaBHEHHH HMeeT BHL:

. 1
a = — 4 aas + f1(a.c),

iy = — a1t + 2 (a,0), (1.36)

L °
a3 = —aa: + fs(a,c),
(51' = f i (a,c).
YKOpOYeHHasi CHCTeMa HMeeT B2 JIHHEHHO HE3aBHCHMBLIX HHTErpasa:
ay, + a3 = ¢y, a; — @, = C,. BeibepeM 3TH MHTErpajbl B KauecTBe HO-

BbIX IlepeMeHHbIX, Torza cucrema (1.36) npuoGperaet BUA, aHANIOrAYHBIH
cucreme (1.13):

8dy = — a1 (@, — ¢2) + &f1 (@,0),
él = fl (avc) + f3 (a,c),
C:2 = fl (a,C) - f2 (GJC)’ (1 '37)

éi. = fi(alc;°

Cucrema, JuHeHHAs OTHOCHTENbHO OBICTPHIX MepeMeHHBIX. Teneph
paccMOTpPHM BaKHBIH caydail, Korja cucTeMa OBICTPBIX IEepPeMEHHBIX
(1.15) ;uHeliHA OTHOCHTENBHO STHX NEPEMEHHEIX. DTO HMEET MECTO, eCJIH
peaknuaMu MeXAy OBICTPHIMH NEPEMEHHBIMH MOXKHO npeHe6Gpegs. Ha-
IpuMep, NPH KaTaJHTHUECKHX (hepMeHTaTHBHHIX) peakKLusax mpeHebpe-
raloT peakUHSIMH MeXIYy KOMIUVIEKCAMH, CONepiallHMH KaraJu3aTop.

B stom cayuae nis pemtenus cucreMsl (1.17) MOXHO NPHMEHATH XO-
poiio paspa6oTaHHble MeTOAbI JHHeHHOH anre6psl (Mumuna, [Tpocky-
psikoB, 1965). Muoraa ucnoabsyercst Teopusi rpagos (Boabkenireiis,
1967). Jlunefinasi cucrema (1.17) Bcerga uMeeT eIMHCTBEHHOE PeLICHHE.
310 pellleHHe — CTALHOHAPHOe cocTosinue cucteMbl (1.15) — ycrofiun-
BO BO BceX c/Iydyasx, Koraa B cHcreme (1.15) ner passeTBjeHHH, T. e.
OTCYTCTBYIOT peaKLHH THNa

C;~>C; +Cu. L (1.38)
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JoKa3aTesbCTBO 3TOTO YTBEPKIEHHST OCHOBAaHO Ha TeopeMe ['epuiropuua
(cM. mpumoxenye I).

YacTHblf clydail — KaTaJuTHYecKast cHcTeMa, OLICTPHIMHM NepeMeH-
HBIMH B KOTOPOH fIBJISIIOTCSI BCe THIIbl KOMILJIEKCOB, COIEPIKALIUX KATaJH-
3arop. Torza B cucteme (1.15) HMmMeeTcs JHHeHHBIH HMHTErpaj — noJiHas
KOHIIEHTpAIHs KaTaJau3aTopa.

KAUYECTBEHHOE HMCCJIEJOBAHHE OBbIKHOBEHHbBIX
JHUOPEPEHIIMAJIBHBIX YPABHEHHN

31ech MBI KPaTKO pacCMOTPHUM CTaHIApPTHBIH HabOp MPHEMOB AJis
KAuyeCTBEHHOTO HCCJIE[IOBAHHA CHCTEM OGLIKHOBEHHBIX AHdpepeHHab-
HBIX ypaBHeHHH. [lonpo6HOe H3TI0KEeHHE CONEPKHUTCS B KHHraX AHIPOHO-
Ba u ap. (1959, 1966, 1967), Aproabna (1971), Boromo6osa u Murpo-
nosibekoro (1963), Jlediena (1961), IMoutparuna (1965).

Ot npHeMbl OGBIYHO HCHOMB3YIOTCS B PeNYLHPOBAHHOH CHCTEME,
noayuenHoil B pesyabrate npuMeHeHus meroja KCK. Onnako wactb
M3 HHX HCNOJAb3yeTcs H IIDH BLINOJHEHHH CAMOH AaCHMIITOTHYECKOMH
NPOLEAYPHI.

IToBeneHHe peasbHOH CHCTEMB! H TeM CaMbIM BHA pellleHUH MaTeMaTH-
YeCKOM MOJIEH 3aBHCAT OT 3HAUEHHH MepeMEHHBIX X; H NapaMeTpoB Q.

#; = fi(X,a). (1.39)

B ucxomuoii xuMHueckoit cucreMe (1.6) mapameTpaMH SBJASIIOTCS KOH-
CTaHTHl CKOPOCTH 3JeMEHTapHBIX peakluMH, KOTOpHle 3aBHCAT OT TEM-
nepaTyphbl, 1aBJeHHS M HEKOTOPHIX IPYrHX BeJqHuHH. B cucreMe GbicT-
puix nepemeHHBIX (1.15) mapaMeTpamu Takike SIBJSIIOTCSE KOHUEHTDPAUHH
MeJUIeHHBIX TepeMeHHBIX. KonuuectBo nuHamuueckHX (6e3pasmep-
HBIX) TNapaMeTpOB, ONpeJeSIONIHX KauecTBEHHOe MOBeJieHHe CHCTEMBI,
O0bIYHO MeHblIle, YeM YHCJIO0 (PH3HYeCKH Pa3jHYHMBIX IIapamMeTpoB.

Jl1s moJIHOrO OMHCAHHS CHCTeMbl HCNOJB3YIOTCA ¢a3oBoe INPOCT-
PaHCTBO (X;), AMHAMUUECKOE NPOCTPAHCTBO (X;, ) U NPOCTPAHCTBC Na-
pametpoB (o). PUKcHpyeM Bce 3HAuYeHHA NMapaMeTpPoB, T. e. BhiGepeM
TOYKY B NapaMeTpPHYeCKOM MNpOCTPaHCTBe. TOTAa peIleHHs] CHCTeMbl
ypaBHeHui#l 6yIyT 3aBHCETb TOJNLKO OT HayaJbHbIX YcaoBHH. OnpHako
I71sl KauecTBeHHOH TeOpUM NMPEACTABJSAIOT HHTEPeC He YACTHHIE PelleHH,
a no BO3MOXHOCTH 6oJiee NOJHOe OMNHCaHHe NOBENEHHS CHCTEMBl BO
BCEM [HMHAMHYECKOM NpocTpaHcTBe. Jra 06luas KauecTBeHHast KaPTHHA
B OCHOBHOM 3aBHCHT OT 3HauyeHHil, K KOTOPHIM CTPEMSITCS pelleHHs
npH {— co WK [ — — co. ITH aCHMNTOTHYECKHE 3HAUEHHS, ECTECTBEH-
HO, He 3aBHCAT OT Haya/bHBbIX YCa0BHii. OT Haya/bHEIX YCJIOBHH 3aBH-
CHT JIHIIb, K KAKOMY H3 3THX 3HaueHHH OyleT CTPEMHTbCH pelleHHe.
IpocrefimuMu H Haubojee BaXXHBIMU IJIS HAC aCAMIITOTHYECKHMH pellie-
HHSIMH TaKOTO THMA SBJSAIOTCA CTaLlHOHAapHble TOYKH M IpelesbHLIe
HHKJb. PU3HYeCKH Hab/IONAIOTCA TOMBKO YCTOHUHBLIE PEILEHHs, 3Hade-
HHe HEyCTOHUYMBLIX pelleHHH OyZeT SICHO W3 JaJibHeHLIero H3JIOKEHHs.
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M3yyenne mnoBeleHHst cHCTEMbI B TNapaMeTpHUECKOM MNpOCTPaHCTBe
00HAPYKUBAET HOBLIA BHI YCTOHUHBOCTH — YCTOWYHBOCTL 110 OTHOIIE-
HUIO K H3MeHeHHsIM napamerpos. CHcTema, o6mMil 1HHaMHuecKuH Xa-
pakTep KOTODOH He M3MeHsieTCA NPH MaJbiX H3MEHEeHHSX MapaMeTpos,
naspiBaercss rpy6oi. Herpy6Gboie cucremsl 06pasyloT TpaHHLE
MEXAY PAa3/JHYHBIMH THOAMH TPYOLIX.

PaccMoTpuM cXeMy HcCle10BaHHSI ABTOHOMHOH CHCTEMBI O6LIKHOBEH-
HBIX IHG{epeHIHaNbHBIX YpaBHEHH.

Onpenenenve CTALHOHAPHBIX TOYEK, T. €. PELIEHHI CHCTEMBI YypaB-
HeHUH

0=F; (x, o), (1.40)

ABJISIETCS] TMEPBBLIM I1aroM B HccaegoBaHuu cucreM (1.39). B uactHOM
caydae, korzaa (1.39) onuceiBaeT XHMHYECKYIO CHCTEMY, T. €. COBIAjaeT
¢ (1.6), Bce cramuoHapHBle TOYKM 3aBEIOMO HAXOASATCS B KOHEYHOH
obsacTi (ha3oBOro npocrpanctea. Boobiue B mofoi 3a1aye KOHLEHTpa-
IIMOHHOH KHMHETHKH NepeMeHHble HHKOIJA He JOJIXKHBEI CTPeMHThCS K Gec-
KOHe4yHO 6oJblinM 3HaueHHsiM. OJHAKO B HEKOTOPbIX MOIEJAX OTKPHI-
TBIX CHCTEM BO3HHMKAIOT GecKoHeuHo Gosbluve KOHUeHTpauuH. Ilocnen-
Hee 03HauaeT, YTO MOJEJb HEIOJIHA U B Hell OTCYTCTBYIOT CYLIECTBEHHbIE
peakLHH HJIH epeMeHHbIe.

Onpenenenne xapakrepa 0CoObIX TOuUeK SIBJSETCS BTOPHIM IIAaroM
HCCaeOBaHHA. [lJIs 3TOrO0 NEpPeXOAsiT K HOBLIM NepeMeHHbIM — OTKJIO-
HEHUAM OT KOODJIHHAT CTAl[MOHAPHOH TOYKH

U = x; — x2. (1.41)

B6au3u cranponapHOi TOUKH npaBele yactd ypaBHeHHH (1.39) moxnO
pa3ioxuTh B psan Telsopa

af;

. 0%,
Uy = ool I *U; o o UplyF ... (1.42)
2 m m

0x,-0xy [

0
[Tockonbky BGIM3H x; ;<< 1, B GOJBIUMHCTBE CJAyyaeB MOMKHO Orpa-
HHYHTBCS HCCJENOBAHHEM JHHe HHOH cHCTeMB

. of;
Uy = a—x—J Y(r)n “U; = Q5 Uj. (143)

B kayecTBeHHOl TeOPHH 3TO HCCJCIOBAaHHE CBOAMTCA K ONpeje/eHHI0
COGCTBEHHBIX 3HaueHHH MaTpHuel Kospduunentos (1.43), T. e. K peiue-
HHIO YPaBHEHHS

I ay; — (51'7'7\,' = 0. (144)

[Haun6onee npoctoil u uacTeiii cayyafl, koria Bce cOGCTBEHHbIE 3Haue-
HHS A; PasJUYHbl M UMEIOT OTJIHYHbIE OT HYJIsl ACHCTBHTEJbHbIE YACTH.
B aTom cayuae craunoHapHasi Touka sBJasercs rpyooi.

2 A, M. )Ka6otuuckuil
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Bonpoc 06 ycrodyHBOCTH 0COGOH TOUYKH peliaeTcsi NpPOCTO, eC/H
Bce Re A; # 0. I1pu 5TOM UCNONB3YIOT C/IERYIOILE TEOPEMBI:

Teopewma | (Jlanynosa). Ecan Bece Re A; < 0, 10 crauionaptas
TOYKA ACHMITOTHYECKH YCTOHYMBA.

Teopewma II. Ecnu xorda 6wl onuo Re A; > 0, To cTanHOHapHas
TOYKA HEYCTOHUHBA.

Bonpoc 006 yCTOHUMBOCTH CTALHOHAPHOH TOYKH MOXHO peIIHThb
H HHbBIM IyTeM — HA OCHOBaHHH KpuTepusa [ypBuUa, Ge3
HENoCPeJICTBEHHOTO BLIUHCJEHHS COOCTBEHHBIX 3HayeHHi. 3anuuieM
XapakTepHucTHYecKoe ypaBHeHHe (1.44) B BHze

QA 4 B - @A bATE L = 0, (1.45)
e a, = 1.
Marpunet 'ypBuua HasbIBa€TCS1 MaTpHla A-TO NOPSJKa:
bo by by...b,1
g ay Gye. .0y
0 by by...0ns
H = 0ayay...an ' (1.46)
00by... b,

Munopr MaTpuLel H (OT nepBOro A0 n-ro Nopsiika), cToslue B ee Je-
BOM BepXHeM YTy, Ha3bBAlOTCS onpenenuTensiMu I ypBHIA.

Kpurepuit 'ypeuuna. [as toro utofe Bce Re h; << 0,
HeOOXONHMBbIM H JOCTaTOYHBIM YCJOBHEM SIBJISIETCSA IOJOXKHTENBHOCTD
Bcex onpenenutened I'ypeuna.

O6uiee uccaenoBaHne xapaktepa o0coGeiX Touek cHcreMbl (1.43)
OCHOB2HO Ha NpHUBeJEHHM ee MaTpHUbl K )Kopranosoil dopme. B uact-
HOM cJyyae, KOrja Bce cOOCTBeHHBble 3HaUeHHS 3TOM MaTPHIBI passuy-
Hbl, OHa NPHBOAHMTCA K AMAroHajJbHOH (opMe (B KOMIJIEKCHOM npef-
CTaBJIEHHUH).

Huxe 6yzner onucan mpoctefimuii 1 HauGosiee H3yueHHBIH ciyuait

cucTeMbl Broporo nopsaka (i = 1, 2). B atoM cayuae ypasaenue (1.44)
MOXKHO 3amHcaTh B BHJE

A2 — gh + A =0, (1.47)
TIe 0= ay + o, A= a1y — A1p0,;.
Torna

M= 35V —4A. (1.48)

Tak e kak AMHAMHYECKHE CHCTEMBI B 11€JIOM, OTAEJbHbIE CTALHO-
HapHble TOYKH MOXHO Dasfie/IuTb Ha rpyOwle H Herpy6oie. B cayuae
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cHCTeMBI BTOPOro MOpsiAKa JUHeliHas YacTb ypaBHeHu# (1.42) saBucuT
ot napamerpoB ¢ ¥ A. Ecii HH OIHH H3 3THX NapaMeTPOB He paBeH
HYyJII0, TO KQUeCTBEHHAsl KaPTHHA (a30BOr0 IPOCTPAHCTBA B OKPECTHOCTH
CTALHOHAPHOH TOYKH 3aBHCHT TOJBKO OT JIMHEHHLIX WJIEHOB M CTallMO-
HapHasl TO4YKa siBjgeTcs rpy6oii. IIpu nepemene 3Haka ¢ MM A TOMoJIO-
risi (a30BOr0 NPOCTPAHCTBA B OKPECTHOCTH CTaLlMOHAPHOR TOUKH Ka-
yeCTBEHHO MeHsieTcsi. [IpH obparieHHE OZHOrO WJH O6OHMX MapaMeTpOB
B HyJ/Ib CTaLlMOHApHAsA TOYKA CTAHOBMTCS Herpy6oil, U ¢a30Bblll nopTper
3aBHCHT OT HeJIHHEHHBIX usieHOB B (1.42).

b
Zzy e Lz % Zz\
“Z . T Z

Pxc. 2. T'py6ble ocoGble TOYKH

a — YCTOHYHMBHIA Yy3esa; 6 — ceano; & — ycToMuuBmA ¢Qokyc

PacemoTpuM cHavaja rpy6Gbie MOJOXEeHHS PaBHOBe-
c U ga. Hmetotcs Tpu Tuna:

1. Co6cTBeHHBIE 3HAYeHUs A; — JeHCTBHTEJbHEIE, OJHOTO 3HaKa —
CTal[HOHADHAs TOYKA THOA «y3e/I»

0<ALT, 640 (1.49)

ITpu o << 0 ysen ycroiiuuBniit; npu ¢ > 0 — HeycrofuuBbli. Pa30BHIA
NOPTPET «y3Ja» NOKA3aH Ha pHC. 2, a.

2. M; — neficTBUTE/IbHLIE, PA3HBIX 3HAKOB,— «CEAJIO»

650, A<0. (1.50)

®a3z0BbIll MOPTpeT «cennay H3oOpaxkeH Ha pHc. 2,6. B stom cayuae
uyepe3 0COOYIO TOYKY NPOXONAT TOMNLKO JBE HHTErpasbHblE KPHBHIE;
cocTaBJisllolHe HX (a30Bble TPAGKTOPHHM HA3BLIBAIOTCS CeNapaTpPHCAMH.
Tanrencsl yrsia HaKJOHa (t) KacaTe/JbHBIX K cemapaTpucaM B CeLJIOBOH
TOUKe ONpelesisiioTCs ypaBHeHHeM

AV 4 (A — Ag2) T — Gy = 0, (1.51)

2&
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3. &; —— KOMILIEKCHBIE — «pOKyC» (pHC. 2, 8)
c#=0,A>9,;- (1.52)

Ipu o << 0 — ycrofiyusnit ¢GoOKyc, ABHXKEHHE OKOJO CTaLHOHAPHOMH
TOYKH HOCHT XapakTep 3aTyXamouux xoaeGanuil. Ilpy ¢ > 0 —
HeyCcTORUMBLIHA (DOKYyC — KoJe6aHUsl HapacTawouleil aMITHTYAb.

[lpu aHamM3e B3aMMHOTO DAacHOJMOXKEHHS COCTOSSHMH DaBHOBeCHs
nosne3na clepymomwas teopema Ilyankape: ecd cHcTeMma

¥MeeT TOJNBKO MNpOCTHIE COCTOSIHHSL DAaBHOBECHST H €CJH  H30KJIHHA
f (x, y) = O He uMeeT ocofHIX TOYEK, T. €. TOUeK, B KOTOpLIX Of/dx u
Of/dy onHOBpeMeHHO O6palllaloTCst B HYJb, TO HA 3TOH M30KAUHE COCTOS-
Hus paBHOBecHs ¢ A™>0 yepeyIOTCA ¢ COCTOSIHHAMY paBHOBecHs ¢ A< 0.
To ke OTHOCHTCA H K H30KJIHuHe g (X, y) = 0.

PaccMotpum HerpyObie 0co6ble TOYKH.

1. «CooxHLIfl doKycy:

s=0, A>0. (1.54)

B nunefinoit cucreme (1.43) npu BeioJHeHHH ycioBui (1.54) da3zoBee
TPaeKTOPHH 3aMKHYTHl (3JJHUNCH) H 0co0as TOYKA HOCHT Ha3BaHHe
«1eHTp». B obiem HenuneiinoMm caygae (1.42) ¢asoBrle TpaeKTOPHH TIPH
yenoBud (1.54) #ABASOTCS NVIOTHO HAMOTAHHLIME CIHPANSIMH TaK e,
Kak ¥ B cayuae o/A — 0. Dra ocobasi TOUKA HA3bLIBAETCS «CJOMKHBIM
tdokycom». Xapakrep MoBeJleHHs1 HHTEIPAJbHBIX KPHBHIX BOJIU3U ee 3a-
BHUCHT OT CTapliux uieHoB pasjoxenus (1.42). Teopusa cioxkuoro ¢o-
Kyca H3JIOXKeHa B kHurax AnaponoBa u ap. (1959, 1967). 3xech Mbl na-
IuM rpy6oe KauecTBEHHOE ONHCAHHe.

da30Bble TPAEKTOPHH MPEACTABJAT cOGOH NJIOTHBIE CIIHpAH, TO-
3TOMYy YIOOHO NepedTH K NMOJISPHBIM KOOPIHHATAM

Uy == p-COS @, U, = P-Sin @. (1.55)

Torna cucrema (1.42) npumer BHI

: ’ roa . 1 ’ ol
p=ap-f-cosp + g'-sing, ¢ =0+ —(g -cosp— [ -sing),
P
(1.56)
riae f, H g’ — NOJIHMHOMB! OTHOCHTCJBHO p'Sin @ H p-Ccos @,

1 5
a=—3, b=VF—EA (1.57)

CuuTasi H3MeHeHHS 0 32 OJMH OGOPOT CIHPATH MaJBIMH, MOXHO NPOH3-
BECTH yCpelHeHHe NpaBLIX uacTeil ypaBHeHU# no ¢dase ¢. B pesyabrare
NOJy4YHUM YPaBHeHHUe 179 cpelHero paiuyca ¢a3oBoil TpaeKTOPHH:

dr 3 5

7= oyr - oyr? o .. (1.58)
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Teneps Ha ocHoBanuu ypaBHenus (1.58) moxkHO naTh ofliee onpene-
Jgende (oOKyca: ocobasg TOUKa Ha3blBaeTcd Mm-KpPaTHeIM  (oKycom
(m= (G —1)/2), ecnn a; 0, aa; =0 npu { < J.

Cnyua#ht j = | orBeuaer npoctoMy ¢OKycCy, KOTOPHI sIBIsieTCs Tpy-
6ol ocoboii Tonkoi. Ecnu j > 3, To uMeeM cloxkubilt doxyc. Ecau Bee
a; = 0, To ocobasi Touka — «ueHTp». LleHTp mposBAsieTcs B KOHCepBa-
THBHO# cHcTeMe. B aToMm cirydae Bee ¢a3oBble TPaeKTOPHH, OKPYIKAIOLHe
0co6yI0 TOUKY,— 3aMKHYThIe (puc. 3).

L2
Zz
/
e
)
[
Iy ¥ Z
Puc. 3. lentp Puc. 4. Cepno-yzen (A = 0)

Huxke Gyger nokasaHo, 4TO CJIOXKHBIA HOKYC HENOCPEACTBEHHO CBS-
3aH ¢ NOABJICHUEM B CHCTEME TPefie/bHBIX LUKAOB, T. €. aBTOKONeGaHUN,
2. Cnoxnasa ocobasi Touka MOSIBASETCS, KOTAa

A=0, o=0. (1.59)

B 3ToM cayuae ofiHo H3 cOGCTBeHHBIX 3HaueHMH ofpanlaeTcs B HYJb,
a xkpusble f (x, y) = 0, g (x, y) = O uMeloT Touky Kacanus. Crenosa-
TeJIbHO, IPH M3MEHEHHH napameTpa Takasg ocofas TOYKa MOXeT pac-
NacTbCs HA HECKOJBbKO FPyOBIX OCOOBIX TOYEK.

dasoBhIl nopTpeT ocoboit Toukn ¢ A = 0, Ha3bIBaEMOK «Ce NI0-Y3eJ »,
noKasaH Ha puc. 4.

Eciu

A=0u =0, (1.60)

T0 06a cOGCTBEHHBIX 3HAyeHHsi ofpamaioTca B HyJab. K 3ToMy Makcu-
MaJIbHO BHIPOKIEHHOMY CJYy4al0 OTHOCATCA HauGoJee CJIOXKHbIE BapH-
anThl 0COBLIX ToueK. Pa3oBblil NOPTPET OLHOM U3 HAX NOKA3aH Ha PHUC. &
(Aunponos u ap., 1966).

Onpenenenne ocoObIx TPAEKTOPHA sIBJsieTCA TPETbUM 3TaloOM HC-
caenoBanusA. Mel npofo/mkuM 0030p, MmO-NpekHeMy OFPaHHYHBAACh CUs
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cTeMaMH YpaBHEeHHI BTOPOTo nopsiika. B 3TOM ciyyae OCHOBHBLIMH OCC-
6LIMH TPAEKTOPHSIMH SIBJSIIOTCSL CenapaTpHCEl Celel M INpelefiblbie
LIUKJIBL.

l.Cenapatpucs ceneua (l.bl) pas6upaioT Bce ¢a3oBoe
IPOCTPAHCTBO CHCTEMBI HA OTHeJbHble fueliku. CemapaTpuchl, BHIXOASA-
IIHe U3 ceania, MOTYT OKaHUMBATbLCA: a) B y3Je HJIH dokyce; 6) B Apy-
TOM celJie HJIH B TOM XKe celjle — 3TO HerpyObie clyuan; B) YXOAHTh Ha
6eCKOHEUHOCTD (B C/Iy4ae CHCTEM BTOPOTO MOPsijiKa MOBeleHHe TPaeKTo-
puil Ha GECKOHCUHOCTH MOXKeT ObiTh H3YUeHO C NOMOLIbl0 npeoGpasosa-
nusa Ilyankape), (AnaporoB u ap., 1959, 1966); r) mamaThiBaTbCst Ha
npenesbHEI LUK,

Ly Zz

O ee=

f\

Zy ——
A

Puc. 5. Cnoxnas ocofast Touka Puc. 6. Ycrofiuupbiil npejens-
A=s5=0) HbI LUK

Jlns cenapaTpHc, BXOISAN(HX B CEAJNO, OCYLIECTBJSIOTCA Te XKe Ba-
PHAHTHI, HO HalpaBJieHHe NBHKeHHs o0paTHoe.

Ecnn B cucreMe OTCYTCTBYIOT NpeJeNbHBE LHKJbI, TO 3HaHHE BeeX
0cOOBIX TOWEK TMNO3BOJISEeT KAyeCTBEHHO MPOBECTH BCe CeNapaTpHCHl U
TeM caMbIM ONpeAeJHTh XapakTep IBHKEHHS B CHCTEME.

[IpenenbpHb e WHKJB. 3aMKHyTas TPaeKTOpHs, K KOTO-
poil acuMITOTHUECKH NpPUGIHKAIOTCA NIPH f — oo Bee (a3oBbLie TPAEKTO-
pHH, HAXOASILLHecs B OKPECTHOCTH 3TOH KPHBOH, Ha3blBAeTCsl YCTOH-
YHBLIM HPeLeBbHBIM LHKJAOM (pHc. 6). ¥YcToliuuBble npejesbibie WHKIIEL
SIBJISTIIOTCS MaTeMaTHYecKHMH o6pa3aMH aBTOKOJeOaHWH.

Ecau (hazoBbie TpaeKTOPHY CMaTHIBAIOTCS C MPENebHOTO UKJIA, T. €.
CTPEMSITCS] K HEMY NPH { — — oo, TO LHKJ Ha3blBae€TCs HEYCTOHYHBEIM.
Kpome TOro, MOryT ocyiectBisaTbcd Herpy6ble 06pa3oBaHHs — MOJY-
yCTOHYMBBIE IHKJbI. B 5TOM ciyyae TpaeKTOPUH H3BHe (H3HYTPH) LKKJIA
NpHOANAKAIOTCS K HEMY, a H3HYTPH (M3BHe) — ynaasiorcsi. [Ipu u3me-
HEHHH MNapameTpoB MOJYYCTOHUMBBIE LHMKJIbI MOTYT pacnajatbCs Ha
yCTOHYHBLIE W HeycToHuuBble. [IpHBeneM 6e3 JOKa3aTesJbCTBa HECKO/b-
KO OCHOBHBIX TE€OPEM O Npele]bHbIX IMKJIaX,
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Teopewma I. Buyrpu samkuyTto#l TpaeKTOpHH cHcTeMbl (B 4acT-
HOCTH, BHYTPH NpelesIbHOIO LHKJA) HAaXOAHTCs, N[O KpaiiHel Mepe
ozHa ocobas TOUKA TUMA y3Ja, uiH Gokyca.

Teopewmall. Ecin BHyTpH 3aMKHYTO# TpaeKTOpHH GoJiee OXHOM
0c0o60# TOYKH, TO YHCJIO OCOOBIX TOYeK THMA y3nia (pokyca) Bcerma Ha
eHHULY GOJIbIUE YHCJA celed. ‘

Teopema IIl. Ecau B cucreMe uMeeTcst elvHCTBeHHAasl U He-
ycToiHBas ocobasi TOYKa THNA y3aa (poKyca) u ecld GeCKOHeUHOCTb
HeyCTOHYHBA (CYIECTBYET OKPYKHOCTb pajuyca R c IeHTPOM B Hayaje

Tz up

Puc. 7. [lokasartenncTBo Cylie=
CTBOBAHH A NpPeAeJLHOTO LHKMA

O6bsicuense B TeKcTe

KOODJMHAT, Takasi, uTo Bce (ha3oBbie TPAeKTOPHH NepecekaloT ee IO
HanpapBJeHHIO BHYTPb), TO CYLIECTBYET NO KpaiHefi Mepe OJMH YCTOH-
UHBHLIH TNpeleJbHbIl LHKJ.

JlokasaTesJIbCTBO NEPBHIX ABYX TeOpPeM CBfI3aHO C BBEICHHEM HHIEK-
ca Ilyankape (AnpponoB H xp., 1959). IlokasatenbcTBO nocnennes
TeOpeMbl OCHOBAHO Ha TOM (akTe, 4TO ()a30OBble TPaeKTODHH He MOTYT
nepecekarbcsi. Prc. 7 HaJIOCTpHpYeT 3TO nojoxkeHue. Kpupas, nepe-
cekamwon@as Bce (a3oBeie TPAEKTOPHH M He Kacalollasicsl HX, Ha3blBaeTcl
KpuBo#l 6e3 xonTakta. Ha puc. 7 okpyxHocTb R — HMKJ 6e3 KOHTaK-
Ta. OGHapyXeHHe npelesbHLIX IMKJOB 3TO — OCHOBHasl 3ajaya B Teo-
pun konebaunii. OxHako He CyLueCTBYeT OOWIHX aHAJUTHYECKHX MeETO-
IOB Juia ee peliiennsi. CiiefyeT OTMETHTb, YTO €C/IH NPH HCCAeNOBAHHH
0CO6bIX TOYEK CHCTEMHI OOHAPYKHBAIOTCA LEHTPHI, KOTOPHE NPH H3Me-
HEeHHH TapaMeTPOB NpeBpalialoTcs B HeycToiuHBble (poKyCcH, TO Bepo-
SITHOCTb CYLECTBOBAaHHS B 3TOH CHCTeMe Npeje/bHBIX IMKJIOB BECbMa
BeJIHKa.

Budypkauuu (AnapoHos u ap., 1959, 1967). Bo mHOrux cayuaax
JMHAMHUYecKasi CHCTEMa COLEePXKMUT HaMeHseMmble nmapamerpol. Kak yxke
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rOBOPHJIOCh, CHCTeMa HasbiBaeTcsi TPyOOH, eclin MaJible H3MeHeHHs na-
paMeTpoB He H3MEHSIIOT KaueCTBEHHOH KapTHHbI (pa30BbIX TPAaeKTOPHI
cHCTeMBI. 3HAUeHHS] TapaMeTPoB, IIPH KOTOPHIX IPOHUCXOAAT KayecTBeH-
Hble H3MEHeHHsI, Has3pBaloTcs 6HOGYypKaUHOHHBMU. Ilpu
3THX 31layeHUfX NapaMeTpoB cucTeMa siBjsieTcs HerpyGoii. B cucreme
BTOPOro HOPsifiKa, 3aBHCsALlEll OT ABYX NapaMeTpoB, HauboJjiee BaKHbE
auuun Oudypkauuu crepywomue: A =0 u ¢ = 0. Ha aunun A = 0,
o % 0 B cHCTeMe CYLIeCTBYeT cJOXkKHas ocobas ToOuKa, KoTopas MNpH
CABHIE B CTOPOHY OT 3TOH JIMHHM MJH DacnajaeTcs Ha HECKOJbKO Npo-
CTHIX 0COOBIX TOUEK, HJH HcyesaeT.

PoxeHne npejlejibHOTO LHKJA M3 CroXHOro ¢okyca. [1pu nepexoze
yepe3 auHHI0 0 = 0, A > 0 ycrofiunBblil (OKyC NepeXoiHT B HEYCTOM-
yuBLiE. [IpH 3TOM OT HETO MOXKeT OTIENHTLCS NpesiebHbIl UK. B 3TOM
ciyyae npH o— 0 paauyc npefelbHOTO LHKJIA TaKkKe CTPEMHUTCS
K Hymo. Mnade roeops, npu nepexone ueped o = 0 cnoxubifl fokyc
MOXKeT pacnacTbcsi Ha mpocTol (OKyC M NpelebHble LHKABL. YHCIO
npeleJbHBIX [UKJIOB, OTACASIOWHXCA OT CJIOXKHOro ¢oKyca, paBHO ero
KpaTHOCTH. B ciyuae oxHokpaTHOrO OKyca Xapaktep BO3HHKAIOWErO
npefesbHOTO IHMKJIA 3aBHCHT OT 3HaKa ag B (1.58). ®opmyna and Bul-
UHCNEeHUs O3 M TabauLa, IOKa3blBalollas XapakTep BO3HHKAIOWETO IIpe-
IeJbHOTO LIMKJIA, NpHBeleHsl B npuiaoxkeHuu I1.

Bucdypkauun MOryT OnTh He CBSI3aHBl C H3MEHEHHEM XapakTepa
ocobrix ToueK. Hanpumep, GudypkauusiMu siBJSIOTCA POXKAEHHE Impe-
JIeIbHOTO LHKJA U3 NeTVIM cenapaTpHchl (T. €. cemapaTpHCHl BBIXOJS-
el U BXOAALLEH B OLHO H TO Xe CeAJIO) HJH Pacnajg NonyyCcTOHYHBOro
NpeaeJbHOTO IIUKJA Ha YCTORUHUBLIH H HEYCTOHUMBLIH.

C yBeJIHUE€HHEM MNOPSAKA CHCTEMBl IH(depeHUHANbHLIX YPaBHEHHH
TPYAHOCTH HCCJIeJJOBaHHsI OYeHb OLICTPO pacTyT. HMccnenoBanue xapak-
Tepa rpy6eix 0coObIX TOYEK He NpPeACTaBJsIET NPUHIUIIHANbHBIX 3aTPYA-
HeHHUH, HO O0beM BLIYHCJIEHHH CHJIBLHO YyBeJHuHBaeTcsi. UHCJIO, 0COOBIX
TOUeK TaKke BospacraeT. Hanpumep, B cucTeMe TpeTbero nopsjka, HMe-
eTCsl NSATh TONOJOIHMYeCKH Pa3fHuHBIX THIIOB I'PYOBIX OCOGHIX TOYEK 1O
CPaBHEHHIO C TPeMsl B CHCTeMe BTOPOTO NOps KA.

KpoMme 0co6bIX TpaeKTOpHi B CHCTEMAaX BRHICILIETO NOPSAKA NOSABJS-
10TCcs1 0cobble MOBEPXHOCTH. KauecTBeHHOe Mccsiej0BaHHE B HEKOTOPO#
cTereHH BO3MOXKHO JHIIbL JJisi CHCTeM TPEThero, HO He GoJiee BHICO-
KOTO nopsfKa.

CXEMA HCCJEIOOBAHHSl KMHETHUECKOW MOJEJIH
KOHUEHTPAIHUOHHON CUCTEMbI

1. CocTaBUTh CXeMY peaklui.

2. Ilo cxeme BhinKMcaTb CHCTEMY AkGdepeHUHaJbHBIX YpaBHeHUH,
NONb3ysCh KHHETHYECKHM 3aKOHOM ACHCTBYIOLIMX Macc.

3. llepefitn K Ge3apasmepHBIM N€PEMEHBBIM M NapameTpaM, CTapasch
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10 BO3MOXHOCTH YMEHBLIHTL YHCJIO napamerpoB. Hopmuposath mnepe-
MeHHBIe. BHIIe/MUTb MaJjbie napaMerpsi L.

4. Brigequtp Bce JIMHEHHO He3aBUCHMElE JIMHeHHbIE MHTETpPajibl CH-
cTeMbl H, MOJb3YsACh UMH, NMOHU3UTH MOPSIAOK CUCTEMBI.

5. TlpoussecTH pasje/eHHe NepeMeHHBIX Ha GbICTPLIE H MelJIeHHLI.
HccnenoBaTh yCTOHUHBOCTbL CTAUMOHADHLIX COCTOSIHUH CHCTeMBl ObICT-
pblX nepeMeHHbIX. Mcrnonb3ys MeTol KBa3sHCTallHOHAPHBIX KOHIEHTpa-
LMH, MCKIIOYHTh OLICTPhle IepeMeHHbIE.

6. HMccoenoBath mOJNYUYEHHYIO acHMITOTHYECKYIO Mojenan. Ompeje-
JHTb CTalHOHApHbIe TOYKH. McenenoBarh XapakTep 0co6bIX TOUEK B JIH-
HeiiHOM npu6aukeHnuu. ONpefeuTs HajduuHe HErpy6uIX (BBIPOXKIEH-
HBIX) OCOGBLIX TOYeK.

7. Ecan acuMnrtoTHYeCKasi CHCTeMa BTOPOrO MOPsAAKa, TO MOXKHO
MPOU3BECTH ee MOJHOE KaueCTBeHHOe HcClielOBaHHe.

8. Ha ocHoBaHuHM KayecTBeHHOIO HCCJIeOBAHHUS BhIGpaTh napamer-
pHl JUIST YHCJEHHOTO HcCleloBaHHA Mofesd. IlpousBecTH uHC/IeHHBIE
pacyeTsl JJs OnpejieJeHHs] AUHAMHYECKOTO MOBENEHHS MOJEJNH H CpaB-
HEHHSI €r0 C 3KCINEepUMEHTANbHEIMUY NaHHBEIMH.

Jnst Hac HauGosiee HHTepeCHBIM GYJEeT OOHADPYXKEHHE B MOJENH Tpe-
JeNbHBIX LMKJOB HJIH HECKOJbKHUX CTalHOHAPHHIX cocTosiHuit. Hiio-
CTPAIHH K 3TO cXeMe UHMTaTe/Jb HalJeT B ry1aBe 3, TAe NPHUBEIEH J0CTa-
TOYHO NpPeICTAaBUTEIbHBIA HA60pD MaTeMaTHYECKHX Mojesell KOHUEHT-
PaIMOHHBIX CHCTEM CO CJOXKHBIM ITOBEIEHHEM.

Mpuaoxkenne 1
YcerofiunBOCTL MOJNIOKEHUS! PaBHOBecHd Jdiefiofi cucreMb

Cornacuo teopeme epropuna (Benaman, 1969; Tantmaxep, 1967) see cobersen-
Hble 3HAYEHHSs JHHEHHOH CHCTEMB! PAacro/loeHb! Ha KOMIIEKCHOH TMJIOCKOCTH BHYTPH

-
KPYTOB C pajHyCaMH, PaBHEIMH }_, M LeHTPaMH B 4.
5=

Lij
i
PaccMoTpuM JIHHEHHYIO CHCTeMY GLICTPLIX NepeMeHHBIX

&i:ai]-c,-, (161)

— i ki . i oakl
rie a;; = o WM a;; = B;c, (¢, — MelneHHble nepeMenHble, a ¢ U B HMeIOT ToT xe
cMbica, yTo B B ypaBHenusx (1.6)). Ilyctb B cacteme (1.61) Her passerBjeHui, T. e.
peakunil Tuna (1.38). Toraa B cuay (1.6a, b, c) umeer mecTO

—Qay; > 2 aij, a;; < 0. (162)

4]
Hepasenctea (1.62) osnavaior, 4To BCe COGCTBEHHEIE 3HAUEHH s JIeXKaT B JIeBOi moay-
IJIOCKOCTH, T. €. HMEIOT OTPHLaTeNbHble JeHCTBHTENbHEIE YacTH. TakuM o6pasoM, 1 p U

OTCYTCTBHH DasBeTBJNEHHH NONOXKEHHE DaAaBHOBECHSH
NUHEHHOH CHCTeMB YCTOHUYUHBO.

1 B sT0M CXeMe MBI paccMaTpHBaeM TOJNbKO CPAaBHHTENBHO NMPOCTOf caydall, Koraa
nocsie BBEEHU 51 6e3pa3MEPHLIX NePEMEHHBIX H HOPMMPOBKH BCE NapaMeTpHl AeNATCS
Ha [jBa KJacca: Nopsaaka eIMHHIbl U nopsaka & <€ 1. Ciiyyau, Korja nMeercs: 6osee
ABYX BPEeMEHHEIX MacluTafoB, 6yAyT o0Cy:KAaThCA B Clefiylomeil riase.
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Mpunoxenue 11

PoxneHye npejesbHoro WHKJAA H3 ca0XHOro ¢oxyca
(Baytnn, 1949; Aunponos u ap., 1959, 1967).

TlycTh npapble YaCTH CHCTEMbl YpaBHEHHH 3aBHCAT OT napaMeTpa A, T. e,

x=Ff 4 N, yg=gK y A. (1.63)
Pasnoxenue (1.42) B oKpecTHOCTH 0COG0H TOYKH MMEET BHJ

G=au-+bv+ Pa(u, v)+ Ps(u, ) +..., (1.64)

o=cu-+tdv+ Qa(u, v)+ Qs(u, v)+...,
rae

Py = agou?® + anuv + asv?,

P3 = asoud + anu?v - ajauv? 4 aost?,

Qg = baou? -+ briuv + bsev?, (165)

Qs = bsoud -+ baru?v + byauv® - begv3,

L S T S R T T SR S T P}

3nech kosbuuHenTs a, b, ¢, d, a4, by, 3aBucsaT oT A, Tlapametpsl 6 u A ans (1.64)

ONPEAeNIOTCS COOTHOWRHU MU 6 = a - d, A =ad —bc, Ecau npu A=13, 6= 0,
a A >0, to (1.63) umeet ciioxHbli Gokyc. IToBellenye CHCTEMBI IPH EPEXOJIE TapaMeT-
pa uepes sHayeHHe Ay 3aBHCHT oT Ko3dpyuHenToB ypaBHeHH (1.58). Kosbduunent oy
C TOYHOCTBIO 0 MOCTOSHHOTO MHOXHTeJIst paBeH 6. Ecan 6 = 0, To KO3(PHUHENT Oy
C TOYHOCTHIO JO NMOCTOSIHHOTO MHOXHTEJ S PaBeH

1 2
as = — e {lac (afy + aybg, + a5by) +

+ ab (b%]_ + a20b11 + a11b20) + 02 (allaf2 + 2a( '.’.bG2) -
— 20c (b3,— ayy,) — 2ab (a5 — byyby,) —

— b2 (2aybyy - byybyy) - (b — 20%) (b,;byy — 0110)] —
— {(a% 4-be) [3 (ebey — bagg) - 2a{ay - b))+

4+ (ca;, — bb, )1},

(1.66)

Ecnn npu A = Ay 6 = 0, a a3 == 0, To npH mepexofe yepes Ay GOKYC MEHSIET yCcTOHYH-
BOCTb H OT HEro OTHeJseTcs eAHHCTBEHHbIH NpeJeNbHbIH UHKI. Y CTORYHBOCTL 3TOrO
LHK/a 3aBHCHT OT 3HaKOB 5’ = 05/0A H &3 B TouUKe Ay. Bce Bo3MOXHBIE BapHAHTHI NIPH-
BeJieHbl HUKe.

A2 2N
az(ho)<0 ®dokyc ycToiiums, ®okyc HeycrToitums,
’(A)>0 LHK/Ia HeT LUK yCTOHYUB
as(Ao)< 0 doryc HeycroitumB, Pokyc ycToitums,
6" (A)<0 IHKJ YCTOHUHB LHKJia HET
a3(A)>0 DUKyC YCTOHYHB, DQoxyc HeycToHuuB,
&' (M)>0 LUK HeYCTOHunB KA HeT
az(ho)>0 ®okyc HeycToHuMB,  DOKYC YCTOAUHB,
&' (M)<0 IHMKAa HeT IMKJ HeyCTOHUNB
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HEKOTOPBIE BOITPOCbI KMHETHUKH
C/JIO)KHBIX CHMCTEM PEAKUWW M EE MOJE/IMPOBAHUA

OCYUWECTBUMOCTb KOHUEHTPAUHOHHBIX KOJIEBAHUH
B XUMHWUYECKHX CUCTEMAX

B stom naparpade 6yjeT noxasaHo, ¢ OQHOH CTOPOHHI, YTO B OKpPecCT-
HOCTH [MOJIOKEHHS TEePMONUHAMHYECKOTO PaBHOBECHSI HEBO3MOXKHBI
HUKakKkHe KojieGaHus, T. €. IPHOJIKEeHHe K 3TOMY COCTOSIHHIO IIPOHCXO-
IUT MOHOTOHHO; ¢ APYrofl — 4TO B HepPaBHOBECHOH cHCTeMe MOMKeT
Habmo1aTthess Jo6oe CJOKHOe IOBeIeHHe KOHIEeHTpauuil BO Bpe-
MEHH,

OcyluecTBUMOCTh KOHUEHTPALHOHHHIX KoJeGaHHil B 3aKpPLITOH TO-
MOTeHHO XUMHUeCKOH cHCTeMe OTPHLAJIACcCh MHOTHMH HCCIIe10BATE/IMH
Ha OCHOBAaHHH TepMOIHHaMHUeckuX coobGpakenudi (Rappoport, 1952;
Shear, 1967; Shaw, Pritchard, 1968). PsinoM aBTOpPOB 6bLIO YCTaHOB-
JIEHO, YTO BOJIH3H TIOJIOKEHHS TepMOILMHAMHYECKOTO PaBHOBECHS He-
BO3MOJKHBI HHUKakHe KoJje6Ganus (Jost, 1947; Hearon, 1953, 1963;
Wei, Prater, 1962). Ilpuroxun (1960) oGoGimusa 3T0T pesyJabTar, INo-
Ka3aB, 4YTO KoJieOaHUsI HeBO3MOXKHLI M BOJIH3H CTAlHOHAPHOTO COCTOS-
HHS OTKPBITOH CHCTEMEBI, €CJIH 3TO COCTOsiHHE OJH3KO K PABHOBECHOMY,
T. €. eCJIH BLHIMOJHsAOTCS cooTHomenust Ousarepa. B To ke Bpems Ha
OTZEJbHBIX INpHMepax OBLIO IPOJEMOHCTPHPOBAHO, YTO B CHCTEME,
JOCTATOUHO JAaJIEKOH OT COCTOSIHHSI TEPMOJHHAMHUECKOrO PaBHOBeCHS,
MOT'yT BO3HHMKATb KOHUEHTpauuoHHbie Kosebanus (Lefever et al.,
1967; Glansdorff, Prigogine, 1971).

JlogaxeMm, yto B6JMH3 U NOJNJOXEeHHUHA TepPMOAHHa-
MHUYECKOTro paBHOBecHS KoJeGaHHST HeBO3MO K-
H bl. [I/1s1 3TOr0 IOCTATOYHO MOKA3aTh, UTO BCce COGCTBEHHBbIE 3HAUEHHS
XapaKTepHCTHUECKOH MaTpHIBI AeicTBUTE bHb. ClesiaeM 3T0, ONHpPasach
Ha MPHHIUHUN AETAJbHOrO GafnaHca, COTJIACHO KOTOPOMY B IOJIOKEHHH
TEPMOJMHAMHYECKOTO PABHOBECHs KaXKnasl JeMeHTapHasi peakllHs Ha-
XOIHTCS B HE3aBHCUMOM OT APYTHX PeaKiHii PaBHOBECHH.

Kak cka3aHO Bbillie, Mbl CUMTAEM 3JIEMEHTAPHLIMH TOJbKO MOHO- H
GHMOJIEKYJISIDHBIE PeaKIHH:

Ci:cjv (;lzck + Ch
GGy £ C (2.1)

ILIIH HHX, COIJIaCHO MNPHHUUINY JeTaJJbHOr0 paBHOBECHA, NOJ/LKHBI



a4 IJABA BTOPAS

BBINOAHATLECA CJIEAYIOIHE paBeHCTBA:

Ip0 — i if 0,0 — RELAOAO
e = ajcl, Bkcici = Breey,
ir0 — (Alkp0,0 [fr0A0 _— RELA0A0
aic? = flkcicy, Bkc[c]. == B]. coct, (2.2)
ir0 — RELAO O iin0p0 — [RIEr0A0
aich = Bk ched, By ) = Bl. c9cy,

p0n0 — RlEA0N0
B €t [3]. cc?.

i k1l
31ech ¢! — paBHOBeCHbIE KOHLEHTPANMH; ¢f U B — KOHCTaHTbI CKOPOCTH
COOTBETCTBYIOLIMX peakuHii. JIuHeapusys xuMHueckyio cHctemy (1.6)

de; i ki
T = % 4+ Bi CrCy

B OKPECTHOCTH NOJIOXKEHHA TE€PMOAHHAMHYECKOrO paBHOBECHA, NOJY-
YHUM:

up = Yy (2.3)
- ik
rae u; = ¢; — ¢ v = ol + p¥c). Hyxno nokasath, uro Bce cober-
BeHHBIE 3HAYEHHS MaTpHILI

I= il (2.4)

JeHCTBHTE/NbHEL.

Jaa [oxasarenbCTBa HCNOJb3yeM cJefyiollHe CBOHCTBA MaTpHIL:
1) co6CcTBeHHblE 3HAUEHHST CHMMETPHUYHOM MATPHLLL AEHCTBUTENBHHI,
2) ecaM BBINMOJIHSETCS PaBEHCTBO

A =P-1BP, (2.9)

rae P — npousBonbHas Heoco6ass matpuua (PP = I, | — ennnuynas
MaTpHua), To Matpuiel A U B nmogo6GHb H HMEIOT OLHHAKOBHIE COBCT-
BeHHble 3Hauenusi ([antmaxep, 1967; Bensiman, 1969).

BBenem nuaroHajbHble MATPHUIIBI:

D= I 6[]'6?” ’ DT = # ’ (2 6)
1 1 6[].
D =jbycl, D *= l Ve
Marpuua
S=TID=_S8T (2.7)

CHMMETPHYHA, TAK KakK u3 (2.2) caenyeT
fet — wigo 9
1ie} = xiel. (2.8)
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BpiNnOJHHM HEKOTOpbIE npeoépasoBaHnﬂ, HCNOJNMb3ydA BBEACHBHbLIE MarT-
pHIDL

1 1 1
2 T2 2

=D *(SDYD* = SD ?; (2.9)

(D—%SD——;—,)T:( > ( ) D—%SD—%.

Taxum  o6GpasoM, wartpuna [ nogofia CcHMMETPHYHOH MaTpHIlE

1 1
D *SD ?, uTo H Tpe6oBanOCh 10Ka3aTh.

Teopema Kopsyxuuna 06 OCYIEeCTBHUHMOCTH
CAOXHOIO NOBeleHHUSA XUMHUYECKOH CHCTeMH
(KopsyxuH, 1967a, 6, 1969).

B pe3y/bTaTe npuMeHeHHS MeTOla KBa3HCTALMOHADHBIX KOHIIEHT-
panuit (KCK) B mpaBeiX uacTsx ypaBHEHHH NOSIBJISIOTCA JAOCTATOYHO

COXKHBbIE (DYHKUHHA
¢ = (o), (2.10)

noayuaromuecs npu €= 0 u3 ypasHenui (1.6). 310 HABOJAUT HA MBIC/b,
uyto obpauenueM Merona KCK MoxHO miada Jj060H 3agaHHOH CHCTEMbI
OObIKHOBEHHLIX Au(depeHHAJbHEIX YPaBHEHHH TOCTPOHTb CHCTEMY
(1.6), koTopast OyfeT aCHMITOTHYECKH CBOAMTBCH K 3ajaHHOM.

Onupasicy Ha 310 coobpaxenue, Kop3yxuH JloKasas, uTo B 3aKpbl-
TOH roMoreHHo#i xumuyeckoll cucreme (l.6), momuuHsirolledics BceM
yenosuam (1.6a, b, ¢, d), KOHUEHTPAIMH YacTH CcOoefHHEHUHl MOTYT H3Me-
HATbCA JMIOOBIM 3apaHee 3a1aHHEIM 06Pa30M B TeyeHHe KOHEUHOI'O OTpes-
Ka BpeMeHH. [Ipu 3TOM paccMaTpUBaJach CHJILHO HEPABHOBECHAS CHCTe-
Ma, B KOTOPOH He yumThIBaJHch obpardble peakuuu (Kopsyxuh, 1967).

Moxuo cumurath, uTO cHcteMa nH¢pepeHUHaNbHEIX yPaBHEHHH NPO-
H3BOJILHOTO NOpPsiiKa, HMEoUAs B JIPABbIX YACTSAX MPOU3BOJIbLHBIEC HOJH-
HOMBI

MOKeT ONHCATh MPaKTHYeCKH JoGoe NoBe/leHHe X; BO BpeMeHH. [Tockoib-
Ky HAC HHTEpPecyidT KOHIIEHTPAllHOHHblE CHCTeMbl, Mpl OyZeM paccMaT-
pUBaTh TOJIBKO NCJOKHTENbHBIA KOHYC Pa30BOTO npocTpaHcTaa (x; > 0).

Urax, HyKHO J0Ka3aTh, 4TC Wis J060H cHcTeMbl (2.11) cymecTByeT
cuctema tuna (1.6), nopuunstomasica orpanuuenusim (1.6 a, b, c, d),
B KOTOPOH NOBeleHHe YacTH NepeMeHHHIX (KOHUeHTpauui) 6yler cOB-
najaTh C MOBeAEHHWEM NEPEMEeHHBbIX X;.

JlokasatesbCTBO TeOpeMbl COCTOMT B IIPSIMOM I[IOCTPOEHHH «XHMH-
yecKol» cHcTeMbl THIIA (1.6), KOTOpast aCHMNTOTHYECKH cBOAMTCH K (2.11).
[TocTpoeHHe XHMHYECKOH CHCTeMbl NPOBOJMTCH B HECKOJbKO 3TaloB:

1) crpositcss uenu peakuuil, BKJIOYAIOIIHE HOBhie NMepeMeHHbie H
(opMaJIbHO ONHCHIBAIOLIHE KAMAbIH Y/eH HOJHHOMA;
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2) BBOAATCS AOMOJHHTeJbHBIE epeMeHHble, o6ecieunBalolHe BbINoJI-
HeHue ycaoBuit (1.6 b, ¢, d);

3) BBOAATCH pe3epByapHble MepeMeHHble, oObecneyuBaloLlHe BEI-
NOJIHeHHe 3aKOHA coxpaHeuus Maccol (1.6a), M TeM caMbIM cHcTeMa
JleiaeTcsl 3aKphITOH.

Mgl He GyleM NMPOBOAUTBL 3TO MOCTPOeHHe B 06IIEM BHJE, TAK KAK OHO
OYeHb I'DOMO3/IKO, & OI'PAHHYUMCS JHLIb PACCMOTPEHHEM MPUMEDOB.

[Ipumep 1. Xumuueckass paclindpoBKa OJHOTO 4jeHA MOJH-
HOMa:

Xy = e — Ragx® (2.12)

1. Hanuwewm cucreMy ypaBHeHHH, HCnosib3ysl 0603HaYeHHUS, IPHHS-
Tole B pa6ote Kopayxuna (1967a):

1y = — anw,

W = — amw | 0215,

2y = — azng -+ av; — az; + az,n;, (2.13)
U'l = a2N; — OV,

2y = — O2oM5 + AUy — 02y + kny,

Uy == 25Ny — QVs.

Ecau dopManbHO noOMOKHTE

w = fé[ = Z.)[ = O, (2'14)
1O (2.13) mepeiizer B

ny = — kngn’. (2.15)
Cucreme (2.13) cooTBeTCTBYeT cxeMa peakilHH:

I‘l1 + W——>, (2.163) 22 + I'l5 —_ Zl + Vg, (2.169)

z; -+ Ng—w -+ vy, (2.16b) Vo —> Zg, (2.16f)

v, — 7y, (2.16¢) Zo—>, (2.16g)

7y —, (2.16d) n; — Zy. (2.16h)

2. B nosHO# cHMcTeMe, BKJOYAKOILLER Bee X4, /ISl BbIMOJHEHHS YCJIO-
Buil (1.6 b, ¢, d) Hy>kHO BBeCTH B ypaBHeHHS JLIf fl; BCe HOBLIC WJIEHSBI,
BKJIIOYAIOLINE 7, T. €. WIEHLl a2;f; ¥ kn 5 NOKHEI ObITb BBE€HH B yPaB-
HeHUs IJIs1 fig U fi5. 1Ipu 3TOM Ha Kaxnoe #; HeOOXOAUMO BBECTH erle
OIHY [NONOJIHHTEJNbHYIO nepeMmeHHyio (cM. npumep II).

3. Hna Toro uto6wl caenaTh CHCTEMY 3aKpHITOH, BBeAeM pe3epByap-
Hble nepeMeHHble. O6paTUM BHHMaHHe HA TO, UTO Zy H V; — JBe (POpMbl
KaTanu3aTopa peakUud Ny — W, a Z, H V, — KaTaJH3aTOPhl peakUuu
ns — z,. Ecnu peakuuu (2.16 b, c, e, f) npeacrasasiiotT co6oit H30MepHbIe
npeBpallieHUsl, TO YHCJIO BBONLHMMBIX pe3epBYapHBHIX NepeMeHHBIX OyzneT
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MIIHUMAJIbBHO H CcXeMa 6leeT UMEThb HpOCTCﬁLL[IIﬁ BHJL:

ny 4+ w—> Ry, Zy + N3 — 23 - Vg,

Z1 + Ng— W + vy, Vo —> 2y, .
Vy—> 24, Zo— R, (2.17)
71— Ro, N —> Zs.

AnasoruyHo npumepy | BHIMHCHIBAIOTCS peakuMH I KaKIOTO uie-
na nonuHoMmoB A; (x). B HTore mosyuaercs cucreMa ypaBHEHHH THNa
(1.6), ynosnerBopsiiourass yenosusum (1.6 a, b, ¢, d). dra cucrema saBu-
cuT or napamerpa o = l/e. [Ipu oo — oo pelnesus 3TOH CHCTEMBI AJS
NepEMEHHBIX 71; ACAMITOTHYECKH CTPEMATCA K PEHIEHHSIM HCXOIHOH cH-
cremel (2.11).

Teopema Kopsyxuua. Ilycte nana cucrema ypasHe-
HHE

x; = Ayi(x), (2.11)
rae A; () — npou3BoJibHbIe NOJTHHOMBL. CyllIecTByeT CHCTeMa YpaBHEHHH
fe= [ M0, Mo =~ guln, m, ©), (2.18)

ABJSOAsAcs 4acTHbIM ciydaem (1.6) u ynoBaetBopsowas (1.6a, b,
¢, d), Takas, uro x; () =n, () + o) npu e>0 u ¢ > >0,
x; (0) = n; (0), a << x; () << b, my (0) ~ &, vae ¢y, a, b — NpPOHU3BOJIb-
HBbI@ MOJOXKHTENbHblE MOCTOSAHHBIE, HE 3aBHCAUHE OT €.

Bhime paccMOTpeHB! CHCTEMbI, B KOTOPHIX He YUMTHIBATHCH O6paTHLIe
peakuun. Pacnpoctpanum Teopemy KopayxuHa Ha o6paTHMble CHCTEMEL
peaknuii. Creslaem Bee cTaauu B cHcteMe (2.18) oGpaTHMBIMH, LONOJMHHB
€e UYJeHaMH ¢ IPOH3BOJbHO MAaJbIMH TOCTOSAHHBIMH KOHCTAHTaMH
ckopoctelt. Cucrema (2.18) mepeiiner B cuctemy

f'l,' = fl'(n7 m, b) + 811p[(n, m, 8);
’.nl"c = “:‘gﬂc(”, m, 8) + 81€Pnc(”, m, 8)- (219)

B cuary TeopeMsbl 0 HenpepbIBHOR 3aBHCHMOCTH PeLLeHHH OT napameTpa
TeopeMpl KopayxuHa peltenus cucreMsl (2.19) cTtpeMsiTcsi K pellieHHsM
chcremst (2.11) npu € — 0, €; & 0 ¥ cOOTBETCTBYIOLIEM BLIGOPE HaYa/Ib-
HbIX ycioBuil. Cucrema (2.19), B KOTOpOH Bee CcTagun 06paTHMbI, aBTO-
MaTHYeCKH WHMeeT TIIOJIOXKelHe DaBHOBECHS, YIOBJETBOPSAILIEE IPHH-
LUIy JeTanbHOro OaJjaHca.

Takum o6pa3oM, B rOMOreHHOH XHMHUYECKOH 3aMKHYTOH CHCTEMe,
B KOTOPOH BBINOJHAIOTCA Bce 3aKOHbI coxpaHenus, K3IM u umeercs
TI0JIOKEHHE TEPMOAHHAMHYECKOTO PaBHOBECHS, YI0BJETBOPAIOLIee NPHH-
uHNy jetajqbHOro GajaHca, MOXHO OCYUIeCTBHTb NPOH3BOJIbHOE, 3apa-
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Hee 3ajlaHHOe TOBeJleHHe KOHLEHTPaLlMi YacTH COeIWHeHHH (B YacCTHO-
CTH, CTaGUNbHLIE aBTOKOJeGaHHUsI) B TeyeHHe KOHEYHOTO OTPe3Ka Bpe-
MeHH /060N Hamnepel 3aJaHHOH MJIUTENbHOCTH.

O61HOCTL 3TOTO YTBEPKAGHHA OrpaHHYHBAETCS B peasibHOH cucTe-
Me KOHEUHOH IJIOTHOCTBIO BelleCTBA, IIOCKOJNLKY MBI He MOMXKEM CO3JATh
TOMOT€HHYIO CHCTEMY, COCTOSHIIYIO H3 TIPOH3BOJIBHOTO 4YHCJAA KOMIO-
HEHT C [POW3BOJbHBIMH KOHUEHTPALHSMH.

[Mpumep II (Kopayxun, 1969). [TocTpouM XHMHYECKYIO CHCTEMY,
HMHTHPYIOULYIO JIHHEHHBIH OCHHJIATOD

x +x=0. (2.20)

CMecTHM mNOJIOXKEHHEe PaBHOBECHSI B IOJNOXKHTEJNbHBIH KBaapauT (aszo-
BOH NJIOCKOCTH

).Cl_—"JCg—/.l, )&2:—xl+1. (221)

I. Cuctema (2.21) conep:kHT IBe peakIHH pacnaja HYJeBOI'O MOPsiKa
(— xy; —1). MsbaBasiach OT HHUX, mepeiiieM K cCHCTeMe

Ny = Ny — QN My,

Mg = — Qf1yMMy —l—' 1, (222)
my = — anym, + 1,
My = — Uhgmy - 1y.

2. Bouimonuenue ycaosuii (1.6 b, ¢, d) TpeGyer BBemenus eite ABYX
nepeMeHHbIX:

Ny = Ny —anymy — Ny 4 Bmy, Ny = — angmy + 1 — ny + By,
’;11 = —omm + 1, My = — Oy, + fy, (2.23)
mg = ny — Pms, My = 1y — Brmy.

3. Ilas BHIMOJIHEHHS 3aKOHA coxpaHeHHsl Macchl (1.6a) HyxHO BmecTH
pesepByapHble nepeMeHHble, B uacTHocTH P = aR. [losxas cxema
peakuuii, HMHTHpYyoLlas JHHeHHbIH ocuuaasTop (2.20), uMeeT BHL:
a a

M +m-Py, Ny my=Py,

Rl'_>m17 R2_">m27 (224)

n;—mp + My, Ny—>1; + My,

a a
m3+ R3"—’n1a m4+ R4——’I'12.
Sra cxema MOKeT OHITh JONIOJHEHA OGPATHEIMH PEaKIHIMH C NPOU3-

BOJILHO MaJIbIMH CKOPOCTAMH. Toria B TeueHHe KOHEYHOTO OTPE3Ka
BpEMeHH IPOH3BOJILHOH JVINTENBHOCTH NOBeJeHHe KOHLEHTPAaUMH B He-
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o6paTHMON M 06paTuMOii cucTeMax OyAeT HEOTJIHYHMO, €CIH Hayalb-
yble ycJ0BHS oAMHaKOBel H P; (0) = 0. Peurenus n, (f) cHcrem
(2.22—2.24) cTpeMATca K peileHusM X; (f) cucTemsl (2.21) npu a—- oo,

OB OPTAHM3ALMU CJIOKHBIX CUCTEM

BpemeHHble H KOHUEHTpPauuoHHble MacwTabs. Teopema Kopsyxuua
OKa3BIBAET, YTO CJOKHBIM NOBeleHHeM OG6/JIafaloT CHCTEMBI, COepKa-
ne TPH CYLLECTBEHHO Da3/IMYHbIX Maciutaba BpeMeHH, T. €. CHCTEME,
COCTOSILIIHE H3 OCHOBHBIX (n;), GBICTPHIX (4;) H pe3epByapHbIX (R)) mne-
peMEHHBIX:

Rk == 8(PIC(R7 n, u)v
"1'[ = f[(Rv n, u)v
4 =R, n, 1), (2.25)

B cooTBeTCTBUM C BpeMeHHBIMH MaciuTabaMi OOLIYHO HaXONATCS U KOH-
IleHTpaIlHOHHBIE:

uf<n,-<Rk. (2.26)

Ilpu HccitefoBanuH cHcTeMbl (2.25) Ha OTpe3Kax BpPeMeHH MOpsKa
OCHOBHOTO MaiiTaba (B KonebaTeAbHBIX CHCTEMAX eCTeCTBEHHOMH eunmIei
M3MepeHHs] BPeMEHH ABJsAETCS nepHoi KonebaHuil) nosararT

R=0, (2.27)

YTO 5KBUBAJIEHTHO PACCMOTPEHHIO OTKPHITOH CHCTEMBI, a GbICTphIE Mepe-
MeHHHIe Uy HekaodalT Metonom KCK.

[Tpu HccmenoBaHHM NEepeXOAHBIX NPOLECCOB HA HHTEpBaJie BPeMeHH
0 << { < & mepeMeHHble u; CJellyeT pacCMaTpHBATh KaK OCHOBHhIE, a
f; — KaK De3epByapHBIE.

[Tpu wu3yueHHu 5BOMIONMH CHCTeMBl (£ >> 1) OCHOBHBIMH IepeMeH-
HbIMU GYAYT Rp, a ObICTPBIMH — ;.

Peasibubie cucTeMbl, KaK NPAaBHJIO, COAEpKAT 00Jee TpeX BPEMEHHBIX
Macmta6oB. IIpH uccaefOBaHHM TaKHe CHCTeMBl OOBIYHO HedopMalb-
IIBIM HyTeM pa30HBAalOT Ha MNOACHCTEMBI, COAepiKauHe He Gojee Tpex
MaciiraGoB. DTH TOACHCTEMLI MOTYT MepeKphIBaThCA: GLICTpHIE Nepe-
MEeHHbIe OIHOf TNOACUCTEMBEI MOTYT OBbITb OCHOBHLIMH HJIM MeJJIeHHBIMH
nepeMeHHbIMH IPYroH.

[eTeporennbie cHCTEMbI MAEAJBHOrO INepeMeulnBanud. Briule Golin
NPHBEIEHH TOMOTEHHBIE CHCTEMbI HAeaNbHOTO nepemelndBadus (1.6).
PacemoTpuM mpocteiliylo TeTepOreHHYI0 CHCTEMY, COCTOSILYIO H3 OT-
CeKOB C UWJeaJbHbIM II€PeMElIMBAHUEM, pa3JieJleHHbIX [1aCCHBHBIMH
MeMOpaHaMH:

ctn = Oy ‘cltl + Gy Cmel + ;_' D;mSpn(Ctp — Czn) ) (2'28)
n



50 TJIABA BTOPA4

3nech V,, — ofLeM n-ro oTceka; SP"— nuomans MeMOpaHbl, pasaensio-
uell oTcekn p u n; D" — K03pPUUMEHT NPOHUIIAEMOCTH MeMOpaHh;
®;j U Oyt — KOHCTAHTBl CKODOCTH MOHO- H OHMOJIEKYJISIDHBEIX peakiHi.

Jlerko yBHIeTb, uTO B cucTeMe (2.28) cHHMMaeTcs 4acTb OrpaHuye-
HHUH, NpHCYIHUX roMoreHHol cucreMe (1.6): BO-mepBBEIX, MOXKHO YBEJH-
YHTh YMCJIO AMHAMHYECKHX NEPEMEHHBIX, He YBeJHUYHBAsi KOJHYeCTBa
XUMHYECKH PA3JIMYHbIX COENMHEHHI; BO-BTODBIX, CHHUMaeTcs OrpaHHue-
HUe paBeHCTBa MOAyJeH KO3(h@HUIUEHTOB, TaK KakK B HHX BXOJHT MHO-
wuteab SP%/V,; B-TpeTbHX, CHHMaeTcss OrpaHHUeHHe, CBS3aHHOE C KO-
HEeUYHOH MJIOTHOCTBIO BEILECTBA.

B cucreme (2.28) MOXKHO HEOrpaHMYEHHO YBEJIHUHBATH UHUCAO INepe-
MEHHEIX M JIeTKO CO3/1aBaTh pe3epByapbl, HCMOJAb3Ys IBa CBSI3aHHHIX
OTceKa C pe3Ko HepaBHHIMH o6beMaMH. OTClOfa MNOHSATHO, TNOYEMY
B TeTEPOreHHBIX CHCTeMaX CJOXHBIE THITBl KOHIEHTPALHOHHOIO NOBeN 2~
HHS BCTPEUalTCs ropasjo yalle, yeM B TOMOTEHHbIX.

BosHukHoBeHHe MeMGpaH B Xoje OHOJOTMUECKOH 3IBOJIOLUH PE3KO
YCJIOXKHHIO KOHUEHTPAUHOHHOE TMOBeleHHe GHOXMMHUYECKHX CHCTEM,
M 3TO, B CBOIO ouepenb, ObLIIO OAHOM M3 NPHYHH BLDXKUBAHHA CHCTEM,
COCTOSIBIIMX M3 MHOTHX OTCEK)B.

JsoJonMOHHOE TpOMCXOXJeHHe uepapxud. Teopema Kopsyxuna
Bblllle GbLTA HCOOJAh30BaHA sl NOKA3aTeIbCTBA BO3MOXKHOCTH CJIOMKHOH
JIMHAMHKH B roMoreHHo# cucteMe. OHaKO nepBoHayalbHO 3Ta TeOpeMa
6bl71a npeIokeHa KaK OCHOBaHMe JUIsi OJHOTO M3 MeTOJ0B MOojesIHpOBa-
HUS peasibHO CYIIECTBYIOUIMX CJAOXKHLIX cHcTeM. Ee ajaroput Moxer
6BITH MPUMEHEH JJIS HEenoCPEJCTBEHHOrO MOCTPOEHHST MOJeNH, T. e.
JJIS pelleHHsi SKCTPeMasbHON 3alaud — MHHHMH3aLHH CcpPelHeKBajpa-
THYHOTO OTKJIOHEHHS] TEOPETHUECKHX 3HAUCHHI OT SKCEPHMEHTaNbHBIX.
Anroput KopsyxuHa 3ak/I104aeTcsi B TOM, UTO KaXAbIH 4JIeH moJUuHOMa
(B HEKOTOPOM CMEBICTIE KakAasi OcOOEHHOCTb KHHETHKH) paccMaTpHBaeT-
‘cA KaK OTAesbHasl COXKHAsA peaklHs, KoTopasi pa3BepThiBaeTcs B He3a-
BHCHMYIO [IEMIb JIEMEHTAPHBIX PeaKUHii. DTOT aITOPUTM BeCbMa HEKOHO-
MEH 110 YUY TepeMeHHBIX, HO NPeesIbHO 3KOHOMeH 1o nepe6opy BapH-
aHTOB M TE€M CaMbIM — 110 3aTpaTe BpeMeHH. MOXHO noJjarathb, 4To B X0-
e SBOJIIOLHH YCJI0XKHEHHE TTPOUCXOINIIO NPHMEPHO TeM XKe IyTeM.

PaccMOTpHUM  KOHIIEHTpPAUHOHHYIO CHCTEMY ¢; (MJIM NOMYJSALHUIO Ta-
KHX CHCTeM), MOTPYXEHHYI0 B KOHIIEHTPAUHOHHYI XKe cpely Cg,

Cr = 0y ¢+ BrmiCos + TilCio — C2)- (2-29)

[TOCKOMBLKY NPOUECCH Pa3MHOMeHHsT M THOenH cHCTeM OOBIYHO 3aHH-
MalT MaJjblil OTPe30K BPEMeHH MO CPaBHEHHIO ¢ BpeMeHeM 35BOJIIOLHH,
MOXKHO CUHTATh, YTO CHCTEMAa H CpeJa HAXOLATCHA B CTALHOHAPHOM COCTO-
auun: ¢ = f; (&, B, ¥, ¢;y). CHcTeMa 1 cpesia JOCTATOYHO CIOXKHBL, T. €.
colepKaT GoJbLIOe UHCIO MepeMeHHbiX. CUAbHOe OTKJIOHEHHe C; OT Cf
NPHUBOMHT CHCTEMY K THOEH.
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[lpeacTaBuM Terepb, UTO B CHAY KAaKUX-TO NPHUHH KOHUEHTPAUUH
B Cpele U3MEHSITCH: C;y —= Cjp. BCIeAcTBHE 3TOrO yCTOHUYHBaAs cHCTeMa
TaK!Ke H3MeHseT YacTb CBOMX KOHLEHTpaUMil, yAepKUBasi CYLLEeCTBEH-
ble MEPEMEHHbIE OKOJO HX HCXONHBIX 3HauyeHHH. l3-3a HelHHeHHOCTH
(OUMOJIEKYJISIDHBIX DeaKLMH) 3T0 PeryiHpoBanue MoxeT GbiTh 10CTaToOY-
110 5¢xpeKTHBHHIM B HEKOTOpPOM JuanasoHe. OnHaKo 3a npejesaMH 3TOrO
jHanasona TpeGyeTcs yKe BBeJCHHE HOBBIX peakllui, T. e. H3MeHeHHe
o, [} HaH y.

BeposiTHOCTh OZHOBPEMEHHOTO CHJIBHOTO H3MeHelHS HeCKOJbKHX
11apaMeTPOB ;o BeCbMa Majia — oObiYHO Ha HEKOTOPOM OTPE3Ke BPEMEHH
MOKET CHJIBHO H3MEHHTBhCH TOJBKO ONHMH NapaMeTp, ADyrHe XKe MNpH
5TOM MEHsIOTcss Maso. Takum ofpa3oM, HYXKHO CTaGHJIM3HPOBATH
0/HY NEPEMEHHYIO ¢;, HENOCPEACTBEHHO CBSI3AHHYIO C CHJBHO H3MEHHB-
IIHMHCA C;, O BOSMOXKHOCTH He BJIHAS HA APYTHE C;.

@ H P BXOAAT B HECKOJIBKO YPABHEHHH, [I03TOMY KeJ1aeMblil Pe3yJib-
TaT NpoIe BCETro JocTHraeTcs: Au60 H3MeHeHHeM Y, JHO0 BBeJIeHHEM HO-
BbIX paHee OTCYTCTBOBAaBIUIHX o HJH [, T. €. HOBHIX ClleLlHa/JH3HDOBaH-
HBIX P€aKLUH, B KOTOPBIX Y4acTBYeT TOJIbLKO OJHO H3 paHee HpUCYyTCTBO-
BaBLIKMX COCAMHEHHH. DTO 3HAYMT, YTO NOSABSTCA HOBble NepEMEHHbIE.

Takum o6pasoM, ycJ0XKHEHHE IPOHCXOAHT ITyTeM YBeJHYEHHS YHcaa
nepeMeHHBIX, NPHYEM YHCJAO CBsidel, T. €. XHMHUECKHX DeakLMii, pacTer
NpUMepHO NPONOPIHOHANBHO YUCAY 3/71eMeHTOB, B TO BPEMS KaK NOJHOe
yhCJI0 BO3MOXHBIX CBAI3edl PABHO KBajJpaTy uHc/ia sneMentoB. Orciona
cielyer, 4To:

1. Opna ¥3 NpHYHH HepapXHMuecKoH OpraHH3alHH CJOXKHBIX CH-
CTeM — 3TO UX 3BOJIOLHOHHOE MPOHCXOXKJEHHUE.

2. Bousee 1peBHMe 3/1€MEHTH B CpeiHEM JAOJKHbBI y44aCcTBOBATh B 60Jb-
LIeM YHcJIe peakiuil. DTo coobpaXkeHHe MOXKET 0Ka3aThbCsl TIOJIE3HBIM IIPH
YCTaHOBJIEHUH 3TanoB GHOXHMHYECKOH 3BOJIOLHH.

OtMeTuM, YTO TOUHO TAKHeE Ke COO6paKeHH sl JexaT B OCHOBE IPHHLH-
11a oo, yTBEpKAAIOLIEr0, YTO SBOJIOLHMOHHBIA Ipouecc HeoOpaTHM.

B 3aksrouenne CTOMT NOAYEPKHYTH 3BOJIOIMOHHYIO POJb NOJHMEPOB,
Ha KOTOpY!o o6BIYHO He o6palaloT BHUMaHus. B peannsix HU3KOMoseKy-
JSIPHBIX COEAMHEHHH o0 H § MOIYT H3MEHATLCS TOJNBKO OYCHb CHJBHO
NpH nepexoze OT OJHOTO COEJUHEHHs] K APYTOMY, UTO 3aTPyIHAET pery-
JHpoBaHHe. B peakuHax noJuMMepoB 3aMeHa WJH J100aBjeHHe OLHOTO
MOHOMEPHOTO 3B€Ha MOXKET Bbl3BaTh OYEHb HEOOJBIIOE H3MEHEHHE KOH-
CTAHTBI CKODOCTH, o0ecneyHBasi JaBHYIO BOJIOLHIO.

PA3/THMYHBIE XMMHYECKHE PEAJIM3ALHMH
OJIHOY AMHAMUUECKOM MOLEJN

3HaueHHe pas3/MuHbIX MacluTaboB BpeMEHH B KOHIIEHTPAIHOHHOH CH-
CTeMe, OTJIMYHE 3aKPBbITOH H OTKPHITOW CHCTEM, DOJIb KaTajlu3aTOPOB H
ApYTHe BONDPOCH MOTYT ObiTh PACCMOTPEHb! NPH Pa3HOCTOPOHHEM aHa-
Ji13e OZHOTO MPOCTOTO NPHMEpA.
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PaccMoTtpum aBTokoJe6ateibnyio Moaeib CenbkoBa (1968):

x = kg~ koxy®, Yy = koxy® — kgy. (2.30)
CucreMa (2.30) uMeeT eIMHCTBEHHOE MOJIOXKEHHE DaBHOBECHS:
2
%o = kif;a o=, (2.31)
KOTOpOe CTaHOBHTCS HEYCTOHYHBBLIM, KOTAA
ks
?kz— = > 1.

IIpu 3ToM BO3HHKaeT HpelelbHbIH HHKJ.

Cucrema (2.30) sBasieTcs acHMNTOTHYECKOH MOJeJIbl0 KOHIEHTpPAIH-
OHHBIX cHcTeM pasHoro THna. OjnHa U3 HUX, YAOBJIETBOPSIONWIAsl Ompe-
Jeqennio (1.6 a, b, ¢, d), npuBenena Huxe:

k1 v ® ks
R1—>X, X+U1—>Uz——>U1+Y, Y+R2—->R3,

k2
Y+ YU,
n

(2.32)

3necy U, aBasiercs karanusatopoM peakuuH X — Y. Cxeme (2.32)
COOTBETCTBYET c/elyloliasi cHcTeMa ypaBHEeHHH:

X = kyRy — puyx, Uy = MUy X — Wil,

§ = plip— 2koy® -+ 201y — kgRyy, Ri= — kiR,

(3= — PusX + pttp + kay® —puy, Re = — kyRyy,
Ry = kgR,y.

(2.33)

Ec/iM KOHCTaHTLI P MHOTO GoJlbLe &y, Ry B R 3, TO ¢ oMowibio MeTofa KCK
(2.33) MOXHO CBECTH K CHCTEMe

% = kyRy — kyxy?, Ry = —kR;,
§ = kyxy? — kyRyy, Rz = — k3Ryy, (2.34)
Ra = kyRoy.
dra cHCTeMa uMeeT JBa JHHEHHBIX HHTErpana:
Ri—Ry+x+y=c, Rot+Rg=c,. (2.39)

Bri6epeM cliefyolpe HaualbHble YCJOBHSA:
R,=R}, Ry=R), R3=0, x=0, y=0. (2.36)
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Torna
a=RY—R) =R (2.37)
[Ipu ¢, > 0 cuctema (2.34) umeeT yCTOHYHBOE NOJIOKEHHE PABHOBECHS:

Ry =0, Xo = 0, Yo= R({ - Rg; RZO =0, Ry= Rg, (238)

a mpu ¢ < 0—
RIO':O’ x0:01 Yo = O’ R20=R2—R27
R30= R(l)

YpaBHeHHsIM (2.34) COOTBETCTBYeT CXeMa peaKLHH:

K,
e N 3y (2.40)

K
y +R,—> R,

(2.39)

Cucrema (2.34) nepexonut B cuctemy (2.30), ecau cumtath R, H
R, nocrosHHbIMH. TakKoi nepexol cCHNpaBeMJuB, ecJH pacxol R,
R, 3a onuH nepuoi kKoaebanuit (T), ompeneneHHbll M3 cucteMsl (2.30),
MaJl 10 cpaBHeHHI0O ¢ R; u R,. Paccmorpum, namnpumep, R;. B stom
cJlyyae OTHOCHTEJIbHBIA PacXof 3a INepHOJ

t+T

AR k
S S Rydt >k, T <. (2.41)
¢
Ecnn orpaHuYHTbCS CyyaeM ManbiX KoJeOaHHMH:
a =1, (2.42)
TO
Xg =1y, T = 2nuk,. (2.43)

31ech yA06HO NepeliTH K ecTecTBeHHOMY Maclitafy nponecca, T. €. 32
elHHHIY M3MepeHHs1 BPeMeHH NpPHHATH NepHoA Konebanui T, a 3a
CHHHIY M3MepeHHUS] KOHIEHTpaluul — CPeAHIOK KOHUEHTpALMIo oc-
HOBHBIX NepeMeHHbIX (X, = Y,). Torna Bce Ko3GPUINEHTEl B ypaBHe-
HHAIX CTAHYT DPAaBHBIMH €IWHMIE, H MBI HOJYYHM

X~y o xy=yo =, T =1 2.44)
Orciona ¢ yuerom (2.41)
k<1, Ry> 1. (2.45)

Takoit e pesyabraT nomyuaercs u aas Py.
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CrnenosaTenbHo, 4T0OH B 3aKpblTOH cucteMe (2.34) cymecTBoBan

KBa3HCTaHI/IOHaprIf{ pexumM, HeoOX0AMMO  BLINOJHEHHe yCJIOBPII‘:{
Ri>x Ri>y Re>x Ry >y (2.46)

Ecau 311 yca0BHS cOOMIOAeHBl, TO B cHcTeMe (2.34) BheasioTcst «pe-
3epByapHble» nepeMeHHble, PACXOAOM KOTOPLIX 3a XapaKTepHoe Bpems
npouecca (B JaHHOM cayydae T) Mo3kHO npeHeGpeub. [[oHOe npe -
HeOpexXeHHe PAacCXOAOM pe3epBYapHB X mepe-
MEeHHB X TPHBOAHUT K aCHMIOTOTHYECKOMY CJaY -
Yal CTAaUHOHADHOH (OTKPH TOH) CHCTEMB .

B ucxonHoll cucreme (2.33) HMerOoTCs TpPH PassMUHBIX Macuiraba
BpeMeHH. D10 00CTOATENbCTBO CTAHOBHTCA OCOGEHHO HATJISIIHBIM, €CJIH
B JIOTIOIHEHHE K NPHBENEHHON Bblllle 3aMeHe Maciitaba BpPeMeHH, cle-
JaTbh 3aMeRy vU; = Pu;. B 3TOM c/lydae BeTHUHHB! OBICTPBIX NEpeMeHHbIX
TOXE CTaHYT NOpSAKa eAHHHULBl H cucteMma (2.33) npumer BuA

Ri: Sfl:(Rﬂx)'l
¥ = g (X, 9) 4 &f: (R, x),

b = —1, (%, 9). (2.47)

31ech x 1 y 0603HAaUYeHB! KaK X; U NMPUHATO, UTO k; =~ 1/p = e << 1.

TaxuMm 06pasoM, HMEIOTCSi TPH TPYNILI IePeMEHHBbIX: OCHOBHbIE —
M3MEHSIIOIIHeCs] ¢ XapaKTepHHIM BpeMeHeM mponecca 7T'; MelJleHHBIe,
H3MeHeHHeM KOTOPHIX 3a BpeMsi 7 MOXKHO NipeHeGpeub; U GhiCTphbie, Ko-
Topeie 32 BpeMs €T BBIXOASIT HA TPAEKTOPHH, SABJSIONIHECH «ajredpau-
yeCKUMH» PYHKLUSIMU OCHOBHBIX NepeMeHHbIX. Ec/ii & ¢cTpeMHTCs K HY.TIO
H ONHOBpPeMeHHO K;— 00, TO NOJYYHUM

Ri=c¢, Xx=g(R x,v), 0=¢(x,0), (2.48)

T. €. CHCTeMy.
xi=g(x,c). (2.49)

B cucreme (2.30), nonyuatomeiics us (2.34) npu npeneGpexeHHH pac-
XOJOM pe3epPBYapHbIX MepeMeHHbIX R;, MOTYT CYLecTBOBaTb Kak 3aTy-
Xalollife, TaK M He3aTyxaloliie KoJaeGaHus.

Onpenenum xapakTep 5BOJMOUHM 32KPBITOH cHcTeMmbl (2.34). Tloxka
BBLINOJMHAIOTCA  ycsioBusi  (2.46), MOXKHO u3ydaTh 3BojcuHO (2.34),
aHanu3upys noeefeHue (2.30) npu paslHYHBIX 3HAYEHUAX Napamerpa

a = k3R3/kIRks. PaccMoOTpuM ABa chayuyas.
1. R\SSRY, (kg RO < (kyR)?  (nycrb ky = 1), ky > kye (2.50)
Ecnu B Hayasle peakuuu x° == x, unu y° == y,, T0 B cucteMe GyayT Ha-

6aronaTees 3aryxawoiiue kodeGanus npuH Bcex a* <l a <1 (a* —
TpaHHYHOE 3HayeHHe, OTHessiIOllee y3esa OT GoOKyca), B pe3yJbraTe KO-
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TOPLIX CHCTeMa NPHUJET B CTALLHOHapHOE COCTOSTHHe (X, Y,). M3 ycaoBus
(2.50) caenyer, uto R, yMeHbllaeTcs: Ovictpee, ueM R, (pacxomoM R,
B JaHHOM cJiyyae MOXHO npeHe6peub). [losTtomy o Gyaer Bo3pacTarth
1 B HEKOTOPBIH MOMEHT cTaHeT 0oJblle eIUHUILI. Torga B cCHCTeMe BO3-
HUKHYT HesaTyxaolue Xoae0aHus. B panbHefliiemM amnautyiga u
nepuol aBTOK(JeOaHUH OyAyT MOCTENeHHO YBeJHUHBATLCA TO Mepe

MeHbIIeHHst R;. B KoneuHoMm uTOre cueteMa MpHIeT B YCTOHUYUBOE CO-
crosgume (2.39). TakuMm o6pa3oM, 3BOJIOLUS U NpeKpalleHyue KonebSaHHH
B pe3yJ/bTaTe HCUepPIIaHHUA Pe3epByapa MOTYT He HMeTb HHYero ofilero
¢ OObLIYHBIM 3aTyXaHHeM KoJeGaHUi.

2. O6patHblit cayvail:

RI>R;, hk>k, a>1. (2.51)

[Tyetb x° =~ x,, y® =~ y,; Toraa B cHcTeMe OyayT HabmoxaTbest
napacrawooiniue KojJeGaHusi, B pe3yJibTaTe KOTOPbIX CHCTEMa BBIAJET Ha
npefeNbHBIN HHKJ (pexuM aBTokoMeOanuit). B peayabraTte yMeHblIeHHSA
R, (pacxomoM R, MoxHO mpeneGpeub) . yMeHbIuaeTcsl. AMIIHUTYIa
aBTOKOJe6aHHH MJaBHO NajaeT JO HYJA.

Yacto roBopsiT, YTO B 3aKPHITOH CHCTeMe HEeBO3MOXHBI aBTOKOJe-
faHMsl, a BO3MOXHBI JHIIb 3aTyXamollue KojleGaHHA. BrimenpuseneH-
lble IPUMePHl NOKA3bIBAKOT, YTO 3TO YTBEPKIEHHE OCHOBAHO HA OTCYT-
CTBHH YeTKOTrO Da3jeseHHsl NPOLeccoB, MPOTEKAMMMUX B Pa3sHbIX Mac-
wrafax BpeMEHH.

Hna nanprefiiero ofcyxIeHUst YIOGHO NepeHTH K yNPOILEHHOMY
BapHaHTy cxeMmbl (2.32)

K

Rl——>x,

Uy Uy g+

X u;—u u ‘.

1 2—> U 1Y, . (2.52)
Y'—)RS’

K
2}’2111,
"

KOTOpas NnpH HUCKJIOUYeHHH 6blCprIX TIPOILECECOB o6p3305aﬂuﬂ H pacnaja
KaTaJUTHYECKOTO KOMILJIEKcCa NepexoanT B CxXeMy

2y
K, N 43 Ks
R—> X 3y —> R,

(2.53)
B 510i1 cxeme BLIMOMHAIOTCS Bee 3aKOHbI COXPaHEeHHsI, eCcaH R, X, V,
U R, asasiotes naomepamu. CxeMe (2.53) oTBeyaet cucteMa ypaBHeHUH

¥ = kR —kxy®,  Ri=—hR, (2.54)
Y = koxy® — ksy, Ry = kyy,
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KOoTopast HuMeeT JIUHeHAHBbIH HHTEerpaJ

Ri+x+y+Ry=c (2.99)
M YCTOHUHBOE MOJIOXKEHHe PaBHOBECHS
Rio =Xy =190 =0, Ry, =c. (2.56)

dsomonus cucteMbl (2.54) npoTekaeT Tak e, Kak M cHcTeMbl (2.34),
npu ycaosuu (2.50).

BBezneHneM KarannsaTopa NepBOH CTaluH MOXKHO CTaGHIH3UPOBATH
CHCTeMY, TaK UTO ee HoBelleHHe GyneT cnabo 3aBHCeThb OT pacxoia R,
B LIMPOKMX Mpejenax

2y

 k %
. : 2 3y 3 B, (?57)

Tlcanaa cxema peakuun HMECT BHI

K, K
R, + e, > e, > X+ e
2y
2.58
N . (2.58)
X = 3y RS

e + ¢ =E

Ecmn E/R; ~e<< 1, 10 cxeme (2.58) COOTBETCTBYeT CHCTeMa ypaBHe-
HUH
R =— ————klkiR]E, , X = _————k]k;RlE, — kyxy?,
kiR - k) kiR ky (259)
!./ = koxy® — ksy, Ry=: kgy.
[Ipu ky/k R <€ 1 cucrema (2.59) nepexomut B
Ry = — kiE, % = kiE — kyxy?®, § = koxt® — kyy, Ry = ksy. (2.60)
Jo cux mop Mel paccMaTpuBald HeofpaTHMble peakKudd. BpeneM
B CXeMy (2.53) obpaTHble peakuuH

2y

R x 3y >~ R (2.61)
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DTOH cXeMe OTEeYaeT CHCTeMa YypaBHeHHil:
X = kyRy — O1x — koxy® 4- 8247, R, = — kR, + b,
§ = koxy® — 8,4° — kay 4 O3Ry, Ry ksy -— 83R;. (2.62)

l

Cucrema (2.62) nMeeT yCTONYHBYIO CTAllHOHAPHYIO TOYKY, YAOBJIETBOPS-
IOIYI0  TPHHIMOY JeTaJbHOTO GajlaHca (NOJIOKEeHHE TepMOIHUHAMH-
YeCKOI'0 PaBHOBeCHs). DTa CTAalHOHAPHAS TOYKA ONpefeNsieTcsl U3 YCIo-
BHUH
$:0203R3 8203 Rz 8sRs
Rlo _ klkzks L] xO - krzka L] yO - k3 b

Ryo -+ X0 + Yo+ Ryo=c¢.

(2.63)

[Ipu 8; — 0 370 mosOKeHHe paBHOBecHsl nepexoiuT B (2.56). Ecan
8; 1 Ry MaJbl, TO NOReJleHHe CHCTeMBl TaKoe e, Kak cHcTemsl (2.30),
T. €., €I 3aKpbiTasi o0paTHMasi CHCTeMa Jajeka OT MOJOXKeHHS
TEPMOAHHAMHYECKOTO PaBHOBECHSI, TO ee NOBeJleliHe COBINAJAeT C INORe-
IeHHEeM OTKPBHITOH HeoGpaTHMOH CHCTEeMBI.

Pacemorpenunie Bobilie BapuaHThl Mofenun (2.30) onHchBaiH ToMo-
TEHHBIE CHCTEMbI BAEAJTHHOTO NepPeMeIMBaHHUs, 4 KO3 (HILHEHTH] B YPaB-
HEHHAX NMpPeACTaBJAsiiM co00H KOHCTaHTBl CKOPOCTH XHMHUYECKHX peak-
uuii. Onnako Te Xe CXeMbl MOTYT CHIThb MOJEJSIMH H TeTepOreHHLIX CH-
CTeM HIealbHOTO nepememnBaHMa. Hanpumep, mogenar (2.62) moxer
ONHCHIBATb CHCTEMY H3 TpeX IOCJEN0BAaTelbHLIX Pe3epBYapoB, COSINH-
HeHHBIX JBYMSI MOJYNPOHHUAEMBIMH IleperOpojiKaMHu: OfHA Iepero-
pOIKa IpOnyckaer TUABbKO X, Apyrast Toabko y. Torna R, oGosHadaer
KOHLEHTpAIHI0 X B JIeBOM pe3epByape, a R3— KOHLEHTPalHIO Y B
npaBoM pesepByape. Pcakuus (2.64) npotekaer B cpeiHeM pesepByape.

E ‘ (2.64)
X 3y _

Ecnu peakuus (2.64) uaer npu yyacTvu elle OAHOTO NOCTOSHHOIO KaTa-
nusaropa E, 1o Monensb (2.62) MoxeT OMHCHIBATbL CHCTEMY M3 ABYX pe-
3eDBYapoB C Neperopoikoil, HenpoHHuaeMoll jis E u nponyckasouei
X uy. B ofoux ciayuasix MOKHO HCOONB30BaTh Mojedb (2.62), eciu
CYHTaTh, YTO BHYTPH KaXIOTO [Pe3¢PByapa HMeeTcsl HAeasbHOE Ilepe-
MeIUMBAHWE H MOXHO NpeHe6pedb TOJLIMHOH pasjefaloLiHX Neperopo-
AZok. Tlpu sTOM

by= 8 =dy o, k=8 =dy 5, (2.65)
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rae d, M dg — KO3pdUIHENTH TIPOHHLIAEMOCTH NEePeropojoK; S -— mio-
mwajib KOHTakTa; V — o6beM peakrtopa (pabouero pesepByapa). Takum
06pa3oM, B 3TOM cayyae KoatdHLHEeHTH B cucteMe (2.62) 3aBHCAT OT
reOMeTPHH CHCTEMBI.

MOJIOEJIMPOBAHHE CJIO)KHBIX CUCTEM

TIpuemyeMoil KUHETHYECKON MOJENbI0 KOHLEHTPAUHOHHOH CHCTEeMbL
SBJISIETCA peaKIMOHHAsl cXeMa, B KOTOPOH mpelcTaBieHbl yYacTBYIOUIHE
COeINHEHHUs!, dJeMEeHTapHble DeakUMH MeXJAY HUMH M KOHCTaHThI CKO-
poctu. TTo Takoéi cxeme MoXeT ObITb OJHO3HAYHO BBINHCAHA 3KBUBa-
JIEeHTHas1 MOJeNb — cHCTeMa ypaBHeHuH tuna (1.6). Oxnako noctpoenue
TAKHX MOJeJiell IJST CJOXKHBIX (Hanmpumep, aBTOKOJeGaTeNbHBIX) KOH-
IIeHTPALlHOHHBIX CHCTEM TipeiCTaBJsieT BecbMa TPYIHVIO 3ajauy, He
pelIeHHYIO IO KOHIA NOKa HH B OIHOM cllyyae.

Yacro Bcrpevalorcsl Gojiee rpyOble MOAENH, NOCTPOEHHBIE M3 He-
5JIEMEHTAPHBIX peaklUil HWJIH HCIOAB3YIOLIHe IKCMePHMEHTAJbHO H3Me-
peHHble 3aBUCHMOCTH MeXKAY KOHUEHTPAUHSMH M CKOPOCTSMH peakiuil.

B Hacrosiiee BpeMsl He cyllecTByeT oOilledl cXeMbl NIOCTPOEHHS MO-
Jiesd. Ycnex 3aBHCHT OT HCKYCCTBA, ONBITA M yAAUH UCCJEI0BATeNs.
Huxe pan o630p 4acTHBIX NpPHEMOB, HCNOJb3yeMbIX B XOjie MOJE/H-
poBaHHs. B KauecTBe HJMIOCTpalMM paccMaTpHBaeTcsl OXHOpEPMEHTHAS
ofHOocyGcTpaTHasl peakius, MAYLIAs B OTKPHITOH cHCTeMe.

BJok-cxemMa BKJIOUAeT YYacTBYIKCIUME COeIMHeHHs, H3BeCTHhe H
npeanonaraeMble, MyTH HX NpeBpallleHHst U obparHbie cBsA3H., Mopenu-
pOBaHHe NPaKTHYeCKH BCETAa HauyHHaeTC C NOCTPOeHHs1 GNOK-CXeMBl.
bBaok-cxemMa onHocy6eTpaTHON ONHOMEPMEHTHOR peaKIHH HMeeT BHIL.

TN
: I KOMILTEKC ! > P — (2.66)

E —-——o

[opusonTanbnbie cTpelKH Ha CXeMe MOKa3LIBAIOT MYTh MHpeBpalleHHs
cybcTpara, HHKHHe — 00pa3oBaHMe TNPOCTOrO ¢epMeHT-Cy6cTpaTHOro
KOMIIJIEKca M OCBOGOXKIeHHe cBOGOAHOrO (hepMmeHTa mpH ero pacnaje-
Bepxuue crpenku 0603HayalOT peakUHH OOpPa3OBaHHs KOMILIEKCOB
€ yyacTHeM JONOJHUTEJNbHBIX MOJMEKYa cyEcTpara U NPOAYKTa, MpHYEM
IVIIOC O3HauaeT oGpasoBaHHe aKTHBHOTO KOMILIEKCa, TpeBpalllaole-
rocd B HNPOAYKT, a MHHYC —— HEaKTHBHOIO KOMIIeKca. bDJox-cxeMe
(2.66) coorBeTcTBYeT cHcTeMa YpaBHEeHHH BTOPOro Nopsiika

S=uv,—v, P=u,—u,, (2.67)
rie v; — CKOPOCTb MOCTYIJIeHHsI cyGCTpara; U, — CKOPOCTh (hepMeH-

TaTHBHOH PeakUHH; U3 ~— CKOPOCTb BHIBEIEHHS NPOAYKTa H3 CHCTEMBI;
v; — ABAAIOTCH  (QYHKUHAMH S H
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Uy Uy U
S5
5q

Sz

Sy

m

S 4

Puc. 8. DKcnepuMeHTAJbHBIE XaDAKTEPHCTHKH OAHOCY6CTPATHOH oJHOGEPMEHTHOM
peaKkiuHH

JlanbHefiline NyTH pasBepTLIBAHHS GJOK-CXeMbl B JAHHAMHYECKYIO
MOJeb TOKa3aHbl Ha CXeMe.

l Bnok-cxema { —
| ! {
Mogienb ¢ 3KCnepHMeH- YacTHast MoOZens C Obuwias mozedb c ane-
TaJIbHBIMH XapakTepHC- 3/1eMEeHTaPHEIME MEHTapHBIMUH CTALUAMU
TUHKaMH CTaAHAMHA l
i OnTuMu3anus Ko3hdH-
Mojenb ¢ HesnemeHTap- || | Ynpour:nue Mero- LLHEHTOB
HBIMH peaklusIMH oM KCK !
!
Orpy6ienne
PaspepThiBaHHE B MoO-
llelb C 3JeMeHTapHBIMH 1

CTaJuIMHA

Yrnporlenne MeToOAOM

KCK

Mojenab ¢ sKCnepUMEHTAJIBHBIMH XapaKTePHCTHKAMH. B HeEKOTOPBIX
CTyyassX BO3MOXKHO 3KCIEpPUMEHTaJbHO M3MePHTb 3aBHCHMOCTH U;
0r S u P. DT# 3aBUCHMOCTH MOT'YT OBITb NPEeICTAaBJCHE B BHAE Tabaui
Hau rpacgukos (puc. 8). Mcnonp3ys rpadukH, Jerko onpereuTbh YHCIO
CTAUHOHAPHLIX COCTOSIHME M HX MecTonosoxenude (puc. 9). Uuciennnle
JanHele MO3BOJAIOT MPOAHANH3HPOBATL XapakTep OCOOBIX TOYEK H
NOJYyYuTh pelleHUsi € NMOMOLUBIO NPSIMBIX BbluHcaeHui. @Pas3oBas mio-
CKOCTb, MOCTpOeHHast no JaHHLIM puc. 8, mMokasasa Ha puc. 10.

Mogeab ¢ sKcMepHMEHTANBHBIMH XaPaKTePHUCTHKAMH  I103BOJISET
ONpellesINTh AMHAMHUYECKHE PEXKHMBI, BO3MOXKHbIE IIPH YCIOBHAX, B KO-
TOpeIX OBl MOJAYYeHbl HCXCAHBE AaHHble., HecooTBeTCTBHE BHIYHC/AEH-
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'/ZI UJ Uz, Uy
a Uz
S5
84
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Puc. 9. I'paduueckoe onpenesenne nonoxenHit pasHoBecks cucTeMsl (2.67)

a — 6 — TOCTPOeHHe U, (S) NPH YCJHOBHHU P = Uy — Us
paBHOB2CHR (rouka A) NO YPaBHeHHID S = v, — v,

0; 6 — onpefeseHHe NOJOXKEHHA
0

HEIX M HaO/IofaeMbIX BETHUHH CPa3y IOKA3bIBaeT, YTO B MOZE]b BKJIO-
YeHbl HE BCE CyLIeCTBeHHble CBA3H HJH jaxe nepemenusie. Onnako Ta-
Kas Monesib obnazaeT HeGOJBLIOH NpelcKasaTeNbHOH CHJIOH.

Mopnens c nessneMeHTapHbBIMM peakuusiMH. B psize ciyuaeB sxcrme-
pHMeHTaJ/IbHble 3aBHCHMOCTH YA00GHO anIPOKCHMHPOBATh BHIPAKEHHSIMY,
OMUCHIBAIOIIUMHE  He3JIeMEHTapHble  pe- .
aKIHHM, TaKHe, KaK aBTOKaTalH3 WJIK
uHrubupoBanve. Kpome Ttoro, wuyacro
Mex]ly GNOKaMM CXeMBbl HMEIOTCS HJIH
NPeAToNarawTca CBA3H, KOHKPETHHIA
BUJ KOTOPHIX HEH3BecTeH. Takue CBfl-
31 TOXe YJAOOHO NpeACTaBJSiTh B BHAE
CJIOKHBIX peakUHil.

HawvGonee wacto ynorpebasitoTcs:

a) aBTOKaTaJu3 71-ro nopsaxa (o6uid-
HO IIEPBOrO WJH BTOPOrO)

by ys-0

5 ¢ = kel (2.68)
Puc. 10. Kavecrsennril ug da- 6) HHrUGH POBAHHe 1-TO NOPSIAKA (YAl
30BOH TIOCKOCTH cHcTeMbl (2.67),  BCEro HepBOTO HJHM BTOPOrO)
COOTBETCTBYIOMIHIT JaHHLIM pHC. 8 Flenc)
b= —"1 (2.69)
a-cf

B) aBTOMHTHOHMpOBaHMe

_ f(C‘-,Ci) -
Ci = —(;:5?—- (2.70)

Bonee cioxuble BipHaHThl GYAYT BCTPeYaThCH RHXKEe B KOHKPETHBIX
npumepax. ’ ' '
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DKcnepHMeHTaNbHEIE XapaKTePUCTHKH, TPHBENEeHHble Ha pHC. 8,
MOTYT OBbITb NpeJCTaBJeHbl B BHJE

1)01 == ko - kIS (2.71)

A10 ypaBHeHHe COOTBETCTBYeT OOpPAaTHMOH peaKLUMH NepBOTO NOPSAAKa
nan audpysnn dyepes MeMOpaHy M3BHE B NPEANOJIOKEHHd O GeCKOHEYHO
GOMBUIOM pe3epByape S, = S.
kS (1 4 kP2
2) vy = ( + ks )

1+ kS 4 ksSP2 - (2.72)

YpasHenue (2.72) cooTBeTCTBYeT ABYM MNapaJJetbHbIM (epMEHTaTHB-
HbIM peaxknusiM, OZHA H3 KOTOPHIX TIpocTasi, a Jpyras KBaApaTHYHO
AKTHBHUPYeTCS TNPOAYKTOM:]

S+E=2SE—P4+E, SE- 2PSPE->EP? 4 D,
E 4 2P = EP2.
3) vy = — kgP. (2.74)

(2.73)

YpaBHenue (2.74) onucbiBaeT MOHOMOJIEKYJsipHBIH pacmagx P. M3 Ha-
[IHCAHHBIX BHIIE TPeX ypaBHeHHil JUb ypaBHeHHe (2.72) cooTBerct-
ByeT HedJIeMEeHTAapDHOH peaklHUH, NpelCTaBJeHHOH Ha cxeMme (2.66)
YEPHBIM  SALIUKOM».
TakuM 06pasoM, B IaHHOM cjyyae MOfesb — 3TO CHCTeMAa ypaBHe-
HUH:
. £2S (1 4 ksP?) L kS 1+ kP
S=ko— kS — 1 F FaS + ksSPE P= 47 F &S F kSPE keP.
(2.75)

Sta Mozesb MOXKeT ObITh HCCTEOBAHA M COINOCTABJEHA C 3KCIEPHMEH-
TOM. B cilyyae KauecTBEHHOI'O COOTBETCTBUS JajibHelimasi o6paboTKa
MOZieJIH MOXKeT OBIThb NpOBelleHa ABYMSI NyTAMH. [JepBbIl — ONTHMH3A-
ous Ko3DPUIHEHTOB k; AJS1 MOJYUYEeHHS] HAHUJY4UIero KOJHUECTBEHHOTO
coryacusl ¢ 3KCIepuMeHTOM. Bropo#t — «pacuingpoBkar, T. e. passep-
THIBAaHHE MOJeJH B (OJee NOJMHYIO CHCTEMY H3 3JIeMEHTAPHBIX Peakiui
H HccaefoBanue sTofi HoBol mogean (JKaboruuckuit, Kopayxuu,1967).

B cayyae HeMmOJHOTO KaueCTBEHHOTO COOTBETCTBHUS MOAENH THIIA (2.75)
C 3KCIIEPHMEHTOM ee YJyYllleHHe MOXeT ObITh JOCTUTHYTO: 1) BBeleHHeM
HOBLIX WIEHOB B NpaBble YacTH yYpaBHEHUH, T. €. YYeTOM HOBHIX peak-
UMi; 2) NoBBIIEHHEM NOPSAKA CHCTEMBI, T. €. BBEJIEHHEM HOBBIX Nepe-
MEHHbIX; 3) MOBBINIEHHEM MOPSJAKAa NyTeM Pa3BepPTHIBAHHA B CHCTEMY
H3 3JIeMEHTapHBIX peakKIHH.

Moneab u3 aneMeHTapHBIX peakLuil MoxeT GBITb HaNHcaHa cpasy
XK€ Ha OCHOBaHHH OJIOK-CXeMbl M JONOJHHTENBHBIX coobpameHHil. Ha-
NpHMep, MOXKHO HCIOJb30BATh YiKe TNPHBERAEHHYI0 cxeMy (2.73). B neir
peakuuu o6pasosanus Komnsekcos SP’E u EP? nesniementapHsl B cMpl-



62 TJTABA BTOPA4

cne onpefenenus (1.6). Oanako oHH MOTYT GHITH MpPeACTABJAEHH B BHIe
N0C/IeOBATE/IbHOCTH  3JIEMEHTAPHBIX GHMOJIEKYJAADHBIX peakIuil:

E-+P=EP; EP+ P 2 EP2

Ynpoctum cxemy (2.73), cunTasi peaxilHIO

A
E 4 2P =2 EP? (2.76)
I
oueHb ObICTPOH, a [4/l_s <€ 1. Torna cxema (2.73) nepefier B
l; 14 lz Iy
S+E=SE—-~E+P, SE-+42P=SP?E—E 4 3P. (2.77)

[ [

Bbluncaum, cornacHo cxeMe (2.77), CTaLHOHAPHYIO XapaKTEPHCTHKY
vy (S, P), ananoruyHo BuBoLy ¢opmyas (1.27)

EoS ( l? p2>
Uy = K (2.78)
S+ K Sp
O
3aech

Km:l-ll—|l—l4’ Km__l_zi—ls’ K5=L5--
XapakTepHcTHKH THna (2.78) cpaBHHBAlOTCA C 3KCIEePHMEHTalb- -
HBIMH C IEJbI0 ONTHMaJbHOTO nonbopa napaMerpoB K; u [;. Ecau ymo-
BJIETBOPUTEBHOTO COOTBETCTBHSI JOCTHYb He YAaeTcs, TO 3TO 3HAYHT,
uyTo cxeMa (2.77) TpeGyeT yTOUHEHHs.

JanbHeiluee HCCNEN0BAaHHE MPOBOAUTCS € NOMOILBIO IMHAMHYecKO#
Mozesn. CxeMe (2.77) ¢ yueroMm peakmmii (2.71) u (2.74) cooTBeTCTBYET
CHCTeMa ypaBHEHHH

S =—I,SE Vvl u; +1,—1,S,
E=— LSE + (g + la) uy + Lstts,
1= LSE — (I_y + L) uy — [Py + Loy, (2.79)
o= 1Py — Iy -+ [5) Uy,
P = Ly, — 20,P%, + 2oty -+ 3lgu, — LgP.
3necs u, = [SE], u, = [SEP?], KoHueHTpauun ocTalbHBIX BelECTB
0603HayeHbl COOTBETCTBYIOUMIMMH KYPCHBHEIMH GYKBaMH.

Cucremy (2.79 HccieRyloT cTaHAApPTHEIM IIyTeM, Hcnoap3ys Gespas:
MepHble nepeMeHHble W ynpouiasi ee MetogoM KCK. Bsenem

5= P — — _
v = S L] p""P_q x1 - EO , Xf_), == EO y T—llEot,

(2.80)
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rie Eo = E 4 u, + uy; Sy v P, — MaKkcHMaJsibHble 3HAuyeHHs S H
P, noka HeuspecTHule. Muoraa B kauectse S, 1 P, yno6Ho BRIGpATL CTa-
[[HOHapHBble 3HaueHnss Sy H Py B cucteMe (2.79). B pesyabTare 3aMeHsl
nepeMeHHbIX cucTema (2.79) samucbiBaeTcst B BHJE

’

b:_5(1_"1”)‘2)*1‘5—;-(1—1—%:—%6,
8'x1=6(1—x1——x2)—%:—x1— -~ 2 P2y
“f=§gP$%f"£%§i£“’ (2.81)
P==S_:G(1_x1 X5) %EOP,

_ ! E

K= bith 1:_ 2, o= S—: . (2.82)

st npumeHenust metona KCK Hy»XHO, uT06bt € << | H mpaBble 4acTH
ypaBHEHHH HMeNH TIJaBHble WIeHhl ~ 1. AHalH3 npHMEHHMOCTH
meroza KCK npoBomHTCSl TaK XKe, KaK H NPH HCCIENOBAHHHM cHCTe-

(1.21).

CucreMa GBICTPHIX IEPEMEHHbIX JHHEHHA OTHOCHTENBHO X; U HMeeT
YCTOHYHMBOE TMOJIOXKeHHe DaBHOBecHs. COOTBETCTBYKOWAs acHMNTOTH-
yeckasl CHCTeMa, HAamHMCaHHas B MCXOMHBIX nepeMeHHBIX S H P, HMeeT

BHJ
E(]S< 1,5 p2 >
S=1,—S— Sm
Km + 5+ ;Ks
, " (2.83)
E(,S<l4 — P2>
' Kon 1P
P = S+K5 el
Km+ 8+~

15 KauecTBEHHOTO HCCJIeOBAHUA cHcTeMbl (2.83) ee yno6HO 3anucaTh
B TakuX Ge3pasMepHBIX IepeMeHHBIX, YTOCHl MaKCHMaJbHO YMEHBIUHTD
YHCJI0 BApbUPYEMBIX napaMeTpoB. Ecaiu B crcTeme (2.83) Bee mapaMeTphl
MOTYT H3MEHSTBbCH, TO yIOGHO BBECTH 3aMeHy nepeMeHHBIX

S IsEo Ly
= = 520 .P, = L.
S=Kn! p I/Kmlo T Kom
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Torpa cucremy (2.83) MOXHO 3anucaTh B BHjE

. . G (o2 4 0?)
¢=1—0,9 16+ oa(2s +0)p?°
G (%2 4 %)
o =as T+o+as(¥st-0)pt el (2.84)
rae
LK LE. K !
__ 1\m _ hba , — __5 — 0
Ay = T L 3 = —lo [0 Km ’ (V7% ——Eol5 ’
1550 LK,
(15 = (16 — .
m l/ Kmlo b

Mojeab ¢ «<M30BITGUHBIM» YHMCJICM 9JeMeHTapHbIX peakuuii. Bmecto
cxeMbl (2.77) MOXHO cpasy HanHcaTb CXeMy, Y4YHTHIBAIOIYIO FOpPaslo
GoJiblilee YHCJIO BO3MOXKHBIX NPOMEKYTOYHBIX COCNMHEHHH, HampHMep:

S+ E=SE=EP,
SE + P 2 SEP = EP?,
SEP + P =2 SEP? = EP?,
E 4 P2=EP, (2.85)
EP 4+ P =2 EP?,
EP + S 2 SEP,
EP? 4 S =2 SEP?,
EP?— EP? 1+ P.

C ooTBeTCTBYIOIYIO cUcTeMy AndiGepeHNHaNbHBIX YpPaBHEHHH Mbl He
6yleM BHINMHCHIBaTb BBHJY €€ TPOMO3JIKOCTH.

[lpy wncclienoBaHUM TaKOH MOJENH NEPBHIM ILATOM SIBJSIETCS ONTH-
MH3alHs KO3G(HLUEHTOB YDaBHEHHH NyTeM CpaBHEHHUs pacyeTHBIX
JIaHHBIX C 5KCNepHMEHTaJbHBIMH. 3Ta mpouenypa MoxKeT GbITh 3dibek-
THBHO BHINOJHEHAZ TOJNBKO JJISl CTallMOHapHBIX pexuMoB. CrenyiomHi
war — orpy6senre. Ecau B pe3yJsibTaTe ONTUMH3aUHH HEKOTOPHIE WeHbl
OKaXyTCSl MaJIOCYIIECTBEHHBIMH, HX MOXKHO OTOpPOCcHTb. JlajbHeiiluee
HcclleJoBaHHE NPOBOAUTCA KaK B NpeABIAYLIEM cJyyae.

Bce paccMoTpeHHble BhilE MOAEIH NPHHAAJEXKANH K OAHOMY THIY —
370 OBIM cHCcTeMbl OCBIKHOBEHHBIX ANGdepeHHHaNbHBIX ypaBHeHHH.
B psine cayuaeB B KauecTBe Mofiesieli MOTYT CHITb C YCNIEXOM HCIOJB30-
BaHbl YPAaBHEHHs C 3aNa3jbIBAlOlIMM apryMEHTOM H HHTerpaJbHble
ypaBHEHHSA.



FJIABA TPETbS

MATEMATUYECKHE MOIEJIN
KOHUEHTPAIITMOHHbDIX KOJIEBATEJIbHBIX CUCTEM

Bouue Gbuio nokasano, uro TeopeMa KopsyxHHa JaeT aaropuTM,
C IOMOLIBIO KOTOPOTO B INPHHIMIE MOXHO IOCTPOHTH XHMHYECKYIO
cucTeMy, o6/1afamnoiyo Jo6biM Hanepel 3alatiHbIM JHHAMHYECKHM MO-
BefieHHeM. B 3Tolt riaBe Mbl mofofieM K 3ajaue ¢ APYroil CTOpPOHbI —
npuBe/ieM MpPOCTEHHIHEe CXeMBl peakuMi, Jalolue aBTOKoJeOaHHS.
ByldyT Takke paccMOTpeHbl KHIII-pesie H TpPHITepHI.

CUCTEMDLI JIOTKA

MaremaTHuecKkoe MojenHpoBaHHE KOHUEHTPANMOHHHIX Konefarenb-
HBIX CHCTeM Havasoch ¢ pa6othl Jlotka (Lotka, 1910), B KoTopoii pac-
CMaTpHBaJach CHCTEMA:

A—>» X l

— Y — 3.1)

3nech UMeeTcs pesepByap A, nHHeflHoe npeBpamenre A B X, aBTOKaTa-
JauTnyeckoe npespaimenve X B Y H JuHefiHas yObib Y. 3ta Mojelb
OblIa NpUMeHeHa JIoTKa JJIS ONHMCAHHS KaK XUMHYECKHX, TaK H KO-
JIOTHYeCKHX CHcTeM. JIOTKa paccMarpHBajl OTKPBHITYIO CHCTEMY, T. €.
¢ camoro Hayaja npeHebperaj pacxoioM A H He Y4HTHIBaJ KOHEYHBIX
npoaykToB npeBpaieHuss Y. KpoMe TOro, OH ONHCHIBAJ aBTOKAaTaJaH3
KaK 3/€MeHTapHYIO pPeakiuio. DTH IONYyUieHUs NPHBOMAT K crepyloiie
CHCTEMe ypaBHEHHH

X =koAd — kixy, § = koxy — kyy. (3.2)

B npocreiieM cnyuae k,= k;. Unensl kyA U Ryy MOTYT OMHCHIBATH
KaK XMMHYECKHE DeaKUHH, TaK H JIMHEHHble TPaHCIOPTHBIE MPOLECCHI
B OTKPHITOH CHCTEMe.

Bsenem HoBble Ge3pa3MepHble NepeMeHHbIE:

ko kiks

U= =X, U= ed? T = kyt. (3.3)

Torma (3.2) MoxHO 3anucaTb B BHIe
b=oa(l—u), ©v=uv—u, (3.9

3 A. M. XaGorurckuft
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rIe
koke A
o ==
k3
TakuM 06pasoM, KauecTBEHHOe INOBeJeHHe CHCTeMbl (3.2) LeNHKOM

3aBHCUT OT OJHOTO NapaMerpa o.
Y cucreMb! (3.4) eIMHCTBEHHOE IOJIOXKEHHE paBHOBECHSI

Uy = Uy = 1, (3.5)
B6/IM3H KOTOPOro COGCTBEHHEBE 3HAYeHHS XaPaKT€PHCTHUYECKOTO Ypas-
HEeHHS COOTBETCTBYIOIIEH JHHEAHOH CHCTeMBI MMEIOT BHJ

Mg = Li‘%@‘_—_ﬂ (3.6)

[pu a < 4 B cHcTeMe BO3MOXKHBI 3aTyXawllHe KoJjebaHHs OKOJIO Mo-
noxeHnus: paBHoBecHs (3.5). [Ipy a— 0 3aryxanue 6yJer CKOJb YTOAHO
MasbiM, a 4acToTa KoneGaHuii OyleT ONpeleNsTbCH BbIpaKeHHEM

o= VREA. @)

Cnenywomas mozenb, usyuvensasi Jlotka (Lotka, 1920) u mosxke

HesaBucuUMO Boabreppa (Volterra, 1931), comepxHT IBe mocnejoBa-
TeJIbHBIe aBTOKATAJNHTHYECKHE DeaKUHH !

1

A——->| x—j:y———; C (3.8)

[Ipeanonaras oTHOCHTeNbHO cxeMbl (3.8) To ke, yto H Ana cxemsl (3.1),
Jlorka ¥ BosbTeppa noMyyusH CHAERYIOULYIO CHCTEMY ypaBHeHHH

X = kAx —koxy, U = kaxy — kyy. (3.9)

Hixe MBI paccMoTpHM Gosiee noipoGHEIE cXeMbl B3aHMOAeHCTBHI, YIO-

BJIETBOPSIOLIME 3aKOHAM COXDaHEeHHf, KOTOphle CBOAATCH K CHCTe-
me (3.9).

Ilocne BBeneHus! Ge3pa3MepHBIX NepeMEHHBIX

ks ke
u—'E;x,U~myH T:k,;t (310)
cucreMa (3.9) sanuueTcs B BHIE

@ =a(—uv);, 0=u—uv, (3.11)

! DraMojiens MMPOKO H3BECTHA B SKOJIOTHH 10X HA3BAHHEM «KeDPTBA-XHILHHKy . Harpr-
Mep: A — yJlenbHO® KOJMYECTBO TPaBhI, 3aMac KOTOPOH CUMTAETC S HEHCUepIIaeMBIM;
X — NJIOTHOCTS MOMYNSUMH TPABOSAHBIX; Y — MJIOTHOCTh TOMYMALMK XHIIHHKOB.
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rie
kA
==
YpaBHeHHe Ha as3oBOH MJIOCKOCTH HMeeT BHI
du  _u(l—0) ]
CTU_ — am . (3.12)

OHO Jlerko HHTEerpupyercs
e +av.y.p* = C. (3.13)

da3zoBble TPAEKTOPHH, ONMCcHBaeMble ypaBHeHueM (3.13) u Jjexamue
B TEpBOM KBajpaHTe (a3oBOH MJIOCKOCTH, 3aMKHYTHl (puc. 11). Oco-
6asi Touka (4y = v, = 1) sABasAeTCH
neHTpoM. Hauano xoopanHat — cell- v
J0. OcH KOOpAMHAT — TaK¥e HHTer-
paJibHBle KPHBBIE cHcTeMbl (3.11).

Cucrema (3.9) KoHcepBaTHBHA H B
cuny aToro Herpy6a. OHa MoXKeT pac-
CMaTpHBaTbCAd KaK MpeleibHbil cy-
yaii 6oslee CJOXKHBEIX Lenel peakuuh.
OTH «pa3BepHyThIE» MOIENH yXKe sB- 7 u
JISIIOTCH TPYGBIMH H ONMHUCHIBAIOT KakK
3aTyxamiiye, Tak ¥ He3aTyXaloLye
KoneGauusa (Kopayxun, )KabGoruH-
ckuf, 1965).

B ocnoBe cucremnl (3.9) JnexHT
JINHEHHBIH aBTOKaTasH3:

a = ku. (3.14) Puc. 11. Dasossift moprper MoAenH
Jlorka — Bonvreppa (3.11)

~

Peakuusi (3.14) MoxeT GbiTh NpeicTaBleHa KaK NpelesbHbIH cayuyai
pPa3sBeTBJIEHHOH HENHOH peaKmMH

’ ’

ky k,
A4+ X, —X,, B 4 X, — 2X,. (3.15)
JToft cxeMe COOTBETCTBYET CHCTEMa YpPaBHEHUH
Xy = —Ryxy + 2Ry%a, Xg = RyxXy — RoX,, (3.16)
rne ky = kA, ky = k3B,

MBI CYHTaeM, YTO «pe3epByapri» A u B GeckoHeuno Gospline.
Ipu ky/k; = ¢ << 1 cucrema (3.16) nepeiizer B

13'2 = kzxz, X1 = (2k2/k1)'x2, (3.17)

3%
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a npu k/k,=e << 1
. k
X1=RX1, Xa= kf:?ﬁ- (3.18)

C 3KostorHuecKoil TOUKH 3peHHsi peakuuH (3.15) npeicrasisiioT co-
6oi1 0AHY H3 BOSMOXKHBIX CXe€M Da3MHOXKeHHA desneHneM. Pa3MHOXKeHHe
6e3 rubesu POIHTENLCKOH OCOGH MOXeT OLITh MPEACTAaBJIEHO CXeMoii

ky k2 k3
Xi—=Xo, A+ XX, BHX3—>X+X, (3.19)
¢ yuetoM rubenan (pacmaga) X,
R
Xy, —C. (3.20)
Cxeme (3.19) cooTBeTcTByeT cjelylolias cCHCTeMa YpaBHEHHH:
.561 = —k1x1 4+ k3X3, 552 = klxl - k2x2 + k3x3 - k4x2’
)'C3 - k2x2 - k3x3. (3.21)

3nech Takke A = B = 0, ky, = kjA, k3 = kyB.
Ipu ky =~ ky U ky / k3 — 0 cucreMa (3.21) nepexonut B
561 — ——klxl + k2x2, ..X2 - k1x1 _ k4x2. (3.22)
Cucrema (3.22) ananoruyna cucreMe (3.16) c¢ Toil ToJMBKO pa3HHLEi,
4yTo 3Jiech KO3(h(HUHEHT pa3MHOXKEHHS ko/k, MoxKeT ObITH JIIOGBIM.
IBe cucreMbl THNA (3.16) Hak (3.22) MoryT GHITH CBSI3aHHL MeXy coGoi
pas/HYHEIME crocoGaMH; HanpHMep, ONHH H3 BAapHAHTOB CBSI3H IBYX
cucteM THna (3.16):

&y = —kiXy + 2Rexy — R3x1xX3, Ty = Ryxy — koxy, (3.23)
£y = —k3x1x3 -+ 2k4X4 —_— k5X3, Tg = k3x1.X3 —_ k4X4.
droit cHcTeMe YpaBHEHHH COOTBCTCTBYET CXeMa:
k) ky £
A+ X;—X,, B 4+ X, —2X,, X;+ Xs— X,
by ks
C+ Xy—2X; X3—,
by = kA, ky=Fk,B, ky=Fk,C. (3.24)
Ilpu nHanucanuu (3.23) mpexnosaraeTcsi, 4TO CHCTEMa OTKpHITA:
A=B=C=0.
Ipn by ~ ky kg, ky~Fky, ki/ky = € << | cucreMa (3.23) 3KBHBaJICHT-
Ha (3.9).
fi?l = klxl -_ k3x1x3, i‘3 = k3x1.X3 _— ksxa. (393)
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Z;

Zz
Puc. 12. AsToKON1I€6aRUS B MOLENH A A

(8.23) (Kopayxus, YKaboTtuHckui,
1965)

Onnako, B OT/IHYHE OT KOHCEpBAaTHBHOH cuctems! (3.9), cucrema (3.23)
HeKoHcepBaTHBHA. Ee pelleHHSAIMH SIBJASIIOTCS KaK 3aTyXalollye KoJe-
6auusi, Tak H aBTOkoJieGaHHs, NPHMEp KOTOpLIX MOKasaH Ha puc. 12.

Mogenu Jlotra v Bosnbreppa u 6a1n3kne K HHM GBEIIH HCCJIeIOBaHBI
B psige pabor (Burr, Illemsikun, 1935; Moore, 1949; Utz, Waltman,
1963; Lindblad, Degn, 1967).

MPOCTEMIIUE HEJETAJIU3UPOBAHHbBIE
ABTOKOJIEBATEJIBHBIE MOJEJIH,
MOCTPOEHHBIE HA OCHOBE CHUCTEMbBI JIOTKA

Ectu B cxeMe (3.1) peaku#io MOHOMOJIEKYJSIpDHOro pacmaga Y
3aMEeHHTb peaklHed ¢ HachlllegHHeM (HanpuMep, KaTaJHTHYeCKOH), To
BMeCTO cHCTeMbl (3.2) MBI MOJYYHM CHCTEMY

. . k
%= ky— koxy, i = kyxy— Eff-/ o (3.25)
Sra cucreMa B Gonee c10xkHOM Gopme Obia Brepeble OnHcaHa Xur-

ruacoM (Higgins, 1967). BBenem GespasmepHbie mepeMeHHble H Iapa-
MeTpBHI:

u= Z:zx, v=]/:::y, v =V kakst, a-—:%,

8=k} 2, (3.26)
Torga cucreMy (3.25) MOMKHO 3amMcaTb B BHJIE

i = 0o — uv, »z):uv—-g—%. (3.27)
Cucrema (3.27) nMeeT eJHHCTBEHHOe NOJIOXKEHHE DaBHOBECHS

o = 1;"‘ . U= 1_°;_Ba : (3.28)
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U3 cucrembr (3.28) BHAHO, 4TO € JOMKHO OBbITb MEHbIIE €IHHHIE B
CHJY TOro, UTO KOHUEHTPAlNU He MOTUYT ObITh OTPHULATENBHEIMHU, T. e,

ke < k. (3.29)
ABTokone6auus B cucteme (3.27) BOSHUKAIOT NPH
Bl —a. (3.30)

Xapakrep KoJsie6aHu#l Tako#l e, Kak H BO BCEX MOJeJNAX, [POU3BOJ-
HBIX OT cucTeMEl JIoTKa.

Anenncreitn (Edelstein, 1970) nokasan, yro yuer o6paTHbIX peax-
uui B cucreMe (3.25) MOXKeT NpPHBECTH K IOSIBJEHHIO TpPeX CTaIuo-
HapHBIX cocTosiHui. B 3TOM ciydae cxema HMeeT BHA:

Iy ks ke kq
AZX; X +Y22Y, Y+ESC CoEL4B (330
Ky kg k—g Ky

[Mocne wuckmouenus meronoM KCK Konmentpauuii ¢epMernra (e) H
ero KoMmmiekca (¢) cHcTeMa ypaBHEHHH NPHHHMaeT BHI

i = kA — k_yx — koxy + kooy?,

— . kiey(y — KoB)
§ = koxy — koy® — S (3.32)
rie
kst k k- k_sk_.
60=e+c7 Km: 3:; 49 Klz'—k:%'y K2: k:k44

Cucrema £ = j = 0 MOXeT HMeTb TPH AeHCTBUTENBHBIX MOJOXKHUTENb
HBIX pelleHus.

Ecnu B cxeMe (3.1) nuHeliHbIfi aBTOKaTa/iu3 3aME€HHThL aBTOKAaTalH
30oM OoJslee BBICOKOIO [OPSIAKA, TO Mbl moJyydM cHcTeMy CeJibKOBa
(Sel’kov, 1968):

= kl —_— kQXyY, y == kgny -— k3y. (3.33)
Xors 3Ta cHcteMa Obla MCCelOBaHAa NPH NPOM3BOJBHOM Y, CJeNyeT

OI'DaHHYUTLCS HanGoJlee peajibHBIM CJAyyaeM KBaAPaTHYHOTO aBTOKa-
Tajdu3a (y = 2). BpemeM O6e3pasMepHble BeJHUHHBI

3
. klkz k3 k%/éz o k3
U = Tgx, v =5, T = e z, o= 7S . (3.34)

Torpa cucremy (3.33) MOXKHO 3amMcaTb B BHIE
=1—u? 0¢=a@r®—u). (3.35)
Dra chcTeMa MMeeT eIHHCTBEHHOE NMOJIOXKEHHE PABHOBECHS Uy= Uy = I,

a abcuucca v = 0 ABAAETCS  YCTOMYMBOM WHTETPAJBHOH KPHBOH.
[Monoxenne paBHOBecHS CTAHOBHTCS HEYCTOHYMBBIM NpH o > 1, H
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B CHCTEMe NOsIBJAETcA NpefeNbHblil UK. C POCTOM & 5TOT NpeNe/bHbIi

IIMKJ yBeJHYHBaeTcs H npu a= 1,234 ucyesaer, ciaHBasich C cenapar-

pHcoH, KoTopasi YXOAUT Ha GecKOHEeWHOCTh, NpuGAHKAaAch K U = (.
Cxema

A-X, B+X—->Y+4+D, 2X+Y—->3X, X-—>, (3.36)

npernoxennas Jlepespom (Lefever, 1968), ouenp GsM3ka K Momenn
(3.33).

JAVMHAMHMKA OJHOCYBCTPATHBIX ONHO®EPMEHTHALIX PEAKIIUN
B OTKPBbITOX CUCTEME

Biok-cxema opHocyGcrpaTHOH onaHOGEepMEHTHOH peakuuH Oblia
npuBefieHa B npeiblnyiieii raase (2.66). 31ech Mbl 3amuieM ee B He-
CKOJIbKO HHOM BHJE:

A
v v, Vs (3.37)
1 ————

— 5 — P

Cxema (3.37) — mpocreiituag B QepmenTaTHBHOH KHHeTHKe. OnHako,
6iarofaps pasHooGpasuio B3auMogefictull S u P ¢ Monekyusoft ¢ep-
MeHTa, 3Ta cHcTeMa o06JafiaeT J0CTaTOYHO GOraThiM MOBEIEHHEM.

CraumoHapubie xapaktepucTukn cdepmenTaTHBHOd peakumun. Pac-
CMOTPHM CTalllOHapHbIe 3aBHCHMOCTH U, oT S ¥ P, cuutas S u P BHew-
HHMH napamerpamu. HannumieM 10CTaTOMHO O6IIYI0 CXeMYy:

S+E2SE—-E LD,
SE + S=2S8%E — SE + P,

SE 4+ P2 SPE —PE -+ P, (3.38)
E+P=PE, PE-+S=2SPE, SPE -+ S2=8%PE—SPE +P,
SPE 4+ P = SPE — P?E + P, PE -+ P2 P2E.

[IpunaBass KOHCTAaHTaM CKOPOCTH pa3J/IH4Hble 3HAUeHHsI M IPHHHMAs
YacTh M3 HHX PaBHBIMH HYJIO, MBI IOJYYHM H3 cHcTeMbl (3.38) Bce
BaXKHbIE YACTHBIE CAyYaHl: yTHeTeHHe Cy6cTpaToM, yrHeTeHHe NDOAYK-
TOM, aKTHBALlMIO NPOAYKTOM, KBaJApPaTHYHYIO AKTHBALMIO IPOLYKTOM,
KBajJpaTHYHYIO aKTHBALMIO cy6CTPAaTOM, a TaKkKe BCEBO3MOXKKHbBbIE HX
KOMOHHAIIHH.

1. YrHereHHe cy6CTDaTOM:

ku kz kﬂ
S+E=SE—E+P, SE-S=SE. (3.39)
ks k_,
koeS :
2= Kt §e+ KiS?° (5.40)

rie K; = ks/k_s.
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2. AxTHBaUHSI NPOAYKTOM:

ke & ks 3
S+E=2SE—-E+P, SE-+P=2SEP—-E + 2P, (3.41)
k—x k—s
eS (kz +ka KL>
t T st “mP (3-42)
m+ S+ K;n + lelm
ripe K;n = (k—s + k_4)/k3.
3. KBanpaTHyHasi aKTHBaUMS NPOILYKTOM:
ks ks ks
S+E=2SE—-E +P, SE-4P=SEP,
k—l k—a
ke ks ke
SEP 4+ P = SEP? - EP? + P, E 4 P 2EP,
k—c k_.
ks
EP 4+ P 2 EP?, (3.43)
k—1
ks
B eS <k2+ A P2)
v = ks, (3.44)
+ %
Knm+S8S+ —— P2
e Ko = (ks + ko)lks, kglle = kojly>1.
4. YTHeTeHHEe TNPOAYKTOM (KOHKYPEHTHOE):
ky ky ks
S+E=2SE—-E-+P, E-4P=EP, (3.45)
k"l k"ﬂ
kaeS (346)

“ T Knd + KA FS

rae K= Fksfk_g
KBazHcTanHoHapHble XapakKTepMCTHKH OTKPHITBHIX cucTeM. Pacemort-

DPHM pasjiHyHble BapHaHTH cxeMbl (3.37).
CxeMac cy6cTpaTHBM yruereHueMm H o6pa-
THMOH peaknueld nputoka cybcecrpara (Cenbkos,

1965):
ky kg Ry ks Ry
Se>S(x), S+E=SE—E-P,P>, SE+S=SE. (3.47)
k_l kR B

-2 -4

AnbTepHATHBHBIN BapHaHT (x)— noOOYHBIH CTOK cy6GeTpaTa Soﬁ;Sk_';(**).
3anumeM cucremMy ypaBHeHHit no cxeme (3.47), c6osnauuB [SE] = x,
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IS’E] = y:
S =k Sy — k1S — kySE —k,Sx + k_ox + E_yy,
% =koSE — (k_g + kg) x — ksSx + k_yy,

§ = kySx — k_yy, (3.48)
E = — BySE + (k_y + ko) %,

P = kyx — kyP,

x+y+ E=e.

[Tpumenum Meton KCK, nosaras, uyro e<< S. BBegem GespasMepubie
BeJHYHHBI

S _hgttka P _ RiSo
6= Km, Km*“" b2 L P—Km ’ o= Eae

kK ket . ky _ Kk
B - Be - 'm ’ 1= Km B’ 0= Ee

YpaBHeHust Ajs MelJIeHHBIX NepEeMEHHBIX OYAYyT HMeTb BHJ

—dp . (3.49)

— S § = o9
Tt P~ T

[TepBoe H3 ypaBHeHHH (3.49) He 3aBHCHT OT p H MOXKeT ObITb pelleHo
oraenbHo. CTalHOHapHble TOYKH 3TOr0 ypaBHEHHS ONpeReNsiioTcsl H3
yeaoBua 6= 0, T. e.
G
0=a—f¢ TIs %" (3.50)
Ilpu omnpeneseHHBIX 3HaueHMAX IlapaMeTpoB ypaBHeHHe (3.50) uMeer
TpH KopHs. CKopocTb nputoka S B cHcreMy (k;S;) — 3T0 HaunGoJiee
YIOGHBIH AASl ynpaBaeHHs napaMerp B (3.47), eMy COOTBeTCTBYeT B
cucreme (3.49), (3.50) GespasmepHblit mnapameTp o. 3aBUCHMOCTb
0o, — petlendii ypasHeHHs (3.50) ot o npuBenena Ha puc. 13. 3aBu-
CUMOCTB & OoT ¢ Ias a* (puc. 13) mokasaHa Ha puc. 14. Jlerko BuzeTh,
4TO KpalHWe CTalHOHAPHBIE TOYKH YCTOHYMBHI, & CpelHsis HeycTol-
YHBa.
CxeMa ¢ KBaJpaTHYHON aKTHBallHeH NPOAYKTOM:

§=a—fs

k1 k, ks
S, =S, S LEZ=SE—-EL4P,
k

kg -2

ky
P+ E = EP, (3.51)

k_g :

ks
P + EP = EP?,

kg

(s ky ks
S + EP?2 SEP?— EP? + P, P—.

k_g
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%3

S (A AN AT

G, Puc. 13. 3aBHCHMOCTb CTallHOHAp-
= % HOH KOHIeHTpauuH cy6cTpara ot

CKOPOCTH €ro IPHTOKA B CHCTEME
13 ¢ cy6eTpaTHEIM yrHeTeHHeM (3.49)

Puc. 14. K onpezenensio ycroiun-
BOCTH CTalkHOHAPHBIX COCTOSIHHI B
cucTeMe € CyOCTPAaTHBIM YrHeTe-
HueM (3.49)

E-Y

Fizy ¢
[

Puc. 15. Pacnonoxenne Hy/ab-H30-

- KJHH Ha (a30BOH MJIOCKOCTH CH-

ﬁ“” CTEMBl € KBaJpaTHYHOH AaKTHBa-
nueit npoayktom (3.53)

KpuBble [—4 COOTBETCTBYIOT G=20
NPH pa3/iHYHBIX 3HAYEHHSX Q!
1, 4 — pexuM XJYLWEro reHeparo-
Pa WMMIOYJapcOB (KuHHOIN-pene);
T T AW 1 2 — aBTOreHeparop;
[} 3 — TpHuTTep

15

[Ipumenenue Merona KCK npH Hcnosb30BaHMH Ge3pasMepHBIX BeNTHUHH

S kae k_z+k3 v k—s+k7
c:mv o= K,P, 17:.1?}11(’ Km:'T"? Km_T’
’ K ’ K5 12 k7 k4 ks
(l'—‘K——fn, Bzmv 7———?3, K4:k_4’ sz“k—_‘;a

m
(3.52)
K 1A _ kS _ kaKp ks
0«'—‘71;, o3 = o/BY, o= T ! 2 T a4__—1<4k36’

JNaeT CHCTEMY ypaBHeHI/Iﬁ OTHOCUTE/IBHO MeENJIEHHBIX IICPEMEHHBIX:

. s (1 4 asp?)

M e D (3.59)
- c {1 4 a3p?) .

b= ol rrsferrareer — )

CrauxOHapHble XapaKTepUCTHKH cHcteMbl (3.58) nokasansl Ha puc. 15.
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Cxema ¢ yrHetenueMm cy6GcTpaToM H mpo-
1y ktom (Cenbkos, 19676; Camoitnenko, CeankoB, 1972):

SO 2 87
by
Ry ks
5+EZ=SE—E P,
kg
ky kg
SE+S =28E, E -+ P=EP, (3.94)
k_yg k_g

ks ks
SE +P = SEP, SE + P = SEP,

kg k_s

ke ks
EE+P22PE'—-E 4+ P —.

k_g

Kax ¥ B npeablAymHXx cayuyasx, noJydyaeM CHCTeMYy yPaBHEHHH OTHOCH-
TeJIBHO G H P:

. o}
] :al—a~)5

T 0+ w1 +p)’

s o] o p (3.99)
b= o Bt )
. k5 - ks o k7e’ . _k_s
ruep—k:P, a—k—_sKm, B = e 7= k_5Km1
k ¢ hg4k
Og = k_—J‘:i— ms Krn = —6:6:_ d . (356)

OcranpHble 0603HAYEHHsT TaKue Ke, KaK H B cucreme (3.52).

[ns onpeneneHuss yucja CTAIMOHAPHBIX TOYeK B CHCTEMax THIa
(3.37) yno6HO rpaduueckoe NOCTpOEHHE 3aBHCHMOCTH vy OT G H Q.
[TokaxeM 3T0 Ha npHMepe cHcTeMbl (3.55). I'padrueckoe mnocTpoeHHe
v, (p) € MOMOILBIO ypaBHeHHS v, = v, (5 = 0) nano Ha puc. 16, a, 6.
Haxoxnenne ocoGbIX TOYEK C MOMOIMIBIO YPaBHEHHS] vy = v3 (p = 0)
N0Ka3aHo Ha puc. 16, 6. BujnHo, uto npu y << p Jerko moJyudTb efuH-
CTBEHHOE CTAalHOHADHOE COCTOSIHHE Ha HEeYCTOHYMBOH 4acTH Xapakre-
pucturu. [Ipu y>> p Takad cuTyauusi pelIKO HMeeT MeCTO, HO 3aTo
MOXHO JIETKO MOJYYHTh TPH CTAlMOHAPHBIE TOYKH. XOTS MJIOCKOCTh
(vq, p) ynoOHa nJisi OmpefeseHHs 4ucsa OCOOBIX TOueK, OHa HeyJIo6Ha
LN aHanu3a noBeleHHS] cHcTeMbl. CTalHOHADHBIE XapaKTepHCTHKH
cucteMbl (3.55) Ha ($a30BOl MJIOCKOCTH NpHBefeHHl Ha pHc. 17.

Hns cucreMsl (3.53) mocTpoeHHe, aHAJOTHYHOE INOKa3aHHOMY Ha
puc. 16, maHo Ha puc. 9.

1 v, — GeapasMepHBle CKOPOCTH, COOTBETCTBYIOULHE U,.
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V2(Yi)

27}

FroPe Ps pr Ps P

Puc. 16. OnpeneseHve uyucsa cTalMoHap- P
HEIX COCTOSIHH{I B CHCTeMe C YTHETeHWeM
cy6eTpaToM M npoaykToM (3.55)

O6bsicHeHHe B TEKCTe

Puc. 17. Pacnonoxenne HyJb-H30KJAHH Ha
}a30B0O# MJIOCKOCTH CHCTEMBI C yrHETEHHEM
cy6cTpaToM H NpoRyKToM (3.55)
Kpusne [, 2, 3, 4 COOTBETCTRYIOT f)= 0 npn
pa3anyHBIX 8HAYEHHAX «: [, 3 — Kunn-peJe;
2 — aBTOreHeparop; 4 — TpHrrep

Bo3MoxkHa GoJsiee C0XHAs Lenb pPeakLMH, B pesyiabTaTe KOTODPOi
MPOUCXONUT KBAJPATHUYHBIA aBTOKAaTalH3,— 9TO CXeMa C PeakTHBalHeH
(Karfunkel, Seelig, 1972):

SOZS’
S+E=SE—E+4+P, E-+I=EI 357,
PtI=Pl, Pl+P=PI (3

B sro0it cucteMe KpoMe depMeHTa npHCyTCTByeT uHrHGHTOp I M ypas-
HEeHUS] COXPAHEHWS 3anUCHIBAIOTCH B BHUAE

[SE}+ [El + [IE]=¢,  [I] + [IE] -+ [PI] + [P?]] = i.

ITponykT P, cBA3bBasich ¢ HHTHOMTOPOM, GJIOKHDYeET €ro, YTo TOXIe-
CTBEHHO aKTHBalUH (pepMeHTa [POLYKTOM.

Nunavuka cucrem. Cucrtema (3.47) — (3.50) npu onpeneneH-
HBIX TMapaMeTpax of;nafaerT TpeMsl NOJIOXKEHHSIMH DaBHOBECHS, B HeH
BO3MOXKHB NEPEKJIOYEHUsT H3 OJHOI0 YCTOHYMBOTO COCTOIHHSI PaBHO-
BecHsi B Apyroe M rHcrepesuc. OmnuileM nponecc NePEKJIOYeHHs .

PaccmoTpuM cHcTeMy npH (DHKCHDOBaHHLIX 3HaUEHHAX BCeX napa-
MeTpOB, B yacTHOCTH o = a.* (pHc. 13). ITycTh nepBoHayaNbHO CHCTEMA
HAXOJHUTCH B COCTOSIHHH ;. ECJIH B pe3yJsibraTe BHeLIHero Bo3leficTBUA
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uJH QIYKTYaHH ¢ CTaHeT OOJIBILE 3y, TO CHCTEMA NEPEHJET B COCTOAHHE
gs (pHc. 14) u Gyer HaxXOIUTbCS B O3 10 T€X NOP, 10Ka HOBOE BHELIHEe
Bo3JlelicTBHE HE YMeHBIUHT O AC YPOBHSI HHXe 0,. KuHeTnka mnepexona
onuchiBaeTcs nepehIM ypaBHeHHeM (3.49). I'mctepesuc npu MenieHHOM
U3MEHeHUH NapaMeTpa o NOKa3aH Ha puc. 18.

8, 6

Puc. 18. T@ucrepesnc B cucreme
(3.49) npH H3MeHeHHH CKOPOCTH
nojauu cy6erpara

a -— H3MeHenne Oy NPH yBEJHYEHHH X:
6 — TO XKi IPH YMeHBIIGHHH O

— - a

Cucrema (3.51) —(3.53). U3 puc. 15 BuAHO, 4To CcHCTeMa
MOXET HMeTb OT OZHOTO J0 TpeX CTauHOHapHBIX cocTostHHi. CHTyauns,
Koria HMeeTcsi ABa CTallHOHADHBIX COCTOsIHHS,— Herpyfas H cOOT-
BETCTBYET KacaHHIO H30K/IHH 6 = O u ¢ = 0. Haubosee nHTepecHnl aBa
cayyas:

1. EpuHCTBEHHOE CTanHOHAapHOe COCTOSIHHE HaXOJHTCS Ha HeyCToH-
YHBOH BETBH H30KJHH 0 = 0. B 3TOM cyyae B cHCTeMe BOSHHMKAIOT aBTO-
Kosie6aHusA, MoKasaHHble HA puC. 19,a.

2. Tpn crauuoHapHble Toukd. B 3ToM ciyuae cpeiHfis M3 HHX—
BCerla ceiso, KpaiiHHe — ycTofuHBBIE Y3Jbl, HJH ¢okych. CHcTeMa
SIBJISIETC TPHUITEPOM C IABYMSA YCTOHYHUBBIMH COCTOSTHHAIMH,

OTH 1Ba pexuMa BMecTe C PeXHMOM, 0GJafalolHM eIHMCTBEHHbIM
YCTOHYUHBBIM MOJIOXKEHHEM DPaBHOBeCHs, 3aHHMAlOT GOJBIIYI0 YacTb
npocTpaHcTBa napamerpos. KpoMe toro, B Manofi o61acTd 3T0ro npo-

6 )
P 7
%
g5 [
&
7 3 7 BT 7y ' S —
/0
10
DY BT I WO |
’ s ,” R )4111111111144|111|11LT

Puc. 19. AsrokoneGanus s u p B (3.53) (@) u B cucreme (3.55) (6)
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CTPAHCTBA CYIIECTBYIOT PEXHMBI C TPEMSA CTAIlHOHAPHBIMH COCTOSIHHSIMH,
B KOTOPBIX HJIH OJHO Hecelso, Wi o6a HeycTOHUMBbl. B 3THX pexuMax
npeae/bHblil ITUKJ OXBaThiBaeT JHOO HeycToHuyHBOe Hecenno, Jubo Bce
TPH TOJIOXKEHUST PaBHOBECHS.

Cuctema (3.54) — (3.56) ananoruuyHa mnpexbiLyniefi H MMeeT
BCe Te e AHHaMHueckHe pexkumbl. OnHako S u P mensiorcs ponsmu,
UTO BUAHO YK€ M3 cpaBHeHHS puc. 15 u 17. ABTOKoJe6aHHS MOKa3aHbI
Ha pHuc. 19,0.

KOJILIIEBBIE CHCTEMBI

B OGHonmorayeckMx M XHMHUYECKHX CHCTeMax 4acTo BCTpeyaloTcs
CXEMBI, B KOTOPBIX NIPOAYKT LENH peakLMil BJHMAET Ha HayaJo 3ToH
nerd. Takue cHCTeMBl MBI 6yJeM Ha3blBaTb KOJIBLEBBIMH.

1. Ilpocrediym cayyaeM fIBJsieTCSl KaTalUTHYecKash peaklusi, B KO-
TOPOH KaTaau3aTop MOxKeT HaxOAHTbcs B Tpex KU GoJee ¢dopMax:

k1Sy koS, ksS; kn—lsn—1 knSn
X=Xy — Xg——" " - X, X, (3.58)

B03MOXHOCTb KOHIEHTDAaLMOHHBIX KoJeGaHui Oblia BrepBble HC-
cleloBaHa Ha npHMepe 3Tod cucreMmbl (npu n = 3) (Hirniak, 1910;
Christiansen, 1961; Bak, 1963).

B cucreme (3.58), ecau oHa sBasieTcss OTKpwiToil (S; = const),
BO3MOXKHBI 3aTyXalollue KoJeOaHHsl OKQJIO €IHHCTBEHHOT'O CTaluHoHap-
HOTO COCTOSIHHSI. 3aryXaHHe TeM MeHblle, yeM OGoJiblle CTafuil U yeM
Onuxe JApPYr K JAPYTy CKOPOCTH OTAeJbHBIX cramuil. O603HauuM
k;S; = a; W cllelaeMm 3aMeHY MepeMeHHBIX:

X1 = Only, Xj = QiU (3.59)
Torna xapakTepucTHuecKoe ypaBHeHHe cHcTeMbl (3.58) mpuMeT BHI
I —a)—1=0. (3.60)
HcenenoBaTh 3T0 ypaBHeHHMe B o6ieM Buie 3aTpynHHTesnbHO. [lo-
3TOMY PacCMOTPHM YacCTHBIH caydail, KOTAa Bce o; PaBHH Mexnay cobol

(Higgins, 1967), 1. e. «; = a. Toraa, BBeas t = o, NOJyYHM BMECTO
(3.60)

(1+Aa—1=0. (3.61)
Orciona
; 2L : ; ‘
M=e " —1=cosZL 14 sin®L, (3.62)
rtme j=0, 1... n-—1. Torna norapupMuyeckuii IeKpeMeHT 3aTy-

XaHusi paBeH

& = 2xu- tg L. (3.63)
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JIerko BUIETb, YTO B CHCTEME HMEeTCsl OAHO HYyJ1eBoe co6CcTBEHHOE 3Ha-
yeHHe, COOTBETCTBYIOLICC 3aKOHY COXDaHEHHS:

D x; = const.
i

Ecnu n — ueTHOe, TO HMeeTcsi ellle OXHO NeHCTBHTENBHOE COOCTBEHHOE
3HaueHHe npu j = n/2. Bce ocrajibHble COGCTBEHHLIE 3HAUEHHS KOM-
niekcHele. [IpH 3TOM MHHHMaNbHOE 3aTyXaHHMe Yy NepPBOH TapMOHUKH
(f=1, n—1). Ectu n ouenp Bequko, TO ia [ <& 1

My, ey o 20 (—nTjii>, 62 (3.64)

n n

Kose6anHs 3TOro THIIA pealu3yloTcs B CHCTeMaX MaTPHUHOTO CHHTe3a,
rae KaTanus3aTopoM fIBJfeTcsl MaTpuila ¢ cuAsiiied Ha Hell nmoJHMepa-
aofi. PasnuunbelM cocrosiHueM KaTanusaropa (X;) COOTBEeTCTBYIOT pas-
Hble TIOJIOXKEeHMsT TNOoJHMepa3bl Ha MaTpuue (cM. Bmegenmwe, crp. 14).

2. Jlunefinas cHcTeMa, KOTOpas MpelcTaB/afieT cOGOH KOMABIO U3
fICeBAOMOHOMOJIEKY/ISIPHBIX peaKUMH, MOXeT AaBaTb TOJBKO 3aTyXa-
jolKe Koie6aHusi. BBepeHHe HeMWHEHHBIX cTaiMil B KOJIBLUEBYIO CH-
CTeMYy HUPHBOIUT K AaBTOKOJEeGaHHSAM.

OnHuM W3 TAKHX CJyuaeB SBJSIETCH HHTHOHPOBAHHE KOHEUHBIM
NPOAYKTOM HayaJbHOIO Yy4yacTKa uend (hepMEHTATUBHLEIX peakuHit
(CenbkoB, 1967a; McKay, Morales, 1967; Walter, 1972a):

E, E, Eg E E

So—)Sl——>Sz—>...-—n-*S,1'—”i1—’. (365)

| |

dra cxeMa MOxkeT ObITb ONHCAaHA CHCTEMOH ypaBHEHHIi:

Vo <
Si=—om—0, Si=Un—U; (3.66)
Y ’ .
14 a8y
rlle Up — CKOpPOCTb NEPBOH CTaIMH B OTCYTCTBHE HHIHGHTOpa, KOTOpas
CYHTaeTCd TNOCTOSHHOH; ©; — onHchiBaercsd QopMynoit Mnxasanca-
MeHnTen:
kiSi
U= —F——=. 3.67
Ko T 57 (3.67)

Eciu §; << K, 10 (3.67) ynpomaercs:
v, =1;S,. (3.68)

/11 BO3HUKHOBeHHS aBTOKoJieGaHHH B Takoif CHCTeMe HYXKHO, YTOGHI
n > 3. C ysennueHHeM n 00JacTb NMapaMeTpoB, B KOTOPOH BO3MOXKHBI
KosneGanusi, pacumpsierca. CenpkoB (1967a) nokasan Hajauude apTo-
koneGanuit B cucteme (3.66) npu n=3;4 y=1, ecnu v; (i 7= n)
ONMHUCHIBAJINCh BbipameHueMm (3.68), a v, — BoipaxkenHem (3.67). Mak-
Keft u Mopanec (McKay, Morales, 1967) nonyuniau xoseGaHHsl B CH-
cTeMe ¢ y > 2, Te BCe U; ONHCHIBAJIHCH JHHEHHBIMH BHIpa:KeHHSIMH
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(3.68). Yoarep (Walter, 19726) nokasaJj, uto 3aMeHa BbipaxeHHs (3.68)
Ha (3.67) pacwupser o6iacTe CYIIECTBOBARHHA aBTOKOJNeGaHHA W yBe-
JMUYHBAET HX AMIIHTYAY.

3. YrHeTeHHe Hayala UEeNM KOHEYHBHIM IPOLYKTOM IPOUCXORUT
W B CHCTeMax cuHTe3a (epMEHTOB, KOrAa NPOAYKT (epMeHTaTHBHOH
peakuHH ABJAETCS KOPeNnpeccoOpOM ONEepOHAa, CHHTe3HPYIOLIETO NaHHBIH
tdepment. Monesb, ocHOBaHHAas Ha 3TOM MeXaHH3Me H NPHBOASAIIAS
K KojeGanusM, 6blia npemnoxkena ['yasuuom (Goodwin, 1963, 1966):

AT . .
= -————Y — , = ——— , — — — . .
X e v, yg=ax—fy Z=py—mnz—o (3.69)

3neck BBeleHb! chenyloiHe 06Go3HaueHHs KOHUeHTpauui: T — rew;
X — 17PHK; Y — tepMent; Z — npoayKT (epMEHTATHBHOH peakuHH.
Peakuusi yTeukH NPOAYKTa, KOTOpast MOXKeT HMeTb IHIep6oIHYecKyio
KuHeTHKy (3.67), 3aMeHena Ha 1Be NapaJ/iesIbHble DEAKIHH: EPBOTO
(—n2) H HyJeBoro (—3S) NOPSIIKOB.

Anonun u CenbkoB (1971) oTMeTHsH, YTO 3KCHEePpUMEHTAJbHO Ha-
6aofanuch Koje6aHHs CKOPOCTH CHHTe3a TOJNBbKO CyObelHHHYHBIX (ep-
meHTOB. OHH NpeiNoJoXKHuIH, 4YT0 06pa3oBanHe cyObeINHHYHBIX 6e/1KOB
TPOHCXORUT ITyTEM NOC/IEL0BATEJBHOR IHMEPH3ANHH H YTO 3TOT NpOoLiece
cymecTBeHHO ofpaTuM. Kpome 3T0ro 6blI0 NMPHHATO, YTO CKOPOCTDb
IMMEpH3anUH HMMeeT TOT XKe IOPSIOK, YTO H CKOPOCTb CHHTe3a Cy6b-
enunui. [IpH TakHX NpeanoJoKeHHsX B LENOYKE MNOABJAIOTCA KBajpa-
THUHbIE HEJIHHEHHOCTH, UTO Pe3KO YBeJHUYHBAeT BEPOSITHOCTL BO3HHK-
HOBEHHSI aBTOKOJIe6aHHH H NOHHXKaeT HeOOXORUMBIH 1JIsl 3TOTO NOPSIIOK
yruetends (y). [lepeMeHHBIMH MOneJH SBJAIOTCA TOAbKO KOHUEHTPAILHH
pasnuuubiX (opMm depmeHTa:

kqEs kyioF: ki (n-1)En—1 E,
B T—E,T— T——"E, S—P—
=)t ‘L K, »L k_g k_ (n-1) l' (370)
P [ Pn

Hanee aBTOpH! NpPENNONIONKHUIH, YTO CKOPOCTH 06pa3oBaHHs H pacnafa
npoaykrta P MHOTO 6oJiblle CKOPOCTH AMMEPH3aUHMH H 4TO CKOPOCTb
o6pasosanusi P nponopuuonasvHa xonueHTpauuu d¢epmenta (Eg).
Bpemsi xusuu mosekya TPHK (uau ux KOHUEHTpalusa) CYHTANOCH
OTHOCHTEJILHO MAJIBIM, TO3TOMY €€ KOHIEHTpPalHs Takxke Oblja HCKJIO-
uyena u3 mofend. COOTBeTCTBYIOLlAA cucTema ypaBHeHHfl B Ge3pasmep-
HBIX TIePEMEHHBIX HMeeT BUI:
i

%y = Trew 8% — (0qx} — Boxy),
X = (%’—195?—1 — Bexs) — 8ux; — (04X — BisaXia)s
Xn = (0naX2 | — B,x,) — 8%, 3.71)

4. Jlnst onucanust aBToKoMeGaHuil UHC/IEHHOCTH B HOUYJIALHH KJje-
TOK KoJblieBasi Mofenb Obiiia npennoxkeHa CeabkoBbiM H CO3HHOBBIM
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(Sel’kov, Sozinov, 1970). B aToli MomesH KJeTKH NPOXOIAT LHKJ U3
7 COCTOSHHH, B KOHIE KOTOPOro JeJSITCS:

Xi—=>Xg— " — X, —2X,.
| ! ) (3.72)

ITpennosioxkuM, uto npespauiendl X, — 2X,; CONyTCTBYeT KOHKYpeH-
uus 3a nuuy. Torzaa cucreMa ypaBHEHHH HMeeT BHA:

. 2kox,, .
Xi=—T—1x, X;=0x;4—x
1 a_*_x); 1 i -1 4]
S kOxn
Xp=0xny — Bx, — P (3.73)

CrenanoBa u Yepnasckuii (1972) nokasanu, uto Mmogenb (3.73)
MOXKeT JaBaTh aBTOKOJIe6aHHA H NpH n =2, ecsin ¥ > 1, a ky L 1.
IlocnenHee o3Hauaer, YTo TeMIl J€JIEHHST OTHOCUTETbHO MaJ. [Ipu 3TOoM
TOPMOXEHHEe HHTePNPeTUPOBAJIOCh HE KaK pe3yJbTaT KOHKYDCHLHH
3a MHILY, @ KAK XHMHYECKOe yrHeTeHHe HJIH KOHTAKTHOE TOPMOXKEHHE.

Ecnu KOHTaKTHOE TOPMOXEHHe (MM XHMHUECKOE YIHETEHHEe) OCy-
IECTBJSIETCA CTaPbIMH, HECTIOCOGHBIMH JEMUTHCH KJETKaMH, TO Mbl NTPH-
XOIHM K MOJeJH, BKJIOUYaIoliel aBTOKAaTaJjqn3 B sBHOM Buge (Weiss,
Kavanau, 1957; Hasapenko, CeabkoB, 1971):

kox1

14 x;

—kuxs, K= Ry ity — RuXi (3.74)

31ech Xy — KJETKH, CHocoGHbie JaeduThesi;  X; (i 5= n) — Henedsi-
IHecs KJeTKH; X, — CTaphble KJETKH, CMOCOOHbIE TOPMO3HTD JlesIeHHe.
Moxno paccMaTpHBaTb X, H HENOCPeJCTBEHHO KaK HHTHOHTOD, BhLie-
JsleMBbIli YIHETAOWMMH KaeTkaMmu. [1pu &y > kyy cucteMa (3.74) umeer

€IMHCTBEHHOE HeTPHBHAJIbHOE NOJIOKEHHe paBHOBeCHs, rae Bee Xy > 0.
B BecbMa mHpoxol o6jacTH napaMeTpoB 3TO IMOJIOXKEeHHe PaBHOBeCHS
HEYCTOHUUBO H OKDYKEHO TNpeleNbHBIM HUKJIOM. C poctoM s 06JjacTb
aBTOKOMeGaHUH pacluMpsiercsi. ABTOKOJeGaHHS CYLIECTBYIOT H B IPO-
cTeiilieM cjayyae, Korga n==3, a 7= 1.

5. Pasnoxenue nmeproro uieHa B mojenu (3.74) B pan Teiisnopa
C COXpaHeHHeM TOJILKO WieHa, JIHHEAHOro MO X,, AaeT HOBYIO MOJeJb
n=3, v=1):

£y = klxi — kzxixa, 1.‘2 = k3x1 —_— k4x2, Lg == k5x2 —_— kgxa- (3-75)

Mogzens (3.75) mMoxeT ObITh NOCTPOEHA HE3aBHCHMO OT Moneau (3.74).
B 3TOM cilyuae x5 MOXKHO PacCMATPHBATL KaK KaTanH3aTOP Pas3/okKeHHs
xy (OKaborunckuii, Kopayxun, 1967).

Mopenn, 6n1u3kas k (3.75), npemyioxkena Kop3ayxuueiM n ®PeopaHo-
Bo# (1971) ana omucaHHs NepHOAMYECKOTO TeueHHN MaJjsipuH. Paccmor-
pHM ee moapoGHee. K3BecTHO, yTo nepHOX KoJeGaHuH NPH MaXsipHH
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MOXKET CHHXPOHHM30BaTbCf CYTOYHBIM PHTMOM, OJHAKO MEXaHH3M CHH-
XPOHHM3alMH HeH3BeCTeH M He ofcyxpancs aBTopaMHu. Brura Hecaeno-
BaHa aBTOHOMHAasl MOJe/b, B OCHOBY KOTODOH IOJIOXKEHBI CJelyHoliHe
3KCMepHMeHTaJbHble (DaKTHL.

1. ITuks pa3BHTHA napasuTa paBeH 24 yac. M3 Hux 4 yaca oH npo-
BOAMT BHe 3DHTPOLHTA — cTaausi Meposouta, a 20 yac.— BHYTDH
SPUTPOLMTA — CTAJHsl IWIH30HTA. Ilocie BHeLPEeHHS B SPUTPOLUT
napasut IeJHUTCS, H NOCIe PaspyLIeHHS KJIETKH BBIXOAAT IPHMEPHO
10 MepozonTOB, YacThb H3 KOTOpHIX moru6aer (20—70%).

2. CaMyl0 CHJIBHYIO HMMYHHYIO PEaKLUIO BHI3BIBAET CTaiusl LIH30H-
Td. DTa peaKUHs COCTOHT B (DOPMHPOBAHHMH KJETOK (3pesblX H/1a3Mo-
LIMTOB), CHHTE3UDPYIOUHX aHTHTEIa NPOTHB LIM30HTA, H B COOCTBEHHOM
CHHTe3e aHTHTeJa. AHTHTe/a arlJIIOTHHHPYIOT C 3apaXKeHHBIMH 3DHTPO-
HMTAMH.

3. Bca marosorus cBOAMTCS K Pa3spyILUEHHIO 3PHTDOLHTOB.

4. XapaxrtepHoe Bpems MaJsapHu — 4—12 puefl, KommneHcamus
NOTepH 3PUTPOLMTOB Haumuaercs Ha 10—20-i neHs.

5. Tlocne HHKY6aHOHHOTO MePHOAA BCE COOBITHA Pa3BOPAUHBAIOTCSA
B KPOBH, NIO3TOMY MOXHO CTPOHTb MOJEJb HI€aqbHOTO NepeMelyBaHus.

Beenem o6o3nauenys 1as KoHieHtpauud (B Mr/ma). E — 310pOBbie
3pHUTPOUUTH; (§ — Mepo30HTH; (4 — 3apaxkeHHble 3PHTPOLHTBI; Z —
njasmouutsl; A — aHtuTesa. CucreMa ypaBHeHHH HMeeT BHA:

E=—kEQ, Q= —kEQ + pk1Q1 — %,Q,
Ql = koEQ —lel —‘ksAQh (3-76)
2 = kyQq — kg2, A = kg2 — kA — ks AQ,.

OueHky BeJMYHH k; 1aI0T

kl o~ 0,1, k2 o~ 0,3, k4 o~ 0705, k5 _’X0,01, ks ﬁ0,1,

ky ~0,09, koE ~1uac™; ky =~ 1072, kg ~ 102,

ky ~ 1072 Ma-Mr1.gac™?, p ~In10.
Byzem cunrath, uto E — MeNJIeHHO MeHSIIOHIAsiCA BeJHYWHA, a Q —
GuicTpasi nepeMeHHas (¢ o~k /k, ~ 0,3). Torga Mozenb onuchiBaeTcs
cJlelyIolel cucTeMoll ypaBHeHMH:

X1 = @1 — X1 X3, Xg = X1 — QgXq, X3 = Xy — Xg — Q3X1Xs.

(3.77)
3necs nudpepeHIHPOBAHHE BEAETCS NO T = R.f
kskike ksks ks
xlz_k3_'Q17 Xo = 2 2, x3:'EA7

7 7

 h kE(p—1)—k _ ks
M= e RETR =% &= =02 (3.78)

ks

— ~ -4
= o = 1074,
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[loaoxkeHue paBHOBeCH Xy = X, = ¥3 = 0 ycroiuuso 1npn a; <0
H HeycToiuuBo npH a3 > 0. Cucrema (3.77) HMeeT IOJIOKHTENbHYIO
CTaLHOHAPHYIO TOYKY:

0 aidz 0 m 0
=1 Xy = ————— X3 =@ 3.79
*1 1+ aiaeaz ’ 2 1 4 aiaqaz ’ 8 1s ( )

KOTOpasi ycCTOHuYHMBa MNpH
f(@) = (1 — ajas) — (a1 — @) (1 — a1a,a3) > 0 (3.80)

u HeycrofiunBa npu [ (a) < 0. B nocnennem ciyuae B CHCTeME €CThb
npejeJabHER UHKJI. 3HaueHus a,

[pU KOTOPbIX B MOJEJNH ecTb aB- £

ToKoneOauus, ONN3KH K 3HAUEHH-
sIM, TOJYYeHHBIM 3KCIepPHMEH-
TaJlbHO.

MoJenb Takxke 1103BOJSIET OIH-
caTb obulee Teuenue Gosesnu. [la-
pasUT INepecTaeT Pa3MHOXKAThCA
npu a, =0, T. e. npu

E = Ey = koJko (p — 1).

Ilycte opraHuam noruGaer mpH
E < E,4, Toraa, eciun E; > Ey,
TO NIPH JOCTHXKeHHH E; HacTtyna-
eT BbI3JIOPOBJIEHHE, T. €. Napas3uT
nosnoctuio norubaer. Ilpu E4>E; Puc. 20. Tunepuykna Afirena
NPOHCXOAUT THOEJNb XO03sHHA.
IIuk/IMYeCKHe CHCTEMBl COCTAB-
JISIIOT OCHOBY TEOPHH 3BOJIIOUHUH
MakpoMmosekyJ, npenoxennoii Afirenom (Eigen, 1971). On pac-
CMATPHBAET aBTOKATAJH3 KaK pe3y/bTaT LIKJIHYECKOH PeakIMH

Xi= WXy — Baxi (3-81)

I; — HYKJeHHOBbIE KHCJIOTH;
E; — depmentn

rrei=1, 2, ..., n, xo=x,, [o; >TIf,.

dro npesncTaBieHHe siBAETCH 0600WEHHEM cHcTeMbl (3.16). DBosio-
uus, objajaroliasi OCHOBHBIMH YepTaMH GHOJIOTHYECKOH 3BOJIOLKH,
MOXKeT NPOTeKaTh B CHCTeMe, 3JIeMEHTaMH KOTOPOH SBJAIOTCA THIEp-
unkiael (puc. 20). THDEPUHKI COJEPXKHT HYKJIEHHOBBIE KHCJOTH,
CHocOOHBIE PEIVIMIHPOBATLCS C NMOMOLIBIO (ePMEHTOB, a TaKKe C MaJoi
CKODOCTBIO H B OTCyTCTBHE (hepmeHTOB. DepMeHT, KaTaJH3HDYIOLIHH
CHHTe3 [ - HYKJICHHOBOH KHCJMOThI, caM CHHTe3HpyeTcd C IIOMOLIbIO
(i — 1) - kucoThl. d1a cXeMa NMPUBOAMT K CHCTEME YpPaBHEHHH:

9i= oy — Biys + [i Wi Xim1),  Xi = Yy — 8. (3.82)
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3neck (By;) v (8x;) cOOTBETCTBYIOT pacmany H BHIBOAY MaKDPOMOJIEKYJ
H3 CHCTeMbl; Ty; — CHHTE3Y (epMenTa (rpynnbl QepMeHTOB); ol —-
HedepMEHTATHBHOH pelyTWIHKauuH; f[; — (dhepMEHTATHBHOH peayIuviM-
KatuH. B TakoM runepuukie mpu n > 4 BO3HUKAIOT KoJeGaHHA KOH-
HEHTPAHH KOMIOHEHT.

[lonHas 9BOMIOUHOHUPYIOIIAST cHCTEMa COZEPKUT MHOTO (MJIH
HECKOIbKO) TAKHX THIEPUHKJIOB:

Gl=o@yy) —pyl+ i, *=v@Ehx), zi=x(xy 2).
(3.83)

B3auMmozefictBHe Mexay IHMEpPIHKJIaMH OCYLIECTBISETCA MyTeM MyTa-
uui (CO CKOPOCTSAMH 1, 7)) H KOHKYDPEHLHH 32 HHU3KOMOJIEKYJsipHbIE
npeAliecTBEHHHKU (numy) — Z;.

CHUMMETPUYHbLIE CUCTEMBDI

CuMMeTpHuUHble MOJeNH B GHOXUMUH MOSIBUJIMCH 110 aHAJOTHY C CO-
OTBETCTBYIOLUIMMH  PaIHOTEXHMUECKHMH YCTPOHCTBaMI — CHMMETPHU-
HBIMH TpHUrrepaMu W MyJbTHBUGpatopamu. Heckonbko BapHaHTOB
TakHX cxeM Obl10 npemioxeno Mono u )Kako6om (1964) B kauectBe
Mojleslel ynpaBJeHHs1 cHHTe3oM ¢epmenToB (puc. 21). TIlompo6noe
Hecslej0BaHHe CHMMETPHUHBIX TpuIrepoB )Kako6a — Mouo 6bio npen-
npuiaTo Yepuabckum, I'puroposmim u [lonsikoBoit (1967), xotopble
yKaszali Ha GoJbUIyl0 pOJb 3THX MeXaHH3MOB B Ipouecce AugpepeH-
LMPOBKH TKaHeli. Kpome TOro, 3TH aBTOpH pasieJund BO3AelicTBHA,
MepekJII0YalolHe TPUITep, Ha 1Ba KJjacca: cnenuduueckue (BOIMYLICHHUS
nepeMeHHBIX) H HecnenupHueckte (BO3MyLieHUs napamerpoB). Ilocnen-
HHe SIBJAIOTCS 3HAYUTeNbHO Oosee 3(peKTHBHBIMH pPeryJsTOpPaMH.

CHMMeTpHUHbIE CX€MBbI, 32 HCKJ/IOYEHHEM HEKOTODBIX JeTaliel, MOX-
HO MPEACTaBHTbL KaK pe3y/bTaT NPOCTOTO YIBOEHHS HECHMMETPHYHBIX.
Ilpu 3TOM ecuiv 1151 BOBHHKHOBEHHS aBTOKOJieGaHHIl B poCTeiIeM CaIy-
Yae HYXKHA MOJeJb BTODOTO TOPSJAKA, TO CUMMETPHUYHAsi cHCTeMa AO0J-
XHa HMCTb YeTBepThlii nopsafok. Ilpocreifitiniéi TpHrrep Moxer GbITb
ONHCAH CHCTeMOH MepBOro Hopsjka (peakulsi ¢ cyGCTpPaTHBIM yrHeTe-
HHeM):

. 1

x—a—Bx—m. (3.84)
CoorBeTcTBYyIOIIAsl CHMMETPHYHAsA MOXEJb BTOPOrO NOPSAJKA MOJIyYaeTcs
npefesbHbIM NepexoioM B OAHOH u3 cxem UepHaBckoro, I'puropoBa
u Tlonsikosoit (1967):

o d 3 a

1 4 x2 ’ 14 x3

— Xa. (3.85)

10 cxema ¢ NnepeKpecTHbIM KBaApPaTHYHBIM YTHETECHHEM.
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a ]
/7 g b
B S N 5
— i
/}4—6‘3 Pz*—é‘z
¥ i
77, 1, 0 A 1, O,

Puc. 21. Cxemn )Kako6a 1 Mono

a — TepeKpecTHan penpeccHs; 6 -— penpeccus H HHAYKUHA (fepenpeccusi); ['P; — renn
peryastoph; O; — oneparops; CI; — cTpyKrypune renbi; E; — depMentH; ana a: Py, Py —
Kopenpeccopu; ajas 6: Py — HHAYKTOpP; P; — KoOpenpeccop

[TepekpecTHoe yrHeTEHHe AHAJOTHYHO ABTOKaTalH3y. 3TO YTBEp-
JEHHe JIerKO NOATBEPIHTb C MOMOLIbIO NMpele/bHOrO Nepexoja, eciH,
COXPAHHB CHMMETPHIO CXEMbI, He TPeGOBaTh CHMMETPHH KO3(DdHUHEHTOB.
Hanpumep, cucrema

xlz-ﬁ—xl, 8).(2‘: ﬁ;——xrz_ (3.86)
nepexorMT 8 YpaBHEHHE

. a(l -+

Xy = —f—:*_(—Cl—_Jr_x—.lx}l— — Xi. (3.87)

Brla MOKasaHa BO3MOXHOCTh BO3HHKHOBEHHS aBTOKOJMeO6aHWH B CH-
cTeMe ABYX (pepMEHTATHBHBIX peaklHi C NepeKPecTHeIM KBaiPaTHYHbIM
yruerennem (Spangler, Suell, 1961). Cxema peakuu#t HMeeT BHA:
—-S, S+ Eia2Ky—E; 4+ Py, Py—, 2P, +E; 21,
80,8 + Ea 2K —Ep + Py, Po—, 2P, +E; 21 (3.88)

£y

Puc. 22. Cummerpuunnii Tpurrep JKako6a u Moso

a — TPH CTAULHOHAPHHX COCTOAHHSA, 6 — nepeKkyiOYeHHe TPH HECHMMETDHUYHOM H3MEHEHHKH
apaMeTpa, NYHKTHPOM TIoKasaHa O6udypkaumus; 6 — NepexJioYeHHe IIPH CHMMETPHUYHOM
H3IMEHEHHH TIapaMeTpoB
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Cxema (3.57) saBasieTc HeCHMMETDHUYHBIM aHaJjiorom cxembsl (3.88).
HononuuB cxemy puc. 21 peakuusmu pacmaza TPHK u c¢epmenra,
Uepnasckuit, 'puropos u Ilossikoa (1967) B pesysbTaTe CHJBHBIX
VOPOUEHHHA NOAYYHIH CIeAYIOLYI0 CHCTeMY YypaBHeHHH:

o . o
—_—— — Xy, Xy = ———— — Xy,
Bre T T ga T (3.89)

91 = 8x, — nyy, P2 = 8xy — nys.

).Clz

3necs x; — kounentpanun TPHK; y; — KoHueHTpauuu ¢epmeHTOB.
KonuenTpaluyu akTHBHOTO ¥ PENpecCH POBAHHOTO ONePOHa, pernpeccopa H
HH3KOMOJIEKYJISIPHBIX COEMHEHHH CUMTAIOTCS OLICTPEIMH MepeMEHHBIMH
H HekJoueHbl 13 Monenu Metonom KCK. [dns npoctoThl Mozenpb caenana
abcomoTHO cuMMerpHuHoi. Cucrema (3.89) npenesibHEIM IIepeXoaOM
MOXeT ObiThb cBeneHa K cHcTeme (3.85) ¢ coxpanenuem cBoicTB. [Ipu
onpejesleHHBIX 3HAYEHHSX MNapamMeTPOB B 3THX CHCTEMaX CYIECTBYIOT
TPH CTallHOHAPHBIX COCTOAAHHA (pHc. 22, a): gBa YCTOHUMBHIX Y3.a,
pasfesieHHBIX CeJJIOM.

Kak yxe oTMeuanoch, aBTOPHl Pa3feMJIH XHMHYECKHE BelleCTBa
Ha cnenH(uueckne (nepeMeHHble MOJENH) H Heclelugpuueckne (napa-
MeTpEl MOZAeJH). Baxknoil xapakTepUCTHKOH sIBJIseTCS aMIUIHTYAa TPHT-
Tepa, T. €. OTHOLIEHWe 3HAYeHUi KaKOH-1H60 nepeMeHHOH B ABYX pas-
JIMYHBIX YCTOHYMBBEIX CcOCTOsIHHsiX. Bpio nokasano, uyro amnantyzna
MOXKeT GBbITh CleslaHa CKOJb YIOAHO 60JbUIOH. SIcHO, YTO /A MepPeKIIo-
YeHHUs1 TPUITepa MyTeM BO3MYIUEHHUS NepeMeHHBIX BeJIHYHHA 3TOr0 BO3-
MYIIEHHSA Q0JIXKHA ObiTh NOPSAKA aMINIHTYARL. B To ke BpeMsi nepek/Io-
yeHHe NYyTeM BPEMEHHOTO H3MEHEHHS MapaMeTPUB MOXKET IPOUCXOAHTh
NpH 3HAYHTEJbHO MEHBUIHX OTHOCHTE/IbHLIX u3MeneHHAX. Hampumep,
npu aMnautyle, pasHoft 1000, nepeksiouenne focTHraeTcst H3MeHEHHEM
oanoro M3 koahpuuuentos B 10 pas. [lepeksioyenue npH HecHMMeT-
PHYHOM BO3MYLIEHHH INaPaMETPOB MPOHCXOAUT BCJEICTBHE CJAHAHUS
OJIHOTO U3 Y3JI0B H cea (puc. 22, 6). Ilpy nepekmoyeHHH CUMMeETPHY-
HBIM BO3JeficTBHEM BCe TPH CTANMOHAPHBIE TOYKH CHAMBAIOTCH B OKHY
(puc. 29, s).



TJABA YETBEPTAS

ABTOKOJIEBATEJIBHBIE XMMHNYECKHWE PEAKIINU
B TOMOT'EHHOM PACTBOPE.
KOJIEBATEJ/IBHBIE PEAKIIMHM OKHMCJ/IEHHUSI HBPOMATOM

B 3710il rsaBe omHcaHa rpymnna OJAHOTHNHBLIX Deaxuyil, neppas U3
KOTOpPBHIX Owhiia of6uapyskena b.Tl. BeaoycoBrim. bBenoycos (1959)
onmucak XonebaHMs IiBeTa PACTBOPA B XOJ€ PeaKIHM OKUCJAEHHS JIHMOH-
HOH KMCJIOTH GpOMATOM; KATAJH3aTOPOM CJIYXKHJH HOHbl Lepusi. OH
no06pas yCJIoBHS, HPH KOTOPHIX KOJ1e6aHHA HaGMIONANHCh NOCTATOYHO
YeTKO B TeUeHHe HECKOJIbKHUX JECSATKOB NMEPHONOB U BHISIBUJ HEKOTOPLIE
CYLIECTBEHHBIe JeTaau Mexanuama peakuud. OIHAKO MeXaHH3M, OTBET-
CTBEHHBIH 3a KoJjeGaHHS, oOcCTajJcsl HeBhiAcCHeHHbIM. [lo3xke paGota
BesoycoBa Griia mponoJiKeHa aBTOPOM 3TOH KHHI'H H er0 COTPYIHHKAaMH.
BBIsT OTKPBIT KJace ONHOTHIHBIX peakluii, B X0Je KOTOPEIX OOHAp yKeHBbl
aBTOKOJIeGaHHSA, W HEKOTOPHIE U3 HHUX OBIMH HCCJAENOBAHBEl JOCTATOYHO
nmoaApo6Ho. Beo NOKa3aHO, 4YTO B TFOMOTEHHOH XHMHYECKOH cHcreme
MOI'YT OCYLIECTBJAATLCA TPAKTHYECKH Bce KojebaTesNbHBIE PEXKH-
Mbl, KOTOpLIe HAOMICHAIOTCS B MEXaHHYECKHX H INIEKTPUYECKHX CH-
cTeMax.

XoTs1 HMeeTcs YIOBJETBOPHTeNbHAA (DEHOMEHOJNOTHYECKAst MOIeNb,
NO3BOJIUBILAS CHEMATh Psii NPeNCKa3aHHi, NeTaJbHbli MeXaHU3M JO0
CHX IIOp HesiceH. DTOT MEXAaHH3M BeCchbMa CJIOXKEH C XHMHYECKOH TOUKH
3PeHHs] H BKJIOYaeT NeCATKH NPOMEXKYTOYHBIX coefuHeHui. [Ipu aHa-
Jii3e MeXaHW3Ma H IMOCTPOEHHH MaTeMaTHUYeCKOH MOJesH TaKOH CJIOXK-
HOH peakiyu JaHHBIE O MOBEIEHUH CHCTEMBl B I1€710M (3aBHCHMOCTB
IMHAMHKH OT IapaMeTpoB) HMEIOT He MeHbLlee 3HaUeHHe, YeM CReIEHHS
06 OTgeNbHBIX GiOKax (CTaausix) CHCTeMbl. ITO 0GBLACHAETCS TeM, YTO
HEKOTOpBIe GhICTPhle MepeMeHHble, He OKAa3bIBAIOIUe BJAHSHHS HAa KHHe-
THKY TIPOLIECCOB B OTHEJBHO B3SITHIX YACTSIX CHCTEMbI, HT'PAIOT BaKHYIO
pOJIL BO B3aHUMOJIEUCTBMHM 3THX uvacTed.

Briosiwe yaoBseTBOpUTENBHAS, C TOYKH 3PEHHS aBTOpA, MaTeMaTH-
yecKass MOJeJb aBTOKOJeGaTeJbHBIX peaKUHH 3TOTO KJaacca elie He
nocrpoeHa. ®eHOMeHO/MOrHYeCKasi MOJENb, NPABUJIBHO ONUCHIBAOLIAS
3aBHCHUMOCTb KHHETHKH peaKLHH OT OCHOBHHIX ITapaMeTPOB CHCTEMHI,
NPUBENIEHA HHXKE.

B st0il r1aBe paccMaTpHBAIOTCH TOMbKO CHCTEMEBI HIEAJNBHOrO nepe-
MelIMBaHHdA. BoJsHOBBIE npouecchl, Hab/amoaalomuecss NpH NMPOTEKaHHH
3TUX peakiHii B pacnpelefeHHBIX CHCT€MaX, ONHCAHH B TJase 7.
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CXEMA PEAKI MU

Jns yno6cTBa H3JIOXKEHHS DPAcCMOTPHM CHayaJa YIPOILEHHYIO
CXeMy aBTOKoJe6aTeJIbHOH peaKUWMH Ha NpHMepe peaKLHH, B KOTOpPOH
BOCCTAHOBHTENIEM SIBJISIETCS MaJsioHOBas xkuciora (MK), a karaausaro-
pom — nonbl uepus (PKaGotunckuii, 19646). B xone srtoii peakuun
Ha6JI0al0TCH KoMeGaHUsA OKPACKH PacTBOpa, BbI3BaHHEIE KOJMeOGaHHSAMH
koHuentpanun Cet*. Konebanus xonuenrpauun Ce*" noxasanel Ha
puc. 23. Dro — pesakcanuoHHble KoseGaHHsl, nepuox Kortophix (T)

Puc. 23. Aptok(ieGanus kouueHtpaunu Cett

Puc. 24. Ckauky a3 B xofle KoneGaunii Cett, BbiapiBaeMEle OJHOKPATHEIMH J0GaBKaMH
Br~ (a), Ag™ (6), Ce*" (s)

CrpesKaMH YKa3aHBl MOMEHTH JOGaBJeHHS STHX COeflHHeHHH

4eTKO AeauTcs Ha jase yacTu: 7y — ¢asa Hapacranus H T, — dasa
nazenuss koHuentpauun Ce**. CoOTBETCTBEHHO MO YMPOINEHHOH CXeMe
peaxkiusa COCTOMT H3 JABYX CTaiuH: B NEpPBOi CTaiHH TPEeXBAaJEHTHHIH
Ilepuil oxHcasieTcss 6pOMaToOM

Ced* %, Cett | (4.1)
H+

BO BTOpO#l — ueThIPeXBaJeHTHBIH LepHil BoccTaHaBiuBaercss MK
M

Cet+ 5, oot . (4.2)
[ponykTel BOCCTaHOBAeHHs GpoMara, ofpasyloupecs Ha cragud I,
6pomupyioT MK. ITosyyarommecs 6pomnponseoansie MK paspymatores
¢ BhiesienHeM Br™. Bpomun siBasieTcss CHIBHBIM HHPHOHTOPOM peakiiHH
(4.1).

KoneGaresnbHbIN mpolecc Ka4ecTBEHHO MOXKHO ONMHCATH CJAENYIOUHM
ob6pasoM. Ilycth B cucreMe uMeeTcsi HeKoTopasi KoHuentpauus Cebt.
Torza na cragud 11 oGpasyercss Br™, KoTOpHIH B3auMotelicTByeT ¢ aK-
THBHBIMM YacTUIIAMH peakKnuu (4.1) 1 ¢ HEKOTOPOH CKOPOCThIO HCUe3aeT
u3 cucreMpl. Ectu koHuentpauus Br~ poctaTouHo BesKa, TO Peakuun
(4.1) nonnocteio 3atopmoxkena. Koraa [Ce''], ymenbwasice B pesysnb-
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Tate peakuMH (4.2), NOCTHTraeT HHXKHEro NOPOTrOBOTO 3HAYEHHS, KOH-
uentpauus Br~ nanaer. Peakums (4.1) HaumHaeTcss ¢ GOJIBLIOH CKO-
pocTbio, U Kouuentpauus Cet* Bospactaer. [Ipu nocTrXeHHH BepXHero
noporosoro 3nauenuss no [Ce*] xonuenTpauwys Br~ pesko BospacTaer,
YTO IPHBOAMT K TOpMOXKeHHI0 peakuuy (4.1). ITocae sToro uuk. nosro-

psieTcs.
BrUg\ X;/(’/zBrz)
TN\

Puc. 25. Cxema asTokoae6atenb- 683+ 4+
HOHl peaKuUH OKHCJEeHHsi GpoM- Ge

MmasonoBoit kucaotel (BMK) 6po-
MaTOM; KaTaJqH3aTOp — HOHBI LIEPH A Y/

r 6MK

dra cxema nNOATBEPKAACTCH CJEAYIOUHUMH SKCIEPHMEHTAMH.

1. MaJbie konnyectBa Br~, BBeseHHble B cucTeMy B (pase HapacTa-
uns [Ce#'], BbI3bIBAIOT NMepekJioueHue (puc. 24, a). MuHHMa/bHOE KO-
JH4ecTBO Br~, BHI3bIBaiOLlee NepeK/IOYeHHe, YMEHbIIAeTCs K KOHIY
dasnt T.

2. Br™, no6asnennniii B dasy T,, yaauuser ee. dPHeKT TeM CHJb-
Hee, yeM Gonblie Jo6aBKa L yeM OJiHXKe OHA K KOHIY ¢asel T,.

3. lo6aBka Ag*, casninatoiiero Br~, BbI3bIBaeT NPOTHBONOJIOXKHbIE
sdpexTel. BBenenne Ag* B ¢asy T, NPUBOAMT K NEPEKIOUEHHIO (PHC.
24, 6), a no6aBka B (hasy HapacTaHus yBejauuusaer T.

4. Ecaun B cucTeMy, Haxolsilylocs B KoJeGaTeNbHOM pexume, He-
NpepLIBHO noAaBath Br~ ¢ Masofi cKOpOCTbIO, TO KoJeGaHusi TpepbiBa-
ioTcst, npu 31oM [Cet*] ~N (N Hna puc. 23). [Tocsie npekpaliesus NOAa4H
Br~ xoneGanusi BO30GHOBJASIOTCS.

5. Pesy/ibrar, aHa/JOTHYHBIA OINHCAHHOMY, MOXHO HOJYUHTb,
ecqd IOJaBaTb B CHCTeMYy ¢ Manoil ckopoctbio Cet',

6. Ce**, noGaBaeHHbli B a3y 7T, BhI3LIBaeT NepeKJIOYeHHe
(puc. 24, ).

Cxema peaklUMH MpeicTaBJeHa Ha puc. 26,

KJIACC ABTOKOJIEBATEJIBHBIX XMMHUYECKHX PEAKUIMWNA
THITA PEAKIOHWH BEJIOYCOBA

IIpuBenenHass cXeMa aBTOKOJe6aTeJBHOH peakKUHH H JaHHBIE 06
OCHOBHBIX X2paKTepHCTHKAX OTIeNbHBIX cTanull (crp. 94) moxaseBaiorT,
KaKUMH CBOHCTBaMH JOJIKHBI 00JaZaTb OCHOBHbLIE KOMMIOHEHTHl 3TOH
peaxkiyH.

BoccTaHOBHTE/Ib ROJIKEH JIETKO OKHCIAATBCA OKHCAeHHOH (OopMOH
KaTaJu3atopa U He JOJIKEH pPearHpoBaTh HEMOCPENCTBEHHO ¢ GPOMATOM.
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Kpome ToOro, Heo6X0AHMO, YTOOLl BOCCTAHOBHTEJb JIETKO GpOMHpO-
Bajici U GPOMIPOHM3BOJHBIE JOCTATOYHO JIETKO Da3fjarajiHch, BHIAENAS
Br~. 3tum TpeGOBAHHUSM YIOBIETBOPSIOT BellleCTBA C aKTHUBHOH MeTuJe-
HOBOK TPYIHDPOBKOI.

Peakuuy OKHCJEHHS TajoreH-KHCJIOPOAHLIMH COeJMHEHHAMH HMEIOT
CXONHYIO KHHETHKY. I103TOMY ecTecTBEHHO NpeAllONONKHTh, YTO XJIOpaT
H #ojpaT MOIYT 3aMeHHTb O6pomar.

B KkauecTBe KaTaau3aTopa MOTYT ObITh HCIOJNB30BAHL BelleCTBa
(npexne Bcero HOHBI INEPEMEHHOH BaNeHTHOCTH), G/IH3KHe K HOHaM
HepHs KaK 1O BeJHUHHE OKHC/JIHTENbHO-BOCCTAHOBUTEJIBHOTO IIOTEH-
uuana, Tak M N0 KHHETHKe peakIHil OKHCJIeHUS H BOCCTAHOBJIEHHS.

Ha ocHoBanH¥ npHBeeHHBIX coobpaxkeHHH ObLI HCHBITAH Pl pea-
FeHTOB U OOHApy:KeHO GOJIbIIOe KOJHUYECTBO OJHOTHIIHBLIX KoJe6aTesb-
HbIX XHMHYECKHX peaKLHH.

KoneGannst ObLIM NOJMYyYeHBl B CHCTeMaX, rhae B KauecTBe BOCCTAHO-
BuTeNsi Hcnogab3zoBasuck MK, BMK, 1aBeneBOyKcycHas, alleTOHIH-
kap6onosasi, JumoHHast (JIK) u si6soyHass KMCJOTHI, aleTOYKCYyc-
Hulit 3¢up (AY3D) u auerunaueron (AIA). Bce atu coepunenns comep-
3KaT TPYNOHPOBKY P-AHKeTOHA.

CrepyerT OTMETHTh, YTO HMEeTCS KOPpeJslHs MeXAy NPHTOZHOCTHIO
COeJHHEHHs] B KayeCTBE BUCCTAHOBHTENS B aBTOKOJMeOaTebHON peaklHu
H ero KeTOeHOJIbHBIM paBHOBecheM. Tak, HampHMep, AH3THJIOBHIA adup
MAaJIOHOBOH KHCJIOTHl MPAKTHYECKH He CONEPKUT eHOJa H CJIHLIIKOM Mel-
JeHHO pearupyer kak c Ce*', tak u c Br,. [Ipn ucnonb30BaHHH 3TOTO
BOCCTAHOBHTeJ/Is1 HaM He yjajoch Habmoaath koJebanuil. Aueroykcyc-
HblH 3Up conepxkUT ~ 7% eHona, KoseGaHUs B ITOM CJAyYae OTMe-
YeHbl B [IHPOKOH 06JaCTH H3MEHEHHS NapaMeTpoB. ALETHAAaLEeTOH Co-
JepxUT ~ 80% enosnpHoll Gopmbl. Yike NpH KOMHATHOH TeMneparype
OH CTOJb AKTHBHO pearHpyer HeNoCPelCTBEHHO ¢ 6poMaToM, UTO KO-
JNe6aHusA NPAKTHUeCKH He Hab/moparorcs. YeTkue KosneGaHHS NPH HC-
noJib3oBaHuu ALLA MOXHO 3aperdcTpHPOBAThb JHLIbL NMPH TEMIEparype
~ 10°, HO ¥ npH 3Tol TemnepaType noGOYHHIA pacxon 6pomarta u AITA
BeCbMa BeJHK.

Peaknun ¢ yyactuem MK, BMK u JIK kauectBenno 6au3ku. 1llaBe-
JIeBOYKCYCHasl, aleTOHIHKapGOHOBash KHCJAOTH H AYD 06pasyioT apy-
rylo rpynmy 60Jiee SHEPTHYHBIX BOCCTAHOBHTEJIEH.

Peakunsa c¢ yyactueM si6JJOYHOH KHCJOTH OT/IHYAETCs OT JAPYLHX
peaxuuil. B camMolt 6104HOH KHCIOTE OTCYTCTBYET P-AHKETOHHAs Tpym-
NHPOBKA, H CKOPOCTL €€ B3aHMOAEHCTBHA ¢ Br, cylllecTBEHHO HUKe, UeM
y MK. TlostoMy B xoze KoseGaHuil B pacTBOpe NOABJAAETCH U HCUe3aeT
CBOGOAHBIH Bry, KOTODBI MOMKHO JIETKO 3KCTPATHPOBATH XJ10POGHOPMOM.
[pucyrcrBue Br, ofycnobaupaer cnenuduyeckylo dopmy kosebaHHi
CBeTONOIVIOIICHUS Ha HayaJbHOM yudacTke (pHc. 26). B xoje peakiiuH
topMa KoJsie6aHMH H3MEHsIeTCSI U NPH ONpeleJEHHBIX YCJIOBHAX BO3-
HHKalOT JABYX4YacTOTHble KoJebauua (puc. 27). Popma kojeGaHHH H
Xapaktep HX 3aTyXaHHsl B KOHLle peakKIHH NOKa3biBalOT, YTO 3J]€ech
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CYLIECTBEHHYIO POJIb UrPaeT 1aBeJeBOYKCYCHasl KHCJIOTa, SABJSIOLIAACA
NPOMEKYTOUHLIM TNPOAYKTOM OKHCJIEHHs s16OYHOH KHUCJOTHI.

B pa6ote Kacnepera u Bpioaiica (Kasperek, Bruice, 1971) kone6a-
HHS Habuojalxch TPM MCHOJB30BAHHH B KauyecTBe BOCCTAHOBHTEJIS
MaJIeHHOBOH M IHOGPOMMAJIOHOBOH KHCJIOT.

JlaHHBIE, [OKas3hLBaWIHe 3aBHCHMOCTh  4acTOTel  KojJeGaHHH
OT BHJla BOCCTAHOBHTENS JJIS [ABYX KaTajlH3aToOpoB, MpPHBeJEHH
B 1aba. 1 (JKaGorunckuii, 19646). DTH KaHHBE NOJYyYeHbl IPH Temre-
parype ~16°, [H,SO,1=1,56 M.

bl ll

100 cex. t cexn 100 cex,, £ cen.

Puc. 26. KoneGanns onTHyecKoll MJIOTHOCTH PAacTBOpa B XOj€ PEaKUHH C yyacTHEM
A6/JOYHON KHCJIOTEI B KaUeCTBe BOCCTAHOBHTEJ St

Puc. 27. [IByxuactornble Kofle6aHHs B CHCTEME, e BOCCTAHOBHTEJNEM CIYKHT f6J04-
Hasi KHCIOTA

Kone6anusa B cHcreme ¢ AIIA perHcTpHpoBa/HCh, KaK yxe yKa-
3aHO, NpH OoJsiee HU3KHX Temnepatrypax. Hanpumep, B cucreme [Ce]l =
= 0,00IM, [KBrO;]l = 0,156M, [AIIA] == 0,08M, [H,SO,]=3M
npr 10° nepuoa xosneGanuil B Haualle peaklMH paBeH 8 cek.

Kone6anust GblIM NONYYeHHl TakKKe B CHCTEMaX, A€ B KayecTBe
KaTa/lM3aTopa, KpOME HOHOB LepDHf, HCIOJb30BaJTH HOHB MapraHua
H KOMIIJeKCHble HOHBL XKeJses3a, ¢ 1,10-dbeHanTposnHoM u 2,2 -nunupu-
aunom (Basuaun u np., 1969). Huxke npuBefeH psjx cTaHzapTHHIX
OKHCJIHTE/bHO-BOCCTAHOBHTEIBHEIX MOTEHIHAJOB.

Noaypeakuua Eo, B TMoaypeakuust Eq, B
Co?t 2 Co3t L e 1,81
Cedt 2Cett e 1,61
Mn2*t 2 Mn3t J-e 1,51
T2 T 42 1,25

Fe(phen)s” = Fe (phen)i*+e 1,14

Fe (dip)" 2 Fe (dip)" +e 1,06
Fe?* 2 Fett |- 0,77
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Ta6auma 1
3aBHCHMOCTD 4acTOTH KoJeGaHHHA OT BHRA BOCCTAHOBHUTEJIS
BoccranoBHTeNL C;B' &%E;ﬁ;‘]' (I:{ig:jg&;aamp F-10-2, riy
MOJIb/JT MOJb /N
ManosoBas KHCIOTa 0,27 0,067 Ce 1,6
0,27 0,067 Mn 2,2
MognoGpoyManaHoBass KHCJIOTa 0,13 0,067 Ce 0,9
0,27 0,13 Mn 31
AuetoykcycHuit 3dup 0,26 0,067 Ce 6,7
0,26 0,067 Mn 17
IllaBeneBOYKCYCHAsA KHC/O0TA 0,01 0,067 Ce 16
0,02 0,067 Mn 9
SI610uHas KHCAOTA 0,27 0,067 Ce 1.1
0,27 0,067 Mn 3,3
AneronnnKkap6oHOBasi KHCJIOTA 0,05 0,067 Ce 6
0,2 0,087 Mn 5
JlumMoHHas KHCa0TA 0,33 0,067 Ce 1,2
0,27 0,067 Mn 0,8

Hpumewanue. Cp — KOHUEHTPAaLHA BOCCTaHOBHTeNd, f—uyacToTa.

[Motennnan napel KoGanbTa CAHIIKOM Bhicok, Co?* He oKHcasercs
6pomaroM. Ilorenuman naput Fe2*/Fe®* ciuimkom HH30K: HH ONMH u3
nepeuHCc/TeHHBIX BBIlle BOCCTAHOBHTENeH He BoccTaHaBauBaer Fedt
¢ 3aMeTHOH CKOpOCThblo. CKOPOCTh peaKLHH C yyacTHEM HOHOB TaJJus,
Tpe6GyOWMX IBYX3JICKTPOHHOrO NlepeHoca, oueHb HH3Kas. [To-BHauMOMY,
KaTaJlH3aTOPOM B 3THX aBTOKOseGaTeNbHBIX peakuusix MOryT OBITh
HOHBl TepeMEHHOH BaJIeHTHOCTH C ORHO3JEKTPOHHBIM IepeXojoM H
CTAHJAPTHLEIM OKHC/IHTENbHO-BOCCTAHOBUTE/ILHBIM NOTEHHHANIOM, JIeXa-
OiMM B MHTepBaie | —1,6 B.

PeakiiHi ¢ KOMIJIEKCHBIMH HOHAaMH XKeJle3a HAYT ¢ GoJiblLeR CKOpO-
CTbIO, YeM peaklHH, KaTaJH3HpyeMble HepHeM M Mmaprannem. [lo
COBPEMEHHLIM  IpejCTaBJEHUSAM HaJHYHe HNOCTOSHHHIX JIHTAHIOB
YCKOpSieT OKHCJ/IHTeJIbHble PeaklHH 32 cYeT HCKJ/IOUEeHUs MepecTpoikH
nepBof THAPATHOH OOOJIOYKH HMOHOB, KOTOpasi JIHMETHPYET CKODOCThb
peakuuH. [103TOMY npHMeHeHHe Pa3/IHUHBIX KOMIIEKCHEIX HOHOB MOXET
pPaclUHpHTb QHANa30H CTaHJAAPTHHIX MOTEHIHAJOB KaTaJlu3aTOPOB 3TOrO
KJacca peakLHi.

XJaopar M HOJAT He MOTYT 3aMEHUTb GPOMAT B KayecTBe OKMCJH-
Tes1a. OKHCIHTENIbHO-BOCCTaHOBHTENbHEIE [IOTEHIHAJIB] B PeaKIHsAX 3THX
COEJMHEHHNA C DA3MYHBIMH BOCCTAHOBUTENAMH (HalpuMep, CallOreHH-
laMu) 61u3KH. OXHAKO CKOPOCTH peaKLMi OKHC/ICHHS BbILIEYKa3aHHBIX
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KaTaJu3aToOpoB HONaTOM H XJOPATOM [OPa3Ji0 HHIKE CKOPOCTeidl OKHC-
Jgenns OpomatoM. CllenoBaTesbHO, 6pPOMAT OCTAETCA €IAHHCTBEHHLIM
OKHCJIHTEJIEM B 3TOM KJAacce DPeakiuii.

IKCMEPHUMEHTAJIBHBIE TOKA3ATEJIBCTBA FOMOTEHHOCTH
ABTOKOJIEBATEJIbHON XVMMUYECKON PEAKIUU

JlJs  noKasaTenbCTBA TOMOTEHHOCTH HCCJAENYEMBIX XHMHYECKHX
peakiiil GHIIO H3y4eHO BJHSIHHE CTEHOK PeaKIHOHHOTO COCYAa H rpa-
HHLBI XKHAKOCTh — rasoBas ¢asa Ha uacTOThl KoJeGaHHH H CpelrHIon
ckopocTh peakuui. [IpH yBesHueHHUH OTHOLIEHHS [OBEPXHOCTH K OGbe-
My (S/V) Ha 3—4 nopsaka ¢ MOMOLIbIO BBEIEHHS B PeaKTOpP MeJKopac-
TEPTOTO CTeKJa, KBaplia HJIH XpPOMaTtorpaduueckofl OKHUCH aNIOMUHHSA
MOJy4eHbl CJAEAYIOUIHE DPe3YJbTaTh.

1. B GosbmIHHCTBE 3KCIEPHMEHTOB dacToTa KoJdeGauui ocTaBajach
NOCTOSTHHOH B npelesax TOYHOCTH M3MeperHH (~ 1%). B Hekorophix
5KCHEePHMEHTaX YXOJ 4acToThl ObL1 GoJiblile, BO3MOKHO 38 CYET XHMH-
UeCKHX 3arps3HeHH#, HO HUKOTAA He npeBbimian 10%. B omHchiBaeMbiX
ONHITaX 4acTora KoJsieGaHHH H3Mepsijlach B OJHOM 3KCMEPUMEHTE 10
BBeJIeHHs B PacTBOp MEJKONHCIEPCHOH B3BeCH M NOCJe ee BBeleHHS.
Takum 06pa3oM HCKIIOYAJHCh OTKJIOHEHHS B YacTOTe, BBI3BIBAEMBIE
OUIMGKaMH B HCXOAHBIX KOHUEHTPALHAX.

2. CpellHds CKOpOCTb peaklMH, onpejnesseMasi KaK MOJHOe o6pat-
HOe BpeMsl MPOTEKaHHS peakKUUH (T. e. HHTepPBaJ BpPeMEHH OT HauaJjia
peakuUHH IO MOMeHTa CpblBa KoseGaHull), He H3MeHsJjach B Npenenax
BOCTIPOH3BOJHMOCTH pe3yJbTatoB (~ 20%).

3. 3aBHCHMOCTE YCTOHUHMBOCTH MaKpoKoseGaHH# OT NepeMeluHBa-
HHUS M KOHLEHTPALMH pEeareHToB He H3MeHsJachb. PerucTpanis B 3TOM
cnydae NPOM3BOAKIACHE C IOMOLIbIO Napbl TOYEUHLIX 3JIEKTPOJIOB.

KrHeTHKa peaklU#l He MEHSJIACh TAKXKE NPU HCIIOJb30BAHHH KIOBET
13 CTeKJa, KBapua, Te/IoHa, NJATHHBI H KIOBETH CO CTEHKaMH, MOKpHI-
THIMH T1apa(HHOM.

Jas nposepkH BJHSHHMS TPaHUIBI pas3fiela KHUAKOCTb — ra3 Ha
MOBEPXHOCTH pabouell CMecH OCTOPOXHO HaJHBaJH CJIOH YHCTOrO pac-
tBoputens (1,5M H,SO,) nau pucruianupoBanHoil Boasl. ONbITE B 3THX
cay4asix NPOBOIMJIMCH Oe3 mnepeMelllMBaHHs. FcK/IoueHHe TI'paHHIb!
pasgfena XKHIKOCTb — a3 He BJHUSJIO HAa Pe3yJbTaTh.

[TosydeHHble pe3yJ/ibTaThl IIOKA3bIBAIOT, YTO MOBEPXHOCTH peakTopa
H Jpyrue rpaHunsl pasfena ¢as He BIHAIOT HH HAa XOX AaHHOH mepHo-
IMYeCKOH peaKlH¥, HU Ha 3aBHCHMOCTh YCTOHYUBOCTH MaKpoKosebaHH il
OT [MepeMelIMBaHUA H KOHLEHTpalui peareHToB.

B xone GOJIBUIMHCTBA pPeaKUHH ONHCHIBAEMOTO KJacca, BCIEACTBHE
NeKapOOKCHINPOBAaHKA TNPOAYKTOB OKHCJIeHHSI KapOOHOBHIX KHCJOT
B KHCJIOH cpere, BhigeaseTcs CO,, no3ToMy ¢ GopMabHON TOUKH 3peHHs
3TH CHCTEMHl He SIBJSIOTCS CTPOTO TOMOTeHHbIMH. Bee maHHble 0 Mexa-
HHM3Me 3THX KoJle6aTeibHBIX peaKIlHil IQKAa3bBaIOT, YTO YIJIEKHCJBIH ras
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He HMeeT HHKAKOrO OTHOIUEHHS] K 3TOMY MeXaHH3aMy. Tem He
MeHee OBbLJIM NpPOBEAEHbl MPSAMblE SKCIEPHUMEHTHI, HOKA3bIBAIOLIME, UYTO
reHepanys kaebanuii B cucTeMe He 3aBHcHT OT CO,. Hanpumep, peak-
uus ¢ yuactiem MK (CO, BbizessieTcsl) IPOM3BOAUIACH KaK B OOBIYHBIX
YCJIOBUSIX, TAK U OPH HHTeHcHBHOM mnpoxyBaHuu N, uau CO, uepes
pa6ounii pacteop. IIpu stom kouuentpanus CO, B pacTBOpe U ee 3aBH-
CHMOCTb OT BpeMeHH pe3Ko u3aMmeHsiinch. OnHAKO XOn peakiUH BO BCex
TpPeX cAydYasX He U3MEHsJICA B Ipejesax TOUHOCTH SKCNepHUMEHTA.

B peaxuusix AY3D CO, He BbiieNsieTcsl Ha HAYaJbHOM Y4YacTKe pe-
aguuu. B peaknusax ¢ AIIA CO, BooGlie He BHILENSETCS, TAK KaK B BOC-
CTAHOBUTEJIE OTCYTCTBYIOT KapOGOKCHJbHBIE TPYMIBI, TEM HE MEHEe KO-
JgeGaHHs HOCAT TaKoil e XapakTep, Kak U B peakuusax ¢ MK u apyrumu
BOCCTaHOBHTENSAMH.

TakuMm 06pa3oM, MOMKHO CUHTaTb AOKA3aHHBIM, 4TO aBTOKoJseba-
TeJIbHBIE PEeaKUHH 3TOTO KJacca SBJIAIOTCA TOMOT€HHBIMH.

OCHOBHBbIE BJIOKH ABTOKOJIEBATEJIBHONI PEAKLIMHU
OKHUCJIEHUS BPOMMAJIOHOBOU KUCJOTEI

Cucrema ¢ Gpommanonoroil kucaoroli (BMK) npexncrasnsiercs Hau-
6o/1ee yrOGHO! M/ HCCJAeOBAHHMS MeXaHH3Ma aBToKoJieGaHUH. B 3TOM
clyuae aBTOKOJe6aHHsS HAYHHAIOTCS CPa3y MOC/Ie CMeLIeHHUs! peareH-
t0B. Ecaiv ke BoccTaHoBHTesib — MK, To B Hauasle peakuuu KoJje6anus
06bIyHO oTcyTcTBYIOT. OHH MNOSIBJSIIOTCS NOC/e HAKONJIEHHS B PACTBOpe
6pomnpousBoaneix MK (B ocHoBHoM BMK). HekoneGartesbHblil yuacToK
MOXKeT OblThb JUKBHAHPOBaH jpoGaBneHHeM B cucreMy BMK. Takum
of6pa3oM, npH ucnoib3oBanuu DMK Mbl MMeeM Ha ofHO coefHHeHHe
MeHbllle IIPH COXpPaHeHHH BCeX BAXKHEIX ocobGeHHocTell peakuuu. [Ipo-
CcTeHIMM KaTaJu3aTopoM 3TOH peaKIUU SBJSETCH HEpHH.

PacemoTpuM BaxHefiluue GJOKH CHCTEMBI.

Peakuusn oxucaenns Ce®* 6Gpomarom, (4.1), no nauubim Hofieca
u 1p. (Noyes, Fild, Korés, 1971), oTBeuaeT cTeXHOMETDHYECKOMY YpaB-
HEeHHIO

2BrO; + 10Ce?* + 12H* —> Br, 4 10Ce** 4- 611,0. (4.3)

B pa6ote BaBuauna u )Ka6orunckoro (1969) 6pi10 nokasano, uto mpH
n30biTke Ce®" peakuusi B CHABHOKHCJIOH cpelle COOTBETCTBYeT ypas-
HEeHHIO

HBrO; 4 4Ce®* + 4H* — HOBr 4 4Cet* + 2H,0. (4.4)

ITpu stom HOBr He B3aumozeiicTByer ¢ 3aMeTHOH ckopocTbio HHU ¢ Ce®*,
HH ¢ Ceét,

Peakuus (4.1) HocuT aBTOKaTanuTHueckuil xapakrep. CeMeHcTBO
KPHBBIX, I0OKa3bIBAIOLIHX 3aBHCHMOCTb KOHUeHTpauuu Ce*" 0T BpeMeHH,
NPHBENEHO Ha pHC. 28. JTH KPHMBble MOTYT GHITE OXapaKTepH30BaHH
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TPeMsi BeJIMYHHAMH: NePHOAOM HHAYKUMH T;, BO BpeMsi KOTOPOTO KOH-
uentpauns Ce* 6ju3ka K HYJIIO, MAKCHMAaJIbHOH CKOPOCTHIO (V) U OT-
HOCHTeJIbHOH KBaszMcTallHOHApHOH KoHueHTpauuel (cp)
cr=I[Ce**1/[Ce?**]y, [Ce?*], — Havanwnas konuentpaus Ce3*, ¢ cTpe-
MHTCS K €IHHHIE C POCTOM KHCJOTHOCTH H ¢/1a60 3aBUCHT OT OCTa/IbHBIX
napaMeTpoB CUcTeMbl. 7; He 3aBHCHT OT HA4aJbHOH KOHLEHTpaluH
Ce®* M yMeHbIIaeTCsi C POCTOM KOHIEHTDPALMH NPOTOHOB H Gpomara.
Um IPONOPUHOHANbHA KOHUeHTpauusim Ce®t, 6pomaTa M KHMCJIOTHOCTH.

[ce”] n

/ Ce4r
;e
J 2 / 3
R
/— 5 L L L L
20 240 360 % cen 2 80 75 00 125 fcex.

Puc. 28. Kunetnka peakunH (4.1) npu pasubix koHuesTpanusx H,SO,

[Ce*+], = 1,5-10—%, [KBrOslo = 1-10-%, [H,80.}: 1—14; 2 —25, 3—1,5 4—1L
5 —0,75M; T = 40°C

Puc. 29. Bausinue no6apok Ag* u Br~ B HCXOAHYIO CMeCh Ha MHJAYKUHOHHBIN NepKok
peaxkuun (4.1)

1 — Gea po6asok; 2 — AgNO;; 3 — KBr

Tlepuon wHAYKUMH CBsi3al C NPHCYTCTBHEM B CHCTeMe MOHOB Br .
LefictBurennHo, n06aBieHHe MaJblX KoJuuecTB Br~ pe3ko yAJaHHSET
T:; vanporus, poGasienne Ag' wan HOBr ymensinaer T; (puc. 29).
[1poGa, B3sitasm M3 pacTBOpa B TO BpeMsi, Koraa KoHueurpauus Cedt
6LICTpPO Bo3pacTaeT, U f06aBJIeHHasl K TOUHO TaKOR Xe CHCTeMe B MOMEHT
CMelIeHHd, NPHBOAUT K HCUE3HOBEHHIO HHAYKIMOHHOTO mepuoja (OT-
HOlUeHHe o6beMa f06aBKH K o6beMy cucTembl 1 : 10). JoGaBrenne Cet
NpakTHYeCKH He BauseT Ha 7.

Peakuus (4.1), BK/IIOYAONan OMHO3IEKTPOHHBIE nepexoas! (Ce?* —
— Ce*"), nO/KHA HATH C yuyacTHeM CBOGOAHBIX pajaHkanoB THna BrO’
unu BrO,". Bpomun TOpMO3HT peakuuio, KOHKypupys ¢ Ce®' 3a 3tH
panukanbl. KoHeunbie WJIH NPOMEXYTOUHble NPOAYKTH peakuud (4.1),
B3auMOZleficTBYs1 ¢ Br~, CHHXKAIOT ero KOHLEHTPALHIo, YTO MNPHBOJHT
K CaMOYCKOPEHHIO peaKIHH.

Ecnu o6patHTbCs K KOHKDETHBIM CXeMaM, TO aBTOKATaJH3 TaKOro
THNA MOXeT peasH30BaThCsi MHOTHMH crnocoGaMH. Mubl 6yjeM npeano-
JIaraTh, YTO NPOUCXOAHT PA3BETBJICHHAS LIeNTHAA DeaKi s ¢ Pa3MHOXKEHHEM
IIPOMEXKYTOYHOTO NpoxyKkTa BoccranoBiesus HBrO;. Bpomun siBisiercs
KaTadu3aTOPOM pacnaja aBTOKATalM3aTopa H YHHUYTOXKAaeTcsi B pe-
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ayJbTate B3aHMOJEHCTBUS C JPYTHM MPOAYKTOM peakluuH. KoHKpeTHble
cxeMbl GyAyT NpHBEJEHBI HHKE.

Peakuusa Ce" ¢ BMK. ¥ 310i peakuuud MHOro OGLIEro C XOPOLIO
n3yyeHHBIMH peakuuamu MK c Ce* u Mn®* (Sengupta, Aditja, 1963;
Yadav, Bhagwat, 1964; Jlaittunen, 1966; Yortepc, 1966). 3tu peakuuu
HMEIOT NepBblil NOPSAJA0K MO KOHLUEHTPAIMAM OKHCJIHTENS H BOCCTAHOBH-
Tes.

Peakuus Ce** ¢ BMK B Hauane uMeerT HeGOJIbILIOE YCKOpEHHE, a
3aTeM KoHueHTpauus Ce*" najaer no sKCNOHeHTe (peakuusa HAeT MpH
GosnpumioM n36biTkKe BMK). KuHeTnka peakimn MoxeT GblTb NPHOJIHU-
KEeHHO OINHcaHa ypaBHeHHeM

48] — _ % [Cet) [BMK], (4.5)

rie k 3aBHCHT OT KHCJIOTHOCTH H CJ1aG0 yMeHbIUAeTCsi C POCTOM KOH-
uedtpanun BMK. %k~ 0,7 Ml-cex™® npu chaeqyloluX 3HaYEHHAX
napamerpos: [H,SO,] = 1,56 M, Ce(SO,), =110 M, [BMK] =(10"1-+-
—+1072) M, #==40°. Bpomuz Beilen1sieTcs napaJliesbHO nosBaeHHo Cedt,
Mpu [Ce*'] << [BMK], no-BuarmMoMy, HAyT ABe GpYTTO-peaKLHH:

2Ce** 4+ BMK -+ H;0 — C;Br (OH) H;0, - 2Ce** + 2H*,  (4.6)

C;Br (OH; H,04 — C,H,0, + H* 4 Br™ + CO,. (4.7)

Peaknusa (4.6) MoxkeT ObIThb NpejcraBjieHa clefyouel uenbio:
Ce** 4+ CHBr (COOH), — CBr (COOH), 4- Ce¥* 1- H*, (4.8)
Ce** 4 CBr (COOH), + H,0 — CBr (OH) (COOH), + Ce®* 4- H*, .
(4.9)

Hupyuuposantoe pasioxeHne GPOMIPOH3BOIHLIX MAJOHOBOM KHC-
aorei. HOBr u Br,, Brgendiompecs B peakuusx (4.3) u (4.4), 6pomu-
pytor BMK, B pesyabrate ofpasyercsi Iu6pOMMaJOHOBas KHCJIOTa
(LBMK). B cunpHokuCABX cpefax JABMK pacnapaercsa no auGpom-
ykcycHo#t kucaothl (IBYK), xotopas, B cBolo ouepenb, 6poMupyercs
o tpubpomykcyctoi kuciotel (TBYK) (Muus, 1935). BMK cpaBhu-
TeJbHO OLICTPO OKucasieTcs: HoHOM Ce'*, mpu sToM Bbliensierca Br.
OBMK okucisierca Ce*t memenno, a JIBYK u TBYK npakrtHueckd
ne oxucasiioresi. Onuako Heru (Degn, 1967) nokasasn, uTo 1o6GaBKH 3THX
COeJlHHEHHH B TOJNHYIO CHCTeMy OJOKHMPYIOT KoJieGaHHSI 3a CYeT TOp-
MOXeHHs1 peakuuu (4.1), npuuem BMK naumeHee sdibeKkTHBHA B 3TOM
OTHOLILIEHHH.

Panee 6blIO YCTAaHOBJIEHO, YTO peakuus okuciaenuss MK monamu
Cel* HHAYLHDPYET OKHCcJeHHe YKCYcHOH U MypaBbHHON KucaoT (Yadav,
Bhagwat, 1964), xoropbie camu no ceGe He BoccraHabsmsaior Cet'.
AHaJlornyHble aHHbIE O HHAYUHPOBAHHOMY OKHC/JEHHIO CIHPTA NPH
BOCCTaHOBJeHUH HOHOB Mn*" MK npusemensl B kuure Yorepca (1966).
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OTH MHAyLHDOBaHHbBIE PeaKUHH HAYT C y4aCTHEM PaJMKa/loB, 0Gpa3y-
IOLHXCS ‘B peakuusix tuna (4.8).

Hcenenobanne pasnuyHbIX MareMaTHYECKHX MOJIeNell OIIMCHIBaeMOH
aBTOKOJIeOATeNIbHOM peaKIUH N0OKa3alo, YTo HyXHafd ¢opMa KosebaHuil
BO BCeM JHana3oHe HapaMeTpoB 06ecleuHBaeTcs - TONBKO HPH «CBEpX-
pereHepanuu» Br--B xoze peakuuu. Takas cBepxpereHepanus BO3MOX-
Ha JHIUb INpPH pacnaje 4YacTH OpPOMIIPOU3BOAHBIX, ITOJNYYaIOUIHXCSH
npu GPOMHPOBAHHHM HCXOAHOTO BOCCTAHOBHTENS. 3TO NO3BOJSIET Npel-
NOJIOKHTb, YTO B XOIe KoseGaTeJbHOH peakUuHH OpPOMIIPOH3BOJHBIE
MaJIOHOBOH KHCJIOTHL MOTYT pasfaratbcs (¢ BoiieJeHHeM Br~) B pe-
3yJbTaTe HWHIYUHPOBAHHOIC pa3soxeHHs. [lelicTBHTenbHO, OBLIO
noxaszano (Basunuu, JKaGotunckuit, 1969), uro GpoMupn Buinensercs
C 3aMeTHOH CKOpocTblo B cHcreme, cofepxaeli Cet*, MK u TBYK.
Bpomup Bbiaensiercsi takxe npu npamoM oxuciaenun BMK u JIBMK
ueThIPEXBaJIeHTHLIM LiepHeM, oHaKO foGaBiaenre MK H B sTHx cayuyasx
3HAYMTEJbHO YBEJIHYHBAeT CKOPOCTb NOABJIEHHA Bro.

Hugynupoannoe pasnoxenne TBYK 6buto nayueno Gosee neradp-
HO. B atoM caywae muHaykrtopamu moryr 6uite MK, BMK u JIBMK.
CKOpOCTb Bhe/ienHst Br- JOCTHraeT MaKCHMyMa Yepe3 HEKOTOpOe BpeMst
nocjae Hayana peaKUMu. Dblla MccleoBaHA 3aBHCHMOCTb (haKTopa
MHAYKUHH oT KoHueHTpauuu Ce' u TBYK. ®aktop uHAyKuum Obin
onpeieleH KakK OTHOLIEHHe I[1OJHOro KoJHyecTBa Br~, Bblgensiiolierocs
B cHCTeMe, K HcxofiHoMy KosuuecTBY Ce?*. OH pacTer ¢ yBesqmnueHHeM
TBYK u napaer ¢ yseanuenuem [Ce**]. 3aBHCHMOCTS thakTOpa HHAYK-
nuH ot [Ce**] (Taba. 2) MOXKHO J1erko 06bACHHUTD. JIeACTBUTENbHO, OKHC-
nenre MK uonom Ce* HueT no ofHOS/MEKTPOHHOMY MexaHH3My. Obpa-
3yloliHecsi pafHKalbl MoryT oxHcaatbcss Ce'' unu pearupoBaTh ¢
TBYK. Takum o6pasom, Ce** 1 TBYK okasbiBaloTcst KOHKYpPEHTHBIMH
peareHTaMH.

Cxopocth nosiBjieHus Br~ B cucreMe Bo3pacTaeT ¢ yBeJHUYEHHEM KOH-
uentpauuit Ce**, MK, TBYK. Konuenrtpauuu Br~ onpemensiiu uepes

TaGauuma 2
- 3asHcumocTh akTopa MHAYKuuH oT [Ce?"] u MHTepBaJa BpemeHH

MEXKXY HAYAJICM PeakuHu M MOoMeHToM BefleHnsi AgNOs
(KOHUEHTPALHY PeareHTOB YKa3aHbl B TEKCTe)

DakTop HHAYKOHH
104[Cett]0, M ;
0 15 MuH. 45 MuH.
6 1,4 0,94 0,8
3,6 23 1,4 1,2
1,2 3,9 2,5 2,2
0,6 4,1 3,0 2.6

4 A, M. )KaboTuHckuit
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1 — 6e3 Ro6GanoK;

[Ce*), » 2 — [BMK] = 2-10-%,  [Cett] =
=1-10-5 M;
3 — [BMK] = 2:10-%, [Cett] = 2,5%
10~ M;
4 —[TBYKl= 2-10-%, [Cett]l=
=1.10~% M.
p KoHUueHTPaLHH HCXOAHHX PeareHTOB:
- . Ce't — 5:10~4,  KBrO, — 1-10-3,
7 5 g “ 20 twnus HaSOe— 1L5M

Puc. 30. Topmoxenne peakuny (4.1) no6askamu G6poMKapGOHOBHIX KHC/OT H Cett
npu 30°

30 muH. nocie n06aBku AgNO; B cucremy [TBYKI=1.1072, [MK] =
= 1.10"2, [AgNO,] = 1.107%, [H,SO,] = 1,6M, T = 20° (raba. 2).
[onosuuTeNbHble CBeleHHsl GbLIH MOJMyYeHbl NMPH H3y4YeHHH AeiiCcTBUSA
GpOMNpPOU3BOAHLIX Ha peakuuio okuciaenus Ce®" GpomaTtom [peakiius
4.1)]. Ho6aBku MK, BMK, JIBMK, TBYK He u3MeHAIOT nepHOX
uHAyKIHH peakuuu (4.1). He usmensiercss BennuuHa T; U npH n06aBKe
Ce'*. Ognako ecnu jpoGaBnasite B cucTeMy Ce!" H 6GpoMnpoHsBoiHble
OIHOBpPEMEHHO, HHAYKUHOHHBIH IE€PHOJ 3HAYHTEJAbHO YBeJHYHBAETCH,
npuueM TEBYK u JIBMK Gosee spdekrupnnl, ueM BMK. HMunyxuuon-
Hblii NepHOji BO3pacTaeT C yBeluueHHeM KoHueHTpauuH Ce'* u Gpom-
npoH3BoRHbIX (pHc. 30).

B cnyuyae ¢ BMK Bospacranue T; MoXKeT GbITb OGBACHEHO MOSIB-
nennem Br~ B pesysabrate npsiMoro okucienns BMK unonom Cett.
Ipu ucnonszoBanun TBYK uaun JIBMK 6pomun, no-BuauMomy, o6pa-
3yercs B pe3yJ/bTaTe OKHCJAEHHS! 3THX COeIMHEHHH, MHIYUHPOBAHHOTO
peaknueii Ce'" c oIHHM M3 NPOAYKTOB BOCCTAHOBJeHHS Gpomara.

3ABUCHMOCTb PEXHUMA KOJIEBAHUN OT KOHLUEHTPALMH
HCXOJHbLIX PEATEHTOB

Konuentpauun 6pomMara, LepHs H GPOMMAJIOHOBOH KHCJOTH! SIBJIS-
I0TCSl CrelupUYeCKHMH NapamMeTpaMH CHCTeMbl. 3aBHCHMOCTb pexHUMa
KoJeGaHHH OT 3THX NapaMeTpoB Obl1a JeTajbHO H3yyeHa (BaBuiun

Lg{[Br 03] x) , Lg{[Br0; 1% ) p

7 s
7 Puc. 31. Ceuennst ofnactu cyuie-
-7 -1k CTBOBaHHSA AaBTOKOJeGaHHA B CH-
) creMe ¢ GPOMMAJIOHOBOIT KHCJIOTOM
a — [Cel® = 1103

- < 6: 1 — [BMKI® = 3,2.10-;
\ 1 ! 1 s I ! L 2 — [BMK]® = 1.10-* M
3 -2 10 4 -3 2

Lg{[FmH) Y Lg{[celow

<
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u ap., 1967). TemnepaTypa ¥ KHCIOTHOCTb CPeABl OUEHb CHUJILHO BAHSIOT
Ha JMHAMHKY cucreMbl. OfHAKO 3TO — HeCMeUH pHuYecKHe napaMerpl,
KOTOpble BO3JEHCTBYIOT NPAKTHYECKH HA BCE 3JIEMEHTAPHbBIE [POLECChHI
B cucreMe, [losToMy 3aBHCHMOCTb OT 3THX MapaMeTPOB HCCJIeNoBaHa
TONBKO KaueCTBEHHO.

Konebanus HaGmofaloTcss B IHana3oHe KoHuentpauui H,SO, ot
0,5 1o 8 M. IloBbllleHHe KHCJIOTHOCTH YCKOPSET PeaKiHIO OKHCJIEeHHS
Ce®* GpoMaToM M BiHAET Ha KoJeGaHHs aHAJOTHYHO YBEeJHUYEHHIO KOH-
uenTpauuu Gpomarta. [lpu Bbicoknx kucaorHoctsix  ([H,SO,] =

Puc. 32. ®opma asToxoNe6aHuil B
Pa3IHUHLIX TOYKax 06/acTy cyuie- d

CTBOB2HH A KoJieGaHHI

= 6—8M) Opomar pacxoayercsi B HOGOYHBIX PEAKILHSAX, YTO NPUBOAHUT
K OBICTPOMY 3aTyXxaHHIO KoseGauuil. Yactota KoseGaHHH CHABHO
yBeJHYHBAETCs C POCTOM TeMnepaTyphl (@, = 2,5).

O6aracms cyusecm8oB8arun Korebanui

B npocTtpaHcTBe HauyaJlbHbIX KOHLEHTpAUMil peareHToB (uepus,
BMK u HBrO,) 6bia HafizeHa o061acTh CyliecTBOBaHHS KoJeGaHMIA.
Cuuranochb, 4To KoeOGaHHH B CHCTeMe HET, €C/IM OHH He HauHHAJTHCh
no ucreuennun 1000 cek. nocie cMewenusi pearentoB. Ha puc. 31, a, 6
MOKa3aHbl ceyeHHss o0OaacTH cyulecTBoBaHHA KogeGanuit. KoneGanus
HabJ/oRal0TCAd NPH H3MEHEHHH Haya/abHbIX KOHueHTpauu#l BrO;~ u BMK
Ha TPH NOPsJKa, a LepHsl — Ha yYeTbipe NOPAIKa.

Kausecmsennoe nosedenue 8 pazsuunbix mourxax o6aacmu
cywecmeosarus Korebarnuly

Tunbl Kone6GaTeNbHBIX pPEXHMOB B JAHHOH XHMMHYeCKOH CHCTeMe
B OCHOBHOM 3aBHCSAT OT BEJHYHMHbl HayaJbHBIX KOHUEHTpauui OpoMata
1 6pOMMaJIOHOBOR KHCJIOTHl. Bo MHOrHX cilyuasx yZoOHO HCIOJb30-
BaTh napametp a = [KBrO,]/[BMK]. UameHenus KOHUuEHTpaUUH LepHs
MEeHee CYIIECTBEHHBI.

Boixon cHcreMbl Ha KojebGaTenbHbiit pexuM. CHcTeMa BHIXOAMT Ha
KoJeGaTeNbHbI peXUM yYepe3 HekoTopoe BpeMsi T* moc/ie CMeLieHHs
peareHToB, NMpH 3ToM KoHUeHTpauus Ce'* mapaer TeM GhicTpee, ueM

4»
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MeHbllle BeJvYHHA mapaMerpa o. OGLIYHO MO HCTeYeHHWM BpeMeHu T*
B CHCTEME YCTaHABJIMBAIOTCA CTALHOHAPHBlE aBTOKOJeGaHuA. ¥YcCTaHo-
BHBLIEMYyCsl KO/eGaTeNbHOMY PEXHMY COOTBETCTBYET OIpejeseHHoe
ornomenne kKouuentpauui Ce®* u Ce!*. Ecnu HcxonHbiM peareHToM
apasietcs: He Ce'*, a cmech Ce* u Ce'* B OTHOLUEGHHH, COOTBETCTBYIOLIEM
YCTAHOBUBIUEMYCST KOJIEOATENBHOMY PEKHMY, TO KOJe0aHHSI B CHCTeMe
HaYMHAIOTCA Cpasy.

dopma KoseGaHmMil onpegessieTcsl B OCHOBHOM HadaJbHLIMH KOH-
HeHTpalusaAMK O6pomata H OPOMMAaJIOHOBOH KuUCJIOTH. BbicoKHM 3Hauye-
HHsIM o (o > 3) cooTBeTcTByeT ¢dopMa KoJjeGaHHi, NOKa3aHHAA Ha
puc. 32, a, masaeM 3HayeHuam o (o < 0,3) — dopma kosebauuit, npea-
cTaBJeHnast Ha puc. 32, 6. B cayuae a < 0,3 BpeMs HapacTaHUsT KOH-
nentpaunn Ce** (T,) B 4—8 pa3 menblue Bpemenu crnana (T,), Toraa
KaKk npH a > 3, Hao6opoT, -BpeMsl HapacTaHusi B 2—3 pasza Gosblile
BpeMeHH cnaja. |IpoMeKyTOUHBIM 3HAUEHHSM O COOTBETCTBYET (popMa
KoseGauuii, npueefleHHast Ha puc. 32, 6. Ha rpanuue obaactu cy-
lecTBOBaHUsl HaOMIONAOTCA  KBa3WTapMOHHUecKHe KoJaefaHHs (puc.
32, o).

Koauuecm82rroe uccaedosinue 3asucumocmu
xapakmepucmuk Kore6anui om 3HA4eHUT HALAAbHBLX
KOoruernmpaunli peazenmos

AMiiNTY 2, NMEpUOX H JAPYTHe XapaKTEPUCTHKH KO0Je0aTeJbHOro
peXHMa H3MepAJH MO IEPBBIM TepPHOLaM, B BHIY TOFO YTO TPOUECC
HeCcTallHOHAapeH (H3MepeHHsl NPOBOLMAH B 3aKPHITOH CHCTEME).

Ilepuon xonebanmii. Ilpemensl namenenusi nmepuopa koseSaHHH BO
Bcell o6acTH CYIIECTBOBAHHMSI COCTaBJSIOT OT HECKOJbKHX CeKYHH 10
HECKOJIBKHMX COTeH CEeKYHI, T. e. GoJee ABYyX mopsakoB. Ilepuon ko.e-
GaHuit 06paTHO NPONOPHUHOHANEH JorapupMaM KOHLEHTpanui GpoMara
n BMK (puc. 33) U JHMHeHHO 3aBHCHUT OT JorapHpMa KOHIEHTPALHUH
nepust (puc. 34).

Kak y:ke oTMmeuasioch, NepHOL KoseGaHHH MOXKHO pa3fie/iuTh Ha JABE
yacTH — BpeMsi HapacTauus Kouuentpauuu Ce* (T;) ¥ epems crnaza
Konuentpauun Ce** (T,). Ilpu yBesqHUeHHH KOHIEHTpauud OGpoma-
tTa T, yMeHbluaeTcs He3HauuTeabHo (B 1,5—2 pasa), a T, — cyiuect-
BeHHO (B 5—10 pas). Ilpu yBenuuenuu Kounentrpauuu BMK T, ymens-
mwaercsi He3nauurenbHo (B 1,5—2 pasa), a 7, — cyllecTBeHHO (B 4—
10 pas).

MunumanbHasd H MakcaManbHas KoHuenTpauud Ce'* B xome Kode-
6annit. C ypennueHHeM KoHueHnTtpaunn BMK kak Munumaibuoe (N),
Tak U MakcHMasibHoe (M) 3Hauenus xoumentpauuu Ce** magawor, Toraa
KaK NPy YBeJHYCHHH KOHUEHTPAUHH GPOMara STH BEJHUMHEI BO3DACTA-

T (puc. 35). OTHOCHTeJbHbIE MHHMMaJbHas H MAKCHMaJbHas KOH-
ueHTpaan Ce'* yMenbmiamores ¢ YBEJHYEHHEM NOTHOH KOHUEHTpaKu
uepust B cucreme (puc. 36, a). OnHako mpu GOJBIIHX KOHIIEHTPALHAX
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Puc. 33. 3aBncumMocTs nepHoaa aBTOKoneﬁaHHﬁ OT HCXORHBIX KOHIeHTpauuil 6poMarta

(a) ¥ BMK (6) npu 40°
[Cett]o = 1.10-%,
a: I —[BMK]® = 1-10-%,

[HgSO;] = 1,5;

2 — [BMKI° = 3,2-10-%,

6 1 — [Brogk = 1-10-2,

2 — [Brogl = 5-10-2,

3 — [BrOJo= 1-10—M

3 — [BMKJ] = 1.1071,
4 — [BMK]e = 3,2-10-%;

Tcen
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Puc. 34. 3apucuMocTs nepHojia aBToOKoNeGaHHi OT KOHUEHTpaunu nepus npd [BMK],
paBHofi 1.1072 (a) u 3,2 1071 (6), [H,SO4] = 1,5 M; npu 40° C
a: 1 — [Brogl =1-10-3,
2— [BrOgl = 3,2-10-%, @
3 —[BrOg I == 5-10-3,
4 — [Brozle = 1-10-%,

5 — [Brogle = 3,2-10-2,

! — [Broglk = 3,2-10-2,
2 — [Brogle = 1-10-,

3 — [BrOgl = 3,2:10~'M
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Puc. 35. 3aBHCHMOCTb OTHOCHTE/IbHBIX MAaKCHMalbHON M MHHHMANbHON  KOH-
nentpaunh Cett or ucxonunx Kouuentpauuit BMK (a) u 6pomara (6)
a: 1 — [Brozlr = 1102, 2 — [BrOz]® = 1-10-%6; / —EBMKI® == 1.10~2, 2 — [BMK}® =
= 3,2+10—M.

OcTa/bHbie YCJAOBUS CM. NOANHCHL K pHc. 33

Tyuns o 4 Twawcs%s Imum %o J Iyanern
sk 75 w5t {75
;Q\\: Y, ’{\ 50
50 2 . -l J
3{‘*&\ =T |
25;{‘)\&;\\\ {z5 25 125
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PHc. 36. 3aBHCHMOCTb OTHOCHTEJbHLIX MAKCHMAJBLHON H MHHMMAJbHON KOHIEHTpaui
Cet+ oT nonHoll Konuentpauuu nepus opu [BMK]® = 1.10°2 (g) n 3,2. 107 M (6)

a; 1 — [Brogle = 3,2-102-, 6: 1 —[Brogl = 3,2-101,
2 — [BrOgl = 1.10-, 2 —[BrogP =1-10-1,
3 — [Brozl = 5-10-3, 3 —[Bro3] = 3,2-10~2,

4 — [BrOE]" = OcTanbHble YCAOBHA CM. MOANHCHL K pHC, 33

1-10-2,
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OKHCJIHTeJsl M BOCCTAHOBHTENISI OTHOCHTeNbHAs KoHuenTpauus Ce**
B XoJle KosieGaHH# NMPAKTHYECKH He 3aBHCHT OT MOJHOH KOHLEHTpPaIHH
uepust B cucreme (puc. 36, 6).

3sos0Bu R KONOAMEALHOZO PeXCUMA

Beuny Heo6paTHMoro pacxopoBaHus 6poMata 1 BMK, koJe6artenn-
Hblll PeXHM IIOCTENIEHHO H3MEHSeTcs H uepe3 HeKOTOpoe BpeMsi KoJle-
Ganua ucyesaroT. B Toukax ¢ GosbIIHM & NOCTOSIHHAsi COCTABJSAIONIAA

MMMMAMMMMMMMMMA

\MWN\N\NMN

Pruc. 37. [syxuacToTHbe KoJeGaHHA B CHCTeMe C 6POMMAJIOHOBOM KHCJIOTOI

O6bacHeHHe B TeKcTe

KOHIEHTPALUH YBeJHUHBaeTCA, aMILIMTYAa KoseGaHuil cTpeMHTCA
K HyJI0, nepuop KoseGaHHE OObLIYHO yMeHbllaerci B 1,5—2 pasa.
B cayyae neGoabwmnx KoHuentpauuét BMK u 6pomara amniuryia ko-
JeGaHHil H3MeHsieTcs He3HAUHTeNbHO, B TO BPEMS KaK NepPUOX GHICTPO
Bo3pactaer. Ilpu aToM, Korma o Mano, cpeiHsist Konuenrpauusa Ce*
HEe3HAYUTeTbHO YMEHBIIAETCH; KOTZa XKe o HMeeT IPOMeXyTOYHble
3HaueHHs1, cpefHss KoHueHTpauusa Ce'* He3HauHTeNbHO YBeJHYH-
Baercs.

B Toukax ¢ GosbluMMH KOHUeHTpanusaMu OpoMara 1 BMK u He-
GOJIBIIMMH 3HAYeHHAMH o HaOJMIONAIOTCS ABYXYacTOTHble KoJeOaHHs.
JIByx4acToTHble KOJe6aHHS OOBIYHO NOABJSIOTCA B pe3y/bTaTe 3BO-
JIIOIMH OHOYACTOTHOTO pexuMa (puc. 37, @), a B HEKOTOPHIX CJIydasx
BO3HHKAIOT Cpa3y JKe ocC/e BbIX0Ja CHCTEMBl Ha KosebaTesbHLIH peXuM
(puc. 37, 6, 8). [IByxuacToTHble Ko/eOaHHS B XOJe peaKIHH N1ePeXOIAT
B ofHouacToThble. C yBe/HYeHHEM HauyaJIbHOH KOHLEHTPAIHH LepHs
3BOJIIOLHSL B CHCTeMe TIpoTeKaeT ObicTpee.

Uem Gauxke K rpaHuile 06/acTH CYUIECTBOBAHHS, TeM MeHbIle CyM-
MapHOe YHCJIO HaO/ofaeMbIX INepHOJOB KojeGanHuil. Ecanm B uentpe
06/1aCTH CYILIECTBOBAaHUA OOllee YHCAO T1epPHOLOB KoJebGaHHH XOCTHIaer
HECKOJBKHX COTeH, TO Ha rpaHHdie o0JacTH — ABYX-Tpex JecsTKOB
H MeHee.
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Cucmemst ¢ Opy2umiu 80CCMAROBUNEAAMUE U KAMAAUIIMOPIMU

Cucrema uepHil — manoHosast Kuciora. (CHOBHble 3aBHCHMOCTH
OT napameTpoB Te e, 4To H A5 cucteMel ¢ BMK. O6nacts koneGannit
uMeeT Ty Xe ¢dopMy, HO Gosblue Mo pa3Mepy. Habop kosebaTesnbHBIX
pexumoB Goraue (BaBuaun u gp., 1967). Kak u B cucreme ¢ BMK,
BCIOJlY, KDOMe OKPeCTHOCTH rpaHuil o6/1acTy KoJebaHuii, MaKcUMalbHas
(M) u munumanbHas (N) xonnentpaunu Ce'* B xoze xosneGaHHH npo-
HOPIHOHAJIBHEI TOJHONH KOHUEHTpalHH nepusi. M 1 N MOHOTOHHO pacTyT
¢ yBeJMYEHHEM KOHIEHTPallHU 6poMaTa ¥ C yMeHbIIeHHeM KOHILEHTpa-
uvn MK. ITepuon koneGanuil usmensiercst B npefeqaax ot 0,3 no 1000 cexk.
npu 40° u oOpaTHO NpPONOPUHOHANEH KOHUEHTpauusaM Opomara
u MK.

Cucremni ¢ deppounom. [lepruox KomeGaHuil cylecTBeHHO MeHblle,
yeM y CHCTEM ¢ LepueM WiaH MapraHueM (Baeuauu u ap., 1969). I'pa-
HUOBl 00MaCTH KoJMe0aHHH HMET CAOXKHYI0 (opMy. 3aBHCHMOCTH
nepuona KosleOaHHUH OT KOHUEHTPALHH OKMCJINTEJNst H BOCCTAHOBHTEJS
HEMOHOTOHHbl. BHyTpu ofinacti KosnebGaHHH MaKCHMajbHast H MHHH-
MaJsibHast KOHIeHTpauud Ce*' 1poNMopHHOHANbHbLl IOJHOH KOHIEHTPA-
UM KaTaJaH3aTopa.

OBCYXIEHHUE MEXAHHWM3MA PEAKIHMH

Koneunbie npogyktsl. KoHEeUHHIMH NMPOLYKTAMH peaklMH SABJSIOTCS
pa3nuyHbie GpoMnpousBoanble BoccranoButeas, CO, u H,O. MypaBbu-
Hasl KHCJAOTa, KOTOpas MOMET ObiTh KOHEUHBIM NPOAYKTOM OKHCJAEHHS
MK ueThipexBa/NeHTHbIM LepHeM, OKucasercs Opomatom 1o CO, u
H,O. Tlocne okoHuanus peakuuii ¢ yuacrueM bBMK nau MK c nomotnpto
Xpomartorpaguyu oOHapykeHbl OpOMMasoOHOBasi, AUOPOMMAJOHOBAA H
AHOpOMYKCyCcHast KHMCAOTBl. IloKa3aHo, YTO KOHUEHTpAalMH S5THX MPO-
AYKTOB 3aBHCAT OT COOTHOLIEHHH HCXOAHBIX KOHIEHTPALMH OKHCJIHTe/s
U BOCCTAaHOBHUTENA, OJAHAKO KOJHYECTBEHHOE OIpelejeHHe He IIPOBO-
quiock (PKaboruuckuit, 1970; Bornmann et al., 1972). B xoze peakuuu
¢ BMK npu n36eitke 6pomarta u ¢ = 20° BelgensieTcs: pUGIH3HTENBHO
0,9 sxsusanenta CO, nHa oxny rpamm-monekyny BMK. Harpesauune
peaknoHHOH cMecH 10 80° BBI3BIBAET HONMOJHUTENLHOE BhIJe/NEHHE elle
0,6 sxkBusasenta CO,.

Yyactue cBoGOAMBIX pajukanos. Hanuune katanuszatopa ¢ OLHO-
BJIEKTPOHHBIM [IePeXOA0M AesaeT ydacTHe CBOGOIHBIX PajHKaJioB BecbMa
BEPOATHLIM BO MHOTHX 3JIeMEHTApPHBIX peaKuusx. Bce nombiTku o6Ha-
PY#HTb 3TH palHKaJbl METOJOM 3JeKTPOHHOI'O IapaMardHTHOTO pe3o-
HaHCa KOHYMIHCH HeyjaayHo. OnHako A06aBKH BelleCTB, MepexBaThl-
BalOMHX CBOOOAHBIE PAfMKAaJbl, B YaCTHOCTH, BHHUJIOBHIX MOHOMEPOB,
[PHBOAAT K INpEKpalleHHI KoJeGaHHii.

Mexaunsm pearuuu (4.1) u ee uuruGaposanne 6pomupom. U3 scex
peakumit ¢ yuacrtiem 6pomara Hanbosee NOAPOOHO M3ydeHa peaKIus

HBrO; -+ 5HBr — 3Br, -+ 3H,0. (4.10)
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Kuneruka 3Toll peakuuu npu U3ObiTKe Br~ omuchlBaeTcss ypaBHeHueM
(Scrabal, Schreiner, 1935; Sigalla, 1958):

-d_[BErtO.—;] = [BI'O;] [H+]2 {kl[Br"j - R, [Br‘]2}_ (411)

Ckpabajib NpeIoRKUI CIAEAYIOUYI0 CXEMY 3TOM peakilHH:
1.2H* 4 BrO; -+ Br~— Br,0,-H,0,
2. Br,0,-H,0 — BrO,H - BrOH,
3. Br,O,-H,0 4- Br~ — BrO; -+ Br, + H,0,
4. 2H* + BrO; + Br~ — Br,0-H,0, (4.12)
5.H* + Br,0-H,0 -+ Br~— BryOH - H,0,
6. Br;OH — BrOH - Br.,,
7. H* 4- BrOH + Br~ — Br, 1 H,0.

Craguu 2 1 3 onpenensiioT CKOPOCTb PeaklUMH B KHCJAOH cperne. Donee
npocrasi cxema, KoTopyilo npusonasr MHorue asTopel (Hinshelwood,
1947, Edwards, 1952), BkaouaeT peakUHu:

HBrO, 4+ HBr HBrO; + HBrO,,

MeJIeHHO

GRICTPO -

- 2HBrO,

GrICTPO

— Br2+H20. (413)

HBrO, 4 HBr

HBrO - HBr

XoTa pelcTBUTeNbHbIN MeXaHH3M peakuuu (4.10) He ycraHoBseH, Bce
aBTOPHl CUHTAKIOT, UTO peaKLUs MJeT uepe3 CTAAHH JBYX3JEKTPOHHOTO
nepeHoca U cBoOGOJHBIE palHKajabl He oOpasyroTcs.

Peakiuu Opomara ¢ H,0, u cyabpurom (Young, 1950; Taube,
1956), 1O MHEHHIO HCCJEIOBABIUMX HUX ABTOPOB, TaKKe HE BKJIOUAIOT
cTanuil oHO3JIEKTPOHHOr O nepeHoca. TeM He MeHee 3TH peaKLHH CIO-
COOHbBI HHHIIUHPOBATh [OJIMMEPH3ALHI0 BHHHIBHEIX MOHOMEPOB, UTO B~
JsieTcs oOHenpH3HAHHBIM, XOTS N He aGCOMIOTHO HaJeXKHBIM, TECTOM Ha
npucyTcTBHe cBOGOAHBIX pafuKkajoB (bembopa u ap., 1961).

Mexanusm peakuuu (4.1) octaeTcs HesicHBIM. Bce mpepoxeHHbIe
JIO CHX IOp CXeMbl PeaKIHH He NTO3BOJIAIT OOBACHUTD JKCIEPHMEHTAb-
HblE 34BHCHMOCTH CKOPOCTH OT napaMerTpoB. Hanpumep, Oblia npen-
qgoxeHa (Noyes et al., 1972) cxema pasBeTB/eHHOHN HENHOH peaKLHU:

HBrO, + HBrO, — 2BrO; + H,0, (4.14)
BrO, 4 Ce®* + H* — HBrO, + Cet*, (4.15)
2HBrO, — HBrO; -+ HBrO. (4.16)
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3Ty cXeMy cJjeinyer JNONOJIHHTH peaxuue}"{ 33apOXKIACHUA LEINH, HaIpH-
Mep:
HBrO; & OH' + BrOs. 4.17)

Onrako cxema (4.14—4.17) HH nNpH KaKHX 3HAYEHHAX KOHCTaHT
CKOPOCTH He JlaeT HYXKHOH 3aBHCHMOCTH:

d [Cet'] — a [Ce®]o [HBrO;). (4.18)

Umake — at

MaKe

Ecau sumutHpylomeit ckopocTbh cTaaneit siBisieTcsl (4.14), TO Uyaxe He
3aBHCHT OT HayaJbHOH KoHueHTpauuH Ce?*. EciiH JuMHUTHpYIOWAs cTa-
Iusi — (4.15), TO Uyaxc NPONOPLUHOHAJbHA [Ce** 2. K TAKOMY Ke pe-
3yJIbTaTy NPHBORAT H JIPyrHe CXeMbl, BKJIOYAIOUIHE Ppa3BETBJICHHYIO
IENHYI0 PEaKLHIO.

3aBucuMOCTb (4.18) MOTYT JaTh CXeMbl C HePa3BeTBJIEHHON LenHOH
peakuuen:

HBrO; — R;, R; + Ce** 4+ H* — R, + Ce'*,

Rz + HBr03 hand Ri' (419)
Onnako xuMmuueckas paciundpoBka cxeMbl (4.19) npHBOZMT K HCKYcC-
CTBEHHBIM H MaJIONpaBAONONOOHBIM MeXaHH3MaM.

HUnrnbupoBanue peakunu (4.1) 6pOMHIOM NPOHCXORHUT, NO-BUAHUMO-
My, B pesyJbTaTe peakLHH

BrO; 4+ H* 4+ Br~ — HBrO, + Br’, 2Br’ — Br,,

BrO® 4+ H* + Br~ — HOBr +- Br’,

HBrO, + H* -+ Br~ — 2HOBr. (4.20)

BpomupoBanue. BpoMupoBaHHe MOXKET HATH JBYMS NYTSAMH, KOTO-
phle CYLIeCTBEHHO PasJMUHBL 1O OTHOIIEHHIO K TaKOH BaXKHOH nepe-
MeHHOH, KaK KOHLeHTpamusi 6poMuza:

RCH + Br, — RCBr -~ H* + Br-, @.21)
RCH + HOBr — RCBr - H,0. (4.22)

B HacTosiee BpeMsi OTCYTCTBYIOT HaJIeXKHble JaHHblE 00 OTHOCHTEJIbHOM
BKJaje 5THX JBYX peakuHuH.

Hnpyunposanuoe Bbinenesne Br~ u3 GpoMnpoussopubix. Pajka-
Jibl, ofpasylomuecs npH BaanMogelicteuu Ce*t ¢ BOCCTaAHOBHTENEM, MOTYT
pearupoBaTb CO MHOIHMH THIIAMH MOJIEKYJI B pacTBOpe. YueT BceX BO3-
MOXHBIX peaKlUH# B HacTosiilee BpeMs Hepeased. IlpuBeneM omHy H3
THIIOTETHYECKHX cXeM pasJioxkeHHss TBY K, HHIyLHPOBaHHOrO peakuuei
okucaenuss BMK:

Ce* -+ CHBr (COOH), — CBr (COOH), + Ce** + H*,
CBr (COOH), + H;0 — H* + Br~ 4+ COH (COOH),, (4.23)
COH (COOH), + Ce** — CO (COOH), + Ce®* -+ H*,
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COH (COOH), + CBryCOOH — H* + Br~ -~ CO (COOH), +
-+ CBr,COOH,
CBr,COOH + Ce** + H* — Ce** + CHBr,COOH. (4.23)

MATEMATHYECKAS MOJE/Ib

[pu HanuyuM CJIOKHOA M HEJOCTATOYHO H3YYeHHOH CHCTEMEl Mare-
MaTHYyecKast MOfleJib JIOJDKHA CTPOHThCS NyTeM noadopa noJydeHoMeHo-
JIOTHYeCKOH MOJENH U MocJeAyIoliel ee pacluM(QPOBKH B NOJHYIO XHMH-
yecKylo cxemy. Jlo cHX TOp 3Ta NporpaMMa NosHOCTbIO He BBLUIOJHEHA.
Huxe npeacrabBiena ¢eHoMeHoMOrHYECKaA MOJE/b, ofecrieyyBaoman B
TJIaBHBEIX 4YepTaX TNpPaBUJbHOE ONHCAHHE CHCTEMBI.

Bribepem mepeMeHHble, KOTOPBHle JOJ/DKHBL ObIThb BKJIFOUEHBl B MO-
naetb. OJHOYACTOTHBIE KoseGaHHsl MOTYT ObITh XODOIIO CMOZLEeNHpOBa-
Hbl cHcTeMoOil OCBIKHOBEHHBIX AuddepeHIHaNbHbIX YPABHEHHH BTOPOro
nopsiaka. CrnefioBaTe/ibHO, B NPHHIMNE JAOCTATOYHO BBIIEJNHTH JiBe CY-
IeCTBeHHble TNepeMeHHble. OJHAKO B HalleM cayyae yA0o0HO B HCXOZ-
HYIO MOJieJ1b BKJIIOUHTh TPH NlepeMeHHble: a) KOHIeHTpalHio HoHoB Celt—
OCHOBHYIO BeJIMYHHY, PETHCTPHPYEMYIO B 3KcnepHMeHTe; 6) KOHIEHTpa-
L[MIO aBTOKaTaJM3aTopa cTagui I (Kak cjefyeT H3 BBILEH3JOKEHHOro,
3TO — NPOMEXKYTOYHBI NPOAYKT BOCCTAHOBJIeHHsI Opomara JO THIO-
6poMuTa); B) KOHUeHTpauuilo OpomHia — HHrubutopa crajuu l. Ta-
KOH BBHIOOD CYilleCTBEHHBIX Ie€peMeHHBIX ofecneyHBaeT HeENoCpeACTBeH-
HOE COINOCTaBJIeHHe MOJE/H MOYTH CO BCEMH HMEIOLIMMHCS B HacToslee
BpeMs 3KCHEePHMEHTa/JbHBIMH JaHHbMH. OGo3Hauum [Ce*] uepes x,
KOHLIEHTpAIlHI0 aBTOKaTanu3atopa — yepes y u [Br-] — uepes z.

IlocTpoum MofieNb B HECKOJIBKO 3TANOB, IOCTENEHHO YCJIOKHAA ee.
Hccnenyemass peakuysi COAEPKHT TPH OCHOBHBIX IIpoliecca: aBTOKAaTa-
JIU3, peakiyi0 BOCCTAHOBJIEHHS NEpPBOro MOPSAKa H PeakLHI0 TOpMoO-
JKeHHSl aBToKartanu3a. [JosToMy B KauyecTBe HCXOAHOH MOJeJNH BO3b-
MeM CJEYIOULYIO CXeMY:

k ks

1 ky ks
ATY——>X-—>Z——> (4.24)
| ks |

3zeck Y, obpasyiomuiicss M3 MCXOZHOrO BellecTBa A B pesyJbTaTe
aBTOKATaJUTHUECKOH peaKlHH, Hcye3aeT MO peaKlUH IEePBOro Mopsi-
Ka, naBas X. Ilocsennuii Takxke pacnajaeTcsi B peakiHH [€PBOro Io-
psAAKa, naBas Z, KOTOPHIH SBJIeTCS KaTaJH3aTOPOM pacrnaja akTHBHO-
ro npoaykra Y (T. e. OTpHUIATeJbHBIM KaTaJu3aTopoM cTaiuu ).
Z Takxke pacnajaeTcs B peaKUHH nmepeoro nopsaka. Cxeme (4.24) co-
OTBETCTBYET CHCTeMa YypaBHEHHH

Y =hky —koyz, & =hkyy—kyx, 2z =Fkx— ks, (4.25)
rae ky = ky — ks.
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B cucreme (4.25) oCyIIECTBJ SIIOTCS aBTOKOJe6aTe/bHEIE PEXKUMBL C
MSITKHM H YKECTKHM BO30YXKAEHHEM.

Tenepb BKJIOUUM B MOfeJb IMOCTOSIHHBIH KaTagnuzatop (Lepuil).
ByneM cuuTtaTh, YTO CKOPOCTb aBTOKATAJUTHYECKOH peakHHu Nporop-
nMoHasbHa KoHuentpauuu Ce**. VYurtem, yro [Ce’t] 4 [Cet'] =
TOTJ|a CHCTeMa YpaBHEHUH OyAeT MMETb BUJ,

J =k lc—x)y— kyye,
T =rk;({c—xX)y — kyx,
Z = kyx — kg2 {(4.26)

Cucrema (4.26) npaBunbHO onuchbiBaeT GopMy KosebaHHHA JMIEDL TIpH
He6OJIBILUX OTHOLIEHHAX KOHLEHTpaluu OpomMaTa K KOHUEHTPaIuy
BoccraHoBUTes1. OJIHAaKO OHa He JaeT HYKHOH (opMbl KonebaHHiA BO
BceM npccrpaHeTBe napamerpos: [NaBrO,l = A, IBMK] = B, {Cel, =
= ¢. Kpome Toro, B obsacti Kosebanuil z (KoHIeHTpanust Bro) wurne
He siBJisieTcsi ObICTPOl nepeMeHHO#. TeM He MeHee B YacTH NMPOCTPAHCT-
Ba MapaMeTpoB Mojiedb (4.26) yIOBJETBOPUTESBHO OMUCHIBAET CUCTEMY.
Mogenb (4.26) ne onucbiBaeT ¢opMy KojeGaHUN Bo Bceil objacTu
H3MEHEHUs I1apaMeTpPOB, MOCKOJBKY B HEH OTCYTCTBYET NMOPOroBOE ITO-
BefleHHe. MOXXHO YCOBepHIEHCTBOBaTb cucTeMy (4.26), mpocTo BBens
uysedbl, ofecneyyBalolllie CYIIECTBOBAHHE MOPOrOBBIX 3HaueHHH X.
JonosnuM ypaBHeHHE /151 Z UJIEHOM, 3aBMCHILIMM OT Y, M BBEIEM B
ypaBHeHHE JJI5 § MaJjibiil IOCTOSHHBIA 4JeH, ONHUCBHIBAIOIINH caMOIIPOKH3-
BOJIbHOe pasJsioxenne Opomata (JKabormHcku# W gap., 1971a, B):

y=1hyl—x)—byz+ 1

&= Ly (¢ — x) — I;x,

Z' = l3x + lo (l7y —_— 13)2)(? — 142. (4.27)
UseHsl B npaBblX YacTsX (4.27) cOOTBETCTBYIOT CJEAYIOMIHM MaKpoCTa-
JMSIM:

a) Ly (¢ — x) — aBTOKaTa/MTHUecKas 1O Y peaklUHs OKHUCJIEHHS
Ce®* 6pomatoMm. CkopocTh peakunu (4.1) mpornopipoHanbia A:

l] - k_[A, (4.28)

0) l,yz — peakllusi YHMUTOKEHHS AKTHBHBIX 4acTHIL GPOMHJOM C
pereHepanueli Br~ (B TpeTbeM YDaBHEHHH 3TOT uJieH OTCYTCTBYeT)

ly = ko (4.29)

B) /;x — peakuus Ce** ¢ BMK, B pesynbrate KOTOPOIi BBIe/IsieTCH
Br~. Cor/slacHO npuBe/leHHbIM AaHHLIM, KHHETHKY 3TOH peaKLHH MOXK-
HO y;loxmeTBopuTeano onucaTb BBIPaXKeHHEM

-0,7 By, (4-30)

OTKY/ia

l; = 0,7 B, 4.31)



ABTOKOJIEBATEJIBHBIE XMMHUYECKHE PEAKL MU 109

r) I,z — peakuusi ucuesHoBeHusi Br~:
l4 == k4; (4.32)

1) Iy — Manbli TIOCTOAHHBIH uJleH, ONHCHIBAIOIUHA CAMOINPOU3-
BOJIbHBIH pacnaj 6poMaTa B KHC/JIOH cpefie; MOMOXKHM:

Iy = koA, (4.33)

e) uneH lg (l,y — lg)? x — mogoGpaH aMIUpPHYECKH T4KHM 06pasoM,
uyTOOBl MOPOTOBble 3HAYEHHSI X B MOZE/NH COOTBETCTBOBAJIH 3KCIIEPHMEH-
TaJbHbIM 3HaueHHAM M u N. DTOT u/eH MOXeT paccMaTPHBATBCS Kak
OJIHO U3 BO3MOXHEIX ONMCAaHHH BblIeNeHHs Br~ B pesysbTate peakuuil
6pomupoBanuss BMK u nanbHeiiulero MBIYUHPOBAHHOTO Pas3/OXKeHHs

6pOoMNPOH3BOHBIX.
I/ICXO}IH M3 3TOro, €CTeCTBEHHO ITOJOXKHTb
le=A, Li=kFk, [y=~Fk(A,B). (4.3%)

Makpocranuu (a) u (r) SBAAOTCS GHICTPBIME 1O CPaBHEHHIO ¢ (B) H (€)
Maxkpoctazuda (6) MakcuMaJsbHO ObIcTpas; (1) — caMas MejJJjleHHas, T. e

klzk,;zk—,zi/sl; k2z1/8‘%, k5281, 31<1. (4.35)

[IpousseneM 3aMeHy nepeMeHHbBIX:
Y= 1lzy, 21 =132, X1 = x/c. (4.36)

Torzma (4.27) npumer BHA:
. l
g1=licys (1 — x1) — f!/lzl + lslz,
l
% = ﬁyl (4 —x1) — lgxy, (4.37)

1 .
T 21 = l3cx1 -+ lﬁc (!/1 —_ 18)2 X1 — 23.
CorJacHo METOAY KBasHCTallHOHAPHBIX KOHHEHTpaHHﬁ, 3Ta CHCTeMa
ACUMIITOTHYECKH 3KBHBAJIEHTHA CHCTEME

X :;—:y(l——x)—lsx,
1 . L 1 1 lalg [ 13 12 ls (4.38)
1—7;1/——77‘!/{ —x[[ +71_l4[1_e+(y—'8)]}} -

B (4.38) 115 ynobeTBa GespasMepHble KOHLIEHTPALUH X; U y; 0003Haue-
Hbl KaK X H Y. ~
U3 (4.28) — (4.34) nmeeMm

I la _B_ 1513 l-zleN
=4 =71, Gt
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BeeneM orpaHuueHHsi, KOTOpbIE NO3BOMAT YMEHBUIHTbL YHCJAO napa-
metpos. Ilycrtb
T bl Is B

o=l pEhma=T.

O603HaYHM

1 I
Te T8 T;ZB, ly=1x.

Torpa cucrema (4.38) npuobperaeT BUA:

x =Py (1 —x) —7x,
ey = Py {l — x[1 4+ o + (y — a)?]} + €p. (4.39)

Dra Mojie/b XOPOLIO ONMHCHIBAET MOBEJAeHHe CHCTeMbl B lLieHTpe 06-
nacTH Konebanuit. OnHako, 4ToObl MOJYYHTh XOpOIllee KOJHYECTBEHHOe
COOTBETCTBHE BO BceH 06/1aCTH CYIIECTBOBAHHA KoseGaHHM, HYXHO HC-
110/1b30BaTh Go/iee C/10XHOe BhIpaxeHHe 1as ay. OKoHuaTenbHasds Mo-
Jesab — 3Ta cucrema (4.39), rue

B—1,04, y=05B, o =125 YEALU (4.40)
£=>5-10"% npu ¢=1-10"3 M.

Dazosblit moprper cucrembl (4.39) mokasaH Ha puc. 38.
Ecnu nponssectH 3ameHy BpemeHH T = ff M BBecTH o0O3Ha4yeHHE
8 = v/B, To cuctema npuobpereTr MaKCHMaJibLHO NPOCTOH BHJ

x =y —x)— dx,
ey =y {1l —x[l 4+ a1+ (y — a)?l} + e. (4.41)

Cucrema (4.41) comepxuT Bcero TpH napamerpa (g, o4, 8), T. e. MHHH-
MaJIbHOE YHCJIO 171 CHCTeM ¢ S-06pa3HOl XapaKTePHCTHKOH, Y KOTOPHIX
NoJOXKEeHHe PABHOBECHS He NPHBEJEHO K HauyaJy KOOpAHHaT.

Anaauz modeau. Conocmasaenue ¢ 3Kcne pumMenma LbHol MG
OaHRBIMU

Hccnenosanne Momenu Obliio nposejeno ¢ nomombio [IBM. dop-
Ma KosneGaHull nepeMmeHHOH x ¥ KoHueHTpauuu Ce?*, usmepsemoit B
SKCIepHMeHTe, COBNajaeT BO BCeM IpocTpaHcTse napamerpos A, B, c.
Br1o mpoBeneHO KOJHYECTBEHHOE COMOCTABJIEHHE XapaKTEDHCTHK aB-
TokoNe6auuil B cucreme (4.39) ¢ napamerpamu (4.40) ¢ axcnepHMeHTalb-
HBIMH JaHHBIMU. B uenrtpe obsacTH KojieGaHHM cOBMajieHHe XOpoluee,
Yy TPaHHL MMeeTcsi CHCTeMaTHuecKoe OTKJOHeHHe. PesyabraTthl como-
cTaBJleHHs NpHUBeneHbl B Tabu. 3. Teoperuyeckas W 3KCIEPUMEHTaNbHAA
o6acTH cyllecTBOBaHHs KoseGaHHi B muaockocTd ¢ = 1.107% M rno-
Ka3aHbl Ha puc. 39, a. 3aBucumMocTb Koshbuinenta ¥ = [; ot B ynoB-
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Puc. 38. ®a3soBas nnockocTs Mogenan (4.39) g ‘\ l' |
\ Z’=ﬂl
N4 /
N
o /

Puc. 39. Ceuennte 3KcrnepHMeHTAIbHOH H Teope- / ‘

THYECKOHN oGnacTi aBTOKOAeOaHufi //

a — ceyenue niaockocreio C = 1.10-3M: | — 3Kcme- / \
puMeHTanbHaa obaacrb; JI — o6Gnacts, on- |
pefiensieMas Mogenbio  (4.39) nupu ¥ = ]
0,5 B/(1 4 B2); [1l — o6nacte, onpefensemas -

Mogenbio  (4.39—4.40); Pid

6 — cedeHHe MJIOCKOCTBIO B = 1-10-2M: [ — a«cne- P R
pHMeHTaAbHan o6aacrb; [/I — oBaacth, omn- I I P s
peaensieMas Mopeabio (4.39) — (4.40)

g A
!t a lg A ’ 6
o}
JF
_l - o
-1+
_2 (
2k Vi
,J | e
7
.5 L.

1 1 | 1 —
S A T, 43 Z 1 e
JIETBOPHTEJIbHO ONHCHIBaeTCs BbipakeHHeM (4.40) npu He oyeHb 6oJib-
wux B. Bonee TouHoe onucanue naercs ¢opmyaoi

0,58
T+ 5

=l = (4.42)
Ilpu ucnosnb3oBanuu GopMyJnl (4.42) nosyyaercs Jydmee COOTBETCT-
Bue CHCTeMbl (4.39) ¢ 3KCHepHMEHTAJIbHLIMH JAHHBLIMH.

Ha puc. 39, 6 npuBeseHbl TeopeTHuecKash W 3IKCIepPUMEHTANbHAs
30Hbl KoneGanuit B nnockocty B = 0,01. Xopoiuee coBnajenue umeeTcs
Ha rpaHuue, rje ¢ Maso. I'Ipu 3ToM Kak B MOJeNH, TaK H B 3KCIIEPHMEHTE
Hal/olaeTcsl yMeHbleHHe PeaKCaLHOHHOCTH CHCTEMBI ¢ YMeHbIIeHHeM
€, a TaKxe najeHve aMIVIATYAbl KojeGaHuii BOM3H rpaHuubl. [lpu
yBEJAHYEHHH ¢ Mofesib BooOlle He JaeT IPaHUIBl 30HH KoseGaHHI.
SKcNepHMEeHTaJbHO 3Ta TpaHHla HabJIIoaeTcs.

INIpu A = 0 cucrema (4.39) nepexomur B cucremy (4.30). Ilpu
B = 0 cuctema (4.39) nepexoauT B

=Py (1l —x), eg =Py —x)— xy*+ el (4.43)

CucteMa (4.43) naer npaBHAbHOE ONHCAHHE KHHETHKH peakiuu (4.1).
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Puc. 40. ®opma aBTOKONEGAHUE B

CHCTEME C MAJOHOBOH KHCJIOTOH M

/] uepuem

a — KoHuentpauus Cett;

¢ ~— rH-noteHuuan H ONITHYeCKas
NJOTHOCTL NpPH A == 500 uM
(Frank, Geiseler, 1971);

6 ¢ — TMOTeHnHaJ Br~-YyBCIBHTeJbHO-
ro sJjekrpoga (Noyes et al.,
1972)
¢

CornocTraByieHne MOJENH ¢ 3KCIePUMEHTaIbHbIMU AadeIMu 1poBese-
HO B OCHOBHOM NYyTeM CpaBHeHHs NoBefeHHs X M Kouléhipanun Ce''.
Hnentudukauns GbCTPON NepeMeHHON B HacTosilee BpeMH 347Dy AHH-
TenbHa. OfHAKO HMeIOTCS KauecTBeHHble HaG/IOfeHUs, MOATBEPHAIo-
e MOJIeb.

B xoze peakuuu MOXHO PerMCTPHPOBATh KoJeGaHUs OKHCJIHTEJbHO-
BOCCTAHOBHTEJIbHOTO mnoTeHnuana (YKabGornuckuil, 1964a). CuHXpOH-
Has s3anuch rH-notenumana u [Ce**] npusesena na puc. 40, a, 6.
s cpaBuenus puc. 40 u 38 Buano, uyro opmel Kosnebanuit y u rH-no-

Ta6auna 3

CpaBHeHue JKCMEPHMEBTANBHLIX H TEOPEeTHUECKHX XAPaKTEPUCTHK asTOKoJge6anit

B, M
4, M
5-10-8 10-2 3,2.10—2 101 3,240-1
I
1072 | ¢ 2 3 4
5535 51174 432330414131 9 1475 |20 3,0 8 56
54 37,538189} 452527145132 10,6 16 83 |22 3,7 11 43 -—

3.1072 — 5 6 7 8
787230 23165 47 13 20 |52 26 6,0 17 |34103,0 11
747115 19161 50 11 27 |47 28 6,8 13 [34123,7 8

1071 — — 9 10 1
75 68 13 9 |64 445,09,0 |40172,0 7,0
70,5 65 6,5 8,7157 43 5,2 7,3 |43223,0 5,0

ITpumedanue. Benuuunn B cTOA6LaX COOTBETCTBYIOT: BePXHHE pagpi—My, Ny, Ty Ty, HHKHEE
paabl—My, Ny, Tyr, Tor. HHaekcamu 0603HAYEHH: 3 — 9KCNIEDHMEHTANbHbE, T — TEOPETHYECKHE

3Havennq. Ludpu 1-11 -HoMepa Touexk Ha puc. 39, BKcrepuMeHTaNAbLHBIE RaHHbIE O yUeHb! npy 40°,
B 3u. H,S50,, NpH HHTEeHCHB1OM NepeMelWHBAHHUH pacTBOpPa; ¢ = 1.10-2 mMoab/n; M u N paHul B %
ore, Ty H Ty— B cek.
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TeHIlHaJsa coBnajawT. HepaBHoBecHbl TH-noTeHHaN cucTeMbl SBJISIET-
cs c/loxHOH (QYHKIHeH KOHLUEHTpallMd MHOIMX COeJHHEHHH, H HCIOJb-
30BAHHE 3TOH BEJHUYHHBl JJIsI aHaJH3a KHHETHKH 3aTpyIHHUTEJBHO.
OnHako BO3MOXHO, YTO TH-moteHuMan onpejgesnsiercss BCero napoi
KOHUEHTpalui, OAHA M3 KOTOPBIX BesaHKa (nanpumep, [HBrO,l) u
npakTH4ecku He MeHsiercs. Torza kKosnebauus rH-notenuuana orpa-
WKAOT KojsiebaHus ofHOH mnepemenHoH. [eficrBuTesnbHo, PpaHk H
lafizenep (Franck, Geiseler, 1971) 3aperucrpupoBanu koJeGanus
ONTHYECKOH IJIOTHOCTH pacTBopa npd A = 500 HM, coBuagawlide
KosneGanusmMud rH-motenimana. ABTOpBl CYMTAIOT, 4TO 31O — Br,, of-
Hako 6pOM NPaKTHYECKH He morJowaet ceetT ¢ A = 500 um.

Konebanusi z B Mojiesid UMelOT ¢J10xKHY10 dopMy. [Ipu permcrpanuu
C MOMOILBIO 3JIevTHojAa, YyBCTBUTEIbHOrO K Br™, nabmonanuch kKoseba-
Hust, mokazasroe Ha puc. 40, ¢ (Noyes et al., 1972). Buguo, uyro no-
TeHIaa ~poMHJIHOTO 3JeKTpoja Kojebsercss B mporHBodase ¢ y;
3TO N .:4ABOpeuuT Mogenyu. BaBuauubiM (1969), dpaukom u [efizene-
poM (sudHOe coobuieHHe) GBLUTH TOJYYeHBl APYTHE PE3YJbTATBL KOJIe-
OsHuS, perHcrpupyeMble AgBr-s/ekTpoioM, HMeau CIOKHVIO (OpMY,
OJIHAKO He COBIIaJaJK ¢ NpeAcKasbiBaeMbIMH MOzebto (4.39).

YIPABJIEHUE PEXHMMOM KOJIEBAHHUH
C NIOMOIIBIO BHEWHETO BO3OENCTBUA

MleiicTBYE NMOCTOSIHHOTrO MPHTOKA HHTHOATOPA M 00AyUYEHUS NOCTOSIH-
HOH HHTeHCMBHOCTH. [lelicTBHe NOCTOSHHOrO IpuTOKa Br~ B cucremy
nokasaHo Ha puc. 41. Obsyuende pacTBopa y.bTpadMOJETOBHIM H3JY-
yenueM (A <300 HM) aHaJOrMYHO NPUTOKY Br~ B cHcTeMmy M3BHe, Tak
Kak ¥Y®-uajnyuenue passaraer 6pomconepikaliie KapSGoHOBbIE KHCJIOTHI
¢ BbI e denueM Br™ (BaBuauH u ap., 1968).

HeficTBHe H3/yYeHUS] MOCTOSTHHOH HHTEHCHUBHOCTH B CIIEKTPAJIbHOM
nnrepase 220—300 HM Ha cHcTeMy B Pa3JiHUHBIX KoJebaTe/bHBIX pe-
JKHMax NoKasaHo Ha puc. 42. Brlio BEIGPaHO HECKOJNBKO XapaKTePHBIX
TOYeK U3 00JIACTH CYILEeCTBOBAHHS Ko/1e0aHHH B IMPOCTPAHCTBE KOHLEH-
Tpalyi UCXOJAHBIX KOMIIOHEHTOB. JlJA pexuMa ¢ OOJMbIIHM U CPEHHHM
a (o = [KBrOsl/[MK] umz o = [KBrO,2l/IBMK]) B npocrefiuiem
clyyae ¢ YBeJHYEHHEM MHTEHCHBHOCTH MaJIalollero cBeTa NPOHCXOJHUT
TIOCTENIEHHOe YBeJHUeHHe NepHona KosneGaHui, 3aTeM KosneGaHUS CPEHI-
BaloTCcA. B HEKOTOPBIX Cjyyasix NpPH ONpeje’eHHON HHTEHCHBHOCTH
OPOUCXOJAUT H3MEHEHHe DeXHMa: BO3HHKAIOT CJIOXKHBIE PEXUMBI TeHe-
pauuu. JIast peuMa ¢ MaJblM ¢ TIPH YBEJHYEHHH WHTEHCHBHOCTH 0O6-
JyYeHHST aMILIuTyJla KoJeBGaHHI IOCTeNeHHO YMEeHbLIAeTCsl, a NepHoj
H3MeHseTcs cnado. ,

C nomouipio 061y4eHUsT MOXKHO JedopMupoBaTh 006/aCTh CYLECT-
BOBaHUs KosaeGauuil. B 4acTHOCTH, MOXHO MOJYUYHTh KosieGaHus IpH
TeX YCJAOBHUSIX, TJie HX HET B oTcyTcTBHe oOayuenus. Ilpu obayueHnu
06J1acTh CYUIECTBOBAHHS CJBHIaeTc B CTOPOHY GOJIBILHX «.
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Puc. 41. eiictBre mnocTosHHOTO
npHToKa Br~ Ha aBToKoneGaTenn-
Hyl0 peaKuuio npu o= 0,05 (a) 1
a =1 (6)

1 — BKMWOYeHHe nogayd KBr;

2 — yBenHYeHHe CKOPOCTH NPHTOKA;
3 — yMeHbllleHHe CKOPOCTH NMPHTOKA;
4 — BHIKJIICYEHT'e TNOAAYH

4

T

a
]
' gt
Z 4
£ 7
7

9 60 &0

2

Y
iz

4
/A I/
4 2F r4
7 .-
A

A
a7
5

50
7
2 14 41
/4

w5y

Puc. 42. 3aBHCHMOCTb aMIIHTY B!
A u nepuoia aBToKoneGamuit T
(B OTHOCHTE/JbHBIX €JHHHIAX) OT
HHTEHCHBHOCTH 06J1yYeHH 51

T/0THOCTb 1IOTOKA M3JYYeHHs, Ppap-
nas 10 Msr/cM2 (220—300 HM), npm-
HAta 3a 100%. P — TOYKa CpPHBa KO-
nebanBii; ¢ — TOYKA nepexofa B pe-
JHM NPepHBUCTON TeHepaluH#d. Pa6o-
yHit o6beM KiopeTH — 2,5 cM?, CKo-
pocth nportoka — 3,6 cm*/uac, nJo-
maab ofaydaeMofl TOBEDXHOCTH —
6,2 cM3, HcxopHble KOMUEHTPaUHH (B
mone/n) Ce, KBrO,, C4H,O¢ coor-
BETCTBEHHO:
a— 1104,
6 — 5104, 1,5:10-%, 5-10-2;
¢ — 51074, 1-10-%, 1-10-%;
e — 5°1074% 5°10-% 2-10°%;
Hi)S0,—1,5; ¢ = 40°C

1-10-%, 1-10-%;

InasHas peryJiMpoBKa HHTEHCHBHOCTH aJAAI0UIero cBeta mo3BoJser

IOJIY4YHThb CJIOKHble PeXUMBbI KosieGaHHH, JiexallHe B OKPECTHOCTH ToO-
yeK OupypKalHH. DTH peXHMBl HabMOA4l0TC B OYeHb Y3KHX HHTep-
BaJax H3MeHEHHH NapaMeTPOB, MO3TOMY OCYINECTBHTb HX C MOMOMIbIO
noxbopa KOHUEHTPAUUH peareHTOB He yAaeTCH.



ABTOKOJIEBATEJIbHBIE XMMHYECKHME PEAKUHH 115

OnHHM H3 caMBIX HHTEepPeCHEIX SIBJISETCH PeXHM NPEPLIBUCTOH reHe-
pauuu (puc. 43).

Mopeasb fleficTBHS TMOCTOAHROrO MPHTOKA HHrHGaTopa. [1oGaBuM B
cucteMy (4.27) uneH, onucbiBalomuil npuToK Br~ ussue (P’),

g=hy—x)—1lx, §=hyl—x)—lyz+ 1

Z = lax + lq(lqy i 18)2 X — 142 + P,. (4-44)
Tlpu ucnonp3oBanuu Y @-o6nyyenus
P =4ql (4.45)

3necy ] — unTeHcuBHOCTb ¥ ®-uznyvenus; ¢ — kospduuuenr, 3a-
BHCSILIMI OT KBAHTOBOTO BHIXO0Za peaklUUH (oTopassiokeHHs OpOMIPOH3-
sBoaublx MK, cocraBa pa6ouero pacteopa M T. X.

7,

a

Puc. 43. IpepbiBHCTast reHepau s

Ilpeo6pasyem cucTeMy (4.44), ucnonpdys meron KCK, B cucremy
BTOPOTO NOPAJKA, aHaAJOTHUHYIO (4.39):

£ =py(—x)—1x
ef = Pyl — P — x [1+ a; + (y — )T} + . (4.46)
31ech
P =gql. (4.47)

Ha puc. 44 npuBezena ¢asoBas m1ockocTsk cucTeMbl (4.46), Ha KoTopoii
H300pakeHo ceMefCTBO KBa3UCTAHOHAPHBIX XapaKTePHCTHK

&
{—P4—
- y
SR PRy prassy (4.48)
H JaHbl 1B€ XapaKTePHCTHKH
T (4.49)

Al =

TlosiokeHHe MaKCHMyMOB M MHHHMYMOB Ha KPHBBHIX (4.48) o603HaueHH
JHHHSIME M u N.
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PaccmorpuM cayyafi, cOOTBETCTBYIOIUMH NOMOMeHMIO | XapaKTepH-
CTHKH (4.49). Bugno, uto apToKoNeOanuss UMEIOT MeCTO, KOTr/a MOJIoXKe-
HHE DABHOBECHS HAXOAHTCS B 3alUTPUXOBAaHHOHA obsactd. KpHuTHUecKoe
3HayeHHe P, NpH KOTOPOM INpPOHCXOAUT CPbIB KosaebaHHH, 0603HaueHO
P*. Ecin M3 3KCepHMEHTa H3BECTHO [* (KpHTHUECKOE 3HAYeHHe HH-
TEHCHBHOCTH Y D-H3syyeHHust), TO JIErKO ONpefenuTh KO3QQUUHEHT g
corsacHo (4.47). Ecau kpusas (4.49) naxomurcs B noJioxeHuu [,
TO B OTCYTCTBHe 0OsyueHHsl (MJH npuToKa Br~) xosneGanuil B cucTeme
ueT. OfiHaKo ¢ nomoupio Y P-061yueHus cHcTeMa MoXeT GHITb BBeJeHa

g

10.

q5
Puc. 44. Xapakrepuctukn 2 = Q,
y = 0 ans cucremsl (4.46)
viB = 0,3; &= 5-10=% @& = 0,67;
2BTOKOME6aHHS CYLECTBYIOT TOJIBKO
upun P < P*. Ocranbibe o6osHaue-

. HHAA B TeKcre
g5 {0 x
B pexuM apToKoneGanuil. Ypeauuenne mnapamerpa o = [NaBrO,l/

/IBMK] BEI3bIBaeT cABHUT XxapakTepucTHKH (4.48) BJOMBH OCH X BIpaBo,
a yBeauuenue P — BJ€BO. DTHM OObACHSETCH CABUT 00/1aCTH CYIIECT-
BOBaHMs KosieOaHHH B CTOPOHY GousbluuX a npu Y P-o6rydeHuH.

Heitcreue nepuogu4eckoit BHewHed cuapl. B KBasurapMoHHYeCKOM
pexxume aBToKO.1€0aHUE BO3AeificTBHE TNPAMOYTOJbHBIMU CBETOBBIMU
HMITYJIbCaMH, HMEIOHMMH YacTOTy cJeloBaHHA, OAM3KYIO K 4acToTe re-
Hepallui CHCTeMbl, CHHXPOHH3HPYeT aBToKOsnebanus. Ha puc. 45 npex-
CTaBJIeHbl 3aBHCHMOCTH aMIJIMTYAbl KoJeGaHH# OT yacTOTHl B Il0JI0Ce
3axBara. BO.aM3H TpaHUI{ TOJOCH 3axBata HaOmofaiorcs OHeHus
(puc. 46).

B pesnaxkcanuOHHOM pexkHMe LIMPUHA NOJOCH! 3aXBaTa 3HAYUTENBHO
6GoJibiie, yueM B KBa3UrapMOHHYECKOM. VisMeHeHHsa aMIJUTYABl B MOJO-
ce 3axXBaTa He MPOHCXOoAsT. KpoMe CUHXPOHH3aIMH Ha dYacTOTe OCHOB-
HOTO TOHA aBTOKose6aTenbHOH XMMHUECKOH CHCTeMBl 3aXBaT YaCTOTHI
Habmojaercss U NPH BO3JeHCTBHM IaPMOHHKAMH COGCTBEHHOH HaCTOTHI
cucteMel. Ha puc. 47 npepcTaB/ieHbl 30HB CHHXPOHM3allUH Ha YacToTax
nepBoi, BTOPOil B TpeThel rapMOHUK KoseGaTebHOU cucTeMBl. Buenns,
oTMeyaeMble BOJM3M PPaHHIL MOJOCH 3aXBaTa, NOKasaHbl Ha pHc. 48.

Mojenb CHHXPOHM3AUMH CHCTEMHI TIEPHOJMYECKOH BHELIHEH CHMJION.
Ilna uccnegoBaHMsl 30H CHHXPOHM3AUMU B PEJAKCALlMOHHOM pexHMe
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BOCIIOJIb3yeMcs Moziesibio (4.46). B 3TOl MofiesIn ¢ TOYHOCTBIO TOPsKa €

_1—p _ 1—P
Mp= 174 NP‘“T??CF%' (4.50)

Il KauecTBEHROrO HCCJeOBaHHS 30H CHHXPOHH3ALHH B 3TOM Ciyyae
JOCTaTOYHO HCMOJb30BaTh YpaBHEeHHe MeJJIeHHOH NepeMeHHOH X H
KapTHHY CIBHIa INOPOroB coriacHo ¢opmynaam (4.50) npu BK/IOYEHHH
(P = I1) u Beikmiouennu (P = 0) cseta (puc. 49, a). VHTeHCHBHOCTh

Puc. 45. 3aBHCHMOCTb aMILIHTYAbI AfA
KoJie6aHHiH OT TNepHoja BHEIIHEro

BO3JEHCTBHSA B M0JOCE CHHXDOHH3a- ’.‘4
LMK JJisl PeXUMa -KBasHrapMoHUYe-
CKHX aBTOKoje6aHui ’ 12+

A — aMIJHTYAa  CHHXDOHHS3H-
- 'POBaHHHX KoJNeGaHuH;
T — NepHOA BHEIIHEro BO3AEH-
CTBHS; 08+
A, w T  — aMnAuTyfa H NePHOR asTo-
KoJieGaHHlt B  OTCYTCTBHE
BHELIHEro BoO3jefCTBHA; d
P — oTHOCPTedbHAA aMIUIWTYAa
BHeWHeH CHJIBl (P =
k1 g Tyane =20 e/ 09 10 18 7z
Jem2, B — KosddHUHEHT npo-
NOPLHOHaNAbHOCTH); 1—P=1, 2—P= 0,5 3— P = 0,25); HCXOlHKE KOHOEHTPaukH
(8 Mmoap/a);: Ce — 2°10-¢%  NaBrO, — 0,062, CyH,O4 — 0,75, H,SO( — 1,5

~
<
T

BHELIHero Bo3felicTBMA P, npu KoTopoli cHcTeMa IepectaeT OBITh
aBTOKOJIeOatesnbHOM, obozHauena P* Ha puc. 44 u 49.

Mol OyzieM paccMaTpHBAaThb CHHXPOHM3alMIO CHCTEMBI IJs caydas,
Korja

Tl < P*. A (4.51)

KpoMme Toro, aMn/uTyja BHENIHEro BO3JEHCTBHA JAOMXKHA OBITH MEHbILE

Puc. 46. Buenus, BosHHKaomKe BOJIM3H TPAHHULL MOJOCH CHHXPOHH3AUHH B pPeXUME
KBa3HTapMOHHYECKHX aBTOKoJeGaHHi
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/A
i

Prc. 47. Tlonoce CHHXPOHH3AaLHH B pexHME
peslaKCallHOHHBIX aBTOKOJe6aHHH

Hcxopubie KOHLEHTPAUKH (B MOJax/a):

Ce — 5:10~4; NaBrO; — 0,05; C,HO, — 0,2;
HySO, —1,5; I = 7%. OcTalbHHEe YCJOBHA TaKHe
1 ke, Kak H Ha pHc. 45

45 0 1

gl

Puc. 48. Buennst B6AM3H TpaHHUBl NOJOCH CHHXPOHH3AUUH B PeKHME pesaKcal-
OHHBIX aBTOKoJeGaHHiI

Puc. 49. K onpeze/ieHHI0 FpaHHLL NOJNOCH CHHXPOHH3AUNH HA NePBOil rapMOHHKe C00-
CTBEHHOH 4acTOThl B PeKHMe DeJIAaKCAlHOHHBIX aBTOKoJebaHHi

a — CABHI NOPOroB NPH BKJIOYEHHH H BHIKJIOYEHHH YJAbTPadHONeTOBOro obnyvenus (x* —
KOHUEHTPAUHA KaTaJK3aTopa, COOTBETCTBYIOUlast KDHTHUECKOMY 3HAaueHHIO NapaMerpa P*);
6 — nepuox sHeliHeRl cuabl (T) Gosblue MepHOAA cOGCTBeHHBIX Koaebauuit (T,);

8 — T < Ty OcranbHble Ofi0?HAYEHHS B TeKCTe
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aMIVIUTY ARl KoJebGaHu#
m oot (4.52)

3zece M, u N0 — BeJIMYHHBl TNOPOTOB MEXKIY HMIYJbCAMH B aBTO-
HOMHO#1 cHcTeMe. [17ist mpOCTOTHI BRIYHCTeHH T GyieM CUHTaTh, 4TO B (asy
T, y=0,aB¢asy T; Yy = Yepex = const. Torna

1 M d 1 T d
X b4
Tl:‘ﬁ]§mv To=— é—x ’ (4.53)

rie P1 = Pycpes.

Croco6 BBIYHMCJEHHS! TpaHMI, 1I0J10C CHHXPOHH3aLuH | ficeH u3
pHc. 49,6, ¢, rlie T0KasaHa CHHXPOHH3AllUA HA NepBOH rapMOHHKe cOOCT-
BeHHOH yactotel gns cayuas Ty << T,.

Ha puc. 49, 6 xpuBasi / cooTBeTCTBYeT CHHXPOHU3aUUH Ha cOOCTBEH-
HoH yactote T = T; KpuBasi [/] — rpaHulle NoJOCH CHHXPOHH3AIHH
npy 3afaHHOM IT (T yaxce), KpuBas I/ — onHOMY U3 PEXKUMOB, JeXKalHX
BHYTpH Tosockl cuuxpouuszauun To << T < Twaxe. Ha puc. 49, @
kpuBasi [ coorBeTcTBYyeT coOCTBEHHOMY nepuoay, a Kpusas [[] —
rpaHuie mnojaochl CHHXPOHM3aUUU (Tyuy); Kpurast I/ — pexuMy c
NEPHONIOM, JexaluuM B HHTepBane Tyuy << T << T,. Tlpu caenannbix
BHIIIE JONYIIEHHSX JIEMKO MOJNYYHTh BhbIpaKeHHe AJS T'PaHHIL MOJOCH
CHHXPOHH3aIlUl Ha IepBoO# FapMOHHKeZ

1 1—No Mo
1 1———N0(1—H) 1 Mo
Tare = g7 In—y—7p— + = =y - (4.54)

Honyuennas ujaeanusanus (noctossuctso M; u N; Bo BpeMeHH U Gec-
KOHEYHO KPYThle (DPOHTH) NPHBOANT K TOMY, UTO PasHOCTb (a3 Mexay
Kosie6aHUSIMH X U BHEIIHEH CHJIbl TOUHO He OnpefensieTcd. B HeKOTOPHIX
npenesax BO3MOXKHBI KosnebaHusI PasHOCTH (a3, 3aJaBaeMble Hauajlb-
HBIMH ycJI0BUSIMH. OHAKO JIEMKO [TOKA3aTh, UTO IPU yYeTe 3aBHCHMOCTH
M; v N; or BpeMeHd W KOHEYHOH KDyTH3He (PPOHTOB MOJMYYAIOTCA
ycroiiuupbie ($)a30Bble COOTHOLIEHHS.
HMeeTcq eme OfHO COOTHOLIEHUE, He 3aBHCAIEE OT aMIJUTYABL

BHELIIHEH CHUABI M OrpaHdduparoliee 0o61acTh CHHXPOHU3AIHMU CO CTOPO-
Hbl HH3KHX 4acToT. IIpomcxoxuenne 3TOH TpaHHlbl (T yaxe) BHIHO

u3 puc. 50. INonoxenue Tyaxe ONpelensieTcss ypaBHeHHEM

_ YTlmaxc lﬂ; _ "T;aam'.. N
1—Nge 2 e 2 =(1—M0)91.WI%. (4.595)
Ipu «TpeyroarwHoO#» ¢dopMe HUMIYJbca (-B—I — 0)

Thaxe = 2T (4.56)
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_' \ =

. ! __J' Puc. 50. PexuM™, cooTBercTBylo-
KA rpaHALle TONOCH CHHXPOHH-
sauur (/) n GHeHUs,, BO3HHUKAIO-
-——=Z 1He IPH HeGOoJbIIOM YBeJIHYeHHH
nepHoja BHeIHe#d cHJHL (2)

TakuM 06GpasoM, rpaHuibl MOJIOCH CHHXPOHH3AIMH I/ NIePBOH rapMo-
HUKH omnpepnensioress dopMmyaamu (4.54) npu yeaoBHH Tyawe <C Twaxe-

Ananoruuneie GopMyJibl MOTYT GBITH JIErKO MOJYYeHbl A/l CHHXPO-
HU3ALIUN Ha BTOPOH, TpeTbefl W T. . rapMOHUKAX COOCTBEHHOH yacTo-
tel. KauecTBeHHas] KapTHHA TNOJOC CHHXPOHM3ALHH /I MepBBIX Tpex
rapMOHHK TipejicTaBieHa Ha puc. bl (cnyuait Ty << T,). Pacnonoxenne
nojoc oTHocutesibHO Touek 1; 0,5; 0,33 coBmapaer ¢ 3KCIePUMEHTOM
(cM. puc. 48). Tlpu ymenbllieHHH T, ToJoOckl CABHraloTCd BHPABO.
[Ipu ¥/B — 0 («TpeyroabHasi» ¢opMa HMIYJbca) CHUHXPOHH3AUUS B

433 45 10 7y

y/4

Puc. 51. Teopetnueckne o06a1acTH
CHHXPOHH3alHH B peJlaKCauHOH-
HOM DexXHMe

COIVIaCHH C MOJIe/IbI0 HabJIONAeTCsl NPAKTHYECKH TONBKO HA 4acTOTax
HuxKe co6cTBennoi. OfHaKO B MPOTHBOPEYHH ¢ MOLEJbIO TPAHHMIIBI TIOJIOC
CHHXDOHH3AUHH B 3KCINEPUMEHTE HEMOHOTOHHBI. JTO MOKa3bIBAET, UTO
Y®-o6nyyenne aeficTByeT Ha cHCTeMy OGosee CJI0XKHO, YeM TNpPecTaB-
JIEHO B MOJENH.

B sakiouenne HYXKHO OTMETHTDb, UTO BHELIHSSE CHHXPOHH3ALHs KO-
Je6aTebHbIX XHMHUYECKHX CHCTEM II03BOJsSIeT CTabHIH3HPOBATh YaCTOTY
M OCYLIeCTBHTh CHHXPOHHOE JETeKTHDOBaHHe C HAKOMJEHHeM CHrHaJa
3a MHOTO NepHONOB KojeGaHui. JTO 1aeT BO3MOXKHOCTb MCCJIENOBaTh
MPOLECCH, IPOUCXOAsLHE B CHCTEMe B TeueHHe OTPE3KOB BPEMeHH, Ma-
JIBIX 110 CPaBHEHHIO C NepHOAOM Kojebanuil, u B JM0OCH ¢ase xoseba-
HUH.
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KOJIEBAHUY B CUCTEME T'JIUKOJIM3A

I'IMKOMH3 — 3TO ONMH H3 OCHOBHBIX KaTaGo/MHUecKHX myTel, Ha
KOTOPDOM OCYILeCTBJSieTCs paciia], IJIOKO3bl H JPYTHX CaXapoB ¢ ORHO-
BpeMeHHBIM ofpasoBaHneM AT®. OH MOXeT NPOUCXOAUTL B aHa3pos-
HHIX YC/JOBHSIX H B 3TOM Clydae SIBJsIeTCS NPaKTHUECKU eIHHCTBeHHBIM
HCTOYHHKOM CBOGOMHON 3HEpPTHH. [VINKOAH3 CHJIBHO YCTYnaeT OKHC/IH-
TeJbHOMY GocopHAHPOBAHHIO NO 5((PeKTHBHOCTH npeoGpa3oBaHHus
cpoboanoi sneprud C—H- 1 C—C- cBssefl B 3Hepruio Tak Ha3blBaeMbIX
MaKpO3IpTHYECKHX CBsi3el, OJHAKO MONIHOCTh TJIMKOJAW3a 3HAYHTENBHO
Boile. [losToMy B TeX ciyuasix, KOTAa HOTPEOHOCTH B YHHBEPCAJBHOM
tonanse — AT® oueHp BEICOKA, TIVIHKOJNH3 HHTEHCHBHO NPOTEKaeT H
B a3poOHLIX YCJOBHSIX, HanpHMep, B CEpPAEYHOH MBIILIE.

B nepBoM npHGHKEHHH I'VIHKOJH3 He CBSI3aH HU C KAKUMA BHYTPH-
KJICTOUHBIMH CTPYKTYDAMH H MOXET [IPOUCXOJHTb B FOMOTE€HHOH CHCTe-
Me. Ilo3TOMy riMKoMHTHYeCKHMI MyTh M3y4YeH Jyulle ADYTHX Merabo-
JIMUECKHX CHCTEM,

HcenenoBanme KoJsebGaHHH, oOHapyXEHHbIX B IVIMKOJUTHYECKOH
cHcTeMe, MHTEPECHO He TOJIBKO caMo no cebe, HO U TeM, 4TO, MO-BUJIH-
MOMY, I1103BOJIsieT BBISIBUTh HOBBHIE CBOHCTBA MeXaHH3Ma peryJstiiiHd
BCEro npolrgecea.

CXEMA Y OCHOBHBIE CBOWUCTBA T'JIUKOJUTUYECKOU CUCTEMbI

YrnpouleHHasi cxeMa IJIHKOJH3a npHBeleHa Ha puc. 52. Ha neii ne
[IOKa3aHbl oGpaTHble PeaKIUH, BelyllHe K CHHTe3y IVIIOKO3bl, KOTOpLIE
He CYIIECTBEHHHl JJ1sl MeXaHU3Ma, OTBETCTBEHHOrO 3a peryJHpoBaHHe
CKOPOCTH I'NIHKO/H3a U 3a KoJqeGauusi (Manep, Kopaec, 1970).

[Ipu mpespamenun rmokossl B OP pacxonyroTcs ABe MOJEKYJIb!
AT® na Mosekyay rmokossl. [lajnee mpu o6pa3oBaHHH NHpyBaTa H3
[A® cuHTesupyiorcsi jBa sksuBajenTa AT®. Takum o6pasoM, B 1oJ-
HOJ LIeNH IVIHKOJH3a CHHTe3HPYyIoTcs 1Be MoseKyJbl AT® na xaxayio
MOJIEKYJIY TVII0KO3bl. DTOT CHHTE3 JOJKeH ObITh ypaBHOBEIIeH peaklHd-
My THaposuza AT®, He3aBHCHMBIMU OT IVIMKOJIHTHYECKOTO HYTH. DTOT
BHEWIHHH mnoTpebutens — «o6o0uieHHas afeHosHHTpHdocdaTasa» —
nokKasaH Ha cxeme. KpoMe Toro, Ha cxeMe IpeacTaB/ieHa aJeHHJaTKH-
Ha3Hasl peakuus

2AII® = ATO + AM. .1)
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munozen

C L
2D = AT ANE sl ().
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AT# @ Al
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TH-nyms |
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M

JAP =—=T4®

Puc. 52. CxeMa IIMKOMTHTHYECKOrO
nyTH

Cy6erparnt: [JIJO — raiokosa;
r-6-& — rawkoso-6-gocdar;
©-6-O — dbpykro3so-6-docdar;
OOP — ppykroso-1,6-audocdar;
AAQP -- guoxkcHaueroHdpocdar;
TFAd — rauuepanapgerufdocdar;
APTI' — 1,3-gudocdoranuepar;
3-®TI' — 3-dochoranuepar;
2-PI — 2-gpochorauuepar;
OEIT — dochoeHoanupyrar;
INHUP — nupysar;
JIAK — nakrar

KodpepMmentni: AT® — afeHO3UHTPH -

docdar:

A® — agenosunpudocear;

AM® — agenoszunMonodocdar;

HAJl — HHKOTHHaMHAAACHHHAHHYKJIeo-

THR,

HAJ] *H; — soccranopienumfti HAJ
depMeHTH: | — reKCOKHHa3a;

2 — docdhoraiokonsomepasa;

3 — dochodppyKrokunasa (PPK);
4 — aasgonasa (AJIM);

5 — tpHo3zodocdaruzomepasa;

HAL, ®
® §+mags,
/L7 AL%
@\
}Lg/lﬂ?
@N

29

@ H

PEN

AQ®
]

e
/Wzy/ Py,

JAK HAL
(Moi48)  omanon
(FoomHl)

6 — T'A® — perugporenasa (FADAT);

7 — ¢docdoranuepaTKkuHasa;

8 — docdornuuepoMyrasa;

9 — 3HOJa3a;
10 — nupysarkunasa (IIHK);
11 — ageHHJaTKHHA3a;
12 — agenoauurpudocdharasa (ATO-aza).
IM®-nyrb — rexcozomonodocharHbii nyTo

Aspobroe
OKUCTENUE
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Ona sBAsIETCSE HCTOYHHKOM AM®, BLINOJHAIOWErO BaXKHYIO DOJb pe-
ryasTopa Beefl uend. B anaspoOHBIX YCI0BMAX B 1POXKKAX TeueHHe
[VIHKOJIH3a ofecrneynBaeTcs npeBpalieHHeM NHpyBaTa B CHHPT C HOMO-
IIbI0 BOCCTAHOBJIEHHOTO MHPHIMHHYKJEOTHAA, KOTOPHI BhIpabaThiBaeT-
ca Ha npelblayllef craauy npouecca. TakuM o6pa3oM, B LielH HMeeTcs
HeCKONILKO CUJLHBIX 06pPaTHHIX cBs3eit uepe3d KodepMeHTH. CxeMa, no-
KasblBalollass MYHKTHI CONMpsiXKeHUsi, npHBeJeHa Ha pHUc. 53.
Konuentpanus HAJL-H, sBasercs nauGosee yno6HO# BeIHUYHHOH
I PErHcTpainHH B KUHETHYeCKHX 3KcllepUMeHTax G6Jarogapsi Bechb-

/4

/N
Puc. 53. CxeMa ofpaTHHIX cBs3ed ZAT®  Z40%
yepes KodepMeHTH B [VIHKOJHTH- 41¢.:) N/

4ecKoil 1uenu

7N
ZHATHy ZHAT

AT

mMa HHTeHCHBHoH ¢uyopecuenuun HAJ-H,. HcnonwnsosaHHe MHKpoO-
¢dayopuMeTpa MNO3BOJSET PerHCTPHPOBATH KONeGAHUS! KOHUEHTPalHH
HAJIl-H, B oauHouHoli npoxxkeBodl kJerke (Chance et al. 1967).
KoHIeHTpalMi npoMeXYTOUHbIX Cy6CTpPaToB H KOepMeHTOB Jiexkar B
nuanasone 107% — 1072 M, koHueHTpauuH (epMeHTOB — B JHanasoHe
1078 -— 107* M (Hess et al., 1969). Konuenrpanun cy6erpatoB Ha no-
pANOK M GoJee IMPEeBLILAIOT KOHIEHTPAlMH COOTBETCTBYIOMHX (hepMeH-
toB. UckatouenneM sBiasierca yuactok o FA® po PEIN, rae xoHueH-
TpauuH cyGerpatoB Menbiue 107 M u 6143KM K KOHIIEHTpaLHsSM COOT-
BeTCTBYIOUMX (epMeHTOB. KOrja HHTEHCHBHOCTb IJIMKONH3a MaKCH-
MaJibHa, Y3KHM MecToM uenHd siBjisieTcs: dochobpyKTOKHHA3HAS Deak-
9.

OPK — 310 Ka0yeBoit GepMeHT TIHKOJUTHYECKOH uenu. AKrtup-
HOCTb 3TOrO (hepMeHTa 3aBHCHT OT MHOTHX 3dexTopoB. Tak, HanpuMep,
Al® u AM® akrusupyor ero, a AT® yrueraer. 310 — BaxkHeilHe
peryasatopsl, KOTophle 06ecneynBaloT MNPaBHJBHOE B3aHMOJEHCTBHE
IJIHKOJIM3a H BHYTDHKJ/IETOYHOro AblxaHHs. Ecju B pe3yJibTaTe HHTeH-
CHBHOTO OKHCJAHTeNbHOro dochopunupoBanus ortHouenune AT/
/ (AP -+ AM®) Bennko, To rauKonu3 TopMoautcs (3ddekT Iacrepa).
3tum pocruraerca TpanchopMmanus sneprin C—C- u C—H-cBaseft B
sHepruio nupodocparhbix caaseii ¢ BuicokuM KITA. Eciu ke pacxoxn
AT® oueHb BeJHK, TO BKJIOUAETCS TJIMKOJIHS.

3KCMNEPUMEHTAJIBHOE UCCJIEAOBAHHWE KOJIE BARWHA

B 1957 r. 6b1M omMcaHb! 3aTyXarouiHe KoseGaHHsi KOHUEHTPAlHH
HAJI-H,, Bosuuxamonye B CyCneH3UH APOXKIKEBHX KJETOK NpH nepe-
Xolle OT a3’pobHBIX K aHaspoGHbM ycioBusM (Duysens, Amesz,
1957). MHTeHCHBHOE HcC/IeI0BaHHE 3TOTO SIBJEHHs Hadadoch B 1964 r.
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KoseGaHusi ObLTH 3apeTrHCTPHPOBAHbl KAK B CYCIEH3HH  JPOMIKEBBIX
kiaetok (Ghosh, Chance, 1964), Tak ¥ B OUHIIEHHOM OT BCEX KpPYMHBIX
yacTHIL 3KcTpaKTe H3 3Tux kiaerok (Chanceet al., 1964). TTocsiennee na-
JIO OCHOBaHHE CYHTATh, UTO MEXAHU3M KoJeGaHHH CBsi3aH TOJBKO C pa-
CTBOpPUMOIi (TOMOTEHHOI) cHCTeMOl TMIHKoJU3a. 1lepHoabl KoseGaHHi B
cycnensusix rjaeTok (~ 0,5 MuH.) H B 3KcrpakTax (3—10 Mus.) oTim-
YalTCsa NMpPUMepHO Ha nopsiiok. OfHAKo MOXHO AyMaTb, YTO 3TO
OTJIMYKE HE BbI3BIBAETCS NPHHIMNHANBHBIMY H3MEHEHHAMH B MeXaHU3Me
reHepauun KoJaeGaHUil, 4 €CcTb pe3yJbTaT H3MeHeHHs KOHLEeHTpalul
dbepMeHTOB.

[To3xe 6bLIO IOKa3aHO, YTO KoJe6aHus BO3HUKAIOT U B 3KCTpPaKTax
u3 kJjaerok cepaeunoil mbitupl (Frenkel, 1965). OcnoBHble HccsienoBa-
HHUS MEXaHU3Ma TJIHKOJUTHUYECKUX KOJeOaHHH NpOBeJeHbl Ha IKCTPaK-
Tax.

C camoro Hayana pelwatomasi posb Oblia npunHcana ¢ochodpyk-
TOKHHa3e. Bvio ycranosneno, uro koHueHtpamnd $-6-O u ¢1P ko-
Jae6moTesl npakTHUecku B npotHBodase. CrnocobHocth PPK akTHBH-
pOBaThCS CBOMMH NPOAYKTAMH Cpa3y HaBesJa Ha MBICJAb HCIOAb30BaTh
cxeMy JloTka Aas nocTpoenusi kosebarenbHol Mozead. Ilepsas mo-
nens (Higgins, 1964) Gasupoeanace Ha axktuBauuu PPK ¢pykroso-
nudochaToM. Bekope 6b110 0GHapy»KeHO, UYTO ecJu B KauecTBe HCXOM-
HOro cy6cTpaTa MCIONb30BATh HE TVIIOKO3Y, a JAHCaXapHA-Tperasosy,
TO KosieGaHHsl cTaHOBATCA HesaTyxawomumu (Pye, 1966; Pye, Charnce,
1966). CesnbkoB, aHanu3upys Ipyryw moaenb (3.33), OCHOBaHHYIO HA
npennotoxeind o6 akrusanun PPK anenosunaudocdarom, sameTu,
UTO aBTOKOJMeGaHHA BO3HHKAIOT JIHIIb IPH MaJOH CKOPOCTH NIPHTOKA HC-
xozxHoro BemlectBa. OH NPEATNOJIONKHUJI, YTO BO3HHKHOBEHHE aBTOKOJeE-
GaHUN TPU UCHOJNB30OBAHHH TPETANO3BI ONpeleseTcss HH3KOH aKTHB-
HOCTBIO (bepMeHTa Tperasasbl, H yKasas, YTO 3TO NPeNNOJIOKeHHe MOX-
HO NPOBEPHTH C NMOMOLILID HHBEKHIUH Pa3aHUHBIX cy6CTPaToB B cCHCTe-
My H3BHE C KOHTPOJHPYeMOH MOCTOAHHOH cKopocThio (Sel’kov, 1968).

[eccom, Byato u KprorepoM 6blio nokasaHo, 4To NMPH HHBEKLHH
[JIIO, I'-6-® u $-6-® ¢ mMatoH TNOCTOSHHOH CKOPOCTbIO BO3HHKAIOT
aBTOKOJe6anus, npH HHBeKuMH O P KonebGanus He BO3HHKAIOT HU IIPH
kakux yemosuax (Hess et al., 1969), Unbekuus I'-6-® u ©-6-® npu-
BOJHT K OAHHAKOBOMY addekty. Ta6a. 4 jpaer npeacTaBjieHHe O BJHs-
HHH CKODOCTH NMPHUTOKa cy6cTpaTa Ha Xapakrtep KoJjebaHHH.

Cnenyer OTMETHTh, UTO AaHHBlE Ta6Jl. 4 NOJYdYeHEl, NO-BHAHMOMY, B
OJHOH CepPHH 3KCMEePHMEHTOB, NOCKOJbLKY BOCIPOHM3BOAMMOCTbL De3yJib-
TATOB MPH paboTe C pa3iHUHBIMM NpenapaTamy HeBbicoKa. Tak, npH ox-
HHX H TeX e YCJAOBHSAX B OJHHX 3KCIEDHMEHTaX HalOJ0AaloTCsl KBa3H-
rapMOHHYecKHe KoJeGaHHs, a B APYTHX — HMIYJbCHl HJAH KoJeGaHHUSA
c10KHOH (opMBl (MHOrOMakcUMyMHble). [lepHombl KoseGaHHH Takke
CHJILHO M3MeHSI0TCS (MHOTJa B ABa pa3a). [lo oneHke aBTOPOB, Ko/eba-
HHS NPOHCXOAAT B AxanasoHe oT 20 no 120% ckopocTd TiMKOJMHTHue-
CKOro NOTOKa B pusnonornueckux yeaorusnx (100 mxmoseit Ha 50 mr 6ei-
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ka B yac). CennkoB (1971) naer ouen- [HARH ]
Ky uHTepBana or 1 gm0 8% wmakcu- az
ManabHOl ckopocTh POK-peakuun.
- Cpeanssi akTUBHOCTb (epPMEHTOB
ueNH B pexHMe KoJe(aHHH CcOCTaB-
aser or 2 po 30% MakcuManbHOH.
Haumenbuie#i cpeiHell aKTHBHOCTBIO }
(npuMepEO .OfHOrO nopsiaxa) obnana-
ot POK, A, TADIATI u [MUK. 5
AxtuBHOCcTE PPK B TeueHnue Kosie-
GaTeJILHOTO I[MKJIA MEHseTcss MOYTH
B 100 pa3. AMnantynsl KogeGaHiti
MeTabOJIUTOB U KOEepPMEHTOB JIeKaT

B auamnasode ot 107" go 1073 M. 4

Bausinde 100aBOK HA peXHUM KO- :
aeGaunii (Pye, 1969). U]

1. Omnokparnas noGaska [JIIC p
u [-6-@ BrI3bIBaeT npekpaileHue Ko- V‘/ \/\/ \/U V\ \/\.
Jne6aHuil U najeHHe KOHUEHTPAlHH
HAJL-H, (puc. 54, a). TJIIO Bri3bBaeT I
Gosiee UIMTENBHYIO 3aJEPKKY, UYeM : +
r-6-®.

; Puc. 54 Basine OZHOKP&THBIX
2. Oznoxparnas pobaska OID noGan-HHiL CyGCTpaToR Ha XOT

He BJHMSIET Ha XOJX KO/IeOaHMH (PHC. yoneGanmii B TIIMKOIHTHUECKON
54, 6). mend (CTpeJKaMM  yKasaHbl MO-
3. Jlo6aBku AJI® CHJABHO BJIHS- MEHTEl HHTLEKUHH CyGcTpata)

10T Ha a3y KoaeOGaHHH; MaKCHMAalb-
HBIl CHBHT (hasbl MPOUCXOAUT NPH HHBEKUHH AP B TOT MOMEHT,
korga [HAI-H,] munnmanbHa (puc. 54, 6).

Ta6anuuwa 4

Bausinue cKopoctd nputcka [-6-® na koxeGaumst
(Hess et al., 1969)

U, MKMOJIb Ha AMnaurygna
61U Mr Geaxa B T, MuH. [HALL-H,], [TpuMeuaHue
nac OTH. eA.
20 Konefanns ne na6mopatorcsa| [HAL-He] Brcoka
20 8,6 0,3 lByxuacToTHble K0e0aHus, CHILHO He-
' JIMHeliHEle KoaeGaHus
40 6,5 0,6 Henunefigsle Konebanus
70 5 0,3 TapmoHHuecKHe KoneSauus
120 3,5 0,2 TCapMoHHYeckHe KOTeBGaHHs
160 Kosne6Ganun He HaG1104al0TC S ' —
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M3 3THX pe3y/bTaToOB BHIHO, YTO B YCJIOBHAX, NPH KOTOPHIX Hab6J0-
natotcst Kose6auus, aktusatopoM OOK sisaserca AP, a e OLP.
B AeficTBUTE/ILHOCTH B 3THX YCJIOBHAX HauboJee CHJIbHLIM aKTHBATOPOM
asaserca AM® (Betz, Sel’kov, 1969), o6pasyiomuiics u3 AP B pe-
akuuu (5.1). Bausaune AM® n @-6-P Ha ckopocth PPK-peakuun no-
KazaHo Ha puc. 55. Buano, uto @-6-@ Takke CHIbHO AaKTHBHpYyeT
ODK-peakuuo.

®a3oBLle COOTHOWIEHHS MeXAY KoMeGaHHAMH KOHIEHTpaUHii MeTa-
60JIMTOB NMpPHBEJEHb Ha puc. 56 H 7.
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Puc. 55. 3aeucumocts ckopoctH (ocodpyKTOKHHA3HON PEAKUHH OT KOHUEHTPALUH
$-6-® ¥ AMD

! — 6es AM®; 2 — [AM®] = 1,1MM. OG6nactp Kosebannil 3alUTPHXOBaHA

Puc. 56. daszoBble COOTHOLIEHH S MeXAY KOJeGaHHAMH PA3/IHUHBIX MeDeMEHHBIX B [VIH-
KoJinze

Koneb6anus Konuenrpauuit; 1 — I-6-®, &-6-®; 2 — &40, JAD, TA®; 3 — ITHP, ALD,
AM®, HAL'H,; 4 — 2-OT, 3-¢T, ®EIl, ATP, HAJ

MOILEJIMPOBAHHE MEXAHU3MA KOJIEBAHUH

CxeMa puc. 52 ¢ nOMOIUBIO Pa3/HYHEIX TPelebHBIX TEPEXOJ0B MO-
3keT ObITh CBelleHa K 60JbIIOMY KOJHYeCTBY aBTOKOJebatelbHBIX MOJe-
Jeil ¢ asyms nepeMenHbiMH (Higgins, 1967; Cenbkos, 1968).

[Tpexae Bcero, Kak 06bIYHO, MOXKHO HCKJIIOUHTb KOHUEHTpauuH gep-
MEHTOB H HX KOMILJIEKCOB, TaK KaK OHH MOYTH BcerJa MHOIO MeHblle
(B 10—100 pa3s) konuenTpauuil cy6cTpaToB. 3aTeM MOMKHO HCKJIOYHTDH
BCe OTHOCHTEJBbHO ObicTphle cTafuH. Torpa cxema npuHobpereT cCaelyio-
WK BHA:

, HAL  HAJ-H,
ATe  AlO 2AR0  2ATO®

—-—o-s-og— oo —>2|rao HP | —— (5.2)

E, E, E,
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IlanbHeifilllee NOCTPOeHHE MOJE/EH NMPOH3BOAHTCA C HOMOLIBIO AOMYlIte-
HUH, He BHITEKAIOUWNX HenocpeicTBeHHO H3 cxeMsbl (5.2). IlepBhie Mo-

JeJiH, ONMHCbIBaoUHe Kosne6aHus, OblIH NIOCTPOEHB! Ha OCHOBE NpocTeii-
well cXeMbl;

ATO All®

1

H3 cxemsl (5.2) cnenyer, uto cranus Eg Bauser Ha craauio E; uepes
AT® n AI®. Oas Toro uto6hl mepeiit k cxeMe (5.3), ZOMyCTHH, 4TO

.
Puc. 57. Capure a3 Ha pas/inu- 180
HEIX YYAaCTKAX THKOJHTHYECKON

nennu

[ —T-6-®; 2 —~ ®-6-P; 3 — OAD;

4 — JAD;, 5§ —TAD; 6 — 3-0T;

7 —2-9I'’ 8— ®EII; 9 — IMHUP; Vi
10 — CH,COOH

ckopoctb PO K-peakuun B TeX YCJOBHAX, KOTAAa TPOHCXOAAT KoJse6a-
HHS, He 3aBHCHT OT KoHIeHTpauun AT®.Kpome Toro, XoTd B OLHHX MO-
JeJiiX CYyLIeCcTBeHHEIM mNpoayKToM (5.3) cuuranca ®IP, a B Apyrux
Al®, Bo Bcex ciyuasix NpHHHMaJach JHHeHdHas HJAH runepGosnye-
CKast 3aBHCHMOCTb CKOPOCTH CTOKA NPOJLYKTA OT ero KoHuexrpauuy. C no-
MOIIBIO TAKHX AONYILEHHH cXeMa, B KOTODOH KJ/lo4yeBble CTaHH ABJAIOT-
csl JABYXcYOCTPATHBIMH, CBOIAMTCA K pasJIMYHBIM BapHaHTaM OJHO-
cy6GCTPaTHHIX cXeM, IMHAMHKa KOTOPHIX XOpOLIO H3ydyeHa (rs1aBa 3).

[lepBas monesnb TaKOro THHa Oblja NpefaoxeHa XHTTHHCOM, KO-
Tophiil npene6per BausuneM AP na ckopocrs peakuuu (5.3) (Higgins,
1964, 1967). Ox npeaAnonoxKuJ, 4TO OnpeaesiomwuM GakTopoM sBJsAeT-
cs nunefinas akrtuBauus OPPK ¢PpykrosonudocdatoM, mpuyeM CTOK
@ /1P HacbluleH O er0 KOHUEHTPAIHH:

m\
—_— @ =D ——> OId —> (5.4)
E, E,

ra cxeMa NPHUBOIHUT K MOAENH (3.25), B KOTOPOH BO3MOXKHBI aBTOKOJIE-
6aHus.

CesbKOB nokasaJj, YTO B TeX YCJIOBHSX , Korjaa HaGJogalorcs KoJje-
6anusa, PPK He axTHBHpYeTCS CBOMMH HeENMOCPeACTBEHHBIMH INPOAYK-
tamu (P1d u AJIP). AxrusatopoM siBasgerca AMP, obpasyoiuics
u3 AI1® B peakunn (5.1) (CenbkoB, 1968; Betz, Sel’kov, 1969). Cuuras
AM® enHHCTBEHHBIM 4KTHBATOPOM, CelbKOB NOCTPOHJ MOJeNb, YIO-
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BJICTBOPHTENbHO onHcHBawmiylo kosaeGanus (CenpkoB, 1971). Cornac-
HO 5TOi MOJIeJIH, CXeMa y3JIOBOTO yYacTKa HMeeT BHA:

U
g Sh

) kiy kio
Sy -+ El’;: S:E; — E; 4 S,,
1
Koy Koy
S, + E;S; = $1E1S; — ES; +Ss,
k-—
2 ! (5.9)

SQ'_>’

+

kg
S; + E1 2 E;S,,
kg

g
28, + E, 2 S;E
k_

4

krg
=E; +8S..
kg .
3aecs §y — P-6-9, S, — AP, S, — AM®, E; — OPK, E, — AIIK,
k+1 = k+10 [AT(D], k-'i-l = k-;-lﬂ [ATq)], k_5 == k_;,g [ATCD]. O6o3na-
udM yepe3 X; pasJuyHble KOMIVIEKCHl (pocodpyKTOKHHA3E, d ycpes3
Y; — anenunarkunaswl. B cucreme (5.5) ecth ABa OUeBHIHBLIX. JAHHEH-
HbIX HHTErpana: Zx; == e;; Yy + Y = €,. DyHeM cunTaTh, YTO KOHIEH-
Tpauus AP nocTaTtoyHO Masia M TEM caMbiM

Ug = kgSz, (5.6)

a ckopocTb npekpauenus AP B AM® nponopuuoHaabHa KBaapaTy
konnentpauuu AJIP. Kpome Toro, ckopocTs npuroka $-6-O npumem
NOCTOSIHHOH

U1 ‘—:. "010. (5.7)

BrinumieM cucTeMy YypaBHEHHH, COOTBETCTBYIollylo cxeme (5:5)
cpasy B Ge3pa3mepHOM BH/e (TOUKOH 0603HaueHO AudipepeHiHpoOBaHHe
no Ge3apasMepHOMY BpeMEHH T):

.61 = Vip — 415141 + Ayl — %y101Ug + %-1ldy,
. 2
Go == Oy (Xyolls + Uy — BoGp — 5 (% 45501 — %_g0,)),
. 1 .
8535 = — N4y (Ogly — Ug) +‘—8—3 (we — ®_565w;),
. 1
871 = — %y (Gldy — - Us) — Mg (Cgtly — U3) (5.8)

?
. 1
E1lle == Koy \Ogly — U

E1lly = X.g (Gsul — Up) — %y (C1lé3 — Ug),
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E1lly = Ky (Syuy — Uy),
. 2 , .
€184W1 = — .40, -+ (1 + 7(._4) Wy — K_335Wy,
. 2 ,
81645 = %y3495w; — (1 - %_y) Wy -+ n_50,w5.

31ece
i Yi 1 Sa Sa
— e— w; = 5y = — g == ——— Jqg == ——
W= WiTg % Ky 2T R Ks '
vt o1 Ks UL k+z
T——,—7 8]_———7"’ 82—7\—1—, 83-——-';, 84‘k+5
1 1
, k'_ 4+ Ry
K . k-1 + kg Kl — Lot [\ ]/_ _aRk-4R_5 (5 9)
—_— ? ’ 0 .
! kit Ky Riskiskes
kg
K;= s 1 = Rizey, Uy = Ryseo,
K, Ky . v10 p RaKa
al—ﬁi az: s ’ '\/10:—_‘)—1—’ #2_———;}—1—-7

BCJAHYHHBI %;, NPEACTABJSIOUIHE DA3JHYHbBIE KOMOGHHAUHH KOHCTalT ki?
B JajbHedmieM 6y:lyT HCKJ/IIOYEeHb!I, H MBI HX He BbLIITHCBIBAEM.

. OLleHKI/I, caenanubie CelbKOBBLIM M0 JAHHBIM PasJHYHbIX 3KCIMepH-
MEHTOB, Hal0T dCJaeiylollHe 3HaYeHHA:

K> K; ~1073M, S; ~ 107 — 1073M,

Ky~101—10M,  S,~10"M

K5~ 1073M, Sy ~1075M,

L~ 1077 — 107, ey~ e, ~ 107 — 107M. (5.10)

9TO II03BOJIAET OUEHHTb BEJHYHHB! 11apaMeTpPOB:
g1~ 107 — 1078, £~ 1072, g5 ~1072 — 107, g, ~ 1072 — 101,
@y~ 0,01, 05~ 1 — 20. (5.11)

Bee nepemennbte B cucreme (5.8) mensttorest B mpenenax(0,1). Ykasau-
Hble BEJTMUMHBL &; MO3BOJISIOT HCKMOUNTL MeToioM KCK He ToMbKO Bee
i; U v;, HO H 04. [locneanee — 3a cuet TOro, 4to ckopoctb AJIK-pe-
axiuu npumepuo B 10—100 Boiure, uem CKOPOCTb ODK-peakuuu. Pe-
aykuus (5.8) mpUBOAUT K CHCTeMe ypaBHEeHHIl:

Gy ="Vig—V, . Gy= Oa(V — V), (5.12)
61(V0+52)
rie = ,
1 4151+ 63 (1 4 61) (5.13)

Vo = {3262 = 0711 Vo = alK‘;‘. =~ 07017 oy == 07011 A == 20'

1/,5 A. M. JKaGotnHckuit
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Hrak, noaydena Monesb ¢ KBaXpaTHYHON aKTHBAllMeH KOHEUHBIM NPO=-
JYKTOM, KOTOpas yiKe paccMaTpHBaJiach B IviaBe 3, rae GLUI0 NMOKa3aHo,
4TO B HeH BO3MOXHBI aBTOKOJNeGAHHS H TPHUITEPHBE PEXHMEL.

ConoctaBieHue MOeTH C IKCTEPHUMEHTOM. Bcee Mozesan ¢ akTHBa-
1iiefl MpPOAYKTOM, T. €. HMeIoliHe BHI

&=~ (x, ¥, y=ua [U‘.' (X, y) — vy (y)L (5.14)
rae s . s

o (el U8

—Ec—>0’ Oy >0, dy > 0.

COrJIaCYIOTCA € IKCNEPHMEHTOM MO ABYM NMyHKTaMm. Bo-nepBhIX, Kaue-
CTBEHHO COBMazaeT cOOTHolueHHe a3 koaeGaHHl x M y: NBHXeHHe Ha
($a30BOii NJIOCKOCTH NPOHCXOIHT NPOTHB YacOBOH CTpeJKl, a X H Y
Kojebmores npubausnTeabno B npotisodasze. Bo-BTOpHIX, aBTOKOME-
6aHua CYLECTBYIOT JHUIL NpH vy < Uy, TIe 0 — Ougypraumuonnoe
3HayeHue, NPH KOTOPOM MOJOMXKeHHe paBHOBECHS CTAHOBHTCH YCTOHYH-
BbIM. IJTO coryiacyetcsl ¢ (pakToM BO3HHKHOBEHHSI aBTOKOJNeGaHHH B
IKCMEPUMEHTE JIHIIL NPH MaJgslX CKOPOCTAX NpPHTOKa cybcrparta.

JleTasbHOe COMOCTaBJAeHHE MOIeJIH C 3KCIEPHMEHTOM OBIJIO TPOBE-
IeHO ToJbKo B 0ol pa6oTe (CenbkoB. 1972), npuuem 6bl10 NoSyyeHO
XOpolliee COBNAJIEHHE.

CKropocTh npHuTOKa cy6cTpaTa sBJdeTCss napameTpoM, HauGoJgee
yA0GHBIM ISl YIIPaBJEHHA peaKlHeR 1I CaMbIM HaaeXKHbIM 1J5 NPOBEp-
K Mofesn. [TosToMy MBI 37ech OrpaHHUYMMCST CONOCTaBIEHHEM MOJETH
¢ 3KCNEePHUMEHTOM TOJbKO 10 3TOMY HapaMerTpy.

®opma xoaeb6anunuii. CornacHo ZONVUIEHHAM. NPHHSTHIM
npu nepexone ot (5.2) k (5.3), koHuentpauun HAJL u AP cBsizagmn
Mex1y co6oil yepe3 GLICTpLHIE CTaAHH I AOJKHLI H3MEHATHCSA CHH(A3HO.
CaezoBatebHo, 110 dopme komnebanuil IHAIL] MoxHO cyaHTh 0 KoJeGa-
nuax [AI®). Amnanrtyaa komeGanuii [HA] B sxcnepumente u o, B
MOZeJH C YMEeHbUIEHHEM Uy, CHawajJa pacTeT. a 3aTeM najaer XO HYJS.
Ilpu 37om opMa xKoaebanuii MeHsgeTcsl 0T CHHYCOHIaJNbHOH A0 Pe3Ko
peJsiakcallHOHHOH.

ITepuon =xKoanebanwnii. IKcnepuMeHTalbHO Halaozae-
Mblil (Tabs1. 4) nepuon KonebGaHui usmensiercsi or 10 no 3,5 Mun. B mo-
nesn (5.12) npn ykasaHHBIX 3HaueHMsAX napamerpos M vy = 0,01—
0,089 nepuog koaeGaHuil HaxomZHTcA B HHTepBaje 96—12,7. 310 03Ha-
yaeT, YTO PeabHbIH mepuoj Koaebanuii H3meHsercs oT 3,2 10 0,42 Mun.

Takum o6pasoM, HMeeTcs JIOBOJBHO CHJbHOe pacxoxjeHue. OHo
6bl710 YCTPaHEHO ¢ OMONIBI0 yueTa 06paTHMOCTH peaKIun

[-6-@ = $-6-O. (5.15)

CesibKOB 06paTH/1 BHHMaHHE Ha TO, UTO ydacTie OblcTpoil o6paTHMOI
peakluyil MOXeT BHI3BAaTh B ONpefeeHHBIX YCJIOBHAX W3 MEeHEeHH e
MacmTaba BpeMeHH Oe3 H3MEHEHHS JAHHaMHKH peaklHH
(Sel’kov, 1972).
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[ToxaxeM 370 Ha npuMmepe cxembl Gosee obuwero Buna. Llenb

Uy U2 Us .

—-X—=Y — (5.16)
ONHCLIBAGTCS] CHCTEMOH YpaBHEHHH

0=v,—V,, O=a/(vy— vy, (b6.17)

rae 0 = x/ B; p = y/y — Ge3pasmepHble KOHIEHTPAIHH, NPHUBEAEHHbIE
K ofHoMy Macmtaly; o = P/y; v; — Ge3pa3MepHble CKOPOCTH.
Hononnum cxemy (5.16) Orictpoit obpaTHMON peakijHei

U, ki Uy V3
—Z2X—-Y—. (5.18)
ket

Ilycts k) ~ k_y =~ 1l/g, TOra ¢ TOYHOCTHIO €

2=—x= Kx,

au =z - x sIBJsAETCS MeJ/IeHHOH MepeMeHHOH 110 CpaBHEHHIO C X H 2.
Beegem OespasMepHble nepeMeHHbe: 0y = x/f; 0, = 2/pK; p = y/y.
Torna cxeme (b.18) cooTBeTCTBYET CHCTeMA

eK 5y =8evy -+ 5 — Gy, 83 = Gy — Gy — EVy,

0 = a(vy — Vg), (5.19)
KOTOpasi 3KBUBAJIEHTHA CHCTEME

Sg="Vi—Va, O =0(Vg—Vg), £35;=0y— 5 — EVy,

63 = 51 + Kdz. - (5.20)

Hekimouenne u3 cuctemsl (5.20) OblcTpoil MepeMeHHOH MPHBOJHT K CH-
cTeMe

S3="Vi—Vy, P =0a(Vg—V;), G3=20 1 Ko+ 0(), (5.21)

4TO PABHOCHJIBHO

1+ K)oy =vi—ve +0(), 0 =a(vy—vs). (5.22)
3ameHolt Bpemeru t = {/ (1 + K) cucrema (5.22) cBogutcs K
.Gl = 'Vl —_— 'Vg + 0 (8), p = (L* ('Vg —_ Vg), (5.23)

rae a, = (14 K) a. _

Moyeab (5.23) coBnagaer ¢ (5.17) ¢ TOUHOCTBIO 10 3HAUEHUS TapaMeTpa
1 MaJblx useHoB O (). Ecan @ > 1, T. e. cucTeMa CHJIbHO peJlaKCallMOH-
Hasi, TO IIEPEXOA K Oy > ¢ NPAKTHUECKH HE MEHAET II0BE/EHHS IePEMEH-
HBIX BO BPEMEHH, C TeM TOABKO OTIHYMEM, YTO OLICTPLIE CKAUKH CTAHYT
eme OpicTpee. Takum o6pasoM, yueT 06paTHMOH peaKUUH IPHBOJHT B
3TOM c/yuae TOJBKO K W3MeHeHHIo Maciutaba BpemenH B (K + 1) pas.
Ecau K BelHKO, TO MOXKHO NMOJYUUTb O4eHb CHJbHOE 3aMejJieHue.

6 A. M. )KaGoTHHCKHHA
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Teneppr mnpUMeHHM 3TH paccyxienus K Momean (5.5) — (5.12).
Yuer craguun (5.15) npuBOaUT K cxeMe

ATQ ADO 5

(5.24)
- 6-D T2 D-6-O DD

ITOH cXeMe COOTBETCTBYET MOE/b
G, =vg— v+ 0(K), 6, =0, (v—w,), (5.25)

e @ = K (K1), v=—22

Ka (K+1) K,
a ocTaJbHble YJeHbl TakHe ke, Kak B (5.12) — (5.9). Eciin npene6peun
nonpasko#t 0(K), To yyeT 0OpPaTUMOCTH JaeT NPOCTO 3aMeAJIeHUE B
(K + 1) pas. Koncranta paBHOBecus peaxiuy (5.15) npubausutesns-
HO PaBHA NATH. Torja TeopeTHueckue 3HaueHUs Nepuofa OyayT H3Me-
HATbes ot 19,2 1o 2,54 MHH., YTO YJIOBJETBOPUTEJBHO COIVIacyeTcs ¢
3KCIEePHUMEHTAIbHBIMU JIAHHBIMH TabJ1. 4.

B HacTosillee BpeMs, ONHAKO, H3-32 OTCYTCTBUA XOpoeHd BOCHpou3-
BOJIMMOCTH KOJIMUECTBEHHOE COINOCTABJIEHUHE Mojlesiefl ¢ 3KCIepUMEHTOM
UMeeT MeHbillee 3HayeHHe, yeM KauecTBenHoe. Mogens (5.12) npeacka-
3blBaeT CJIeLYIOMUH BaxKHBIH KaueCTBEHHHIH pe3yJibTaT.

Tpurrepubie pexumsbl B raukoause (Sel’kov, 1972a). Ecau yuects
o1ToK I'-6-® B HervIMKOJMTHYECKHe MyTH (puc. 5.1), To

vy = vp— &3Sy,

kK

HJIU vi=v;— 361, THe By = S (5.26)

Ilpu TakoM BHAe vy B (D.12) NOABJSAIOTCS TPUITEPHBIE PEXHMBL. IJTO
SICHO BHMJHO TIPH HCIIOJb30BaHMH TaK HAa3blBAeMOH BXOJHOH XapakTe-
puctuky ®DK-peakuun — 3aBUCUMOCTH v OT Oy NPH YCJIOBHH

v —v, = 0. (5.27)

Bxonnas xapakTepucTHKa ITOKa3aHa Ha puc. 58, a. Buzano, uto B on-
peZleneHHOM JHala3oHe vy 1 [3; BO3MOXKHBI Ba YCTOHUMBBIX CTAllHOHAD-
HBIX cocTosiHHA. Ilpu yBenuueHun v, ckopocts ®PK-peakuun gonxua
VBEJNHUMBATECA CKauKOM INIPH TepeXofie ¢ HHXKHEH BETBH XapaKTepH-
CTHKH v (0;) Ha BepxHiol. [lo-Buaumomy, monoOHbIH adxbekT Habi0-
naJjca B skcnepumente (Klitzing, 1970). Ilpu nocTeneHHOM yBeHYEHHH
KOHLEHTPAlHH TJIIOKO3bl B cpefle, TJe HAaXONHJIHCh JAPOXKKH, CKOPOCTb
IJIHKOJIH3a OYeHb Pe3KO BO3pacTaJzia NpH Nepexofie yepe3 HeKOTOpPYIo
KDHTHYECKYI0 KOHUEHTpalHio. 3aBHCHMOCTh BHAa BXOJHOH Xapak-
TEPUCTHKH OT TapameTpa [, NPUBOIUT K MOKA3aHHOH Ha puc. 59, 6
3aBHCHMOCTH CTalMOHAPHOH CKOPOCTH ¥V OT P,. Tak kak P, —3To cKo-
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pocTb norJomenust AIID, To ymeHblieHHe V NIpU pocTe P, ONMHCHIBAET
spekr IlacTepa. Monenr npejicKasbiBaeT, YTO yrHETEHHE TJIHKOJH3a
JIO/PKHO HACTyNaTb CKauKoM.

y a y 0
y
AN
S ___________
/‘\
AN
53 ~o 0 77

Puc. 58. TpurrepHbifl pexuM B MOJENH NVIHKONH32

a ~— repecedeHHe BXORHOH XapaKrepucTHKH PP K-peakuud (V) ¢ XapPaKTEPHUCTHKOA HCTOU-
HHKa cy6crpaTta (wi); 6 — saBucuHMocTb cKopocth PP K-peaKuuu B CTANHOHAPHOM COCTOR-

HHH (V) OT cKOpocTH croka ALD (B.)

YTouneHue mogean. Jnnuuk, CenbkoB U Cemaiuko (1972) ucciaeno-
BaJI1 MOJesb, YUYHTHBAION[Yl0, B oTivune oT (5.12), BO3MOXKHOCTb
CHJIbHBIX H3MeHeHMH KoHleHTpauun AT®. CooTBeTcTByIOILYIO CXeMY
MOXKHO MPEeNCTaBHTh B BHJE
oD

S T 6- 0 D-6-D cu

|
[
l’ AMO (5.28)
AT <N ALD

S

ABTOpHl JOnycTHAH, YTO cyMMapHasi KoHueHTpauuss AT®, AN® u
AM® B cucreMe nocrostHHa. [Ipy 3TOM H HEKOTOPHIX APYTHX OrpaHHue-
Huax cxeme (5.28) cooTBeTCTBYET MOJE/b

. . 1
6 =Vi—V, 80 = e Ve
. 2 . 1
g8 = ——Va+V—0, &33=-Va—"V+0, (5.29)
Tae
V= 0, Moto1 (5.30)

o}
o3+ Gs3 o1+ 61

3nech 0; — GespasmepHLle KOBIEHTpauuH: ¢ — P-6-®, o, — AMO,
o, — AP, 03— ATD; wv; — CKOPOCTb NpPHTOKa, v — CKOPOCTb

6*
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ODK-peaxuuu, %va—- ckopocts AJIK-peaxnuu, rae
Vo = koy — G10s. (5.31)

Cuutan AJIK-peakuuio 6uICTPOH (g5 < 1), MOXHO ynpocTuTh (5.29), BBe-
Af nonyGrICTPYIO NepeMeHHYIo 2:

[AM®] + 0,5 [ATI®] (5.32)
[AM®] + [ALlD] + [ATD] ° '

G2
Z2=0+ 5 =

Hckimouasi GriCTpble MepeMeHHblE, MOMYyYUM CHCTEMY
§=v,—V, £2=7%—a, (5.33)

rie v onpegessieTcsl BepaxeHneM (5.30), npu

5 LV —3
6 =5y =L Vzp 7
6= 13, — 22, (5.34)

k 1622
P=2tr—g, 9=7—%

Mopenn- (5.33) obaapaer Gosee GoraTeiM mnoBeleHHeM, ueM (5.12).
Tlpu HeGombluMX vy, KOrja HaGMONaTCA KoneOaHHus, MOBEIEHHE 3THX
MojeJied coBImajaer.

Tlonnasi Mozfenb KJIIO4EBOrO yyacTKa raukonusa — DPOK-peakiun,
YUYHTHIBaOLAS BCe CyluecTBeHHble BosneiicTBua Ha PDK, He nocTpoena.
Opnako CesbKOB I10KasaJs, 4TO pasje/bHBIH YUYeT 3THX BO3AEHCTBHH
NPUBOJUT K KauecTBEHHO CXOAHBIM pesyJsbrtaTaMm (Sel’kov, 1972). Ha-
npuMep, MOZeNb, KayecTBeHHO OJIM3Kasi MO CBOMM JIMHAMHUECKHM Xa-
pakTepHcTHKaM K (5.5) — (5.12), Moxet OBITb NOTyUeHA MPU COBEPLIEH-
HO JIPYTHX NPeNIONOKEHUAX, a HMEHHO NIPHU YueTe TOJBKO YrHeTeHHs
DPK azenosunTpudocdaToM. Torra KaioueBoidl yuaCTOK MOXHO  ONH-
caTb cIemyomeii cxeMoil:

U1

-> 1,
S:+ E 2 S,E,

. SgE + Sl 2 Slng — S3 + S4 + E, i (5.35)
$,8:F + S, = S,SE,

S5 2 Sa.
3neer §) — P-6-0, S, — ATD, S, — AP, S, — PP, v, — CcKo-
pocTh (ochopusmpoBaruss AP Ha KoHEUHBIX €TAAMAX TVIMKOJM3A,
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vy — ckopoctb ATd-asHoi peakuuu. B sTolt Mozenn s, + s3 = const.
Mojienb, HanHcaHHasi OTHOCHTE/BHO NMepPeMeHHBIX §; H S,, IIPH ompe-
JeJIeHHBIX YCIOBUSIX KauecTBeHHO OGiuska K (5.12).

Mozenb, BK/OuYaOmas y3J0BOH YYacTOK TIJIHKO/JM3a, BEPHO ONH-
CLIBAeT JUHAMHKY CHCTeMBl B IJIaBHOM. [sisi Toro 4tobbl IONYYUTDb
[IpaBUJIbHBlE (Da30Bble COOTHOLIEHHS MeXAy KoseGaHHSIMH BCeX mnepe-
MEHHBIX, OIHCATb [BYXYacTOTHhlEe KOJeOaHHS W HEKOTOPHlE JpYrue
seKThl, HY>KHO HCIIONB30BaTh GoJiee INOJNHYIO MOIENb [VIHKOJIH3a.
Ota MoZeNb, B 4aCTHOCTH, JO/KHA YYHTHIBATH KOHEUHYIO CKOPOCTDb Npe-
BpAllleHUH Ha TOCAEJHHX CTaAUSX FJIHKOJHU3A.



IJIABA IIECTAA

JUHAMHUYECKUE MOIEJIU
AKTUBHOM BHUOJIOTMYECKON MEMBPAHDI

PEHOMEHOJIOTHUECKOE OITMCAHME TEHEPAIIHMH
HEPBHOI'O MMITYJIbCA

[Tenepaliusi HEPBHOIO MMINYJbCA BLI3BIBACTCS MEpeMElIEHHEM HOHOB
yepes MeMOpaHy HepBHOH (MM ApPYro# Bo3OyAUMOH) KjaeTKH. B Hau-
6oJiee BaXKHBIX M XOPOLIO M3YYEHHBIX C/yYasiX (HEPBBEI H MBLIIIBI 1103-
BOHOYHEIX, HEDBHOe BOJIOKHO KajbMapa) reHepalusi INPOHCXOLUT B
pesyabTare W3MEHEHWH NPOBOAMMOCTH MeMOpaHbl B OCHOBHOM JJISt
notioB Na* u K*. CxemMaTHuecKH cHcTeMa, OTBETCTBEHHAS 32 eHepalHtio
HMITyJ/1bCd, MOXKeT ObIThb NpeACTaB/eHa B BHAE JBYX OTCEKOB, pasle-
JieHHBIX MeMOpano#. [[/1 pasHBIX BHJOB >KHBOTHBIX KOHUeHTpauusi K*
BHYTPH KJIETKH (OJMH U3 OTCEKOB) BapbupyeT B npefenax ot 0,1 10 0,4 M,
a Konuestpauus Na* —or 0,01 go 0,060 M; B HapyxHOH cpene
(apyro#t orcek) 0,002 M << [K*] << 0,01 Mn 0,1 M << [Na*] << 0,5 M.
Cymectsento, uto ornomenune [K*]s/[K*], ~ 50, a [Na*ly/[Na'l, ~0,1.

IT0 HepaBHOBecHOe paclpejleJieHHe HOHOB INOAJEPKHUBAETCst Clie-
LHaJbHBIMH MEXaHH3MaMH, BCTPOSHHBIMH B MemOpany. OfHAKO aJs Te-
HepalUM HEepBHOTO HMIIYJbCa NPOHCXOXKJAEHHe PAa3HOCTH KOHIEHTpa-
LUH HecylleCTBEHHO, BAXKHO TOJIBKO HAJUYHEe 3TOH Pa3HOCTH.

Buosioruueckasi Mem6pana npejcras/seT coOoH OUMOJIEKYJsPHBLH
clo#, cocrofmui U3 (ocdoaunyIoB, B KOTOPHH BCTPOEHBl MOJEKYJIbL
Genka. Tommuna memOpansl ~ 70 A. MemGpaHa nponuliaema Jias pas-
JIMYHBIX HOHOB, HO Hac OyJeT MHTepecoBaTb TOJNLKO ee TPOHULAEMOCTh
anst Nat u K*. Honbl nepenocsTest uepe3 MeMOpaHy 110 3J€KTPOXHMH-
4YecKOMY TPaJHeHTy clelHasbHEIMH YCTPOHCTBaMH, (H3WuecKass MpH-
polla KOTOPHIX OKOHYATENBHO €lle He YCTaHOBJIEHa. JTO MOryT ObITh
JKHPOpPacTBOPHMBIE MOJIEKYJbl — IepPeHOCUHKH, 00pasyioliue ¢ HoHa-
MH KOMILJIEKCH, KOTOpble 3aTeM JubOYHANPVIOT BHYTPH JUIHIHOR MeM-
6panbl. [[pyroit BapuaHT — KaHaJibl, 3aM0OJHEHHBIE BOJAOH, HJH HOHO-
obMeHHble TIOPHL. TlocsieHuit BapHaHuT KaxkeTcs Haubosee npaBaononos-
HBIM Ay nepeHoca Nat u K*. Mel OyjieM HasplBaTh nepeHocsilee  ycT-
pPOHCTBO KaHAJOM YCJIOBHO, He Jesast HUKaKHX MpPeANnooXeHHid o
€ro KOHKPeTHOH (Qu3HYeCKOoH NpHpoJe.

C noMOLIBI0 THTPOBAHUS TETPOJAOTOKCHHOM Obla OMpeAe/eHa NJIOT-
HOCTb HATPHEBBIX KaHaJoB, oHa pasHa ~ 50 Ha 1 Mx®> (Keynes et
al., 1971). ¥YnmenoHasi s/JeKTpUUyecKasi eMKOCTb MeMOpaHbl COCTaBJsleT
~1 Mrd/cM?. ViesbHoe compoTuBieHHe B nokoe ~1000 om/cm®. Ot-
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HouleHue rnposoaumoctel n1s1 uoHoB Na® u Kt B nokoe pasno ~0,01.
[TosToMy noTeHlinas] Nokosi OJH30K K PaBHOBECHOMY KajHEBOMY IIO-
TeHIMany. Bosee TouHo norennuas nokos (E,) selpaxkaercs ¢opmyson

_ RT ,  [K'y+a[Na']y
En = I, T,

(6.1)

rje o — OTHOIIEHNe K03(h(UUUeHTOB NPOHHUIAEMOCTH I/ HOHOB HaT-
pusa ¥ kaaus. [ToTeHUHan NoKos PasiHYHBIX OOBLEKTOB U3MEHAETCA OT
60 no 100 mMB, npuueM BHYTPEHHSS YacThb MeMODaHBL 3apsiKeHd OTpH-
natesgbHo (Xonaxkuu, 1965; Karu, 1968).

Ecnn uepes MeMOpaHY c ITOMONIBIO BHEIIHErO MCTOYHHKA IMpoOIyc-
KaTb TOK, TeKYLIMH HM3HYTPH KJETKH HapyXy, TO MOTeHIMas] IIOKOs
OyreT yMmenbliaTbest (MeMmOpaHa Jenosspusyercs). Korza BHemHHi
TOK HeBeJIWK, YCTaHaBJMBAeTCS HOBBIH CTallMOHAPHBIM noreHuuan. Ox-
HAKO ecJU Jenogasipusalusl MpeB3oigeT HeKOoTopbl# nopor (~ 20 MB),
TO JaJbHellKi npoiece Aenoaspusalui UaeT ¢ caMoycKopenneM. B pe-
3yJbTaTe 3TOTO NMOTeHlMaJs Ha MeMOpaHe MeHSET 3HaK M yBe/IMYHBAETCH
no 4 (30 = 40) MB, nmoc/ie yero HaukHaeT najaTh. DTOT MPOLECC H eCTh
reHepauusl HepBHOro umnyJbca. OH NPOUCXOAUT B OTBET HA HAJANIOPOro-
BYIO CTYNEHUYATYK Jenofaspusauuio meMOpaHel. Ecau cTyneHuaTas je-
noasipu3auus JOCTATOMHO BeJHKa, TO HACTyIaeT aBToreHepauus. Or-
BeT MeMOpaHbl Ha Jelo/sipH3aLMIO Pa3sHOM CHJIBL I0Ka3aH Ha puc. 59.

Ilpupoza npolieccoB, JexalliMX B OCHOBe TIeHepalMH HMIyJbca,
Obl1a BRISICHEHA X OAKKMHBIM U XaKC/IH ¢ TOMOLIBI0 MeToja (HKcaLuu
noTeHIHaja Ha MeMOpaHe. Dblio mokasaHo, 4TO ec/M CKAYKOM CMECTUTh
NOTeHOHAaJ Ha MeMOpaHe, a 3aTeM yJepKHBATh €ro HOBOE 3HaueHHe I10-
CTOAHHBIM, TO NPOBOAUMOCTb MeMOpAHH! 1J51 HOHOB HaTpHA De3KO BO3-
pacraer, a 3aTeM NajaeT; NPOBOAUMOCTb IJs1 MOHOB Ka/Jusl HauMHaeT
pacTu nocse HEKOTOPOH 3aJepiKKH, a 3aTeM YCTaHaBJHBaeTCsl Ha IMO-
CTOSIHHOM BEICOKOM YpoBHe (puc. 60). BpeMeHHble U aMIIHMTY/HBlE Xa-
PaKTePUCTUKH ITHX NIPOLIECCOB 3aBUCAT OT BEJHUMHBL CMELICHUS TIOTEeH-
uyaJia. Ilpu ckauke notenuuasa B 100 MB HaTpHeBasi NPOBOAUMOCTD YBe-
JuupBaercss 3a Bpemsl mopsiaka 2107 cek.— or npumepno 1-107°
Jo 2.1072 mo/cM?, a 3aTeM BO3Bpalaercsl K MpPeXHEMY YPOBHIO 3a 2—
3 Mcex. KasneBasi mpoBOAUMOCTB NP 3TOM BO3pacTaeT Iocie HeboJb-
ol 3afiepku ot 1073 10 2-107% mo/cM®. Dtu UuGPH AaHBI 419 MeMO-
paHbl TUTAHTCKOIO HEPBHOTO BOJIOKHA KaJjbMmapa. M3menenusi narpue-
BOH M Ka/aueBOil MPOBOJUMOCTH BO BpeMs MMIYyJbca [OKAa3aHbl Ha
puc. 61. byneMm cuurarth, 4TO BO3pacTaHue HATPHEBOH IPOBOAMMOCTH
BBI3BAHO OTKPHIBAHHEM HATPHEBLIX KAHAJIOB M YTO MaKCHMaJjbHas HpO-
BOJUMOCTE TIPH OTKDBIBAHMM BCeX KAaHAJOB, COIJIACHO Mojenn XOo[X-
KuHa— Xakgcan (6.4), pasua ~0,1 mo/cm®. Toraa nmpoBogUMOCTh OAH-
HOYHOTrO KaHaJa cocTapisier ~2- 1071 mo.

B mnocsennee BpeMsl Hauanoch HccaefoBaHHe DaGOThl OXMHOUHBIX
KaHAJIOB C NOMOIIBI0 HCKYCCTBEHHBIX Qoconunuanblx MeMmOpaH. Bbiio
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MOKa3aHo, YTO B NPHCYTCTBUH HU3KHX KOHLEHTPalUuH OaKTepHasJibHOro
HykJeonporenja EIM npoBoguMOCTh HCKYCCTBEHHOH MeMOpaHBl H3Me-
HsleTCsl JUCKPETHO, CKa4KaMH OJVHAKOBOH BeJTHYHMHBl, U UYTO KaxKJbli
CKayOK MPOBOANMOCTH CBSI3aH C BCTPAHBaHHeM B MeMOpaHy MJH yXOLOM
U3 Hee OAHOH MOJIEKYJbl TIepeHOCUMKa, T. €. OJHOro KaHajaa (Bean et
al., 1969). bhly0 ycTaHOBJIEHO, YTO OJAHHOUHBIH KaHaJ MOXKET HAXOJUTh-
csl B ogHoM M3 1BYX cocTosinuit (Ehrenstein et al., 1970). [IpoBogumocTy
KaHasia B 3THX COCTOSIHHSIX paBHbl 4-1071% u 7-1071° Mo u He 3aBHCAT
OT noTeHUHasa Ha MemOpane. OnHAaKO BOJIbT-aMIepHast XapaKTepHC-

£

4 Puc. 59. OTBeTh B0o36yAMMOIl MeM-

6paubi (E) Ha cTymeHYaToe HaMe-

Je
"__ HEeHHEe IIJIOTHOCTH BHEIIHEero ToKa
— - (e

THKa MeMOpaHB! ¢ GOJIbILMM UHCAOM KaHAJIOB HeJIMHEHHAa U HMeeT yya-
CTOK ¢ OTpHUATeNbHBIM conporusienneM (Mueller, Rudin, 1968).
Takaa xapakTepHCTHKA MOKET BO3SHHKHYTb, €CJH HMeeTCs 3aBHCHMOCTD
pacnpejiesieHHs] KaHAJOB N0 COCTOSIHHSM OT noTeHuMana. efcTBUTe b-
HO, OKa3aJioch, YTO NMPH MaJsiblX HanmpsiKeHHAX Ha MemMOpaHe KaHaJibl
HaXOAATCSl NPEUMYIIEeCTBEHHO B XOPOILO NPOBOASALIEM, a NPH IOTEHLH-
anax Bbie 50 MB — B NJIOX0 MPOBOAALILEM COCTOSIHHH.

JIMCKpeTHble COCTOSIHHSA C Da3HOH NPOBOAMMOCTbIO Oblinm  OOHa-
PYXeHbl H TPU HCIOJb30BAHWM aHTHOMOTHKOB — rpaMHuuauHa A u

P 3
e gx 3

! INe

4 ¢ 7

Puc. 60. Vismenenu s1 natpuenoit (gy,) ¥ Kaaneoi (gx) mpoBoauMoCTH MeMEpaHbl ocTe
CKauka MeMOpaHHOIO NMOoTeHNHaNa

OTKNM0HeHHe NOTeHLHAJda OT NOTeHLHala mokoa: / — 30 MB; 2 — 50 MB; 3 — 100 MB

Puc. 61. MameHenns noTeHnuana, HAaTPHEBOH M KaaMeBOH NPOBOAMMOCTH BO BpeMs
HMITyJ/bCa
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anamuuneruHa (Haydon, Hladky, 1972). Bbuio mokasaHo Taxike, uTo
KaHaJ MOXKeT HaxoJuThbcs 6osiee YeM B JIBYX NMPOBOASILHX COCTOSHHSAX,

nNpH 3TOM OTHOLIEHHe NpoBoauMocTedl Moxer jocturath 100 (Bean,
1972).

MOIENU AKTHUBHOUM MEMBPAHBI

[TpoBoauMocTh MeMOpaHbl onpenesiercss KaK YHCJIOM NPOBOIALIUX
KaHaJ0B, TaK H NPOBOAHMOCTBIO OTIENbHEIX KaHasoB. IIpoOBOZUMOCTH
OTHEeJbHOrO KaHaJla MOXET B NPHHIMUIIE CHJIBHO 3aBHCETb OT MOTEHIHa-
Ja Ha MeMmOpane. Tak, Hampumep, NMJOTHOCTH CTAllUOHAPHOrO TOKA
yepe3d Any3HOHHBIH KaHaJ ONHUCHIBAETCS B NIPUOAHXKEHHH TIOCTOSTHHOTO
noas (Goldman, 1943; Hodgkin, Katz, 1949) Beipa:xkeHueMm

_ ¢BEo — ,BE

1= o-F Fl—_eB—E—— . (6.2)
rde Ey— paBHoBecunili norenuuan p = F/RT ~ 40 ¢1. Uz (6.2)
celyeT, 4yTO B YCJOBUAX, OMH3KHX K (DH3MONOTHUECKHM, OTKJOHEHHE
noTeHlyana Ha + 100 MB OT ero paBHOBECHOrO 3HAUEHWsi, PaBHOTO
—>50 MB, u3Mensier dj/dE npuMepHO B TPH pasa. YUeT NPOCTPAHCTBEH-
HOrO 3apsila NPHBOJUT K HE3HAUHTEJbHOMY OTKJIOHEHHIO OT 3aKOHa
Oma — nopsigka 20% (Tredgold, 1972).

Bonpoc 0 3aBHCHMOCTH NPOBOJAHMOCTH OTHEJNLHOTO KaHaja OT Io-
TeHIlMaJa MeMOpaHBI B HacTosilliee BpeMsi He peilleH. DyJeM cYHTaTh,
4TO NJIOTHOCTb TOKa Yepe3 KaHal MOXKHO ONHCHIBATL BHIparKeHHEM

j=g(E — Eo), (6.3)

rje g He 3aBHUCHUT oT E.

Ucnonbsys npubnnxkenve (6.3) U JaHHBIE YKCNEPHMEHTOB ¢ (QHK-
caupeii norenuuana, Xomxkun U Xakcad (Hodgkin, Huxley, 1952)
IIOCTPOHJIH SMIHPHUYECKYIO MOJe/b MeMOpaHBL:

CE = gnamPh (Exa — E) + gxn® (Exk —E) + je - o,

m = [m (E) — m]/tm (E),

h = [R(E) — h]/zn (E),

n = [A(E) — n)/T(E). (6.4)

3xecs C — eMKocTb MeMOpaHHbl; En, U Ex — paBHOBECHBlE HATPHEBHIH
M KaJueBbIH MOTeHHHAJbl COOTBETCTBEHHO; gnNa H gk — MaKcHMaJsbHble
yleJbHble NpoBogUMOCTH MeMmOpaubl A1 Na* u K*; m, n u h — Ges-
pasMepHbie HOPDMUPOBaHHBIE BeJHMYHHBI, XapaKTepH3ylollHe TJIOT-
HOCTb OTKPBITHIX KaHAJOB; /M HOCHT Ha3BaHHe HAaTPHEBOH aKTHBALMH;
h — HaTpHeBas WHaKTHBalluf; n — KaJueBad aKTHBalMs; j, — He-
HAeHTHOHLHPOBAHHBIE TOK YTeUKH; j, — BHEIIHHH TOK, ¢ ITOMOLIbIO
KOTOPOrO MOXKHO YNPaBJ/siTh PeKHMOM MeMOpaHBI H BBI3LIBATH [eHepa-
[IUI0 HEPBHBIX HMITYJIbCOB.
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3aBHCHMOCTb CTalMOHAPHBIX BeJWYHH m, A, n U BPeMeH pefakca-
UMM T; OT IOTeHIHasa MeMOpaHEl IOKa3aHa Ha pHc. 62. YpaBHeHHUs
(6.4) oueHb TOUHO ONMCHIBAIOT AHHAMHKY MeMOpaHBl aKCcOHa Ka/JbMapa:
reHepHpOBaHHe OJHHOYHOTO UMMAYJbCa, BCE NApaMeTPhl 3TOrO UMIlYJlb-
ca, mepexof K aBTOKO/eOAHHAM IOTeHLHasla NPH M3MEHEHHH HOHHBIX
KOHIEHTPalMH HJH TJOTHOCTH BHEIIHEro ToKa M T. .

YpaBHeHHsIMH, aHanoruuHbiMu (6.4), omucHIBawOTCS BO30YyAHMBIE
MeMOpaHH JAPYrux KJETOK, HalpHUMep BOJIOKOH [TypKunbe B cepledHOH

7 wcen
/A8
Th
n
) (24
a 00 F,mb = — .
7 0 E,m8

Puc. 62. 3aBucHMOCTb nMapaMeTpoB Mofiend XolxkkuHa — Xakcan (6.4) or noTeHuuana
Ha MeMOpaHne

MBILILE ¥ I1OMePEeyHO-MON0CATHIX MblIeYHbIX BOJIOKOH. IIpH 3TOM Besn-
uMHBl 1, M, K, T, g cneludUUHBl AJas KaxKAOH KOHKPETHOH CHCTEMb
(Frankenhaeuser, Huxley, 1964; Noble, 1962, 1966).

[IpaMas ¢usnyeckana HHTepHpeTanus Mojpead XOMKKHHA— XaKe/d
3aTpyAHUTEJbHA. MOXKHO IIOCTPOMTH BeChbMa HAIMISIIHYIO MOAETb MeM6-
paHbel, HCHONB3Ys cheayomre npexnonoxenus: 1) K*- u Na*-ka-
HaJlbl pasfiefleHbl W He B3aHMOJEHACTBYIOT MexAy coboil; 2) Kaxnwli
KaHaJ MOKeT HaXOAHUTbCHA B OJHOM U3 HeCKOJBKHX COCTOSIHMH; 3) mpo-
BOJMMOCTb KaHa/ia B KaXK/[OM COCTOSIHHH IIOCTOSIHHA; 4) KOHCTAHTHL CKO-
POCTH mepexoja MexAYy COCTOSHHSMH 3aBUCAT OT MOTeHLHaJa. DbLio
Npel/IOKEHO HecKobKo Mofeset takoro tina (Tsein, Noble, 1969;
Rov, 1971; Epmumikun, 1973).

PaccMoTpuM npocToit BApHAHT, B KOTOPOM KaHaJ/l MMeeT YeThipe Co-
CTOSTHUSI:

Kz 1793 [
X, 2 Xy =2 Xy =2 Xy, (6.5)
Fos 1273 ke

a KOHCTaHTBl CKOPOCTH fepexoja MexKly HUMH 3aBHCHT CJielVIOUM 00-
pasoM oT MeM6paHHOI‘O NOTeHLHAA:

ki = kY gy = et intE, (6.6)

Ilycts npu £ = E; paBHOBECHe CHJIBHO CABHHYTO BJeBO, X; (E;)=~0
npu [ =1 u x, (E;) >~ C. Tlyctb panee npu £ = E, x; (E,) =~ 0,



OUHAMHUYECKHE MOJEJU AKTHBHOM BHOJIOTHYECKOM MEMBPAHBI 141

npu [ 7= 4 n x4 (E;) =~ C. Torza nog6opoM napameTpoB kg, o U Y
MOXKHO OOecreydTh, YTOOb! KOHUEHTpAlUH KAHAJOB B HEKOTOPBIX CO-
CTOSIHUSIX U3MEHSIIHCh TaK, KaK gna U gx. ViaMeHeHUS x; BO BpeMeHH
110Ka3aHsl Ha puc. 63. BugHo, uro x3 BefieT cebsi, KAK gna, a X3 —Kak gx,
B 9KCHepHMeHTaX ¢ puKcanuel noreHunasa. Takum ob6pa3oM, ecau CuH-
TaTh, YTO MPOBOAUMOCTH B cOCTOSAHUAAX X, aast Nat u X, nst K* MHoro

Z; .
Iy Zq
Ty Z3
Pruc. 63. VameHeHHst KoHuUeHTpa-
nuii Bo BpeMeHH B MoJenu (6.5) B
OTBET HA CKAYOK MOTeHLHaNa -

GoJibllle, YeM MPOBOJAHMOCTH OCTAJIbHBIX COCTOSIHHH, TO MOJe/b aKTHB-
HOH MeMOpaHBl MOXKHO NPeJCTaBUTh B BHIE

CE = gnaMy (Enxa — E) + gxng (Ex — E) 4 je -+ Joo
mi = Riq, i Mioy — (Ri, io1 + Ri,avn) M 4 Ry, i Mgy,
5= Riy, i i — (R, jo1 4 Ry, jan) - 15 - R, 5 e

(6.7)

rze k;n onpegensitoTcs Bepaxenusimu (6.6), i =1,2,3,4;j=1,2,3,4.

Poem (Roy, 1971) nns mozenu tana (6.7) Oblny nopoGpaBbl 3Haue-
HUsL kY, Qyj, Vij, IPH KOTOPHIX 3Ta MOJe/Nb OIMHCHIBAJNA HEPBHBIH HM-
NyJbc NMOYTH TAK 3Ke TOUHO, KaK H cucTeMa (6.4).

Js1s1 nosTHOrO onucaHusi MoBeJeHHsi MeMOpaHbl, NO-BHAMMOMY, HYXK-
HO YYHTHIBaTb GOJblllee UHCJO COCTOSIHMH KaHagoB U OoJbliee YHCIO
NepexofoB MeXAY COCTOSHHUAMHU. HanpoTus, AJIsi KaueCTBEHHOTO OIH-
CaHUS HEePBHOTO MMIYyJ/bCa JOCTATOYHO OTPAHMYHMTLCA MOJE/IbIO C Tpe-
Ms COCTOSIHHSIMH JI/Is1 KaxKAOro KaHaJga.

AcCHMATOTHYECKHE MOieNH. Y2Ke 1aBHO OBLJIO 3aMedeHo, 4yTo pocTas
apToKOJe0aTesbHAsl MOJeslb THNA peslaKCcalMOHHOrO ypaBHeHus Ban
nep IToast KayecTBEHHO OY€Hb TIOJHO ONMKCHLIBAET AHHAMHKY MeMOpaHbI
(Benhoeffer, 1948; Fitz Hugh, 1961). Moznesu (6.4) 1 (6.7) neficTBUTEb-
HO MOryT OBITb IDH OMNpeJedeHHbIX YCAOBHAX CBEJEHbl K CHCTEMaM ypas-
HEHHUI BTOPOTO MOpsAAKa ¢ S-06pasHoll XapaKTepHUCTUKOH.

[Tpotie Bcero sTo MpoOAEMOHCTPHPOBATh Ha npuMepe Mofean Hobaa
(Noble, 1962) ans Bonokua Ilyprunbe (Kokos3, Kpusuckuii, 1973).
Dra Mojenb aHasloruyHa (6.4) ¢ HesHauMTeNbHBIMH H3MeHeHHsMH. Oc-
HOBHBIE ITapaMeTpbl HMEIOT CJeAyIoNye 3HaueHn !

C =12 Mrd/eM?, gna = 0,4 Mofem?, gx = 1-107% mo/em?,

Tm~1,5-10"% cex., T ~5.10"3 cer., v, =~0,1 cex. (6.8)
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Korzia HatpueBasi npoBOIUMOCTb 6/M3Ka K MaKCHManabHOH (m3h =~
= 1), MOCTOAIHHAsA BPeMEHH 3apsaku MeMODaHHOH eMKOCTH MaJa:

T = ¢ ~ 31075 cek. (6-9)

&Na

Korga conporusienne MeMOpaHBl ONpefieisieTcsi B OCHOBHOM KaJIHeBO#
NPOBOAMMOCTbIO, T, =~ 107% cex. B nocreaneM cayuae m u h OKasbl-
BaloTcAl OBICTPBIMH I€PEeMEHHBIMH, H MX MOMKHO HCKJ/IOYHTb METOIOM
KCK. Toraa ypasuenue (6.4) npu ycaosusx (6.8) mpeobpasyercs B

X
) 501
n* =g ]
v .\
i\ 500 000 %, ween
1950 7 T T
A \Y4
{925
L Il
bt =80 45 25  £,mE

Puc. 64. ®a3oas mirockocTs Mozenn (6.10)

Aas ynoGersa BHOpanbi mepeMeHubie (n¢, E) BMecto (E, n); | — pexUM XKAYLLEro reHepa-
TOpa; 2 — aBTOreHepalHs

Puc. 65. ®opmbl uMnysbeca B Mojensx (6.4), (6.8) — I u (6.10) — 2

CHCTEMY BTOPOT'O TOPsiaKa:

CE = gnam®h (Exa — E) + gxn® (Ex — E) + je + jos (6.10)
fi = [ (E) — n}/%. (E).

Ha nepeanem ¢ponte umMnysbca, rae Buinosnusercs (6.9), npubauxeHue
(6.10) HeBepHO, Tak KaK B 3TOM cayuae CbICTPHIMM NepPeMeHHBIMH SIB-
Jastotest E u m. IIpeneGperass 5THM OGCTOSTEBCTBOM, NOCMOTPHM, Kak
BefieT ce6s Mojienb (6.10). dasosast nmockocTh cuctembl (6.10) moka-
3aHa Ha puc. 64. Ciyuait 1 cooTBeTcTBYeT YCTOHYMBOH cHCTeMe, reHe-
pupyloueii OZMHOYHBIE HMIYJbCHl, CJAy4all 2 — aBTOKOJIeGaHHAM
(CnoHTaHHOH AKTHBHOCTH). YBeJHUEHHE NJIOTHOCTH BHENIHETo AeNoJsi-

PH3YIOIEero TOKa (j) NPUBOMUT K CABHIY H30KJHHH E = 0 U3 nosoxe-
Husi 1 B monoxenne 2. ITo3TOMy KOPOTKHI TOJNUOK BHEIUHErO TOKA BhI-
3blBaeT TeHepallMio OJHHOYHOIO HMIYJbCa, a NPHJIOKEHHE TOCTOSHHOTO
TOKa C JOCTATOYHOH IJIOTHOCTBIO NPUBOAHT K aBTOKoJeGanHaM. Mojens
(6.10) npaBHIBHO ONHCHIBAET HE TOJIbKO 3TH, OCHOBHBlE, HO M MHOTHE
Gonee ToHKHe 3ddeKTHl, ClEAYIOUE U3 ypaBHeHHH (6.4) IPH YCIOBHAX
(6.8). 'panuubl o6sacTell pas/HUHBIX PEXHMOB B JBYX MOJEJIAX COB-
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nagawt ¢ TounocToio B 1—10% . ®opma uMnysbca s obenx mozeneit
nokasaHa Ha pHc. 65. Oranyre Mofenefi CHJIBHO NPOSBJISETCS TOIBKO
[NpH ONUCaHHU NepeiHero ¢poHTa uMmny.bca, rie (6.10) naer cymecrt-
BEHHYIO NOT'PelHOCTh. B ocTa/bHOM cOBHajieHHe OueHb Xopolee.
Mozenu tina (6.10) oueHb mosie3HBl JJis KauecTBEHHOrO aHaJH3a
SKCNepHMEHTaJbHBIX JaHHbIX. Takue (u3HosOrHyeckue NOHATHSA, Kak
MOpOT, HJM aKKOMOJAUMS, ITOJYYaloT B 3TOH MOJEJH HarssjgHoe o0bsc-
HeHUe NPH PacCMOTPEHMM B3aUMHOrOQ JBHXKEHHMS XapakTepHcTuk. Ha-
JIHu¥ie TOpora IO IJIOTHOCTU BO3GYKIAIOIMEro ToKa BUAHO H3 pHC. 64.

a g

n n=0 n p=0

Puc. 66. Csssp akkoMmMoJallUH €
YCTOHYHBOCTBIO TNOJOXKEHHA paB-
HOBECH I

a — cucTeMa ¢ npaktuuccku Oecko-
HeuHOH aKKoOMORalHell;

6 -~ aKKOMOZAUHS TOJAbKO K BO36YXK-
AEHHIO Manol aMIJHTYAL!

AxkoMopauyell HasbiBaeTcsl ciefyiwllee siBJeHue: MemMOpana, BO3GYX-
Jaouasncs B OTBeT Ha Pe3KOoe BKJIOUEHWE BHEIHETO TOKa OnpejledeHHOM
IJIOTHOCTH, He BO36Y2KJaeTcs, eC/IH 3Ta XKe I1JIOTHOCTh TOKA JOCTUrdeT-
csl B pe3yJibTaTe MeJ/IeHHOTO HapacTanus. [Ipupona akkomoganun sicia
u3 puc. 66, a: 1pu pe3KoM IepeMellleHHH XapaKTEPUCTHKU U3 I10OJIOXKe-
HMA | B ONOXKeHHe 2 MPOUCXOAUT BO30YK/eHHe, ABHKeHHEe H3o6paxaro-
Llefl TOYKM CHUCTeMBbl NOKa3aHO CTpeqakod. [IpH MejjJeHHOM cMellleHHH
CHUCTeMa OcTaeTcsl B YCTOHUMBOM TIOJIOKEHHH paBHOBecHs. IlpH jgocta-
TOYHO MeJJIEHHOM YBeJHUYeHHH TMJOTHOCTH BHEIIHEro TOKa CHCTeMa.
noxkasaHHas Ha puc. 66, a, HuKoraa se Bo3byauTcs. Hanportis, cucre-
Ma, uzobpaxenHas Ha puc. 66, 6, MoxeT BO3GYAUTLCS U IPU TPOU3BOJD -
HO MaJIof CKOPOCTH HapacTaHHs TOKa, TaK KaK MOJIOKEeHHE PaBHOBECHS
CTAHOBHUTCSl HeycTOH4MBBIM. Puc. 66 NOKa3uIBaeT CBsi3b MeXAy OTCYT-
CTBHEM crocOOHOCTH K aKKOMOJALMH U BO3MOMKHOCTHIO aBTOKOJeOaHHH.
Mozienu tuna (6.10) Takxe yRoOHBI /9 aHAJH3a BJAHSIHHS Pas/idy-
HbIX BHEIIHHX (AKTOPOB Ha BO3HUKHOBEHHE CIIOHTAHHOH aKTHBHOCTH,
CHHXXEHHe TOPOroB, H3MEHeHHe J/IHTeJbHOCTH HMNYJbca H T. [.
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ABTOBOJ/IHOBbLIE ITPOLIECCHI
B PACIIPEJEJIEHHBIX AKTHMBHBIX CHCTEMAX
C JU®PY3HMOHHbLIM THUIIOM CBSI3U

B npempiayinux ryaBax paccMaTPUBANKCh COCPENOTOUEHHBIE CHCTE-
MBI, T. €. CHCTEMbl, B KOTOPBIX yCpelHeHHEe IepeMeHHbIX 110 FeOMeTpH-
YeCKOMY TMPOCTPAHCTBY IIPOUCXOAHMT 3a BpeMs, CYLIECTBEHHO MeHb-
llee, yeM XapaKTepHOe BpeMsl CHCTeMbl. B UaCTHOCTH, B cocpelOTOYEeHHOH
clCTeMe BpeMsl YCPeAHeHHs N0 TPOCTPAHCTBY 3HAYMTEJIbHO MeEHbIlle
nepuoaa KoJeGaHHH.

CocpezoToueHHbIE CHCTEMBI, KOTOpble MBI GyJIeM TaK¥e HasblBaTh
TOUEYHBIMH,  ONHCHIBAIOTCA  OOLIKHOBEHHBIMH JAu(pdepeHIHaNbHBEIMHA
YPaBHEHHUSAMH:

% = fi(%). (7.1)

Huxe 6ynyt paceMmorpens! pacnopefilelleHHrie cUcTeMbl ¢ ARGY3UOHHRIM
THUIOM CBSI3H, KOTOpble MOTYT GbITb OHHCAHbI YpPaBHEHHSIMH BHJA

Ox

—ati = fi(x) + a;Ax;. (7.2)

3 2
3nech A = Z a—z——onepaTop Jlannaca; o; paBHBI Ko3dduuuenTam nug-
7 %

dysun D; ans KOHUEHTPAUMOHHBLIX Kojebanuft cucrembr wiaun 1/RC
I pacripenefeHHolt RC-AuHUM (HanmpuMmep, MeMOpPaHBI).

¥YpaBuenus tuna (7.2) mMoryr ObITb MOJYYeHH H3 OOBIKHOBEHHBIX
InbdepeHIHaIbHBIX YpaBHEHHH ¢ NOMOIIBIO NpeleNbHOro Iepexona.
PaccMoTpuM, HanmpuMep, KBa3HOJHOMEPHYIO CHCTeMy — TPYOKY € AHa-
METPOM, MHOI'O MEHBIUHM IJIMHEI, 3al0JHEHHYIO PACTBOPOM, B KOTOPOM
UIeT XHMHYecKas peakuusl. PazofbeMm 3Ty TPYOKY Ha OTpPe3kH, 06beM
KOTOPBIX JOCTATOYHO BEJHK, YTOGBI MOXKHO GBIJIO HCHOMb30BaTh KOHIIEHT-
pauHoHHve onucaHde. 1/ 3TOr0 B KAaXKAOM OTpe3Ke HOMKHO ObITk
He MeHee TBHICSUH pearHpyiOWuX Mojekysa. OXHOBPEMEHHO OTpe3KH
JOJXKHBI GBITH JOCTATOYHO MaJibl ISl TOro, YToOBl B HUX GBIIO cnpaBel-
JIUBO YCJAOBHE UIEaNBHOrO NepeMeilWBaHus, T. €. UTOOb KaxAblil orpe-
30K MOXHO OBIJIO CYHUTATH COCPEJIOTOUEHHOH CHCTEMOH, ONUCBIBaAeMOH
ypaBHenusmu (7.1).

Ecty ruppopuHaMiuecKoe TedeHHe OTCYTCTBYET, TO OTPE3KH CBf-
3aHbl Mex1y coCOH TONBKO MOJEKyJasipHOM nudpysueii H H3Me-
HEHHe KOJHYEeCTBA BEHIECTBA B KaXKIOM OTPE3Ke MOXKeT GbITb OMHCAHO
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clenyiolileli cHcTeMOH ypaBHeHHH:
. ; D, . . .
ni = 8¢i=8f(¢) + 5 [ — 2ci + "] (7.3)

3pech n} — KOJHYECTBO MOJIEKYJ i-BellleCTBA B j-OTPe3kKe; ¢l — coor-
BeTCTBYIOLlAA JIHHefiHasd IVIOTHOCTH (KOHUEHTpauus); 6 — JinuHa OT-
peska;

ITpu 8 ~—> 0 ypaBHeHus (7.3) mepexonatr B (7.2).

B 510l rnaBe A5l ONHCAHHUA pACIIpPEleIEeHHBIX CHCTEM HCTIONb3YIOTCA
Kpome (7.2) u JIpyrHe Mozes.

Huxe Gynyt paccMOTpeHHl aKTHBHBIE paclipeiefieHHble CHCTEMEI,
T. €. TakHe, B KOTOPbIX KaxIblll 3JeMeHT IPOCTPAHCTBa SIBJSIETCH
aBTOKOJe6aTebHONH WJH TIOTeHIHAJbHO aBTOKOJeOaTeNbHOR CHCTEMOH,
TPUTTEPOM WJIM IPYIrUM YCTPOHCTBOM TOTO Xe Tuna. K nofo6HbIM cucTe-
MaM OTHOCATCS pacnpesieleHHble XUMHYeCKHe CHCTeMbl, (U3HUYECKHE
CHCTEMBl ¢ WHBEPCHOH HACEJEHHOCTHIO (HalpuMep, pabouue Tesa Jase-
pOB), HepBHHIE BOJOKHA M HX 3JeKTPOXHMHUECKHe aHaJOTH, C006-
LleCTBa KJETOK U paclpefeseHHble MNONYJIALHKH,

B Takux cucreMax MOryT HabamOJaTbCA BOJHOBBIE NPOLECCH!, Xa-
paKkTepHble NPOCTPAHCTBEHHbIE M BpeMeHHble pa3Mepbl KOTOPbIX He
3aBHCSIT OT HayaJbHBIX YCJOBHH, a HHOTHA He 3aBUCAT TakXe U OT
KPaeBBIX YCJIOBHE U reOMeTpHUeCKHX pasMepoB cHctemul. P. B. XoxJscs
NpelJiOXKUI HasblBaTh TakKHe MPOLecChl aBTOBOJNHOBLIMH 1O aHAJOTHH
C aBTOKOJeGaHUSIMH B COCPEIOTOYEHHBIX CHCTeMax.

ABTOBOMHOBBIE Mpouecchl B cOOOIECTBAX KJETOK JeXaT B OCHOBe
MEXaHU3MOB Mop¢oreHe3a, BOHHKHOBEHUS CepIeYHbIX apuTMH#l, mpo-
IIeCCOB KPaTKOBPEMEHHOH NaMATH M APYTHX TPOLECCOB, CBS3aHHBIX
¢ pacmpocTpaHeHueM BO30YXIeHHS B HEPBHBIX CeTHX.

«BosHB! XKu3HHY, KOTOpble SIBJSIOTCA CaMblM SIDKUM (beHOMEHOM
B JKH3HH NONYJALKE, PaclpPOCTPaHAIOTCS He TOMbKO BAOJb BpeMeHHOH
OCH, HO ¥ B PeajlbHOM NIPOCTPaHCTBE. .

Huxe 6ynyT paccMOTpeHH! mpolecchl, NpOTeKaollie B NMpHOIN3H-
TeJbHO OJHOMEPHOM TeOMeTDHUeCKOM INPOCTPAHCTBE, peXe —- B JBYX-
MEPHOM.

SKCIMEPUMEHTAJIBHOE MCCINEJOBAHHE
ABTOBOJIHOBbBIX [POLECCOB

Pacnpocrpanenne OXMHOYHEIX BOJIH M3y4eHO Jyulle Bcero. Masecrt-
HBle TIPHMEPHl — 3TO PAcNpocTpPaHeHHe 1OXKapa B CTeNH WM B Jiecy,
IJ1aMeHH B IOPOXOBOM IIHYpe HJIH TpyOKe ¢ roproyeil cMechblo, HMNyJibca
B HEPBAaX M aHaJOrax HEPBOB, BOJHbl 3KOJOTHYECKOTO HalleCTBHUS
UJIM 30HJeMHH. BLuIn oTMeueHbl CJedyIOLIHe OCHOBHble (PaKThl, NIPHUCY-
LIHe BCEM 3THM MpoleccaM. [lepBOHavaJbHO CHCTeMa HaXOOHTCSl B yc-
TOHYHMBOM COCTOSIHHH NOKCsi. EclH yyacToK IpocTpaHCTBa, NPeBhIaro-
ILHH HeKOTOpHIH pa3Mep, OYAET «IONOKIKEH», TO «MJaMsA» HauyMHaeT
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pacnpocTPaHATbCA Ha TNOKOALLHeCS Y4aCTKM M HOcTe MepexoIHOro
npoluecca ofpasyeTrcss CTalMOHAPHBI (PPOHT, NABUMKYIIHHACA C MOCTOSIH-
HOlM CKOPOCTBIO. DTa CKOPOCTb TeM GoJbllle, YeM GoJblile BEICOTA (PPOHTA
M 4eM HHXKe NOopor 3axKuraHus. Kpome TOro, cKopoctb pacTeT C yBesH-
genueM Kod(buimenta IUGPY3HH UM TEIVIONPOBOAHOCTH. Benex 3a
($POHTOM MJIaMeHH JBHXKeTCSl 30Ha «HeBO3OYAMMOCTH», B KOTODOH Bce
HUCXOJHOE BEllieCTBO HCUEPNAaHO H ropeHHe HeBO3MOXHO. Ilo3ToMy naBe
BOJIHBI, JBHXKYIlMeCS HaBCTpedy APYr APYTY, NDH CTOJKHOBEHHH rac-
HyT. B 6uonoruueckux cHcreMax M MX TeXHHUYECKHX aHajlorax nocnie
TPOXOXKIEHHsT BOJHBEI HAUMHAeTCSl APOUecC BOCCTAHOBJEHHS, NMPHBOAS-
uM# CHUCTeMY K MCXORHOMY COCTOSIHHIO.

OnHo#t M3 TaKHX CHCTeM fBJIsieTcsl HePBHOe BOJIOKHO, T. €. pacrpe-
JeneHHasi Bo36yinMasi MeMOpaHa, COCPeAOTOYeHHHIH BapHaHT KOTOPOH
omvcaH B npeipiayinefl raase. [IpH mepHOIHYeCKOM BO36YXKAESHHU OT
BHEIIHETO CTUMYJSATOPA BOJOKHO CMOCOOHO reHepHpoBath paclpocTpa-
HSAIOULHECS UMIYJbChI C YACTOTGH BHEILHEro BO30OYXKAeHHS, eCJH noces-
HsIST He TPEeBOCXONUT OlpellesieHHON BelHUYMHBEL. KpHTHueckasg yacrora
BO30YKIEHHsT OlpeaetseTcd. JUIMTENbHOCTBIO HeB03GyAUMOCTH (pe-
(hpaKkTepHOCTH) BOJIOKHA, NpHpoda KOTOPOH sicHa u3 puc. 64. Ilpu
M3MeHeHHH MapaMeTpOB MeMOpaHBI OHa MOXeT IepefiTH B aBTOKoOJeOa-
TeJbHLIY pexHM (COOHTaHHAN AaKTHBHOCTL). EC/AH HeKOTOpas dacThb
XKIYLUIEr0 BOJOKHA CIOHTAHHO aKTHBHA, TO OHA CJYKUT HCTOUYHHKOM
BU3OYKIEHUs, TeHepUDPYWOLLero nepuoauueckue OGeryuiye HMIYJbCHL.
MimeHHO Tak paGoOTalOT MHOTHe peLenTOph, B KOTOPBEIX YacTOTa aBTO-
KOTe6aHUH 34BHCHT OT HHTEHCHUBHOCTH BHEUIHEro BO3JeHCTBHUSI OOLIUHO
JorapHpMHUecKH —- N0 3akoHy BebGepa — Pexuepa.

Hpyroii mpumep — 3TO BOJAUTEJ]b CEPAEUHOT0 PHUTMA — CHHYCHBI
y3eJl, MpelCTaBJAAIOWUA co60f TPynny CHOHTAHHO AKTUBHBIX KJETOK,
FeHePHUPYIOUINX HMIYJbCBl, KOTOpHE, paclpoCTpPaHssichb B CeplIeyHOH
TKaHH, BLI3BIBAIOT COKPalleHHe cepana. HacToTsl reHepaliiy B HePBHHIX
KJeTKax JiexaT B JAHanasoHe OT AecSThIX replia A0 OAHOTO KHJOTepla,
a CKOPOCTH pacnpoCTPaHeHHs — OT CAHTHMETPOB /0 JeCATKOB MeTPOB
B CeKYHIY.

Ecnu nHa KoJbLO HeDBHOH TKaHH MOJATh KOPOTKOe BO30GYXKIEHHE,
To B 00e CTOPOHBI OT BO3GYXAEHHOrO0 ywacTKa MOGEryT HMNYJbCHI,
KOTOPhIE TIOracHyT, CTOJAKHYBIUHCH HAa HPOTHBONOJIOMHOH CTOPOHe
Ko1b1a. OXHAKO MOXHO GJIOKHPOBATH MPOBEIEHHE OIHOTO U3 UMITYJILCOB
no6.IK30cTH 'oT Mecta BO3GYKIEHHUS, HANPHMED, JIOKAJbHBIM OXJaxkK/e-
fiHeM BOJIOKHA. Eciu 3ateM 'GJIOK CHSITB, TO OCTABIIHHCH HMIYJbC
GyHeT UUPKYJHPOBaTh MO KoAbly. TakuM o6pasoM MOMKHO MOJYYHThb
aBTOKOJIe6anusl B pacnpeeneHHoOlN cHcTeMe, Kaxaas TouKa KOTOpoit —
XKAylui renepatop. [TOROGHBIN SKCriepUMEHT JIeTKO OCYIIECTBHTH Ha
HEPBHOM KOJbIle MeAY3bl, Ie HMIOYJbC MOMET ABUTAThCH HECKOAbKO
CYTOK, COBepLIasi COTHH Thicsiy 06OPOTOB.

JBuxKeHHe UMNYJIbCOB MO 3aMKHYTHIM KOHTYPaM CYMTAETCS BOIMOXK-
HOM OCHOBOHi KpaTKOBPEMEHHOH NaMsiTH. BOSHHKHOBeHHE LUPKYJSUMH
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obieruaercsi, ecin B KOHTYPE€ €CTb HEOAHOPOLHOCTH HJH BhIMPSAMISIHO-
1i¥e YCTPOHCTBa (CHHANCHY).

Huprynsuus Bo3Oyxmennsi ¢ GoJablloil  CTeNeHbIO BePOSITHOCTH
SBJIAETCA NPUUHHON TAaKHX BamHLIX CepLeUHbIX apHTMHI, Kak Tpenera-
nue W OGubpuansiuusg. TpeneTaHHe npeacepIuii — 3TO aBTOHOMHble
COKpallenHa npefcepAnii, He3aBHCHMBlE OT JielicTBHA BOAUTeNsT cepjed-
HOTO PHTMa, BbI3BaHHble LMPKYJsIIHed BOJHL B030YXKACHHS BOKPYT
Kakoro-Jiu6o HeBo36yANUMOTO NPENnsSTCTBUS, OOLIYHO BOKPYT BepXHeH
WIH HIDKHell nomoit BeHul. LIMpKyasiis ROAHB! BO3OYXKAEHUST BOKPYT
TIPENATCTBHS OKa3blBAETCS! BO3MOMKHOH, €011 €0 NepHMeTp J10CTaTOYyHO
BeJIHK — Gonblle NMHBLI BOJHBI BO30yXKaeHus 7. KOTopas B npeicep-
JHSX yeaoBeKa M cobakll okodao 5 cM. [lpn Tpeneranun Habm0AAI0TCS
nepHOIHYeCcKNe COKpalleHnsi npeicepaAnil. Nponcxoisulie ¢ HEHOP-
MaJdbHO BbICOKOH uacToToéf (3—9 r1).

[1pn $nbpuaasnnn OTAENbHBE YVYACTEM CepaeyBOll MBIl pasMe-
POM B HECKOAbKC MWJIIHMETPOB COKPAUIAIOTCH ¢ BBICOKOH YacTOTOH
{~ 10 rn) sezaBucuMO ApYr oT Apyra. B HTore cepile HaXoAHTCH
B CPEAHECOKPALeHHOM COCTOSHNII 1 HeCflocoOHCG HarHetath KpPOBb.

Ananus ynpounleHHOH MozeTH pacnpocTpaHenus BO3GYKIeHHS
(cTp. 159 nokasan, uro npuunHHOl (GHOPHAJASUHI MOXeT ObITh BO3-
HHKHOBeHHE TeHepaTOPOB aBTOKOJeGaHMil, NpeAcTaBAsOWHUX CcOOOH
CNHpaibHbleé BOJIHBI, KOTOPBle 00pasyloTcs NPH paspbiBe (PPOHTA BOJIHLI
BO36YK1enHA. Dta MOAelb OObICHAET OCHOBHbIE IKCNEPUMeHTaAbHhIe
$aKTbl: 1) BOSMOXHOCTL BBI3bIBaTh (GMOGPUAIALNIO IBYMS CAEIYIOIHMH
APYT 3a APYIOM BHELIHHMH Pa3ipa)KeHHsiMI, HHTEPBAJ MEXKAY KOTOPLIMH
MOXHO H3MEHSITb B NOCTaTOYKO Y3KOM AHManasoHe (MHTepBaJ YSA3BHMO-
CTH); ?) (beHOMEH KpUTHYECKON Macchl: (rOPHITALNST MOXKeET CYLIecTBO-
BaTb B NONOCKE CepACUHOH TKaHH PasMepPOM He MeHbille KPHTHYeCKOro,
3) pubpuansuus Moxer ObITb TpeKpalleHa KOPOTKHM BO3JEHCTBHeM
OYeHb CHJBHOTO 3JEKTPHUECKOTO TOKA, CNOCOGHOTC ONHOBPEMEHHO
BO30OYHTL BCe KJETKH cepalia 6e3 Hckmouenust. Onnake 10 MOCTeRHero
BpeMeHH TeXHHYecKHe TPYAHOCTH He NO3BOASAIOT HalM0aaTh CIHPAJIbHbIE
BOIHBI HETNOCDEIACTBEHHO B CEPAEYHOH TKaHM.

AsmoBornosbe npoueccol
8 pacnpedeneHpoll XUMURECKOI cucmeme

ABTOKONeGaTesbHAsA XJMHYeCKas cHcTeMa, ONNcaHHas B TJaBe
4, okasanach oyeHb YILOOHLIM OOBEKTOM S PerHcTpaliiii aBTOBOJHO-
BbIX ABJeHUH. [as TOro uto0bl NOJNY4HTb pacnpeleseHHYI0 CHCTeMy,
PeakIHIo cJefyeT NPOBOAMTL B TOHKHX TpyGKaX (0HOMepHas cHUCTeMa)
HJIH TOHKMX CJO0SIX pacTBOpa (IByXMepHas cHcCTeMa), Tle OTCYTCTBYET
KOHBEKLHA U CBA3b ocylilecTBasiercss nyteM auddyann (Zaikin, Zhabo-
tinsky, 1970). MoxHO TaKxKe HCKJIOYHTb KOHBEKINIO, HCIOIb3ys
TIOPHCTBIH  HOCHTesb, NPONHTaHHBIE pabounM pacTBopoM. Balindpu
(Winiree, 1973) npumMenna A5 3T0i 1eny nopuctoie puabTphi Millipore,
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H3rOTOBJEHHbIE H3 3DHPOB LEAION03bl, TOALUMHHOA OKOMO 1/, MM.
B kauectBe Karasiuszatopa yAOOHO HCMO.JIb30BaTh (PEPPOHHOBBIN KOMII-
JieKe KeJsesa, ofaajaoliii 60MbWHM  KO3(pPHUUHEHTOM INOT/JOWEHUs
B BHUAUMOH 00/1aCTH CHeKTpa.

ToueyHas cucTema MoxeT ObiTb aBTOTeHEpPaTOpPOM WJIH KAYUIHM
redepatopom. ®DasoBafd naockoctb MogeqaH (4.39) Aas 3THX clydaeB
KauecTBEHHO fIpeJcTaB/eHa Ha PUC. 67, rle NOKa3aHO B3aUMHOE paclo-
JIOXEHHE HYJb-H30KJIHH, 3 He HX HCTHHHOe mnoJjioxkenue. Pexum I —

>3

aBTOKO1€6aTeNTbHBIH, PeXHMbl & H S — XKAYLLHE.

y ,T:ﬁ / !
Puc. 67. Bsaumuoe pacnosoxe-
HHEe HY/b-H30KAHH Ha (asoBoil
II0CKOCTH Mojequ (4.39)
Ve ! — peHM aBTOTeHEpalLHH;
2 — B TOYeUHOH CHCTeMe — KAyuuit
peXxXuM, B pacnpepeleHHOR —
J aBTOKOJIe6aHHS € MECTKHM BO3-
OVHKASHHEM;
3 — wAyWHil pemxUM

Z

OpunouHas Gerymas BoJHA MOXeT ObiTh BO3GYKIeHa B CHCTeMe
B pexume < (puc. 67) npH CHeAYIOIHX 3HAYEHHSIX I1apaMeTpOB:
[NaBrO,l = 0,23 M, [BMK] = 0,16 M, [Fe (phen),]= 0,003 M,
[H,SO,]= 0,36 M u 14° (Zhabotinsky, Zaikin, 1973). Bos6yxaenue
NPOU3BOJMTCS KacaHHeM TOBEPXHOCTH palouero pacTBOpa HarpeTo
npoBonokoll (Winfree, 1973) WM CTEKJSTHHOH HIJI0OH, CMOYEHHOU pact-
BopoM AgNQ,;. Ckopoctb pacnpocrpaHeHust Boauel ~ 0,01 cm/cek.

[lepuopnueckue OeryuiHe BOJHbI, HCXOASIUHE W3 HEOAHOPOXHOCTH
(yuacTKa ¢ M3MeHEHHbIMH MapaMeTpaMH), MOI'YT HaG/IOfaThe BO BeeX
Tpex pexumax. B pexumax 2 u 3, TIle Bce TOUKH MpPOCTPAHCTBA
XKayuye, o61acTh HEOLHOPOAHOCTH MOMKET HaXOIUThCS B aBTOKOse6a-
TEJLHOM PeXKHMe H CAYIKHTB HCTOUHHKOM [IepHOAMYECKOTO BO36Y KACHH A
IVIst OCTAJIbHON YacTH MpocTpaHceTBa. B aToM c1yuae ckopocth pacmpoct-
paHeHHs BOJH NOCTOSIHHA H onpeje/sieTcsl CBOHCTBAMH NMPOCTPaHCTBA,
a Tepuoi CJelOBaHHS — NapaMeTpaMH B y4YacTKe HEeOIHOPOAHOCTH.
B pexume I, rie ToueyHast cucTeMa aBTOKoJeGaTesbHasi (C MepHOIOM
T,), Ha HEOLHOPOIHOCTH MOTYT IPOHCXOAHUTD ABTOKOIeGaHUSA C [IePUOLOM
T<< T,. I1py 3TOM MOXKET HMETb MEeCTO CHHXPOHU3AUHS CpPelbl BOAHTE-
JeM PHTMa, PacnosoKeHHbIM Ha HEeOIHOPOAHOCTH. DKCIMePHMEHTANbLHO
H3MepsieMasi CKOPOCTb DAaclpPOCTPAHEHUS! BOJH W B 3TOH CHTyallUH
HOCTOSIHHA. 3TO CBSI3aHO C CHJIBHOH DEeaKCALHOHHOCTBIO CHCTEMBI.
JleficTBuTeIbHO, MpH BHeUIHeHl CHHXPOHM3AUHH MyJAbTHBHOpaTopa ne-
pHOAHYEeCKUM cHIHanoM ¢ T, CyLiecTBeHHO MeHbllluM T, Mpoiece HaeT
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NPaKTHYECKH OJHHAKOBO KakK B cllyyae aBTOKoseGanuil, Tak u B clayuae
XKAYIEro MyanTHBHOpartopa (T, = oo).

Bonutens putMa Moxer GbiTb NOJYHYeH JOKaJbHBIM TOBBILIEHHEM
KHCJIOTHOCTH MJIH KOHUEHTpauuH O6poMata. OH TaKKe HHOTIA BO3HH-
K4eT Ha TeTepOreHHbIX NpPHMecAX M Ha INy3bIpbKax rasa. Bailiubpu
(Winfree, 1973), skcnepuMenTHpYst ¢ cHCTeMOH B pexuMe 3, MoKasas,
YTO OYHCTKA PACTBOPA OT NBIH H NMOKPHITHE CTEKASIHHBIX CTEHOK KlOBe-
Thl CHJIHKOHOBOH CMa3KOH NpefoTBpalliaiH MOsIBACHUE TOUYEUHBIX BOLHM-
TeNed puTMa, a AoGaBJieHHe NBIIH YBEeJMYHBAJO HX IUIOTHOCTb.

[Ipy mpoBefieHMH peakUWH B BEPTHKANBHLIX TPYOKAX AHaMETPOM
~1 cm Obisio OOHAPYIKEHO, YTO TIOBEPXHOCTL Pa3jena XKIAKOCTb — ra3
(TOYHee, ee YuaCTKH BOJIH3H KPAeBOTO YIJ1a) CJAYMKHT BOJHTESeM PHTMA
(Xaborunckuii, 1967). B 3ToM ciyuae BOJHLI pacipoCTpaHsIMCh BHH3
B1OJb TPYOKH. B 3THX omblTax pacmpocTpanenye BOJH 3aBHCEJNO He OT
MOJIEKYJISIPHOH, a OT KOHBEKTHBHOMH 1u(dy3uH, 1 HX CKOPOCTh Jexalla B
AManasoHe OT CAHTHMETPOB A0 JeCATKOB CaHTUMETPOB B ceKyHAY.IIpu
5TOM JJIHHA BOJIHB M3MEHAJNach OT CAHTHMETPOB JI0 JACCATKOB CaHTH-
MeTpoB. BsammonelictBHe ABVX BOAHTeNeH PHTMA C Pa3HBLIMH MePHOAA-
My Tenepaltid Ta ¥ Tp, pacnosioXeHHEIX B OJHOMEPHOH CHCTEME C Ile-
puomom cuHdasHuX Kojebauuil T, (rae Ta << Tp<< Ty), CXeMaTHYHO
fIOKa3aHo Ha puc. 68.

Benympuit ueHTp . Buli10 06HapyKeHO CYLIeCTBOBAHME TOUEUHBIX HCTOY-
HUKOB aBTOTeHepalMH MHOH [PHPOABI, HeXeIH BOLHTEJH PHTMA
Ha JIOKaJbHOH HEONHOPOJHOCTH. DTH HOBLIE HCTOYHHKH, Ha3BaHHbIE
BeAylIUMH nentpamu (BLI), Bo3HMKaIOT B OAHOPOAHOU cpefie B Pe3yJib-
TaTe JIOKAJNbHBIX (IYKTyalUHil KOHUEHTpaUMi NYHAMHYECKHX IepeMeH-
HBIX, T. €. OcOObIX HauaibHBLIX ycaosuil. [lepBonauanpHo Bl Gbliu
o6HapyxeHbl B pexume I, rje OHH BO3HMKaJAH Ha (oHe CHH(PA3HBIX
aBToKOJ1eGaHuit ¢ nepuogoM Ty (Zaikin, Zhabotinsky, 1970). ITeproast
kofeGaunit BL (Tpy) B OXHOM 3KClEpHMEHTE MOTYT OTJAHYaTthesl Golee
ueM B jBa pasza. Hanpumep, npu Ty = 60 cex. Tpiy H3MeHsieTcsA OT
20 1o 40 cek. INpuunHel Bapuauuil Tgy HescHel. CKOPOCTh pacmpocTpa-
HEeHHS BOJH, uexoasmux u3 BlI, Kak H B MpeJbIAyLLEM CJydae, TOCTOS H-
Ha, He 3aBHCHT OT T'py MW 3aBHCHT OT KOHILEHTPAIUd peareHTOB.

Mexanusm Bosnuksoeenuss BIL. Buiio mokasano, uro B pexume I
CPe/iHee 4MuC/IO BeAYIIHX LEHTPOB Ha eJHHHLY IJIOIaAM peakTopa
H cpeiHas dacToTa Kojebanuii BLL 3aBHCAT OT mapameTpoB CHCTEMBL,
OHH YBEJIMUHBAIOTCS ¢ POCTOM KHUCJIOTHOCTH, KOHLUEHTPALUH OKHCIHTENS
H YMEHBIIAIOTC C POCTOM KOHLEHTpALMH BOCCTaHOBUTeNs. B To ke
BPEMS 5TH BeJMYHHBI IPAKTHYECKU HE 3aBHUCST OT CIydaHHbIX 3arpsi3He-
HHIl ¥ MaTepHana, U3 KOTOPOrO H3rOTOBJEH pPeakTop. Buuin mpoBeneHbl
OMBITHl, B KOTOPBIX HKCIIOJAb30BaJHCh PEaKTHBHI, JONOJHUTENLHO OUH-
lleHHbIE OT TeTepOTeHHBIX MUKpONpUMeceii MHOTOKPATHBIM (PHIBTPOBA-
HHeM. B ApyTHX onpiTax B cHCTeMY BHOCHJM TOPOLIOK XpomaTorpagu-
uecKOH OKHCH amoMHHMA. Bo Beex cayuasx cpennee uucao BII nHa enn-
HULY niomagu u cpeauuit Ty OblIH OJHHAKOBBIMHU.

7 A. M. J)Ka6otuHckufi
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Puc. 68. BzaumopeiicTBHe BOMH OT BoAMTe/Iell PUTMA B OJHOMEDHOIl CHCTeMe

A, B — BoaHTeNH puTMa; C — TOYKA MMEPBOro CTOJKHOBeHHA BOAH oT A u B; D — 3axpatr B
BOJMIHAMH, HcxogsmuMu H3 A. CHcTeMa BOJIH OT B cyillecTBYer B TpeyrosbHKKe D EH mnoche
TOro, Kak B nepecran cyulecrBosarb. G -— HCUe3HOBEeHUe CHH(a3ublx KoJjebanmn#i ciaeBa or
A; F — nonnoe ncue3dHoBeHHe CHHGbA3HHX KojdeGanuf M CHHXPOHH3aLHs BCero orpeska OL
poauTeleM A

DTH pe3yabTaThl HAaTaNKUBAJXM Ha Mbicab, uto BIL o6pasyiores
KaK CJeICTBHE KOHUEHTPaNHOHHBIX QuykTyanuii. [IpeanonoxeHue
ObLIO TMOATBEPXKAEHO KCIIeDUMEHTOM, MoKasaBuiuM, uyro BIl moxer
BO3HHKHYTb B pe3yJbTaTe BO3MYLUEHHH JHHAMHYECKHX IepPeMEeHHbIX.

OueBHAHO, YTO €CJIH B HEBO3OYXKAEHHYIO 00JacTb BHECTH JIOKANBHO
HaJMOPOrOBYID KOHLEHTDPALMI0 aBTOKATadH3aTopa, TO M3 3TOH TOYKU
HayHeT pPacOpOCTPAHATLCA OAMHOYHAS BOJHA OKUC/IEHHS — 3TO TPH-
BHaAbHbLl 3(¢exT. HerpuBHATbHLIM (AaKTOM fBJAseTCH BO3MOMXHOCTD
BO3HUKHOBeHHS B 3TOH Touke Bll. HaxanoporoBasi KoHueHTpaIHsi MOXET
o6pasoBaTbcsl Takke B pedyibrate QVIYKTyauui.

OKCNEePHUMEHT NPOBONMJICA CJeAYIOUMM 00pasoM: H3 IepefHero
¢ponTa BHeluHeit BoHBI 0fHOro U3 BLL Manbli 06beM pacTBopa nepeHo-
CHJIM B Kakyl-IuCo TOYKY 06]acTH, CBOGOAHON OT BOJHBLI, B MOMEHT,
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Puc. 69. Beaymuii uentp

YHTepBaJH MeXAY KaapaMn (I —]2) 30 cek.; HCXOAHble KOHLEeHTpauuu (B Moasx/a); BMK
0,16; NaBrOs — 0,23; Fe(phen); — 0,003; H.SOs — 0,27; ¢ = 20°C; Tpp =~ 55 cek.;
v = 0,01l cwm/cek; 7~Bu =~ 0,556 cM

KOrza 3Ta 00J4aCTh HaXOfuJlach B BOCCTAHOBJIEHHOM COCTOSIHHH. B 3Tof
tTouke BosHHKaJ BIl. OnucanHas npounefypa COBepIIEHHO He M3MeHSeT
napameTpsl CHCTEMH!, TaK KaK B CHCTEMY HHUYero He BHOCHTCSI H3BHe.
Brinio moxasano, uro cama mpoieaypa mnepeHoca He mopoxpaer BIL,
NIOCKOJIbKY TepPeHOC U3 BOCCTAHOBJIEHHOH 30HBI B BOCCTAHOBJICHHYIO He
JaeT HMKAKOro BHaumoro stdexra. BIL ofpasyiores u B ysKoil 30He
napamMerpoB, TLe ToueuHasi CUCTeMa CTabW/IbHA (cuTyamust 2, puc. 67).
B 3ToM ciyuae B cucTeMe OTCYTCTBYIOT CHH(pasHble KojaeGaHHs To.
BIL B nByxMepHO#i cucTeMe NOKasaH Ha puc. 69.

B pexumax I u 2 (puc. 67) BIL nocie cBoero BO3HHKHOBEHHS CY-
II[eCTBYET [0 TeX MOp, [OKa He OyAeT YHHUTOXKEH BOJTHAMHU OT COCERHEro
BIl ¢ menbinM nepuomoMm koJebGaHuil. MiMeerca BecbMa yskas 3oma,
paspensiiolass ob6nactu pexumoB 2 u 3, rie Bl mocie cBoero Bosuuk-
HOBeHHU# KHBeT 3—5 nepuonoB Kojebauuil. TakuM o6pasoM, B pexkuMax
2 1 I cyllecTBYIOT JOKaJbHO ycTOHYMBLHIE aBTOKOJNeOaHHs Tuma BII,
‘a BOJIM3M TPaHHIB Mexay & H 3 — HeycToHuMBHle (3aTyXalolLlue)
KosneGannss Tuna BII.

PepepOepatop. Brile ObiIo [OKa3aHO, UYTO BOJIHA MOXKeT 6exXaTb
IO KOJbLly. TOYHO Tak 2Ke OHa MOXeT JBHTaTbCA B IBYXMePHOH cpede

7*
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Puc. 70. PepepGeparopbi (/—8), NOsSBHBIUHECS B pe3yJsibTaTe N pHHYAUTENbHOTO Pa3-
PHIBA BOJIHEI

VYcaoBHA TaKue ke, KaK H Ha puc. 69; Tp =~ 15 cek.; Ap = 0,15 cM

BOKpyr orBepctusi. Bunep u Posen6mor (Wiener, Rosenblueth, 1946),
aHaMU3UPYs YNPOLIEHHYIO MOAeNb (cTp. 159), mokasanu, 4To B ycTaHO-
BHBILEMCS pe3KHMe BOJIHA 00pasyeT cnupalb. ta CHPasb SBJISETCS pas-
BEPTKOH (3BOJIbBeHTOH) oTBepcTHs. CnHpaJsbHas BOJNHA MOXKET 3aKpy-
YUBaTbCSl HE TOJBKO BOKDPYT NOCTOSIHHOTO MpPENSITCTBHS, HO ¥ BOKPYT
co6cTBeHHOro pedpaxkTopHoro xsocta (Bamaxosckuit, 1965). [Las Toro
yToObl MOJAYYHTh CIHPATbHYIO BOMHY (peBepGepaTop), HYIKHO pasop-
BaTh (POHT IJIOCKON HJIM KPYTOBOH BOJIHBL.
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SKcnepUMeHTaNbHO peBeplepaToph! GbLIM MOMYYEHBl NYTEM MeXaHH-
yecKoro paspsiBa ¢ppoHta BonHbl (JKaborunckult, 3aukun, 1971; Winf-
ree, 1972). Ha puc. 70 noxkasana noc/efoBaTeJbHOCTb KaPTHH, BO3HH-
KaloUUX NocJe pas3pblBa KOJbLeBOH BoJHB. Buano, kak cBoGoaHble
KOHUBI OTPE3KOB BOJIHBl 3aKPYYHBAalOTCs, 00pasysi cnupald. B Hrore
B peakTope YCTaHABJIHBAaeTCHd CTalMOHAPHBIM peXuM. Boanukaer 06-
J1acTb, BHYTPH KOTOPOil UMeloTcst peBepGepatopbl. OHU 06pa3yioT naphbl
TaKHM 06pa30M, UTO BHellIHHe KOHIILI HX BOJIH 3aMKHYThbl APYT Ha Jpyra.
Ot 310H 06JiacTH PacnpOCTPABSIIOTCS KOJIbLEBbIE BOJHBI, COCTABJIEHHBIE
H3 OTPe3KOB BOJH BceX peBepCepaTopos.

HyXHo oTMeTHTB, U4TO BHEIIHHH KOHel BOJHbI, 06pa3yioileil peBep-
6epaTop, JHG0 3aMbIKAETCH Ha BHENIHHH KOHE! BOJIHEI APYTOro pesep-
6epatopa (o6pa3ys napy), 1160 ABHKETCS, yIUpasich B CTEHKY peakTopa.
ITepnonsl komeGanuil Tp (M COOTBETCTBEHHO JUJIHHBI BOJMH Ap) BCeX
peBepGepaToOpPOB B ONHOM OINBITE ONHHAKOBHl H ONPENENSIOTC JUTHTENb-
HOCTBIO nepuoaa pedpakTOPHOCTH 1Jis1 BO3OYKAEHHSI COOCTBEHHBIM HM-
nyJabcoM. B onmHcaHHBIX 3KCHepHMeHTaX

Tp < TBu < T,.

PpOoHT BOMHB! MOXKET Pa30pBaThCsl NMPH €e NPOXOXKAEHHH [0 HeoA-
HopozHO# cpene (Kpunckuii, 1968). PaspniB NpOUCXOAMT Ha rpaHHile
HEOIHOPOIHOCTH. DKCIepHMEHTANbHO peBepGepaTopbl OblIM MOMYYEHb!
B pe3y/bTaTe pa3pbelBa (pPOHTA BOJHBI HAa TPaHHUIE ONJIACTHA C MOHHIKEH-
HOH KHCJIOTHOCTBIO cpeanl (puc. 71).

Crauuonapunie nepuoanueckue cTpyktypnl (CIC). Triopuur npen-
cKasaJ, YTO B OJHOPOZHOH pacmpeleleHHOH cHcTeMe c AHpdy3Hed,
rje HMIeT aBTOKaTalHTHUYeCcKasi peakUus, MOT'YT BO3HHMKATL MepHOAH-
yecKHe B NPOCTPAHCTEE H CTAllHOHADHEIE BO BPEMEHH pacnpeneseHHA
KOHUeHTpauuit (ctp. 164).

Pexumer, Buemne 6auskne x CIIC, ObIH NOJydYeHbl SKCIepPHMeH-
TaJlBHO TPH NpPOBEIeHHH peaxilMd B BepTHKaJbHHIX TpyOkax (Busse,
1969; Herschkowitz-Kaufman, 1970; Beck, Varadi, 1971). B stux
yeaoBuax obpazoBande CITC MpOHCXORHT CJenylolmuM o6pa3oM: BOJTHA
OKHCJIEHHS] PACIPOCTPAHAETCS BHU3 O1 IIOBEPXHOCTH pasjesia pacTBop —
ra3. [Ipu npubinxkenuu ¢poHTa BOJHB KO JHY HUJIHHAPA CKOPOCTb
H JJIHHA BOJHHI YMEHBIHAKTCH, H BOJMHA OCTAHABJIHBaercs, He JOXOAs
Jo nHa. Cnenymouiast BoJiHa BefleT ce6s Tak XKe M OCTaHaBJMBaeTCs, He
IOXOAsl IO npenplaylieii MPUMEPHO Ha Takoe e paccrosHue. Tak obpa-
3yeTcsl NepHoJHYecKasl CTPYKTYPa H3 FOPH3OHTANbHBIX ¢/10eB. B nonob-
HOH cHCTeMe 3aBeJJOMO HMelOTCH HeOLHOPOLHOCTh (rpaHMIa pasfena)
M, NO-BHIHMOMY, cJalble BepTHKaJbHbIE T'PaJHeHTHl KOHIEHTpaluHi
H TeMIepaTypsl.

Meur va6moganu CIIC (Zhabotinsky, Zaikin, 1973) B ropusonTa/ib-
HOM KaHaJe ceuenneM 1 X 1 mau 0,7 X 0,5MM ¥ B TOHKOM CJIO€ PACTBO-
pa. B ropusontanbHoM KaHasle ofipasyercsl GMH3Kas K TNepPHOAHYECKOH
HernoABHKHas CcTPyKTypa. Bosnukaer oHa c/efylOIHM 00pa3oM: B HC-
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Puc. 71. Pesepdepartopsl (—12), Bo3HMKIIME Ha rPpaHHIle HEOXHOPOXHOCTH

HeogHopoanocTb I10J1yueHa MECTHBIM CHH)KEHHMEM KHCJIOTHOCTH; OCTaJbHble YCJOBHS -CM.
nopnuch kK puc. 70

XOJHOH CHCTeMe BeCh KaTalu3aTOp HaXOJUTCS B BOCCTAHOBJIEHHOM COCTOS -
Hud. CnycTss HeKOTOpOe BpeMsi B HEKOTOPBIX MecTax (MHOTAa B KOHIE
KaHaJla) IPOMCXOAMT Nepexol B OKHCJIEHHOe cocTosiHHe. Pasmep okwc-
JeHHOro yuacTka 1,5—2 mm. 3ateM Ha paccTosiHMH Okoa10 0,5 MM OT
3TOrO y4aCTKa HauWHaeTcsl OKHCJeHHe M oGpasyercsl BTOPOH TaKOH Ke
y4acTOK H T. A.

- BosnukHOBeHue, 3sosonuss u ucyesnosenre CI[IC B mByMepHOH
cHcTeMe nokasaHsl Ha puc. 72. 3pech C[1C Takxe BO3HHKAaeT He cpasy
BO BCEM peakTope, a B OTHeJNbHbIX YYacTKaX, OTKYJa PacnpocTpaHseTcs
Ha BCe INPOCTPAHCTBO. DJIEMEHTHl 3TOH CTPYKTYPH! yKe Habmofaiauch
pasee mpH HCCNefOBAaHMH pacHPOCTPAHEHHsT B IPOCTPAHCTBE aBTO-
KaTaJluTHyecKoH peakuun (BaBunun, 1971). [pu onpeneseHHBIX napa-
MeTPax OYarH OKHCJEeHHs 06pa30BLIBAJMCh HA HEKOTOPOM PaCCTOSIHHH
nepej GPOHTOM peakuuu. 3aTeM 3TH OdYarH POCHH, CJAHBAsIChb C 30HOH
oxkHcnenusi. dra C(IC nabmonaercss B YHCTOM BHIe B 06J1aCTH Inapa-
METPOB, TAe OTCYTTBYIOT cHH(pasHble KoneGanus Ty u BLl. Mwmeetcs
y3Kasi 30Ha napamerpos, B kotopoii CI1C u BI] cocyutectBytor. Kpome
toro, CI1C mposiBasiercst B o6JacTd cuHGasHbIX Kode6anuit (T) B MO-.
MEHTHl Ilepexojia B OKHCJEHHOe COCTOSIHHE.
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Puc. 72. SJuencrast cTpyKTypa

TlociepoBaTe/bHOCTh KaApoB (/—9), CHATBHIX ¢ MHTEPBAJOM B 2 MHH., AEMOHCTDHUPYET mnepe-
XOj Kara/Jusaropa H3 BOCCTAHOBJEHHOro (Kaxp 1) B OKHCJEeHHOe cocTtosnHe (Kazp 9); nepe-
XOJ CONPOBOXKAAeTCs INOsIBJeHHEeM H HCYe3HOBEHHEM IPOCTPAaHCTBEHHO-OPTaHH30BAHHBIX He-
OAHOpPOAHOCTeA; HMCXOAHble KOHIEHTPalHH (B Moasix/a): auerunaumerod — 0,05; NaBrO; —
0,05; Fe(phen)s — 0,0004; H:SO4— 0,5, T = 20°C

Bce BhimeonucaHHble 3KCIEPHUMEHTHl ObLIH IPOBeleHb! B 3aKPbITOH
CHCTEMe, Tjie CTporas CTallHOHapHOCTb OTCYTCTBOBaJsa H3-3a pacxoia
peareHToB. [105TOMY BpeMsi *KH3HH MPOCTPAHCTBEHHEIX CTPYKTYP ObLIO
KOHEYHBIM.

Tpexmepublie CTPYKTYpbl. HabaoieHe B TpeXMEPHOM MPOCTPAHCTBE
TeXHUYECKH CJIOKHO, XOT $ICHO, 4TO BCE CTPYKTYpLI, CYLIECTBYIOLLHE
B OJHO- U IBYXMEPHOM CJy4asiX, JOJKHBI CyL1eCTBOBATb H B TPEXMEPHbIX.
Hawm uspenka yzaBajoch Habaiogath cepHUecKHe BOJHBI, HCXOASLLHE
u3 BII. Baiiudpu (Winiree, 1973) obuapyxua u ommcal cnupanbHO
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3aKPYYEHHYIO IIOBEPXHOCTD, SABJSIOULYIOCS NPOCTHIM TPeXMepHBIM 0606-
meHneM peBepGeparopa. 3T1a CTPYKTypa BO3HHKAeT NIPU Pas3pbiBe MJIOC-
KOro HiH cepuueckoro GpoHTa BAOAL HEKOTOPOH JIMHHH.

PACITPOCTPAHEHHE BOJIH
B OAJHOMEPHOM BECKOHEYHOM IPOCTPAHCTBE

Pacnpocrpanenne ¢ponta xumudeckoit peakumn (Ppank-Kamenen-
kuil, 1967). PaccmorpumM anddpysHoHHOE pacnpocTpaHeHHe XHMHYeCKOH
peakiuu ¢ noporoM. OIHOA U3 MpOCTEAMINX PeaKLHUil 5TOro THNA ABJA-
eTcsl OnHcaHHas B raBe 3 epMeHTHasA cHCTeMa ¢ cyGCTPaTHLIM yrHeTe-
HueM (3.48)—(3.49). byzmeM cunTaTth, YyTO PEPMEHT «3aKpelleH» H B NPo-
cTpaHCcTBe MoxKeT AnGhyHAHPOBAaTh TOJABKO cy6Gerpar. Toraa oxHoMep-
Hast pacnpejlefieHHasl CHCTeMa ONHCHIBaeTCsl ypaBHeHHeM

ds S 0% .

W’k(a_gc_—1+G+T52)+D5§' (74)
O6o3nauenusi Te xe, uto B (3.48) u (3.49), & = kse/K,. B (7.4) Bcero

IBa pasMepHEIX mapamerpa: k u D, KOTOpble OnpefesiloT Xapakrep-
HYIO JUIHHY:

=1 2. (7.5)

OTtHolenne Ay K IJuHe peaktopa (L) nokasbiBaeT CTeneHb pacnpeiene-
HocTH cucteMbl. Ecan

M1, (7.6)

TO CHCTeMa COCpeAOoTOYeHHasi, B IIPOTHBHOM Cydyae — paciipeieleHHas .
BBenem Ge3pa3MepHble paccTOsiHHE H BpeMSi:
g
n= o ! T= kt,
Torfa (7.4) mpuoGperer BHL:
ds G 0%
T T TFeqt® T o (1.7)

Ecau B momenn (7.7) moxeT pacnpocTpaHsThest (PPOHT —peakildi,
T0 Ge3pa3MepHasi CKOPOCTb IBHKeHHS (poHTa (x) GyIeT 3aBHCETh TONb-
Koora, Buy. Peanpnasi pasMepHasi CKOPOCTb CBSI3aHA C % BbIPaXKeHHEM

U= % I/k_D (7.8)

Ypasuenus (3.49) u (7.7) uUMEIOT TPH [OJNOXKEHHS PaBHOBECHS:
0<< 6;<< 6, << 6. 6; U G5 YCTOHUHBEHI, G, HEYCTOMUKBO. TIpeanonoxum,
4TO ToueyHasi cucreMma (3.49) HaxoAuTcs B COCTOSIHMH o;. Torjia, ecau
B pe3yJibTaTe BHEUIHETO BO3JieliCTBUA UM QIYKTYalUuH G cTaHeT Gosblile
Gy, TO CHCTEMa IepeldleT B COCTOSIHUE Gj.

=a—f5
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PaccMorpum  Tenepp pacnpocTpanenue (poHTa peakunH BIOJAb Gec-
KOHe4HOH ocH. [TycTh cHcTeMa Ha yyacTke (—oo, 1),) HaXoauTes B CO-
CTOSIHHH Gy, a Ha ydacTke (1y, ©0) — B COCTOSIHHH &;. Tora B pesyiib-
Tare qupdysHH KOHUEHTpalHs ¢ OyIeT PACTH CIPaBa OT M)y H YMEHbIIATh-
csl ceBa OT 1y. Mbl paccMaTpHBaeM HeCHMMETPHUHBIA BapHaHT G, —
— 6; <€ 63 — Gy. OueBHIHO, YTO B 3TOM CJydae MOPOrOBOE 3HaUeHHe
6, OYZET AOCTHTHYTO paHblle CIPaBa OT 1)y, B Pe3yJIbTaTe UEr0 CHCTEMA
B TOUKe 1, |- £ Nepelifier B cocTosiHue o3. [lamee 3TOT npouecc 6yaer
npononKatbesa. [1peanosoxuM, 4To npolecc mnepexofa S; — Gy Ipell-
cTaBJsisieT coOOH CTallHOHAPHYIO BOJIHY, PaclpOCTPaHSIOMYIOCH BJIOJb

G

Puc. 73. Pacnpocrpanenue
(bpoHTa XMMHYECKOH peaKuuu

3

OCH 1) C NOCTOSIHHOH cKopocThio % (pHe. 73). Toraa B cucteMe Koo au-
HaT, ABHXKYUIEHCA C NOCTOAHHOH CKODOCTBIO X,

M= "N—x%T (7.9)

npoguas ¢ 6yleT 3aBHCeThb TOJNBLKO OT OXHOH KOOpAHHATH 1);. Yacro
BMECTO 3aMeHbl KOOPAHHATHI (7 9) y106HO HCNIONB30BATh 3aMeHY BPEMEHH

=r—
p—r—1. (7.10)

B aToM cayuae s 6yner dyukumeir Toabko 0, u ypasuenue (7.7) npumer
BHJL

ds 5 . d*s
-55: ——Bﬁ—m ‘r‘ad—G‘f— (6)+ad92’ (7'11)

rie a = '/x* — noka HeonpeleseHHBIH NapameTp.
Mul umem pemesne o (6), yaoBieTBOpSIONIEE YCIOBHAM
ds

=0 =35 1mpu 0=—r0 (n= ),
ds (7.12)
-E_:O’ G=20; Ipn 0 = o0 (= — )

Paccmorprm dasoByio miiockoets ypasaenust (7.11), uso6paxkennyio
Ha pHc. 74. BHIHO, 4YTO NONOKeHUS] DaBHOBecHsi ypaBHenuit (7.7)
u (7.11) coBnajgaioT. XapaKTepHCTHUECKOE YPaBHEeHHe, COOTBETCTBYIO-
mee (7.11), umeer Bunx

M — o\ -+ A =0, (7.13)
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rae o = l/a; A = a'09/do; @ > 0. Kak O6b10 nOKa3aHO Bbillle
(puc. 15),

el e aQ
ol <% 5le= 0 56, <O

CaenoBate/IbHO, 0y U 03 — Cella, a 0, — Hecely10. [103TOMY HCKOMOMY
petenuio (7.12) Ha ¢a3oBoil miockocTH cuctembl (7.11) cooTBercTBYyeT
cemapaTpuca, HAyllash H3 celja o, B Cel1o oz. MaBectno (Aunponos
¥ ap., 1959; AnzgporoB u ap., 1966), uto 310 — Herpy6uiii cnyuai,
OCYLIECTBASIIOIUACA NPH ONHOM 3HAa4YeHHH mapaMeTpa &, KOTOpoe

de/dt Puc. 74. ®asoBas IJI0CKOCTb
ypaeueHu s Gerymeft Boans (7.11).

Cenaparpuca HAST H3 CeAsia 0; B CeAJIo
Oy NPH EAHHCTPEHHOM 3HaUYeHHH Na-
paMerpa 4, COOTBETCTBYIOLeM €RHH-
CTBEHHOH CKOPOCTH BOJIHBI

ollpelleiieT €AMHCTBEHHYIO CKOPOCTb JBHKeHHs ¢ponTa. Konamoropos,
[letpoekuii M IIuckynoB (1937) moxkasanm, 4TO pelleHHe ypPaBHEHHS
(7.7) npn f — oo aCHMNTOTHYECKH CTPEMUTCS K 3TOMY peLIeHHIO ypaB-
wenusa (7.11).

Kak yxe roBopusoch, BeJIMUMHA @ 3a8BHCHT OT BHIa ¢, T. €. OT napa-
MeTpOB ¢, P, y. CuabHee Bcero a 3aBHCHT OT OTHOLLEHHUS BHICOTHI (PpOHTa
K BeJHYMHe AOpora, T. €. OT BeJHYUHEI

b =3 (7.44)

Gz — &1
Ecau b Menbilie onpeje/ieHHOH BeTHYKMHBI, PACIPOCTPAHEHHE CTAllHOHAP-
HOTO (pOoHTA HEBO3MOXKHO. B KOHKDeTHHIX caydYasix a onpefensiercs
YHUCJIEHHO HJIM NPUGNHMKEHHLIMH METOJLAMH.

Pacnpocrpanenue umnyabcos. ToueuHasi cucTeMa, cnocofHAsT TeHe-
pUpPOBaTh OJMHOYHBIE HMIYJbCH H aBTOKOJeGaHMS, OMNHUCHIBAETCS MO-
JeJIBI0O He HHUXKe BTOPOro INOPSIAKA:

x=fxy, §=gxuy. (7.15)

B npoctedinem cayyae, KOrAa B NPOCTPAHCTBE MOXKeET IU(dHYHANPOBATD
TOJBKO ORHA nepemennaﬂ, Moledp HpHOOpeTaeT BHA

=7 —f(x J)+D aig , —g—f = g (x, y). (7.16)

B 3TOM caiyuae 3ajnaua o BOJMHE, IBUXKYIIEHCSH C TIOCTOSHHON CKOPOCTBHIO,
CBOAMTCSI MOCJde 3aMeHbl BpeMeHH T = f — E/fu K MofeNd TpeThbero
nopsjka:

E—fep 2L B gy, (7.47)
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Omnpezesienre CKOPOCTH OAMHOUHOIO MMIYJIbCa — 3TO 3ajiaya 06 OThIC-
KaHHH TPaeKTOPHH, BLIXOAsfllell H3 celJoo0pasHOd 0co0OH TOYKK M
BO3Bpalllalolllelicss B 3Ty Ke TOYKY. AHaJHTHYeCKOe HCC/eloBaHHe
yxKe 3Toli mpocrteiileli npoGleMbl BechMa 3aTpyAHHTeNbHO. Bo Beex
KOHKPETHBIX CJAy4YasiX CKOPOCTb ONpENeNAETCA UYHCIEHHBIM DPacyeToM.
CTOUT OTMETHTDb, UTO €C/IH aMIJINTYIa UMIYJIbca MHOTO GoJbllie N0pora,
TO CKOPOCTb €r'0 PaclpOCTpaHEHHS 3aBHCUT TOJBKO OT XapPaKTePUCTHK
(bpoHTa U MOXKeT GbITb MOJyYeHa NMyTeM peliiends 3ajaud tvna (7.11),
(7.12).

Puc. 75. UMnysbe B Mojesnt ¢ Tpe-
M$l COCTOSIHHAMH (@) ¥ TMepe3anyck
JBYX 3JIEMEHTOB B MOJEJH C TPeMsi
cocTossHU SIMH (6)

TR — AAATEJIbHOCTH COCTOSIHHSA BO3-
OyMELHUN;

Tp — A/UTENBHOCTD COCTOSIHHA pPed-
PaKTEPHOCTH .

[lepuoanyecko#i nocsenoBaTelbHOCTH GeTYUIHX BOJH COOTBETCTBYET
B (7.17) mpenearpnnlii OUKJ. IIpenenbHblil NUKI — TpyGast CTPyKTypa,
[03TOMY OH CYHIeCTBYET He NDH eIHHCTBEHHOM 3Hauenuun D/v?, a Ha
HHTepBaJe H3MeHeHHH 5TOro mnapaMerpa. (CneloBaTesbHO, HMeeTcs
KOHTHHYYM CKOpOcTeHl pacnpocrpaHeHUsi. B peasbHbIX CHCTEMaxX U3
3TOTO KOHTHHYYMa ¢ NOMOILBIO KPAeBHX YCJIOBHH BRIOHpaercs MIHCK-
petunil paa. Tax, HanpuMep, NPH pacHpoOCTPaHEHHHU BOJIH 110 3aMKHYTO-
MY KOMBLY B CTAallHOHAPHOM CJlyuae Ha KOJbLE JOMKHO YKAaIblBaThCs
IeJoe UHCJA0 BOJH.

WIEATIM3UPOBAHHAS MOJEJIb AKTHUBHOM CPE/bBL

[Ipu padote ¢ Mofieasimu THNa (7.2) Gosplliie TPYAHOCTH BO3HHKAOT
Jaxe NPH pellleHHH npocTefimiell 3afauu onpeaeneHHsI CKOPOCTH OXHHOY-
HOTO MMIyJibca. [103TOMY AJS1 aHAIH3a CI0XKHBIX PEKHMOB pacnpocTpa-
HEeHUs! HCNOJB3YIOTCA YIPOUIEHHBlE MOJENH.

PaccMoTpuM Mofe/lb, B KOTOPOH Kamzas TOYKa cpelbl MOXKeT Ha-
XOAMTLCH B OJHOM M3 TPeX COCTOSiHMH: Mokoe, BO3OYKIeHHH, pedpak-
tepHoctd (Wiener, Rosenblueth, 1946; D'enpdanx, Leraun, 1960;
Kpunckuii, 1966, 1968). ®opma uMnyJjbca B TaKoH MoAe/NH NOKa3aHa
Ha pHc. 75, a. Ecnn Ha Touky, HaxoAsilylocs B [OKOe, IIOLATh BO3GYX-
JleHHe, OHa nepelijieT B BO30yXKAeHHOe COCTOsIHUE, B KOTOPOM OYJeT Haxo-
JIHTBCA B TeyeHHe BpeMeHH Tg, 3aTeM nepefifeT B pedpaKkrepHOe COCTOS-
HHe MJIHMTeNbHOCTBIO Tp M 3aTeM CHOBAa — B COCTOSIHHE IOKOSI. JTO
MoJliesb KAyweH cpedbl. B croHTaHHO-aKTHBHOHR (aBTOKOJMeGaTelbHOMH)
cpezie TouKa, BHIHAA M3 Tp, BO3OyxKaaeTcs caMONMpoU3BOJIBHO. B cocros-
HuH Tp TOuka He MOXeT ObITh BO36yxjena. Ilo IOKosuielicss cpene
BO30YKJleHHe [BUTaeTcsl C NOCTOSHHOH CKOPOCTBIO U. BeKTop cKopocTH
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nepneHAnKYyAsipeH ¢GpoHTY BoJHb. Ha Tako#t MoxelH oueHb Jerko
NOKa3aTh, KaK BO3HHKAIOT Belyillue LEHTPHl H pesepbepaTophl.

Beaymuit uentp — nepesanyck (Kpunckuit, 1968).

1. T1yctb ABa 37eMeHTa CBS3aHBl H HAaXOAATCH B COCTOSIHUH INOKOS.
Torpa ecnu BO36YAUTH OLMH 3JEMEHT, TO BTOPOH Takxke BO3GYIHTCH
C HEeKOTOpO#l 3alepxKoil T'. DNIeMEHT B COCTOSHUH pedpaKTEPHOCTH
He MOXeT Bo36yauTbes. IT1ycTh nepBblfl 3/leMeHT BO3GYXJAeH B MOMEHT
t = 0, Bropoit B ¢ = A. Ecan BBectH dasy (¢), onpu f =0 ¢, = 0,
a @, = —A. Jlns rtoro utobBl BTOPOl 3JEMEHT 3aNycTW/J IepBhIf,
Heo6X0MHMO, YTOOH BHINOMHSJIOCH HepaBeHCTBO T + Tp << A 4 T,
IMocnenywliuii 3anycKk MNepBbIM 3Jd€MEHTOM BTOPOrO BO3MOXKeH IIpH
YCJIOBHH QTB —+ Tp > A =+ TB -+ Tp.

Taxum oOpa3oMm, AIJas TMepe3anycka HeOGXOAHMO

Tp< A< Th. (7.18)

2. Bo3bMeM HENpephIBHYIO JHHHIO, COCTOSILIYIO M3 ONMHCAHHBIX 3Je-
MeHTOB. 3alajiiM HayaJbHble YCJIOBHS:

t=0, TP<A<TB’
Xx>xy, u=ug, ¢=0, (7.19)
x<xy, U=up, ¢=—A.

Torma Touka Xy CTaHET IMepHOAUYECKUM HCTOYHHKOM BO36Y)K}I€HPI$I,
OT KOTOPOI'O BOJIHLI 6YIIYT pacnpoCcTpanAThCA MO BCEMY OTPE3KY Mmole-
peMEeHHO TO Halpaso, TO HaJNEBO.

Ecnu 3anath CUMMETpHUHBIC HayaJ/JIbHBIC YCJOBHA:

t=0, TplALTg,
xy < x < K, U = Uus, ¢ =0,
— ool x <Xy
Xy <lx< 00

TO y4acTOK (X;, X;) CTaHET CHMMETPHYHBIM HCTOYHHKOM BO30YXKIeHHS,
aHAJOTHYHBIM HaOJI0aeMOMY B 3KCHEepHMEHTe BelylleMy LEeHTDPY.
Cnefyer 3aMeTHTb, YTO eCTECTBeHHbIE BO3MylleHus (PaykryaunH)
1 OGBIYHO NPHMeHsieMble HCKYCCTBEHHbIE BO3MYILEHHS JIOKAABHEl H HMeIoT
CHMMETPHYHOE KOJOKO/N00Gpa3Hoe pacnpelesieHHe KOHIEHTpaIui.

PeBepOepatop. OGpasoBaHue cnupanbHOH BOJIHBI, BCJIENCTBHE Pas-
pbiBa (poHTa, moKazaHo Ha puc. 76 (BanaxoBcku#t, 1965).

Cpepa ¢ HeopHopopuocTbio (Kpuuckuil, 1968). [ns Bo3GyxueHHs
BelyllUX {eHTPOB H peBepGepaTOpPOB Ha ORHOPOAHOH cpeje Tpebyercs
3aJlaBaTh pa3pLIBHbie HauasbHble yciaoBus. Ha HeognoponHo# (HampH-

(7.20)
}, u=up, ¢=—A,

1 BesnnuKHa T Moxer GhiTh OYEHL MalaH B AajbHelilieM He Gy/leT NPHHHMATLCS BO BHH-
MaHHe. Ycia0BHe T 5= 0 HYXKHO JIMIB AJ15 TOTO, YTOGH! 10 JIMHUH, cocTosue n3 onu-
CaHHLIX 3JIEMEHTOB, BO30YyXKJAEHHe PacnpOCTPAHANOCH C KOHEYHOH CKOPOCTHIO.
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Mep, Mo AJuTeNbHOCTH pedppaxTepHocTH Tp) CDele pasphiBbl BOSHHKAKOT
NpH Nofaue BO3OYKIEHHS Ha CPely OT BHEILHero reHepaTopa.

1. BosHukHoOBeHHe mnepe3anycka (3Xo0). Bose-
MeM OTpe30K, COCTOSIIUMEA u3 1ByXx noioBuH. CieBa Tp MeHblle, ueM
cnpaaa

8§+4+Tp,=Tp, Tg,=Tp >Ts, (7.21)

ByzneM Bo36yxaaTh KOHeL JIEBOTO yUacTKa ¢ MUHHMAJIbHBIM BO3MOXKHEIM
nepuogoM T == Ty, -+ Tp,. Jlerko BHJeTH, uTO H3-3a 3ajE€pXKeK,

M oM oM oM oMM TN
A BB D BlD 8lD
e
N NN N N

N N
0 1 2 § 4 J 8

Puc. 76. Iunamnka o6pasosans pepepGeparTopa U3 paspbiBa (GPoHTa BOMHBL B MOLENH
C TPeMs COCTOSIHHM SIMH

JKHMpHasi NuuMA 30HA BO3OYXKAEHHS, 30HA pebpaKTepHOCTH 3awTpuxoBana. ABC — JAHHusA
paspuBa ¢ppoHTa BoaHB. 0—8 — nocsegoBaTesbHbBle MOMEHTHl BPeMeHH TOcse pasphiBa PpoH-
Ta. MN — nosoxenue ¢ponra B Momenr 0,:

NPOMCXOASIIHX Ha HEOJHOPOAHOCTH, MOXET BO3HHKHYTh obpaTHas
BosiHa. HoMep uMmnyJibca OT BHEIUHETO CTHMYJATOPA, NPH KOTOPOM I10-
ABJIsieTcsl OTpaXKeHHe, paBeH:

T
LSRR PP (7.22)

Ecau, nonaB n HMNyJbcoB, BBHIKJIOUHTbL CTHMYJATOD, TO HayHeTcH
nepe3anyck. OIHAKO H3-3a HEOJHOPOIHOCTH peXHM Iepesanycka
CyllecTByeT KoHeyHoe BpeMs. UHc/10 nepuosioB KoJie6aHHi ¢ TOUHOCTBIO
0 eIHHUUBl onpejeasiercs QopMmysod -
_ s (7.23)
P= 5 - _
2. 06pasoBaHnne peBepb6epaTopa Ha HeoAHOPOA-
HOCTH MOCJ€ Mojfayd Ha cpeay JIABYX MOCEIOBATENbHBIX HMIYJ/bCOB
OT BHellIHEr0 HCTOYHHKA MOKa3aHO Ha pHc. 77. BpeMs XH3HH TaKoro
peBepGepaTopa Takke KOHEYHO, B OTJIHUHE OT C/1ydasi OIHOPOLHOM Cpelbl.
3. ubpunassiuuas B MoaenbHo# cpene. Ha
HeosHOpoAHO! cpene BLL m peBepGepaTopbl HMeIOT KOHeUWHOe BpeMs
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skH3HH. B To 'Xe BpeMs OHH BO3HHKAIOT NMPH paspbiBax (POHTOB BOJH,
nexonauwmx us apyrux BLL ¥ pesepGepatopoB. Ecau uucio poxparo-
[muxcs reHepaTopoB 6oJiblle HJIH PAaBHO YHC/Y NOTHGAWIMX, TO TeHe-
pauus Ha XJyiueil cpene 6yaeT Henpekparawirefics. D10 U ecTb Moje/b
ycrodyuBoi  ¢ubpuaasuMu. bBriio nokasano (KpuHekuit, 1968),
uro GHOPHIAAUHUSA GYIeT yCTOHYHBA, €CJH YHC/I0 ONHOBPEMEHHO cylle-
CTBYIOLIHX TeHepaTOpOB IpEBBIAET KPHUTHYECKYIO BeJHUHHY. ITa
BeJIMUMHA — aHanor HaG/0LaeMblll B SKCIiepUMEHTE KPUTHYECKOH Macchl.

A 8 Puc. 77. PaspeiB dponTta 0 o6pa-

A 30BaHue peBepOeparopa mpH Tpo-
XOXJEHHH Yepe3 Y4yacTOK C yBe-
JIUYEHHEIM Tp

D )] I3 ABCD — 061acThb ¢ YBeJHUYEHHDBIM
T
o]

[lepesanyck B cucTeMe CBSIBAHHBIX XAYHIMX MYJbTHBHOPATOPOB.
Or Moneneil cpell ¢ KOHEUHBIM YHCJIOM COCTOSIHHE €CTECTBEHHBIH ITyTh

BeleT K Uenouke (Miu nape) AH(POY3HOHHO CBSI3aHHBIX [€HEPATOPOB:
dug D dw;
ar = Fwow) + 25 (i — 20 + wia),  —7 =g(ww) . (7.24)

PaccMOTpUM JiBa HIEHTHYHBIX CBA33HHBIX MOHOCTaGHJIbHBIX TeHepa-
topa (Kpuuckuit u np., 1972):

gty = f(uy, v)) —D (1 —us), U3 =g vy,
elty = f (ug, va) + D (g — ta), U =+ g (g, U2). (7.29)
3aech

«Q

f(u) ):u_i;'—i"v7 g(u1 v):——(u-{—bv—a)-exp(u—D.

(7.26)

B TakoM BHze paccMaTpuBaeMas CHCTEMa CJAYXKHT KauecTBEHHOH MO-
Lesblo BO3Gy 1Mol MeMOpanbl (ryaBa 6). Ceuenne ¢as3oBoro mpocrpas-
CTBa CHCTEMBI (7.25) IIOCKOCTBIO u;, ¥; KAueCTBEHHO M0KAa3aHO Ha
puc. 78, rae OTMeyeHbl MOJIOXKEHHS H30KJMHH & = 0 npu A = 0,
A>0uA<<0(A =D (u; — u,)). 111 KauecTBEHHOTO pPacCMOTpPEHHs
YA00HO HCHOAbL30BATb MOAU(HKAUMIO (7.25), HYJ/b-U30KJIHMHB KOTOPO#H
noKasaHbl Ha pHc. 79. 31ech A npHHUMaeT Julub TPH 3Havedus: 0, - KD

CucteMbl (u;, v)) U (4y, Up) MOXKHO paccMaTpUBaTh He3aBHCHMO,
ofpallas BHHMaHHe TOJAbKO Ha Benuuuny A. Ecau usoGpaxawoiue
TOYKH 06eHX cHcTeM ABUXKYTCs cHH(asHo, To A = (0 4 roBeneHHe cHcTe-
MBI He OTJIHYAeTCsl OT [OBeAeHHs1 OXMHOUHOro reHepartopa. [1ycTh 3amanbl
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Uy : v
JUytz<t

/ 7
//u Uy >t N
¥/ 1742 /]

4]
Puc. 78. Ipoexuu st pasoBOro npocTpaHcTsa cucteMst (7.25)

TIyHKTHPOM NMOKA3AaHBI CMEILEHHA XaPAaKTEPHCTHK NPH CABHre da3 Mexay ABYMs 5JeMEHTaMM

] — OAMHOYHBIK 3JIeMEHT — XAYIWIHH; 2 — OAHHOYHBIN 3JIEMEHT — aBTOreHepaTop; OCT3Jbe
Hble 0003HaueHHs] B TeKCTe

Puc. 79. Upeanusuposannble XxapakTepucTHKA MogeaH (7.25)
O6pAcHEeHHE B TeKcTe

HayaJbHBIE  yCJIOBUsI, TOKa3aHHble Ha puc. 80. Torma B HauaapHbIR
MOMEHT BpEeMeHH H30KJHHBl (i, = i, = () 3aHHMaioT noJoxeHue (.
Korga usobpaxkaionias Touka (/) noiiler 1o rpaHuubl yCTOWYMBOTO
yuacTKa JeBoH BeTBH, OHa IEPecKOYHT Ha npaBylo BeTBb (pHc. 80, 6).
Torma i1, = 0 3afiMer nosoxeHue I, a i, = 0 — nosoxenue //, Kak
nokasaHo Ha puc. 79. HanpHeHmHit XoA coGBITHH 3aBHCHT OT TOTO,
Kaxas H3 H300paxkaloliX TOYeK paHblle MepecKOUHT Ha APYIYIO BeTBb.
Ecau 310 cnenaer Touka 2, To a3oBblH nOpPTpeT mpHMeT BHA, H300pa-
)KeHHBI Ha puc. 80, 8, a Bcs cucTeMa GyneT MOHOTOHHO CTPEMHTLCS
K TOJIOXKEHHIO paBHOBecHsi. Ecam Touka [ paHblle nepecKOYHT Ha
IpYTyIO BeTBb, YeM ToYKa 2, TO Mbl BepHeMcsl K cuTyauud pHc. 80, a.
Muaue rosopsi, B 5ToM ciiydae Touka / BEIXOAHT H3 cOCTOsSIHHSA pebpaxTep-
HOCTH paHbllle, YeM KOHUHTCS COCTOSIHHE BO3GYKIEHHS CHcTeMbl (2).
B pesyabrate cucreMa (/) cHoBa B030YXKIaercs.

a

Puc. 80. Ilepesanyck B HieasH31poBaHHON MoAenn (7.25)

1 u 2 — n3obpaxaolliue TOYKH ABYX 3JeMedToB (06BsAcHEHHE B TeKcre)
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M3 puc. 80 BumHB YCJIOBHSI, HEOGXOAHMBIE LJSI OCYIUECTBJEHHS
nepesanycka: 1) nonoxxeHHe paBHOBecHs B CHTyauuH I puc. 79 nomKHo
ObITh HEYCTOHYMBO; 2) npelie/IbHbLI HUKJ H306paXkeH Ha puc. 81. Buawo,
YTO /Sl CYLIECTBOBAHHA INepe3anycka Heo6XO0AMMO, YTOGH Ha yuacTKe
A*B~ Bcerna Haxonusach XoTsi 66l ofHa H3o6paxawuias Touka. [lycrs
BO BpeMs LMKJIa BO3HHKAeT CHTYyallMsl, e H306pakalolie TOYKH 3aHH-
Maior nosoxeHnde L u Af, gax Ha puc. 80, a, Torma

Tim =Twme +Tep+ + T a+r, Toc~Tpta+r = £¢—0.

1/

Puc. 81. TlpefenbHbIi  UHKJ
(A*BCD*) B uzueanusupoBaHHON
mozenu (7.25)

U

Takum 06pa3oM, s CylIeCTBOBAaHHs MNPEeleJbHOTO LHKJIa HeoGXOLHMO
BbIMOJIHEHHE YCJIOBHS

T a+g->Tg-p + Tcp+.

B GoJsiee rpy6oM npUGIHKEHUH BPEMsT IBUXKEHH S Ha JIEBOH BETBH JIOJIKHO
GbiTh GOJIbllle BpEMeHH [BHXKEHHsI IO NpaBoii BeTBH H3OKJHHH i = 0:

Tas > Tep.

PexXuM nepe3anycka MOXeT OCYLIECTBJAATBCS H B CHCTeMe, I'IE€ KaXKabli
3JeMEHT aBTOKoJeGareabHblil (pUc. 78, pexum 2). B 3toM cayuae casur
XapakTePUCTHKH H3 moJoxeHHsi 0 B nosnoxenue | IPUBOAUT K Pe3KOMY
yMeHbIUEHHIO BpeMeHH npoxoxieHHsi yuyactka CD.

CTPYKTYPA TBIOPHHTA

MHorune XHBOTHBIE, HanpuMep KHUIEUHOMNOJOCTHBIE, YepBH, MHOTO-
HOXKH H JpyrHe, HMeIOT IOYTH NEepHOAMUECKOe CTpoeHHe. ThIopHHT
NPEANOJIOXKNI, YTO 3Ta NEePHORHYHOCTD SIBJISIETCA CEACTBHEM NepHOIH-
YecKOr'0 pacnpejiefieHdsi HEKOTOPOTO BelecTBa, BJIHSIOLIETO Ha POCT
KJeTok,— Mopdorena (Turing, 1952). On nokasaJ, YTo nepHoaHYECKOE
B IIPOCTPAHCTBE ¥ CTAlMOHAPHOE BO BPEMEHU pacnpeliesieHHe KOHUEHT-
pauMii MOXKeT YCTAaHOBUTBCS B NEPBOHAYaJIBHO OZHOPOIHOMH cHcTeMe,
rIe XHMHYEeCKHe peakuHH coueratlorcsi ¢ auddysuei.
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Hycrb HMeeTca JBa BellectBa— x H Yy, TOoria B OIJHOMEpHOM
cjaydae cHCTreMa ypaBHenﬂi’{ HMeeT BH[

S = fo )+ Da 5 aga v Y gy + DL - (1.27)

HOas orpeskd (0, /) ¢ HenpoHHIIaeMBLIMH cTEHKaMH Ha KOHIIAX KpaeBble
YCJIOBHH HMEIOT BHA

oa X0, 1) = "g 0, 1) = a’g ¢, = %%(z, #) = 0. (7.28)
ns Koaena
(0 t)=x(l o y0, )=y( 1,
d
ag (0, ty= oa Z 0, aya ©, ) = g(z, ). (7.29)

[Tycrs cucreMa (7.27) uMeer OAHOPOAHOE IO MPOCTPAHCTBY CTaLHOHap-
HOe COCTOsIHHE (Xg, Yo); HCCIenyeM ero ycroiiuuBoctb. s storo sams-
IIeM JIMHeapH30BaHHYIO OTHOCHTEJIBHO OTKJIOHEHHH

U=x—=Xx, W=Yy—>Y,, (7.30)
CHCTEMY

[4) 0

g‘ti_au+bw+Dx g a‘:’ —cutdwt D, 22 ag, , (7.31)
rne

i}
a = _(xOy !/o) b= FZ(XO, .l/o)1

7] d
¢ = ‘a—i-(xo, Yo)s d Zﬁi—(xo, Yo) .

byzem uckatp pewenue (7.31) B BHIe

u = Aert.ets, w= Bert. e, (7.32)
[ToxcraHoBka (7.32) B (7.31) NPHBOIZHT K XapakTepHCTHUECKOMY ypab-
HEHHIO

(p—a-+kD,)(p —d + k*D,)— bc = 0. (7.33)
Y CcTORYHBOCTD CTALHOHADHOTO COCTOSIHHSA (Xo, Yfo) 3ABHUCHT OT 3HaKa p.
PaccmorpuM BapHaHT, Koria B oTcyTcTBHE AM(dy3uu

Dy=D,=0, (7.34)

cucTeMa ycroduuBa. B stom caygae
sy=a-+d<0, Ay = ad — bc>0. (7.35)
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BBegeM o6o03HaueHHe

z = k2. (7.36)
Torma p wumeer BHA
p = —"in““—[*A , - (7.37)
rue
s=a+t+d—(D,+Dy)2z, A=A,—(D,+dD,z— DD,z
(7.38)

Hac uHTepecyloT yC/I0BHS, NPH KOTOPbIX HanHuHe Au(QY3HH MPHBOANT
K HeyCTOMYHBOCTH. [IpH BEINOJMHEHUH (7.35) 3TOTO MOXKHO IOCTHYbD, TOJb-
KO eciH

A <O. (7.39)
IlJifl 3TOro 2z JOMKHO H4XONUThC B WHTepBane (2;, 2,), TAe

aD,+-dD,+ V (aD, 3 dD ) —4D,D A,
20 = —* ngDy L (7.40)

Takum o6pa3oM, LIS CYLIECTBOBaHHS HEYCTOHUHBOCTH HeOGXOIHMO,
YTOGHI

1. Dy=Dy+#=0, 2.a>0 (umm, HaoGopor, d > 0),
3. be << ad <0. (7.41)

Bropoe u3 ycnoBuii 03Hauaer, uTo OJHA M3 peaxknyil AOMXKHA UMETH
aBTOKAaTaJUTHUECKHH XapaKTep B OKPECTHOCTH (X, Yo). [locnentee ycio-
BUe CJefyeT U3 paccMoTperus (7.35). EcaM 3TH yc/oBHs BBINOJHEHE,
TO aMIIUTYABl NMPOCTPAHCTBEHHBIX TapMOHHK C BOJHOBLIMH UHCJAMH,
JexalwuMd B uHTepBane (7.40), GynyT 3KCIOHeHUWaIbHO HapacTaTth
B OKPECTHOCTH (X,, Yo)-

Ipanuynbie ycaoBus (7.28), (7.29) TpeGyior, utoGbl Ha KOJblie
YVKJIaAbBaJOCh LEeJ0oe YHCJIO BOJH

L="2n, (7.42)
2 Ha OTpe€3Ke LeJoe YHCGIO IIOJYBOJH
T
L —_ ? n. (7.43)

Yenopus (7.42), (7.43) or6upaoT W3 KOHTHHYYMa (7.40) DMCKpeTHBI
pan. UuhcnenHble pacyeThl IOKa3bIBAIOT, YTO B KOHIE KOHIOB B CHCTeMe
yCTaHaBJIHBAETCS OJIHO NEPHOJHMYeCcKoe [0 NPOCTPAaHCTBY CTalHOHap-
HOe pellleHHe, MPUYeM NpPOCTPaHCTBeHHBIH mepuon A, = 2n/k onpene-
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nsieTca BbIGopoM HauadabsHHIX yeioBHH (Turing, 1952; Lefever, 1968;
[TonskoBa, 1970).

Takum o6pasoM, B cucTeMe, Tje B OTCYTCTBHe AU(MGY3UH OJHOPOAHOE
CTallHOHAPHOE COCTOSIHHE YCTOHYMBO, NPH Haauyuu AH(GOY3HH ABYX
BELIeCTB OHO MOXET CTaTb HeYCTOHYHMBBIM.

OBCY)XAEHHE

Brllue noxkasaHo, YTo B HeJHHeHHBIX pacnpejejeHHBIX CHCTeMax
¢ A¥(pOYSHOHHBIM THIIOM CBA3H MOTYT CYIUECTBOBATh CTallHOHapHHIE
pEXHMBI, BHI KOTODHIX He 3aBHCHT OT HayaJbHbIX yciaoBHH. OT Hauanhb-
HBIX YCJIOBHH 3aBHCHT TOJIBKO caM (DaKT CYLLIEeCTBOBAHHS ONpeReseHHOro
pexuMa. PexuMamu Takoro Tuna sBJsioTca: 1) opuHOuHas Geryiias
BOJIHA (CTallMOHapHa TOJBKO B J[BMXKYIUEHC CHCTEMe KOOpIMHAT);
2) Gerymue BOJHEI B KOJIBLEBBIX cHCTeMaX; 3) cTpyktypbl ThiopuHra.

Onnako BHA Geryliux 1o KoJAbLY BOJH H CTPYKTYpP 1bIOPHHTIa TECHO
CBfiI3aH C TeoMeTpHell cHUcTeMbl B ueJoM. JleHCTBHTENLHO, €C/H 3TH
npouecchl NepHOJHYHBEI B NPOCTPAHCTBE, TO MMeeTcs CBSI3b A = L/n
as Geryiieil no KOJbLY BOJMHBI WM A == 2L/n pas cTpyxTypbt Thio-
pHHTra. 3xech A — IJMHA BOJIHB, L — JJIMHA CHCTEMBI, N — LEJA0E
uhcno. OTclofa ke mosyyaercs BhHIpaXKeHHe JJIs nepHoia KoJeGaHHi
B KoableBoH cucteMe T = L/nv (v — CKOPOCTb pacnpocTpaHeHHsl
BOJIHbL).

Kpome Toro, cyliecTBYIOT CTalHOHapHble aBTOBOJIHOBBIE IPOLECCH,
KOTOpble 06/1a/jal0T XapaKTepHbIMU A B T', He 3aBHCSLIMMH OT KPaeBblX
yCJIOBUH H Pa3MepOB CHCTeMbl. DTO — BeAYIUHH LEHTp U peBepbepaTop.
B 3THX IBYX c1yuYasx MMeeTcsl CTallHOHAPHOCTh Ko/eGaHHH B Kaxao#
TOYKe npocTpaHcTBa. [losioxkelnne HEHTpanbHOH 4acTH 30HBI BJAHAHHSA
BLl u P ¢ukcupoBaHOo B IpPOCTPAHCTBE H 3aBUCHT TOJNLKO OT Haua/JIbHBIX
yciioBuii. [lofo6Hble CTPYKTYpbl TeopeTHYecKH (PUKCHPYIOT CBOe IOJO-
JXKEeHHe B HeOlDAHMYEHHOH ONHOpPOJHOH cHcTeMe. B LeHTpa/dbHOH 30He
BL u P wumeercsi crauvoHapHoe pacnpejejeHue ¢asbl KoJeGaHuH.
Crour otMeruTb upe3BbluaiiHoe cxoiactBo BIl u P ¢ xonbuamu Jluse-
raira M GHIypaMH pocTa KpHCTa/JIOB, HO B NOCJAeJHHX caydasx
CTPYKTYpa o6pa3oBaHa cTaMOHAPHBIM paclpejeseHHeM KOHIEHTpaIHI,
a B cayvasx Bl u P — ¢a3s koneGanunii.

YTBepikaeHHe 0 XapakTepHeXx A H T Tpe6yeT yTouHeHusi. B uneasnn-
3HpOBaHHOMN MojesH (cTp. 159) sti Beanuunnl Anst BIL u P onunakossl.
B KCHepHMeHTe Ha XHMHYecKOH MOJeIM MNEPHOAbl pacnoJiaraiwTcs
caenyiom o6pazoM: Tp << Tguy << To. Ilpu 3TOM Ap ¥ Tp nocTOsIH-
HHl ¢ BHICOKOH TOYHOCTBIO, TaK KaK 5TH BEJHUYHMHBI ONpENensloTcs JJH-
TEJBbHOCTHIO pPePpaKTEPHOCTH npH BO3CYXKIEHHH aMIJIMTYROH, paBHOH
coBcTBeHHOM. A 3Ta aMIJINTYa MHOTO 6oJiblie BeJHYHHB! QAYKTYalluid.
B cayuyae BII pas6poc T (M, clelloBaTeIbHO, Apn) BecbMa BeJHK.
MoxHo nosarathk, YTO 3TO CBA3aHO ¢ BO3HHKHOBenHeM BI Ha Mukpo-
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reTeporeHHOCTSIX. ITO NPEANONOKEHHE MOLKPENIAETCH TEM, YTO [ePHON
KoseGauuii BLI, BosHMKaomux B pafioHe KpaeBoro yrsa, 4acto MHOTO
MeHpllle, yeM cpelrHHi Tgyy.

Poap ¢aykryanuii ¥ MHKporereporenHocreii B Bo3HMKHoBeHHH BII,
1I0-BHAHUMOMY, COBEpILEHHO Ta Ke, YTO H B Ipoliecce o6pa3soBaHHs HOBOH
(a3bl U3 MeTacTaGH/ILHOH (a3bl (HanpHMep, NPH BCKHIIaHHU NeperpeToit
HJIH KPUCTANJIHM3ALMH IepeoxJaXAeHHOH xuikocTH). [lelicTBHTEBHO,
BII Bo3HuKaeT B TOM ClIyyae, KOTAa B pe3yJbTaTe GIYKTYalUH JOKaJAbHO
npeBbllllaeTcsi NMOPOr Bo36GyxneHHs. Ha MHKporeTeporeHHOCTH 3TOT
HOpor MoXeT OblTh CHHIKEH.,

B npo6aeme ABII unciio HepeuleHHbIX 3aaay ropasgo GoJiblue, yeM
YHCJO XOpOLIO YCTaHOBJieHHBIX (hakToB. [IpakTHYeCKH OTCYTCTBYIOT
MaTeMaTHUeCKHe MeTofbl moayyeHHs peiieHHit TMna ABIT u ananu3za
HX ycroiiynBocTH. BecbMa BakeH BOMpOC O KPHTHYECKHX JIHHEHHBIX
pa3Mepax CHCTeMbI, NIpH IpeBHIILIEHHH KOTOPHIX MOTryT Bo3HHKaTh ABII.
CyuiecTBylOT, NO-BHAUMOMY, H IApyrue KPHMTHUECKHe pasMepbl, IipH
npeBHIIeHHH KOTOPhIX A B T ¢ BLICOKOH TOYHOCTBIO HE 3aBHCAT OT pa3Me-
pOB CcHCTeMBI, KaK 3TO Ha6Jai0faeTcs B 3KCIepHMEeHTe.
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